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Measurement and evaluation of home blood pressure monitoring with particular emphasis on
evaluating anti-hypertensive effects using a home blood pressure distribution diagram
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*Division of Internal Medicine, Sendai Shakaihoken Hospital, **Sato Hospital, Miyagi, Japan
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Tight blood pressure control over a long period is important to prevent end-organ damage to the
brain, heart, and kidneys, and to avoid the complications of hypertension. Control requires an accurate
evaluation of treatment through an appropriate monitoring of home blood pressure.

In this study, we evaluated a method of home blood pressure monitoring, in which we propose a home
blood pressure distribution diagram to evaluate the effectiveness of anti-hypertensive therapy. 1) In
home blood pressure measurements, the first reading was high, while the second and third readings were
essentially similar and thus stable. 2) Home blood pressure showed great daily variations, thus necessitat-
ing the use of the mean blood pressure over a fixed period, and not the individual blood pressure readings.
The mean (morning, mid-day, and evening) over a one-week period was unstable, while the readings were
stable over a three-week period. 3) The diagrams showing the distribution of home blood pressure
measurements obtained in the morning and at night over a long period allowed the degree of early morning
hypertension and the effectiveness of long-term blood pressure control to be assessed, and thus were useful
for selecting anti-hypertensive agents. 4) In elderly patients, a mid-day systolic pressure of 100 mmHg
or less (particularly 90 mmHg or less) resulted in the onset of symptoms of excessive hypotensive effects,
such as lightheadedness and fainting, which affected ADL and QOL. 5) Because of great daily variations,
it is difficult to achieve the blood pressure target of 130/80 mmHg or less in patients with hypertension
associated with diabetes mellitus or renal insufficiency. 6 ) The home blood pressure distribution diagram
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facilitated an understanding of the status of anti-hypertensive therapy by patients, and was useful for

motivating patients to continue treatment.

Jpn J Nephrol 2006 ; 48 © 354-364.
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Table 1. Home blood pressure measurements in a normotensive subject
Mean £ SD (mmHg)
W 2W 3w 2M 4M
SBP(M) D 126.6+7.8 122.8£9.5 120.5+9.6 119.9£8.3 119.2+8.8
SBP(M) @ 124.7£9.5 121.2£8.0 117.3£9.4 116.6£8.9 116.0£8.8
SBP(M) @ 122.7£7.5 120.4£5.9 117.2£8.0 116.0£7.8 115.7£8.1
SBP(D) O 130.3%15.9 129.8+11.6 127.9£12.0 123.1x£12.7 120.4%11.5
SBP(D) @ 123.5%£14.7 122.2£9.7 120.8£10.5 [15.0£10.0 114.5%£9.4
SBP(D) @ 119.3£13.1 118.4%11.2 117.4%£11.8 114.4£9.7 114.4%£9.3
SBP(E) ® 129.7£10.0 126.1£10.2 120.9%11.2 121.0£8.7 119.9%£9.0
SBP(E) @ 124.0£6.3 119.9£7.3 116.4%£7.7 [7.1£7.7 116.8+8.4
SBP(E) ® 123.3£8.0 119.0£8.4 115.5£9.1 [15.3£7.6 115.4£8.6
DBP(M) D 79.1%x5.0 77.7+£4.7 76.9%+5.3 75.0+4.9 T74.4%+5. |
DBP(M) @ 78.4%6.2 77.1%£5.3 75.0%5.6 74.2%5.6 73.7+5.6
DBP(M) ® 77.6£5.6 77.2%4.1 76.5%5.1 74.5%5.0 T74.1%£5.1
DBP (D) D 79.0£5.7 78.5+4.5 78.5x5.0 75.8+7.0 74.3+6.6
DBP(D) @ 76.8%+8.1 76.8+5.8 77.0x5.8 72.6x6.1 72.1%£5.5
DBP(D) @ 75.8%8.1 76.0+7.3 75.6x7.1 71.9%6.6 71.5%6.3
DBP(E) ® 79.1%x5.0 76.5+4.3 74.9%+5.3 73.3%5.6 72.6x5.4
DBP(E) @ 77.3+3.5 75.0%3.9 72.7+4.8 71.7+£4.9 71.6x5.2
DBP(E) ® 77.6%£2.9 76.3*+4.8 74.3%+5.3 71.4%5.8 T1.1£5.7

