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Effect of Dietary, Biochemical and Other Factors on
Bone Mineral Density Change for 2 Years in Korean College Women®

Song, Yoon Ju - Paik, Hee Young'
Department of Food & Nutrition and Research Institute of Human Ecology, Seoul National University, Seoul 151-742, Korea

ABSTRACT

This study was conducted to examine whether bone mineral density changes in 55 young Korean college women
aged 19 to 26 years over 2 years and nutritional and biochemical factors are related. Bone mineral density (BMD) was
measured in the spine (LS), femoral neck (FN), ward’s triangle (WT), and femoral trochanter (FT) by dual energy X-
ray absorptiometry three times at one-year intervals. Serum osteocalcin (OC), parathyroid hormone (PTH), and urinary
cross-linked N-teleopeptides of type collagen (NTx) were measured. Dietary intake was assessed 8 times with 24-hour
recall method. Physical activity (PA) was obtained by questionnaire and body fat content was measured by bioelectrical
impedance analysis at baseline and after 2 years. Analyses were performed on 34 subjects with all three BMD mea-
surements. The BMDs at the lumbar spine gradually increased over 2 years, while the BMDs of three sites at the femur
were sustained or increased. The mean OC, PTH had a similar pattern with the change of BMD at the femur. The mean
NTx decreased over 2 years but was still higher than those in other studies. BMI, body fat, vitamin A and zinc intake
had a significant correlation with LS-BMD. Femur, PTH, body fat, vitamin A, vitamin B, and calcium intake had a
significant correlation with WT-BMD and was mostly influenced by diet. By multiple regression analysis, it was shown
that the significant factors affecting the LS-BMD were BMI and vitamin A intake and those affecting FN and WT were
age, BMI, PTH and calcium intake. These results indicate that some Korean women still experience increases in BMD
and that this was associated with PTH and vitamin A and calcium intake. Therefore, proper diet and diet management is
needed to increase changes in BMD among college women. (Korean J Nutrition 36(2): 175 ~182, 2003)

KEY WORDS : bone mineral density change, dietary factor, biochemical factor, korean college women.
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Fig. 1. Study Design.
Table 1. General characteristics of the subjects (N = 55)
Mean = SD Range
Age (yrs) 215+14 19— 26
Menarche (yrs) 127 £ 1.3 10— 15
Postmenarcheal period (yrs) 8917 6— 13
Height (cm) 160.2 + 5.1 162 -179
Weight (k@) 52,1 + 6.4 42.4-700
BMiI 203+ 20 16.4-25.3
Body fat (baseline) (n = 48) 13.6 = 3.1 8.6—-20.2
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o F 89 TAE B 9 ARFE ThEsisith AA
8% A8 AL SHL A7 AR FEA 2¥e A
AsH3ic,

2. A O

AL oAk AMER AolE St 58 Aol of
ES 58311 QA A AURER £ A7 UEE ol
#sln Fsr|z T F 559 dRE AAEiTh
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A7 dIAES A, AFE S F At g A
U7t $<rshd A7 7HE BAgeta kdsitha g
A 0lF i) WA bd FU% £77] (dual energy X—ray
absorptiometry, DEXA: Lunar Radiation corp., Madison,
Wisconsin, US.A)E °1835ith # A7+ 1998'd 5~6
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4 23 (L2-LO)F9)°] HaXE oL, UER-9
+ UEAR (femoral neck, FN), =42t (ward' s tri-
angle, WT)% W42 (femoral trochanter, FT) 2]
F2F 043131t
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Aol AFsIon, JEe A dNEY/Z ¥ S
gl —70Cel ¥% HAsISIcE 2L AL @ ol
2HiA Aoz wigton A¥ A7LR] -70Ce W% B
35ick #EE MM PN BE T L3R osteo-
calcin¥} Zgtiilol] #oddR= parathyroid hormone (PTH)
a8]a AWy Z8% ¥l N—teleopeptide of type
I collagen (NTx) & &733131ch

