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Summary

Blood pressure (BP) recordings were obtained every 30 min using a noninvasive ambulatory BP
recorder during 24 hours in 93 subjects with hypertension. Recordings were analyzed in four different
situations: (1) annual check up at the health service center, (2) at work, (3) at home, and (4) during
sleep. Subjects with BP higher than 160/95 mmHg in any of the three situations were defined as estab-
lished hypertensive (n=36); Subjects with 140~159/90~94 mmHg, as the borderline hypertensive
(n=32); and subjects with BP lower than 139/89 mmHyg, as the normotensive (n=25). Four successive
systolic and diastolic BP values were averaged and served as 24-hour BP patterns. Systolic BP over
140 mmHg, diastolic BP over 90 mmHg and mean BP over 107 mmHg were defined as a s-hyperbaric
index (s-HBI), d-HBI and m-HBI, respectively.

The normotensive group showed a marked decrease of BP after recordings explained by the
‘“ white coat phenomenon ”’. The 24-hour recordings in all the three groups showed the highest BP at
work and the lowest during sleep. The situational BP changes were generally similar, but the estab-
lished hypertensive group showed larger BP differences between work and home (SBP 8.8+9.0
mmHg, 7.8+8.3 mmHg). For differentiating the three groups, the hyperbaric index was better than
the 24-hour average BP. The average home BP showed a good correlation with the 24-hour average BP
[SBP:r=0.94 (p<0.01), DBP: r=0.85 (p<0.01)]. Especially, BPs recorded before sleep predicted well
the 24-hour average BP. An average of multiple BP measurements before sleep is thought to represent
a 24-hour average BP more closely than a conventionally used single recording at home or after awak-
ening.
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Fig. 1. Correlations between oscillometric 24-hour average and Korotkoff 24-hour average
blood pressures.

SBP and DBP =systolic and diastolic blood pressures.

Compared with the Korotkoff method, the oscillometric method overestimates SBP and underesti-

mates DPB.
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Fig. 2. Correlations between 24-hour average and casual blood pressures.
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Fig. 2 \&R+2 & <, RERFME I, IUHERIMmE
72 B ONCHEEHIMIE & b ic, 24 RS ME &
%A ER L. Ll Table 1 ioipd &<,
WHO of#tic 5 &, RERFME & Y BlLE &
B SNHIEFIZSIB TH o2, 20 b
ABPM iz X Y 94 (15%) % IE & i )&, 20 45
(34%) »ERBEME, 75 304 (51%) »E
JELHE S FBERILEIC X Y SRR L
JELHE S hiz 34 FTix, ABPM 2k v 16 4
(47%) BIEFME, 12 4] (35%) 358 RAE fLE,
6 151 (18%) M MLIE & HE S hiz.

ABPM ik W EERABIEME & ¥ E S h 32

Table 1. Classification of subgroups defined by
casual blood pressure and by 24-hour
blood pressure monitoring

Casual Numbers 24-hour Numbers
BP (M :F) monitoring BP (M : F)
Normotensive 9
(7:2)
Established 59 Borderline HT 20
HT (54 :5) ) 19:1)
Established HT 30
(28 :2)
Normotensive 16
(11:5)
Borderline 34 Borderline HT 12
HT (28 : 6) (12 :0)
Established HT 6
¢ 1)

Abbreviations: BP=blood pressure; HT =hyper-
tension; M =male; F=female.

fils, 154 (47%) FIRFEMI O L0 EEE &5 D
DT, o 17 4] (53%) HUNFEHIE - FERBIE &
LICERIBEEE L 5L DT & - - (Table 2).
%7 ABPM Iz X v BfLfE & HIE & iz 36 4
19 45 (53% ) FILEHEMER T v, 16 41 (44%)
IER 72 & OIS SRR IER T, 141 B%)
P IEERIEIER © & - 7= (Table 2). ABPM
ik 0 EFMIE &HIE S h 7 25 5EF, BERD

Table 2. High blood pressure pattern and blood pressure lowering during sleep in the
borderline and established hypertensive groups defined by 24-hour monitoring

