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Body weight, height and body composition are related to change
in bone mineral density in Pre- and Postmenopausal Women

Ji-Nam Shin*

Department of Physical Medicine and Rehabilitation
College of Medicine, Cheju National University, Jeju 690-756, Korea

Abstract

Objectives: The aim of this study was to determine the relationship between body composition and bone mineral
density (BMD), and to provide a concept of ideal body weight reduction.

Method: Total 2.128 women were included in this study and 961 of them were premenopausal and 1,167 were
postmenopausal. Body composition was measured by automatic analyser, and BMD by bone mineral densitometer at
L2, 3, 4, 5 vertebral body level.

Result: The prevalences of osteopenia and osteoporosis in premenopausal women were 23,8% and 1.6% respectively, and
those in postmenopausal women were 46.1% and 28.1%. Multiple logistc regression analysis showed that age was risk factor
for decreased BMD (Exp(B)=1.07 in premenopausal group and 1.16 in postmenopausal group) and weight was protection
factor (Exp(B)=0.92 and 0.95 respectively). Women with low Body mass index (BMI) were significantly more likely to
have low BMD compared to those with normal BMI (odds ratio(OR)=1.69 premenopausally, 2.11 postmenopausally). Muscle
and fat were positively correlated with BMD(premenopausally 1=0.293, 0.229 respetively, p<0.001, postmenopausally r=0.215,
0.214, p<0.01) after age adjusted. After body weight adjusted, waist-hip ratio (WHR) was negatively correlated with BMD
(pre 1=0.185, p<0.01, post r=0.293, p<0.05). Fat free mass, muscle, mineral were positively correlated with BMD in
normal BMI group, and fat % and WHR were negatively correlated in the same group, espetially postmenopausally.

Conclusion: Body weight reduction program should include comrehensive body compostion control to prevent osteoporosis.

Key words: osteoporosis, bone mineral density, body composition, weight reduction
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Table 1. Frequency of osteopenia and osteoporosis by T-score

S Premenopause Postmenopause Total
No. (%) No. (%) No. (%)
Osteoporosis <25 15 (1.6) 328 (28.1) 343 (16.1)
Osteopenia 25< ~<-1 229 (23.8) 538 (46.1) 767 (36.0)
Normal =>-1 717 (74.6) 301 (25.8) 1018 (47.9)
Total 961 (100.00) 1,167 (100.00) 2,128 (100.00)

T-score: Peak bone mineral density matched with young women reference.

Table 2. Frequency and odds ratio of osteopenia and osteoporosis by age

Abnormal Normal Total
Osteoporosis Osteopenia OR 95%CI
Age(yrs.) No. % No. % No. % No. %
30-39 2 06(06) 69 9.021.8) 244 24.0(77.6) 315  14.8(100.0) 1 -

40-49 17 49 27) 149 195(24.2) 448 44.0(73.1) 614  289(100.0) 131 (0.94, 1.81)
50-59 147 429(183) 370 48.2(46.2) 283 27.8(355) 800  37.6(100.0) 6.49 (4.76, 8.86)
60-69 150 43.7(41.4) 168 21.9(46.7) 42 41(11.9) 360 16.9(100.0) 2746 (17.83, 42.44)

70+ 27 79(69.2) 11 1.4(28.2) 1 0.1( 2.6) 39 1.8(100.0)  134.34  (19.24, 2677.66)
Total 343 100.0 767 100.0 1,018 100.0 2,128 100.0
Normal: T score >-1.  Abnormal: T score < -1. (Osteoporosis or Osteopenia)

OR: Odds ratio CI: Confidence interval
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Table 3. Bone mineral density by age

Age No.  Mean+S.D.(g/cir) Range(g/cm)

30-39 315 0.985+0.109 1.347~0.683
40-49 614 0.965+0.119 1.380~0.564
50-59 800 0.847+0.135 1.408 ~0.462
00-69 360 0.758+0.115 1.100 ~0.290
70+ 39 0.674+0.095 0.953 ~0.464
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Table 4. Multiple regression coefficients between non-dietary factors (age, weight, height) and bone mineral density in study subjects

Unstandardized coefficient

Standardized coetticient

Independent variables B SE. i t p-value
Total subjects: Model R™=0.391
Intercept 0.783 0.088 - 8.804 0.000
Age(yrs.) -0.009 0.000 -0.569 -31.328 0.000
Weight(kg) 0.004 0.000 0.216 11.773 0.000
Height(cm) ) 0.002 0.001 0.069 3.523 0.000
Premenopause: Model R™=0.138
Intercept 0.025 0.177 - 0.141 0.888
Age*Age(vrs.) 0.000 0.000 -1.340 -4.357 0.000
Height(cm) 0.002 0.001 0.089 2.647 0.008
Weight(kg) 0.004 0.001 0272 8.148 0.000
Age(yrs.) 0023 0006 1.140 3,702 0000
Postmenopause: Model R™=0.247
Intercept 0.751 0.126 - 5.949 0.000
Age(yrs.) -0.009 0.001 -0.376 -14.384 0.000
Height{cm) 0.002 0.001 0.083 2.849 0.004
Weight(kg) 0.004 0.001 0.213 7.428 0.000

