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Effects of Calcium Supplementation and Exercise on Bone Mineral
Density in Middle-Aged Women*
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Nutrition, College of Natural Sciences, Seoul Women's University, Seoul, Korea
Department of Human movement Science,** Seoul Women's University, Seoul, Korea

ABSTRACT

This study examined the effect of calcium supplementation and exercise on bone mineral density (BMD) and general
characteristics, dietary intake and biochemical measurements for 45 healthy middle-aged women (40-57 vyears). Subjects were
divided in to 4 groups; control group (G1), exercise group (G2), calcium supplementation group (G3), and calcium supplementation
with exercise group (G4). The subjects were 45.8 & 0.66 years old. BMI (kg/m?) was 23.31 % 0.63 in G1 group, 22.92 + 0.51 in
G2 group, 23.64 + 0.61 in G3 group, 23.40 + 0.37 in G4 group, and BMI of all groups were in normal value. Energy intake was
1332.28 kcal /day, 60% of RDA, so that may be unbalance of micronutrients. Especially, calcium intake was 62.8% of RDA that was
very low level. Osteocalcine was not statistically significant but calcium supplementation group (G3) be showed increase. BMD was
usually decreased by Aging, but in this study was increased in the all group, except control group. It showed increase of BMD for
calcium supplementation and/or exercise. Overall results indicate that calcium supplementation and/or exercise increased BMD of
middle-aged women, but long-term calcium supplementation and exercise will be able to more effect. (Korean J Nutrition 35(9)

962~969, 2002)
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Table 2. Health-related characteristics of subjects

Variables

22.92 £0.51, 23.64 £ 0.61, 23.40 = 0.37=2 IS  Age (years) 4563 + 0.76"
185~24.9 &34, 4N4A 32~T442) BMIZE 24,491 Exercise () 4.5
N Smoking (%) 4.4
A7V wla) 22 R o=
Tl viE) 2 e SleR vEr, Alcohol drinking (%) 355
2. AZA Postmenopausal women (%) 26.6
& 21700 Aol ) I2A @ e Fop e of A suppenenaion () b
reference of caffeine drink (% .
ZAYS}H 2.0 15 (o) B ZAMPARR
o ZAE H8-E Table 29 2}, FF ¥ = b Spending times of outdoors in week
E9 & 45%7 HAAeR e AT ZAENS - hardly (%) 13.4
), FAAE 4.4% 2B)E AY g} SFo5-= 35.5% - often (%) 86.6
o)l ATt RS el SF T 3147t 15l 1~28] A%, 1) Mean % Standard error
Table 1. Age and anthropometric measurements of subject
] G1? (n=9) G2 (n = 10) G3 (0= 12) G4 (n = 14)
Variable 3
1st 2nd 3rd 1st 2nd 3rd st 2nd 3rd st 2nd 3rd
Age (years) 45.22 . 44.60 48.83 44.71
+ 1.52 + 1.26 + 1.41 + 091
Weight (kg) 59.53 57.95 54.20 56.12 55.70 57.1 58.24 59.04 55.29 57.67 57.13 59.61
+302 +£252 +£198 264 £325 £315 £207 +£223 161 +121 +143 +203
Height (cm) 158.67 157.70 157.12 156,55 155.15 157.76 156.06 156.26 157.64 157.53 157.01 157.64
+114 117 141 +£624 +209 =114 113 +138 £116 £120 £143 £+ 152
BmI” (kg/mz) 24.02 23.33 22.00 22.83 23.06 22.88 24.04 2427 22.25 23.24 23.13 23.96
+110 *+105 +103 +080 +099 +105 £108 +117 =064 +065 062 =+ 065

1) Body Mass Index

2) G1=Control group, G2 = Exercise group, G3 = Calcium supplementation group, G4 = Exercise + Calcium supplementation group.

3) 1st=Before, 2nd = After 3months, 3rd = After 6months
4) Mean + Standard error
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Table 3. Mean daily energy and nutrients intakes of subject

