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Factors associated with the bone mineral density in Korean adults:
Data from the 2010-2011 Korean National Health and
Nutrition Examination Survey (KNHANES) V

Kyung Sook Kim
Department of Nursing, Suseong College

= Abstract =

Objective: The purpose of this study was to identify the correlates of bone mineral density of Korean
adults.

Methods: This study was based on the data from the 2010-2011 Korean National Health and Nutrition
Examination Survey (KNHANES, 2010~2011) V. Among 8,473 subjects of the survey, who were adults 19
years old or over with bone mineral density data, the current study excluded those whose data include a
missing study variable or the response of 'l don't know', and finally analyzed the data of 5,986 subjects
(2,692 males and 3,294 females). This study employed the following statistical methods of analysis: t-test,
analysis of variance (ANOVA), and hierarchical multivariate linear regression analysis.

Results: In multivariate analysis, in the case of men, the significant associated factors in bone mineral
density were age, education level, body mass index (BMI), waist circumference, total muscle mass, exercise,
and weight control; in the case of women, the significant associated factors in bone mineral density were
age, education level, economic activity, BMI, total muscle mass, exercise, weight control. fat intake, uptake
female hormone, menopause, and age of menarche.

Conclusion: For both sexes, the strongest modifiable factor in influencing bone mineral density was total
muscle mass. Therefore, to prevent osteoporosis and promote health, active health education and interventions

such as regular exercise for total muscle mass increase should be implemented from an early growth period.
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Table 1. Bone mineral density according to sociodemographic characteristics

T-Score
Variable Male Female
n M+SD F/t D n  MzSD F/t D

Agel(years) <30 283 -040+1.01 80208 <001 72 0654087 4718744 <001

30-44 760 0574093 1,061 -0.65+091

45-59 728 0854095 1,082 -1.16£1.04

60-74 761 -1.14+09 818  -2.22+092

>75 160 -1.68+1.00 211 -2.92+091
Educational level  <Primary school 473 -1.33t099 69238 <001 1,143 -218+1.07 388361 <001

Middle school 363 -1.13£1.00 390 -1.45%1.10

High school 925 -0.74+0.96 997  -0.89+1.06

>University 931 -0.62+096 764 -0.79+0.90
Economic activity ~ Yes 2072 -079£t098 5535 <001 1537 -122¢116 7293 <001

No 620 -1.06+1.06 1,757 -1.52+1.22
Income quartile Low 496 -125+1.04 41848 <001 706 -211+1.17 135814 <001

Middle-low 710 -092+097 84 -1.38:1.16

Middle-high T2 0724097 88 -112:1.16

High 74  -067+098 8% -1.051.05
Location Eup - Myun 621 -1.02+¢1.07 4423 <001 745 -169£1.29 7509 <001

Dong 2071 -0.81+0.98 2549 -1.29+1.16
Total 2692 -0.08+1.01 3294 -1.33+1.20 <001
* p-value by t-test or ANOVA.

A7) ARE doAAE Py BT AT R5 fFog 2ol 7t glivH(Table 2).

=A%t =doy EAH R fFoekA] Fttth
ZEH A QAAE E ko] QoA E 3. AEHF E40 mE HoldHe S2x
A 2EHAE ol 7= Hue ZHRET) ol AHE A AR e o Al
FHAl =% (p=.003), A= 2EH L Q1A w2 ZUrd glojAE Aol Jxtel Aol ojzp
&3 & el fod Aol gl HU wZoA AR ww AHrEc @AgE o)A
wE ATEE wHTe] FdTh felsl = AT 2aEsk FoskAl ETHp<.00D).
ko (p<.001), 6-8A1%F Ao FUE7F 7} dol dapel Aol oz BT BHRslE A )
=R p=.019; 4=} p<o0l). wHd A S o] WA= wvt AT FUETt TP =%l
Sl we 2=l sloiM= sk B, @R o) 4ol 7P Y ATHp<.001). v
FolE s g HY 2 dde] §le el A g e FUne 49 dRek 4
TREZE FoeAl woka, nFASHEES,  olxp F AR ol AFTAA AP Egkow,
THEAS AN, W $oT Al @A n AR 2wt 7R Sekeip<o0)).
Z}zy frelgk ztolzh dslem EFoA Aol A AAE v g 2 FERe ojAe A
Sl ol LTl =itk A A = Atarel Aglozp mF AR W9l AT
g 7t5gd e Zdxd QojAe dy =H =7 7P = tHp<.001)(Table 3).
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Table 2. Bone mineral density by health practice and health related characteristics

