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Circadian Variations of Blood Pressure and Pulse Rate
under Ordinary Daily Life by Ambulatory Monitoring.

Keiko UEZONO, Terukaéu KAWASAKI, Haruka SASAKI
Hiroko UTSUNOMIYA and Michio UENO*

Summary

To know the characteristics of 24- hour variations of blood pressure(BP) and pulse rate
(PR), ambulatory BP was monitored automatically every 30 minutes for 24-26 hours with
non - invasive device, ABPM -630 (Nippon Colin Co.) in healthy volunteers (18- years of
age) .

Four hundred and forty eight subjects (249 men and 199 women) joined in this study. Os-
cillometric method was superior in the numbers of detected measurements, whereas Korotkoff
method had more failed measurements. After attachment of a device, BP and PR decreased
gradually and significantly by the third measurement. BP at the beginning of measurement
was significantly higher than that at the same time on the next day.

Twenty four hour averages of SBP and DBP were always higher in men than in women.
The most distinctive factor of circadian variation was the sleep - wake cycle, with BP being
lowest during sleep in men and women. While awake, SBP was highest in the afternoon in
men, and in the morning in women. Circadian variations of BP and PR in women shifted
forward as compared with those in men.

Twenty four hour BP varied in averages and patterns by age and gender, and taking
these differences into account, the reference range of circadian variation of BP may be
established by age-group and gender.

Key words: Blood pressure, Pulse rate, Circadian variation, Ambulatory monitoring, Blood
pressure during sleep.
(Journal of Health Science, 15 : 75-84, 1993)

Institute of Health Science, Kyushu University 11, Kasuga 816, Japan.
*National Fukuoka Central Hospital, Fukuoka 810, Japan.
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Table 1. Criteria of visual edit.

1) for all data

omit measurements of SBP =260mmHg or SBP =<60mmHg
DBP =140mmHg or DBP =30mmHg
SBP — DBP =10mmHg
PR =140/min or PR =30/m4n
2) for data measured by both oscillometric and korotkoff methods
check measurements with differences of
SBP between two methods = 30mmHg
DBP between two methods = 20mmHg
PR between two methods =10/min
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Table 2. Distribution of subjects by gender and age-

group
Age-group male female total
y.0. no. (%) no. (%) no. (%)
18~19 55(22,1) 4 (2.0) 59(13.2)
20~29 | 111(44.6) - 50(25.1) 161(35.9)
30~39 35(14.1) 53(26.6) 88(19.6)
40~49 20 (8.0) 44(22.1) 64(14.3)
50~59 15 (6.0) 22(11.1) 37 (8.3)
60~ 13 (5.2) 26(13.1) 39 (8.7)
total 249 199 448

% - percentage by age-group
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Table 3. Distribution of subjects by gender and

blood pressure level

normotensive borderline
male 122(49.0) 105(42.2) 22 (8.8) 249
female 162(81.4) 16 (8.0) 21(10.5) 199

hypertensive  total

blood pressure classified by WHO criteria, 1962. (%)
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Table 4. Distribution of subjects by month of

Table 5. Distribution of subjects by gender and

measurement day of week of measurement
male female total male female total
Month no. (%) no. (%) no. (%) day of week| no. (%) no. (%) no. (%)
M 60(24.1 56(28.1 116(25.
1 6 (2.4) 6 3.00 12 (2.7 on (24 (28.1) | 116(25.9)
3 6 (2.4) 4 (2.0) 10 (2.2) Wed 60(24.1) 22(11.1) 82(18.3)
4 2 (0.8) 6(<3‘0; 8((1-82 Thu 58(23.3)  45(22.6) | 103(23.0)
5 126 (50.6) 41(20.6 167(37.3 X
6 79(31.7)  97(48.7)  176(39.3) Fri 2184 17 8.5 | 38 (8.5
7 6 (2.4) 6 (3.00 12 (2.7 Sat 3.2 1165 | 146D
8 3(1.2) 6 (3.0) 9 (2.0) Sun 8 (3.2) 3 (1.5) 11 (2.5)
9 104 105 2.5 Total | 249 199 s
10 1 (0.4) 9 (4.5) 10 (2.2)
11 2 (0.8) 4 (2.0) 6 (1.3)
12 12 (4.8) 8 (4.0) 20 (4.5)
total 249 199 448
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Fig 1. Distribution of subjects by starting time of

measurements and gender.

Table 6. Impression of ambulatory monitoring

male (n=249) Female (n=199)

question no. (=) () (+) no. (=) (&) )

% % % ' % % %

device was heavy 86 38 14 43 154 36 21 44
measurement was irritating 26 58 35 8 45 36 44 20
activity was refrained 24 38 54 8 45 29 47 24
operation was difficult 87 84 2 14 148 64 5 30
couldn’t sleep 113 64 29 7 147 42 43 15

no.: answers gathered, (—): “No”, (%): sometimes or partly “Yes”, (+): “Yes”.
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Fig 2. Total numbers of measurements by methtob and gender.
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Fig 3. Numbers of falied measurements by method and gender.
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Fig 4. Percentage of numbers measured by method and gender.