. Gl"(n=9) G2 (n = 10) G3 (n=12 G4 (n = 14) "
Variable > RDA
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
Energy 1030.13 1304.28 1202.10 1538.31 137896 1488.70 1257.51 1447.37 1404.26 1216.19 1347.71 1318.44 1900
(kcal) +96.7" +199.0 + 2593 + 1583 +90.8 =+ 2275 + 1446 +894 +131.4 +1249 +729 =+760 -2000
Protein 35.48 49.36 47.17 56.38 54.92 60.20 48.82 57.89 56.45 46.30 55.72 52.35 55
(8 + 440 =+£805 +£1059 +9.71 +549 +£501 £596 +451 +525 +445 +300 =450
Fat (g) 24.53 29.26 28.87 37.69 40.87 40.36 30.09 38.15 33.98 30.47 36.85 31.69
g +401 £578 +£925 +684 +£509 +385 +462 +357 +510 +£512 +378 =+ 3.24
Carbo 168.80 211.58 187.22 24444 19582 25196 189.68 22131 220.06 191.18 200.61 206.93
hydrate (g8) + 14.44 + 3426 + 34.69 + 29.14 + 1477 + 25.87 + 2541 + 2541 +19.82 + 1839 + 11.33 + 11.30
114 489.5 428. 406.3
Calcium 3169 465.5 401.5 365.6 407.0 454.0 455.2 (512” 4 1989 5) 319.1 a ]823 4) (11063) 700
+ . + . + . + K + K + K +72. ) : + . ) )
(mg) +623 +£773 £593 +414 +370 +486 +725 478 +584 + 48.3 £307 +419
Phosphate 528.85 82750 74572 810.76 83321 888.70 775.05 936.60 920.06 650.17 841.11 755.78 700
(mg) + 613 1134 +£1360 +1049 +64.7 +61.72 +£+96.8 +580 +582 =+540 +415 =+ 56.1
Iron 6.15 10.41 927 9.51 8.69+ 10.18 7.81 9.43 9.12 6.81 9.27 8.12 12-16
(mg) + 066 +234 +£229 +159 070 +114 +085 +060 +071 +068 =+046 =+ 082

1) G1 = Control group, G2 = Exercise group, G3 = Calcium supplementation group, G4 = Exercise + Calcium supplementation group.
2) 1st = Before, 2nd = After 3months, 3rd = After 6months

3) Mean = Standard error

4) RDA = recommended dietary allowance

( ): Added Calcium supplementation (700 mg/person)

700 - | 250 T-cholegterol
600 .
500 o - o
® — - (|- a2 = 200 —— G2
400 b ~ G3 B
200 E% - G4 £ 150 —h— G3
200 : i . , “
st 2nd 3rd 10 o o
Fig. 1. Calcium intake of subjects. Fig. 2. Serum Total cholesterol of subjects.
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TR HHE & 7 V] W&ol #¥d 9% H37 o9 o p
g1 Atgdr), 53], Za4#E 116.7~913.10 mge] ¥ . 2
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(Fig. 29 Aol 25 T AGASAT vLRS
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Fig. 3. Serum total protein of subjects.
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Table 4. Serum level of subject

, G1" (h=9) G2 (n = 10) G3 (n=12) G4 (n = 14) Normal

Variable 5 ”
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd st 2nd 3rd Value

Al- 4.27 394 4.48 385 4.27 437 4.06 4.55 4.22 4.68 4.76 451 3.5
bumin  + 034 +031 +0.17 +048 +025 +0.14 +0.32 +0.18 +0.24 +016 +£020 +016 -55
Cal- 810 844 950 850 926 947 779 921 910 853 952 1497 85
cium + 0.53 +047 +025 +02 +041 034 + 0.40 + 020 + 022 +014 +031 +520 -10.2
T?;:in 7.95 7.48 7.48 8.22 8.23 7.42 7.63 8.10 7.15 8.10 7.15 767 - 60
p(g/dl) + 0.50 + 061 + 037 + 015 +038 +0.18 + 051 £ 112 +0.30 + 033* +030* +£023 -80

Total

chole  170.66 175.717 20840 166.57 197.50 215.25 165.80 181.18 183.75 187.27 20207 187.71
sterol + 10.27** + 3896 + 16.19** + 8.98** + 1582 + 11.67** + 15.81* + 1096 + 13.27** + 8.12** + 9.47** + 20.06
(mg/d)

130-200

Z;'rgi:jis 93.11 9828 10060 12771 10855 129.87 12130 12063 11575 8718 9071 13445 10
gy T7V ETITB 124 247 £1985 £2045 $2657 1847 22554 £619 £905 £1226 -160

1) G1 = Control group, G2 = Exercise group, G3 = Calcium supplementation group, G4 = Exercise+Calcium supplementation group
2) 1st = Before, 2nd = After 3months, 3rd = After 6months

3) Mean =+ Standard error

4) Normal Value = Standard of Korea

*: Significance of p < 0.05, *+: Significance of p < 0.005

Table 5. Serum osteocalcine levels of subject

Gl"(h=09) G2 (n = 10) G3 (h=12) G4 (n = 14) NV
1st” 2nd 3rd Tst 2nd 3rd Tst 2nd 3rd Tst 2nd 3rd ’
Osteo 4.80 9.32 8.20 3.84 8.43 8.28 7.30 13.66 14.77 5.10 7.03 13.13
calcine +1.15" £1.00 153 +085 133 +261 +189 £239 +214* £091 097 =504
1} G1 = Control group, G2 = Exercise group, G3 = Calcium supplementation group, G4 = Exercise+Calcium supplementation group.
2) ist = Before, 2nd = After 3months, 3rd = After 6months
3) Mean =+ Standard error
+: Significance of p < 0.05

