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Abstract

The purpose of this study was to investigate factors associated with Bone Mineral Density (BMD) in Korean
postmenopausal women. The data from 2008-2010 Korean National Health and Nutrition Examination Survey
(KNHANES) were used for data analysis. Subjects were 2,701 postmenopausal women aged > 50 years. BMDs
at whole body, total femur, femoral neck, and lumbar spine were measured by Dual-energy X-ray absorptiometry
(DXA). Dietary data from 24-hour dietary recall and a food frequency questionnaire containing 63 food items
were used. The proportions of osteopenia at total femur, femoral neck, and lumbar spine were 37.4%, 54.5%, and
45.4%, respectively. The proportions of osteoporosis at total femur, femoral neck, and lumbar spine were 6.2%,
25.6%, and 34.3%, respectively. Age, anthropometric index including height, weight, and Body Mass Index
(BMI), parathyroid hormone, and physical activity were related to BMD, but the relationships were site specific.
Total femur BMD was explained by age, weight, parathyroid hormone and intakes of carbohydrate and fruits.
Femoral neck BMD was related to age, weight, parathyroid hormone and intakes of riboflavin and fruits. Lumbar
spine BMD was associated with age, weight, milk and dairy products, calcium intake, and exercise. These results
indicated that adequate intakes of milk and dairy products, fruits, carbohydrate, calcium, riboflavin and exercise
as well as weight maintenance might play an important role in maintaining optimum bone health in Korean

postmenopausal women. (Korean J Community Nutr 18(2) :

KEY WORDS : Bone mineral density * osteoporosis *

A 20139 1€ 169 H+

T4 2013d 2€ 134 &3

iHE“.‘Q: 20134 3¢ 284 A

fCorresponding author: Yoon Jung Yang, Department of Food and
Nutrition, Dongduk Women's University, Seoul 136-714, Korea
Tel: (02) 940-4465, Fax: (02) 940-4193

E-mail: yjyang@dongduk.ac.kr

This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License(http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

177~186, 2013)

osteopenia * postmenopausal women - dietary factor

=749] 913730] S7FH
Agko 7 w9l Q172 F7te] whet ErhyEe
7k 3L Qlom, o= 4he] Ae] AJstel o= A
7 T oJXe o AEZAQ| oFo]
o] T A £5} FTleIth & S-S HA
ol 7H ko 51~554] B¢k 4 & A
%°]31tH(Choe & Lee 2003).
OirrLoﬂ =y e S 2515 O
%21 (Chung 2010) 20034 3t 3l STha<

Fl}f‘ o
1
ild
> N
X
l
T

2
L
2,

Lémr—hmlﬂ

wx (U oy Jo i
o
5 K
0_|_, _04
2
N
Rl
x2
o
’l

o B o ob
7oy re
Koy oo

oii-m

A

- 177 -



178 - 9173 F o1ge] Tl YL Mol 83

0t (Kim 5 2004). F3wc}h < $-2uet
A 0] 86.441% Z718kaL (Oh 2008) #H 7]
o7} Het 49.24) (Park 5 2001)YS a1edgt
o, 01432 2F7] 4he] 1/3 oPdg w7 eI Aolrtof st
o2\ olF FthasS dwshy] fgk e e e
(e}

kv

T =2
do] t% SeiE 2 ok (Kim & 2002).
o] G AL 2 FAH 2903 I, £F

QRIOR F4 Q1 1%, A, A1A

ot
X
Y
ot
4o
1%
i)
3t
A

2 HH 9L 7HAR] A ol Bal
o 2tk (Dawson—Hughes 5 1990). H] 2Jo]Q2lo &
T 5% 75 AT, AA Y], AEE|E oFE A
&, 5T, WA Ve 3R 5, S8 Agle) o)E) v
ER D] Adgt A3 FAdo] o] FolA = gl 739 5ol
H %3 9} (Chae 5 2003; Garnero 5 2007; Kang
S 2007; Meyer & 2008).