3l osteocalcing YAMAAEY (radioimmunoa-
ssay, RIA) & ©]83} Kit (OSCA test Osteocalcin (BGP),
BRAHMS, Germany) & AH8-3lo] 7431510 54717
+ 7 —counter (COBRA 5010 Quantum, PACKARD
corp. US.A)E ARE3H3Ith. @AW parathyroid horm-
one (PTH) #3-& A A& (RadiolmmunoAssay,
RIA) & ©]4% Kit (I-PTH IRMA CT, RADIUM, Italy)
& A3l 315108 £37171E ¥ —counter (CO-
BRA 5010 Quantum, PACKARD corp. US.A)E AN
BIsich AW A¥d NTx (N—teleopeptide of type I
collagen) < AAHAAeF (Osteomark®, OSTEX, U.S.A)
& ol&3l ¥A431%l1, 47171 ELISA Reader (Ben-
chmark, BIO—RAD, Japan) & AR89tk NTx= crea-
tinine 1 mmol 2 bone collagen equivalent (BCE) nmol
2 ZH3elen, JiQ1zte] WHolE A7) Y3t creatin-
ineg ZA3I k. Creatinine &AL Jaffedhs-& o] &3t
Folin¥] (Butler, 1996) 2.Z F4EE 543l =& A
ATl £47171 &34 (DU® 650 spectrophotome-
ter, BECKMAN, U.S.A.) & o}&3}3th
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lectrical Impedance Analysis BIA)S 71532 % Inbody
2.0 (Biospace, Korea)< ©]83l3lth. ©] Inbody 2.0
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2o AABIAEE 2F (LS)+ 1.126, 1.132, 1.149 g/em®
2 A% F1RINL, dEe) B¢ dEAEY FN) & 0973,
0.932, 0.980 g/cm?, k=47t (WT)2 0.899, 0.892,
0.936 g/cm® 183 diEAARR (FT)& 0.782, 0.758,
0.759 g/em’Z 724, 71 9 /AE d9lch 4% Al
e & A7 H)53 AFE g o JdFEY
AR vsRa, R njgn B8y WNAgE gt
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Table 2. Bone mineral density measured in each year

(Mean + SD)
Bone mineral density (g/cm?)
Site Baseline 1year” 2 years®
(n = 55) (n = 40) (n = 34)
umbar - o6+ 0.1251.132 £ 0,136 1.149 + 0.141%*
Spine
Femoral 4 575 4+ 0.0990.982 + 0.105*** 0.980 = 0,109+
Neck
Ward's 6 600 + 0.1160.892 + 0,126 0.936 + 0,129+ **
Triangle
Femoral 780 + 0.1100.756 = 0.106 0.759 = 0.114%,*
Trochanter

1) Mean values were significantly different between baseline
and 1st year by paried t-test (xp <0.05, **p <0.01, #*+p <0.001)
2) Mean values were significantly different between 1st and 2nd
year by paried f-fest (+p <0.05, ++p <0.01, *+*p <0.001)

3) Mean values were significantly different between baseline
and 2nd year by paried t-test (+p <0.05, *+p <0.01, *++p <0.001)
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Table 3. Percent change of bone mineral density during the st-

udy period {Mean =+ SD)
Bone mineral density change (%)

st year® 2nd year® 2 years®

(n = 40) (n = 34) (n = 34)
Lumbar spine 1.03 + 3.82 1.62 = 4.12* 253 £ 3.99***
Femoral neck —3.65 + 3.35*** 555 + 6.32*** 143 + 584
Ward's tiangle —0.05 £ 4.37 521 =+ 6,00** 5.17 + 6.88***
Fﬁz‘cor:g;fer —274£373% 068+ 7.038  —2.18 + 5.40°

Mean values were significantly different by paried t-test (+p <
0.05, ++xp <0.001) (For HO: Percent change are zero)

“1st year: percent change between baseline and one year fo-
llow-up measurements

*2nd year: percent change between one-year and two-year
follow-up measurements

2 years: percent change between baseline and two-year fol-
low-up measurements

81.2
625
N¥x (nM BCE/mM Cr)
38.2 95
322 | P (pg/mi)

Eoo
L 76 10.2

1 1
baseline 1 year

Osteocadlcin (ng/mi)

