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Figure 1. DEXA measurement

of lumbar.

femoral neck.

Table 1. Diagnostics of Criteria for Osteoporosis and osteopenia

Figure 2. DEXA measurement of

Diagnostic

Criteria for osteoporosis

Normal

Osteopenia

Osteoporosis

Severe Osteoporosis

BMD within -1.0 SD of the mean of a
young adult reference population

BMD between -1.0~-25SD below the
mean of a young adult reference population

BMD of -2.5 or more SD below the mean
of a young adult reference population

Osteoporosis with one or more fragility
fractures

1
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Table 2. Characteristics of subjects.

TGS e A LY TN A AE T AHRE Al AR

31
o, 20029 5-H 2009@ 714 EHEE
17 G378 ABH, A73F o4 592394 ¢

=
T ZEE OE B84 a4 5859 Ane At
o}

Pre-menopausal Post-menopausal

Men Women Women
(n=4306) (n=553) (n=1064)
Age(year) 52.6£7.4 45.7£3.9 57.3£6.2
Height(cm) 170.0+5.8 158.5+4.7 156.0+5.1
Weight(kg) 71.9£9.0 57.0+7.3 58.4+7.4
BMI(kg/m?) 24.9+2.7 22.7+2.9 24.02.9
Waist Circum(cm) 86.£7.2 75.4£7.6 79.6£85
BMD
Spine (g/cm?) 1.11+0.18 1.11+0.15 0.96 +0.17
Femoral neck (g/cm?) 0.90 +0.15 0.86+0.14 0.76+0.14
Spine T-score -0.11£1.39 0.28+1.16 -0.92+1.36
Femoral neck T-score -0.07+0.97 -0.06+0.97 -0.89+1.04
Osteoporosis, n(%) 141(3.3) 2(0.4) 150(14.1)
Osteopenia, n(%) 1465(34.0) 136(24.6) 695(65.3)
Hormone
Testosterone(pg/ml) 175457 - -
Estrogen(pg/ml) - 88.8£76.6 29.9+455
Alkaline phosphate 63.0£16.5 52.2%13.1 69.3+20.1
Calcium 9.3+0.4 9.2+04 9.310.4
Phosphorus 3.7x0.7 3.9+0.9 4.2+0.8
Flexibility(cm) 2.01£9.3 9.4+8.2 8.7+7.7
Vertical Jump(cm) 36.016.8 25.315.1 19.6+5.9
Grip Strength(kg) 38.1+6.2 22.8+4.8 20.245.0
) 30.9£6.1 27.0£5.0 24.4£5.0
VOumax(ml/kg/min) (n=1751) (n=274) (n=500)

. p<0.05, Disease: Osteoporosis and osteopenias, BMI: Body Mass Index,

BMD: Bone Mineral Density, Circum: Circumference
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545 Hastdti<Table 3, 4>, WA= A8, A%, Aol Fogk zto]& v
BRI (p<0.05), =8 EE E& AYdAE F4H7E Ade Fd4, o=, A
HAF oA o3k 2to]E YER A THp<0.05).
Table 3. Characteristics of between normal and disease in men
Normal Disease !
(n=2844) (n=1462) b vae

Age(year) 52.2+7.2 53.3+7.6 0.000"
Height(cm) 170.5£5.8 168.9+£5.7 0.000"
Weight(kg) 73.6+8.7 68.7+8.8 0.000"
BMI(kg/m?) 253125 24.1+2.7 0.000"
Waist Circum(cm) 87.4+6.9 84.9+76 0.000"
BMD

Spine (g/cm?) 1.197+0.15 0.954+0.10 0.000"

Femoral neck (g/cm?) 0.955+0.13 0.797+0.11 0.000"

Spine T-score 0.56+1.11 -1.42+0.83 0.000"

Femoral neck T-score 0.34+0.83 -0.87+0.70 0.000"
Hormone

Testosterone(pg/ml) 5.7+2.9 5.8+3.0 0.225
Alkaline phosphate 61.4%15.9 66.2+17.2 0.000"
Calcium 9.3£0.4 9.3£0.4 0.487
Phosphorus 3.7+0.7 3.8+0.9 0.025"
Fitness

