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ABSTRACT

Postmenopansal women lose more bone mass than men as a result of estrogen deprivation. The resulrant low bone mineral
density (BMD) is a major rsk factor in the development of osteoporosis. Calcium, phosphorus and magnesium are main
components of bone. The purpose of this study is to investigate nutrient intake and serum osteocalcin, Ca, P and Mg and their
corrclation to bone mineral density in Korean postmenopausal women residing in rural areas. We conducted 24 hour dietary recalls,
anthropometric measurements and blood analysis on 60 postmenopausal women. The BMD of the lumbar spine (L2 — 14) and
the femoral neck were measured by dual energy X-ray absorptiomenry (DEXA). Subjects were assigned to one of three groups:
normal (T-score > —1, n = 20), osteopenia (—2.5 > T-score < —1, n = 23), and osteoporosis (T-score < —2.5, n = 17).
The mean age, height, weight and BMI were 62.37 yr, 154.36 cm, 55.28 kg and 23.18 kg/m’ respectively. The mean daily
energy and protein intakes were 76.35% and 87.41% of RDA for Korcans. The mean intakes of calcium, phosphorus, and
magnesium were 463.62 mg (66.23% of RDA), 955.32 mg (136.47% of RDA), 345.87 mg respectively. The mean scrum levels
of calcium, phosphorus and magnesium were 8.76 mg/dl, 3.80 mg/dl, and 2.10 mg/dl, respectively, and there were no
significant differences among the three groups. However, the BMD of the femoral neck showed a significantly negative
correlation with serum magnesium (p < 0.05). To summarize the results, most nutrient intakes (especially calcium) in
postmenopansal women did not reach the RDA values for Koreans. Also, increase of serum magnesium levels may be related to
bone loss. (Korean J Community Nutrition 7(1): 111~120, 2002)
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1999) A7 & X dAEREA 2o 7HAE FUgs

2] YHgo| oldH(Kneerekoper 5 1981 Lane %
1984). FUFEEE 229 387 24de ¥grt gla
9 £33 Do) ZasEe] 8F HEF F48 44 £
e Aol (AH 7] 1989 ; Eleanor 1984). oj&|3t &

UL H7E g4 WMERE ZE £4do] 15%4A
50% =7} Avta &he (84]% 1988) EA#]) B ¥
Hol g17] wge] ool wif Fastri(olE A} - HuA}
1996a . Christiansen 5 1990).

AB7A 2RES 7 #EHo] 22 FU4AE dTEHD
g HT TEE 98 =7 A7 - GgAld 23}
W Bk 73% AR vgEon AEEEE EA]
(517.4 mg)el| ®ls} 5&(466.1 mg)o] FT AFHY
5% FIThE AFHEE 77 vk HEAI(61.6%) 2T 5
#(70.2%)°) vl Az o= vt EEA] 5 1999).

2, 9 madlEge W A A R R A4S A
7}11‘31 A g vt Ao W ¢1e] o]

7t A2 75 PTH 287} 22HY 9
) EH(Shills 5 1999). 1= 2 uizk2lgl
CR: [siAE et 19 43 vl&e] 1112 F#
5] ] Easieh, e 3= ¢
et A Qo] A4 Hl&o] Zrgol s
By glerng %TH AHAFEE e 3l .
mladlES A g F o] 2/37F A4 EAsHH
PTHS} 24 vighql D tirle] BAEe 75 254 2
"‘“O]Tﬂr ntadlge]l 298 424582 (hypocalcemia)