c338383883838

2years

Fig. 2. Change of biochemical indices of study subjects during
the study period.
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EThAtel BRAE W38 Q19 ¥ osteocalcin, &
A PTH, 183 A8 NTxS $2¢ Fig. 2] AAJ&c
=39 Y AEE JehFE 8% osteocalcin® A7
AIZA] 16 ng/mlellou, 1d F 7.6 ng/mlE 723k
2, 9 29 ¥ 10.2 ng/mlE Z718I90 AE oj-gu)
I (paired t—test) & AR 13 F9 Azte} 137 24
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% osteocalcin ¥ 719 8% PTH 4538 7
233tk ojZleg B w, 12 d% gEEus 729 2
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WL 7L ezt AR EY g 7R & 4
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A2 2 99 IF2 FAE 18 ng/migen, ® g A
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22 3097k A4ditht H7 F 5d Ale]ofl thA] 53
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A7) G & £FE Boltt e FHo| 1 F0)
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& 2571 A7) AlEddle gAEtka AJ716de 2849
a7t = A5 FAEGI} #7717 =HE E28E0] o
£ F7khs 2R AEE + vk & AT A B
A2 NTx sdso] 8094 6022 22~45419] u]=4d
Aojdel HF ofd2 ¥ FAolmE B AT At
9] AL R E A &50] AT AVIZ B £ 3L
o2 FAFE Foledl 28 7lgojol & Aot

AAEE] A= AT AFA A AALRe] 13.6 ke,
AL v go) 26%U 1, AT FEA AALZo] 14.8 ke
o2 ARAY uigo] 28%2 At TR & Aol
HolA] ¢kttt (A3 AP,

FTUE AET A3, AAL Q17e] AU
7] 18 A AAIBIITE (Table 4). 34l
UL SAS 3W BT § 3439 didA}t F ol ek
AE 4395 AT 303 S Woz At oF &1
% LS+ BMISH AR 59 JHaAE BojA, BMI
SAY ARl Ad thIALTE, 259 L% 57t
7} F2-& Yepdc) oiEA%E (FN) & 8% Osteocalcint
Table 4. Pearson correlation coefficients between biochemical,

anthropometric factors and bone mineral density change dur-
ing 2 years

e

oo

Bone mineral density change (n = 30)

LS N WIT FT
BMI® -0.3828* -0.1788 00145 —0.1328
Osteocalcin® —02051  -04386* -00834  —0.1599
PTH® -02063 02899  -0.3315° -0.2777
NTX® 0.1689 0.2278 0.2357 0.4028*
Body fat®  -0.3333° -03059 -00647 —0.2899
Bodyfat?  -02950  -0.5763* -0.4235" -0.3748

1) LS: Lumbar spine, FN: Femoral neck, WT: Ward's friangle. FT:
Femoral frochanter

2) *0.05<p<0.1, *p<0.05

3) The mean values measured at the baseline

4) The meaon values measured after 2 years
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£ ogrie] 8W 24417 373el Ad A9 oA
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UL AHAS A 7 2} FLFATF Y 20~294 o34 BF
2y vy A 87%, BHEL 115%, e
68%, AL 128%, BEL 70%, Ve AL 74%, HIEM]
B& 100%, BIEF] B, 83%, Wolobile 130%, ofd
2 80%=E AFsta Ytk Fig. 3). &, FFALFRY
AAE FA st JE Fohe duA, 2w, i vE
9l A, HEM B,, oldo)|ln, FUE A F23% Ze
< AR 68%% 7 WISt AHNHE Holon &
3 o ollAl Fash AR AR I oo ® wA YEt
LA oftiAle) Jodels dAtdoz FA% e & &
Rt

Y% A3l Aol AATAE B A B L
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—a—— Korean RDA l
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Fig. 3. Nutfrient intake of subjects as percent of Korean RDA (by
the muttiple 24hr recall method).
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Table 5. Pearson correlation coefficients between dietary factors and bone mineral density change during 2 years

Bone mineral density change (n = 30)

LS FN WT FT
Nutrient Intake
Fat (@) 0.3114" -0.1238 0.1058 0.2545
Calcium (mg@) 007 0.0907 0.3649" 0.0872
Vitamin A (RE) 0.4577* 0.3000 0.4287* 0.3624*
Zinc (mg) 0.3922* 0.0920 0.2410 0.1287
Cholesterol (mg) 0.1040 -0.1208 0.1699 0.3385"
Nutrient Density
Protein (g/1000 kcab 0.2872 0.2500 0.4620* 0.2037
Fat (g/1000 kcal) 0.3705* -0.1009 01142 0.1860
Calcium (mg/1000 kcal) 0.0202 0.1342 0.3929* —0.0646
Phosphorus (mg/1000 kcal) 0.1064 0.1745 0.3717* 0.0929
fron (mg/1000 kcal) 0.0680 0.3692* 0.3460" 0.0034
Vitamin A (RE/1000 kcal) 0.4418* 0.3649* 0.4426* 0.2835
Vitamin B, (mg/1000 kcal) 03102 01917 0.3791* 0.0973
Vitamin C (mg/1000 kcal) 0.0835 0.2271 0.0020 —-0.3294"
Zinc (mg/1000 kcal) 0.4406* 02132 0.3044 -0.0414