M I morning, D : mid-day, E : evening
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AR Uz WHERAINEE (SBP) & fii3R #A I A (DBP) & 1
B HOBEEMD RS <, FRCHERIER OB WE ORI
FECE» o7, —75, B EROKEMFEZ 2 [ H OHIEE
E3EIEHOHEBOERINS Do Tz, FIHIEBAR
72 2 1F ERBEIMEOFIIEIFAE L 20, 2B EICHE L
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EFELTBY, Z20%k22 AN, 47 BHEOFHHEEEL
molz,
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LDTH 5, SBP OFIDIFHIIE 125.0+6.6 mmHg, & D
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Table 2. Home blood pressure measurements in a normotensive subject
Mean = SD (mmHg)
0~IW |~2W 2~3 W 3~4 W 4~5W 5~6 W
SBP(M) D 126.6£7.8 119.0£10.0 116.3£9.2 116.1%£8.0 119.3£6.4 124.7£8.5
SBP(M) @ 124.7£9.5 117.7£4.6 [12.7+10.5 [12.7£9.0 121.4+6.8 [18.0x11.2
SBP(M) @ 122.7£7.5 118.1£2.7 [12.5+10.0 113.0£7.9 [17.1£5.6 [17.3£5.0
SBP(D) D 130.3+15.9 129.4£7.6 125.2+13.3 121.3£4.8 112.3+6.8 121.3+13.8
SBP(D) @ 123.5£14.7 121.0£2.8 118.5£12.5 [11.6x5.1 110.0£5.2 [12.7£12.1
SBP(D) ® 119.3£13.1 117.6£10.3 [17.0£14.2 115.0£8.9 107.2£5.0 [12.7£7.9
SBP(E) ® 129.7£10.0 122.6%£9.9 113.7£8.8 123.8£11.0 115.3£3.8 119.8£8.4
SBP(E) @ 124.0£6.3 115.9%£6.0 109.3£2.7 117.2%£6.4 116.8£8.4 118.5%£7.2
SBP(E) ® 123.3%£8.0 114.7£6.9 107.0£3.3 [15.0%4.1 109.0£7.7 119.3£6.4
6~TW T~8W 8~9W 9~I0W [0~11W [1~12W
SBP(M) D 123.4£7.0 114.3£7.7 119.7£6.1 123.1%£9.7 118.9£7.1 [15.1%£9.9
SBP(M) @ 116.3+4.0 I11.1£9.0 114.7£7.7 [14.3%11.6 114.0£8.3 [13.6£7.5
SBP(M) @ [14.9+9.1 112.7£8.4 [13.1£8.7 117.6£6.8 112.3%6.4 [12.1£6.3
SBP(D) D [16.6+12.7 119.0£8.6 128.9+17.6 119.3+11.8 123.7+10.8 [14.2+9.1
SBP(D) @ [11.3£5.4 109.5£5. 1 120.6£13.3 114.4£9.8 [16.1£6.7 114.2£8.4
SBP(D) ® 109.4£10.4 112.2£5.3 118.0£9.6 115.3£6.2 118.6£8.9 [17.0£9.5
SBP(E) ® 123.7£5.2 117.0£4.8 124.2£8.7 116.1£5.3 118.8£13.1 118.0£7.7
SBP(E) @ [15.8£7.1 115.6x8.4 119.8£8.5 [12.9£5.3 115.2£9.9 [14.6£7.0
SBP(E) ® [15.0+£7.8 [17.1£5.5 116.8+5.3 [13.9£5.4 [2.6£11.8 [15.1£7.3
[12~13W 13~14W [4~15W I5~16 W 16~17TW [7T~18 W
SBP(M) (D 121.6%£1.3 122.6%8. 1 [11.9£11.3 [12.8x£12.1 118.6£8.3 121.6%£9.0
SBP(M) @ 9. 1£11.1 120.4%4.5 [11.0£8.8 I11.0£7.2 [15.9+4.9 [18.7£11.8
SBP(M) @ 118.0£6.9 120.9£9.2 110.9+8.8 113.2£9.6 113.4+4.6 121.6£13.1
SBP(D) D [10.7£9.4 112.2£7.2 [17.8+£6.5 120.6£7.9 [14.4+£9.3 121.4%£6.9
SBP(D) @ 104.0£8.3 112.8£7.7 [11.3%£9.2 [18.1x11.2 115.0%9.0 [14.0£7.0
SBP(D) @ 107.5£3.7 114.8£9.3 112.2£9.2 [13.0£7.3 [15.8£11.0 [15.1£12.5
SBP(E) D 119.7£11.8 121.0£7.4 [16.2£11.2 115.0£6.7 117.5£8.9 124.8£11.1
SBP(E) @ 113.4£7.7 116.7£8.4 119.2£9.7 113.7£9.4 117.8£6.8 124.0£15.8
SBP(E) ® 112.6£8.6 113.8£7.8 [19.5£11.0 110.8£7.6 119.3£10.4 120.5£16.2

