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[Abstract]

The effect of body composition such as lean mass and fat mass on bone mineral density (BMD) is
complex and still controversial. In this study, we investigated the relationship between body composition
and bone mineral density using nation-wide data from 2008 to 2011 Korea National Health and
Nutrition Examination Survey (KNHANES) in 2,139 men and 2,193 postmenopausal women aged 50
years or older. Subjects with history of medication for osteoporosis or with diseases or malignancy
affecting bone metabolism were excluded. Data of anthropometric measurements and demographic
characteristics were collected by trained examiner. Fasting blood sample was obtained for blood
chemistry analysis. BMD of the lumbar spine, total femur, and femoral neck, and body composition
such as total lean mass (TLM), total fat mass (TFM), truncal fat mass (TrFM) were measured using
dual-energy X-ray absorptiometry (DXA). There were significant positive correlations between body
composition indices such as lean mass and fat mass with BMD. In multiple regression analysis, TLM
was positively associated with BMD after adjusting age, body mass index, monthly house income,
education level, physical activity, daily calcium intake and vitamin D concentration in both men and
postmenopausal women. BMD at lumbar spine and femur in lowest quartile of TLM was significantly
lower than other quartiles after adjusting those confounding factors in both gender. TrFM was
negatively associated with total femur BMD in male and femur neck BMD in postmenopausal women
after adjusting confounding factors. In conclusion, TLM is very important factor in maintaining BMD in

subjects aged 50 years or older in men and postmenopausal women.
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II. Subjects and Methods

1. Subjects
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2. Methods
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factors

HEL 159 2] 84, 15

AR 58 ZABIILE 1S5RS £Eol5), 5,

st AR = AlE(ke)S AV m)S] Alsoz Lt
W AHESI9lon], 18.5 kg/mO|PRE A, 185 ]
/oA 25 kg/m’0|9HE 732}, 25 kg/m’o] k2 v|gto.

2 PRI, UL S2TWAE AFgSlo] 13} BY

AR5 30&7F SAIS 33t 5 2, 37 UL FAst0] 2,
3AE 2 &A1 Btk ARSI

2.2 Laboratory examinations
SEIEOIN 358Y, M4 (HbA). S~

o1 =2 0> =2 1= y O 2
HE 1U=ATHEHAEHE, AUeA D AE,
ZX®, BUN, creatinine, H]E}9] D (250HD), ALP
(alkaline phosphatase), PTH (parathyroid hormone)
= 57350t 19 Zadflde 24ARE 7199l

2 olgstol EAIYLE

2.3 DXA measurements for BMD and body

composition analysis
e R AR

Jue o FoURI SRS
(DXA:; Dual energy X-ray absorptiometry) (Hologic
® QDR4500A, Hologic Inc., Waltham, USA)S o] &
stol &ateict. Bt Al 14 25 U k2 AA,
iElZgFolM st SAEF (TFM; total fat
mass), =EA9=F (TrFM; truncal fat mass), 72]1



212 Journal of The Korea Society of Computer and Information

Table 1. Clinical and lifestyle characteristics according to gender aged 50 years or older

in male and postmenopausal women

Men (N=2,139) Women (N=2,193) Total (N=4,332)

Age (years) 60.1£0.2 61.9£0.2%*x 60.9£0.1
Height (cm) 167.4+0.1 153.7£0.1%*x 161.0+0.1
Weight (kg) 66.4£0.2 56.2£0.1**x 61.710.1
Body mass index (kg/m?) 23.6%£0.0 23.7£0.0 23.7£0.0
Obesity p=0.316

Underweight 80(3.2) 62(2.5) 145(2.7)

Normal 1413(65.1) 1448(67.1) 3018(65.7)

Obesity 643(31.7) 682(30.5) 1429(31.6)
Waist circumference (cm) 84.7£0.2 81.0£0.2%*x* 83.0£0.1
Systolic BP (mmHg) 125.1+£0.5 125.3+£0.5 125.2+£0.4
Diastolic BP (mmHg) 79.0+0.3 76.510.3*** 77.810.2
Hypertension p=0.031

No 1049(50.5) 1140(54.7) 2373(53.6)

Yes 1061(49.5) 1010(45.3) 2148((46.4)
Dyslipidemia p=0.220

No 1001(49.7) 1022(52.1) 2198(51.7)

Yes 996(50.3) 983(47.9) 2057(48.3)
Monthly household income =0.000
level

Low 549(21.6) 700(29.8) 1279(24.7)

