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The Relationship of Renin Activity, Hormonal Na, Ca and
Habitual Na, Ca Intake in Hypertension

Park, Jung-A - Yoon, Jin-Sook
Department of food & Nutrition, Keimyung University, Taegu 704-701, Korea

ABSTRACT

In order to investigate the relationship between plasma renin activity and metabolism of Ca and Na in blood pressure, the
habitual dietary intakes of Na and Ca, urinary excretion of Ca, Na and K, and plasma level of renin activity, aldosterone, and indices
of Ca mctabolism were measured in 27 untreated hypertensive women and 30 age-matched normal women on a free dier.
Hypertensive subjects were classified into high renin hypertensive(HH), medium renin hypertensive(MH) and low renin
hypertensive(LH) groups according to their renin actvities. Parathyroid hormone, aldostcrone, calcitonin and serum total Ca
showed no significant difference among normotensive, LH, MH and HH groups. It appearcd that 25{(OH) Vit D; level of HH
group was significantly higher than LH group(p < 0.05). There was significant difference in habitual intake of Ca between
normotensive and LH groups. However, habitual intake of Na showed no significant difference among normotensive, LH, MH and
HH groups. Positive correlation of systolic and diastolic blood pressure with PTH(r = 0.324, r = 0.375) and urinary Ca(r= 0.496,
r = 0.278) and a negative correlation of systolic blood pressure with habitual Ca intake(r = - 0.371) existed(p < 0.05). A relative
magnitude of factors affecting hypertension was analyzed by multiple regression analysis. Overall results about relative influence of
independent variables to dependent variable (systolic blood pressure) indicated that urinary Ca was the highest correlation in all
subjects(p < 0.0001), followed by age and aldosterone. PTH showed a significant correlation for relative influence on diastolic
blood pressure in all subjects. The above results indicared that renin-aldosterone system and Ca regulating hormone had a mutual
relationship in hypertension. (Korean J Nutrition 32(6) : 671~680, 1999)
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Table 1. General characteristics of subjects
- . Normotensive Hypertensive subjects
Variables .
subjects(n = 30) LH(@n = 10) MH(n = 11) HH(n = 6) Total(n = 27)*
Age(years) 538 £ 86 562 + 36 555 + 39 555 + 9.1 55.7 £ 5.1
Height{cm) 1540 = 49 156.8 = 4.0 1547 + 43 153.2 + 4.3 1551 £ 43
Weight(kg) 590 £ 68 620 + 75 59.7 + 99 599 £ 89 60.6 + 8.6
BMI 248 + 264 252 + 2.7 249 + 3.0 278 + 54 252 £ 30
SBP(mmHg) 105.7 + 13.8° 1470 +27.1° 1414 £ 100° 151.7 + 13.3° 145.7 + 18.5
DBP(mmHg) 623 £ 7.3 68.0 + 84" 86.4 + 13.6° 88.3 = 9.8° 86.7 £ 10.7

Values are mean + SD, Values with different superscripts in the same row are significantly different from each group(p <{ 0.05): ANOVA

Post-Hoc multiple comparison test with LSD(Least-significant differance)

*t-test with nomotensive and hypertensive groups, BMI: body mass index = body weight(kg)/height(m?, SBP: systolic blood pressure, DBP:
diastolic blood pressure, LH: low-renin hypertension, MH: mediumn-renin hypertension, HH: high-renin hypertension
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Table 2. Plasma renin activity, aldosterone, PTH, 25-(OH) Vit D, calcitonin, and serum total Ca in normotensive, LH, MH and HH subjects

Variables Normatensive Hypertensive subjects

subjects(n = 30) LH(n = 10) MH(nr = 11) HH(n = 6) Total(n = 27)*
PRA(ng/m/h) 217 £ 1.04 064 £ 0.24° 1.46 + 028 3.06 £ 0.50° 151 + 097
Aldosterone(pg/ml) 7227 £ 42.76 67.46 + 51.55 86.66 + 5242 92.14 £ 44.72 80.84 + 49.72
FTH(pg/ml) 2037 £ 639 2626 £ 8.04° 2464 £ 795 28.52 £ 9.79° 26.10 + 8.20**
25-(OH) Vit Dsipg/ml) 17.50 + 6.14* 1546 = 7.77° 18.45 + 4.14® 22.09 + 6.59° 1814 + 6.60
Calcitonin(pg/ml) 32.26 £ 10.17 39.01 & 25.52 31.18 + 1049 28.17 = 8.02 33.50 +17.54
Serum total Ca(mg/dl) 951 £ 0.36 945 £ 0.29 968 + 0.24 9.70 = 0.17 960 + 0.27