M : morning, D : mid-day, E : evening
TIXEAD MEE DO FIE 69.6+5.7 mmHg, 713 68.8+6.1
mmHg TH] & & O # A X 1x FE %> 7z, DBP 1% 50~85
mmHg 1253 AL, HZEZEZ 35 mmHg TH - 72,

FEGI 2 1 68 )%, B UMEX 2 HEIEL, ZOFHE%
B 29)

65D & X W2 EIMF (180/90 mmHg) Z f5HE S, B
TEHERERIR 2 & 0F L T 7 2SR5 T X R o
v ho—nENnlz, BEEFE L LT candesartan 8§ mg ##%5
L 7z BSBEFEN R AR5 ¢, amlodipine 5 mg % ffH#& 5
L1720 AFSRBERFIMEE 131E & A ¥ 140/90 mmHg BAF 2 T [
L7zo Fig. 3a i3 Z OO L KOREEIE % 704~718 H
flicblzo THIE L IMEBAERN 2R L7 DTH 5,

SBP O & @ - #] 1% 123.6+8.4 mmHg, 7% % 124.8+9.2
mmHg T, B EROIMERARIZEZ Y, B ERDIME
BRIFICaYy bo— v Eh Twiz, BAARK T SBP »°
105~145 mmHg 124345 L HZZ 813 40 mmHg TH - 7z,
DBP & 5 @ ¥ ) {E 73 75.0+4.8 mmHg, & 1% 74.5+4.9
mmHg TH Y, B EXKOBAMKIZE D, DBP L 60~85
mmHg 253 L Tz,

AKHITIE % D, candesartan 8 mg % olmesartan 20 mg
ZZH L, amlodipine 5mg & ARG 21To72, FHlZix
ITFAFBEOYEEICE S, MEDI Y e —VIZEFT
H %, Fig 3b RT3 4 H OFREEMESARR %275 L
720 97~98 HIE D SBP OFHD 4 ME 1% 120.8+6.7 mmHg,
1% 121.08.0 mmHg ¢, SBP % 100~ 140 mmHg 124345
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DBP Mean=SD (mmHg) SBP Mean=£SD (mmHg) n=124days

M
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18days
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D
;b
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50 60 70 80 90 100 110 mmHe
n=115days
E
50 60 70 80 90 100 110 mmHg 80 90 100 110 120 130 140 150 160

Fig. 1. Home blood pressure distribution diagram in a normotensive subject
M : morning, D : mid-day, E : evening

DBP Mean=SD (mmHg) SBP Mean=SD (mmHg)
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mmHg mmHg

Fig.2. Home blood pressure distribution diagram in case 1 (n=75~86 days)
M : morning, E : evening

U HZZ #1140 mmHg T&h -7z, DBP IXH D fE S EG 3705, ZmER 3EEIEL, 2, 3EEDF
74.1+3.8 mmHg, & #%73.9+4.9 mmHg T 60~85 mmHg Yl % FrEk)
53R LT iz, 10 {2 o /WMENDH Y, BEEEGEEZZT Tz,
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Home blood pressure distribution diagram before and after changing the anti-hypertensive drug in case 2