Table 5. Multiple logistic regression coefficients between non-dietary factors (age, weight, height) and bone mineral density

in study subjects

Variable B S.E. Wald p-value Exp(B)

Premenopause

Age(yrs.) 0.0680 0.0150 20.6062 0.0000 1.0704

Weight(kg) -0.0812 0.0130 39.2862 0.0000 0.9220

Height(cm) -0.0089 0.0175 0.2597 0.6103 0.9911

B ) Constant 1.9695 2.7942 0.4968 0.4809 B

Postmenopause ‘

Age(yrs.) 0.1513 0.0153 97.7034 0.0000 1.1633

Weight(kg) -0.0414 0.0108 14.7314 0.0001 0.9595

Height(cm) -0.0274 0.0166 2.7226 0.0989 0.9730

Constant -0.8057 2.6462 0.0927 0.7608
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Table 6. Body composition and bone mineral density of
study subjects between premenopause and postmenopause

i Premenopause  Postmenopause

Voiables Mean+S.D. Mean+S.D.
Age(yrs.) 42.02+5.67 57.76+5.84 ***
Weight(kg) 56.55+7.89 58.08+7.77 H**
Height(cm) 157.49+4.94 154.8145.02 ek
BMI(kg/m’) 22.80+2.92 24214288 ***

Fat free mass(kg) 40.22+3.94 40.02+4.31

Muscle(kg) 37.8943.77 37.71+4.13
Fat(kg) 17.58+4.83 19.13£4.96 **
Fat% 29.97+4.69 31.84+4.68 ***
WHR 0.87+0.05 0.91+0.04 ***

Mineral(kg) 2.33+0.18 2.31+0.19
BMD(g/cir) 0.97+0.11 0.81+0.148 **x

R p<0.001, ** p<0.01
BMI: body mass index
WHR: Waist hip ratio

BMD: bone mineral density.
BMI: body mass index.
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Table 7. Odd ratio of osteopenia and osteoporosis by BMI index level

. BMD al
Midkg/mr) Mean+SD NoT.\JomaE’/e N:bnorm% SR 9% L

<20 0.928+0.106%* 88 62.9 52 37.1 1.69 (112, 2.54)
Premenopause 20-24 0.969+0.111 394 73.8 140 26.2 1 -

=24 0.990+0.121 235 81.9 52 18.1  0.63 (043, 0.91)

<20 0.72340.144%* 9 123 64 87.7 211 (098, 4.70)
Postmenopause 20-24 0.796+0.135 109 228 369 IT2 1 -

=24 0.833+0.133 183 29.7 433 703 070 (053, 0.93)

** p<0.01 by oneway ANOVA test.
BMI: body mass index.
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Table 8. Correlation coefficients between body composition and bone mineral density

=
Pal

e

Variables ~ BMD(Premenopause) BMD(Postmenopause) -
__ r T 2 I3 I I | &) I3
Age(yrs.) 0,16+ -(.43%%%
Weight(lg 027+ (.288%** 0.240* 0.31%F%  (.237%* 0.298%
Height(cm) 0.23#*F  (0.155*% 0.105 0.241% 0.27#  (.150% 0.229%* 0.293*
BMI(kg/m’) 0.16%**  0.238%*  -0.112 0.242* 0.20%*  0.197* -0.202%* 0.100%
Fat free mass(kg) 0.293%+* 0.115 0.247#%* 0.215%* 0.175% 0.421%*
Muscle(kg) 0.293*+* 0.114 0.246%* 0.215%+* 0.177* 0.425%%*
Fat(kg 0229  -(.115 0.123 0.214%*  -0.175% -0.034
Fat % 0.136* 0.111 -0.005 0.152 -0.161 -0298*
WHR 0.111 0.185%  -0.085 0.148 -0.293* -0.488%*
Mineral(kg) ().289%** 0.112 0.241* 0.172* 0.108 0.306%*
*op<0.05, ** p<0.01, ¥ p<0.001.
WHR: Waist hip ratio, BMI: body mass index.
1. Simple correlation coefficients ri; Partial correlation coefficients adjusted for age
r: Partial correlation coefficients adjusted for weight r3; Partial correlation coefficients in subjects with normal BMI
Table 9. Comparison of mean of bone mineral density by level of muscle and fat
ML@ET\\@E) <148 148212 >21.2
<35 0.962+0.087 0.931+0.115 0.880:0.020
Premenopause 35.0-40. 0.943+0.081 0.973=0.110 0.981+0.078
> 40 0.962+0.126 1.039+0.113 1.025+0.109
<35 0.761+0.124 0.759+0.135 0.810:0.068
Postmenopause 35.0-40.3 0.87410.161 0.830+0.145 0.825+0.171
=403 0.903+0.066 0.852=0.137 0.869+0.167

Mean=SD
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