Values are mean + SD, Values with different superscripts in the same row are significantly different from each group(p < 0.05): ANOVA
Post-Hoc multiple comparison test with LSD(Least-significant difference), *t-test with normotensive and hypertensive groups, *p < 0.05,
compared with normotension, PRA: plasma renin activity, PTH: parathyroid hormone
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Table 3. Correlation coefficient of aldosterone, age, serum total Ca,
urinary excretion of Ca, Na intake and 25-(OH) Vit D; with plasma
renin activity in all subjects

Variables Plasma renin activity

r p-value
Aldosterone 0.278 0.036
Age -0.4076 0.002
Serum total Ca 0.3050 0.022
Urinary Ca -0.248 0.071
Na Intake -0.2296 0.089
25-(0OH) Vit D, 0.343 0036
Urinary Ca/Cr —-0.2965 0.029

Ca/Cr: calcium ratio with creatinine

2, A, A7, 8744 29) B o3t Aoz g
o}, Sealey™:= renin BAEZT ¥, E, UF. 949
A F7] 5ol o8 G ety st =g oAl
Bt H7 Fole= ZedAedA g2 ¥Er) doe 8 o
B o] Aol 2R AR Q1 FF 3
o] 55.7TH2A #7719} ofdo] gt v gL A3
22 A7 w2 2 tlAbe] W37} renin B4 2F
T8 7P o g g v XA gt AZE RO 7R
QA Apghel] Haj = go =z Frs|olol s}

PTHS} 34 Zgol2a2dd Bosh= 1,25-(0H), Vit
D,%= e 5ol Hojdhs ZloE Husgig 2@ B q
TAAME 1,25-(0H). Vit D: A1 25-(0H) Vit DE
=R e FATol 17.5pg/mleln HHIT A 22.09
pg/mlZ 7% B9k LHFIA 15.46pg/mlE 7173 ek
on HHZ# LHT Aleldl #-2ist Aol7h Az A
I 3EUTRE gt Aolzt gtk 25-(0H) Vit Dy
+ renin BA =S} 1=0.34302 Fo)gt o] FBAAE |}
ERAZITHTable 3). ¢ Gadallah 5%0] B33 25-(OH)
Vit D; 752 FA n8gTEdd Fod Jo)7} gixich
3 Bug 2okt @A) Brickman $28 B4R 18
&g ez & A7elA n8EelA 25-(0H) Vit
Dy 0] Ttk Rasialrt,



Imaocka %] F4& gidog 2o x9lox A
A YR LEFdabet 20 F UER, T, U W)
2ol g dratied =9 n8YAlA HEF renin
4 =, aldosterone, calcitonin, 25-(OH) Vit D, 24,
25(0H). Vit Ds T¢] f-ol8hA vz, PTH, 1,25-(0H),
Vit D752 o) 8tA Z3tokn d 91 18YFA
Vitamin D 4% 2] @74 25-(0OH) Vit Dy} f<8}
A @ek=d o] AL PTH £¥] 7o <1 25-(0OH) Vit
Dot @489 1,25-(0H), Vit Ds& 3A4sH:s Al &
A& v9Ex ey 2asgnt 2 47 LHE
o)A aldosteroned} 25-(0OH) Vit Ds 750) t}2 n¥¢F
£l Bl8) wA Jehg)

Resnick %3 Imaoka $%- calcitonin $3°] A
renin TEYFAAN 2 Feje THGT vlE @A W
Bttty Busiglort B A7 calcitonin 450
LH% oA 39.01pg/mlZ 714 &3 HHZNA 28.17pg/
mlZ 7 WA Jeisgken ATy a8gTy 4 gJa
E7tel el gt Aol gtk

Z 83 ZeA 2% 4 A9ED 593 2o)g neo
A ESttt. o] Atz AT nEYTAA & FH 2
A7} g ZpolE Bolx] ggiths BE B u¥PPEs o
A%t 23y Park 529 A4 @ AU z@gel
S e § Ao E 83 Zede a¥Ylol A
Aelwet §23H vl 2 w519 3 Harlan 522 w2
NHANES-19] 3,854% 9 et viojelg £4¢ 45 ¥t
T Ho] Z AHAE 29 ool vehten & HH
Zgae 49 AdAol ok Baslgo)h. o) ggte] 8
I ¥R Ty =0 g8 A3 drEe ) g g9
£ Vet 89 Parrott-Garcia 529 dFoAE &
g3 ZE w28 v Fo e daade) gl 93
ol 23} Zhg Fxote fFod AHAol 9&E Busigdt
Park %% McCarron 579 |@7olAEs 8¢ A7t
BAET B o238 g T Be-g Busty g
- . &9 Hunt 5%} Sowers 592 979 24 1y
P AAEYTORE Uirolr FH 0|23 L FES
WS o T ARl o3 Aol7) gl Aoz AF
Yo 187E ¥ renin @44 %ol wEk UroiA