24-hour monitoring BP 1\(11;14111:b§;s High blood pressure pattern gfrilr?ngfeigg
>10 mmHg 12
Systolic HT 15
ystohe ® {< 10 mmHg 3
Borderline HT (B 32 (31:1 >10 H 14
orderline HT (B) G1:1) Systolic & diastolic HT (b) 17 {— mmtie
<10 mmHg 3
Diastolic HT (c)
Systolic HT (a) 1 >10 mmHg 1
>10 H 14
) Systolic & diastolic HT (b) 16 {— mm*e
Established HT (H) 36 (33:3) <10 mmHg 2
>10 H 19
Diastolic HT (c) 19 {— mm=e

<10 mmHg 0

Abbreviations : BP=blood pressure; HT =hypertension; a, b and c: see Fig. 5.
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Table 3. Comparisons of clinical and 24-hour blood pressure data in the three groups

1. 2. 3. p value
Normotensive Borderline Established
group HT group HT group 1&2 1&3 2&3
Numbers (M : F) 25 (18 : 7) 32(31:3) 36 (33 :3)
Age (years) 50+10 44+10 5147 NS NS 0.05
Casual BP (SBP mmHg) 144+10 150+12 159+16 NS 0.005 NS
» (DBP mmHg) 92+8 96+7 10147 NS 0.005 NS
24 hr. average BP (SBP mmHg) 127+5 138+6 15115 0.005 0.005 0.005
” (DBP mmHg) 77+4 83+4 93+9 0.005 0.005 0.005
” (meanBP mmHg) 98+5 106 +4 120+2 0.005 0.005 0.005
24 hr. average HR (beats/min) 74+8 74+8 7549 NS NS NS
Systolic hyperbaric index 11+11 70139 305+261 NS 0.005 0.005
Diastolic hyperbaric index 2+4 18+12 131+116 NS 0.005 0.005
Mean hyperbaric index 22+26 81+34 297+216 NS 0.005 0.005
Average BP at work (SBP mmHg) 133+6 146+5 161+14 0.005 0.005 0.005
" (DBP mmHg) 83+4 90+3 1007 0.005 0.005 0.005
Average BP at home (SBP mmHg) 131+6 14147 154+16 0.01 0.005 0.005
" (DBP mmHg) 80+4 86+5 94+11 NS 0.005 0.005
Average BP during sleep (SBP mmHg) 111+8 12348 133+19 0.01 0.005 0.05
” (DBP mmHg) 666 7247 79+12 0.05 0.005 0.05
Difference between work and home
recordings (SBP mmHg) 2.0+8.8 4.6+8.5 8.8+9.0 NS 0.05 NS
" (DBP mmHg) 2.5+5.4 3.7+6.3 7.8+8.3 NS 0.05 NS
Difference between home and sleep
recordings (SBP mmHg) 20.3+6.4 18.2+7.7 20.9+9.1 NS NS NS
” (DBP mmHg) 14.9+4.4 14.3+£7.6 14.9+7.4 NS NS NS
Difference between work and sleep
recordings (SBP mmHg) 22.6+7.7 22.8+9.3 29.2+13.0 NS NS NS
” (DBP mmHg) 17.5+6.0 18.0+7.7 22.0£8.1 NS NS NS

Abbreviations : HT =hypertensive; BP=blood pressure; SBP =systolic blood pressure; DBP =diastolic blood
pressure ; 24 hr.=24-hour; HR =heart rate; NS=not significant.

FEiC BT EIFERIE - IERMIE & b KEREE
ML & B S IER L Z 23 v 5 (Table 3),
ABPM #:34% 30 5 OUKEHIE DT 235, fho 2
il LK TH - (Fig. 3).

2. ABPM [C&YIEEME, BERVSMHE SmE
ERBEhEMMTOMmMERNEH

Table 3 75tz Fig. 4 iR+ Z2 L <, IE
DEHMANEEI T, EFLEY, ERYEMLE
B BILERLD, @FEESCOMERIRLE
{, Table 4 iZ7R+Z L <, FKETOMEHEEE

TOME Y kBl - 7ERIZ, ERBEMERT 3
f, BILERTIHAOLTH 7. BEIEME LK
FEILIE & DZEF, BIERTHO 2EcH LT
3 - 7= (Table 3).