Flexibility (cm) 2.4%9.3 1.2+9.2 0.000"
Vertical Jump(cm) 36.2+6.8 35.7+6.9 0.058

Grip Strength(kg) 38.7+6.2 36.8+6.0 0.000"
VOsmax(ml/kg/min) 31.2+6.2 30.5+5.9 0.024"

. p<0.05, Disease: Osteoporosis and osteopenia, BMI: Body Mass Index,

BMD: Bone Mineral Density, Circum: Circumference
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Table 4. Characteristics of between normal and disease in women

Pre-menopausal Post-menopausal
Normal Disease D Normal Disease P
(n=417) (n=136) value (n=369) (n=695) value
Age(yr) 457+37 455+44 0650 53.8+55 59.1+58 0.000°
Height(cm) 158.8+4.8 157.4+4.4 0.002° 157.8+4.9 155.0+5.0 0.000"
Weight(kg) 58.0+75 539458 0.000° 60.3+7.8 57.37.1 0.000"
BMI(kg/m®) 23.0£3.0 21.8+2.3 0.000° 24.2+3.0 23.9+2.9 0.096

Waist Circum(cm) — 75.9+7.9  73.3+58 0.001° 79.4+81 79.6+87 0.791
BMD

Spine (g/cm?) 1.159+0.12 0.95+0.09 0.000" 1.125+0.13 0.875+0.11 0.000"
Femoral (g/cm®)  0.901+0.12 0.71+0.09 0.000° 0.880+0.11 0.691+0.10 0.000"
Spine T-score 0.68+0.96 —0.94+0.77 0.000° 0.40+1.00 —1.61+0.94 0.000"
Femoral T-score  0.29+0.80 -1.15£0.58 0.000° 0.12+0.78 -1.42+0.71 0.000"
Hormone

Estrogen(pg/ml)  88.6+76.0 89.1+78.7 0.950 42.1+62.3 23.5+31.8 0.000"

Alkaline phosphate 50.9+12.7 56.3+13.4 0.000° 62.7+184 72.8+20.0 0.000°

Calcium 9.1 04 9.2+05 0.375 9.3£0.4 9.3x05 0.219
Phosphorus 3.9£09 4.0£1.0 0.586 4.2%1.1 4206 0.522
Fitness

Flexibility (cm) 9.6£8.3 9.0£7.8 0.501 9.2+8.2 84£74 0.197

Vertical Jump(cm) — 253+51 251453 0.746 21.1+58 188+5.8 0.000°
Grip Strength(kg) 23.2+4.9  21.7+43 0.004" 21.8+47 19.4#5.0 0.000"
VOomax(ml/kg/min) 27.0+5.2 271442 0.844  251+49 24.0+5.1 0.028

. p<0.05, Disease: Osteoporosis and osteopenia, BMI: Body Mass Index,

BMD: Bone Mineral Density, Circum: Circumference

_10_



FA ) olgel BrhEEd BRaT WWES AFER W BAS.
YA 20359 FHES 4094 2.1%, 50t A 3.4%, 1 o]/e]l Al
M BI%A o, AT 40Ul A 31%, 50tioll Al 34.6%, = Fel A= 39.3

Table 5. Prevalence of osteoporosis and osteopenia in men

Men
Age group 40s 50s 60-70"s Total
Normal(n) 1615 1845 711 4171
) % 979 96.6 94.3 96.8
Osteoporosis .
Disease(n) 35 64 43 142
% 2.1 34 5.7 3.2
Normal(n) 1138 1248 458 2,344
) % 69.0 65.4 60.7 66.0
Osteopenia )
Disease(n) 512 661 296 1,469
% 31.0 34.6 39.3 34.0

_11_
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g
2 o] dEdEE AT A oA delA =t
o 4ot E gdom, 50t A 21%AT<Table 6>, 22 Az 4
F Ao A= 40t 50t 72 0.8%9F 88%ZA HAH AAHT= B
AtgEo] R E AT 60-70t A= FAeF ThEA A= 263% = F7FSEA
o EHATE HAST AAA O =& YHES UEWer #H4S 504
o2 59.4%9 =2 IHES Yt 9y HuE st 0 AE o
AR dAgoA Adides =L ItdF(21% vs. 00%) 2 AT