BHEEHRBEEE 3206 671680, 1999/675
2L o renin FA =T} e aEHYSl HLo= AFAF
o} o2 e nEY TEY EF gl $E0)
WA ERd TR St B G799 2E ¥ 501 A
FTd T T2 nHG AF ST $-9)8 Kolg B,
olX] 3t AL F A g Brie o) F T B2t
st v dHE Ao Ytk BaPPEg e
oz Fuksle 209 sk

3. Renin 2¥ =] G2 A HEE M7 4 X AW
79 Ax, HEE, UF HaF

Table 4= AT H 18Y & w249 2 L UEE 4
HEds vl Astq 47 g o8 2 43
ot UEF 4 F5E vag Hdolth UEF Fg5=
ko] 377.8%. LH, MH, HHZ-¢] 2}2F 340.64, 382,
64, 320.38 22 ZF 7l #9420 Aol7)l . B
e A4 LH, MH, HH 294 242} 5514, 38.
84, 5414, 4874 oH 71 22 dEE R A4
73 7V B2 FE B9 LH 09E F939) zo)7t
AT}

2 dFelM UERT dw HAF357F Aded a8y
T, renin = w=} TEYTE EHANES o F
ZHl F97 ¢ Aolg Rolx] e AL theT L olf
2 74 Ao g JAAD. HAe AE 4HNEEL U
EF A4F% 2P 448 o g3 22 dol A%
HA @37 7o ARG gE gi dHd= 2
2 YEF 4%+ nondiscretionary(&F AA] 365
o] Afske HUEE HAZRY discretionary (A
U ARRAle] Hrtste] s IEF dEwe] o g
I HA JEE 4FHF F discretionary UEF A o)
ARk W2 Q1Y |tk mek =24 2EE £ ol
o A4 BlEYE B3 YEF 42 M= 28 AE
£ Atk 7ele] gdutef el YEge] HriEe
Fol t2Th= o] mHFHA Ygitie Holdth, agla &
e} 7HA A AldskE AR JEF wRe] 7,
A2 duh} 2ol Bolsrt £ sl dE =8l
Hrtete 7, gl 42 ofd B4 st 5ol A%
AFHQ dlolE wlo|~7t BYH QA @& HHjolmz

1%

Table 4. Intake of Na and Ca as indices of Na and Ca measured by food frequency method in normotensive, LH, MH and HH subjects

. Normotensive
Variables

Hypertensive subjects

subjectsin = 30) LH(n = 10) MH@ = 11) HH(n = 6) Totalin = 27)*
Na intake score 377.8 +107.4 340.6 + 70.7 382.6 +107.9 3293 + 67.1 3552 + 874
Ca intake score 550 + 23.8 388 £ 11.6° 541 + 18.0" 48.7 + 12.4* 472 + 158

Values are mean + S0, Values with different superscripts in the same row are significantly different from each group(p < 0.03): ANOVA
Post-Hoc multiple comparison test with LSD(Least-significant difference), *t-test with normotensive and hypertensive groups
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alanis $%9) Az ARE 2F A0 28U L o)
FoZ 3 AFgM AW F UEF WdEE T gl
Frol@ ztol7h glgivta g ZAoel dxjgitt, ZEeld
7 gk 2} gl -8 2jo|& Ho|A] gfstrt.

Haddy 53 Hamlyn 5*2 g7FA] Na™K* AT-
Pase &4€ AsA7|= A7 £415t1, o] Na™-K*
ATPase inhibitor(NKAI)7} volume &1&4 X A re-
nin T¥Y Hog edoez LSt FAIHL,
NKAI= 8 H&2od A2 UEFE $EZ Eo)x o
Aoz QXY ZE FEE Eoled 719¥t). Keane
592 NKATE B3 Eda) 23 42 434 (r = 0.46)
o] 511, 294 (100mmol/d) ¥ ™ NKAIS} &9 F E
F ko] Fof o) AuBAIr = 0.384)7F Jem g
% renin B4 X9} NKATS] ¥shz Z42} foldt 29 A
BA(r = ~0.368. r = —0.449)5 R}y Huslo)
Z olg gk AdS B3 B A renin ZEYAE IH
He & A YEF 43 F71E NKADE 57HY olE &
Z UEF #A%S S51A7|22 A renin YA
2¥ F UEF widFe] nEh tE TERY grix
& & vt B d7ME FAFoE f23 Aol ol
A5t A renin TELTNA 2R F UEE wjdge] 71t
EA Jehgen] 7 renin ESTAA 714 @A ey
£ A%E B9t Alderman 5%°] 293749 n¥Y &
AEE I3 = g prospective cohort studye] <A