M : morning, E : evening

amlodipine 5Smg DG %2 Twich, RS +HT
candesartan 8 mg, i\ > atenolol 25 mg ZEBMHES L, 4
RRERFIME X RIFICa >y ba— L d3 b X310kt 2
AR 5 REE 2 0.5~1.0 g/ HHEBLL, BERFIE S <,

PRGN FRMAERS HIMER 2 780, EERZH CE LB GRO
RS AHOND Z o, REEBPUEZEEVERZ L T
%o FHICERAERE I3\, Fig. 413 714~883 Hizb 7z
5 REMERAME EZR LIz DTH S, SBP DF DY
fif 1% 1354 11.8 mmHg, /& 13 122.8+13.5 mmHg, % i&
129.4+12.4 mmHg T, ¥l 105~165 mmHg, &% 85~160
mmHg, %1% 95~170 mmHg 12434 L C\» 7z, BD SBP 23
100 mmHg LA ICTRET 2 L2566 ARD E Wi EDif
FEGEITE % 7R $EIR S ER AL, amlodipine % 2.5 mg 25 & L
72D, candesartan % 4 mg IZJEE L7z D U T R 125
o U Jzo A T3 HZZE 25 60 mmHg, &, %75
mmHg & A & <, 140 mmHg PL_E o B E IMME K 30 %
OWEH (7260 H) TH ST, REFEEEBRET 2 L

JEREENEN S 2 LIS N, FEIEME & BERE %
23 &S YR FEAIOFEFUCTE T LT %,

—77, AHID DBP [ZEHDFHESS 70.9+5.3 mmHg, /&
2% 68.54+6.5 mmHg, %43 68.4+62 mmHg T, i3 55~85
mmHg, &% 55~90 mmHg, 7 1% 55~85 mmHg 12434 L
TWwiz,

B. FKEEIM BRI C 550 & MU A3 2 fE ]

FEF 40 79 5%, i MER 3EHEIEL, 2, 3EEOF
BIfifi % Gig%)

50 mEE & D I & 20 & MEESRIBE 220 T\,
Z D 5~6FFHE R Cadli Fit # (barnidipine &
nifedipine L & nifedipine CR %3 H.IZ{# ff]) & atenolol 25
mg & candesartan 8 mg ZHfIEG S T Wiz, FRRERE
MLFE 1 120~170/60~100 mmHg T& - 72, AFHFZFAD K
FEMENFE W LICRDOE, 20k, 8- B« WOREI
JE&#) 2 iz b7z DHEIE LTz, 726~738 Hi b7z .
B DR BEIMEBATE %2 ERL L Fig. Sa i0R L7z, F5AE
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Home blood pressure distribution diagram in case 3 (714~883 days)

M I morning, D : mid-day, E : evening

MEAZFEHT, FRcHNC REIMEORENEL &Y,
B R EMEORE X < 2> 7, 738 HFE SBP
DEDONf# 138.4£22.6 mmHg, & OFHHE 136.2+13.0
mmHg 123 U, FDFEHMEIF 171.9420.0 mmHg & ZHI
1 < 120~220 mmHg I253AF L, HZEZHH 100 mmHg &
KEMoTz, HEMIM DK 90 % 660 H) 272D SBP
140 mmHg DA O RS IMEA & & 1172, B D SBP 1% 80
~190 mmHg (H ZZ° &) 110 mmHg) 1243 /5 L, 100 mmHg
LI, FFli290mmHg L NIC T3 b HARD F
Vv, £HEEEL Y ADL ® QOL Z{ET 3 ¥ % 4 E T
DFTRMB A S NIz, AHITIE EROREIME LD 2 FEE
BEEEHEE 2 L Twie s (BROIMEDHK] 70 %, K OIME
D90 %), REFFEDIERMERICIZHEEL, RIEMICH
72 2 REAREIME S LTz,

DBP OFDFEIX 96.24+13.6 mmHg, &I 78.9+15.3
mmHg, & 7 74.6+9.3 mmHg T, ] ® DBP % 70~120
mmHg, & 13 50~110 mmHg, % % 55~100 mmHg |2 43 i
L, HZEZHbHE 50 mmHg, B 60 mmHg, 7% 45 mmHg &
KEpolz, BMERORFRNPERICIZH %Y, DBP b
90 mmHg M O REHE I3 70 % () 500 H) TH 51
720 AHITIX SBP b DBP b HEZ#NA X L, FKICH
WEEhH K E <, THEYIRBEEERETH- 2,