T-Score
Variable Male(n=2,692) Female(n=3,294)
n M+SD it D n M+SD it D

Smoking No 491 071106 3547 <001 3014 -1.39£119 178 074
Yes 2,201 -0.89£1.00 220 -1.26£1.29

Drinking No 133 -L11+#112  -2657 .09 718 -193£1.14  -14.097 <001
Yes 2009 -0.84+1.00 2006 -1.23+1.18

BMI Lean 64 -1.80£1.02 111672 <001 128 -198£1.16 29656 <001
Normal 1,656 -1.024£1.00 2114 -143+1.18
Obesity 972 052092 1062 -1.21£1.22

Waist circumference Normal 1949 0944102 7420 <001 2328 -1.36xL19 1611 107
Obesity 743 -062+0.% %6 -1.44+1.23

Total muscle mass Q1L 672 -151x091 216524 <01 821 -215+¢1.09  256.026 <001

(Quartile) Q2 674  -097+0.87 85  -1461.09
Q3 673  -0.64+093 820 -1.24+1.08
(07} 673  -0.31x091 828  -0.69+1.09

Severe physical activity No 2,231 089101 -3414 001 2914 -142£1.20 -4.3%6 <001
Yes 455 -071+1.00 330 -1.13t1.22

Moderate physical activity ~ No 2404 087100 2281 024 2923 -1.39+#121  -1.378 169
Yes 288 -0.73£1.06 3711 -131+1.12

Walking practice No 1571 -087+1.02 0838 402 2152 -1.39£1.22 0643 521
Yes 121 -084+0.9 1142 -1.36£1.17

Stress perception Low 2113 089101 2946 0083 230 -1.38£1.18  -0148 833
High 519 -0.75+098 915 -1.38+1.25

Weight control No 1,168 -1.04+#101 8610 <001 1159 -1.80£1.22 14789 <001
Yes 1524 -0.71#0.98 213  -1.16+1.14

Sleeping hours <6 317 -091£1.08 3981 019 571 -182+120 48953 <001
6-8 218 083099 2504 -1.2841.18
>9 192 -1.03+1.06 219  -148+1.26

High blood cholesterol No 2366 -08*1.02 0421 61 2716 -1.32+¢121 7143 <001
Yes 326 -0.83+0.93 5718 -1.69+1.13

Hypertension No 1647 0824101 2141 032 2199 -113+1.14 17573 <001
Yes 1,045 -091£1.01 1,101  -1.88£1.17

Diabetes No 2301 084101 2024 M3 2977 -134+119 0 638 <001
Yes 331 096097 317 -179£1.21

Anemia No 259 -083+1.00 490 <001 281 -140+120  -1.672 0%
Yes B -142+1.16 43 -1.29+1.26

Depression No 24% 034101 280 o4 2566 -137122 1210 226
Yes 199 -1.064¢1.00 738 -143%1.15

Osteoarthritis No 2491 08100 1520 129 2967 -1.23+1.18 14848 <001
Yes 201 -09£1.07 727 -1931.12

Rheumatoid arthritis No 2008 08101 2624 009 3160 -136+¢120 4213 <001
Yes 34 -1.31£1.09 134 -181£1.17

Thyroid disease No 2063 08101 1312 190 3061 -1.39+121  -1.166 24
Yes 29  -110£1.02 233 -1.29£1.11

Osteoporosis Family Hx No 2383 08102 0016 987 2687 -139+122 1233 218
Yes 309 08+0% 607  -1.33x1.10

* p-value by t-test or ANOVA.
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Table 3. Bone mineral density according to food nutrition intake