& fdsta PTH 2ol ¢£4-8 7F4d8) vladlg G494
%761 PTH #%& 54| 5A1Z10 (Martini 1999). o<}
7ol Zhgd Q1 o]9d] rlavlex FUlAe ARAgS Zn
ok, FExst g Q) vlavlwd g 11E8 T - 9
AT-E AHEYE, Ao Zd HHART ILE Aleld #
AE B85 WAL A Bon] =] =7} gt
Ramsdale 5(1994)8 ¥ &3 B& ATAE2(Hu &
1993 : Metz 5 1993) TE=9} 2 AF 1t 95
kel 4 FAE KAk ¢ v, Ay gRdo] givke 4
Bk B E(Mazess S 1991 : Sowers 5 1992)% it
LAFE F(1996)2 300) o) H7F A 4L ez 3
APollr HFEZe UEE 2, 9159 Ho] 2919 &
Ao #8g vt Budde 297 - $105(1991)
T xd7] el M Aol F o)A ekkA R 2 AR
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o] Qlvkx dliuh. Abraham & Grewal(1990)3 So-
ika & Weaver(1995)2 #H74 & oA vladl&&
2957t $7HEA FEE duiditia
5(2000) 8 WAE HAG ARG vl
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A4 19998 HA ou] ZALE AAEct J73 § &4do]
7]"8L T__L F919l 83(A#7] 1989 - Riggs & Mellon 1986)

ol wak WHOAM 49 d4& ¢a] AA=
)& ] 171 gled (Sadler 5 1999) 44
s T-score > —1), &34 (osteopenia group : 2.5 <
T-score = — 1), St} (osteoporosis ; T-score < —2.5)
o] Al To2 BRIt I A RS 28%(17.72%).
EpAr TL% 77‘:'3(48 73/) EUTETE 53‘33(33 54/)
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7 (normal group

URE
2275 AT A AFAF71(DS-102, JENIX, Korea)
S Abgsfol, Fhle 2219 YHelN A% Ha A9

M]i ZA4s9t £33 A3 AL o] gt AAF
AFE &Y. A 1& &3F, AAY g F 8 S
22 A 13 ZA71(TBF-105 TANITA Japan)& AHE
3hef AR G Hﬁgi ALy, stel gt 49
o|ZH 1 ERE 0|43l 27 }Dﬁﬂ ol 71Fo= 3e
o} ddde] B W& AT 9L AFEYY

(BP-750A, NISSEI, Japan)g A&l %
%37 99E 2R

71 Bt

AL AL FHE 9% T P dAge] w3
o8 @ 2129 JHAA =2 5 (lumbar spine,
L2—L4)% ¥ ZF(femoral neck) ¥ ¥915 DEXA
{Duel Energy X-ray Absorptiometry, ESLIPSE, Nor-
land) 2 &4}
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2lo] AF &l FHE 2AMY A msl duid 9A
& T3 o|FojHom 24A7F A E o &ste] FF 2d
%_1‘1_‘,_1— 101 [+) Eal—'ﬁ]— 3%7]__] oJoLA }ij_r] M—EH }_A]—‘Eﬂ—
At Eg AAGE 4 d&stA Ttetetr] st
AF Rde AN F o]F ol &3ty FAEE SAsIH L
o 1Y dUdd 49 242 9Y B2 T2 739(Can-
Pro, Computer Aided Nutritional analysis program
for Professionals. &= 93 F4 GFERAE)L o

fslo] AlEsldnh 24 9 nlavlg AT 2L dx
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5. BN AR R 2A

2d A= EAANA AT ADHE o] 8] A
g 10 mlE AHQ. AT D2 2500 rpmolA 15
27k A4l 2EEld 238 4 F B AMgslgo 8
3 22HQZA2 Competitive el 2dle] OSCA test
osteocalcin kit.(Brahms, Germany)g AME8ta] y-co-
unter(COBRA 5010 Quantumn, USA)A &A55
. 84 2w, <l rlodlg %2 ICP(Trace Scam Su
Scan Advantage, THERMO JARREL ASH, USA)E
o] §38le] 2485t}

6. 31 2o
B AN Qe 2E A9 H T

¥ FUEY wE AT, FFIPLT, FUTSTIY
AAAZ, G HANH, SRR BE W4E SAS
(Statistical Analysis System) programe ©l&sle] B4t
24 (ANOVA, One-way Analysis of Variance)® Dun-
can's multiple range test® F94& FAsAD, £
EE BSFE Alole] A3 BAE Pearson's correlation
coefficient(r) B &-2]44€ AAsIHT}.
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1. 2EAg

= AT AR AA AF AFEE Table 19} 2t 3
T AR 62.37T4 for, L= e A T #9
HQ xpolg vEhfol, grtaFael 7P 13, 24T,
AR 22 A vElstHp <0.05).

