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ABSTRACT

Effects of Ca supplerﬁentau'on on blood pressure(BP) response to dictary Na level werc studied in 15 normotensive healthy
college women with family history of hypertension. All subjects, randomly divided into 3 groups, ate low Na diet(1816mg/day)
preparcd in the laboratory during the first 2 weeks and normal Na diet(4064mg/day) of their own home for the next 8 weeks. The
one group received daily 1g Ca supplement at both low and normal Na diet periods, the sccond group took daily 1g Ca supplement
only at normal a diet period, and the last group took placebo during both periods. Average Ca and encrgy intakes at the basal of and
during the trial ranged 450 - 600mg and 1735 - 1878kcal, respectively. Systolic/diastolic BP was decreased by 9.2-9.8/4.4~- 4.5
mmHg during low Na diet period and was increased again during ncxt normal Na diet period. However simultaneous Ca
supplementation during both low and normal Na dict periods suppressed the elevation of systolic/diastolic BP occurred at normal
Na diet period. Ca supplementation only at normal Na diet period did not affect the BP elevation. The increase of serum Ca and
Ca/Mg ratio and the decrease of serum Na and Na/K ratio might be related to the BP lowering effect of Ca supplementaton. In
conclusion, Ca supplementation could attenuate BP elevation induced by increasing Na intake. The BP lowering effect of Ca
supplementation was not appeared at low Na intake. Further studies were needed to make it certain. Low Na intake was also
confirmed as an effective diet control for lowering blood pressure. (Korean J Nutrition 32(6) : 661~670, 1999)
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LEE o]9o] thE alo] xR A AF 2HE 2% oy
N = A AH. 2%, Gl 2F 59 Fole, AR TR

% 9EE TY AFH7 189 FREE AT RuEHY
DEGL S8 vt AlEEe F8 AAHUAe A, v M5d] Zae] H4FH R5o] 1T LAl AT
19963 FAA Huo wp2a? A Add] § 4.9%7F  drkeE d3 d37F KoEe] JE8A dFea] dital Ao
8ol T Y] F& HBAAY A8 A A ZEF AHABAIl S FHBAI} AAED P3P AR
B2 29.9%, H8T AP 15 9% 2 22 AFgeele] 19 3 d¥F 24 n¥E AL BEirlrl njAde=
o} 2917 B et wElA nEYe] AFe duidels F BEAFg e WY oY d4FATE IF HEo e ¥y
9 21753 A3 9] 71271 Hof vk o] Atz Rausty Yot = 2 dp-doM® geto] A4t
SRz Fol 9 Ae|g ABFAe 2L Y A ¥ 2L T &3 9 dEgyolA ZEs 2EFAF
Fo gez AARET UEF 4H FHd 98-8 ol & u] Ego] Al ow P mE 7 Uete] BEFe o
A = ¥ BAx RuEU® "t BEE gt el &2 ER A3 R4 Ho] g HFHA) =IkE o AT
A9 F4L& AFH o2 YEF A|§he] H1 . S5 Aol vl gge] eSS Eag v e
e : 1999 8¢ 259 A 2] e} AlEEe] a4 AR A ke UE

© 1999 The Korean Nutrition Society



662/ 2% 353 VES ATe] ol v1H = 3%

& AF9 W 2EAA $50]” Y} 2A| B
of ¢ Ace AN wWehq nPLY AP} ARE
A% A4} 240l TAHoloF & 89102 AzEr o
o & dyolAE nAPe o] = LG ook
AL don JES YAFEE 2eSRA 2o B ¥
e} Wajet olo) U@ BE BEFFY THES Lolu
sttt BAle] Yol 2ol ¥F HEe} 33 A v
280 Y WEHY 429 e ESHGT

