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Abstract

Osteoporosis is a common and multi-factorial disease characterized by low bone mass and architectural deterioration of bone

tissue. One of the important factors in the development of osteoporosis is nutrition, and several studies reported that Zinc is

positively associated with mineralization of bone. The present study investigates the hypothesis that serum zinc levels are

positively associated with bone mass in Korean postmenopausal women. This cross-sectional study was performed using data

from the Korea National Health and Nutrition Examination Survey, 2010. Participants (n=615) were divided into a premenopausal

(n=477) and postmenopausal (n=138) group. Both groups were subdivided into five groups according to quintiles of serum zinc

levels. Multiple linear regression analysis was performed to assess relationships between serum zinc levels and bone mineral

density or content (BMD or BMC). The results showed that high serum zinc levels were positively associated with BMD of total

femur, BMC and BMD of femoral neck in postmenopausal women but not in premenopausal women. Additionally, high serum zinc

levels were significantly associated with high BMC and BMD of femoral neck in postmenopausal women with osteoporosis. This

study demonstrates that high serum zinc levels are positively associated with BMC and BMD of femoral neck in Korean

postmenopausal women with osteoporosis, which suggested that high serum zinc levels could be a beneficial effect for bone health

in postmenopausal women.
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Figure 1. Flowchart of patients’ inclusion and exclusion
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Table 1. Baseline characteristics and risk factors of low bone mineral content (BMC) and bone mineral density (BMD) of the study population

Premenopausal women Postmenopausal women

(n=477) (n=138) P
Age (y) 349 + 89 56.7 + 57 < 0.001
Age of menopause (y) - 492 + 45 -
Duration of menopause (y) - 75+ 57 -
Weight (kg) 571 + 90 56.8 + 6.7 0.69%6
Height (cm) 1599 + 57 1549 + 50 < 0.001
BMI (kg/m2) 23 + 35 287 £ 25 < 0.001
Hypertension, n (%) 1123 41 (297) < 0.001
Dyslipidemia, n (%) 3 (06) 19 (138) < 0.001
Dietary Intake
Energy (kcal/d) 18082 + 673.0 16536 + 499.8 0.006
Carbohydrate (g/d) 286.4 + 1057 2925 + 956 0.561
Protein (g/d) 676 + 339 596 + 234 0.003
Fat (g/d) 429 + 273 292 + 176 < 0.001
Calcium (mg/d) 4939 + 345.1 5275 + 398.0 0.356
Phosphorous (mg/d) 1086.0 + 4442 1068.3 + 3955 0.688
Cigarette Smoking, n (%)
Never 403 (84.5) 130 (94.2)
Past 5(94) 322 0.008
Current 9 (6.1) 5(36)
Alcohol use, n (%)1) 376 (78.8) 80 (58.0) < 0.001
Regular exercise, n (%)2) 245 (51.4) 65 (47.1) 0.378

All values are presented as the mean+SD and number of participants (percentage distribution), as appropriate. Significance was compared between premenopausal and
postmenopausal women using the Independent t-test or chi square test.

1) Alcohol use was defined as drinking once or more times in a month.

2) Regular exercise was defined as walking more than 5 times a week or performing strength exercises more than 3 times a week.

a4 9thKorean Society for Bone and Mineral Research. A9 F7he HALR % FAEol FUIH7| wEoltt
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Table 2. Biochemical measurements and bone parameters of the study population

Premenopausal women Postmenopausal women
(n=477) (n=138) P

Biochemical measurements

Serum zinc (ug/dL) 1300 + 250 1296 + 225 0.862

Alkaline phosphatase (IU/L) 1816 = 47.1 2491 = 763 < 0.001

25-hydroxyvitamin D (ng/mL) 159 * 56 180 * 6.1 < 0.001

Bone parameters

BMC1) (@)

Total femur 2871 £ 450 26.38 + 3.97 < 0.001

Femoral neck 372 + 054 324 + 050 < 0.001

Lumbar spine 50.36 = 9.84 4829 + 10.61 < 0.001

BMD2) (g/cm2)

