A N Korean Circulation J 2004;34(8):784-788

AEs 7 Aol s s deaeat

Vascular Compliance?] Z+7|

TP W' Agadsta o)atfst Wakstwd A Agdaale?’
1 2 5 =2 =32 Q 52 = 2

AR AT D mE - AE - 299

> 2 52 S sz 2 2

el - o 4 FAE - g ARE

Correlation between Vascular Compliance and Increase of
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ABSTRACT

Background and Objectives : Vascular compliance is known to be decreased in hypertension, even at an early
stage. The blood pressure response to exercise reflects the future risk of developing hypertension. A study
was performed on the relationship between the vascular compliance and blood pressure response to exercise,
to evaluate whether the vascular compliance is decreased in normotensive persons with a relatively higher
future risk of developing hypertension. Subjects and Methods : The subjects of the study were adults with
normal blood pressure (SBP<120 mmHg, DBP<80 mmHg), who had undergone health screening and both
echocardiography and treadmill test. Those patients with a history of diabetes mellitus or clinical cardiovas-
cular diseases were excluded form the subjects. An index of overall vascular compliance (SVI/PP) was cal-
culated using echocardiography. The relationship between the peak systolic blood pressure during exercise
and vascular compliance was also investigated. Results : The subjects were 77 patients, 54 male and 23 female,
with a mean age of 47.6=7.7 years. The measured vascular compliance and average of peak systolic pressure
on exercising were 1.0810.24 I/m*’mmHg and 154+21 mmHg, respectively. The peak systolic pressure was
correlated with the vascular compliance (r=-0.24, p<0.05). The peak systolic pressure at stage 3 was also
correlated with the vascular compliance (r=-0.24, p<0.05). This relationship persisted after adjustment for
age, gender, basal systolic blood pressure and maximal oxygen consumption (p<0.05). Conclusion : The vas-
cular compliance was lower in subjects with a larger increase in blood pressure during exercise whose basal
blood pressure was even below 120/80 mmHg. This finding may suggest that a decreased vascular compliance
precedes the changes of hypertension. A longitudinal follow-up study is warranted. (Korean Circulation J
2004;34(8):784-788)
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Table 1. Clinical characteristics of the study population

77 (M : F=54: 23)

No. of population (gender)

Age 47.6 + 7.7 years
Baseline SBP 108.4 £ 8.8 mmHg
Baseline DBP 69.6 = 7.5mmHg
Average exercise time 9.9 = 1.6min

Average heart rate at

. 1540 £13.9 beat/min
peak exercise

Average SVI/PP 1.08£ 0.24 L/m2/mmHg

Averagg peak SBP at 158 +21 mmHg
exercise

Averogg pulse pressure at 50 +26mmHg
exercise

Peak O2 consumption 32.5 = 6.1 mL Oz/kg/min

SBP: systolic blood pressure, DBP: disstolic blood pressure,
SVI/PP: stroke volume index/pulse pressure

Table 2. Correlation between vascular compliance and
other factors

r p
Age 0.06 NS
Peak O2 consumption 0.19 NS
BMI —-0.03 NS
Maximal exercise SBP -0.24 <0.05
Exercise SBP af stage 1 -0.11 NS
Exercise SBP at stage 2 -0.20 NS
Exercise SBP at stage 3 -0.24 <0.05

BMI: body mass index, SBP: systolic blood pressure

Table 3. Peak O2 consumption adjusted multivariate
analysis between vascular compliance and maximal
exercise systolic blood pressure

B £SD p
Intercept 1.27 £0.26
Peak O2 comsumption 0.009 +0.004 0.07
Maximal exercise SBP —0.003+0.001 0.03

SBP: systolic blood pressure
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175 r=—0.24, p<0.05
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Fig. 1. Correlation between maximal exercise systolic BP
and vascular compliance. SBP: systolic blood pressure,
SVI/PP: stroke volume index/pulse pressure, BP: blood
pressure.

oJ5 egiet.