AT At BF A5 AFL ZH2t 154.36 cm, 55.28
kgo 2 22 vk A= A9 71FX¢1 157 cm, 57 kgell ¥l
3 o7t Aigkom B el e A#E(60~644D2 T
A2k & giked Qleds F(200000] Eargt 152.9 em,
57.1 kg vlmalRn s B A7 cidzle) BT AL 4 #
o} AFe oAzt Aok ARF AT 28182 AAPEY
(20~25)l £3om AL FFE 32.36%10t. =
F5TY AF, ARAF A, AL FAFe gL A
gl Hlsted BE fe¥o 2 v vehgth(p < 0.001,

p <0.001, p <0.05). o2& A= grdog HF
273 A 71AER] F318 Fo] FUe] Wl %S
s 3 o4 Q7o) 8= 5 1996b : Liel & 1988
Wild 5 1987)} ¥AF Ad73 $(1991)e ATl
T Akl Hl# nghre] 23 Azt 2EA et
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Table 1. Anthropometric measurements of the subjests

Sk

Totalin = 60) Osteoporosisin = 20) Osteopenia(n = 23) Normal{in = 17) Significance
Agelyrs) 6237 £ 8.37" 66.15 = 7.73? 62.00 + 7.59" 58.41 + 8.60° p < 0.05
Height(cm) 154.36 = 4.68 153.50 + 4.63 154.04 = 4.54 155.80 = 4.87 NS
Weight(kg) 55.28 + 7.08 4987 £ 6.24° 56.67 £ 5.53° 59.75 + 6.00" p < 0.001
BMiI(kg/m?)* 2318+ 2.62 2115+ 2.39° 23.89 = 2.17° 2461 £ 1.99° p < 0.001
Waist{cm) 79.96 + 6.50 76.05 + 6.54° 82.67 £ 5.94° 80.88 + 5.11° p < 0.01
Hip(crm) 9578 £ 5.17 9233 + 447 97.17 + 4.69° 97.97 + 4.67° p < 0.001
WHR? 0.83 + 0.05 0.82 + 0.05 0.85 = 0.04 0.83 = 0.04 NS
Body fat(%) 3235+ 5.94 29.50 + 6.56° 33.52 + 497 3418 £ 536 p < 0.05
LBM(%)” 67.65 + 5.94 70.50 £ 6.56 66.48 + 4.97° 65.82 £ 5.36° p < 0.05
TBW(%)® 49.39 + 4.34 5147 + 4.79° 48.53 + 3.63° 48.05 + 3.91° p < 0.05
SBP(mmHg)” 138.38 + 22.81 139.60 &= 21.22 138.61 + 23.36 136.64 = 25.08 NS
DBP(mmHg)” 84.10 £ 14.60 78.15 + 16.59 85.52 + 11.85 89.18 + 13.86 NS

1) Mean £ 5D

2) Means with different superscripts(a > b >> ¢) within a same row are significantly different from each other at & = 0.05 as determined by

Duncan's multiple range test
3) Body Mass [ndex
6) Total Body Water

4) Waist Hip Ratio

Table 2. Bone mineral density(BMD) T-score of the subjects

7) Systolic Blood Pressure

5) Lean Body Mass
8) Diastolic Blood Pressure

Totalin = 60)  Osteoporosis(n = 20) Osteopenia(n = 23)  Normal(n = 17) Significance
lLumbar spine(T-score)” -1.83 + 1.09° -2.98 + 0.327% ~1.87 £ 044° -0.41 + 0.45° p < 0.001
Femoral neck(T-score) ~224 + 134 -3.20 + 095 ~2.00 £ 1.48 -137 4+ 0.68 NS

Subjects BMD - Young Adult BMD(20 — 49year)

Standard Deviation of Young Adult BMD(20 - 49year)
2) Mean + 5D

1) T-score =

3) Means with different superscriptsa > b > ¢) within a same row are significantly different from each other at o = 0.05 as determined by

Duncan’s multiple range test

W 254 o139 AF Tk ]
(Cummings 5 1995). Eg 1,000
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Zol,

= 81 992 Rany

©Z g} u|ZF Framingham Y 2
=} AP Ao 53] A4 A #ol] J3E &

Bl T} (Felson 1993).

