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Bone Mineral Density, Biochemical Bone Turnover Markers and Factors associated with Bone
Health in Young Korean Women
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Purpose: This study was done to assess the bone mineral density (BMD), biochemical bone turnover markers (BTMs), and factors asso-
ciated with bone health in young Korean women. Methods: Participants were 1,298 women, ages 18-29, recruited in Korea. Measure-
ments were BMD by calcaneus quantitative ultrasound, BTMs for Calcium, Phosphorus, Osteocalcin, and C-telopeptide cross-links
(CTX), body composition by physical measurements, nutrients by food frequency questionnaire and psychosocial factors associated with
bone health by self-report. Results: The mean BMD (Z-score) was -0.94. 8.7% women had lower BMD (Z-score < -2) and 14.3% wom-
en had higher BMD (Z-score = 0) than women of same age. BTMs were not significantly different between high-BMD (Z-score = 0) and
low-BMD (Z-score < 0) women. However, Osteocalcin and CTX were higher in women preferring caffeine intake, sedentary lifestyle and
alcoholic drinks. Body composition and Calcium intake were significantly higher in high-BMD. Low-BMD women reported significantly
higher susceptibility and barriers to exercise in health beliefs, lower bone health self-efficacy and promoting behaviors. Conclusion: Re-
sults of this study indicate that bone health of young Korean women is not good. Development of diverse strategies to intervene in fac-
tors such as exercise, nutrients, self-efficacy, health beliefs and behaviors, shown to be important, are needed to improve bone health.
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Table 1. Demographic Characteristics and Bone Mineral Density of Young Korean Women (N=1,298)
Variables Characteristics Categories n (%) M+ SD Min-Max
Demographic Age (year) 22.37+2.39 18.00-29.00

characteristics Job Undergraduate student 1,070 (82.4)
Graduate student 213 (16.4)
School personnel 15(1.2)
Residence Own home 578 (50.7)
(n=1,141) Self-boarding house 294 (25.8)
Boarding house 126 (11.0)
Dormitory 126 (11.0)
Relatives’ house 17.(1.5)
SES High 152 (13.3)
(n=1,141) Middle 897 (78.6)
Low 92 (8.1)
Bone mineral density Z-score <-2 113(8.7)
-2<-<-1 602 (46.4) -0.94+£0.82 -2.90-3.10
-1<-<0 397 (30.6)
>0 186 (14.3)
T-score <-25 3(0.2)
-25<-<-1 696 (53.6) -0.92+0.74 -2.70-3.00
>-1 599 (46.2)
BQl 86.75+13.93 52.90-160.40
SOS (m/s) 1,6562.47 £27.94 1,475.90-1,682.80
BUA (dB/MH2) 43.16+13.59 1.40-127.60

SES=Socioeconomic status; BQI=Bone quality index; SOS=Speed of sound; BUA=Broadband ultrasound attenuation.
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A2 24 Aol A= BMD Batolidto] BMD B#r|vhat
=} AR = 695, p<.001), AAHFEH({t = -4.52, p<.001), -5
2H(t=-6.62, p<.001), FZ=E-2K(t=-6.95, p<.001), BMI (t=-5.19,
p<.001), AR Bt = -3.12, p=.002), E-H A -E(t=-2.88, p=.004)
o] M5 =98l TAIH O 2 {23k Zol 7 QISiT) Egh BMD B+t
o2 BMD A7 |th 2] ofghtirt s A Hapo] 27t =
AL o] Zpol= BMD 4t ofshtate] Zfol it v Zlom, FA1%]
o o Rol7} gl
BTMs E-4J0]| AJi= Ca, P, OC, CTX 2} CTX/OC ratio®] .5 15
¥l 4 BMD Bkl AFat BMD Baojul27te] 450 =
F9la Zol7} 915102, BMD o423 BMD 7|5} of
SOl BAH 0 2 ol 2jo]7} GIR{THTable 2).

4, 891%7| CiNo| B0 2 BZ B KA, 142

I_=| xl-y'_ﬁb Ztal —5717I- %II%H_?.'
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#AF AR (t=2.61, p=.009)0] =90, A7} 7| 57t =
315, p=002) 2} 277 X139 (t=-326, p=.00D)0l| 4] ko, 5
AR oz golat xpo]7} ik T3k BMD A7 |t#] o]a}--&
BMD o] AT RIZHA (t=3.52, p<.001), &5 Aol A(t=3.7
p<.001)0] UL, FAZ A | fsHt=-2.38,p=018) W T} 2
AP e=-3.13, p=002)0] 4] FA 2| 0.2 F-2f5HA] WA THTable 3).