APYH

MEYYA MY R A

AL 2= AN ARG AR RE ZHE
T g AR FA 1¥YS ¥ 71E5He] T A
Ao A FEEGo} B4 WHo| gle 15%HE 48 o
FAZ ARt AE 7|2l dgRE g 74
A BAAg E2o] 2AGER ABAA AEL ST o
AAZ Yoz 5HA A Z(A, B, 0)0& Wprolx & 4
717 105 7HEH A 25§k Al & 25l low
Na diet(59A18 2@4 ))&, A&E ohE 8F FUe Al
T 2% normal Na diet(E29] 7F3AANE HE2 544
t}. FAlol AT A= 105 W placebo®A HE- 0.5g%
FYI, BTN A= 2L 25718 placebos, tHE 85372
Z+g 1g(CaCOs 2.5g. usp, Hirashi, Japan)< 374¢] 7
224 Wd 13 HFHANFEY CEIAT 105 U 2
1g2 RE3Fqsgn. A83d Agaole 4L Fig
1 Azlstiet.

2. AN BA{O] ZH| G AO| A

A& 25739 low Na diets 4@ Ao 2418 A F4F
e 3k YEE 7B Hu AEBE DAl B
Ho| folgt 6717 Agg AT APHdA AFHES
AEEA ate] = HA, o] i AF, 8%, ¢, 2327,
7VEFAE-L AFEER] Gt AEHERDE AHESEe] At
2 low Na diet®] VJEF g3 1816 + 118mg(NaCl 4.6

+ 0.3g)°I3Ar}. o] 7iztel gz WA A4S shd
Experimental period
Group Basal period Xperimenta’ per

1~2nd week 3-10th week

A Normal Na diet Low Na diet Normal Na diet

(LNa-NNa)

B Normal Na diet Low Na diet Normal Na diet
(LNa-NNaSCa) Ca supplement
C Low Na diet Nomal Na diet

Normal Na diet

(LNaSCa-NNaSCa) Ca supplement Ca supplement

Fig. 1. Experimental design.
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A ool £ala A kel §9F<] Ael7) gt A
Y ko] 48 d 757] 29 o]9y] @92 Table 304 B
= vle} Zo] Avo] Zbz} 125.0 £ 8.3mmHg, 83.2 £+ 8.3
mmHg, Biel 119.0 + 10.2mmHg, 75.8 + 5.9mmHg,
CTo| 116.4 = 4. 1mmHg, 82.0 = 3.8mmHge]3iH. o=
olg} 7We] ofthle] 27| 122.9 + 5.8mmHg, °]¥7]
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19 544 + 43mgelch 4¥ 3~108F9 normal Na
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9 Aot dAlde|unl aE9] AT G T3]
mjEe s HzkEch 1Y Fd A(P) dFHE2 4% A 1058
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£ 1145mge 24 ZEr U9 HE-E ZH2F 0.43, 0.59,
0.49°13it}.

14 BE YEF 4TS 48 A 3879~4306mg(NaCl
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Table 1. Baseline measurement for all subjects

Experimental groups

Measurement =
Aln=>5) B{n=>5) Cln=5)
Agelyr) 210+ 07 212408 218x 19
. Basal 528+ 54 522%£58 51.0+62
Weight(kg) .
Final 504 + 47 517+ 57 500+ 6.4
Height(cm) 162.2 £ 3.2 158.2 £ 2.7 159.6 + 5.6
BMI? Basal 197 £ 22 2083+20 20015
Final 192 19 206+ 20 196X 1.6

Values are Mean + 5.0
1) Sample size, 2) Body mass index = weight(kg)/height(m)?
Group A: LNa-NNa, B: LNa-NNaSCa, C: LNaSCa-NNa5Ca

Table 2. Mean daily nutrient intakes of the subjects during the trial

Nutrient Group Basal value Low Na diet” Normal Na diet
A 1738 + 212 1759 + 235
Energy(kcal) B 1878 + 447 1815+ 62 1735 £ 74"
c 1818 + 375 1749 + 230
A 68.1 £ 17.0 56.8 £ 344
Protein(g) B 628 L 213 71.8+51 745 % 145
C 738 £ 105 708 + 10.3
A 406 111 414+ 95
Fat(g) B 357 £17.5 498 £ 11.0 413 + 152
C 426 £ 17.0 38.6 £ 13.6
A 450 = 115 600 £ 50
Calcium(mg) B 462 £ 216 544 + 43 539 + 153
C 451 + 66 535 £ 196
A 1080 £ 449 1312 £ 340
Ph°?r%g‘)°“‘5 B 1038 +492 928 & 176 1090 + 109
C 1055 £ 179 1033 £ 271
A 4048 + 402 4049 + 581
Sodium(mg) B 3879 + 828 1816 £ 239 4020 t 399
C 4306 + 472 4123 + 271

