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Table 1. Nutrient Intake and Nutritional Ratios of Regulated Diet

Variable (A)Breakfast (B)High-Salt (C)Low-Salt Total
Energy (kcal) 496118 679149 © 626144 1810+47
Protein (g) 22.7+1.9 23.5+9.6 23.8%1.6 78.3+3.8
Fat (8) 17.9+1.6 17.144.2 18.315.3 56.618.0
Crude Fiber (g) 1.004+0.20 1.33+0.12 1.70+0.30 4.03+0.38
Calcium  (mg) 272416 260+ 148 146434 658+110
Magnesium (mg) 69135 108+18 98125 275134
Sodium (mg) 861+290 3102+397 779+280% 47424308
Potassium (mg) 777+375 9581354 5891259 23451788
Animal Fat Ratio(%) 52.1417.2  39.4t7.8  44.2422.0  49.6:2.4
P/S Ratio 0.60+0. 14 1.44+0.53 1.4510.62 0.92+0.17
cI1J 62.8%£37.6 25.1£8.6 41.6+43.9 129.8%11.4
* p<0.05 (vs. High-Salt) MeantSD

SD= standard deviation, CIJ=cholesterol index for Japanese
Stage-LHl: (A)9 (B) Luncho (C) Dinner; Stage-DH: (A)9 (C)Lunche (B)Dinner
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Table 2. Profile of Subjects

Variable

Subjects 7 females

Age (yrs) 21.1 £0.4
Height (cm) 157.5 +2.8
Body Weight (kg) 53.1 £5.2
Quetelet Index (kg/m2) 21.4 £2.2
Systolic BP (mmHg) 107.7 7.6
Diastolic BP (mmHtg) 63.0 £5.9
Heart Rate (Beats/min) 69.3 £6.5
BP= Blood Pressure Mean =+ SD

3. 2. URRER - ERMR - WRAKPNa- K - CrEit &

BERERHEOSA 3 HRAOUBREPHME £Table 3 ICRT, 24FBEES - RHNa -
KeCa- Mgl BICRWIThHEHOBICEZERBOTM 72, Fo, 2REBHRSYOE
EREORPHMEOTEIREBIL. Na: 216%, K : 19+4%, Cr: 12+2%CH > 1=,

Table 3. Average 24-h Urinary Na, K and Creatinine

(Cr) Excretion in Three Different Stages

Na (mg/day) K(mg/day) Cr (mg/day)
Stage-C 3,683+ 1,021 1,786+ 328 1,072+ 110
Stage-LH 3,5654 534 2,115k 247 1,1454+72
Stage-DH 3,573+ 517 2,034+ 283 1,098+ 98
(by paired t test) Mean= SD

Na+ K « Mg~ CafENEBICH T 224 RPHMEOENE1X. ThThNa: 8T. 4% K :
85.8%, Mg: 38%. Ca: 20%Td o I,

RNa - K HEit & % 24509, BRI (6:00-22:30). &R (22:30-6:00) IC 1T, HRERRIC
K& LT, Table 4 IC7RT . RPNaittE X, 24BREL S FICBRERE(6:00-22:30) I X
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ERERMCEERHT. BWAEIR(22:30-6:00) (X CH - LHEAIC K LDHI CHEE LS55
L7=(p<0.001)o FReP K HEME (INaFEM R & AR 2UBREL > FICBRRE TR SKREAR
CEZRBHT., RMRTIXCA - LHAICH L COHATHES L S@E R L=,

Table 4. Averages of Urinary Na and K Excretion during 24-llour,

Waking and Sleeping Intervals in Three Different Stages.

Na (mg) K (mg)
24-h 6~22:00 22~6:00 26-h  6~22:00 22~6:00
Stage-C 36831021 3239+1048 444186 — 17861328 15474312 240433 —
*%k%k *
Stage-LH 3565t534 31444540 421£125,| 2115247 18664230 2649163
kxk *

Stage-DHl 35731517 28104472 7631148J 2028+289 16021273 426i207J

* p<0.05, *** p<0.001 (by paired t-test) Meant+SD
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Fig-1. Variation in Urinary Na Circadian Rhythm from

Day One - Eight During Stage-LIl and Stage-DIl.
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Fig-2. Chronograms of Circadian Variation for Four Urinary Variables

(Volume, Na, K and Creatinine) during Three Different Stages.
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Table 5. Average Blood Pressure during 48-llour, Waking and

Sleeping Intervals in Three Different Stages.