B & B4, o] =4, el Aol Ed v
Z¥z} 79.96 cm, 95.78 cm, 083 °lglod, FhEETY
selet go] Eelv FiTH FdTdl vlsked F94
o ui ‘—]—ﬂ-‘*"ﬂr(p <0.01, p<0.00D). Al 8] ==

7] 4 olghy] ke o)A 2ol E BolA| Qgit.
olda} o] AFo) T AFe] vhe HF F 4ol 2
thg2e] g¥e] = Zloz Jelhdon HZoht Aas

A 5 BEhee] 7k FA §5-g o
o a9E 2= Aoz wad

2. 22k

2 AT gAY 839 E ZR UE9 T-score™
Table 29 2t} T-score= S3¢1¥ A FY== e}
e @2 499 AN g =R 9e] AelE A F

f - g

YER]9] £F AR Lpyo] dojll Abol) 25
T T-ghe Su3ETol -2.98, FF4To] —-1.87, A4
ol —0.41019.e8 A Ezhel 24 (p < 0.001)°] Lhe}
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EAE EUE T3 FuUFgsTel -3.20, F¢hbd
o] —2.00, AdTel —1.37019.em A w7t felAde]
VERGR] edgtet

3. Mol MA TN

1) gt 94 8T

3U7te) o] MHRAE E3lo] A4S dF AR
19 Ha 9945 433 329 JUA AT (=9 uEg

A 72 7A7)el thgk AFE 8- Table 39 2t} AT A4S
AHEE 963.08 golz, B % HF L 1390.82 keal
2 W) 16.36% TEOIUET o14% - §58(1999)
of 504 014 & 99 o 4g o2 T Aol ek
o 1675.8 keal(B23<) 85.9%)°1 vl3) A Lhelsiut.
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Table 3. Mean daily energy and nutrient intakes of the subjects

£474 - A48 - AeE - AN - 2 1S

Totalin =.60) Osteoporosisin = 20) Osteopenia(n = 23) Normal(in = 17) Significance
Food(g) - 963.08 + 269.50" 885.23 = 249.66 956.77 = 305.64 1063.19 = 216.96 NS
Energytkcal) 1390.82 £ 357.17 1291.18 = 349.59 144291 + 393.17 1437.55 + 306.76 NS
Protein(g) 5245+ 17.76 5249+ 21.36 5499 + 18.84 4895+ 10.53 NS
Animal protein(g) 1338+ 11.21 16.00 + 16.32 1221 + 8.79 11.86 £ 532 NS
Plant protein(g) 39.07 + 15.88 3649 £ 18.51 4278 £ 17.37 37.10 + 8.71 NS
Fat(g) 2571 £ 1093 2369+ 977 26.69 + 10.98 26.77 £ 12.38 NS
Animal fat(g) 580+ 564 759+ 7.85 434+ 419 5.67 + 3.56 NS
Plant fai(g) 1991 £ 1033 16.10 £ 7.30 2235+ 1046 2110+ 1230 NS
Carbohydrate(g) 23932 = 62.26 21830+ 56.55 248.06 = 66.19 252.24 +  60.28 NS
Crud fiber(g) 6.69 £ 257 6.15 £ 245 6.86 + 2,95 709+ 217 NS
Ash(g) 1765+ 594 1749 =+ 4.04 17.96 £ 6.94 1743 = 6.19 NS
Iron(mg) 1129 &£ 4.81 10.67 = 5.15 11.73 = 543 1145+ 355 NS
Animal iron(mg) 1.40 £ 1.04 1.76 £ 1.46 1.10 + 0.73 140+ 063 NS
Plant iron{mg) 10.06 + 4.87 912 + 5.28 1079 £ 540 10.20 = 3.51 NS
Sodium(mg) 3898.78 + 1497.40 3941.31 +1223.39 4099.52 + 1897.56 357717 £ 1170.36 NS
Potasium(mg) 2468.01 £ 838.46 2357.16 £ 92457 2466.05 + 851.63 2601.08 + 738.81 NS
Vitamin A(pgRE) 704.73 £ 791.11 577.65 & 345.11 648.11 + 383.61 930.86 + 1372.95 NS
Retinol(ug) 2892+ 139.28 2900+ 3117 15.65+ 18.09 46.79 £ 59.09° p < 0.05
Carotenes(ug) 3183.79 £ 1955.30 3105.23 = 1878.71 3652.49 + 2304.29 2642.07 + 1403.73 NS
Vitamin B,(mg) 099 = 0.32 090+ 030 1.02+ 036 1.05 + 0.29 NS
Vitamin B(mg) 063+ 021 0.57 = 0.15 062 & 0.23 071 023 NS
Niacin(mg) 1259 £ 4.30 1220+ 441 1261 £ 4.27 13.01 = 4.44 NS
Vitamin C{mg) 113.44 £ 63.03 97.49 4+ 4201 111.04+ 6797 13543 £ 73.21 NS
1) Mean + SD

