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Osteoporosis is a disease that increases the fracture rates and a major cause of increased mortality and morbidity in
the elderly people. This study is to determine which components of body composition and metabolic syndrome risk
factors are important to bone health, we analysed the relationship among bone mineral density (BMD), body composition
and metabolic syndrome risk factors in females. Totally 630 females participated in a medical check-up program (mean
age 47 years) were selected for this study. Body composition analysis was performed by segmental bioelectrical
impedance method, muscle mass, and percent body fat were measured. We also measured metabolic syndrome risk
factors including abdominal obesity, HDL~cholesterol, triglyceride, blood pressure and fasting glucose level. Metabolic
syndrome was defined by NCEP-ATP 1II criteria. The lumbar spine and femoral neck BMD were measured using the
dual energy X-ray absorptiometry. Osteopenia and osteoporosis were observed in 180 and 51 persons, respectively.
Muscle mass and HDL-cholesterol decreased in osteopenia and osteoporosis groups compared to the control group, and
the grade was shown progressively by the symptoms. Significant positive correlation between BMD and muscle mass
was observed. Multi variable regression analyses showed that % body fat and muscle mass were independent predictors
of BMD after adjustment of age, height and weight. In conclusion, the BMD showed negative correlation with the
metabolic syndrome, and body composition was associated with BMD.
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Table 1. The results to determine the variables of the BMD, body
composition & metabolic syndrome risk factors

Age<50 Age=50 Total
Variables M=t SD M*£SD M*SD

N=396 (N=234) (N=630)
Age (vears) 40.0+6.2 576163  46.6%10.5
Height (cm) 1587451  1553+54 1574154
Weight (kg) 55.0+7.4 578+79  56.0+7.7
BMI (kg/m?) 21.8£28 239430  22.613.1
Obesity (%) 104.4+13.8 116.5+154 108.9%+15.6
% body fat 285%96 327493  30.1%9.7
Waist circumference 70466 769179 728178
Hip circumference 91369 927453  91.8%64
Waist hip ratio 0.77£0.06 0.83%0.06 0.79+0.06
Muscle mass 36.8+4.5 36.3+52 366148
Lumber spine BMD 1.18£0.13 102016 1.12+0.16
(g/em?)
Lumber spine T-score  0.49::1.11  -0.81+£1.27 0.00£1.33
Femoral neck BMD 0.96+0.12  090+0.12  0.94%+0.12
(g/em’)
Femoral neck T-score 0243098 -029+1.01 0.04+1.03
Systolic BP (mmHg)  989+126 11201183 103.8+16.2
Diastolic BP 65.81+9.2 722+112 68.1%104
(mmHg)
Glucose (mg/dL) 84.7£79 9451198 884+%14.4
Hemoglobin A (%) 54403 5.7+0.6 54105
WBC (X10%/mm”) 560+14  550+14 55614
Total-cholesterol 180.1+27.3 208.1£34.7 190.5%+33.1
(mg/dL)
Triglyceride (mg/dL)  87.31%529 133.3180.8 104.41683
i—rli)gli(iil;olesterol 61.5+124 564%13.9 50.6+132
%;Sgl/ﬁch)olesterol 106.0+23.8 127.7+32.0 114.1429.1
Alkaline 172.8+£54.2 234.81+764 1958170.0
phosphatase (IU/L)
Uric acid (mg/dL) 4.0+0.9 44%1.1 4.2+09
Calcium (mg/dL) 94104 9.61+0.4 9.5%04
Phosphorus {mg/dL} 3.8+0.8 4111 3.9+09

M= SD: mean * standard deviation, N: number of tested female,
BMI: body mass index, BP: blood pressure, BMD: bone mineral
density, WBC: white blood cell, HDL: high density lipoprotein,
LDL: low density lipoprotein
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Table 2. Comparisons of the body composition & metabolic syndrome risk factors according to the BMD status in female