T=Score
Varible Male(n=2,692) Female(n=3,294)
n M:SD F/t D n M+SD F/t D
Protein intake <Recommend 51 -108+1.07 57% <001 1119 -170+124  -10900 <001
>Recommend 2141  -0.80+0.98 217 -122+115
Calcium intake <Recommend 1930 -091x1.01 476 <001 2671 -143t122 4974 <001
>Recommend 762 -0.71+0.9 623 -1.18£1.10
Phosphorus intake <Recommend 175 -120£110 -4337 <001 6% -170£129 -7453 <001
>Recommend 2517  -0.83+1.00 2599 -1.30+1.16
Carbohydrate intake rate  <Recommend 113 -056+1.01 29999 <001 53 071116 560% <001
Recommend 799 -0.66+0.9 655  -1.00£1.04
>Recommend 1,780 -0.96+1.00 2586 -149+1.22
Protein intake rate <Recommend 2 -150£141 16227 <001 5 -1624198 19821 <001
Recommend 2159 -091£1.00 2913 -143+121
>Recommend 531 06409 36 -1.02£1.09
Fat intake rate <Recommend 2357 -089+101 1163 <001 3036 -142+121 24042 <001
Recommend 309 -0.60£097 245 09%+0%
>Recommend %6 0744113 13 -012£1.22
* p-value by t-test or ANOVA.
4. 8L ENMY E SeE (A 39D, 8717 58S 4A9AE o] &
ZATs|oloF B g e m(p< 0o} AT E A B Foll Flshs A4 v S AAlsth
01 5(=002), AAFG(p<.001), F7 IE(p<.001), EAAINE gFshA st ] e Ao
274 ARE<001), A EAAHp<oone] we  AFEEE WM S A", AR as, AL
=l Fog Aozt AT AT deF H A, e, T2, 24AE, dAIsle, A
golHel FERA HEote glolA Hgslx =B 95Y Wg IR el Ffsisivk
ok o] Bgel wurt ZUEsl =gton o A shAeE ] ARgE vHIAS QU F
A glZo] 9ojM = 338 wwtite] ULy} A4 W B fofskA g A Asks A9
=9kar 53] o]itdto]l JPE okt {7 o] Fof 7 A3s ARESEAaL, &AL e Ao sl
b= #7do] Qb o] Tt Ewokal, A gk HeE Ao Fdsith #4S A4
Aol webA = 134 miekte] Td=rE R al7] Aol sYPHFE Alold] tdEaidd s A
EQIL, 164 o] dwto]l 7P wgkom A 4k Hdth BE oA FagHAlE 10K =&
B2 304 o) dre] EE =T 7Y =9kal, 204 Frolla, HAI gl HdX]= 502982
wRkel Fd vt g skt (Table 4) Bt SYRFhe] AAAAR Q1 RYPFA
N=7bsA e Sk AdEAT AR A oA
5. Molgfde| SR HEE 292! Durbin Watson A4 &, of 7F 2ol A
=HEet IEE 8R1ES Tetalr] 9l e 1.932¢F 195622 29 7M7h9] mEel Qxp&kzt
A felalglEl e dibew AETed AVl gwel Gl Aew wol AREIAY B
4, AZRY D AZVR 54, AFNA 54 Ao SR S e Jow Yehit
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Table 4. Bone mineral density by woman health related characteristics

Fi

T-Score
M+SD

Variable

6431 <001

-1.65£1.08
-1.33t1.22
-1.56+1.05
-1.36£1.22
094+1.06
-1.19£1.15
-190+1.18
-1.93+1.07
065092
0.75+1.07
-1.1241.13
-1.87£1.14
221127
-1.39£1.19

0.93+1.06

o8
2,716

Yes

Oral pill use

No

002

3173

Yes

Female hormone use

294
87
1,341
1,166
1,825
1,469

322

No

<001

197.024

<3

No. of pregnancy

34

<001

-38.366

Yes

Menopausal

No

<001

219481

<13years old

Age of menarchy

1,647
1,325

172
2,740

13-15years old
>16years old

<001

64.506

<years old

Age of first birth

20-29years old

32

>30years old

* p-value by t-test or ANOVA.
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Table 5. Associated factors in bone mineral density (T-score) in adult men