2) Means with different superscripts(a > b > ¢ within a same row are significantly different from each other at o = 0.05 as determined by

Duncan's multiple range test

Hzjeke 5245 go. 2 #AEF) 95 36%9] HE H&s B
Aoem olfF - o]A5(1999)8) HA g ddez &
AFoll A e HHFF 49.2 goll vla] A7 BL FXE BFT)
Z vz digt B4 wEo) 43 v 24.37%°]
Rz, AR G 2 24 e v&e A 77
o 212l Xel7t ATt BrdlE, b R
o] H| &L 68:15: 172 BFgEe] 47 v|&ol =1 X
Hhah gl o] M u)-go] v ulElgth o] o)A

Bud,

30 B3] FE4 dilde] Audt 4= IS F
771 AeR HuFH3 o (Heaney 1994 ; Hegst-
ed 5 1981 ; Kerstetter 5 1990 : Schuette 5 1982), 2

AT YR FE A7 H0E ursEe HA7L BE

N2H 979 BE 4% YUE Boln glo] $2H 4
o] mekd HAke] 9182 Boln 9N Wkt

B Ao AL 11.29 mgo & WA 94.08% 9
AH Heg Below, A 23k o3 Aolg BolA)
gkoke}. HlEN Ax AAF 100.68%9 43 FFL
Eion, HElx 4 B Al 27 FoH1 Aol
€ Bof YT AR T TUTEEY FLATo Wg

o o0 Fckp <005, e B, ¥k B, v}
oloil, vlekel Col HABe 22t VA 9%, 52.5%,
96.85%, 162.06% % HH FFS BRALH Al Tl #2
49 Zolg RolX) Gt 53 HEkE Bl 4L A
o) wol FEHY s Mgkl C 4AZL 47 e

Ut

2) 33, 2 OOy s MAT

B dAydday 38 ZE, 9,
Table 49} 2t}

T M2 A 7o ZF A FA frFH Aols
wehgR] ekskth. BT ZE AL 463.62 mgoE =
9l AXALHRDA)Y 66.15%E W2 43 +£58 U
sl Al 25 A 70% N9 2o 43 fFo]
Rt} ol HAE F QA4S dde R oA 5(1992)¢] B

] =

Bae HHEE

917 F& wqle] @kt ) W E.L(%‘.%‘% 5 2000)
A Zgel A= £A) =9 ofAo] RDAY 53.7%, ¥
=¢9lo] RDAY] 35.8% 2 @2 43 ¢l Aoz vy},
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Table 4. Mean daily Calcium, phosphorus and magnesium intakes of the subjects

Total(n = 60) Osteoporosis(n = 20) Osteopenia(n = 23) Normal(n = 17) Significance
Ca(mg) 463.62 £ 21395  484.42 + 268.36 476.07 = 201.41 422.28 + 157.84 NS
P(mg) 955.32 + 313.93 935.59 + 341.53 983.61 = 311.10 940.25 -+ 299.90 NS
Mg(mg) 345.87 £ 127.10 341.44 £ 121.51 346.81 = 117.90 349.81 £ 151.84 NS
1} Mean = SD
Table 5. Serum calcium, phosphorus, magnesium and serum osteocalcin levels of the subjects
Totalin = 60) Osteoporosis(n = 20) Osteopeniain = 23) Normalin = 17) Significance
Serum Ca(mg/dl) 8.78 + 0.55” 870 = 0.35 8.72 + 0.41 8.94 + 0.81 NS
Serum P(rmg/dl) 345 + 1.82 3.12 £ 092 345 + 212 3.80 + 2.16 NS
Serum Mg(mg/dl) 2.07 £ 0.5 2.10 £ 017 2,07 + 0.16 2.03 + 0.12 NS
Osteocalcin(ng/ml) 8.30 &+ 2.47 8.71 + 2.79 8.09 £ 225 8.03 & 243 NS