Middle low 545(25.4) 577(27.4) 1182(26.2)

Middle high 487(23.9) 440(21.1) 992(22.7)

High 532(29.1) 439(21.8) 1075(26.5)
Education level p=0.000

<Elementary school 682(29.3) 1263(56.1) 2015(40.9)

Middle school 440(21.8) 352(18.7) 853(20.6)

High school 581(28.4) 399(19.2) 1076(24.8)

>College 405(20.5) 129(6.0) 567(13.7)
Walking exercise/week p=0.017

No 308(15.0) 406(18.6) 751(16.6)

1-2 327(16.1) 311(14.3) 676(15.3)

>3 1474(68.9) 1431(67.1) 3089(68.2)
Strength exercise/week p=0.000

No 1394(64.2) 1806(84.0) 3402(73.5)

1-2 262(14.2) 140(6.9) 428(10.9)

>3 453(21.6) 201(9.2) 685(15.7)
Smoking status p=0.000

Current smoker 1133(54.9) 121(6.6) 1265(30.9)

Ex-smoke 575(27.1) 30(1.7) 609(14.6)

Non-smoker 405(18.0) 2002(91.7) 2652(54.5)
Alcohol consumption p=0.000

<1/month 431(20.7) 840(57.8) 2340(48.0)

1-4/month 587(30.4) 419(31.5) 1103(25.5)

>2/week 909(48.9) 140(10.7) 1072(26.5)
Calcium intake (mg/day) 568.5+10.4 424 517 Hxxx 499.4+6.5

Values are presented as meanzstandard error or numbers (%), N: number of subjects,
YSM: years since menopause, BP; blood pressure. *p<0.05, ***p<0.001 vs men.
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Table 2. Laboratory characteristics according to gender aged 50 years or older in male and postmenopausal

women
Men (N=2,139) Women (N=2,193) Total (N=4,332)
Fasting blood glucose (mg/dL) 97.4+0.3 94.840.3**x* 96.24+0.2
HbA 1. (%) 5.8£0.0 5.7£0.0 5.7£0.0
Total-cholesterol (mg/dL) 191.2+0.9 203.4£0.9*x= 196.5+0.6
HDL-cholesterol (mg/dL) 46.210.3 49 .3£0.3%*x* 47.6£0.2
LDL-cholesterol (mg.dL) 115.0£1.6 126.711.5%*x 119.5+1.1
Triglyceride (mg/dL) 163.3+£3.9 133.7£2.3**x 149.8%2.5
BUN (mg/dL) 15.7£0.1 15.0£0. T#*x* 15.4£0.0
Creatinine (mg/dL) 0.94%+0.00 0.71£0.00*** 0.83+0.00
AST (U/L) 25.9+0.4 22.5+0.2%*x* 24.440.2
ALT (U/L) 24.1+0.3 19.6£0.3%*x* 22.1£0.2
250HD (ng/mL) 20.3+£0.2 17.710.2%%x 19.0+0.2
Alkaline phosphatase (U/L) 239.3+£2.2 256.612 0**x* 247114
Parathyroid hormone (pg/mL) 66.5£0.8 68.6+0.9 67.5%0.7

Values are presented as meanzstandard error, N; number of subjects, ***p<0.001 vs men, 250HD; 25-hydroxyvitamin D.
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III. Results
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1.2 Lifestyle, health behavior and laboratory

factors
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1.3 Comparison of bone mineral density, lean
mass, and fat mass

BU A AT GoIN 2%, CERZY, ERA

A FUss 77 0.93940.003 g/cm?, 0.756+0.002
g/cm?  0.93240.003  g/cm’o&  ojAoAQ]
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Table 3. Bone mineral density, T-score, and body composition indices according to gender aged 50 years
or older in male and postmenopausal women

Men (N=2,139) Women (N=2,193) Total (N=4,332)
BMD L1-4 0.939+0.003 0.806+0.003**x 0.878+0.003
(g/em?) Femur neck 0.756+0.002 0.627+0.002%*x 0.696+0.002
Total femur 0.932+0.003 0.776£0.003**x 0.859+0.002
L1-4 -0.70+0.03 -1.7310.03**x -1.17£0.02
T-score Femur neck -0.72+0.02 -1.63£0.02%*x -1.14£0.01
Total femur -0.05+0.02 -0.6410.02%*x -0.33+0.01
Total lean mass 48.610.1 34.7£0.1%*x 42 1£0.1
- Total fat mass 14.7£0.1 19.2£0.1#*x 16.8£0.1
Body composttion ™ Truncal fat mass 8.3+0.0 10.3+0.0%%* 9.2+0.0
(k) Non-truncal fat mass 5.4+0.0 8.1+0,0%xx 6.740.0
Fat percent 22.0£0.1 34.1£0.1%*x 27.7£0.1

Values are presented as meanzxstandard error or numbers (%). N; number of subjects, BMD; bone mineral density,
L1-4; 1% to 4™ lumbar spines, ***p<0.001 vs men, #*#p<0.001 by X?*-analysis.