Values are Mean + 5.0

1) The same experimental low Na diet were fed to all three groups
Each group has 5 subject numbers

Group A: LNa-NNa, B: LNa-NNaSCa, C: LNaSCa-NNaSCa
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Table 3. Changes of blood pressure during the trial

Blood G Basal val Low Na diet Normal Na diet
[al8] ressure fou asal value
P P 1 -2nd week 3 - 4th week 5 - 10th week
A 1250 + 83 1156+ 93 (- 94" 11924114 (-5.8) 1215 +10.6%(- 3.5)
B 119.0 + 10.2 108.8+ 85¢ (-10.2) 116.0+133  (-3.0) 1152+ 8.0 (- 3.8)
SBP(mmHg) " 2 B
(1220 + 9.3) (1122 + 9.2%%2 (- 9.8)
C 1164 + 4.1 107.2 4 44 (- 9.2) 1080+ 5.1% (-84) 1096+ 7.9%(— 6.8)
A 832 + 83 748 % 4.6 (- 84) 800+113 (-3.2) 785+ 6.8 (— 4.7 )
B 758 £ 59 752+ 99 (- 06) 768+ 52 (+1.0) 7524 36 (- 0.6)
DBP(mmHg)
795 + 7.7) (750% 7.3) (- 4.5)
C 820 + 3.8 776% 1.7% (- 44) 73.6 £ 5.9¢ (-8.4) 72.8+ 9.0%(-11.39%*

Values are Mean £ $.D, *p < 0.05, **p < 0.01, ***p < 0.001 compared with the basal value

'p < 0.05 compared with the low Na diet's value. Fach group has 5 subject numbers, Group A: LNa-NNa, B: LNa-NNaSCa, C: LNaSCa-
NNaSCa. SBP, DBP: systolic, diastolic blood pressure measured in seated position at 0, 2nd, 4th and 10th week of the trial

1) Mean difference of blood pressure compared with the basal value, 2) Mean + 5.D of pooled data of Group A and B(n = 10)

Fig. 29} Zt}, JEE A7 o] Agdo) A& Fae 2E
71zt W) o] UEF FEou HEE £ AT st
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%(SBP. DBP)°] B5 Z43luths A= 9 FAE S
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22198 g 4 QA EF 2779 JEF HFHY
o] 2% G E(SBP: 7.94%. DBP: 5.21%)%
o} ZAWe) @A 2052 7|17 DRl g Y
738 = (SBP: 6.56%, DBP: 7.33%) ¢+ v|0g o] UYES
o] gelol| vl = Feke Lol vl WS FL ¢ 5 Ut
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Low Na diet ¥% % normal Na diet2 2%3t of 3}

% 189 24 € A 2% TRV BTE AT vlmsin
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10 week

Fig. 2. Mean blood pressure % change of the basal value during
the trial.

O— Group A(LNa-NNa), ®—e Group B(LNa-NNaSCa)

A—a Group C(LNaSCa-NNaSCa)

*p < 0.05, **p < 0.01 compared with the basal value.
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Na diet?] 23 B2 ZF 535 Fgo| gd7stdl nA|
= a9E B Aotk Y 21 49 g giide
2 low Na diet(1500mg/¥)& FE88A Ho] ders
& 293E o 19 Z¥ A45Fe] 1400mgd #E}t 400
mgd @ ¥YY FaZe) 6] Atk Wendy 58 2H
¢} B Axpe 9Ajshe A el

ad CelA 28 3FAEE normal Na diet® ©]
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A2 RE 25 5419 low Na diet A7) 8 B2 T5d
Zg2 low Na diet 7|ole < 728t 42 ep)=]
gFstor} low Na diet® F538H10H7} normal Na diet=
o|g5}H& S 2F FHEE g F5e 433 £&