=

5. Lldxie| ZZdgs 2o 2 SUE & Haletx ZHX|

XHBTMs)

U ZANAE 52 T 343] o[t o9 FUE(Z
score=-0.857}, &= —7,‘— 23)FAUH(Z-score= -0.94), = A5
BHA] Y= oA (Z-score = -1.08) o} 9F.0 ™, 5= 3-43] o)A} 855}
= A3 s LFE A Y= ot EUETFEAR e R
I3 Abo|7F AKTHE=3.05, p=.043). 18] SFFol M= dFZ
sheFo] 26 gm oA} AHS= A (Z-score=-0.88)0] 26 gm 1T 4]
%] oA (Z-score=-099) B} TUE7} =301 FAZK o &2 52|35t
Aol 5 EATHt=2.25, p=.024). BTMs 2 Ajo]| 4 OC2] Z-9- mj & 7]
] 9] 7H|Ql SRS AFshe ool A ¢ oA dHEH OC
FE7F QA BAF O 2 (23t 2fo] & Ko (1=1.97, p=
049), 52 = 1:23] Ex= A8 5H4] b= 044J0] OC 57} &8k
% 3.48] o|akE oA BAM2 Felat Ao/} Uik
(E=4.13, p=016). CTXOY A= 13] Bt S5 o512 3 26 gm ©]
441 61430] 26 gm Bt YT} CTXE 7} 9k0m] B
2 90l 20|} QIITHE =298, p=.003) (Table 4).

6. Jd2U=7| 032 LU0 HE Y HFIYEY

< A5l A BMD S0k (Mean=580.1
mg)O] BMD %—EO]%L(Mean:646.8 mg) 2ot Za AF7F ke
Bl=-195.p=051). 58] 524 24 430N - 20be] Ao} o
L A FAF S 2 {25207 QIITH = -2.15, p=.032) (Table 5).

= o

[—
St At el x7] o149 T E Z-scorer= -0.94= Y AT
7 B0 o} AFTES] H9Lom], o] 551%0] SRz 715
.0 7 score”} -1 o]5}= Wkl 8.7%0] = 11372 Z-score

7h A7 o]stE &Ju|dt= -2.0 olakE A YEbTE ESh
BUA2}SOS| oJal] A== BQIY] -2 86.752 5 9 St
BQI 7|21 10050} S| Upepsitt. o] A= ofcthAY 22978 o4
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Table 2. Body Composition and Biochemical Bone Turnover Markers by Bone Mineral Density of Young Korean Women (N=1,298)
Z-score<0? (n=1,112)
- b Z-score = 0° Total o e
Variables n (%) Total  Z7SCO€S (n=186) (N=1,298) ' '
(n=113)
M+SD M+ SD M+ SD M+ SD Min-Max t (o) t (o)
Height (cm) 161.60+£4.89 160.80+4.36 163.10+521 161.83+4.96 146.50-180.10 -3.62 (<.001) -4.02 (<.001)
Weight (kg) 52.30+6.29 50.82+4.94 5581+7.68 52.80+6.62 34.40-91.70 -5.88(<.001) -6.80(<.001)
Body composition
Free fat mass (kg) 39.61+3.33 38.69+2.88 41.70+3.85 39.91+348 29.00-58.90 -6.95(<.001) -7.17 (<.001)
Bodly fat mass (kg) 12724348 1213+260 1420+419 1293+362 1.60-36.80 -4.52(<.001) -5.24 (<.001)
Muscle (kg) 36.60+3.01 35.77+2.63 3844+356 36.86+3.16 26.90-53.70 -6.62(<.001) -7.41(<.001)
Bodly fluid (kg) 28.52+240 27.86+2.07 30.03+277 28.74+251 20.90-42.40 -6.95(<.001) -7.67 (<.001)
Body mass index (kg/m?) 20.02+2.08 19.64+1.55 20.99+239 20.16+2.15 14.60-33.70 -5.19(<.001) -5.90 (<.001)
Bodly fat ratio (%) 2397+3.94 2365+322 24951436 24.11+3.97  4.20-40.20 -3.12(002) -3.05(.003)
Wiaist-hip ratio 0.73£0.04 0.73+£0.03  0.74+0.04 0.73£0.04  066-0.88 -2.88(.004) -3.04(.003)
Biochemical BMD index
Calcium (mg/dL) 9.36+0.39 9.39+044  9.37+042 9.36+£0.39  7.90-10.70 -0.20(.841)  0.39(.700)
Decrease 14 (1.1)
Normal (8.1-10.5) 1,283 (98.8)
Increase 1(0.1)
Phosphorus (mg/dL) 3.90+£047 3.93+046  3.87+0.44 3.90+£0.46  1.00-5.40 0.87(.383)  1.05(.293)
Decrease 14 (1.1)
Normal (2.5-5.0) 1,275 (98.2)
Increase 9(0.7)
Osteocalcin (ng/mL) 21.35+59 21.28+6.54 2069+809 21.25+6.30 7.50-90.30  1.31(189)  0.65(.516)
Decrease 16 (1.2)
Normal (8.8-39.4) 1,274 (98.2)
Increase 8(0.6)
CTX (ng/mL) 0.31+£0.13 0.31+0.11 0.31£0.15 0.31£0.13 0.06-0.91 -0.01 (.994) 0.22 (.823)
Normal (< 0.57) 1,236 (95.2)
Increase 62 (4.8)
CTX/OC ratio 0.01£0.01  0.02+0.01 0.02£0.01 -0.37 (710)  -1.40(.164)

BMD=Bone mineral density; CTX=C-telopeptide of collagen cross-links; CTX/OC ratio=C-telopeptide of collagen cross-links/Osteocalcin ratio.