Table 4. Correlation coefficients between bone mineral density and clinical parameters in men and women

Men (N=2,139) Women (N=2,193)
L1-4 Total femur | Femur neck L1-4 Total femur | Femur neck
Age (years) -.109™ -.333" -.3617 -.449™ -.581™ -.598"
Height (cm) 194 224 263 372 374 A26™
Weight (kg) 399 .498™ 464 A425™ A74™ A56™
Body mass index (kg/m?) 363 A466™ 403 276™ 331 279
Waist circumference (cm) 31 341 .298™ 181 199 71
Calcium intake (mg/day) 124 186™ 205" 143" 167 191
250HD .017 047" .043 -.024 .017 .008
Alkaline phosphatase -.170™ -.224™ -213™ -.215™ -.183™ -.169™
TLM (kg) 359" 502" 4827 .388™" 457 446
TFM (kg) 277 285" 245 3177 .340™ .320™
TrFM (kg) 281 .290™ 246™ 276" 287" 2557
nTrFM (kg) 242 239" 2107 .328™ 364 3647
Fat percentage .158™ 109 0717 717 727 151

N: number of subjects, L1-4; 1% to 4™
mass, TFM; total fat mass, TrFM; truncal

S EAolA 77 14.7+0.1kg,

54+0.0kg, 22.0£0.1%=2, ofJofA<]

8.30.0kg,
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Table 5. Clinical and lifestyle factors associated with bone mineral density by multiple
regression analysis in male subjects

L1-4 Total femur Femur neck
BESE p-value B+SE p-value B+SE p-value

Age (years) 0.001+0.001 0.279 -0.002+0.000 0.000 -0.002+0.000 0.000
Body mass index (kg/m?) 0.012+0.003 0.000 0.018+0.002 0.000 0.011£0.002 0.000
Monthly r'mu.sehold income 0.086 0.008 0.042
level (ref; High)

Low -0.027+0.012 0.027 -0.031+0.010 0.001 -0.025+0.009 0.006

Middle low -0.024+0.011 0.026 -0.014£0.008 0.085 -0.007+0.008 0.408

Middle high -0.014+0.011 0.198 -0.023+0.008 0.006 -0.010£0.008 0.197
Education level (ref;>College) 0.354 0.319 0.395

<Elementary school -0.023+0.013 0.073 -0.014%£0.010 0.145 -0.011+0.009 0.217

Middle school -0.012+0.013 0.367 -0.002+0.010 0.826 -0.006+0.009 0.513

High school -0.011+0.012 0.330 -0.011+0.009 0.222 -0.013+0.008 0.105
Walklng exercise/week 0.333 0.043 0.213

(ref;>3)

No -0.011+0.012 0.350 -0.012+0.008 0.171 -0.01140.009 0.186

1-2 -0.011+0.010 0.275 -0.018+0.008 0.024 -0.011+0.008 0.174
Strength exercise/week

(ref:=3) 0.013 0.161 0.285

No 0.007+0.009 0.431 0.007£0.007 0.347 0.006+0.007 0.369

1-2 0.035+0.012 0.004 0.018+0.009 0.056 0.014+0.009 0.117
Calcium intake (mg/day) 0.000+0.000 0.059 0.000£0.000 0.064 0.000+0.000 0.004
250HD (ng/mL) 0.001+0.001 0.227 0.001£0.000 0.006 0.001+0.000 0.002
Whole body total lean mass (kg) | 0.004+0.001 0.000 0.003£0.001 0.001 0.003+0.001 0.000
Truncal fat mass (kg) 0.000+0.003 0.955 -0.004+0.002 0.031 -0.003+0.002 0.104

SE: standard error, L1-4; 1°' to 4™ lumbar spines, 250HD: 25-hydroxyvitamin D.