FERIME 26, B XUREMEL D &5
IZTFEY, ZoREX, FEMEICH UERME
7 10mmHg I EETF L b 0% ZRHE T,
10mmHg K OBET O b 0% KREREK TR &
Lic R, REEERTE SEREEM0ER T
Rplpopl, HMERHTIOFHP2HTH D,
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Fig. 3. Average values of blood pressures taken
30 and 60 min after commencing 24-hour record-
ings for each of the three groups.

Abbreviations: SBP=systolic blood pressure;
DBP =diastolic blood pressure; H=established hy-
pertensive group; B=Dborderline hypertensive group;
N =normotensive group.
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Fig. 4. Average blood pressures obtained under
different circumstances by 24-hour recordings
for each of the three groups.

Abbreviations: see Fig. 3.

Table 4. Circumstances showing high blood
pressure in the borderline and estab-
lished hypertensive groups

HT defined by  Boderline .
24- hour BP HT Es"“(bll;s_hgg HT
monitoring (N=32) =36)
Boderline E:ﬁgﬁ' Borderline
Time zone HT state HT state HT state
Work 11 18 7
Home 3 1 0
Work & home 18 13 16
Work, home 0 4 13
& sleep

Abbreviations : HT =hypertension ; BP =blood pres-
sure.

%5 60 X IRFERIE - HLEHIE & b ic K
10mmHg Ll Lo TF%55% L (Table 2). iy
WIERET LIFEHMERTIEITLTR Y, IHEY
JERETOBMED b 0, FEBEHEORT bIEE T
b ol [EERNERLEOCFH M 120 mmHg
R OEFI %, BRELESERRE TRTT3E
BlL LIchy, ZoOBEE TOKTZ 8 7 fE i
3, BERBEMERT324HH 104, BmERHT
1% 36 il 7 BT dH o 7z

—IBEICEBR R ME O LR %5 &8 2 +EHik
OHNMEEEOER & L3, HHE ES), 2
Eofh, &3 #E = ta—2—BERERN
by, —BECMERTETRTERLLTE, B
B TAa—NEREERboT. ERFHIOR
A TOMBMELIMEL LR ESE TV

3. ABPM JEEOBRELSmMEREICEIT S
B

FR—Eplizcsvwe, 1 3AoIEz B WwT®
ABPM HizE» & RI-FHM Table 6 oim<
Thole. Tiabb, 2ERATOREMEOTEED
&1z s-HBI>m-HBI>24 gy SBP>d-
HBI>mean BP>24 p5fiisE#y DBP 0JERET 5
Y, IEHRIEICBI L TREVWHEEEZ R, fEE
HIE OB 1Z{E D - 7= (Table 5).
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Table 5. Correlations between blood pressures
measured at one-month interval in 18
untreated patients

r p value

24 hr. average BP (SBP mmHg) 0.750 <0.01
" (DBP mmHg) 0.533 <0.05

” (mean BP mmHg) 0.620 <0.01

24 hr. average HR (beats/min) 0.678 <0.01
Systolic hyperbaric index 0.833 <0.01
Diastolic hyperbaric index 0.624 <0.01
Mean hyperbaric index 0.772 <0.01

Abbreviations : see Table 3.

EEMER, ERBEMLER, SLERMTO24
R fLE, hyperbaric index O#EEESM D
B, IEHEICEL T, 24 RFEEMET
150 mmHg pl_E, hyperbaric index < 160 Ll E
DIEHEELE L X bh, EREEMLEL O
AR Y LDV, HEIRHIEICE L T3 24 KR
SE¥fLE, hyperbaric index & & BERBIFMIE &
BILE & OfICEWER Y 2o e (Figs. 5,6).

U B 0 24 B B

ERMENERN L EFMEH TR EVEELLEY
ERD ERD, BMToRETOmE OB
hlwnwiEXLIZ.

