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The Relationship of Exercise to Bone Mineral Density of
' Korean Women in Taegu
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ABSTRACT

The relationship between exercise and bone mineral density(BMD) was investigated in 153
healthy women. The BMD of lumbar spine, femur(neck, ward's triangle, trochanter) and total
body was determined by dual energy X-ray absorptiometry in a group subjects(65) aged 19 — 59
years who had been exercising(swimming or acrobic dancing) regularly for at least 2 years as
well as in a similar group of nonexercising control subjects(88). Weight, height, total lean body
mass(=weight-total fat body mass-bone mineral content), animal and meat Ca, Ca index, en-
ergy expenditure, BMD, PYD/Cr were significantly higher in the exercisers than the controls.
There were significantly negative correlations between age, ALP and osteocalcin and BMD, but
significantly positive correlations between weight, BMI, total fat body mass and total lean body
mass and BMD. Stepwise multiple regression analysis revealed that total lean body mass may be
a better independent predictor to BMD than total fat body mass. The nutrient intakes were
more closely related to BMD in the exercisers than the controls, but energy expenditure was
more closely related to BMD in the controls than the exercisers Stepwise multiple regression
analysis revealed that BMD was closely related to menopause, osteocalcin, age, weight in both
groups but energy intake in the exercisers alone, energy expenditure in controls alone. In
premenopausal women, the exercisers had significantly greater BMD than the controls. But, in
postmenopausal women, no significant difference between two groups was detected. When
compared to BMD of the subjects with same age range to minimize the effect of age, aerobic
dancing appears to be capable of exerting a positive effect on BMD .in a group of subjects aged
19 ~ 44. However, no relationship of the swimming to BMD could be identified in a group of
subjects aged 37 —59. The results of this study suggest that the usefulness of exercisng appears
to be significantly greater in premenopausal women than postmenopausal women and weight
bearing activity, aerobic dancing is associated with increasing BMD at the weight bearing sites
and could be beneficial in the prevention of bone loss. But the uscfulness of swimming on
bone should be further investigated. (Korean J Nutrition 29(7) : 806~ 820, 1996)

KEY WORDS : bone mineral density(BMD) - exercise - aerobic dancing - swimming - energy
expenditure.
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Table 1. Age, physical characteristics, bone marker, bone mineral density of the groups - (age range ; 19-59)
. Controls (n=88) Exercisers (n=65)

Variable Mean D Mean D P value
Agelyr) 39.99 12.04 39.58 12.26 NS
Height(cm) 155.74 5.33 158.05 493 .007
Weight(kg) 54.31 7.50 58.42 .69 .001
BMI(kg/m?) 22.46 3.40 23.38 2.51 NS
WHR 79 .07 79 .05 NS
TFBM(g) 16538 5720 18048 5128 NS
TLBM(g) 34956 2815 36774 5347 : .007
Fat% 31.4 6.5 329 8.9 NS
ALP(IU/ 1) 61.9023 20.023 57.0323 23.788 NS
Osteocalcin(mg/ml) 4.4582 1.954 4.1294 1.896 NS
PYD/Cr{nmno/nmolCr) 82.2849 112.476 39.0105 18312 .000
BMD(g/ew) LS 1.1125 152 1.1880 177 .005