Total femur 0.890 + 0.103 0.810 + 0.096 < 0.001

Femoral neck 0.760 + 0.099 0.660 + 0.090 < 0.001

Lumbar spine 0.985 + 0.116 0.836 + 0.127 < 0.001

All values are presented as the mean = SD. Significance was compared between premenopausal and postmenopausal women using the Independent t-test.
""BMC = Bone mineral content
2 BMD = Bone mineral density

40 =Aeetd - A38E (2018)
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Table 3. Bone mineral content (BMC) and bone mineral density (BMD) according to quintiles of serum zinc in study population

Serum zinc (pg/dL)

Q1 2 3 Q4 05 P P
Premenopausal women, n 95 9% 95 96 95
Serum zinc (ug/dL) 9.7 + 86 1158 + 3.7 1281 + 42 1421 + 47 1674 + 116
BMC (g)
Total femur 2844 + 435 29.03 = 4.11 2013 = 470 2817 + 447 28.80 + 4.87 0.549 0.754
Femoral neck 370 £ 049 377 £ 056 375 £ 058 365 + 052 372 £ 057 0.562 0.650
Lumbar spine 58.30 = 10.72 60.09 + 9.40 60.79 + 8.64 58.87 + 8.85 58.76 = 11.31 0.376 0.298
BMD (g/lcm2)
Total femur 0.890 + 0.103 0.890 + 0.100 0.890 + 0.107 0.890 + 0.09 0.900 + 0.108 0.964 0.905
Femoral neck 0.770 = 0.09 0.760 = 0.094 0.760 = 0.104 0.760 + 0.097 0.770 + 0.101 0.980 0.962
Lumbar spine 0972 + 0122 0.960 + 0.985 0.950 + 0.998 0960 + 0.984 0.950 + 0.984 0.658 0.401
Postmenopausal women, n 27 28 28 28 27
Serum zinc (ug/dL) 990 £ 86 1165 + 39 127.1 £ 31 1427 + 48 162.7 + 83
BMC (g)
Total femur 2576 + 484 2694 + 293 26.08 £ 443 26.68 + 4.19 2644 + 336 0.824 0.271
Femoral neck 3.16 £ 0.62a 322 * 0.36ab 3.16 £ 0.49ab 327 * 0.49ab 339 *+ 0.4% 0.422 0.010
Lumbar spine 4720 + 11.14 4926 + 11.60 4603 + 11.19 49.32 + 963 4962 + 960 0.654 0.154
BMD (g/cm2)
Total femur 0790 = 0.114 0.820 = 0.067 0.790 £ 0.067 0.820 = 0.102 0.840 + 0.093 0.315 0.059
Femoral neck 0.650 £ 0.110a 0.650 = 0.064ab 0.650 * 0.085ab 0.660 + 0.099ab 0.700 + 0.085b 0.236 0.016
Lumbar spine 0.825 + 0.124 0.850 + 0.144 0.805 + 0.124 0.845 + 0.120 0.856 + 0.122 0.558 0.504

All values are presented as mean = SD and number of participant, as appropriate.
" P-values for differences in BMC and BMD according to quintiles of serum zinc.
2 P-values of differences in BMC and BMD according to quintiles of serum znc after adiustment for confounding factors; age, weight, height, energy intake, fat intake.
Mean values with unlike superscript letters within a row were significantly different by ANCOVA test with Bonferroni correction.

wAEAY TE F7PF dEd Alog Az

22(0HD= HZHFoR AAoA

1,25-dihydroxyvitamin D[,

#eEE Ao FA H6H

0 ng/mL

Oﬂ *1

kgl w0
25(0H);,DI7} #t}. o= Ay
243 Q19

re
-}
ox
=
e

)
S~
2
(o]

3}

2 Jh
o [ E oX,
EURERRF IR Y e
T A T S

o| 3 & 7§JJ, 20 ng/mL

o|glE F-Z£o 7 AHYs4 (World Health Organization. 2003),
v Institute of Medicine o1A+& 12 ng/mL ©]3=

ng/mL olds AYLE B

A9, 2

A tHRoss AC et al. 2011). =l

M dgkEiabets] dacks B8 FuEs due dd HAa
20 ng/mL °]4& FASEE AAJskaL tHKorean Society for
Bone and Mineral Research. 2015). # A4 A3} #7 A3 of

