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Calcium Status and Bone Mineral Density by the Level of Sodium Intake in Young Women
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Abstract

Previous studies have shown that sodium excretion is positively related to calcium excretion in the urine. As excessive
sodium intake is a common nutritional problem in Korea, we intended to investigate associations among sodium intake
levels and calcium status, evaluated by 24 hour recall method and urinary excretion, and bone status. We collected
dietary information for non-consecutive three days from 139 young adult women 19~29 years. After classifying the
subjects into 4 groups based on the dietary sodium levels by daily total sodium intake (mg) and sodium density
(sodium intake per 1000 kcal energy intake), we compared the bone status, nutrient intakes, urinary calcium and
sodium excretions. The results showed a positive association between total daily sodium intake and intake of other
nutrients. However, no significant differences in nutrients intakes were observed among subject groups classified by
sodium density levels. There were no significant differences of bone density among groups by total daily sodium
intake as well as by sodium density. While total daily sodium intake showed significantly positive relationship with
urinary sodium (p <0.05) and calcium (p <0.05), sodium density was not related to urinary excretion of calcium and
sodium. Our results suggested that promoting balanced meals providing appropriate amounts of energy intake is the
essential component of nutrition education for improving calcium status of young Korean women with excessive

sodium intake. (Korean J Community Nutr 18(2) :
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3ol Frhese g2 S0 JFE AA SH& s}
22 wdr] k) AS 98k dlangl Aoz 1Ay
1L H(Lee & Lee 1999; Kwon 5 2001). -z}
20099 =177} - QJeFzAtel A 5040 o A1) Evhy

1‘2 = vl wels W o
g F0] 38.7%%] whd P4
& 8.1%°N =3ste] o444 %tg%'ol w32 oF 5ul 7
ojuf H= Zlo® FHHJ(Ministry of Health,
Welfare and Family Affairs & Korea Center for
Disease Control and Prevention 2010). ¥RF o2 =
AgFS 30~35A10 HaA] el &stal 1 o] Fofi= mlid
1~2% xél: %ul;_ﬂ. 71—/\»57].131 E_q_zléo] oh;]- %—ng].j_y
v FEslsh A gibio] glo s ofY w7 ZQl 2]
Ag} ek - aff Hof TS ol Zlo] &
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ok A0 STk A7l 2 et =
thazol ek 9188 ol QRlo|H, Z4r A=
Aee- b oo vlal] FdE7F & 50w o
(Metz & 1993; Suleiman 5 1997; Song & Paik
2002). oprlo} Al Q152 Z-5- wile) vls)| Z< A3 Zo]
A 3] W& Al (Wigertz 5 2005), 9] Aol
S2lvet 20~300] 34 Ak FAES ZEAF e dE
o] & 71A7}o] Syl BaE Itk (Koo 5 2008). &3t
2009 =A% - kAt o 19~294] Al
o] Zr AF LS 447.1 mgC® BarE Q= ol 2010
d skl JRdF 71Tl AN BT 63.8%
of] ddE= oFolltt (Ministry of Health, Welfare and
Family Affairs & Korea Center for Disease Control
and Prevention 2010).
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Az Al EF AFH7F SR AW S UEF
AR} gEo] 2o AW wjdEko] SUeHE A o® YE
U UYEFO] HHdHE 22 AW Bl F-d 41 99
S = 7ol gt Kurtz 5 1987; Shortt & Flynn
1990; Jones & 1997; Foxall 5 2008; Teucher &
2008). U2] 79 20~ 404 oo 1A HARE ke
7ol 28] o2 ool vlste] w o] F7)d ghko] 9]
2 05 Wokrh= B 7k Itk (Mizushima 5 1999). ©]
o} Fdsto] AR T = YEF HHZS 2.3 g7
2AIZITHE 5 o3-S 40 mg A Zlo g 48]
Rom, o]F FARE Al UEF HFF= 2k 2.3 g%
2AIZIthE Q1A)9] Z H 232 840 mgollA 600 mgl.
2 742 4 ok Ajket vl QItH(FAO & WHO 2001).
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AR ) JEF 4 Aol S FAROR Neds
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D'Elia & 2012). =17 F2AL Afel] oJapd 9-2ut
e AFHEE] 19 S YEF AR 2007d o] vid
S7F FAlel 9o 20109 4,878 mgl & R E S
(Ministry of Health, Welfare and Family Affairs &
Korea Center for Disease Control and Prevention
2010), oli= =2l JFAF7 el AA e 2319 T3
31 1,500 mgs 39 o 23t AFsh= Wolw WHO
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AE A ol] AFsh= 7178k vF 194 o] 294 w]RE Ad]
oA F AT Fojof B3 158S oz FoME ut
2 5 2010d 1295E 20119 297H4] A= A3k
o} A Fox; F o) 2Akel TUE S, 4 A
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o, 23 Sl s ARk,

2) MM E

2V AT 7P A AdElellA A HARIE FH A
3z, A A5=247] (GL—150P, G—Tech international
Co.Ltd., Inchen, Korea) & A3l 74351900, 54
B A AT o]gste] A EA|4= (Body Mass Index,
BMD & ARFsiSict.