FN .8581 142 9195 146 .010
WT .7850 173 .8523 184 .022
TC .8105 162 .8039 .148 NS
TB 1.1102 .084 1.1479 A1 ©.018
BMI : body mass index WHR : waisthip circumference TFBM : total fat body mass
TLBM : total lean body mass ALP : alkaline phosphatase PYD/Cr : pyridinoline/creatinine
BMD : bone mineral density LS : lumbar spine FN : femoral neck
WT : ward's triangle TC : trochanter TB : total -body
TLBM(g)=weight(g)-TFBM(g)-bone mineral content(g) Fat%={TFBM /(TFBM+TLBM) * 100)
Table 2. Nutrient intake, Ca index, energy expenditure of the groups (age range ; 19-59)
Variable Controls (n=88) Exercisers (n=65) P value
Mean SD Mean SD
Daily nutrient intake
Energy(kcal) 1890 370 1943 560 NS
CHO Yokcal 63 7 64 9 NS
® 296 57 309 91 NS
Protein  %kcal 17 17 17 3 NS
® 80 21 82 31 NS
animal 29 11 33 18 NS
plant 51 - .15 49 18 NS
Fat %kcal 20 5 19 7 NS
(g) 43 15 42 21 NS
Calcium (mg) 762 183 757 T217 NS
animal Ca 198 79 239 108 .008 -
dairy 95 66 124 74 014"
meat 103 47 115 75 NS
plant Ca 564 156 518 162 NS
fron(mg) 17.8 45 17.7 5.7 NS
Vit A (R.E) 1366 385 1308 428 NS
Vit By(mg) ' 1.0 2 1.1 3 NS
Vit Bymg) 1.2 4 1.2 5 NS
Niacin(mg) 19.3 38 19.4 5.8 NS
Vit C (mg) 54.4 17.2 58.3 194 NS
Ca index
Ca index 207 65 232 82 .040
Energy expenditure :
EE (kcal) 2229 393 2366 320 022

Ca index : Ca intake * frequency CHO : Carbohydrate EE : nergy expenditue
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Table 3. Correlation coefficients(r) between age and bone mineral density in groups (age range ; 19 -59)
Group LS FN WT TC TB
Controls — 48¥* -.16" — 36HHx - .23* —.20™
Exercisers — 44x* — .55%** — 58 — 45%** T

*p <.05 **p <.001 NS : not significant

Table 4. Age adjusted partial correlation coefficients(r) of physical characteristics and bone marker with bone mineral

Group Variable LS FN WT TC B

Controls Height 08" .08 02% 09" —-.02™
Weight A8*** 4OFxx A5%* 19 H1***
BMI X Ao*** T A7 o2
WHR 24* A 3o 22% 43rex
TFBM A7 A8rx* A46*H* 16™ 60+
TLBM 34xxx 360 30** . .20M T
Fat% 40 Jorex R ha .05 H3HEx
ALP —.32% — .29 - .33 -.09™ — 37%k*
Osteocalcin —.38%** — 31+ —-.33% -.10™ — 50%**
PYD/Cr 22% .08" 13 -.01™ 9™

Exercisers Height 3% .26% 09" a1 a3
Weight 31 40 27* 14 A1
BMI .30* 33 27* a1 N
WHR .20M 16" 19 a1 23
TFBM 26% .26% 22 .05™ Joxxx
TLBM 22M .23 10 a1 26%
Fat% 10 16" 9™ 03" 20
ALP —.64¥** - 31 —.38* —-.19% — H2¥*
Osteocalcin —.58*** —.39* — 4% -.19" —.p2¥**
PYD/Cr -11% 03% -.10™ 01% -1

*p < .05 **p < .01 ***p < .001 NS : not significant
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Table 5. Multiple linear regression models predicting skeletal densities at selected sites, using total fat body mass(TFBM)

and total lean body mass(TLBM) (age range ; 19-59)
Site Predictors B SE B B sigT R?
Controls
LS TLBM 1.56E-05 5.64E-06 .2866 .0071 .082
Constant 5693 1976 .0050
FN TLBM 1.45E-05 5.39E-06 .2880 .0085 9
TFBM 5.74E-06 2.65E-06 2316 .0331
Constant .2560 1755 1484
WT TLBM 1.85E-05 6.31E-06 3013 .0043 091
Constant 1382 2214 ] .5343
T8 TLBM 8.94E-06 3.08E-06 2994 .0047 .248
TFBM 4.31E-06 1.51E-06 2936 .0055
Constant 7263 1003 .0000
Exercisers
LS TLBM 1.09E-05 3.94E-06 3291 .0074 108
Constant .7873 1464 .0000
FN TLBM 9.87E-05 3.21E-06 3632 0032 132
Constant 5564 1195 .0000
WT TLBM 9.27E-05 4.17E-06 2715 .0300 074
Constant 5111 1552 0016
T8 TLBM 7.53E-05 2.43E-06 3639 .0029 132
Constant 8711 .0902 .0000