Al g

J 25 25(0H)D 3t#o] 20 ng/mL

Bz 77 5 649 25(0H)DY
=

=7kt A 25(0H)D

2009) d@yATAstsr v AdE RS
HER D

PR R

<]
e}
799%= 7+ HOEo} I
A FEES 0 & o F49Y1 wa

°4ﬂﬂﬂqq-:a4m

=
oM,

sheko]l 7k

] 01/14_4

o]

F2 3744 715
FE7h skl
B8 (Mithal et al.
.ol 2008 Z 917
FE5& 2009

75t vige] Aadtel 00l 4

oA

o,

3 Z(Choi. 2012)%}

3 AT o BE E A%

N
o

q

T

o,

1= of

O

o ¥ ofdl E

2 9%

s2tjAtets] @ aok(Korean Society for Bone and Mineral
Research. 2015)¢] 7]¢] mAA

A3 #(80071,000 m

Ao st ArE AANE
28 Aoz 47 Ay,

g/day)®] AF7F 2

2. HZ o 7o
o| a2

o #Hd
77

B ewslrR v
SR Fagh
3 ot
FRA FRel #
4 WdAEe 84
25 2ol Feld

g/day)& 7}A 1

o2 Y3 ofel

)
oM,
=
&
,
oXx,
=
o
>
iflad
o,
e
oY

2 my

P

o ox iy
=
ox W
24
\rt
Ao,

xake

of
g
i
=)
k1
lo,

lo,

ot
i
oo
oX,
o,
4%

2

r2
o
o
rlo
=
Am
Ukl

250H)D gt Z
Q71w &

A3



0.255
< 0.001
0.281
0012
0.001
0513

women

138)

(n=

Postmenopausal

skt whekA o

)

0.090
0.270
0.087
0.208
0.287
0.057

SERR R

#dAol s A

T

RE ¥
o

0.456
0877
0.362
0.545
0.820
0.149

women

(n=477)
YERNSL 3L, e &

Premenopausal

PSR
=

0.028
0.006
0.038
0.026
0.010
0.064

J

0.270, p<0.001)
=)

%

94

oF

a7

o)

T

0.001) el A

FA AT

A384 pp.37-45 (2018)

3l

Table 4. Multivariate linear regression analysis of serum zinc and bone mineral content (BMC), bone mineral density (BMD) of total femur, femoral neck and lumbar spine

(L1-L4) in women"
! Regression coefficient was adjusted for age, weight, height, energy intake, fat intake in BMC and BMD at premenopausal women and postmenopausal women.

B value means the standardization coefficient
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BMC (g)
Total femur
Femoral neck
Lumbar spine
BMD (g/m2)
Total femur
Femoral neck
Lumbar spine
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0333
0.049
0.669
0.181
0.021
0.861

=31)

Osteoporosis
(n

1241 + 214
0.178
0.323
0.073
0.254
0.421

-0.033

0.924
0.129
0.523
0.192
0.080

0.249

=82)

Osteopenia
(n

-0.010
0.175
-0.074
0.152
0.209
-0.139

1309 + 21.8

0.576
0073
0213
0.547
0.350
0424

25)

Normal

(n

0.125
0412
0.252
0.169
0.242
0211

1320 £ 257
B value means the standardization coefficient.

944 70 ¥ Z 4 (traumatic long bone fracture)$t
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Table 5Multivariate linear regression analysis of serum zinc and bone mineral content (BMC) and bone mineral density (BMD) of total femur, femoral neck and lumbar spine

(L1-L4) in postmenopausal women with normal T-score, osteopenia T-score, osteoporosis T-score 2
! Bone health is defined using criteria of the World Health Organization: normal, T-score >1-; osteopenia, —2.5<T-score<-1; osteoporosis, T-score <-2.5.

2 Regression coefficients are adjusted for age, weight, height, energy intake, fat intake in BMC and BMD.

Serum zinc (pg/dL)

BMC (g)
Total femur
Femoral neck
Lumbar spine
BMD (g/m2)
Total femur
Femoral neck
Lumbar spine
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