= 4L uxld 9% =4 7] (Lunar prodigy,
General Electric Co., Madison, WI, USA)Z o]-&3}o]
Q3 (Lumbar spine, L1~L4) 2] &% (Bone Mineral

Density: BMD) & &4t}

NN} 2 A

= o

I A F S s E ARo] 24417 84
‘ﬂ&i sHSich A3 H 749 225 FAske] sl 2
214 724l 21827 (Korea Food & Drug Administration,
Korea health industry development institute 2007)
I AR, AFAFE 5 33 A HERETE o] §-3)0] 1]
A5 B 24, FE 1911 Aol dHE AR ol
Abzo] AT B 54 B AR Sk 1 oS getet
7] S8l AAHRE, AARARE, AAPdA T3 HEe] &2
3, AF 229 TS ZARISITE %A AH > CAN—
Pro 3.0 (893 %e}3]) & o] &sfo] AkEstar 3YUxke] Bt
A& skl 7= vl wsksltt (Korean Nutrition
Society 2010).
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H] = ANOVA test®} Duncan's multiple range test
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Table 13} o] ZAVIARE2] Hat Hol=
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Table 1. General characteristics of subjects

Variables Mean = SD
Age (yrs) 216 £ 15
Height (cm) 1605 £ 4.2
Weight (kg) 546 * 6.6
BMI (kg/m?) 212 +23
BMD (g/cm?) 1.125 + 0.179

BMI: Body mass index
BMD: Bone mineral density
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oA 28 =9 (p < 0.001). ¥hlA AF ke UER
AF o) 7P v 7 (Q1) Y] Y- 57.5 + 124 g, 25%
~50% mWkel F(Q2)e 60.7 £ 11.5 g, 50%~75% ™
Tkl 71(Q3)E 76.1 £ 20.6 g, 7FE & 7 (Q4) ] A
94.8 + 25.3 goI3ltt. Z4r AdFH2 Q19 4B 358.7 +

Table 2. Daily energy and nufrients intake of subjects

Variables Intake % KDRIs"
Energy (kcal) 1,901.3 £ 528.6? 90.5 £ 25.2
Carbohydrate (Q) 253.1 = 70.4 -
Protfein (g) 721 £ 234 144.2 £ 46.8
Fat (g) 64.1 = 30.0

Fiber (Q) 159 + 5.8 -

Ca (mg) 468.2 £ 197.0 72.0 £ 30.3
P (Mmg) 959.2 £ 309.2 137.0 £ 44.2
Fe (mg) 135 £ 6.7 96.4 £ 47.9
Na (mg) 3,935.4 £ 1,319.6 262.4 + 88.0
K (mg) 2,138.9 £ 680.0 112.4 £ 194
Zn (Mmg) 8.3 £ 3.6 103.8 £ 45.0
Thiamin (MQ) 13 £ 0.7 118.1 £ 63.6
Riboflavin (Mg) 12 £ 1.0 100.0 £+ 83.3
Vit B, (MQ) 19 £ 0.8 135.7 £ 57.1
Niacin (mg) 170 £ 7.2 121.4 £ 514
Vit C (mg) 758 £  50.9 75.8 = 50.9
Folate (ug) 2188 £ 1156 54,7 £ 28.9
Vit A (uQRE) 657.9 £ 320.6 101.2 £+ 49.3
Vit E (uQ) 155 £ 6.7 155.0 + 66.8

1) % KDRIs mean % EER (Estimated energy requirement) for
energy; % Al (Adequate intake) for Na, K, vit E; % RNI
(Recommended nutrient intake) for other nutrients

2) Values are Mean =+ SD.