Table 6. Age adjusted partial correlation coefficients(r) of nutrients intake, Ca index and energy expenditure with bone

mineral density (age range ; 19-59)

Group Variable LS FN WT TC 1B

Controls Plant Ca 5% 14 2% 21 4%
Vit B, .24* 10 o7 07 25%
EE 3oxe* 47X AYFR* 8™ ATHR*

Exercisers Energy 24 32%* .24 .24 )
CHO() 24 22 18" 1 25%
Protein(%) 15N a7 2% 14N 26*
() 21 30* 22M 22 .30*
Animal 5% 25% 16 16 21
Plant 21 27* 22 228 31*
Fat(g) 14 33 23 20 .25%
Meat Ca 4% 26% A7 16" 19
Iron 14" .26* 15N 228 24"
Niacin 22 27 .20M 23" 27*
EE 148 A 2M o7 27*

*p< 05 *p<l01 **p<001 NS: notsignificant CHO : Carbohydrate  EE : Energy expenditue
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(age range ; 19-59)

Group site Independent variable B SE B B SigT R?

Controls LS Menopause(no : yes) -.1536 .0396 - 4275 .0002 .500
Weight .0076 .0018 3722 .0001
Age -.0042 .0015 ~.3356 .0063
Constant 9049 0870 .0000

FN Weight .0049 .0024 2592 .0441 336
Menopause(no : yes) -.1290 0301 ~.3834 .0000
EE 9.06E - 05 4.58E - 05 2512 .0510
Constant 4192 .0926 .0000

WT  Menopause(no : yes) -.0790 .0505 -.1926 1217 374
EE 8.47E - 05 5.45E-05 1927 1239
Age -.0061 .0019 -.4216 .0023
Weight .0073 .0030 3159 .0189
Constant 4608 1108 .0001

TC Menopause(no : yes) -.1001 .0409 -.2563 .0166 .066

Constant 8324 0191

TB Osteocalcin -.0084 .0040 -.1951 .0405 .538
Weight .0054 8.67E - 04 4827 .0000
Menopause(no : yes) -.0833 .0185 -.4175 .0000
Constant .8728 .0537 .0000

Exercisers LS Menopause(no : yes) -.1979 .0407 —.4747 .0000 494
Osteocalcin -.0343 .0091 -.3679 .0004
Constant 1.3755 0386 .0000

FN Age -.0067 .0011 -.5578 .0000 505
Weight .0048 .0022 2260 .0309
Energy intake 5.97E-05 2.41E-05 2291 .0160
Osteocalcin -.0156 .0079 -.2037 .0522
Constant 8541 1517 .0000

WT  Age -.0086 .0014 -.5634 .0000 483
Osteocalcin -.0316 .0090 —-.3280 .0009
Energy intake 5.43E-05 3.06E-05 1658 .0815
Constant 1.2144 0875 .0000

TC Age -.0058 .0014 -.4717 .0001 252
Energy intake 5.74E - 05 2.93E-05 2177 .0546
Constant 9194 0762 .0000

B Osteocalcin -.0309 .0050 -.5301 .0000 .559
Age -.00397 .75E-05 —-.4334 .0000
Energy intake 4.35E-05 1.69E - 05 2206 0127
Constant1 3458 0481 .0000

Multiple linear regression models predicting skeletal densities at selected sites,

menopause, energy, protein, calcium intake and energy expenditure(EE)