Table 6. Clinical and lifestyle factors associated with bone mineral density by multiple regression analysis

in female subjects

L1-4 Total femur Femur neck
B+SE p-value B+SE p-value B+SE p-value

Age (years) -0.005+0.001 0.000 -0.006+0.000 0.000 -0.006+0.000 0.000
Body mass index (kg/m?) 0.005%0.003 0.084 0.009+0.002 0.000 0.004+0.001 0.009
Monthly r'mu.sehold income 0.843 0.645 0.560
level (ref; High)

Low 0.008+0.012 0.466 0.000+0.008 0.979 0.003%+0.007 0.648

Middle low 0.001+0.011 0.936 -0.007+0.007 0.335 -0.005+0.007 0.503

Middle high 0.000+0.012 0.986 -0.004+0.008 0.647 -0.001+£0.008 0.886
Education level (ref;>College) 0.000 0.052 0.005

<Elementary school -0.083+£0.017 0.000 -0.033£0.014 0.015 -0.042+0.014 0.002

Middle school -0.060£0.017 0.001 -0.029+£0.014 0.039 -0.044+0.014 0.002

High school -0.046£0.017 0.007 -0.016£0.013 0.204 -0.025+0.013 0.056
Walklng exercise/week 0.824 0.530 0.886

(ref;>3)

No 0.000+0.009 0.973 -0.005+0.006 0.399 0.001£0.006 0.867

1-2 0.006%0.010 0.538 0.003%0.007 0.636 -0.003+0.007 0.679
Strength exercise/week

(refi=3) 0.179 0.163 0.043

No -0.022+£0.012 0.063 -0.015£0.008 0.080 -0.018+0.008 0.025

1-2 -0.019+£0.018 0.298 -0.020£0.012 0.115 -0.025+0.011 0.032
Calcium intake (mg/day) 0.000+0.000 0.300 0.000+0.000 0.399 0.000£0.000 0.065
250HD (ng/mL) 0.001+0.000 0.260 0.001+0.000 0.009 0.001£0.000 0.022
sz;ﬂe body total lean mass 0.006+0.002 0.005 0.006+0.001 0.000 0.007+0.001 0.000
Truncal fat mass (kg) 0.002+0.004 0.606 -0.005+0.003 0.091 -0.006+0.002 0.015

SE: standard error, L1-4; 15t to 4" lumbar spines, 250HD: 25-hydroxyvitamin D.
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Fig. 1. Bone mineral density across quartiles of whole body total lean mass (TLM) adjusted for age, body

mass index, household income, education level, walking exercise, strength exercise, calcium intake, and

vitamin D concentration by multiple regression analysis in men (left) and women (right). L1-4; 1% to 4"
lumbar spines, ~p<0.01, ""p<0.001 vs Q1, *p<0.05, #p<0.01, **p<0.001 vs Q1.

HolAdel oAl 2 TLME 25 U chEl2 A, o)
B3 BUT 3719 RO BAYo| Y JTEN
oN BUe} o] YAUWAES HYY TrFME ChEE
2% 2Uwe} 9o JUWAES BTt (Table 6). B2
HAES WA of% TLM AlE9l2d] T2 FUw]
xjolg 2eIgt AT L o BEAN TLM AL
A7) £248 0% 9 OEE 3UIL 35 B

UERATY (Figure 1).

IV. Discussion

Alse &5 5719 7P st olE<dAto|1[7], A
gk BMD2] #Alof] tigt A-EolA LM 'J 2%
ol BMDO 7P get AAQIAtz &AM
[17,19,21,34]. A|YA2AD 9] 2Ah8o] tisi =
QSO olojd & TAARA, FMa} BMDS}O] B4
o ChsAls BATsHL ofAlw tmgto] Sl

KNHANES At&E ©o]83t Ahn 59 10-95A] g9l
S giatoz st AoAl=  TFM, PFM (percentage
fat mass), ¥ TrFME BMDQ} GARHAAIE HPW
TLMZ 2%l BASoe o] S B3ien,
BMDof] tfigh o]2{et LMo o] A % FM9| 29
AP BT 0N o fosiAl sl Y
BRTH21]. of={gt T2 4A719] FAold 7 7
SHA UERAL, F/doll4 BMDoj| st gk FMo] LM
of vlsh & 24 Yetd, BMDof| tigt FM 3 LM9| J¢F
=48 ¥ AP gt oA Uehds BUshIt21].
HFRolds tider oF b wu AoA = TLMO]