Table 3. Mean Difference of Bone Health Knowledge, Health Beliefs and Bone Health Promoting Behavior according to Bone Mineral Density (V=1,298)

Z-score<0? (n=1,112)

T Z-score =0° Total o e
Variables Total Z-score = -2 (n=186) (N=1,208) ' '
(h=113)
M+ SD M+SD M+ SD M+ SD Min-Max t (o) t (o)

Bone health knowledge 15,50+ 3.47 15,55+ 3.53 15.80+3.06 1554+3.41 0.00-27.00 -1.16(.245) -0.61 (.543)
Health beliefs on bone health

Susceptibility 17.13+4.42 17.75+4.10 15.80+4.59 16.93+4.47  6.00-30.00 3.63(<.001) 3.52(<.001)

Seriousness 17.08+3.72 16.90 + 3.09 1712+ 4.00 17.08+3.76  6.00-29.00 -0.15(.884) -0.51(.610)

Benefits of exercise 23.55+£2.91 23.31£2.71 23.70£3.15 23.58+2.94 11.00-30.00 -0.60 (.551) -1.03 (.302)

Benefits of calcium intake 21.44+2.74 21.59+2.62 21.53+2.69 21.45+2.73 8.00-30.00 -0.38(.703) 0.19 (.848)

Barriers to exercise 16.10+4.34 16.96+4.19 14.85+4.73 15.91+4.42 6.00-29.00 3.45(<.001) 3.70(<.001)

Barriers to calcium intake 13.59 + 3.39 13.30+2.95 12.87+3.10 13.48+3.36 6.00-28.00 2.61(.009) 1.11 (.266)

Health motivation 19.62 + 3.35 19.93+3.16 20.15+8.37 19.70+£3.35 8.00-30.00 -1.92(.055) -0.53 (.595)
Self-efficacy for bone health 128.90+30.14 128.00£27.53 136.80+£30.69 130.10+30.34 21.00-210.00 -3.15(.002) -2.38(.018)
Bone health promoting behavior 25.65+5.43 25.04+5.44 27.10+5.14 2587541 12.00-46.00 -3.26(.001) -3.13(.002)

O 2 QUSE o] gsto] ZZoA =4 Ba1sk A AT} Z-score RF Hy BMDE 116 0.2 X 113 - H20] R} W& Aol qick

