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Clinical, Epidemiological and Chronobiological Studies on the
Relationship between Blood Pressure and Mineral Intake

Terukazu KAWASAKI

Summary

The clinical, epidemiological and chronobiological studies on the relationship between blood
pressure and salt, potassium or magnesium intake have been investigated over the past thirty years.
These studies can be divided into six categories as follows : 1) Abnormalities of electrolytes
metabolism ; primary aldosteronism and Bartter’s syndrome. 2) Clinical studies on salt sensitivity
in patients with idiopathic hypertension. 3) Chronobiological studies of blood pressure (BP) and
urinary electrolyte excretion related to BP regulation, including the Fukuoka-Minnesota collabo
rative chronoepidemiological study, as well as studies on the eircadian rhythms of urinary electro-
lytes during total parenteral nutrition, studies on the reapportionment of salt intake and circadian
blood pressure patterns, and so on. 4) An estimation of the 24-h urinary sodium and potassium
excretion from spot-urine specimens. 5) Comparative epidemiological studies on the genesis of
hypertension in Nepal. 6) The effects of high-potassium, high-magnesium or high-fiber intake on
blood pressure and the metabolism of lipids and carbo-hydrates in humans. An increasing number
of elderly people are expected to suffer from either mild or borderline hypertension in the future.
Thus, life-style modification (non-pharmacological treatment), most notably the appropriate intake
of such minerals as sodium, potassium, magnesium and calcium, are now considered to be increasing-
ly more important for the treatment of this hypertensive condition.

Key words : Blood pressure, Mineral intake, Hypertension, Salt sensitivity, Epidemiology,
Chronobiology, Life-style modification, Non-pharmacological treatment.
(Journal of Health Science, Kyushu University, 18 : 1-12,1996)
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FEEBEOHAR TR TH 20, EHIBLZ=F
ERi» S “ME & B BT B RIT o TE R,
MEZEAY YA (K) <732y vs (Mg) 2ED
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1993 DK EAFAZERDOBIMERFRIESEE 5 KE
HxR (NC-V)™?Ziz, BEREDOE—I “life-style
modification” (GEEEMRE) BT S5hTHD, K®
Mg 2 E¥D I A NVEEBROBEEEbEH I LT
%, EHo b, BAETRIE L BEOWIERICIZ T,
ME & K ® Mg & OEEIZBET 5B & N
B%E, 3 5 IIRMAYEIME 2 BBRICTo T
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BZEULE®, ZZTHARBTIE, 2054 MVIZEET S
EESOFEEHRLITE EDTHT,

1. EREAHEE CHET 3 BENTFE
1) FESMTIVERT oV EORK LREEE BT
35

EEH OO, BIBFEEMEORRTH SR
HEMETNVRRATOVE (FVRATuvELEE) &
BT 5 30DT, RE (H20IXRERERRK) OFE
BFErAEOREBEHEICET2BERARTH -
Jeonmezen)  EEENHEEEE T S LTS, B0
AIAEEB R T T HRNVE VWD BEMEILBEET:
nTws, LH»L, ERET VAT ETE, Na
2 K OEHE 2 ZH & ¥ 5 balance study 21T-> 724
&, TVFRAToVvELEREYLEERRIGETRT I
EDER S D L IR0 12108 & Fe N IBIEE S DO FE D &
W, BRED B FEESSMmE (BAD oS EE
S EENTEEIND RIVE I L > TSI 22T,
EERETRTOBNETH S, L2 LKREDOHECIEZ
o@D o T, L AKEETELRTHRIERSND
T LD TN X 5z, IRfE D e iaElt
ENTVRRVHORDLrsTRONS Z & RRER
BEENZEERAL, 7V R AT oV ELEREDBRE LK

ek, REERES L CEROME» ol s»ICL
JeOnze0) & 7 FEEREH 1 ERICERE LS, BT
HEERIC L > THELEERERZ2HRE L1,

2) Bartter fE/&ZE B X Uf pseudo-Barttrer FEEEED
B & RiBA Iz BE T B H3E

Bartter JiE £% £ IX renin - angiotensin - aldosterone
ROFELOWICERES ), BIEEZEHT Lok
WHELRD ZEE (EREE) Thd, NNERBEOWTRIZ
renin-angiotensin-aldosterone % D #4E & &I F 5
fEE DRIESEET 25 2 TEETHY, ZhE Tl
WL OORRD TR 5 MR 2HE LT & Jz02-me,
% 7z, Bartter fEREE & BRIOMER 2R3 23, FEREH
% 2 7% pseudo-Bartter FEEFICBE T 2 ME b 1T o
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Fig. 1 Daily blood pressure variability with the
control (Na-intake : 109mEq/day) , low-
salt (9mEq/day) and high-salt diet (249
mEq/day) in salt-sensitive [Case A] and
nonsalt - sensitive [Case B] hypertensive

subjects'®.