KBTI U 7z R OE IR TR © 7o 3R RL <
FEISMESEN: 2 e 6, FR Ca P % Rt
158 = AR Ca # P13 O amlodipine 10 mg (i & 7% 5 mg)
WWEBE L, & 51 a-blocker @ doxazosin 2 mg % F BN
#5. L, candesartan 8 mg & atenolol 25 mg IX[F U & 512
BRI L7, BEIEFEHIC 70 HiZb 72> CTHIE L 7z SBP

B X % Fig. 5b 12 7n L 7z W1 D SBP ¥ fH 1% 134.1+
14.4 mmHg ¥ ZZF R (171.9420.0 mmHg) X » FHIH I T
L7zo /B SBP FHYfii% 125.8+15.6 mmHg, %13 132.1+
155 mmHg & 225 Rl & D BE TR L 72, SBP I3 L #H1Z
100~170 mmHg iZ, /&% 90~165 mmHg 24345 L, H#
ZEE)E % 70, 75 mmHg & K& -572, 140 mmHg L LD
I TR 40 %, B THI 20 %580 S iz 3, F
B I OSEE XA U7zo SBP O3 % IEH M <
IO TS, @ERE T 2 2 EEHES
h, BEENLRBREROBININE TS 2, &8, ¥EHE
E# @ DBP 38, B, &b 50~80mmHgiZ 2> F a—
VENRTWwiz,

FEGIS 2 63 5%, HEUMEE 2 [FERE L, 2 [B1H % 5ék)

R0 R & D BMMESDH Y, BEROKRG 2521 T
7zo U LEFEZEDO AR S TEIR TR iUE D168 13 RIEF T
2o 7z, 59 BORBERE O ME X 210/110 mmHg & EE
ML THES (BMI 31 %) EFERE B H D, LEEEOH
EBERED, RORRBEELBE Lz, [FIKEIC barnidipine
4 mg, candesartan 4 mg, atenolol 25 mg @ 3 K S %
Tolze L2 L, BEEZRIFZA 14 T1HEF I bar-
nidipine 8 mg (¥ £ %% 4 mg) 12 L, trichlormethiazide 2
mg ZBMES L7, U UFEME & 140~160 mmHg
EE L, 24EY41T candesartan % olmesartan 20 mg 12 %2
WL/ LUt RBEERSIRIIE SR T, RBIT
EREOIER N B - T2z, WRINCEEERIC X 2KED
WIEbEED Tz, 7 DFER, 140~160/80~95 mmHg DFK
FEMESERERD & & I TR L 7z (Fig. 6)o FF12 75 kg



Hypotension

Fig5-a

Mean=SD {mmHg)

20 40 60 80 100 120 140 160
mm

Fig5-b 40%
After changing
30%
the drugs

20%

10%

0%

70 90 110
Fig. 5.

2 %4 361

Morning hypertension
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Home blood pressure distribution diagram before and after changing the anti-hypertensive drug in case 4

M : morning, D : mid-day, E : evening
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WAREE Y 75~70 kg IR % Bl L 7z 128 H# @ SBP @
B % 7R U7z, SBP OFHO K 1% 146.3+8.7 mmHg,
®K1X 146.84+9.6 mmHg T 125~175 mmHg {2434/ L, HZE
Z5E)1% 50 mmHg TH - 7248, 140 mmHg PA_F o F8 5 M
EBHIT0%HI90 H) TH S iz, —7H, HED 70~62
kg @ 233 HR O 845 1K (Fig. 6) 1%, SBP @8l D i 1%
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OLM=Olmesarutan, TCM=Trichlormethiazide.
BEN=Benidipine Hydrochloride, ATN=Atenolol

Fig. 6.
after the body weight reduction in case 5
M I morning, E : evening

Home blood pressure distribution diagram before and
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Home systolic blood pressure daily distribution

sive drug (A diagram showing an inappropriate case)
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