1) LS: Lumbar spine, FN: Femoral neck, WT: Ward’s tiangle. FT: Femoral frochanter

2) '0.05<p<0.1, *p<0.05

t} (Table 5). 23 SUEE 99U A3, 994 2
Foll Auka vleln A 233 oA A 493
o] ZAATAE YEP diEER FN) & 23 el
A AFS %2 BRE BTk = (WD) 2 dad,
Zrg, A%, Ve A, 2 Ve BARS fole 4o B
BAE 7B o, e 3UE 299 nis] 2 1, 2o)
o} 7P WAE ARE 7R Ao E et diEdRy
(FD = el AS SHAEISo] 49 A@Ado) gl W
F2 Yehdt ojRez E o), 2F (LS)9 3% vlem
A} old A7} REHA] GEE Fof Ho, tE 9=
A4 (WT) 9 A5 @93, v A, @ 242 437
FEEX) ATE djof g}, o=t (W)Y 3$, o
A9 g2 ddZol FHsha, 949 ItEEL o
2EZA PO Q3 T &Mo) FH ojmg P
=iz (WT)ol ojg} 71 dAst 43g 2 the
AL F23 Au7} "k AR FAFS HUE [FX)8)
7] 1A o AIERE o] eyt eI, B A
T dPdAR] i) A9-= o13] 3] A9 7}
SAdo] PolgloBg o] A7|E Zg A R o2 J¢
A9 A7 BE ¥R G5 F 3= Aol FQ3h
WIAES] AAEF ZARE K2 AXSIRIE kA,
2 FFAFFV o AR 7R AARE FEof o
3 AN, WA 8 A2 B 7.847IN
3, 7HE 8FE 3k AIe) B 854170 T A

by
2

o2 d

rﬂ

on A%t SEol A4 &5 vty SHEE didA
€ 9 10%%ck 24 552 Azt tiste] taAle
£ Fslo] E5AE A 23 AFARA 1.55, AT
F8A 1.612 Jehtor o)A 3l JIAFF
UERE 20~294] 93J<] 55 1.528) vl%d 3)0)
ol €3 @FEATY TLE Azl ol {239l
#dYgo] gigich oA AABHo] TR FHAH 9
g2 3 gyA glo B gAY ANEE 52
o] A9 vltu A4 58S s AT UF Ao
Y= o} FANE YA ¥ Flo g Alg

4, 295 NSO FES OA= 20189 O5SHIEY

£ d7eld S48 vl #99 SUES FH5UFR )
3 el 9 uRe SHHSE Fol Ae 29g o
E71 98, @48 IATAE dA Al sYEuTE
A F O3 ALNE AASIY (Table 6). 539
FEE Uel, 2740], BMI 52| AFAZA o) ZAE 7)
£ ¥H49] A Osteocalcin, PTH, A2} NTx9] A+ &
Ao 42 A3EkE i, npRjgto R F 8| 2447
ol vk B Qe AFHT] JoAsE AMSE
Rt ZH Bolol FES nA= SHALE 2] 93ton,
Z} 2de] 298 tiE] AR FN) s} =iz (WT)o)
50%°1Le R ko™ EHANE7E 16%2 718 Watch

L3 = BMIs} BIEI A7} #2391 W2 ygton)



Table 6. Multiple regression analysis of bone mineral density ch-
ange during 2 years

Regression

coefficient SEM p R
Lumbar Spine
Intercept 10.4958 6.575 0.122%
BMI -0.7202 0.299 0.0232
Vitamin A 0.0214 0.008 0.0096
Model 0.0039 0.3375
Femoral Neck
Intercept 71.238 16,673 0.0003
Age -1.7827 0.534 0.0031
BMI -1.4315 0.347 0.0005
Serum PTH -0.2662 0.089 0.0068
Calcium 0.0219 0.010 0.0338
Model 0.0022 0.5344
Ward’s triangle
Intercept 68.6610  18.678 0.0014
Age -1.8976 0.602 0.0048
BMI —1.2457 0.392 0.0045
Serum PTH -0.3929 0.100 0.0008
Calcium 0.0557 0.0M 0.0001
Model 0.0001 0.6477
Femoral
Trochanter
Intercept —4.5538 1.180 0.0145
Urinary NTx 0.0704 0.011 0.0273
Model 0.0273 0.1622
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