using age, weight, WHR, osteocalcin,
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Table 8. Characteristics of exercising and control women by menstrual status (age range ; 19-59)
Controls Exercisers
Variable Mean D Mean o P value
Premenopausal women {n=68) (n=50)
BMD(g/em) LS 1.1639 125 1.2472 116 .000
FN .8840 128 9552 137 .004
WT .8255 157 9035 163 .010
TC 8324 165 .8354 147 NS
TB 1.1323 075 1.1808 .087 .002
Bone marker
ALP (IU/ 1) 55.95 14.52 50.52. 13.79 .043
Osteocalcin(mg/mi) 3.86 1.57 3.74 1.22 NS
PYD/Cr{nmd/nnaCr) 85.73 113.83 39.71 20.35 .006
Postmenopausal women (n=20) (n=15)
BMD(g/cn?) LS 9405 .098 .9908 205 NS
FN 7700 155 7919 105 NS
WT 6473 155 6694 131 NS
TC 7323 126 6914 .086 NS
TB 1.0349 068 1.0383 114 NS
Bone marker
ALP (IU/ 1) 82.15 23.10 78.73 35.57 NS
Osteocalcin(mg/ml) 6.50 1.79 5.44 2.98 NS
PYD/Cr(nmno/nnlCr) 73.56 109.76 36.69 8.72 NS
ALP : alkaline phosphatase PYD/Cr : pyridinoline/creatinine
BMD : bone mineral density LS : lumbar spine FN : femoral neck
WT : ward's triangle TC : trochanter TB : total body
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Table 9. Characteristics of nonexercising and swimming women

(age range ; 37-59)

Nonexercisers (n=49) Swimmers (n=32)

Variable Mean D Mean D P value
Agelyr) 49.29 6.40 49,97 591 NS
Height(cn) 153.59 4.70 156.56 4.38 .006
Weight(kg) 57.45 8.10 58.50 7.29 NS
BMI(kg/m?) 24.34 3.18 23.84 2.58 NS
TFBM(g) 19516 5624 19063 4899 NS
TLBM(g) 35107 2829 35526 6666 NS
Fat% 35.10 5.08 35.39 10.31 NS
ALP (IU/1) 68.84 21.65 64.25 28.39 NS
Osteocalcin(mg/mi) 4.69 2.35 4.33 2.38 NS
PYD/Cr(nmd/nmaCr) 80.92 122.52 35.60 8.58 .013
BMD(g/ew) LS 1.0696 166 1.1287 .202 NS

FN .8561 145 8532 130 NS
WT 7533 166 7611 163 NS
TC 7922 121 7495 121 NS
B 1.1077 .098 1.1103 118 NS
Energy intake(kcal) 1966 355 2008 525 NS
Protein(g) 84 22 83 27 NS
Calcium(mg) 805 179 760 204 NS
EE(kcal) 2334 417 2305 305 NS

BMI : body mass index
TFBM : total fat body mass
ALP : alkaline phosphatase
BMD : bone mineral density
WT : ward's triangle

EE : energy expenditure.

TLBM : total lean body mass
PYD/Cr : pyridinoline/creatinine
LS : lumbar spine

TC : trochanter

FN : femoral neck
TB : total body

Table 10. Characteristics of nonexercising and aerobic dancing women

(age range ; 19-44)

Nonexercisers (n=52) Aerobic dancers (n=33)

Variable Mean D Mean D P value

Agelyr) 31.56 7.40 29.52 7.38 NS
Height(cn) 157.27 5.01 159.48 5.06 .052
Weight(kg) 51.87 5.13 58.33 6.54 .000
BMI(kg/m) 21.02 2.56 22.94 2.40 .001
TFBM(g) 14330 4435 17063 5226 012
TLBM(g) 34735 2872 37983 3327 .000
Fat% 28.74 5.95 30.51 6.45 NS
ALP (IU/ 1) 53.79 13.86 50.03 15.77 NS
Osteocalcin(ng/m!) 3.92 1.26 3.94 1.29 NS
PYD/Cr(nma/nmiCr) 109.84 137.01 42.32 24.01 .001
BMD(g/em) LS 1.1675 1172 1.2455 1278 .05

FN 8765 .105 9818 1341 .001

WT 8407 .1609 9380 1614 008

TC 8326 1804 .8550 1543 NS

TB 1.1236 0687 1.1843 .0899 .001
Energy intaketkcal) 1823 348 1881 594 NS
Protein(g) 75 21 81 34 NS
Calcium(mg) 726 190 754 232 NS
EE(kcal) 2143 344 2426 328 .000

BMI : body mass index
TFBM : total fat body mass
ALP : alkaline phosphatase
BMD : bone mineral density
WT : ward's triangle

EE : energy expenditure.

TLBM : total lean body mass
PYD/Cr : pyridinoline/creatinine
LS : lumbar spine

TC : trochanter

FN : femoral neck
TB : total body
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