042 Hr} 531, QUSE o] 8-sho] Hekat F&oA St e
T-score7} 20-24A4|(937) o A= B+t -0.76
-0.54%2 HAIRE - Aol ot 15072 F
5o] 228t Hat T-score 0225 B 113} ¢
QFTH9,10,19]. T, 19-294] o] 13972 TAFO 2 DXAR 243
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Table 4. Health Habits, Bone Mineral Density and Bone Turnover Markers of Young Korean Women (N=1,298)
Z-score BTMs
Variables Categories n (%) Osteocalcin CTX
M+ SD Fort(p) M+ SD Fort(p) M+ SD Fort(p)
Smoking No smoking 1,123 (98.5) -0.93+0.83 -1.04 21.20+6.21 -0.48 030+£0.13  -1.72
(n=1,142) Smoking 19(1.5) -0.72+0.64 (.296) 21.91+4.71 (.633) 0.36+0.10  (.086)
Alcohol consumption Yes 924 (80.3) -0.92+0.83 0.82 21.34£5.82 1.16 0.31£0.13 1.15
(n=1,151) No 227 (19.7) -0.97+£0.83 (413) 20.71+7.50 (-248) 0.30£0.13  (.250)
Frequency of alcohol =4 335(31.7) -0.89+0.85 1.31 21.12+6.34 1.24 0.30+0.13 1.19
consumption per month <4 578 (68.3) -0.96+0.82 (191) 21.62+6.15  (214) 0314014  (235)
(n=913)
Average amount of alcohol =26 588 (45.3) -0.88+0.86 2.25 21.59+£6.73 1.73 0.32£0.13 2.98
(gm) <26 710 (54.7) -0.99£0.79 (.024) 20.97 £5.90 (:083) 0.30+0.12  (.003)
Caffeine intake Yes 836 (72.6) -0.93+0.82 -0.39 21.39+£6.28 1.97 0.31£0.13 1.43
(n=1,151) No 315 (27.4) -0.91+0.86 (.695) 2047 +5.74 (.049) 029+0.12 (152
Sleeping time =6 942 (72.6) -0.92+£0.84 1.71 21.35+£6.32 0.94 0.30+£0.13 -1.21
(hours/day) <6 356 (27.4) -1.00£0.79 (.087) 20.98+6.23 (:347) 0.31+£0.13  (.226)
Physical exercise > 3-4/week 322 (28.2) -0.85+0.83 3.05 20.39+6.00° 413 0.29+0.13 1.74
(n=1,141) <1-2/week 736 (64.5) -0.94 +£0.85® (.048) 2152+6.28®  (016) 0.31£0.13  (175)
None 83(7.3) -1.08+0.63" 21.82+5.92° 0.32+0.14
Means with different superscript letters are significantly different, p<.05 by Duncan’s multiple comparison test; BTMs=Bone turnover markers; CTX=C-telopeptide of collagen cross-links.
Table 5. Energy and Nutrients Intake according to Bone Mineral Density of Young Korean Women (N=1,157)
) Z-score<0 (n=986) Z-score=0 (n=171) Total
Variables t (o)
M+SD M+ SD M+ SD
Energy (kcal) 2,095.40 + 1074.80 2,184.60 +1199.00 2,108.59 + 1093.94 -0.98 (.325)
Carbohydrate (g) 338.80+ 162.70 352.60+ 185.70 340.85 + 166.29 -0.91 (.363)
Fat (g) 46.86+32.59 49.26+37.12 472143329 -0.80 (:427)
Protein (g) 81.23+51.67 85.96 £ 55.81 81.93+52.31 -1.09 (.276)
Fiber (g) 25.48 +19.67 28.73+23.52 25.96+20.30 -1.71(.089)
Water 1,2569.10£871.50 1,384.40 £ 916.80 1,277.64 £879.09 -1.72 (.085)
Vitamin A (ug) 735.30+824.90 769.60 + 850.60 740.37 + 828.47 -0.50 (.617)
Vitamin D (ug) 4.02+3.85 4.43+4.79 4.09£4.01 -1.06 (.290)
Vitamin E (ng) 9.34+6.46 9.46 +6.49 9.36+6.47 -0.23(.821)
Vitamin K (ug) 181.90 + 208.90 185.20 + 186.30 182.35 £ 205.64 -0.19 (.846)
Vitamin C (mg) 181.90+ 180.30 195.60 + 194.00 183.89 + 182.35 -0.91 (.363)
Thiamin (Vitamin B1, mg) 1.54 £ 0.91 1.62+0.99 1.656+0.92 -1.08 (.279)
Riboflabin (Vitamin B2, mg) 1.54+1.04 1.68+1.12 1.56+1.05 -1.64 (.102)
Niacin (mg) 17.74 £12.51 18.73+13.74 17.89+£12.70 -0.94 (.345)
Vitamin B6 (mg) 1.62+£1.07 1.783+1.14 1.64+£1.08 -1.25(212)
Folic acid (ug) 597.60 + 429.40 654.90 + 445.00 606.05 + 432.04 -1.60(.109)
Vitamin B12 (ug) 9.01+10.12 9.81+9.98 9.13+10.10 -0.96 (.336)
Pantothenic acid (ng) 6.44+3.22 6.87 +3.44 6.51+3.26 -1.58 (.115)
Calcium (mg) 580.10+411.10 646.80 +429.70 589.93 +414.42 -1.95 (.051)
Vegetable calcium 265.70 +203.90 279.80+197.70 267.74 + 203.01 -0.84 (.400)
Animal calcium 314.40 £ 266.50 367.00 +299.60 322.18+272.14 -2.15(.032)
Phosphorus (mg) 1,159.50 + 726.90 1251.10 £ 752.60 1173.156+£731.16 -1.53 (.126)
Sodium (mg) 1,710.20 +£ 1223.80 1,735.00 + 1402.90 1,713.89 £ 1251.21 -0.22 (.829)
Chloride (mg) 773.50 +£578.20 842.00 +£682.10 783.61+£594.85 -1.24 (217)
Potassium (mg) 3,378.90 + 2565.70 3,672.80 + 2586.00 3,422.34 + 2569.67 -1.38 (.167)
Magnesium (mg) 89.12£81.71 98.88+85.87 90.57 +82.37 -1.43(.153)
Iron (mg) 14.79+10.00 15.50+9.60 14.90+£9.94 -0.87 (.387)
Zinc (mg) 11.12+£6.27 11.72+£6.32 11.21£6.28 -1.15(.250)
Copper (ig) 1.39+0.78 1.49+0.87 1.40+0.79 -1.47 (143)
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