ABPM 2k - T i & hic 24 e EHMLE
%, FELEREEO VYL BIF2HEBEEHF L
(Fig. 7), pt@aiiLE, BtEaT 2 BEREESMmE, Bt
EH 4 BRI ME, EEREBRME & ORE T,
BLIERT 4 B MLE > BLIEAT 2 BERE S fE >
BLERIIME >R B ML E o EF THEB »E <
(Table 6), RELIERTOIME HS 24 BT I E W3
WEZ L B EAIBED bz,

E 3

HEFIC R T 2 EFEFE TR, FERRE 2 I3EBET
o I FE R A s UM O I FEE 2 TRl 54
BicksErbh, ¥EE ZomEMECE
S BEEFNEEY, WMHMA &, mEEHE DK
Fiek&E<{HFEL T &Y. L LFERLER,
FEAD»ET S —BK 10 FEOMERED — A%

WLIREEFRITWAEDIRTE RV FEidl
FrEKkERENEEI»DH D, EBREPIEL &

Table 6. Correlations between 24-hour average blood pressures and other blood pressure

measurements
A B r p value
Single BP after awakening (SBP) 0.46 +74.9 0.74 <0.01
” (DBP) 0.43 +47.2 0.67 <0.01
Single BP before sleep (SBP) 1.2 —42 0.78 <0.01
” (DBP) 1.3 —31 0.74 <0.01
2-hour average BP before sleep (SBP) 1.1 —-19 0.81 <0.01
” (DBP) 1.1 —13 0.72 <0.01
4-hour average BP before sleep (SBP) 1.1 —12 0.83 <0.01
” (DBP) 0.91 +9 0.72 <0.01
Home average BP (SBP) 0.99 +4.8 0.94 <0.01
" (DBP) 0.96 +5.9 0.85 <0.01
Casual BP (SBP) 0.47 +69 0.66 <0.01
” (DBP) 0.98 -7.7 0.49 <0.01

The relationship of the 24-hour average blood pressure (y) with other BPs (x) were found using the simple linear

regression model, “y=Ax+B".

Abbreviations : BP=blood pressure; SBP=systolic blood pressure; DBP =diastolic blood pressure.

— 117 —



RE, K&, BF

140
200} i
L]
—~ - 120}
=n | =
E ° . E -
& : g
e | H =, 100 :
£ 150} $ & :
| ; S "
s [ g ' ;| B il ©
= 5 . | .
§| I ! . :80‘ ' H s ®
H 3
| 5 ]
[ ]
100}
| 60
N N
N B-a B-b H-a H-b H-c N B-a B-b H-a H-b H-c

Fig. 5. 24-hour average blood pressures in the three groups of subjects.

Abbreviations: N =normotensive group; B=borderline hypertensive group; H=established hyper-
tensive group (a=subjects with systolic hypertension: b=subjects with systolic and diastolic hyper-
tension, c=subjects with diastolic hypertension). Others: see Fig. 3.
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Fig. 6. Hyperbaric index in the three groups.
Abbreviations: see Fig. 5.
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Fig. 7. Correlations between 24-hour average blood pressures and those obtained at home.
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24 BRRMERIE i3, SHBEARILICE S W E
MEEDZE LIBREBIRLT EL{BRIALD
h, BMLELE DOF LT ERRE R & h 5 Bl
BERTBELELZLNS.

SEFE~ T, SHEERE L HERLEHRS D,
BEREEME 2\ LIZHILE & 2B U 7 2o
VT 24 BREFEBLMLAILERI BB I X 5 RitE
fTofeh’, ZOfRER, FERFILERIE L5 A5 &M
JE & 2207 LT 34 f5ilvh 16 ] (47%), BfLE &2

L7259t 945 (15%) #%, —H %38 U CTIEH ML
JETH % LHE S . FERFMIEIC X 2¥)5E & 24
FERFEBIL A I ERIE i< X 2 HEDBICE LT
DEVEVWDOE ZERE, EMLV LITEER
& BMERE P BE OBRKIGCEFRL, HE
EEMLEFen LEZ BN, EEE ABPM
X D IERMER L HE S i EHF T ik, ABPM
SEERE I U LU 3 2R 2%, HE 30
4y, 1EfE R Icoh, ZHARAMEOKET %5
L(Z L ICIERImE), MERIE IR 3850
VRIS, BIEECRZLZELFEEOD S
ZEERLTWER