(31.0% vs. 24.1%)< eI QT

Table 6. Prevalence of osteoporosis and osteopenia in women

Pre-menopausal Post-menopausal
women women

40s 50s Total 40s 50s  60-70s Total

Normal(n) 456 94 550 118 519 277 914

) % 100.0 979 99.3 99.2 91.2 73.7 85.9
Osteoporosis

Disease(n) 0 2 2 1 50 99 150

% 0.0 2.1 0.7 0.8 8.8 26.3 14.1

Normal(n) 346 71 417 84 231 54 369

) % 75.9 74.0 75.6 70.6 40.6 14.4 34.7
Osteopenia ]

Disease(n) 110 25 135 35 338 322 695

% 24.1 26.0 24.4 29.4 59.4 85.6 65.3
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5. 79l F2xe Ao AAAA
<Table 7>& 3 thE o FUwel AHAue] AaaA o os)
e HFo A FAH7], g, AAAY, dE A a8

oA w2k ghe WHERHATHP<0.001). HAFH gL A

Table 7. Correlations according to physical fitness, BMD of sites

: . Vertical Grip
Site Flexibility VO:max
Jump Strength
Spine -0.012 -0.053" 0.183" 0.063"
Men ) ) ,
Femur 0.051" 0.001 0.229° 0.179"
Pre— Spine -0.035 0.021 0.260" -0.040
re-meno
women - Femur -0.046 -0.057 0.254" -0.032
Post-meno Spine 0.010 0.252 0.346 0.150
women - Femur 0.034 0.255" 0.439" 0.216"

* p<0.001. Values are expressed correlation: pearson’s r, BMD: Bone Mineral

Density, Pre-meno: Pre-menopausal, Post-meno: Post-menopausal.
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6. 249 AY FFd BE IHFTF 9 odds ratio®t YA F

Eiste] Ao 749 ne SuEse A", A5
=0Ese FAH7I(0R: 2.305, p
0.024; p<0.05)¢ °F=(OR: 3.332, p: 0.009; p<0.05)ell4 g AaE e
t<Table 8>. A4 AFAAF=9 OR#t=> 22t 1.733% 2.01°] YskAIwh
3tA = E3tA . ROC(Receiver Operating Characteristic) CurveE o] 83
AAZE F257] 36.1em(AUC: 0.625, p:0.026), o3
o] th<Table 9>.

40.4kg(AUC: 0.665, p:0.024)

Table 8. Adjusted odds ratio of men’s fitness and osteoporosis.

Variables Quartile OR ClI 95% p value
1 1.000 - -
Flexibility 2 1.532 0.823-2.84 0.179
3 1.157 0.609-2.197 0.656
4 1.735 0.950-3.169 0.073
1 1.000 - -
Vertical Jump 2 0.988 0.500-1.952 0.972
3 1.571 0.787-3.136 0.200
4 2.305 1.119-4.746 0.024"
1 1.000 - -
Grip strength 2 3.301 1.345-8.102 0.009
3 2.239 0.892-5.621 0.086
3.332 1.348-8.238 0.009°
1 1.000 - -
VOumax 2 1.020 0.443-2.351 0.962
3 1.070 0.466-2.457 0.873
4 2.015 0.907-4.473 0.085

* p<0.05, OR: Odds Ratio, CL: Confidence Interval

Table 9. Cut-off value of men’s physical fitness for spine osteoporosis

Variables  Cut-Off AUC Sensitivity Specificity p
Vertical Jump 35.1 0.625 62.9 57.1 0.026
Grip Strength 404 0.665 89.0 34.5 0.024"

" p<0.05, AUC: Area Under Curve

_14_
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Men's Vertical Jump and Osteoporosis Men'’s Grip Strength and Osteoporosis
3000 * o 33:01 3.;32
2500 2305 3500 .
3.000
o 200 1571 o 2500 2.230
S 1.000 E o
2 o0 o 0988 3 150 0o
e} 1000
- - .
0000 - 0000
o | Q2 b | Q4 a1 | Q2 | Qs ‘ Q4
Vertical Jump Grip Strength
Figure 3. Men’'s odds ratio of Figure 4. Men's odds ratio of
osteoporosis according to vertical osteoporosis  according to  grip
jump(Q4:  p=0.024). QI:Highest, strength (Q1, Q4: p=0.009).
Q2:High, Q3:Low, Q4: Lowest QI:Highest, Q2:High, Q3:Low, Q4:

Sensitivity

100-Specificity

Figure 5. ROC curve by vertical
jump and osteoporosis. Cut-off
value 35.1cm, AUC 0.625(p=0.026)

Lowest.