EESESBEE 326 : 661-670, 1999 /665
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Table 4. Changes of serum Ca, Mg, Na and K of the subjects during the trial

Low Na diet Normal Na diet
Basal value
2nd week 4th week 10th week

A 924 + 020 866 + 1.25 854 + 1.78 1022 + 0.65*
Ca(mg/dl) B 9.09 + 0.27 9.26 + 094 932 + 032 11.34 2 1.42%'

C 866 + 046 8.85 + 1.00 859 + 0.71 11.05 £ 0.82%'

A 210 + 016 211 + 038 205 £ 025 219 £ 059
Mg(mg/dj) B 194 + 025 2.6 + 012 209 = 027 208 £ 024

C 197 + 027 1.87 + 0.23 190 = 0.7 186 = 030

A 443 + 032 414 + 044 423 4+ 085 486 + 1.3
Ca/Mg Ratio B 476 + 0.7 429 + 046 452 + 061 550 + 081"

C 448 + 075 479 + 077 459 + 0.58 6.11 + 1.45*

A 2844 £+ 162 253.8 4407 3016 =+ 208" 3084 + 21+

B 2914 +228 263.5 + 485 2755  + 20.1 2993 + 7.8
Na(meg/dl) " 1

(2879 % 10.0) (2586 + 42.5%

C 2719 + 283 2250 + 743 296.2 =+ 334" 3038 4+ 13.8¢

A 139 =+ 26 153 + 34 159 + 16 145 + 14
K(mg/d|) B 155 £ 65 166 + 58 173 =+ 1.2 164 4+ 26

C 150 =+ 3.1 180 +12.1 163 + 3.0 142 + 76

A 210 # 44 170 + 14 190 + 13" 214+ 237
Na/K Ratio B 250 +198 167 + 3.1 159 % 19 186 + 29

C 185 + 29 145 + 48¢* 185 + 3.1 215 =+ 15+

Values are Mean + $.D, *p < 0.05, *p < 0.01, ***p < 0.001 compared with the basal value, 'p < 0.03, *Tp < 0.01 compared with the
low Na diet's value, Each group has 5 subject numbers, Group A: LNa-NNa, B: LNa-NNa5Ca, C: LNa5Ca-NNaSCa

1) Mean £ 5.D of pooled data of Group A and B(n = 10)

o oy €3 ZF v= &9 ARHEAE e
Ane} vt} whe] 79l x] AdUn nEt Fape] FH
Z Z4ro] 47} 10.44 + 2.29mg/dl, 8.72 + 1.72mg/dIE
A ZEEe] A Bt wigtrke Axehz Aolg S
e, T ol2d Zeo] & ZaRv) gy o U9ye
iAol e AR HuHw gl

AE A7 A 84 niavleg s A W99 1L7~2
5mg/dl FHgA ATk 2 A AF7Ize] HA A,

B. C¥ EF #9754l A3} glojA Aol YEF FE°
v 2 BETEC A8 9 BA 2e A= ey

o}, gdae §-25 deao] Belx] gol(Table 7) )9
7.9 E= o] 59 Fel YA et

¥4 Zes vkadlge o 3019 HE EXskeH,
McCarron®-& 8% Zwd nhadle 7+ FHe] =™
FUYEG] HAGAR] S71E S F dokn Raudia 9l
o}, v} Johnson 59 A3 A= ¥4 Ca/Mg vl

Gataold] gAY} e HHAA o Qv £ dAEo]
A A9 105 & B, CdlA 83 29 F71 w=)
Ca/Mg vl7F A9 e vj3] f-efstA S7kebdet. 2=y
ke CEMT fr9x ez Tasisia 997 Ca/Mg
H] Alojol| = Fo) g ARAAE HolA] gk (Table 7).

g3 JEF 7T 4] 1 of uje}l HEsie

== T
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low Na diet*|7]olE 2¢ 4 "8 #FisHa oA
normal Na diet Foll= 48 A ot T oo 2 &
718ta}, ol Kawasaki 599 Badd 18 A=
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Table 5. Changes of urinary Ca, Mg, Na and K of the subjects during the trial