Vascular compliance2t 23N 2| AR
Hdsh} I3 @ = (SVI/PP) 3H] ARAIE r=
—0.24, p<0.05°13H(Fig. 1). 71AEo] el
of| A FH3HAAIA] staged HIENWT SVI/PPL
FeAdo] 71 F30Hr=-0.24, p<0.05). 5317
AR ZF SAME 57] F9Y, peak Oz consumption,
BMI¢} vascular compliance®] #A]:= Table 29} 72+

YSNIL 254 FHaL 57] defo] 4 RS o5
Sk e S3HAAF ATk (Table 3).

i

(})}
A B B} 2eEo) glgol A QY )

2
e
i
3
—y
Z
v
3
1o
_0|L
)
N
2
)
o,
o
e
e
AN
_
[\
<
®
(@)

mmHg vVITe] dekS Hol= AlgelM 5 A I
deAEet Ey RS wAlel digt dys Bad

Korean Circulation J 2004;34(8):784-788



ul7} glek,

Stamler §-& 18t 2719 o]m] W7ol
o] &= Zlo® wiushal glom & e éﬂ: g
PRIl 54 57) Y el At &
A S wgkon), ol @Al g4 stel izk
T nE w ThsAe] A 0w G d vy
7} ofn] tolA] Qlrhs ojwleln, uEste] WAYE})
AGARNE olu] FA L] st AYet 7FsdS Al
Abeke ddelet & 4 Qlrk

A3 S AP Sl A "ol
Aoz A glod!V B A ANt Ay

= TR Z0R Ugith o) ok didiide] 2
NS HHow 2 vud F2 AP ARER
[Fo1A glom A dekiow s syl
WO 7 A7HE),

Q] Avfelri= d3k v we} Wek(pulse pre-
ssure) 4l o]e] S Aevhs folE dudAE B
ol egeh. =gt} @4 P IE0] AT Sl A
O% & olfE A 7
o7 Az Hrk E%% g Ags 7R AR o)

_/,:
3}

’-IHU o>'

=

O

o
i

qoz AFE Alsstta fost AdAlE uiE
Qe Ao A7V, ]9]_7] 3 O]—/\]—_}_‘_jq_ Gol3l AF

o]x] oke o] f=

°1L]r‘31 ]9}7]§°L-4 H3h= T4 O}O}’ﬂ d AR A
7k}, Beltran 579) w54 $%7] 185k Gsolated
systolic hypertension) ol|4 @t} 3 = oF
st YA Btk R uselct
o] A7} 7HE ARl Snls & ol &
7} $HAE)= Zo|ck. Cameron $12& 7148 gto
Q1 ARgrellA A& f-50] 3 RMIEE TV
U BHusiGicy & ATrellx el o] 71A Pt
ks 3 BT W2 ks T dle] &
N 2 A4 LS Aldekes thde=

cq]ul— xial-__ A(EZ}—“G]— 2= 9\11;]_

A G AlgHdE 7T Qi "3 '
ks R ofg] 77 gElA] 9ot ofF
e e A A e Oko—tﬂ AREE A

35 o] gste] P SEE Sk WS At
galglom? o= wwa ek e b ¢l
ol FAo] kst AR SHelM= tha EolA|

B

o

o

A

o N
1E1g:

(<0
w

N T
- -HN'

O

[y =< Y
P

d

T o] Stk
2 AT 3 e RS S5 FEVIEY S
2re] ZATATTE G U A oldt B E 54
W de] BAZE G miaE Ao® A2 pulse
wave velocity &} 2 50 A@do] =2 AAF S
olg3te] o BAEE SHIITHE £ O =2 A
/HO Eo] 74_& A(}j ]—q.

2o Zlow Alrsnh 5 01315P 474]«1 Ui

TS RS o) 9% Weke Rl
T

sl A G2 BT ojAis Zlo] ol
olefat 27 Y 2% ek 2
o deld vk AR 71AEe] M<1zo/80
mmHg PIRH el Foldl, BF LA Wy NP

G 2719l $EA APIST B BYEY B

/\-]_0_ oﬂ:'Lﬁl—gi)ﬁ J—J_gol— H]—}\g 7]._}\401 = xﬂ/\]—?—]oﬂ
A B G s} Aol thsle] Sobn