Daily blood pressure represents the average of 6
measurements during a 24-hour period. The basic
diet taken by all patients contained 9 mEq of
sodium and 70 mEq of potassium each day. The
patients were studied for one week on this diet with
100 mEq of sodium added each day
(average-sodium). , then for one week on this diet
alone (low-sodium) and finally for one week on
this diet with 240 mEq of sodium added each day

(high-sodium).
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Fig. 2. The %-change in the mean blood pressure (%A MBP) from the low-salt to the high-salt diet,
the balance of sodium intake and output (urinary sodium excretion) and the %-change in body
weight from the low-salt diet (%A BW) in salt-sensitive (SS) and nonsalt-sensitive (NSS)

hypertensive subjects'®.

JRT, ACEDF MY 7 A (Na) KEHEMEE 2
ez, BIERE TRIEFIER LY EIlEISH
HThY, £7: NaKOBEFZ L > CHIMERE T
IDEFELWIMEERBEI 2, FT2bb, NaNF v X
BEDFDWE D BWIMFE LIV ‘Teset’ b, B
BEE2EW (A2VIEIR) 7%, AEESMEER
HFTCRIMEWER (HE2WIETHE) 358, ZTOERR
BIRTOBFRLC &L SR DSNEDIT TR,
BEEREOE—ERECHEREND T o TEWE D
DD, Kempner @ “rice diet” #EOD & 5 1cFEHIC
BEREEAPEPRBSKT TY, TRTCOEMNCKEE
WBREDSNTb I TR L, BEFII0%EBETH 5,
FlewThORBREFIREDOBSRELEE H50% 2 HTw
R,

1) RERZESIE L REFRZESILE
KEENFEAENFERT (NIH) © Dr. Bartter ®
b LT, 197305 2 FEABEREES ZKES
MESE BE DRI & Ic/bk « ARESIER
E D2 L IRBEIHEE L 7z, Balance study % F& L
LzBERAROF T, KEESNEEREDARE 2K
A (9 mEq/day : 1:8[H) »55EER (249mEq/
day : 1:8f) w7k &2, Fig.lEBIIRT IS
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D& RMENBEENECIZEACEEIRLVE
#l(Case B) 8T 3 Z L i&dTvwiz, # 2T, Fig.
2 () wrR¥ &3, BRERRICTHIMES 0%

L R U ER % RERZ M (salt-sensitive : SS) &,
10% KD L& LU »FR i d - IER 2 i JE 2 i
(nonsalt-sensitive : NSS) B L{RFRL C, RIHEZ
HOHE» & ABER MERE2HET 2 2 L 2RA7,
Z 0 2BEDRF Na Peft & % (LK 3 5 &, Fig. 2 (k)
WRT & 51 SS EACEE LT NSS B Tix Na HRtss &
DR Na BREDLV~IUZEL, Fiz SS #0D Na
PRlttE % EE > Twiz,Na BRI CASICE LR 2
<SS B, Bl 51BF D Na 23 ghilitd 258
FIBNSSEHEL TH> T3 L Bbhiz AEDE
b2 REKRTHEKT B L, Fig.2 () clRohs &
3512 Na OFAREEE L & b IERELREML Tn 38,
SSETRER—HE -7 XE LBROBERH NSS 3
H U TERHTH - 72, NSS EETH Na &RiEER
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2) Paradoxically Salt Sensitive Hypertensive
Group
EESET, RIBEERERZE LS EFHIEIEH
HONAEERT, RIEFIRRICEST L2 EHL,
BIEARRICMEY T3 2 EF28920% 1580, SS
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AEEM 2 RE L 72D COHMETH 5, bRATEA
LEADBICRIERZEDECS S 2EETET 5K
B, BCEEINTH B9,

