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Effects of Nutrient Intake, Bone Mineral Density and
Bone Mineral Content in Ovariectomized Women

Choi, Mi-Ja®
Department of Food & Nutrition, Keimyung University, Deagu 704-701, Korea

ABSTRACT

This study investigated associations between nutrient intake, lumbar bone mineral density (BMD), and bone mineral
content (BMC) among 33 ovariectomized women (mean age =47.2 y). Forty-five premenopausal women participated
as a control group. The BMD and BMC of the lumbar spine (L,—L,) were measured by dual energy x-ray absorptiometry.
Nutrient intake was estimated by the convenient method and a quantitative food frequency questionnaire was designed
for this study that included the most commonly consumed foods sources of calcium. Participants were asked to identify
all daily physical activities, and the number of hours per activity. The participants were also grouped by calcium intake.
The total calcium intake of all participants was estimated by dietary calcium intake and then the subjects were divided
into quartiles to assess the lumbar BMD and BMC of the highest quartile and the lowest quartile of calcium intake. The
ovariectomized women consumed 602 mg/d of calcium which is 86% of RDA. There were significant differences in
lumbar BMD and BMC between control and ovariectomized group. Within ovariectomized group the highest quartile
calcium intake group had significantly greater lumbar bone mineral density and bone mineral content than the lowest
quartile calcium intake group. Correlation analysis revealed that the ALP was positively associated with calcium index
in control women, while ALP was positively associated with energy intake in ovariectomized women. And body weight
was positively correlated with the spinal BMD and BMC in all women. The spinal BMD was negatively associated
with menarche age, number of child, and the age of last child delivery, and age in control women. However, neither
menarche age nor the age of last child delivery were associated with both spinal BMD in ovariectomized women. These
results confirmed that ovariectomized and low calcium intake is associated with poor bone mineral density. Energy and
calcium intake and adequate body weight should be recommended in ovariectomized women to prevent osteoporosis.
(Korean J Nutrition 36(2) : 167 ~174, 2003)
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1. OF WA 1%

A TFAN ] AT B ATl GxRolH,
2227} @A A7 Az, kgl dlAEZA
B8-S 3 gt da A oA 339, #9173 A o
2 AP o A A o3 AYFH AFo) v

3l 45:3],9. q]/\l-_g_i Orlo}:)k M-’HS”} :-1\21: o) :v_ag/ﬂ Z]
el di@ ZALE ath AR AFE SAsIe] BMI

(Body Mass Index : kg/m? 2 RBW (Relative Body
Weight (AZ/EFAF) X 100) & F3lsich olu o] 8-

EFAIEL Broca indexS 3 3 (A% (cm) — 100) %

0.9% s5ich

2. FILAHFT N

19 Fda AHAFE T4 52 &) ng 2ol
ok ZAPH (convenient method)oll &3} ZAEIAL
24 49 Bhe Rgsl] A3l Ca index% Fsisict,
g AET &3k e 9 AF 465 AH3
Z AFEE 19 138 59 = ZF ?Slalzo“ wha 3

(> 100 mg/191%), % (30~100 mg/191%), A (K 30
mg/lol-‘?-) ?]-ﬁ }\-]_;:L,];_o_i L}—l"—o:l Z-}'Z}‘ 32_] _‘ 1?5519,]
NEXNE 2 F 0)E AF N Nne}l AAFE FARE

o] F% & % Caindex® A&

3. U AHFY TN
FF F AH|EFS BN 24417 B4 BF dRE

FAFE, 7MY, REHRY, BEE5Y $5Y 4
3, AU TIAZ ol 1 EFel sk A

e 7128 s19] 2000 = Gk
ofulx] 223 AN BAE o183kt

4, 29 &3

olF x| BAH] EUE &47] dual energy X—ray
absorptiometry (DEXA, Lunar Radiation corp., Madison
Wisconsin, U.S.A)E ©]43lo] A|Fo] Azl #9¢ &
Z (lumbar spine, LS) 8] ZU%E (bone mineral density :
BMD) &} 5712 3 (bone mmeral content : BMC)
£ Q%% 2F FUEE A¥Y 59 (anteropo-
sterior projection) S & ——776‘3}»«_1_ E AFeAe= A 2
QFA Al 4 2F7HA 9 FLE (Ly~Ly) 8 FAAFE At
£33tk