Lee 5(1996)2 o4 =4
Hol glom, st 24 HFH7H A
FAA 7= 7P Feskthal spgit 917 - of4
AEZA AR Z2TAE (Osteoblast) B! 324
(Osteoclast) o] Y& v & wA&o] WK1 =
T7F = ARG Fob = A EC] 71453} ¥k (Shils
1999). Kim (2003)& A1o1d 9] = =rt Als, 2%
ANAGA G 52} o] A AE Relthal Baskelal Na
(2004)= 5, AT, ALZFAT7 A4 A - F o9
U5 Pl JS vvka Rasieleh. =3k Yo
(2004)2 o9, 44, € s
5ol A1) el

(2004)2 73919449 =

o] 2917}
M

1=
=

4 §5a
o flo

ox IIf

E

)

1o

ik
o mor kel 2 mj i

]

L

[e]
hu

[e

o, Kim 5 (2000)2 Ag, vlvkrr, 173215 44,
ST, G5 Fol AdRlode] Edrs A 9l
& Bzt Yo), AlF, A-AHA S 5] 29lo] 3E4
o7 oo FEE el THo] Q= QRAUAE Aol
o, %, A7AE AF, 71E ALS] - dE QR T AT
of wpg} xfo] S BT Ik Sejue} g F 3] =
A9l 7l Qe Q15 Wk thie] oA 2 vl g
91 2) 7t R A AR WEAE o 5=
%2137 (Shin % 2010; Park 5 2011) =7F$19] of
TFE Aol A 504 ol W17 F oS tigow FUn

o 9FE T Q8lell o] Ay L A= A9 B
@ ap7k glet. whEbA 2 9194 2008, 2009, 20104 =
Z =

1. Alme M

AT 2008~2010 1A SF2AE AAARS
ARR-slo] =3E QI 2008~2010d =R 7 okxAto
Zrofst 504 o HI7d § o4 (5,854) & tid e A
(Fxr, P, AR A A8, Folels 3E9, o
AN ZT A BE) Ak e =2}H(2,2979) & TS 7
AaFA] ok Tt (856) = #1935 2,7014S tito 7 5}
ATk A7 ARZAL AN, GUYRA ARE vl o R

[e]
FARAE AN,

FFE 1H NS V|FOR ST, FAL A
Fo g ulgo R BHSG O, FHEFE 15U
FEEAADE U5E 71702 St

FUEE ooy A] #AMA £ (Dual—energy X—
ray absorptiometry, DXA) ol 2J3F XA Zd % =47
(DISCOVERY—-W fan—beam densitometer, Hologic,
Inc.,USA)E AHgste] @59 tiE= dA, ti==4Y, &
TUEE ST ARE AHEIGaL AT 2ty
O] k2 AARAZ]T-E] ofAloH(H) 7]+ =7hAs
(=2.5 < T—score < —1) 3} Z}4¥Z(T—score
—2.5)& AFE-3Ftt(National Institutes of Health
2000). 2231 AR EAES] @3t il A, olE 735
TUE T o gt tolekx E7hATe] Xkr]Eel gt
USSR Rel FAS o B, 25 o
B QA EAE SUE T ol gt oty EtheS

o] AR|E) s FrkEEoR waakich

N o

IN o\ o

ul



4. MoHL

2o Rg= 24403 31 07 AR G A
& Abm.9l 6371 2% 5ol Wk AFEAAFANE A
& Aol ARSI, AAke] Aol ek Hr k= st JUF
2 A7 A3 v¥] Mean Adequacy Ratio:MAR)Z A3}
R 97HA] T8 kA (B, Ay, A, QL HIE A,
Elopl, g]rZepl, tholopal, HlER C)of| thsto] oJeka
27 A% 1)4 (Nutrient Adequacy Ratio:NAR)S A4}
slo] 9714 Pl NARS Hitsle] MARS Allsiolitt.

5. S HEN

BE 289 B4 SAS VI.3(SAS Institute Inc,
Cary, NC, USA) & o]g3to] A FAZ2T38 AHE-3f
Rom, P <0.058 A FolTwox stk A5 W
T B W AEEAE, UEY HeE e} v
(%)% A &lelvh. 2 v, &= H
T YRS ARSI

[e)
o
Zroll 9ale] Scheffe A4S 819

A chi—square
test® 7t ol ' W] w3k L7 HEAE ASEt

o H
AR el 7 S ele] Al AT E

-
afof Eajaloict. w14
1

3]EA (stepwise regression
method) & AFE8te] zF FY o] WolE 2 Arst 4= 9l

w
e~
=
X
N
-z
Ao
1o
il
=)
ki
o
do
1o
L
o3
)
&
h)
|
f
e
rlr
'