Normal

Osteopenia

Osteoporosis

Variable M SD M SD M+ SD £ P
N 399 180 51
Age (years) 4311484 50.3£10.5 61.1482 110.885 <0.001
Height (cm) 158.7+4.9 1558156 153.6£5.6 33.565 <0.001™
Weight (kg) 56.5%7.6 554%7.9 54,3482 2.542 0.080
BMI (kg/m?) 22543.0 229432 23.0£3.1 1.410 0.245
Obesity (%) 10744147 1110169 113.0£16.2 5179 0.006
% body fat 296199 30.6:£10.2 31.5+4.1 1211 0.299
Waist circumference 72.0£72 73.748.7 764176 9.006 <0.001
Hip circumference 923468 91.7£538 90.7+4.7 1.029 0.358
Waist hip ratio 0.78+0.06 0.80£0.07 0.84+0.06 22702 <0.001
Lumber  Muscle mass 37.3145 35.8+5.4 33.9+3.8 14.885 <0.001"
spine L-spine BMD (g/cm?) 1.22+0.10 0.9910.07 0.81+0.07 685.864 <0.001
L-spine T-score 0.7910.84 -1.02+0.52 2541057 695.612 <0.001
Femoral neck BMD (g/cm?) 0.99+0.11 0.8710.09 0.77£0.93 157378 <0.001
Femoral neck T-score 0.46:+0.88 -0.5110.75 -1.3440.78 158.375 <0.001
Systolic BP (mmHg) 101.4414.8 106.4+17.5 11344174 16.543 0.001
Diastolic BP (mmHg) 6721103 68.9110.3 72.8%107 7275 0.001"
Glucose (mg/dL) 86.3£9.0 91.1£19.6 9534217 13.959 <0.001
Total-cholesterol (ng/dL) 185.4131.8 197.5+34.1 206.2431.3 15.096 <0.001™
Triglyceride (mg/dL) 97.1£63.4 107.870.6 149.0180.1 13.902 0.001
HDL-cholesterol (mg/dL) 6024130 604+13.8 526+11.1 8.008 <0.001™
LDL-cholesterol (mg/dL) 110.04:27.8 118.9430.3 128.7427.7 13.435 <0.001™
N 250 306 74
Age (years) 423181 472+10.0 584+10.5 85.795 <0.001
Height (cm) 159.3%5.1 156.9+5.1 153.3%5.0 41.899 <0.001"
Weight (kg) 573177 555+7.8 53.817.1 7.234 0.001”
BMI (kg/m?) 226428 22,6432 229+32 0.401 0.670
Obesity (%) 107.8+14.0 108.9+162 11294174 3.129 0.044™
% body fat 2991115 295454 32.9%15.0 3.604 0.028"
Waist circumference 72.0+6.7 73.0£8.1 749494 4,143 0.016
Hip circumference 92.115.1 92.0+7.7 90.3443 2.537 0.080
Waist hip ratio 0.78%0.05 0.79+0.07 0.8310.09 16.496 <0.001
Femoral Muscle mass 38.0+4.9 36.0+3.6 347472 19.740 <0.001”
neck L-spine BMD (g/cm?) 1.2440.11 1.08+0.13 0.9140.14 235.863 <0.001
L-spine T-score 0.941+0.90 -0.341+1.06 -1.71+1.13 232.845 <0.001..
Femoral neck BMD (g/cm?) 1.05+0.08 0.891+0.07 0.75+£0.67 521.915 <0.001™
Femoral neck T-score 0.94+0.65 -0.3240.61 -1.500.61 529.648 <0.001"
Systolic BP (mmHg) 100.8+13.1 104.4+16.3 111.3421.8 12.848 <0.001
Diastolic BP (mmHg) 66.8+9.8 68.6+10.0 70.8+13.2 4.790 0.009™
Glucose (mg/dL) 86.719.3 8791124 96.0£27.9 12.685 0.001
Total-cholesterol (mg/dL) 185.1£32.0 191.6:£32.9 204,3::34.0 10.142 0.001™
Triglyceride (mg/dL) 9224544 109.61+77.1 123.6165.6 7989  <0.001
HDL-cholesterol (mg/dL) 60.6+132 59.3+12.9 5774144 1.620 0.199
LDL-cholesterol (mg/dL) 110.0428.5 114.6+28.8 125.5429.3 8.369 <0.001™

*P<0.05, **P<0.01
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Table 3. Correlations of BMD (g/cm?) and Body composition,
metabolic syndrome risk factors