5. Tt WA

FTEeN e AF 3] 2 (calcium), ! (ph-
osphorus), alkaline phosphatase (ALP)E &3 &3ith
Ca2 0—CPC (o—cresolphthalein complexone)®® el
A& 38193, PE UV directd ol gaid £33t
$it}. alkaline phosphatase (ALP)+& PNPP, AMP (IFCC
Bower—Mc—Comb) ¥'P¢] 2Jaix 435tk

6. SN

SAS (Statistical Analytical System) packageZ ©|-&
3l 2z} Wiinpt} Yy ERFAAS TN, FaEAl
Z3} ZF 7+e] ¥ Bl Student’s t—testE ©)F
8l on o] WS A3#aAlE Pearson’s correl-
ation coefficient® H&3}F} (p<0.05).

433 34



it 3 0

1. IYAIES QU 8%

AT a3 A7, AT, AAAFR S v|REE Table
Lol VeRiSith. Ha A3 gy} dadalTo] ztzt
46.3 = 6.3, 47.2 £ 7.3 AR 1, FE VA AFS 7
7} 57.2 + 6.9 Kg, 155.8 = 5.2 c¢m, 56.7 * 4.6 kg,
156.2 £ 4.6 cmEA] 2] e} 30~494] AAdge] 7]
Z2917 158 cm9} 55.4 kgoll H]&hd AL 22 Ay
AFE 27 &2 WolQlth FF BMIE Uz U4
AlFol Z2} 23.3 + 249 234 + 2584 AEY e
£31%13, RBWZ H|UEE 431998 Wi 23
AR RBWE 113.2 + 12.7%9} 113.3 + 1
2A T BT A0)g PAFo|itt (Table 1).

Table 1. Descriptive characteristics of control and ovariectomized
group

Variable Control (N = 45) OVX (N = 33) p

Age (yn) 463 + 63" 472+ 7.3 NS
Weight (k@) 572+ 69 567 + 6.9 NS

Height (cm) 1558 = 52 15862 + 4.6 NS

BMI (kg/m?)® 233+ 24 234+ 25 NS

RBW (%) 1132 127 1133127 NS

1) Mean + SD

2) NS: Not significant difference between two groups at p <0.05
by t-test

3) BMI: Body Mass Index (weight (kg) /height (m?))

4) RBW (Relative Body Weight): [weight (kg)/{height (cm)—
100} x 0.9] % 100

Table 2. Daily nutrient and energy intaoke and energy expenditure of
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2. K W FIL MNFY ALY

AN 9z} JFA AFHFE B9 (Table 2) F oy
A AFFE 2Ty dR@ATE 47 el A 7 A
Aok AFe)” 92.1%9} 85.8%%) 1,843 keal/ds} 1,761
kcal/dg AF3tY AT, &7} 2w, vlEl B,E A9
33 BE Uit F T EF IU dFF Ho 54 A
st Uk ouA] FAEIE B dlz2rd GAEA
T2 &3E L 9l - AR vizh 242 63 1 15 22
9} 67 : 14 : 198 et} da ZAZY 72¢ dalas
A AdFZo] gzl viste Aoz Wkl o)A
GAEAZ QAT AFFI AU AF wFol B
= GHEARQL XjAof oAt} Xgo] B FEY AF
Zole A% wio] obd7t FE2E F Qlolut I ol
Z AEZAPL Qojo & Aoz Algdc) wehy oy
A FFHFl e st KYHQA A7t PSR da
A Aol s FERo] EujEw QlE A o
T B AFo) vlKE o){7) obd7t AlgHTh T3
2EATY BE 2E JHFE diz2Tel Hlsle] ¥
A 2 AFFS Dl 2 A9 A3 47 fo4F
Q1 kel A3E JERIQITE (b r = 0.68, p < 0.001,
A% r = 0.673 p < 0.001). 53] ©] A7 tidAte] dY
B 24 AHFE 19989 FNGURAL A 4 =
9 dd JF 24 AP 511.0 mgd} BIwsHA, W2
I} @aEA o) ZH} 660 mg/d} 602 mg/d2A A =
T UdY BF 2 AFF HokE g 52 Holy 9%
AR 94.3%9} 86.0% o= A gt o
4 4w 982 tj2FY dAEAF] 2+ 2,008 keal