2%, volobl 4%, MAR, £ 3 7
HANE, 6 2 KA AL, BAE AN 2

AT FhgE 2 919 FAEG @AY 29184

£
oz

2R AT EvhrEe A ES Fig. 190 A
o s =84, e =AY, L7799 AT F
37.4%, 54.5%, 45.4%%1. NE= A4, =7
H-210] Hrhes AHES 6.2%, 25.6%, 34.3%
A (whole body)+ tE=AA], E=45, &
1919 o sl FHAaTo] Q= A9 T E o

ERetaL, thE =, tiE =735, Q.F5-919] o] 5}

N

I3t

32

Flo

=

=
Q

, o

N ¥2 T of
ofr

e

TAS - AAE - R - 179

(%)
70

50 46.5 7 45.4
My = 37.4

N7 B %

20 {1/ /-
1.5

'R

Whole body

20

%, |

Total femur Femoral neck  Lumbar spine

Normal /. Osteopenia [ Osteoporosis

Fig. 1. Distribution of osteopenia and osteoporosis among study
subjects.
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Table 1. General characteristics of postmenopausal women by bone health status

Normal Osteopenia Osteoporosis pY
N 298 1207 1088
Age (year) 56.9 + 599 622 + 7.8° 70.5 + 8.8° < 0.0001
Smoking status 0.0019
Non-smoke 281 (94.6) 1106 (92.3) 949 (88.8)
Former smoker 3( 1.0 20( 1.7) 38 ( 3.9)
Current smoker 13( 4.4) 72 ( 6.0) 82(7.7)
Alcohol intake < 0.0001
Non-drinker 123 (41.7) 613(51.3) 689 (64.7)
Less than 1 — 4/month 144 (48.8) 517 (43.3) 316 (29.7)
2 - 3jweek 22( 7.5) 46( 3.9) 24( 2.3)
More than 4/week 6( 2.0 19( 1.6) 39( 3.4)
Education < 0.0001
Elementary 130 (44.4) 760 (63.7) 913 (85.9)
Middle school 63(21.5) 189 (15.8) 71( 6.7)
High school 78 (26.6) 196 (16.4) 58( 5.5)
College or higher 22( 7.5) 49 ( 4.1) 21 ( 2.0)
Dietary supplements < 0.0001
Yes 104 (39.4) 385 (35.8) 273 (27.2)
No 160 (60.6) 689 (64.2) 731 (72.8)

1) P-values by one-way ANOVA for continuous variables and chi-square test for categorical variobles
2) Values with different superscript lefters within a row are significantly different means, based on one-way ANOVA followed by
Scheffe's post hoc comparison test

Table 2. Pearson correlation coefficients between factors and bone mineral density in each site

Whole body Total femur Femoral neck Lumbar spine
™ P r P r P r P
Age (year) -0.416 < 0.0001 -0.603 < 0.0001 -0.602 < 0.0001 -0.432 < 0.0001
Height (cm) 0.301 < 0.0001 0.386 < 0.0001 0.386 < 0.0001 0.355 < 0.0001
Weight (k@) 0.322 < 0.0001 0.465 < 0.0001 0.465 < 0.0001 0.445 < 0.0001
BMI (kg/m?) 0.205 < 0.0001 0.320 < 0.0001 0.320 < 0.0001 0.314 < 0.0001
Vitamin D (ng/mL) -0.012 0.550 0.016 0.442 0.015 0.339 -0.028 0.170
Parathyroid hormone (pg/mL)  -0.016 0.475 -0.123 < 0.0001 -0.134 < 0.0001 -0.044 0.053
Exercise -0.070 0.0004 0.099 < .0001 0.065 0.0008 0.019 0.331

1) Pearson correlation coefficient
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Table 3. Partial correlation coefficients between nutrient infake and bone mineral density in each site