PIERES L E2HZ 2AQEIEBE 10T,

2)BEFEFBDHMEICOVT
SR O 138 13 IRE) (oscillometric) % & BEES

(Korotkoff) i D 27848 CEEHIHIE 21T 5 53, 25 TD
HIERRNE S N2 B 12164 - 1828412 DT,

Bz & HIRENED A FEZE L 0 AIE B % < (K2),
KRIBEDBD o7 (M3) 28D 5 bk L UET



kyudaitosho_enkaku65
ノート注釈
kyudaitosho_enkaku65 : None

kyudaitosho_enkaku65
ノート注釈
kyudaitosho_enkaku65 : MigrationNone

kyudaitosho_enkaku65
ノート注釈
kyudaitosho_enkaku65 : Unmarked


BEHAEEE AV CHE L. AEEE T COMEHANES) 79

Male(n=216) Female(n=182)
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Fig 5. Blood pressure differences between oscillometric and Korotkoff methods.
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Fig 6. Serial differences of blood pressure by gender.
*p<0.05, ***:p<0.001 vs prior measurement, #:p<0.05, ##:p<0.01 ###:p<0.001
vs measurement at the same time on the 2nd day.
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Table 7. 24-hour, awaking and sleeping hour averages of blood pressure and pulse rate in

normotensive subjects by gender.

Male (n=121)

Female (n=162)

24-hour
awaking hour
sleeping hour

30.4%+12.6
0:194+1.33~7111£1.26

37.4%£13.7
23:28+1.03~6:30+0.85
SBP / DBP / PR

119.2£13.4/69.7+£10.2/71.2£13.5
124.6£10.3/73.9+ 7.5/76.8+10.6
105.6+ 8.9/58.9+ 6.4/57.5% 6.9

111.0+£12.3/64.6+8.9/72.8+13.0
115.0+10.7/67.9+7.5/78.4+10.6
101.1+ 8.3/56.7£5.7/59.2% 6.0

Mean+SD, SBP & DBP : Systolic & Diastolic Blood Pressure (mmHg),

PR : Pulse Rate(beats/min).

Table 8. 24-hour, awaking and sleeping hour averages of blood pressure and pulse rate in

normotensive subjects by gender and age-group.

1) in the 20s

Male (n=57) Female (n=49)
age (v.0) 23.742.5 22.942.0
sleep time 0:45%£1.29~7:40+1.28 0:07+0.98~6 :45+1.03
""""""""""""""""" sBP / DBP / PR SBP / DBP / PR
24-hour 120.2£13.8/69.3+£10.5/71.0+14.2 107.8+11.5/63.0+8.7/73.8+13.6

awaking hour
sleeping hour

126.0£10.7/73.9% 7.9/77.0%£11.1
105.9+ 8.7/57.8+ 6.4/56.1%+ 7.0

111.8+ 9.8/66.3+£7.0/78.6+£11.2

2) in the 30s

97,7+ 7.5/54.3£5.8/59.3% 6.8

Male (n=31) Female (n=50)
age (y.0.) 33.7+2.7 36.1+2.6
sleep time 0:08+£0.96~6:36+0.72 23:20%£0.69~6 :23+0.60
"""""""""""""" sep / DBP / PR SBP / DBP / PR
24-hour 116.9+12.7/69.1+ 9.5/72.5+£13.3 110.8+11.9/64.9+£8.7/73.3+12.9

awaking hour
sleeping hour

121.9+ 9.6/73.2% 6.5/77.9% 9.9
103.9£ 8.1/58.3+ 5.8/58.9% 6.5

115.1+10.0/68.3+6.9/79.2+ 9.9
100.2+ 8.1/56.5+5.5/58.9%= 5.8

Mean+SD, SBP & DBP : Systolic & Diastolic Blood Pressure(mmHg),

PR : Pulse Rate (beats/min).
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Table 8. 24-hour, and sleeping hour averages of blood pressure and pulse rate by blood pressure

level in the male 20s.

normotensives (n=>57)

borderline (n=51)

age (y.0.) 23.7£2.5

sleep time 0:45+1.29~7 :40+1.28
SBP / DBP / PR

24-hour 120.2+13.8/69.3+10.5/71.0+14.2

awaking hour
sleeping hour

126.0+10.7/73.9% 7.9/77.0+11.1
105.9+ 8.7/57.8+ 6.4/56.1+ 7.0

22.7£2.0
0:50+1.32~8:06%£1.72
SBP / DBP / PR

127.2+14.8/73.3+10.8/70.3+13.4
133.3+£11.6/77.8%+ 8.5/76.0£11.2
112.6+ 9.7/62.6% 7.0/57.3% 6.9

Mean=*SD, SBP & DBP : Systolic & Diastolic Blood Pressure (mmHg),

PR : Pulse Rate(beats/min).
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Fig 7. Hourly averages of blood pressure and pulse rate by gender.
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Table 10. Studies on ambulatory blood pressures in normal subjects.

Author Year Subjects n Day Night 24-hour Upper limit
gender, age of 24-hour
~Pickering 82 Men & women 25 117/80 . 98/64 114/77 138/91
Kennedy 83 Men ~30 19 119/67 108/58 115/64 133/72
Men 30~ 53 122/78 107/69 117/76 138/88
Halberg 84 Men 20~60 40 — — 117/74 135/87*
Meyer-Sabellek ~’84 Men ~60 36 122/77 101/67 116/73 133/85
Women ~60 26 113/76 98/67 108/71 123/86
Wallace 84 Men ~30 25 120/74 105/62 115/70 130/82
Men 30~ 21 122/78 106/66 117/74 134/88
Women ~30 25 110/77 . 97/64 106/73 123/85
Women 30~ 21 107/78 92/64 103/73 116/83
Drayer 85 Men 56 124/79 108/66 119/75 144/90
Chau 88 Men 72 125/69 108/60 119/65 140/78
O’Brien 90 Men & Women 484 122/76 107/62 114/69 144/93
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