T e

e

o N

controt and ovariectomized groups

Variable Control (N = 45) % RDA" OVX (N = 33) % RDA p

Protein (g) 700 + 16.0 127.3 589 +17.8 107.0 %
Fat (@) 446 £155 NA” 369 + 144 NA *

Carbohydrate () 290.4 + 68 NA 292 + 57.6 NA NS
Vitamin A (R.E) 1091 + 357 155.8 1023 + 382 146, NS
Vitamin B, (mg) 1.03 £0.20 103.0 099 £ 0.19 99.0 NS
Vitamin B, (mg) 1.10 £ 0.28 91.6 1.01 +0.27 84.1 NS
Niacine (mg) 17.4 + 3.55 133.8 16.6 + 3.38 127.6 NS
Vitamin C (mg) 158.6 + 39.4 2265 145.3 + 33.8 207.5 NS
ron (mg) 143 £ 3.6 89.3 124 + 40 775 NS
Cadlcium (mg) 660.7 + 168 94.3 602.4 + 170 86.0 NS
Energy Intake (kcab 1843 + 333 92.1 1736 + 360 86.8 NS
Energy expenditure (kcal) 2008 =+ 435 1004 1989 + 578 99.4 NS
PAEE (kcal) 1001 + 284 1019 + 220 NS

1) RDA: Recommended Dietary Allowances for Korean female, 20007

2) NA: Not applicable

3) NS: Not significant difference between two groups at p < 0.05 by t-test

4) PAEE: Physical activity energy expenditure
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9} 1,989 kcal2A F ol A%y, 49 HE YA A
A BF oAUA LS vRsE wos dAaAAT
2 1,019 keal, iZFE 1,001 kealZ F 7o) A 24t
ol G2EATE 57 e A5-9 Zo) dixFe) vlst
o F gAb] Eelgels B8l ZE AT uxd
Bt 99 Ha 58 mgE AA AFET o] B Z

A3l gt dk wHo) QHHTh T3 o] LnF
AA BEZ vadM F Fihel 7 AJolg B &

Uttt

3. HA By oo ME 2T 29T N SNE

Y273 G2 Z2ATE 439 Hd FYE (bone mineral
density : BMD) £} 5713 &% (bone mineral content :
BMC)& Z}2} 1.17 + 0.14 g/cm? 49.99 + 8.65 g9}
1.06 *+ 0.16 g/cm® 44.48 + 9.88 g2 Jeht} & 7
ol 794 20)E B3} (Table 3). 0|3 WA A
A S diato 2 Z2 dual energy X—ray absorp-
tiometry (DEXA)Z £33 9F IUSX S} & A+ 2
o} v PE o) 2T AE BF AF 41419 QA
o] 1.14 *+ 0.14 g/em® olgkxz Bud AIH? vhg §A}
Ao daEa] 949 A9 1.06 £ 0.16 glem’E
woketh. aEln F Tzt FAR1 Fge] Aojg B ¢
99t et ot Bketd X Q) alkaline phos-
phatase (ALP)& W4 ZAF diZT Alold) #2j3<
Aol2 JehhA] )t} Mazess 592 AL A §=2
# IULS FHT Aie ddo) F15| uke) Yy
gt FUE Zaolt w36 o3t A Fdxe 7
27} g&R)7] wZolgtn Byl HA o5 FUn
Zel gig Rt g gk B A7 A3 2o)
9 A @Fo) H)dt AdeiolA, dAhEATe] FUE
#He PR FUE Y 90.5%F (1.06 g/lem® vs
1.17 g/em® FA813 Q0] wa 2APL FYUEd n)x)E
92 g 3 ¢9ick E£§ Richelson $99 A7+
B A% 54410 G AAS P A 7341 A
HA3E B} d3e) 209 AHYSolx Bty IUE #