SBP (mmlg) DBP (mmHg)

48-h  7~23:00 23~7:00 48-h 7~23:00 23~7:00

Stage-C 108+7.6 110+=7.8 102+£6.7~ 64£5.9 65+-6.5 60£6.0

*hk
Stage-LH 110*+6.8 112+7.3 lOlj:5.2] 65t 4.47 67£5.07 58+4.8
** *kk *kk

Stage-DH 104%+7.0 107+6.6 97:|:6.3J 6]j:h.7J 63j:h.hJ 564-4.1

*%% p<0.001, ** p<0.01 (by paired t-test) Mean= SD
SBP=systolic blood pressure, DBP=diastolic blood pressure.

3. 6. A8BEME. RhNa- K - CrifltERUREOTEAMHO L

IO E. HEENEOEAMAROCTRLZHMORCEEBOLN > 7. RoNakk
sE o TEARARE CHA(16:23). LHEA(16:33) I L DHEA(12:56) CTREICE (B ohilc
(&4 p<0.001)e REBKHEHEbNas FHEOMEEERL., CH - LHEICH LDHICBEIC
BLBHIEZEH > hi(p<.001). RPCrHHBCAZTHIERZERO AN >, RE
dNa- KEEE S AR CH - LHAIC K LDHII CHB LRV RACTRAMENIBO oI
(p<0.0D»
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mﬁﬁtoﬁuurijwﬁﬁﬁﬁmﬁﬂﬁwéntmmmmoﬁ¢hmﬁimm%
CDHE O EA NN ZE & RE A o I RABCrHE OLHHE L DHA O TRA N AR O EE D F
cid. RETE r=0.629, RHCrHEEETE r =0. 6900 EDMHBARNBO > hiz, RP
K HE5i2 O LHEE S DHEA O TEA AR O E B & BB, RAPCrHEil S O LHHA & DR O TR AR @
TEHEOBICS. ThEhEOHEEMER (r=0.756. r=0.575) RBdHohT,
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Fig-3. Correlation of the Difference between Urinary Na Circadian Acrophase
during Stage-Lll and Stage-DH with the Defference between Systolic

and Diastolic Blood Pressure Acrophase during Respective Stages.
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The Influence of Consuming Two-Thirds of Daily Salt Intake at Dinner

on Variation of Circadian Rhythm of Blood Pressure and Urinary Variables.

Kazue Itoh, Terukazu Kawasaki*, Motoomi Nakamura
Graduate School of Health and Nutritional Sciences,
Nakamura-Gakuen University, Fukuoka 814, Japan,

*Institute of Health Science, Kyushu University, Kasuga 816, Japan

Summary

The aim of this study is to investigate whether there are variatioms in
both blood pressure and urinary variables when we reapportion the percentage
of total daily salt intake consumed at each of three regular meals. The
study was conducted on seven clinically healthy normotensive female subjects
who, in Stages LH and DH, consumed two-thirds of the normal daily salt
intake (12g/day) at lunch-time or dinner-time, respectively. The total daily
amounts of nutrients and dietary salt were similar in Stage-C (regulated
salt intake), Stage-LH (a high salt intake at lunch-time) and Stage-DH (a
high salt intake at dinpner-time). A total of nine fractional urine specimens
were collected over a 24 hour period: every 2 hours from 6:00 to 22:00 and
8 hours later at 6:00. The blood pressure response to the variation of
sodium content in the meals was examined by means of non-invasive automated
blood pressure monitoring (ABPM-630; reading every 15- or 30-min over 48
hours) and chronobiologic analysis. During Stage-DH, the uripary sodium
acrophase occurred significantly earlier than during Stage-C and Stage-Ll.
Potassium and urine volume also occurred similarly early during Stage-DH as
compared to the other two stages. The 24-hour mean level of blood pressure
significantly increased when the prevailing salt intake was at lunch, and
significantly decreased when the prevailing intake was at dinner. There was
a significant correlation of the differemce between urinary sodium circadian
acrophase during Stage-LH and Stage-DH with the difference between systolic
blood pressure acrophase during respective stages. These responses corrobo-
rate the view that the blood pressure susceptibility of human beings to salt
intake varies during the day, showing its maximal expression at mid-day.
Such a time-dependent sensitivity may be exploited for better nutritional
prevention and treatment of arterial hypertension by reapportioning the salt

intake so that two-thirds is consumed at dinner.
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