1) Mean &£ 5D

E&] ALES & 200 glo i) 4H ¥ &
A e vk 2] A 2EEe fA 2 1lﬂr
9] dte) F5lth Recker $(1992)2] 19304 o=}
£ e ¢ FAAT (longitudinal study) 2= B
ZHg AF ko] 700 mg/day A% € o) Agy XHFo Z
2% 2 F AU 2ol S8t Rastdrl. Andon
5(1991)2 A% F oJAelA o] g A7t 8.5 T
=9} foHo® FAZL Pl FAA Fasida sEh
3 Dawson-Hughes 5(1987)% #7 & &g o4t
o= g Aol 405 mg/day ©lete]l TE AAE d=
dREe HE YR &40 717 mg/day o4 43
she A EET fejd o ﬂtLL stct,
AT ¢ FFFS 955.32 mg 2= PAT 136.5%01%]
o, A% F Q4L dez 3 DHMW:' 1992)
4_1

Folo] AF &S A 7 EF 0.5 HTe g 219
A3 vgo] =okrh Zgol Hlaﬂ 19] 45 v]go] UF =
& 39 2 F7E Adsta FEAe] doju Ca: PY
Hlge] 1:0.5 Ao/t £ o2 3nHUT(Hsu F
1981). &}, ¢-g] =] 98 FUEAHEA
EA 5 1999)0] wEwE A= < AL 19 511 mge
2 ge uby olo] HFAFL A% S7EE Aoz ey
o, A2 5(1993)9] & A9 PAE oz AT
A% Hiiel Ca‘P°] AFu7 22 1:1.17, 11 1552
e AHAFFe] & Aoz duHT) uehA vighzlg
24 giE EH»H“ 2ol W) ZE AHFS T/
A Yoz Qo] 47 v &L md 2lo|g HHde Aol
Zogh Ao R AledY.
HF wkadlE 4F%L 345.87 mgo.= e8] vl of
2 A7) AAE ] A gho} 22 A=) v}l %

=9 3% -

% (1990)°] X

% A37)E(NRC 19907} vjmA] 108.08% 2 FAHE A
A #E2 Usiglen 2 448 e ¥ 34

% 259.07 mg Brh BRI A 2371
o9&l Aol ¢t AFH W=l 2AlA Ca
I Mge] Hl&2 31004 4: 1ol AE Aol 201
AT} o]AF& el M=dl(Anderson 5 1996) ¥ 9+
dlME 1.34: 12 vehd sladiee] 44 et 423
Wil Zgel A7 B2 & £ o ol vy
F#9 8 FU4Fo| 5L FOE F2 A4 A
A8 W=l w9r] ofEel ZAes AHziEY Soka &
(1995)2 sladlge] TF 48 2430 HH¥YeE &
thatef Bedste, A% &4 1711 w}mﬂ -é— g(OH)a 63
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Table 6. Correlation coefficient among BMD, serum osteocalcin and
calcium, phosphorus and magnesium intakes of the subjects

N BMD-femoral Serum
BMD "-spine .
neck osteocalcin
Ca -0.1154% 0.0544 -0.1281
P 0.0011 0.0744 -0.1281
Mg -0.0543 -0.0096 0.1372

1) Bone Mineral Density
2) Pearson's correlation coefficient

Table 7. Correlation coefficient among BMD, serum osteocalcin and
serum calcium, phosphorus and magnesium contents of the subjects

oo BMD-femoral Serum
BMD -spine .
neck osteocalcin

Serum Ca 0.1544* 0.1829 -0.0444
Serum P 0.0762 0.0230 -0.0560
Serum Mg -0.2461 -0.2786* 0.0737
1) Bone Mineral Density
2) Pearson's correlation coefficient
* : Significance at p < 0.05
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