WHEBR2EF, —A0RE3ISO 1 Fo0RREH
FRBOBOE, FE ERICbObTTWS. £
RI% O MERE, H5VviE F 72 24 RS M
[EfE D W h B ERIRSEE LR E 5
DRWERHERESRTELT, BENLZ B, 24
FFES MR E S RRFLEE L V b EEERE D
HEREWILD L, REFR, BWE X & B
JOLERIC X Y HE L EBRiERRE & ofEE
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BEWY, B3 WLLIEREDERR LR
RELTFRAERERATWAY AR L LW HE
B 5. La LIEICIIEREICTREL, R
kAT 3ABNEESICNZ, BAORLBIES)
CEXBEHRRAL, LTFLL 1 HOFEHEDH
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SR LUT-EMERE, 140~159/90~94 mmHg n#s R
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¥ o R EFEMERICHT TR T o228 38
Rz 24 BRI ME iIc KIERE R Y 2 W 0,
MFE & AT % B MIREEE L oM E Kk
HBICEL, 24FEEHLEOHR Tk A+5E
EZxohik. To& 4BHBESI0LECKL,
hyperbaric index (ZMLE IZFRFRIESR 2 b M AA
MEXVELEREETHY, &oIHEEMIZE,
EARAEE 5 — v (B, FE ER) IiCBT 5
BIERIBOBOMILTEZILNERETH
5. SEFA OFERTIRFTLER» - 225,
Tochikubo »1!9%, BEBMES, *0EEME
(REARRF D& bR W IILEE) 23 1E % ILEE o &
EHPF (110/70mmHg LLF) I&TF + % & &,
ZhIVVEVBCHE TS L, BEOHOED,
BIE T U, 24 BRI ME 28 <, DBEE b
BOWEREL, EEMECES RERIELE D
AT ERATWS.
BILERESE T3, EFLEEFICHSRT, IE
DENEBHBRENERESh TS, BB
ZRWT bR, BIILEROBRNES Ao 2
BOoZhicH LTKAKTh o ZOEBEBIME
EREME & ORICA L TR Y, FEME &RER
MELofici3IEMcErEodolk. HiL
EBE T, ERLELEVD, KER, Zii
BHTOR MLV R ZENEIFVWEEZLR
3.
24ppfMEC L, BE EXBRRIFHT
HY, ZOEEHFRAEICOVTLEBROEL
FleFe o2y, HEELET »h i, ¥Kt+4E

Zbe s REMERNSR L LERAES, BTHon
MEBEZMRE L 2BERRABRER X v, 160/
95 mmHg Pl k% @ME & %74 L, 140~159/90~
94mmHg #$ERBEMIE &+ 5 —IEOH B H
hTwa., ERELEBERAORLSATH, RER
MEX 24 BffECH L, SEROBEEZHS
CHEITRS b 5. 24 BRFEBMAY MLERIE
X BEHMES, PEROMERMEL Y b, £4TF
#%, ALEROTRIICE-TWwBE L+ 38D
i, FERFILE 2> 5 24 BRI MEEZ TR LES
PEPIPEBERBEL 25, SEIOKRNTIE, 24
E EISEEIM A I R (@ X B IR © O TR
B ME, ZEERIE OB L R E
Lz r=0.66 (S: ItFEHITE), r=049 (D: #L3EH
E), REEMEFHEL i r=0.94 (S), 0.85 (D)
DOEFRIZ & Y, FEME A 24 BRI MLE 248
D THEVMER /R Ui, BLERTILE iR E 12
HU, 24 BRIFHMmE X 9E<, RENORE
BB TIZoN, & 5 I 24 BRESME 28
WEE Lo T3,