Sensitivity

100-Specificity

Figure 6. ROC curve by grip
strength and spine osteoporosis.
Cut-off wvalue 40.4kg, AUC
0.665(p=0.024)
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7. 939 A

HAe AYE et A" i wep AT A9, AsE 1A
! AESAT. AT A (OR: 1562, p=0.000)¢} <= (OR: 1.333,
p=0.020), A#AF2(OR: 1612, p=0.004)°1A F<d A#}E el Art<Table
10>. ROC Curveg o] &3t dA#H}LS F+A4 -0.7cm (AUC: 0.539, p=0.011), <4
39.1kg  (AUC: 0584, p=0011), A#AAF=H 339ml/kg/min(AUC: 0.532,
p=0.014)<Table 11>.
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Table 10. Adjusted odds ratio of men’s fitness and osteopenia

Variables Quartile Odds Ratio CI 95% p value
1 1.000 - -
Flexibility 2 1.367 1.097-1.703 0.005"
3 1.104 0.881-1.384 0.388
4 1.562 1.249-1.953 0.000"
1 1.000 - -
Vertical Jump 2 1.070 0.865-1.323 0.534
3 1.097 0.859-1.401 0.457
4 1.101 0.837-1.448 0.491
1 1.000 - 0.133
Grip strength 2 1.163 0.927-1.458 0.192
3 1.218 0.968-1.534 0.093
4 1.333 1.046-1.700 0.020"
1 1.000 - -
VOumax 2 1.485 1.105-1.996 0.009:
3 1.560 1.159-2.102 0.003
4 1.612 1.167-2.226 0.004"

" p<0.05, OR: Odds Ratio, CI: Confidence Interval

Table 11. Cut-off value of men’s physical fitness for osteopenia.

Variables Cut-0Off AUC Sensitivity  Specificity P
Flexibility -0.7 0.539 40.7 65.4 0.011"
Grip Strength  39.1 0.584 66.5 471 0.011"
VOo,max 339 0.532 75.0 32.4 0.014"

" p<0.05, AUC: Area Under Curve

_16_
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Men's Flexibility and Osteopenia Men's Grip Strength and Osteopenia
2.000 * 2.000
* 1.562 *
1500 1367 1500 1333
1104 1163 1218
o 1.000 o 1.000
2 1p00 A £ 1000 -
3 3
© 3
0300 -+ 0.300 -+
0.000 0.000 -
QI‘QZ‘Q3‘Q4 QI‘Q2|Q3‘Q4
Flexibility Grip Strength
Figure 7. Men's odds ratio of Figure 8. Men's odds ratio of

osteopenia according to flexibility
(Q4, p=0.000). Ql:Highest, Q2:High,
Q3:Low, Q4: Lowest.

Men's VO;max and Osteopenia
- %
1.560 1612

1

|

:

%
1.485

| e |

g

1.000

L

:

Odds ratio

e
3

:

VO2Zmax
Figure 9. Men’'s odds ratio of
osteopenia according to VO:max

(Q4, p=0.004). QIl:Highest, Q2:High,
Q3:Low, Q4: Lowest

osteopenia  according to  grip
strength (Q4, p=0.020). Ql:Highest,
Q2:High, Q3:Low, Q4: Lowest

_17_



Sensitivity
Sensitivity

0 20 40 60 80 100
100-Specificity

Figure 10. ROC curve by flexibility Figure 11.