A St
K

2002 9€HFE 2003 5€7HA] AdA LT oA
AR W A T REel SERAIAE

787



2ol Aldsta Wi, HEF, AW BAHe] glom <k
gdeolr 43 Fgto] SBP<120 mmHg, DBP<80
mmHg?! A2 o= 3tk HAxSuzALR 4
ZZEE(stroke volume) = APRXFslo] A9 (body sur-
face area) ©% }7°] stroke volume indexZE -8}
1 o)2 7|AE e wek(pulse pressure, PP) 0% 1}
Foi 3 s E(SVI/PP) & Akl *-F5-8H4
AR S SAse] F1 e g e o) e
IAE BTk

3 ot

21 mmHg (range : 109~160)°]13it}. Huld) I3

B S 71e] AaAl= r=—0.24, p<0.05°]it) 714

o] AR FAfrelA s F-saAA 3vHAl HaL

A 3t SIS Hdo] 7 =9kt ri=—-0.24,

p<0.05). ol&st A= A3, A%, 71A 5718

< TR oA d3 A ES] SZRL oIS5R1A)
A

AFEo R RS Folx {9

i =
A0 AT AAE FAsk=d Ewol E < Sle 4
o grow XAl A= F3l 0|9 qiye] B

Aow ARHT),

30 OO FY W 2w FelAk 8

REFERENCES

1) Stamler J. Blood pressure and high blood pressure: aspects
of risk. Hypertension 1991, 18 (Suppl):195-107.

788

2) McVeigh GE, Burns DE, Finkelstein SM, McDonald KM,
Mock JE, Feske W, Carlyle PF, Flack J, Grimm R, Cohn JN.
Reduced vascular compliance as a marker for essential
hypertension. Am J Hypertens 1991;4:245-51.

3) Beltran A, McVeigh G, Morgan D, Glasser SP, Neutel JM,
Weber M, Finkelstein SM, Cohn JN. Arterial compliance
abnormalities in isolated systolic hypertension. Am J Hy-
pertens 2001;14:1007-11.

4) Mulvany MJ. Are vascular abnormalities a primary cause
or secondary consequence of hypertension? Hypertension
1991,18:152-7.

5) Tsumura K, Hayashi T, Hamada C, Endo G, Fujii S, Okada
K. Blood pressure response after two-step exercise as a
powerful predictor of hypertension. J Hypertens 2002;20:
1507-12.

6) Lund-Johansen P. Blood pressure response during exercise
as a prognostic factor. J Hypertens 2002,20:1473-5.

7) Miyai N, Arita M, Miyashita K, Morioka I, Shiraishi T, Ni-
shio 1. Blood pressure response to heart rate during exercise
test and risk of future hypertension. Hypertension 2002;39:
761-6.

8) de Simone G, Roman MJ, Daniels SR, Mureddu G, Kimball
TR, Greco R, Devereux RB. Age-related changes in total
arterial capacitance from birth to maturity in a normoten-
sive population. Hypertension 1997;29:1213-7.

9) Mosteller RD. Simplified calculation of body surface area.
N Engl J Med 1987;317:1098.

10) Matthews CE, Pate RR, Jackson KL, Ward DS, Macera CA,
Kohl HW, Blair SN. Exaggerated blood pressure response
to dynamic exercise and risk of future hypertension. J Clin
Epidemiol 1998,51:29-35.

11) Pini R, Cavallini MC, Bencini F, Stagliano L, Tonon E, Inno-
centi F, Baldereschi G, Marchionni N, di Bari M, Devereux
RB, Masotti G, Roman MJ. Cardiac and vascular remode-
ling in older adults with borderline isolated systolic hyper-
tension. Hypertension 2001,38:1372-6.

12) Cameron JD, Dart AM. Exercise training increases total
systemic arterial compliance in humans. Am J Physiol 1994;
266:H693-701.

13) Pickering TG. Ambulatory monitoring and the definition of
hypertension. J Hypertens 1992;10,401-9.

14) Chobanian AV, Bakris GL, Black HR, Cushman WC, Green
LA, Izzo JL Jr, Jones DW, Materson BJ, Oparil S, Wright
JT Jr, Roccella EJ. Seventh report of the Joint National
Committee on Prevention, Detection, Evaluation, and Tre-
atment of High Blood Pressure. Hypertension 2003;42:
1206-52.

Korean Circulation J 2004;34(8):784-788




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