Low Na diet Normal Na diet
Basal value
2nd week 4th week 10th week
A 020 + 0.1 0.15 + 0.09 0.13 + 0.09 0.13 + 0.08
- B 0.28 + 005 0.18 £ 0.05 032 £ 0.17 0.36 £ 0.29
Ca/creatinine(g/mg) . .
©.24 + 0.09" ©.17 + 0.07%"
C 028 + 0.16 024 + 0.05 022 + 0.06 0.26 + 0.13
A 012 + 0.04 0.13 + 0.02 0.15 + 0.10 0.15 + 0.87
Mg/creatinine(g/mg) B 0.11 + 0.04 0.12 + 003 0.20 + 0.06* 0.19 + 0.08
C 0.13 + 005 0.13 + 005 011 + 0.02 0.16 -+ 0.05
A 156 + 0.64 1.11 + 051 093 + 0.36% 093 + 0.55
272 + 1. 151 + 0. 159 + Q. 71 + 0.8
CalMg Ratio B 2 £ 100 51 0.26 59 + 059 1.7 0.86
(2.14 + 1.00) (131 + 0.44™)
C 217 £ 130 206 + 087 2.07 £+ 0.55 158 + 072
A 356 + 095 176 + 1.52% 384 + 1.86' 450 + 3.02'7
. B 404 + 239 164 + 1.20% 3.80 + 1.577 301 + 1.08"
Na/creatinine(g/mg)
3.80 + 1.7%) (1.70 + 1.29*
C 311 £ 133 110 £ Q.79 344 + 11817 218 + 1.08"
A 101 + 0.34 125 + 031 0.83 + 0.31 1.29 + 0.63
K/creatinine(g/mg) B 1.19 + 0.83 125 + 042 099 + 0.49 1.10 = 065
C 111 £ 027 120 + 033 1.15 + 0.48 079 + 021
A 3.89 + 1.87 160 + 1.75* 444 + 1491 374 £ 278
365 £ 067 133 + 1.05*% 99 + 1.i9%t 359 + 242
Na/K Ratio B 5 £ 06 + 1.0 399 + 1 9 + 2
377 + 1.33) (1.47 + 1.37™)
C 277 + 078 100 + 0.26% 346 + 2027 280 + 1.341

Values are Mean % S.D, *p < 0.05, *p < 0.01, **p < 0.001 compared with the basal value, Tp < 0.05, "p < 0.01 compared with the
low Na diet's value. Each group has 5 subject numbers, Group A: LNa-NNa, B: INa-NNaSCa, C: LNaSCa-NNaSCa, 1) Mean & 5.D of pool-

ed data of Group A and Bln = 10}
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Table 6. Correlation coefficients among blood pressure, body weight,

BMI and mean daily nutrients intakes of the subjects at the basal
period(n = 15)

Variables SBP DBP
Body weight —.2930 —.1341
BMI ~.3402 -.1334
Energy 4164 0694
Protein .0809 0080
Fats .6252* 5211%
Carbohydrate 2164 —.1687
Calcium -.3239 - 46351
Phosphorus -.0325 —.1589
Iron .1408 1417
Vitamin A —.1645 -.1362
Thiamin ~.1295 —.2972
Riboflavin —.4323 -.1885
Niacin ~.1936 -.0213
Ascorbic acid —.1245 —.5660*
Sodium .5525% 5191+

*p < .05, 'p < 0.10

Table 7. Correlation coefficients between blood pressure and indices
of serum and urine during the whole trial(n = 60)

Variables SBP [0]3]
Ca 2084 2742
Mg 3427 3831
Ca/Mg 1736 2508
Serum
Na 5562* 6682+
K 1744 1227
Na/K 1153 3033
Ca/creatinine -.1750 1128
Mg/creatinine 1858 2503
. Ca/Mg -.1938 0987
Urine .
Na/creatinine -.0820 1294
K/creatinine 3594 1667
Na/K 2838 2061

*p < 05, *p < 0.01
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