198.8 mg, Q2 422.2 + 123.6 mg, Q3 509.3 £ 133.9
mg, Q4 586.1 £ 237.3 mge| o™, 247 P4 H =]
55.2%, 65.0%, 78.4%, 90.2% =l sdstitt. <1 4
oo 959.2 + 309.2 mgl® PAAHES 137% 5=
ollom vt X5 AAHZ ol AFska ek U=
B AFE U BT 53AFH o dFske le®E v
ERte), 5 Na/Ke] AF1E2 Q1 7oA 1.6 = 0.49]
Qo Q4 79 A 2.2 £ 0.60% AFn|Eo] v F
7V =95tk (p < 0.001). elUA] 1,000 keal & YEFA
HAwS Q1 # 1653.6 = 359.2 mg, Q2 1 1997.4 £
314.0 mg, Q3 * 2148.0 + 432.0 mg, Q4 2] A
2574.1 = 504.2 mg & UYEF F AF o] BS4=
YEF AL 28 38kt (p < 0.001).

x| AFF 1,000 keal G HEF A3 75, 5 UE
F AEo] ukE Jokh AFFE FA8E 2 A= Table 4
ol JeRQIth & i) AF=S YER 45 Uxel
upe} B3 47 Jhol| B4 02 xjo) 7} Qigiet. ey A
HgE YEF AFUTIF 7P w2 Q12] - 2006.5 +
622.5 kecal, Q2 1971.1 £ 612.0 keal, Q3 1872.6 =
441.5 keal, Q49 4§ 1750.9 £ 376.1 kcalZ Q1
o] YA AF o] 7ML FHE o BAFoR
Folet 2oz QUole, WA AFRR Q1 72.2 £ 24.8 g,
Q2 71.2 £ 26.7g Q3 71.8 £21.2g Q4 73.2 %
21.2 g0 7 YER AF 5+ Fasiint. 24 A
Q19 7% 461.6 = 234.8 mg, Q2 489.4 £ 202.7 mg,
Q3 461.0 = 182.6 mg, Q4 460.7 = 167.9 mgell e
| UEF AFHEEe] w2 2oli= §igich. 1 AFHE=2 Ul

Table 3. Daily nutrients intake of subjects by total daily sodium intake level

Variables 8} Q, Q, Q, p-value"
Energy (kcal) 1,575.8 + 266.4%°  1,709.6 + 277.7°® 1,957.2 + 401.8° 2,376.4 £ 680.0° 0.000
Protein (Q) 575 £ 124° 60.7 £ 11.5° 761 £ 20.6° 948 £ 25.3° 0.000
Animal protein () 33.8 £ 12.7° 332 £ 10.6° 455 £ 22.9° 558 £ 16.8° 0.000
Plant protein () 23.7 £ b.4° 27.6 £ 54% 306+ 7.2° 39.0 £ 14.6° 0.000
Ca (mg) 358.7 + 198.8° 4222 £ 123.6° 509.3 + 133.9° 586.1 + 237.3° 0.000
Animal Ca (mg) 178.7 £ 181.4° 2155 + 105.8* 265.4 + 139.2% 306.4 + 178.4° 0.004
Plant Ca (mg) 180.0 £ 66.6° 2068 £ 72.1°° 2438 + 78.5% 279.6 = 105.1¢ 0.000
P (mg) 7711 £ 167.5° 824.1 £ 158.7° 992.2 + 217.8° 1,258.2 + 381.9° 0.000
Ca/P 05+ 02 05+ 01 05+ 0.1 05+ 0.1 0.083
Na (mg) 2,566.3 £ 562.0° 3.335.5 £ 131.3° 4,057.5 £ 341.7° 5,836.7 £ 841.8° 0.000
K (mg) 1,701.3 £ 465.2° 1,902.4 £ 473.5° 2,220.8 £ 541.6° 2,748.6 £ 724.5° 0.000
Na/K 1.6 £ 04° 1.8+ 04° 1.9+ 04° 22+ 0.6° 0.000
Na density 1,653.6 £ 392.5° 1,997.4 + 314.0° 2,148.0 £ 432.0° 2,674.1 £ 504.2° 0.000

1) p-value: Independent sample t-test
2) Values are Mean =+ SD.