3. MEY Na &6 UIC ¢ DORBIERF ORI A ST
B EYFRTE

EIMEOHEE XIE & FisgimL, fAFHEEORSK

(disease of regulation) Wbt 3, IFFNVDHE
WEE - T2 BRI MERS ICERE, MEFciEsL
TWRRLDEERERTH S, SXATINVERIUDRP
BEBDOY X LR, BEEYENE S SHRETT
ridiz, Thon) XL EESEMEDRE L
boTWRAREELEZ SNDT, ZIWELERY
TR ET o1, T A —F — L LTREEDR
ERVEERT, K- BRENTFVALEZNOICE
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method % V> TT- 727,

1) BEENREXLHECB Y 2 RFPFZH O Cir-
cadian Rhythm
RIEENEREME €D FEPE DT 5 L 44K
ZRZES TRP Na 27 o —v (C) BEE & I3 EE 3§
39, ZOBRRFHEERO) X LRI r R
BEE52 50%KE L, 1H2 g, 10g BXU22g D

BEENEOREEZTATH 4 HEERLTH 51,
4 FFEE24BEEE R 217>, Na, K, 7Vv7F=>
(Cr), 7V KRR Ty, 17-OHCS B & U17-KS HEiitt
E2HEL T, N Z D circadian rthythm ) X A
FiEzgt Uiz, B (10FMUL) cARENELE
BS¥ThH, RPEERO Y XLFHED S BRF Na
Y X AD MESOR (midline estimating statistic of
rhythm : cosinor method T# & Iz REHIFR DT
1) D& IZEE L 72 2%, Na IS OFEZEH O MESOR <
ERAAEY & CiciRiE L, RIEERERKIBCEFS
BCHEEAEHEEZZT o720, 3vbb,
BEENEDOSER, RPFEHOY X L2RHECEE
WaFEBE5 2 2RF TR RO L EHLP I LT,

2) REME % 5 N2 Renin-Angiotensin-Aldo-
sterone %
(1) Hk4tFE#FZE . Fukuoka-Minnesota Collabo-
rative Chronoepidemiological Study
BEBNENE L { ERHRALXKEQAEEL
HENRE, RPEFEL S VCERERHRNTO—
DTH B MV = g (PRA), M7 VR T 0>
(PAC) %212 U®, Im#E ACTH, aVvFYV —VEER
¥ ? circadian rhythm 25 L 7212224202034 Z Dk
8, PRA %z 5 UMz PAC D HAZEE D MESOR 12 1385
SHhREEDOIH, KRB EEAMHIES WL
2Rz 5 RIFME O HBIZE L U THID THRE L7222,
% 7-M18€ ACTH?, a VTV — A N2onT & EkD
BT R, MEMTESZWI L E2HL»IZLT,

(2) IE¥MFEEORTEMRESB & O Renin-Angioten-
sin-Aldosterone R &2 KIZTRIEERE L 5 NI
B DOFE
EEFEEIMEE %5512 balance study 217>, &
B E PEAIZEH: ¥ D renin-angiotensin-aldos-
terone R\ DFFELOSVINSTNT 7 & (N IR P EREE HE
it Y X A ANDEERII R LT,

3) Total Parenteral Nutrition (TPN) iz & %%
IR IC B B IRPZEH D Circadian Rhythm

AEERY X L8RP O ) X A2 &% { OWEAE
HOV X LZFAFHIETVWB b TED, R
VALAREEERY AL LEZECEEL WS b
nNTw3, RROFERRL 0T, BOBBEEIE
SN 3BREL Rz o THLERSEE (TPN) 217
- T3 ERBRERZIERIZ, TPN 241 L 248
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Table 1. Circadian Rhythm Characteristics of Urinary Variables in TPN and Control Groups®®