Table 3. Effects of ovariectomized on bone mineral density, bone
mineral content and ALP in women

o] vlsEY T, ZE dAH #HA A oAl njsl] Y
=t Ao dol v A Ad w3 EHE
EPEE A3 Draper 502 W4 AAE 4% %
oA o 329 T L3 dAaHE B
v} ek, Lindsay 522 10 7 U4 AE 84 1009
& A% A P AA 139 F8E U0 Fo)sHl
oid 15%% Aok skich

4, s YATI OE 32

Table 4& diZ2TolA HF FFd g2t quartied 7
B3 7P W 25%F (B 2w AHF : 460 mg/d)
7P #& 25%7 (B ZE 43 850 my/d) o= 1}
ol vlwd Ay I} FFFL F Tl 20)7} ¢l
Ak o)A Ao AFH7 FuF BEH A =
B 25% T B 25% T3l ZE AHQ Aol vda
AAT F FA Qg T 5L 25%7 AHo| #
Ao ol ZEY At FAEHAES 75 Ao
AlEgnh Ze A FUss foEd 4 8
7F itk S R B2, gy A3 43.84 oAHE
9] 75 A3 o] 628.4 mg/doE RDAY AT 2¢
U2 BF 43 4154190 959 2% 43%°) RDA
Hoh 2& o 2959 24 dF%s o3 dR8E
B 5 9olvkn nug AP wisd dgjo|r), wi =
A FEE] o= AdFE RDAS 85.1%% 1 ZH49)
AH FF0] 69.3%22 R 4 sEY "Ux w3 A
e e AF B U= A FAV vk
BE A% AL g2y 451419 A9 A S
A B 695.0 mg/de] RDA 32 Zg A3 A= =
Ues} 2 AT FAAA F 4 BAE Bus
AP = AlEr] 2ol B 26 437 736 me/d
A o Zg 437 52 o) FUEU Y ok Ry
02 g=o) ATE BH, A3 FAlA 2 AFH @
L A FEg0) ¥1 FUEFY o) ¥
Recker 52 32 A o4& oz F2A ATl
A AFHFo) B A9 B3 Y] Fdm @
45~49A419] 7 A A9 AN 7 AHFe] AL A

Table 4. The effects of Ca intake on BMD in control women

Control OVX p Caintake Lower 26% (N=11) Upper 26% (N=11) p
BMD (g/cm?) 117 014 106+ 016 = Age (yn a1 = 75 483 + 82 *
BMC (@) 4999 + 8.65 4448 + 9.88 * Weight (k@) 569 = 79 576 = 74 NS
ALP (u/l) 65.75 = 23.42 6803 +2834 NS ALP (u/D 5563 =197 59.5 +14.0 NS
Blood Ca (mg/dh 9.02+ 045 916 + 0.34 NS BMD (g/cmz) 120+ 0.14 116 £ 0.12 NS
Biood P (mg/dl) 363+ 042 381+ 054 NS BMC (g) 546 = 9.1 516 + 88 NS