3) Means with different superscripts in a row are significantly different from others ot p < 0.05 by Duncan's multiple range fest.
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T RE ARG o AAEk oo, Wit Ca/Pel 0= 93k ol QIIth. T MY Q1 el 89.1
AFARES U 25 0.5 v L AFZe] 2 A5 £ 41.9 mg/day o2 7P SHokaL, Q4 wellA 114.9 +
ol nl8)| =2 Z o2 FrE QI Hdt UEF 5%l 67.5 mg/day o2 7P =8O} BAK o2 {23k 2]
T RF ERAAT ol AAAT ATk AE AAFES & Rk 2R YER 4A5ET 2% 21
Q1 2074.0 = 680.0mg, Q2 2172.0 £ 793.9 mg, EE e 2 Q1 1.119 £ 0.111 g/cm?, Q2 1.110
Q3 2074.2 £ 572.3 mg, Q4 2238.58 = 680.0 mg®°. + 0.136 g/cm?, Q3 1.144 = 0.094 g/cm? Q4 1.125
2 Yeht} + 0.129 g/cm?o. 2 JEF TAF %o WE xjo)=
o} BMI®] Aol 7 7kl djoli= oA kb sigit.
4. HEE M3 £#zZ0t 2L, Ao g Mz A Table 6= ZAEARZE] YEF 434 % (Na/1000
LIEE AT ote] #1 keal) ol w2} 47917 (Q1~Q4) 0.2 Hhre] 24417 &
Table 5= ZANIAES] UER 19 T AFAZFS 7= 9 UEE, 25 WS 245 daolth UER 9%
O% 479 QI~QE o] 2447 AW o YEF, = IRl 7F°ﬂ_ 2W T UEF R 2
ZHy MRS Blagh Aol EF wdE- Q1 el #F B o gt AfolE vEhiA] ook
41 3968.5 £ 1662.7 mg/dayl. & 7F& Heka, Q4 7ol Table 694 FAFPIA=L] UEH ”?4 Y= (Na/1000
A 4878.4 £ 1759.6 mg/day 22 71 =%t 514 keal)oll w2l BMI 2 @5 ZUEE v|wdt 9= Ql~
Table 4. Daily energy and nutrients intake of subjects by sodium density (Na/1000 kcal)
) sodium density
Variables
Q Q, Q, Q, p-value”
Energy (kcal) 2,006.5 £ 622527 1,971.1 £ 6120 1,8726 £ 4415 11,7509 £ 376.1 0.183
Protein () 722 +  24.8 712 £ 267 718+ 212 732+ 212 0.988
Animal protein (Q) 443 £ 221 395+  17. 423+ 189 1.7+ 167 0.759
Plant protein (g) 27.9 = 9.5 317 149 295 + 7.7 3156 = 8.0 0.376
Ca (mg) 461.6 £ 2348 489.4 £ 2027 4610 £ 18246 460.7 £ 167.9 0.912
Animal Ca (mg) 250.7 £ 2105 248.9 £ 150.1 227.7 £ 1318 236.8 £ 141.1 0.545
Plant Ca (mg) 2109 £+ 854 240.5 £ 106.0 2333 £+ 883 2239 £ 749 0.926
P (mg) 943.4 £ 289.6 978.0 £ 393.8 9359 + 2559 980.3 £ 290.5 0.904
Ca/P 05+ 0.2 05+ 0.1 05+ 0.1 05+ 0.1 0.856
Na (mg) 3,0008 £ 1,164.6  3,7455 £ 1,169.9  4,098.0 £ 1,003.7 14,9258 £ 1,197.2 0.000
K (mg) 20740+ 6800 21720+ 7939 20742+ 5723 22385+ 6582 0.699
Na/K 15 £ 0.3 1.8 £ 0.3 20 0.4 23 = 0.5 0.000
Na density 1,4790 £ 2527 19020+ 739 21883+ 1137 28106 =% 3156 0.000
1) p-value: Independent sample t-test
2) Values are Mean + SD.
Table 5. 24-hour Urinary Ca, Na excretion, BMI and Bone density by fotal daily sodium intake level
Variables (s} Q, Q, Q, p-value"
Creatinine (mg/day) 7746 £ 22497 812.3 £ 2637 8250 = 2165 840.5 + 2445 0.694
Na excretion (mg/day) 3,968.5 £ 1,662.7 43329 £ 1,752.1 4,417.2 £ 11,5949 48784 £ 1,759.6 0.174
Ca excretion (mg/day) 89.1 £ 419 958 =+ 604 1131 £ 571 1149 £ 675 0.168
Nao/Cr (mg/mg) 523 + 1.80 546 =+ 1.53 538 = 1.38 590 =+ 1.61 0.342
Ca/Cr (mg/mg) 0.121 £ 0.063 0117 £ 0.058 0.128 £ 0.055 0.132 £ 0.062 0.731
BMI (kg/m?) 212 = 2.3 210 =+ 3.3 213 = 2.7 21.8 =+ 2.7 0.653
BMD (g/cm?) 1.119 £ 0.111 1.110 + 0.136 1.144 £ 0.094 1.125 + 0.129  0.665

1) p-value: by ANOVA test
2) Values are Mean = SD.
BMI: Body mass index

BMD: Bone mineral density
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Table 6. 24-hour Urinary Ca, Na excretion, BMI and Bone density by sodium density (Na/1000 kcal)