4o

A4 -

FA - 181

Whole body" Total femur? Femoral neck? Lumbar spine®
r P r P r P r P
Energy 0.019 0.352 0.068 0.004 0.059 0.014 0.011 0.611
Protein 0.041 0.049 0.048 0.044 0.046 0.053 0.051 0.014
Fat 0.028 0.185 0.011 0.656 0.011 0.643 0.040 0.0583
Carbohydrate 0.008 0.701 0.079 0.0009 0.068 0.004 -0.009 0.684
Fiber 0.022 0.296 0.038 0.108 0.049 0.040 0.027 0.189
Calcium 0.066 0.001 0.075 0.002 0.073 0.002 0.075 0.0003
Phosphorus 0.043 0.039 0.062 0.009 0.056 0.019 0.050 0.017
Sodium 0.002 0.937 0.029 0.225 0.041 0.087 0.008 0.708
Potassium 0.031 0.136 0.052 0.030 0.055 0.020 0.031 0.133
Vitamin A 0.031 0.140 0.061 0.011 0.071 0.003 0.033 0.117
Thiamine 0.0009 0.965 0.039 0.099 0.028 0.242 0.021 0.305
Riboflavin 0.069 0.0009 0.071 0.003 0.074 0.002 0.080 0.0001
Niacin 0.037 0.075 0.041 0.085 0.037 0.118 0.044 0.035
Vitamin C 0.004 0.833 0.045 0.061 0.041 0.084 0.015 0.693
MAR 0.052 0.013 0.072 0.003 0.056 0.019 0.058 0.022

1) Adjusted for age, weight, exercise, smoking, alcohol drinking and diefary supplements
2) Adjusted for age, weight, exercise, parathyroid hormone, smoking, alcohol drinking and dietary supplements
3) Adjusted for age, weight, smoking, alcohol drinking and dietary supplements

Table 4. Partial correlation coefficients between food consumption frequency and bone mineral density in each site

Whole body" Total femur? Femoral neck? Lumbar spine®

r P r P r P r P
Milk and dairy products 0.134 < 0.0001 0.090 0.008 0.050 0.138 0.083 0.005
Fish and shellfish 0.048 0.106 0.050 0.139 0.049 0.145 0.050 0.091
Vegetables 0.024 0.408 0.016 0.643 -0.004 0.907 0.006 0.848
Seaweeds -0.015 0.624 0.023 0.491 0.039 0.254 -0.009 0.755
Meats and eggs 0.066 0.024 0.013 0.696 0.014 0.683 0.024 0.416
Beverages (soda, coffee and feq) 0.035 0.238 0.014 0.690 0.027 0.429 -0.003 0.916
Alcoholic drinks 0.006 0.841 0.030 0.371 0.014 0.690 -0.012 0.687
Fast foods 0.059 0.045 0.002 0.950 0.001 0.975 0.046 0.119
Grains and potatoes 0.011 0.711 0.023 0.498 0.033 0.325 0.036 0.224
Fruits 0.055 0.063 0.058 0.085 0.043 0.210 0.064 0.030
1) Adjusted for age, weight, exercise, smoking, alcohol drinking and diefary supplements
2) Adjusted for age, weight, exercise, parathyroid hormone, smoking, alcohol drinking and dietary supplements
3) Adjusted for age, weight, smoking, alcohol drinking and dietary supplements
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Table 5. Stepwise multiple regression analysis of several variables on bone mineral density in each site!

Variable Partial R? Model R? F value P>F
Weight 0.163 0.163 336.4 < 0.0001
Age 0.064 0.227 143.1 < 0.0001
Whole body
Exercise 0.009 0.236 20.2 < 0.0001
Milk and dairy products 0.007 0.243 14.9 0.0001
Age 0.312 0.312 794.6 < 0.0001
Weight 0.093 0.405 273.6 < 0.0001
Total femur Parathyroid hormone 0.005 0.41 14.8 0.0001
Carbohydrate 0.004 0.414 11.1 0.0009
Fruits 0.003 0.417 8.7 0.0033
Age 0.345 0.345 924.2 < 0.0001
Weight 0.082 0.428 251.7 < 0.0001
Femoral neck Parathyroid hormone 0.006 0.433 17.4 < 0.0001
Riboflavin 0.005 0.438 14.8 0.0001
Fruits 0.001 0.439 3.9 0.0473
Age 0.161 0.161 325.9 < 0.0001
Weight 0.104 0.265 240.0 < 0.0001
Lumbar spine Milk and dairy products 0.011 0.276 24.5 < 0.0001
Calcium 0.003 0.279 6.8 0.009
Exercise 0.002 0.281 5.5 0.0192

1) Dependent variable was bone mineral density in each site. Independent variables were, age, weight, parathyroid hormone,
exercise, intakes of energy, protein, carbohydrate, fiber, calcium, phosphorus, potassium, vitamin A, riboflavin, niacin, and MAR,
and frequencies of meats and eggs, fruits, milk and dairy products, and fast foods. The enfry point of the stepwise method

was 0.05, and the removal point was 0.10
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