G A B renin FHEY Frle AZEH 2
S7tet dEAdo] Jm ¥ F UEF widzke AR

B
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Table 5. Urinary excretion of Ca, Na, and K in normotensive, LH, MH and HH subjects

Normotensive

Hyperensive subjects

Variables .
subjects(n = 30) LH(n = 10) MH(n = 11) HH(n = 6) Totalin = 27)*
Urinary Ca(mg/d) 1452 +58.2° 207.2 +726° 206.1 + 796" 2250 +99.4° 2107 +789
Urinary Na(mmol/d) 1664 =+ 63.5 171.0 +78.1 1642 +£57.7 1495 +65.2 1635 =+ 654
Urinary K(mmol/d) 60.7 -+ 24.6 613 +£27.8 60.2 +193 56.8 +14.8 59.8 £216
Urinary Ca/Cr 0.15 + 056 018 + 0.79 0.17 + 0.57 0.17 £ 062 0.18 £ 0.65™

Values are mean + 5D, Values with different superscripts in the same row are significantly different from each group(p < 0.05): ANOVA
Post-Hoc multiple comparison test with LSD(Leastsignificant difference), *t-test with normotensive and hypertensive groups, **p < 0.05,

compared with normotension, Ca/Cr: calcium ratio with creatinine
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Table 6. Correlation coefficient of plasma renin activity, PTH, 25-
(OH) Vit s, alsosterone, urinary excretion of Na, K, Ca and Ca/Cr,
indices of Na and Ca with systolic and diastolic blood pressure in
all subjects

Blood Pressure

Variables
SBP DBP
r r
Plasma renin activity -0.124 -0.175
Aldosterone 0.165 0.215
PTH 0.324* 0.375*
25-(OH) Vit D4 0.057 0.160
Urinary Na -0.040 -Q.016
Urinary K -0.214 -0.034
Urinary Ca 0.496%* 0.278*
Urinary Ca/Cr 0.468* 0.102
Na Index -0.121 -0.020
Ca Index -0.371% -0.186
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Table 7. Variables affecting systolic blood pressure by stepwise mul-
tiple regression analysis for all subjects

Multiple R=0.69662 R Square=0.48528 Adjusted R Square=0.44851 SE=19.6488
Variables in the Equation(F=13.19901, P-Value=0.0000)

o FgL nxE 49l
H/ﬂ oz /\].lzﬂ- kv

Variables B SE B Beta T P-Value
(Constant) 16.42817 24.74214 0.664 05103
Urinary Ca  0.195912 0.037676 0.576697 5.200 0.0000
Age 1.178139 0.403902 0.342630 2917 0.0057
Aldosterone  0.151164 0.062383 0.284149 2.423 0.0198

Blood Pressure=f(Ca Index, Age, Aldosterone, BMI, Calcitonin. Na
Index, PTH, PRA, Totl Serum Ca, Urinary Ca, Urinary K, Urinary
Na, 25-(OH) Vit Dy)

Table 8. Variables affecting diastolic blood pressure by stepwise
multiple regression analysis for all subjects

Multiple R=0.38404 R Square=0.14749 Adjusted R Square=0.12811 SE=14.6852
Variables in the Equation(F = 7.61214, P-Value = 0.0084)

Variables B SE B Beta T P-Value
(Constant) 56.697044 6.753977 8.395 0.0000
PTH 0.755563 0.273853 0.384041 2759 0.0084

Blood Pressure = f(Ca Index, Age, Aldosterone, BMI, Calcitonin. Na
Index, PTH, PRA, Total Serurn Ca, Urinary Ca, Urinary K, Urinary
Na, 25-(OH) Vit Dj)

Table 9. Variables affecting systolic blood pressure by stepwise mul-
tiple regression analysis for hypertensive subjects

Multiple R=0.42231 R Square=0.17834 Adjusted R Square=0.13922 SE=1832274

Variables in the Equation(F = 4.5581, P-Value = 0.0447)

Variables B SEB Beta T P-Value
(Constant) 171.76303 12.32791 13933 0.0000
Ca Index -—0.53465 0.25042 -0422306 -2.135 0.0447

*p < 0.05, **p < 001

Blood Pressure = f(Ca Index, Age, Aldosterone, BMI, Calcitonin. Na
Index, PTH, PRA, Total Serum Ca, Urinary Ca, Urinary K, Urinary
Na, 25-{OH) Vit D.)
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Table 10. Relationship of urinary Na and Ca with urinary excretion
and intake variables in total subjects

Variables Urinary Na Variables Urinary Ca

r p-value r p-value
Urinary K 0.544 0.0001 Urinary Na  0.369 0.006
Urinary Ca  0.369 0.006 Ca Intake 0.164 NS
Na Intake  0.388 0.003 Na Intake 0.261 0.057

NS: Not Significant
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