. Sodium density
Variables
(s} Q, Q, Q, p-value”
Creatinine (mg/day) 8185 + 209.67 8372 =+ 264.1 7890 =+ 256.2 806.7 £ 219.7 0.860
Na excretion (mg/day) 4,551.4 + 2,079.8 42945 £ 11,7142 4331.3 =+ 1,6359 44063 =+ 1,3726 0.928
Ca excretion (mg/day) 1080 £ 560 929 + 584 1035 £ 541 1083 £ 638 0.661
Nao/Cr (mg/mg) 548 =+ 1.72 522 + 1.48 574 =+ 1.83 554 =+ 1.30 0.594
Ca/Cr (mg/mg) 0.125 £ 0.062 0.110 £ 0.057 0.136 + 0.060 0.129 + 0.058 0.317
BMI (kg/m?) 213 =+ 2.6 211 =+ 2.3 21.3 =+ 3.0 21.6 = 3.1 0.882
BMD (g/cm?) 1.140 £ 0.126 1.117 £ 0.108 1.117 £ 0.122 1.125 £ 0.121 0.828
1) p-value: Independent sample t-test
2) Values are Mean + SD.
BMI: Body mass index
BMD: Bone mineral density
Table 7. Relationships among dietary intake and urinary excretion of Ca and Na, Bone mineral density and BMI
Variables Na intake Na intake Ca intake Na excretfion Ca excretion BMI
(mg/d) (Mg/1000 keal) (mg/a) (Mg/d) (Mgy/d) (kg/m?)
Na intake (mg/1000 kcal) 0.613**
Ca intake (mg/d) 0.486** 0.011
Na excretion (mg/d) 0.170% 0.059 0.236%**
Ca excretion (mg/d) 0.175* 0.054 0.323%** 0.527%**
BMI (kg/m?) 0111 0.097 0.168* 0.236%* 0.141
BMD (g/cm?) 0.072 0.010 0.117 0.101 0.110 0.438%*
* p<0.05 **: p<0.0I]
Q4 - 2ol Afol= % AL IAEE UE A A5 etk (= 21.3 kg/mH)S 2010 =512173 8 A0

o EFdEE

¥ 14 3 A439%, 183 YEF AFE % (Na/1000 kcal)
of whgh B73IS wl B o Ll o3k xjo] = el
2] oFoxct.

AN 4 9 ER AF S, S Eeke]
& AR A% A= Table 70 HYehigle.
AF e VEF A% = 0.486, p < 0.05), Z4¢
ZF(r = 0.032, p < 0.01), YEF 8= (r = 0.236,
<0.0D), Zs/AdleFEld vk (r = 0.215, p < 0.05)
7} < ﬂ AR YERItE UYEF AF e s il
(r = 0.175, p < 0.05) 7} o] A#TAE el 24
v e UER widZ (r = 0.527, p < 0.01), Z5/74)
olE] W Wi (r = 0.815, p < 0.01) ¥} 2] AAAA =
YeRAL 2 aldE (r = —0.182, p < 0.05)ZH= &9

NS
mz P oox L

jus)

I

ko)

ol

AATAE YR oA, YEF mds-2 JEF/FdolE
U ek (r = 0.562, p < 0.01)7} k] AATAAE et
Wk SUEE BMI(r = 0.438) 9} oFko] AaaA S vef

Uitk (p < 0.01).

1 Aol Fof3l thAES] BT A (= 21343 A

A Rardk 19~294] o3Ad 9] ARG Hetgh 21.3 £ 0.2
kg/m?3} HAFsE 2]tk (Ministry of Health, Welfare
and Family Affairs & Korea Center for Disease
Control and Prevention 2010). & 7 tixE2] =2
2734 A8 72 0ee & Lee 1996; Lim &
2008)°] Barsk g-2jube} gl 450 =% o
AFSFSATE.

AT A =e] Bt A A3 3 468.2 mgelglor
AAFZ] 72%0 HFE AT o= 20109 R
ZA A Ministry of Health, Welfare and Family
Affairs & Korea Center for Disease Control and
Prevention 2010) 2313F 19~ 294 /4 2] Z A
(= 468.7 mg)oIt} Song & Paik (2002) 2] 1ol A] 1
13k oo o] Bt e AP (= 487 £ 144 mg) H A

Z|eH= G230t} shH Ak ot AR L EF A
e Fa A SEAAFHAFY 262.3%) sEste] YA+
of|A ofn] W v} o] ZhEAlF= SatekA Xk whd

AN T e

PGS AL T,
ofe] Al ER St s A AR
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