BMDof| ¥ oAM-S Sh= ks Z2] TFM 3 TrEMo]
=5 BMD7}F 2| UEpdZ glste] FM2 BMDO|
AR IF= UAl= Aoz Bustiio14]. Zhu 5
2 of/doflx] BMIof| vjsf] AR|Ho] S7td S 2
Lot dasts BolRglal ol LMe] £Vt glo] FMgt
Z7Yohe A2 wof] BRI G2 718t A= AR
SIICH3Y]. Sotunde 52 LMY £7PF 4= 571 4
=4 9 dach o] 9l FM ¥rf= LMe] 5717}
o] 7S YoMl o %25kl 51 1[36], Leslie 5
< TLMe] aAlo] 2035 34 Y9 271t Hjiol
AT FMe] A4l 24 Adat Fasital sHITH37].
Taaffe 52 Uol= d7dollA] LMo] BMDO] 5-Q3t 7]
QIAIQI ¥HdHol, FM2 Uol& of/dollA 523t 7]o{QlA}
2t 5t 1[17], Makovey 52 i RTof|A] LMO]
FMo]| ulsl BMDof| ®ot Zf2ish gek2 u]A|d, tgt 50
Al o]a} o/dofAgt FMo] tfiElE BMDol & 7t I
< 0J3IctaL shoicH18].

Jads ddes ¢ U ddass B, 3
BAES gifo= ot Ao FMo] Z7t&4% BMD
7F Aastl oy ofd FadoA= xo]7t gloitt. o]

b A3k FMo] BMDe} 52 Al S Bolths 4
AL} UR|5H= Avto]1[38,39], Yool Ao
A& vlgket of/d BAdolA FM % BMD7}F 29 At
WS BYo=2A F2H7]9 WA1F H vk BMDE
TarZle Zos Husty Qri26,40,41]. =UjofA]
12-18419] 2y Fadg tidez g A-oA = LMO]
FMo] d]sff BMDO| & & 37AQ 95 v A=

rlo 4z ulr
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CHL sllm LM i RE0I YR 571et wedo]
oIt} sloiTH6]. ojeh 22o] Aprhate] Sxdof we} FM
7} BMDete] T3l N AAtolt 2 At
Cha 27 Yerde steist 2 ot
504 oldg thgoR gt %LOﬂH TLME %,
AAZA) LS B ESE o2{71R] WS HASIIE QF
9 ohelz BMDSH i REolA fojst ou A
2 BojZich ¥ Ao FMS BMDO] BAAel o
o} 7hs4o] 9l o= weick TriME 91,
Gl 52 RS RS Foll= BMDSF g9
WAS BIlou ol=fet IAeS B Sojl= o
olM &2 IS Bl ghmels thidew gt 7
of o2 A= AR S HYItH21.24.43] L
Ay 2 Aol TrEMe] Feolls 835U eohe &
o] G HHEZAIN = FAME THEZA Oﬂl
BollAte HEIEET ZR= 89 S 2
on} T} FM QIXFSANE FRg TS Wolx] o
of 3t5 Z7}A0l oLyt Wost 7o AjztElch
LMt FM2 Al&2 tiids AJsh7] dizel 40
et ot a9hS EoiM 29 RAlskH A AE=
she Zlo2 7R 9lon, Algd thet FAIHEA
oM LMap FM AlSe] T2 ARt g
A7 0§ =7] o]l SA1/gol LAshE Al o]
7189 A7 2aksol Yt ol e de) sy
2 AR QTH15.44]. Ats ZA0ll JlolA AlEe
e ZIAIAY Alejst= 2ol w2t Aol xfol7t
AL, de|= AT thet B ool FMO
BMD2} 9] AHiAE HoRAIR 2 o]0 &2
FHIAS Rt Ao=A[26.27], of=fgt Aik=
24 AP ARAQ Fotkadts Aelst wofe
AR AES ¥ 7hsde AR B HE o
Ao ARt 2 o A ot I
= DR 7Fe7dol SlH17.18].
ojet Zol, LM} vlusto] FM Al&2 25HA] o
= “JEHollA] BMDo]| tet ggFo] LMof wish o A1 Kl
2ol el 2785 o Aeolle 29 EiAE Bolx
797} vol EAM BT} BsH ktut HER FM
A7 Azsol oist antet SAsHA E-M o=@ BMDO
7‘<El % ﬂi Aﬁﬂg olq
BMDe] rﬂo+ Fe] 27301 Fe | FM4 W 3%

]

Hi OOI‘
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19 np r X ru[o
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4>

oFst A28 E5|| A2 dZAE o] 9Jon, adiponectin,
insulin, amylin, leptin ¥ adipocytic estrogens 59|
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A ot 22209] 7)o efEsle 2] The Ju o
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V. Conclusions
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