Age<50 Age=50  Total

Variables (N=396) (N=234) (N=630)
Age (years) 0006 03937  -0470"
Height (cm) 0.149" 0318  0325"
Weight (kg) 0262 02047 0153
BMI (kg/m?) 0206"  0.164°  -0.005
Obesity (%) 0.169" 0072  -0.075
% body fat 0.127° -0.011  -0.040
Waist 0.094 0093  -0.117"
circumference
Hip 0.156" 0214 0.099"
circumference
Waist hip ratio 0010 0036 02207
Lumber Muscle mass 02657 02377 0243"
SPI® Systolic BP 0003 0051  -0205"
(mmHg)
Diastolic BP 0044  -0017  -0.129"
(mmHg)
Glucose (mg/dL) 0079 0116 01917
Total-cholesterol ~ -0.043 0033  -0.201"
(mg/dL)
Triglyceride 0042 0030  -0.185"
(mg/dL)
HDL-cholesterol ~ -0.082 0.096 0.084"
(mg/dL)
LDL-cholesterol ~ -0.011 0016  -0.170"
(mg/dL)
Age (years) 0077  -0482" -0279"
Height (cm) 0.038 0303 0204
Weight (kg) 0361 03477  0295"
BMI (kg/m?) 03677  0216"  0.197"
Obesity (%) 0343 01357 0.139"
% body fat 0.197" 0050 0.047
Waist 0250  0.1697  0.091"
circumference
Femoral Hip 0178 02857 01757
neck circumference
Waist hip ratio 0.140" 0013 0029
Mauscle mass 0319  0220"  0279™
Systolic BP 0.140" 0011  -0.036
(mmHg)
Diastolic BP 0.162"  0.017 0.018
(mmHg)
Glucose (mg/dL)  0.164™  -0.031  -0.043
Total-cholesterol 0.047 0.067 -0.052

(mg/dL)

Table 3. Continued

Age<50 Age=50  Total

Variables (N=396) (N=234) (N=630)
Triglyceride 0.128° 0032 0007
(mg/dL)
Femoral HDL-cholesterol  -0.146"  0.008 0.032
neck (mg/dL)
LDL-cholesterol  0.073 0.051 -0.033
(mg/dL)

*P<0.05, **P<0.01
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(Table 3).
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Table 4. Multiple regression analysis with BMD as the dependent variable

Variable Age<50 Age=50 Total
B P-value B P-value B . P-value
Age (years) 0.009 0.873 0.365 <0.001 0371 <0.001
Height (cm) 0018 0.958 0.262 0.533 0.072 0.730
Weight (kg) 0.837 0.144 0.035 0.963 0.642 0.061
BMI (kg/m’) -0.090 0.832 1.201 0.057 0.398 0.229
Obesity (%) 0.116 0.843 -0.686 0.290 -0.410 0.251
% body fat 1.204 0.002 1319 0.134 0.980 0.001
Waist circumference 0.571 0.034 1312 0271 0.142 0.185
Waist hip ratio 0272 0.194 0.910 0.315 0.209 0.235
i‘p‘fﬁe"“ Muscle mass 0.208 0.045 0.196 0.143 0.162 0.023
Systolic BP (mmHg) 0.106 0.168 0.144 0.173 0.034 0.565
Diastolic BP (mmHg) 0.102 0.183 -0.148 0.168 0.031 0.584
Glucose (mg/dL) 0.052 0333 -0.042 0.519 -0.024 0526
Total-cholesterol (mg/dL) 0.116 0.515 -0.083 0.541 -0.022 0.822
Triglyceride (mg/dL) 0.108 0.126 0.053 0.502 -0.032 0497
HDL-cholesterol (mg/dL) -0.069 0.452 0.112 . 0.178 0.025 0.631
LDL-cholesterol (mg/dL) 0.039 0.805 0.069 0.606 0.056 0.534
R’ 0.121 0.282 0297
Age (years) 0.022 0.695 <0485 <0.001 -0.360 <0.001
Height (cm) 0.221 0513 20.148 0.711 0457 0.040
Weight (kg) 0.749 0.181 1.011 0.164 1.175 0.001
BMI (kg/m?) 0.267 0521 0.497 10401 0.349 0.321
Obesity (%) 0201 0.724 20.554 0365 0.718 0.059
% body fat 1.227 0.001 1.879 0.024 1313 <0.001
Waist circumference 0252 0.337 1817 0.106 0.032 0.894
Waist hip ratio 0.085 0.679 -1.321 0.122 0.022 0.906
i:g‘fral Muscle mass 0.380 <0.001 0.175 0.166 0.022 <0.001
Systolic BP (mmHg) 0.014 0.856 0.171 0.086 0.011 0.861
Diastolic BP (mmHg) 0.072 0.336 0.136 0.181 0.066 0278
Glucose (mg/dL) 0.074 0.158 0.013 0.833 0.010 0.808
Total-cholesterol (mg/dL) 0.085 0.626 0.101 0432 0.086 0412
Triglyceride (mg/dL) -0.014 0.842 0.021 0.780 0.007 0.882
HDL-cholesterol (mg/dL) -0.046 0.608 -0.048 0.537 -0.025 0.655
LDL-cholesterol (mg/dL) -0.024 0.878 0.087 0.493 -0.006 0.953
R? 0.176 0.353 0212