NS: Not significant difference between two groups at p <0.05
by t-test * p<0.05

NS: Not significant difference between two groups at p <0.05
by t-test *: p<0.05
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Table 5% &7 tiAle} /o]
NE ZE AAFE dh ZEATAA
quartile® T3t 7P -2 25% 1 (
396 mg/d), 7F¥ && 25%T (BE Z
mg/d) 22 ro] Hwd AR ZUEE
& 7oA 18.0%71 o w9tk 18l ZE A3 =&
39 25% 79 FEEE Zg ALl B2 25%T Bt
FA o B9} (25.4%). O T HA AdeelA
240 AFF g B o S0xs TEF) & 9F
S A= RS & F AATh FAEATY HE DE
AFH2EE 602 mg/dEA RDAS 86% =24 wE=A 43
stz Jlon, 53] W 39 25% AFHTE B ZE
AF 0] 396 mg/deIRa 39 26%2) 1 ZET) B
U ZF AHFE 876 mg °lojA W2 T & 19
Zh AF o) 29 o Aoyt Y22 Zwd At |
AslEdt AARgh 213G dA EATe) 39 25% TE
9 B AFH o] 876 mg/do® T vlsle] I
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Table 5. The effects of Ca intake on BMD in ovariectomized wo-
men

Caintake Lower 25% (N=8) Upper 256% (N=9) p
Age (yn 516 t 45 47 *+ 6.7 *
Weight (kg) 569 + 9.2 557 + 49 NS
ALP (u/D 722 +293 843 =392 NS
BMD (g/cm®) 093+ 0.14 .10+ 0.15 *
BMC (@) 369 = 7.1 463 +102 *

NS: Not significant difference between two groups at p <0.05
by t-test . p<0.05
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o] Va1 Zg AAZRE BAT t2Ty 4 25% 9
2 g/em® vs 1.10 £ 0.15 g/em?) ol
F4 A £94E B A0
Alg g}, o] dFellA Z3 % S (lumbar spine)<
2 trabecular bone®. 2 TAJ=o] &, Recker &
FAA AFoM L 4l AN e HHE FHE
) spinal bone mass7} 27 rh= B9l AAjgit)
Ty v= oS o R w7 odelA ZEe] BE
& cortical bonedll= 27kl &3p7t QIR oy HEFEo| @
& trabecular bonedll= &7} AAth=s BaE® gk
a2 giRRe) de 1 ZE AFE 97 § Sk
FEEa 2 A 2 Jole FaAd Bty & A
2 yEEhd WA A oAdollAl Lk g AFe e
stk Atk 53] #7 oelA Ha 800 mg/d
& AFE JFY T2AE tax M F U
T Bustded’t 2 A didale] Q1 w73 Aol
800 mg/d o) AT 2UEI} FFoE Fol Y
AT A GAFTT AT B ATl A FA)
AAollA Yoot FUE 2+e] A4S gotE A {9
el Ao veldolN A% ke E4H0] F71st
o2 do] FUT vlXE AHE oA & 4 glch &£
AT A 71 BlnA HolM daEA o
oA e ZAFETY] FUE o] foHog de AE
24 2] ofud Aol Kol gEAA] ¢ @ A
T RS e A7t Basita AlsEnh

5. ST ofF Hasnel AH
A& 9 AT 9 SFFH] AN dixzT o
A¥o] Z71E4E FUE 9 ety g9 ARn
Uehflck(Table 6). ©]3
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Table 6. Correlation coefficient of menarche age, children number, last child delivery age, bone mineral density, bone mineral

content and ALP in control women

Age Wt ALP BMD BMC Menarche age # of children Delivery age Caindex
Wit 0.06
ALP 0.21 0.04
BMD -0.48" 0.29" 0.09
BMC ~-0.43" 0.24 0.12 091"
Mage 0.33" -0.26 -0.01 -043"  -054"
# of Child 078" 0N 0.20 -0.37" -0.38" 0.34"
Deliveryage 061" -0.16 0.08 -049™"  -0.48"™" 0.33 0.67"
Caindex 0.04 0.18 0.33" -0.07 -0.12 0.04 0.03 0.17
EL 0.06 0.38" 0.13 -0.02 -0.12 0.05 -0.02 0.01 0.17