100-Specificity

ROC curve by Grip

and osteopenia. Cut-off value Strength and osteopenia. Cut-off

-0.7cm, AUC 0.539(p=0.011)

Sensitivity

0 20 40 60 80 100
100-Specificity
Figure 12. ROC curve by VOgmax
and osteopenia. Cut-off value
33.9ml/kg/min, AUC 0.539(p=0.041)
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FEd BE FFFY odds ratiost YA F
ARBF 449 Ao we v vol, A% BA FHES FAHAH
oA a2 FAHYI(OR: 2637, p=0.021), = (OR: 2.732, p=0.006)°l A
frolst 235 Yelg ltk<Table 12>. ROC CurveE ©] &3t AAIG S 25 7]
21em(AUC: 0.635, p=0.027) ¥ 185kg (AUC: 0.653, p=0.026)°] t}<Table 13>.

Table 12. Adjusted odds ratio of postmenopausal women'’s fitness and

osteoporosis.
Variables Quartile Odds Ratio ClI 95% p value
1 1.000 - -
Flexibility 2 1.472 0.769-2.815 0.243
3 1.403 0.746-2.638 0.294
4 1.351 0.702-2.597 0.368
1 1.000 - -
Vertical Jump 2 2.796 1.265-6.180 0.011
3 2.734 1.193-6.265 0.017
4 2.637 1.156-6.016 0.021"
1 1.000 - -
Grip strength 2 1.486 0.675-3.272 0.326
3 1.473 0.677-3.206 0.329
4 2.732 1.331-5.608 0.006"
1 1.000 - -
VOumax 2 1.636 0.684-3.909 0.268
3 1.129 0.468-2.726 0.787
4 0.700 0.283-1.735 0.442

" p<0.05, OR: Odds Ratio, CI: Confidence Interval

Table 13. Cut-off value of women's fitness for spine osteopenia.

Variables  Cut-Off AUC Sensitivity Specificity D
Vertical Jump 21.0 0.635 82.1 38.3 0.027
Grip Strength 185 0.653 58.2 66.1 0.026.

" p<0.05, AUC: Area Under Curve
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Women's Vertical Jump and Osteoporosis
3.500 3
*
3000 2.796 2734

2.500
2000
15001 000
1000 -
0500 -]
0.000 -
Q ‘ Q @ ‘

*
637
2.500
o, 1436 1473

1.500 1000

1000 -

0.000
2 Q4 QL | Q2 | Q3 | Q4
Vertical Jump Grip Strength

Figure 13. Post-menopausal women’s Figure 14. Post-menopausal women's

Women's Grip Strength and Osteoporosis
3.500 *
2732

3.000

Odds ratio

Odds ratio

odds ratio of osteoporosis according odds ratio of osteoporosis according
to veritcal  jump(Q4  p=0.021). to grip strength(Q4 p=0.006).
Q1:Highest, Q2:High, Q3:Low Q4: Ql:Highest, QZ2:High, Q3:Low Q4:

Lowest. Lowest.
100 100
80_ 80
£ 80 £ 50_
g i 2 A
%] 40_ (}ES 40
20 20}

o oy 0_.‘.|...|...1...r...|

0 20 40 60 &0 100 0 20 40 60 80 100

100-Specificity 100-Specificity

Figure 15. ROC curve by vertical Figure 16. ROC curve by grip
jump and osteoporosis. Cut-off strength and osteoporosis. Cut-off
value 21.0cm, AUC 0.635(p=0.027) value 18.5kg, AUC 0.653(p=0.026)
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of thel HehHa ok AHe] wu vrgol mE WHE FHLTE o= FE
M= Foldt dFS UERHA Tk oo FHAETS FH(OR: 2745,
p=0.000)ol A%t Fo] 3t 235 YEhfltt ROC Curves o83 dAIZE o
185kg (AUC: 0.649, p: 0.022)°]tk<Table 15>.

Table 14. Adjusted odds ratio of postmenopausal women'’s fitness and

osteopenia.
Variables Quartile Odds Ratio CI 95% p value
1 1.000 - -
Flexibility 2 0.910 0.567-1.459 0.695
3 1.472 0.912-2.373 0.113
4 1.372 0.847-2.225 0.199
1 1.000 - -
Vertical Jump 2 1.205 0.762-1.903 0.425
3 1.135 0.681-1.892 0.626
4 1.199 0.711-2.022 0.496
1 1.000 - -
Grip strength 2 1.458 0.905-2.350 0.121
3 1.231 0.769-1.970 0.387
4 2.745 1.656-4.549 0.000"
1 1.000 - -
VOumax 2 0.783 0.444-1.380 0.397
3 1.130 0.635-2.010 0.678
4 1.165 0.625-2.170 0.631

" p<0.05, OR: Odds Ratio, CI: Confidence Interval

Table 15. Cut-off value of women's fitness for osteopenia.