R?= R-square, coefficient of determination
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Al Aolg Rol= Ao et
AATH) e FUsde] guye] B

s
ATE A AL A7t wErs SHE W
AAF A5 B 449 A% TUEs Fom B
3} At} (Felson et al., 1993; Nguyen et al., 1998; Morin et
al., 2009). Genaro 5 (2010y& H 77| o]% 9] Fr}gFo|
Q= AL ke AAFA 0] FF X Pk
e A7 d¥ e AAF Ao AATe] 248 9
HAR] W2 2% 2 2= ™| glon, Su%
T4 A L ¥ sdo)Rta dFskar ok 1311%
2 d7E AZe ke diEFEe M 3
@ AEan 244 Mg feRemH ﬂm} =
AAolehe A77 B3 e Aot (Kim o al,
2009).

B AT A3 aF5o qEAselA AdT, 2
T, FHFFTTLE APAFF Z5Fo] fofH
e AgS HRoH, dEARdNE U= A4
of wel AXAHoE AF, vivtE, AALEC] AL
2 {93 27 B 9% SAFH wEt AAA
54¢ wkdsked] xfolE BT Arimatsu 5 (2009)°]
AT E 18~404] A E e AN 2=
g 239 23} Ao F7ke FUEY F7b) m3Y
oAk, AAEe] F71E Egeler Yrin wuste] F
WE SRReE OEAn B AT fAR 298

N

1

N
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B b

o
n_?i_[
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ola gtk

UL AATFAT] FRPNME T5F3 Fd
TE % 4ARAE Holu glon, HEd A
SFFANE T ¥A AHE BHlon gEAFRe

S5 U= g 7 AF AARAE g
I Ao FEE AR e Fo|F AAAE B
ol g ¥4 A7/ 8% Ao AEHY. Premaor
T 201002 =4& AFS W37 94L gae=
Bhe] Tt STk Uole FosiAl gashe
FE BT, AFF 57t F/HEFE F4o] #9
Al F7FRs A%g B H|the] #737) olF oA =
o] AE19E Bustn gk

A4e 504 o]FE IS 2 drEFTY FHE
o] FA% F7IE HolBE, 504 HFe] FUxe] I
g AT A2 xolE LolrE AL w$ FL
gt} B dAPdAe 238 U 9gS uxE 9
2L 504 ol A9 YolZ Uelton, 504 B
el g AAERE, slEEd, 25Fo2 Yelgh
Aol BAG] AALEY THFLE 2537 TUe
o fgee® Yehgon, qEAR U= J3¢S
X fPeozE 504 oo A9 volg AR
WE, 504 mRke] A= AXLED I8FoR ekt
ot ARl FAGe] AANLEL YFAE FULY
A aloz Yepytrh

B A7 29 SdEs dEde IYs PR
w2t AR AolE Holu glon, trAEEF ¢

o ont

ool IS FARE K5 ¥ YElg,

AATHANE AAY B ozt AR e F7 2
wo £23 YRS T 5 YT B Aol
A% EE LFAR So| WA} Jonz §F of
S B8 $% A7l Baw Aew AZEY.
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