Wt weight, ALP: alkaline phosphatase, El: Energy intake, Mage: Menarche age, # of child: number of child, Delivery age: the age

of the last child delivery
*: p<0.05, **: p<0.01, x++: p<0.0001
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ALP7} ¥ viebsich. el 24 499 BUE 9 B
T FAF JBES A itk DET o
Hel A¢ BUEE S, 2793, T Y B4
A3t 494 29 HBUAS ekt T2 AT
& FUSH FoAQ ol ABYS kT Ui
A =
© @IE oA R 9o pA%e SUE
sto) RN RelHR AT B & Qo 3
2 478 B9 4 o (BE A 28749 A

A

KL, k9l 0439 g (B A% 68.7A) ouiAIe} D
A, E, velIA AL OiE 37 SUsd F4Q ¢
9 ARdE RYokn STk B AF ik ojuiR]
9 Gei HAZL Yhe) Q7P 4 389 A9
HISFRT A elMe e AHBH U
o) Igivka ¥ Ase} Zrk 2y xRl o] B
T AE g Y4 A%l Hol MAR (B# A

AFu) gl =ik W) WEoE Alsdch
AA F4X 9} FUE L IEFTe) BAlA I 2
A 4L Aol THESE U ¥ STHH &9
ABBAE Jeplo| 2T 22 S £ 5 U
(Table 7). L8lE oA AF ko] B2 FHA A
B} 3%, AFe]l ¥&55 ST AUA AP
3ok 12y Ze AHEe 2UsY 28 593
A 4H AT QAT ek A o] A H
73 43} e A el AFeol TFFT FofF
FRBAS BAvhs A% A7 AP dXs) da
AR AAelME wixet e #A4 AF, Ads, 2%
do| TUE 9 3 AHAS VERIR] ottt o]
R 238 AF #A9) 71 Fdw9) 4 FA7) Q)
Lz ARRHY o] A7 thdAtel X da AA] 71kl o
Fis @E—E- FHA Fatol s TR Rkt
< AT dAlA 98 U= 9} EEH A4
d ———] ARBAE Y2, 24A%, A5, v

Table 7. Correlation coefficient of menarche age, children number, last child delivery age, bone mineral density, bone mineral

content and ALP in overietomized women

Age wt ALP BMD BMC Menarche age # ofchildren Delivery age Caindex

Wt -0.02

ALP 0.30 ~-0.16

BMD -0.61™ 0.31” -0.28

BMC -0.61™" 0.39" -0.30 094"

Mage 051" 0.15 013 ~0.34 -0.31

# of child 0.19 0.28 0.19 ~0.01 -0.07 0.16

Delivery age  0.71™* 0.16 0.14 ~0.25 -0.38 0.37 051"
Caindex on 0.01 0.28 ~0.16 -0.15 on -0.12 0.11
El 0.35" 0.49" 0.54" ~0.16 -0.01 o.n 0.11 0.16 o.n

Wt weight, ALP: alkdline phosphatase, El: Energy intake, Mage: Menarche age. # of child: number of child, Delivery age: the age

of the last child delivery
*: p<0.05, **: p<0.0], »*x+: p<0.001

Table 8. Correlation coefficient of menarche age. children number, last child delivery age, bone mineral density, bone mineral

content and ALP in all women

Age Wt ALP BMD BMC Menarche age # of children Delivery age Caindex

Wit 0.02

ALP 024"  -002

BMD -052"" 020" -004

BMC -050"™ 031" -003 093"

Mage 040"  -009 0.06 -0.39"  -0.44™

# of child 060 0.6 0.19 -0.22" -0.24" 0.28"

Deliveryage 044" —-004 0.08 -044™  -0.44™ 0.34" 0.59"**
Caindex 0.02 0.05 0.31 0.03 -0.07 0.08 0.01 0.08

El 0.30" 0.43" 045"  -0.16 -0.07 0.09 -0.02 0.09 0.13

Wt weight, ALP: alkdline phosphatase, El: Energy intake, Mage: Menarche age, # of child: number of child, Delivery age: the age

of the last child delivery
* p<0.05, *+: p<0.01, »+*: p<0.001
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