. Model 1 Model 2 Model 3
Variable ; . :
B t p B t p B t p
Sociodemographic characteristics
Agelyears) =23 -11289 <001 -127 h141 <001 -129 5099 <001
Educational level Middle 0% 1145 222 001 M2 %6 -4 -164 89
(ref: primary) High 122 4246 <001 067 2493 013 09 218 09
>Univer. 14 508 <001 0% 33 001 0B 2973 003
Economic activity Yes/No 028 141 139 -000 -0 98 -008 -1 846
Monthly income -001 062 %1 001 06 939 002 108 914
Location Dong/Eup 002 123 93 -012 -6 518 -010 -564 52
Health practice characteristics
Smoking Yes/No -030 174 02 -030 -1 07
Drinking Yes/No 005 3 e 003 16 &8
BMI(Kg/m) 140 3927 <001 143 4000 <001
Waist circum.(Cm) -0 232 020 -0 2339 019
Total muscle mass(Kg) 3% 12800 <001 321 12467 <001
Severe activity Yes/No 00 -003 98 000 -0 9%
Moderate activity Yes/No 037 2113 0% 0B 2013 (04
Stress High/Low 002 137 &1 002 11 912
Weight control Yes/No 038 2120 04 08 2133 03
Sleeping hours <6/1-8 021 1208 229 (21 1240 215
>9/7-8 014 739 430 015 RSO |
Chronic disease no. 006 20 9% 006 206 182
Nutrition intake characteristics
Protein intake >Recommend/<Recommend 017 -1 A6
Calcium intake >Recommend/<Recommend 031 L7 8l
Phosphorus intake >Recommend/<Recommend 037 1813 06l
Carbohydrate intake rate  <Recommend/Recommend 04 -210 8H#
>Recommend/Recommend 010 3% 692
Protein intake rate <Recommend/Recommend 002 142 &7
>Recommend/Recommend 08 164 10
Fat intake rate <Recommend/Recommend 000 -062 990
>Recommend/Recommend 04 =24 83
R 119 21 24
Adjusted R° 17 246 246
F ol 41171 3243
D <001 <001 <001
* p-value by multiple linear regression analysis
19A 2ol A4ee] 2 A73ad 54e 71 A= TR 8012 B g Vo R AF, TS
Hom Reld 2wl RYw EAMoR felet  2Ed @ nE/dE ol AARHS, 2Ed
Ao (p<o0l), EHE A WzFe] 509%E A9 e T, AASE, 443 AASE, 47
atith o] WAl A Adloate] Eeel Jaks TA5 & oAtk 20 B AFHFAELS
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Table 6. Associated factors in bone mineral density (T-score) in adult women (n=3,294)
_ Model 1 Model 2 Model 3 Model 4
Variables - - - .
B t B tp B tp g t D
Sociodemographic characteristics
Agelyears) -ol4 ALY <01 <46 2189 <001 454 21673 <001 -338  -12432 <001
Educational level Middle 07 4916 <001 062 4360 <001 089 4152 <001 089 4130 <001
(ref: primary) High 1% 750 <001 157 8200 <001 153 7931 <001 16 6220 <001
>Univer. 092 4000 <001 1% 6547 <001 131 6177 <001 0% 4204 <001
Economic activity Yes/No 006 4661 <001 B3 418 <001 064 4194 <001 66 4377 <001
Monthly income 029 2119 034 05 1% M9 05 198 08 04 190 057
Location dong/Eup 002 152 89 -06 -3 78 -6 -419 6B -7 -5l 5%
Health practice characteristics
Drinking Yes/No 03 982 3 02 M2 M6 8 632 5B
BMI(Kg/m’) 16 6289 <001 106 6219 <001 108 632 <001
Total muscle mass(Kg) 20616007 <001 266 15949 <001 28 15540 <001
Severe activity Yes/No 06 2116 04 06 2137 033 06 2080 037
Weight control Yes/No 02 1623 16 02 164 100 08 2061 039
Sleeping hours <6/7-8 06 493 62 008 58 M 7 8 50
>%/7-8 06 -3 00 -04 -39 77 -0M 287 Ti
Chronic ds. no. 03 & 34 03 8% 3 06 10 28
Nutrition intake
Protein intake >Recom/<Recom oL 126 20 07 9% 30
Calcium intake >Recom/<Recom 002 -1 %7 01 0 %l
Phosphorus intake >Recom/<Recom 04 -3 80 001 0983 9%
Carbohydrate intake rate  <Recom/Recom 08 53 5 010 683 AU
>Recom/Recom 06 =264 91 -08 -180 &7
Protein intake rate <Recom/Recom 08 683 4% 007 601 58
>Recom/Recom 02 B 49 00 69 523
Fat intake rate <Recom/Recom 05 91 32 07 1% 26
>Recom/Recom 08 2060 040 030 216 030
Woman health related
Oral pill use Yes/No 013 10661 293
Female hormone Yes/No 034 2609 008
Menopause Yes/No -157 698 <001
Menarchy age -0 2453 014
No. of pregnancy -0 -3 4
Age of first birth 001 0 939
B Q 20 511 513 521
Adjusted R 91 209 209 o7
F 03618 228498 143411 118431
v <001 <001 <001 <001

* p—value by multiple linear regression analysis
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