Variable

-~ 25

Zrgo) 23 50 8F FA4XF (T.OY Sd26HE Ostoocalcin
(cholesterol)& ¥&tla Bixe] gloy 2 G 20

ZFAE S5 HYJYE Aol F FUHEY i5 i +
= (DY _ : : o pme= o E / /
X7} vrolAt}. Total-Protein (Fig. 8)& RETA ® 10

= —
$49 A%S Yehion}, 24 R3TAN f9%0z 2 50

7t (p <0.05)8E Yty Aastdedl ol & 0 Tst | 2nd ‘ 3rd
4T o dRFS ol EFoR A3 A Fof @] |—o— Gl - G2 —— G3 G4 |
dAH o F7H3E Aoletn AZte},

LBYYNER

234 AFQ Osteocalcined ZZ A XA vl K
of o8] FAH+= 714 22 non-collagenous protein®]
W, 1715 Zen 499 WMo A4S sem 2
Fa FR0) g3t ZEAF 7 $715HE Osteocalcine
o] F7kstn, wetA, THE F78H g, £ AT e
Fig. 491A s} o] BE FolA 234 A EQ Osteocal-
cineo| F7t8ke A¢E BAFAY. 53, ZEgR I TN

Fig. 4. Serum osteocalcine levels of subject.

FEsHA F18he S BYouR AFv|Ttel A d
FoRE 7t AgE} Qlvke Ae 12{ste] Table
59 AAE AL 6708 F2 T-testdtd] & A3 ZwR
Z79lA Osteocalcineo] 9402 Z71% (p <0.05)
€ BAFQY. =8, ZdEREn $58 4P FAAE
¥l A% BIAR Fo oA ). 1B,
Zgg AL W T FAXEQ Osteocalcine©l F7t
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Table 6. BMD (Bone mineral density) of subjects

) G1" (n=9) G2 (h =10 G3 (n =12) G4 (n = 14)
Variable 5
Pre Post Pre Post Pre Post Pre Post
12-14 099+ 005" 1.00+ 008 099 + 004 1.02+004 094+ 004 103+ 005 1.03+003 104+0.03
Neck 0.86 = 0.04 077 +£004 084 +002 083 +002 079+ 002 080=+004 085+002 086002
Trochanter 0.68 + 0.04 062 = 004 065+ 003 067 + 006 064 £002 066+ 003 068 +002 069 %002

Ward's i 0.72 + 0.05* 0.58 = 0.02* 0.69 + 003 071 £ 004 063 +0.03 064 £005 073 +002 072+ 002
1) G1 = Control group, G2 = Exercise group, G3 = Calcium supplementation group, G4 = Exercise + Calcium supplementation group.
2) Pretest = Before, Posttest = After 6months

3) unit = g/lem’

4) Mean + Standard error

*: Significance of p < 0.05

1.05 12-L4 BMD 0.7 Troch BMD
! . 0.651
£ €
g 095 5}
@ o 06
0.9
0.85 . - 0.55 i i
Gt G2 G3 G4 G1 G2 G3 G4
’ [J pPe R Post j [ O rre R Post—’
Fig. 5. Lumbar spine (L2-L4) of BMD. Fig. 7. Trochanter of BMD.
09 r Neck BMD 08 Ward's BMD
0.85 0.6
e )3
g 08+ g 0.4
075 | 0.2
0.7 0
G1 G2 G3 G4 G1 G2 G3 G4
’ []pe [ Post J | [1 pre B Post ]
Fig. 6. Neck of BMD. Fig. 8. Ward's triangle of BMD.
3 2E B 4 Y. Table 601419} 2o} 8FF (L2-LY)Y A4l ZE Tl
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Q¥R 28L £
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A FUErt sk S vehdn. 22y, g2
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T Hol Fon, Zhzte] B9 FHUE I ZE Fig.
5.6, 7, 8] RSP, 19ug B dF9 AF7)|7ko)
gokths AL aEdo 4z £& A2 6/4dF 2
B2 T-testE 3 & A%} dz7e] 3% 94 24x0
M LEZ QEHT Y= A% (Ward's Triangle)®] 232
7t frelF ez 24 (p <0.05)8E B T o)A
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o) A% 7.3%, MEEF B 6.0%, A= AAFlM=
11.3%9 U&7t #2800 22y, & d7edAe
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