Weber 513 6 floEMERE 25 & L,
ABgd o 24 BEFEIMLE % 7.5 4B TRIEL, 20
VHEE, H—CHBMEC X 258 SBE» D
A 10 B & ToMED FEHE, H=I< 4FHi 8 BLL
Feiz3ERE 3 BIRIRE L 7c BRI O SEHME, F=iC
PR 8 BFICHIE L 72 1 Bl oREREIMEME & el L T
Wa. Z ofER 1 BERIEOHRIEMR & 24 B
EHMEE L oA ERFEBER RV, 3 ER
T U BB MLE D35 ME [r=0.62 (S):0.75 (D)],
BIUO2HMAELE O FEHE [r=089(S):
089 D)] LRFELHEERD TS, 0k
) IRIEEEVEZ W, 24P MLE L 0
BAE WY, FEMECELTH RS, JIEE
BRLWE, HBERE R LELON 5.

—75, 24 BREFEBLMAY M ERIEERIC X > TH
EEhBRNEBE (profile) z o b o oFEHM
izonTix, Des Combes &8 ¥R H 5. +
Bbb84fHlo RS 74 T7E3I R W LA 5 A
RCRELLLZ 3, 2[EOREE R

—120—



IGEHIMmE T r=0284, IEHMET r=078 T
b ote. Weber® o QIERMES 3461% 2 2w
L SR T 2 EE&E L, W D= INKERIME T
12 97% ol +£10mmHg LIpN, FLE#IME <
13 65% oflT £5mmHg DNTH - Lk
LT3, SEOERL ORFITYL, FED 24
IFEBIMAY M EREERE, 1 AoMEFSLE
BEICEAL, BWEEEEFE T L0LEXLL
5. .

24 p R LAY L R B 2 B BRAE A ML JE
B SEMRBHICEST2LZABKRTH D,
¥HCREI X 2FRENMLEICEHL T, RE
BHCEREIORIE % + 5 5k, 24 BfEMEE =
ZY Ly kY LEET, FERRMEREIC Bl
T, XVEBEBRFETHLLEZDNS.

E #

RERRMLE &V ABEME S MR & 20 & h e R
BREIBH CHEBOMHEFNEERCER
(ABPM-630) #3351, BEARCE T 5 ME
ANZE, 7 6 0tic ABPM A L FEs i E 4L
BLOFREMEHE L OHBIC W TR Lz §E
BRMLFEME & 0 SERBEILE (34 #) 3 X O BIfLE
9fl) LW EhEF B, BDB D164
47%), 9% (15%) 1 ABPM iz X v IE#ILIE &
Yir&hiz. zh b OfERFIZ ABPM 3 SuE
CHLEMEA THREL, ARBFROFEEZ B L.
BHIMELS & LTid, BEICHIT 3 ME KD
wL REMLESZHICKRE, BERLERET
iRl

Zhs IEEf#H R, wWFha TEGmE 160/
95mmHg PLE% R L M % BiERE, 140~
159/90~94 mmHg nEF & 5ERBEMER, W
FTh o b 139/89 mmHg LLF T o 725
Pl EFMERLEE L BRERIERLE
B ERAEMER I L BAEE) (& CikEm
E L REME DZE) DK TH -7z IHESHE: 88
+9.0mmHg, #EEHAE : 7.8+8.3 mmHg). 24 g%
I ME T 3BFTOER Y HKREL, 3HEO

A ML FE B 0 24 W] f FEBIER

H#jiz iz hyperbaric index MAE-TW3 LEZX
bhiz.

24 R ML (X 50RE L JE 3 fH & r=0.94
(RFEHE), 0.85 (BR#AE) omWHEEEZFRL,
HiT b BEEATIC 24 RRTEHMEICEVE 2 & -
. BERNCEERBIOMERMELZIT S & LT X
D, HEREICX 3 FEANME 24 BME <
=&Y U7X VHET, EROBMESRE OBE
B LIiEE R 5 2 B 5 FREES TR S .

I D—EPiI RKFNGEFE~NV A X Y DB &I X
ol ERAWEOETICHZY, ERAFEREL L #
— R EE S b O BURTRE MR R A R R
VE—DRE v T EYWERRBEB R NIRRT
L
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