Variables  Cut-Off AUC(CD Sensitivity Specificity p
Grip
Strength

185 0.649 45.3 779 0.022"

" p<0.05, AUC: Area Under Curve
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3.500
3.000
2.5300
2.000
1500

Qdds ratio

1.000
0.500
0.000

Women's Grip Strength and Osteopenia

#*

2745

1.458 1931

QI‘QE‘Q3|Q4

1.000

Grip Strength

Figure 17. Post-menopausal women'’s

odds ratio of osteopenia according to
grip strength(Q4, p=0.000). Q1:Highest,
Q2:High, Q3:Low Q4: Lowest.
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Figure 18. ROC curve by grip

strength and osteopenia. Cut-off
value 185kg, AUC 0.649(p=0.022)
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T T NEFe FnEs, 3AT THES At dAH R
Ao des 92 v HEFE vedlon, o3 &2 dxket A4S

Table 16. Exercise frequency and disease prevalence.

Men Pre-menopausal  Post-menopausal

Normal Disease Normal Disease Normal Disease
(n=2844) (n=1462) (n=417) (n=136) (n=369) (n=695)

Exercise

6-7days/week, % 15.0 12.2 10.7 11.7 18.1 15.0
3-b5days/week, % 34.7 30.2 29.9 35.1 33.6 29.0
1-2days/week, % 34.2 33.8 29.0 28.7 24.5 24.5
None, % 16.2 23.8 30.5 24.5 23.8 31.6

Disease: Osteoporosis and osteopenia.
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Abstract
Prevalence of Osteoporosis According to Physical

Fitness of Korean Adults

Kim, Yong-Hwan
Department of Physical Education
The Graduate School

Seoul National University

Introduction : Low physical activity and low fitness will lead to osteoporosis.
Osteoporosis means decreasing bone mineral density and increasing bone
fractures. Women has higher prevalence than men and it increase to
postmenopausal women. In Korea, the prevalence of osteoporosis is highly and
the injury rate of osteoporotic bone fractures in the elderly drops quality of
life and will cause to increased medical expenses. Thus, the purpose of this
study is produce of osteoporosis, osteopenia odds ratio accrording to various

physical factors and calculate fitness cut—off values about disease.

Methods : The subjects is Seoul A hospital patient who taken total medical
examination in health promotion center from 2002 to 2009. They tested bone
mineral density and fitness level. We selected 5923 above 40s men and
pre/post-menopausal women. Fitness test composed to flexibility, strength,
power, cardiopulmonary fitness. Bone mineral density test is used to
DEXA(Dual Energy X-ray Absorptiomery) and measured in lumbar spine L
1~L4 and right femural neck. We recorded bone mineral content and T-score

and classified according to fitness quatile level and health group and disease



group. Statistics applied logistics regression analysis and ROC(Receiver

Operating Characteristic) Curve.

Results : There are significant adjusted age and weight odd ratio(OR) in
men at vertical jump(OR: 2.305, p: 0.024; p<0.05)and grip strength(OR: 3.332,
p: 0.009; p<0.05). In men, the prevalence of osteopenia produced significant
result at flexibility(OR: 1.562, p=0.000)and grip strength(OR: 1.333, p=0.020),
cardiopulmonary fitness(OR: 1.612, p=0.004). In post menopausal women, the
prevalence of osteoprosis produced significant result at vertical(OR: 2.637,
p=0.021), grip strength(OR: 2.732, p=0.006). The prevalence of osteopenia
produced significant result at grip strength(OR: 2.745, p=0.000). For preventing
osteoporosis and osteopenis, men and women's cut-off values are grip

strength about 40kg and 20kg respectively.

Conclusion : The prevalence of osteoporosis and osteopenia were affected by
strength and power, furthermore cardiopulmonary fitness and flexibility also

effect to diseases.

Keywords : Physical Fitness, Bone Mineral Density, Osteoporosis, Prevalence,
Cut-off value
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