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Abstract The purpose of this study was to develop a simple and easy predictive model of
leg, spine and whole body bone mineral density (BMD) from anthropometric, physical fitness,
body composition and quantitative ultrasound (QUS) variables. Participants were 138 Japa-
nese overweight and obese men (50.9 + 9.6 yr, body mass index [BMI] 29.1 + 2.6 kg/m®). We
measured anthropometric variables (height, weight, BMI, chest, waist, hip, upper arm, thigh
circumferences), physical fitness (grip strength, side steps, vertical jump, forced vital capacity),
body composition (fat-free mass) and QUS. BMD was measured by dual energy X-ray absorp-~
tiometry. Multiple linear regression analyses showed that all predictive models for BMD were
significant. As a result, the predictive model for leg BMD showed the highest model fitting.
The Bland & Altman approaches demonstrated the (positive or negative) systematic error even
though most plots were placed within ideal range. Predictive model from physical fitness, body
composition and QUS would be useful for estimating whole body and regional BMD. Because
these predictive models are likely to have some systemic errors, further research is needed to

improve the predictive accuracy.
Jpn J Phys Fitness Sports Med, 61(2): 243-249 (2012)
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Table 1. Characteristics of the participants (n = 138).

Age and anthropometric variables Mean =+ SD Min  Max
Age, yr 509 = 96 30 71
Height, cm 1686 = 54 157.1 1806
Weight, kg 828 = 100 625 1092
Body mass index, kg/m?* 29.1 = 26 251 370
Chest circumference, cm 1029 = 59 923 1244
Waist circumference, cm 995 = 69 847 1216
Hip circumference, cm 1015 = 54 898 1236
Upper arm circumference, cm 344 + 22 274 411
Thigh circumference, cm 587 = 40 50.7 68.0

Physical fitness and body components
Grip strength, kg 460 = 70 30.1 649
Side steps, times/20seconds 366 = 85 14 52
Vertical jump, cm 433 = 83 170 590
Forced vital capacity, ml 3712+ 589 2180 5410
Fat-free mass, kg 593 + 6.7 44 4 76.8

Quantitative ultrasound
Speed of sound, m/s 1573 = 29 1499 1678
Transmission index, s 1.167 = 0.125 0749 1.691

Dual energy X-ray absorptiometry
Leg bone mineral density, g/cm? 1356 = 0.121 1.123  1.731
Spine bone mineral density, g/cm® 1233 + 0.160 0853 1.649
Whole body bone mineral density, g/cm? 1242 = 0.098 1.026 1.521

Mean = SD (standard deviation).
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Table 2. Pearson's correlation coefficients (r) between selected variables

and bone mineral density (n = 138).

Variable L BMD SBMD W BMD

Age - 27 % 07 -24 *
Height 35 * 20 * 3o
Weight 47 F 23 * 47 *
Body mass index 37 * A7 0 39 %
Chest circumference 37 % 13 37
Waist circumference 26 * .10 26 *
Hip circumference 36 F 12 34 *
Upper arm circumterence 24 11 28 *
Thigh circumference 39 * 09 37 *
Grip strength 30 * 14 30
Side steps 20 * -.05 15

Vertical jump 24 F 01 18 *
Forced vital capacity 10 -03 .08

Fat-free mass 48 * 30 * 48 *
Speed of sound 48 * 37 * 54 F
Transmission index 33 A7 0F 28 *

BMD: bone mineral density; L BMD: leg BMD: S BMD: spine BMD; W BMD:
whole body BMD: Significant correlation coefficient among each bone mineral
density and selected variables (*: P < (0.05).

Table 3. Multiple linear regression analyses with stepwise method for predictive
models of leg. spine and whole body bone mineral density (n = 138).

_ Regression g pypye  SEE AdR’
Independent variables coeficients (glem’)
Leg BMD Fat-free mass 012 669 0001 089 43 46
Speed of sound 002 396 0001
Upper arm circumference -017 =300 0001
Vertical jump 003 213 0001
Forced vital capacity -003  -166 0001
Intercept -1.348
Spine BMD Fat-free mass 012 514 0001 137 29 26
Speed of sound 002 349 0001
Waist circumference -006  -271 0001
Age 004 266 0001
Intercept -2.044
Whole-body BMD  Speed of sound 002 471 0001 072 A6 45
Fat-free mass 006 419 0001

Intercept -1.562

B: standard partial regression coefficient; SEE: standard error of estimate; AdjR%:
adjusted R squared; BMD; bone mineral density.
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