Acrophase
Mesor clock %-amplitude  p-vlaue
degree
hour

TPN group (N=7)
uv 304+16 (ml/4h) 217 (190,244) 14:29 43 (23,63) <0.01
UNaV 31.6%+1.4 (mEq/4h) 222 (203,241) 14 2 49 50 (34,56) <0.01
UKV 7.6x0.3 (mEqg/4h) 198 (180,216) 13:10 48 (34,62) <0.01
UClv 27.3x1.4 (mEq/4h) 218 (195,241) 14 :33 50 (31,69) <0.01
17-OHCS 1.14%+0.03 (uzg/4h) 180 (166,194) 11:50 40 (30,50) <0.01
Control group (N=6) .
uv 185+13 (ml/4h) 252 (226,278) 16 : 48 50 (28,72) <0.01
UNaV 23.8+1.0 (mEq/4h) 236 (221,251) 15: 43 62 (46,78) <0.01
UKV 6.3+0.3 (mEq/4h) 227 (188,266) 15:09 28 (10,46) <0.01
UClv 22.7+1.4 (mEq/4h) 223 (195,251) 14 :53 46 (25,67) <0.01
17-OHCS 0.88+0.03 (ug/4h) 197 (175,219) 13 : 06 40 (25,55) <0.01

mean+SEM, ( ) :95% confidence limit, p-value : by zero amplitude test,
UV ! urine volume, UNaV : urinary sodium excretion,
UKV ! urinary potassium excretion, UCIV : urinary chloride excretion,
17-OHCS : urinary excretion of 17-hydroxycorticosteroids

Statistically significant circadian rhythms were detected in all of the urinary variables in total
parenteral nutrition (TPN) group as well as in control one by using population mean cosinor™.

Table 2-A. The equations to predict the 24-hour urinary creatinine excretion calculated based on
age, body weight and height using a forward stepwise regression analysis by sex*?444

PRCr for men (mg/day) =—12.63XA+15.12XW+7.39XH—79.9
PRCr for women (mg/day) =—4.72XA+8.58XW+5.09XH—75.0

PRCr : the predicted 24-hour urinary creatinine excretion,
A :age (years) , W : weight (kg) , H : height (cm)

Table 2-B. The equation to estimate the 24-hour urinary Na and K excretion based on the
predicted creatinine value and the second morning voiding urine Na/creatinine and K/
creatinine ratio®”4?4®

ENaV=16.3xy/SMV-Na(mEq/I)/Cr (mg/1) X PRCr
EKV=7.2 X/SMV—K (mEq/1) /Cr(mg/1) X PRCr

ENa(or K)V : the estimated 24-hour urinary Na (or K)excretion,
SMV-Na(or K) : the Na(or K)concentration in second morning voiding urine,
PRCr : the predicted 24-hour urinary creatinine excretion

AVRY Y MI—EERDRERE —ERE THIRAII Yhu—VEELHE LT, ZOBR, aYAF—&T
BE53sa2=—rnhEERAVC, ROEHEE-17- ST RBPEEE DV X L5 Table IR T &
OHCS #Hlitt) X A2 BEL, BEO=ZEORETIZX S BB TEREEN L, RPEEROHEY X 4
FI&E®D Na-K 28BRL, £ERGZ2FF R T2 W52 2ABEBNOFENKEL BV E2YIHTH
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EEMEH L SIMESDRFFHEES D circadian
thythm % L L 721910303233) | 72 0T, [RA Na HE
o HAZEOESAEDS, ERMEE LD SmEX
T2~ 4BERHCHRET 3 Z L 2HEL2IZL, &l
FEE D 53 “exaggerated natriuresis” DIRHR?
2V XLDED»S & S 213 LR PG L7300,

5) REEREDOHNESY 7 b HBIIEHNESRC R
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ZEEPRIZTIrE2IEDORERFEEK I bu—N
U7z EELETRET Uiz, ZORSE, 1 HER
E»FE U T HRESBE L NISMEERIERRNE
B ERRIZT Z L R2PID THRE Uiz,

5. ARy FRA S5 1 BEELALUIC KIEREAHE
T 3HEEOBR

24RETER Y 1 AREENEREER L LTEIRLIE
BrobhTws, Lal, ARFCSASERYES
BERER ETIR, ROEY Shi C24RHEROT
FREE P, EMIBLTOS 0BHEI 2 BIZ L
BTERV, EHTRPERIREED HRNEE D%
oY hRET, H5—EREFORF NalorK)
Crt & 2453 Na (or K) /Cr it T X < #
g2 B2RWELE, ZLT, b5 —ERETED
ARy MNREZIDER» S, UBRHERZ2TL T
2BSRIERE Na & 211 K HHEE O EN TN T
DOHET 2 ERT & 1229, BN, d 5 —ERREFHO
SER 0% B IFAR Yy MR L, R Cr HEiE
ETREOZAWEFEEREE L. AE, BR, £
'O 3EH»SFET 3 RF Cr SRt EFERXEH LT
24850 Cr Bt E FHIE 2 EE U, 2 O FHNE & ERE
2EIEDARY MR (SMV) % Fvw C24K5E RS Na
o KERtEES#ET 2% Table 2 (A, B)
Wik LTz o B B3 REDUREERIC X 3 EHIE L,
ZOREHACTHE L HEEME 2 K L7228, Fig. 31
ATEIENa, KOwFhd L{—HKLTBY, EE
FEPAHIEE R LB TERTHE LEZ TV S,
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Fig. 3 Comparison between measured([])and
estimated means (%) of (a) 24 hour urinary Na
or(b)K excretion in Group 1 and Group 2. **
NS=not significant by paired t-test, Group 1
(n=91) : the SMV and the 24 hour urine collec-
tion for 1 day, Group 2(n=281) : the SMV and
the 24 hour urine collection for 3 days.

FERCEE S 1L, ZOMERERS—NVFEEREDT
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Rep Cr Rt & L JEE e X { —&K T 20T, —HEROD
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7=V i BRI {ED ‘No-salt culture’ D¥ ./ <€
RORET, N L SME ER ORI L THAL
2o 7 hS, 15 D4R Na PRtz L A E ¥
Wik < (F91.0£1.5mEqH), FEWEEEL L2
renin-aldosterone RIZFE L < JTEL Tz, 2 DIE
PARe, CHZEENC 81T 2 N8 & 2 ME EF T RE
BRELECELYEET2EE2605 LIk >
2o
19874ELISE, o33 —VFEEO 9 K 235
WY, KEY, W - %, MLAERECET S
REWBERERAER2T->TE& Rk, ZOHT, BYIC
TorEBEN (Kotyang : KK) & TR EN
(Bhadrakali : B #f){EROFAERE I DOWTRNS,
SEOEEZESORBIIINE TOEREIZERD,
K HEEEE TS X 2MEEEMZ LA ERL
(Fig 32 BIMEE ¥ aTHoTz, TRbB, 24
REREIR S Na fRitt & Y E T RIRENE CBET 5 &
#12~13g T, HEADOFHE (Fllg/H) LY bHw
ZHEbH 5 Y, Fig. 3 RT & 5 WEREHEINC A7
MEEIZ, ¥/ REBEDZNEIZEALEEDS o7z,
Z U CTEERRBSHT 1T > THRET LIER, mEEE
TREOKEEIFHREHECEMEC X > TEMiZ
5 Z L BT T HERMBE S NIz,

"
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Fig. 4 Male systolic (SBP) and diastolic blood
pressure (DBP) by age group in Nepalese
hill villagers, Yanomamo Indians (1975)
and the Japanese (1987)
@——@ : hill villagers in Nepal*
@ ® : Yanomamo Indians®®
- B : Japanese (1987)

The values of both the SBP and DBP
were quite similar between the Nepalese
and Yanomamo Indians despite the fact
that the daily salt consumption differed
considerably.

%7z, KRERTRMED VX7 0 — VESEHHIC
EERRLUDS, I i3EEIEERE I
Pz EBNRELBESEL TR LBbhz, L,
R CEHICA C&ETHE L2 BRTR, Bimt:ishs
BRENFABRETHIHEDLST, MEa VAT o
—MEREBCEETH> 2. SMOESR, Mz
AT B —NMERZZAVF R AL BTz TK,
Mg, i, BHEAVF - b ERICACEDb-
TWVRERERGP o2,

2) MERERL, YNN2ERLTILUEMER
(Thakali &) OF#E

IR DTWED S B, YV 2ERE LTS Mustang
#X Thakali TROBEEFED 5, VY SOEESR 25
SR T B EIE 2 G708 513V NS T IcED
FERRLTERLELTBY, FLVYNOEHEER
¥TRACHEL TV, YNOETRPECEE LSS
5K Mg, »3wiifravonoid D—fETH BV F
V3, BEIWCBD - T 2 TREESSRIR & v fz 4054, )
NRERT v T vy y | BREBEREEEEDE»S
BREENTWAEIHSHLIZEINT VDY, s
BEERICER L7ch £ IO » 50,

T. KeMg- - EMMMEOREER & L UBHERHLGE
ERICET 2HR

BIEEEE K K AF 2T LEBESRONEZ L
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