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ABSTRACT

Adjusted water fluoridation has been disputed because of its various effects on human health. Previous studies have
been concerned with the difference in bone mineral density (BMD) between water fluoridated (WF) and none water flu-
oridated (NWF) districts. The aim of this study is to examine whether water fluoridation affects BMD. BMD was mea-
sured by dual energy X-ray absorptiometry (DXA). 386 adults(174 males and 212 females) in Ansan (WF) district and
399 adults (176 males and 223 females) in Sihwa (NWF) district, participated in this study. The Ansan and Sihwa dis-
tricts are similar in residential environment and living class. The relationship between serum fluoride concentration and
BMD was also examined by analysis of the serum fluoride concentrations from 402 inhabitants of the Ansan district.
In females, the BMD of subjects living in Ansan (0.457+0.008) was a little higher than that of Sihwa subjects
(0.446+0.008), although it is not significant, after adjusting for BMI, physical activity level, educational achievement,
smoking volume, menopause status, and number of births. However, the BMD of Ansan subjects (0.532+0.020) in their
forties was statistically higher than that of Sihwa (0.498+0.019). No relationship was found in males. In residential peri-
ods, there was significant difference (Ansan 0.467+0.013, Sihwa 0.434+0.012, p=0.0125) in the BMD between females
of two districts, particularly in the group of over 6 year long-term inhabitants. On the contrary, there was no remarkable
difference in males from the two districts. Serum fluoride concentrations in females were associated with BMD, espe-
cially in the age group of forties (p=0.0457). No relationship was observed in the male group. Analysis of adult BMD
over the age of 20 in a water fluoridated and a none water fluoridated district, confirms more or less a higher BMD
in the water fluoridated (WF) district, especially for females. It is assumed that the difference between two districts came
somewhat from the effect of water fluoridation.

Keywords: bone mineral density, water fluoridation, serum fluoride concentrations
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FEMALE MALE
p-value p-value
ANSAN (N=212) SIHWA (N=223) ANSAN (N=174) STHWA (N=176)
Mean(SD) Mean(SD) Mean(SD) Mean(SD)
or N(%) or N(%) or N(%) or N(%)
Age 41.34(11.73) 42.05(12.31) 0.5389 43.41(12.01) 43.95(10.59) 0.6586
Age group
20-29 27(12.74) 23(10.31) 0.1131 17(9.77) 6(341) 0.0001
30-39 83(39.15) 87(39.01) 56(32.18) 47(26.70)
40-49 54(25.47) 70(31.39) 54(31.04) 92(52.28)
50-59 28(13.21) 15(6.73) 28(16.09) 11(6.25)
60- 20(9.43) 28(12.56) 19(10.92) 20(11.36)
Height (cm) 157.45(5.55) 156.09(5.66) 0.0113 169.67(5.71) 169.43(5.64) 0.6920
Weight (kg) 57.50(8.35) 57.83(8.61) 0.6807 69.28(8.60) 71.85(10.46) 0.0124
BMI (kg/m?) 23.19(3.20) 23.75(3.41) 0.0810 24.07(2.78) 24.99(3.16) 0.004
Education
Middle school 26(12.26) 48(21.52) 0.0102 13(7.47) 22(12.50) 0.1169
Over High school 186(87.74) 175(78.48) 161(92.53) 154(87.50)
Income(won)
<4,000,000 168(79.25) 196(87.89) 0.0147 141(81.03) 154(87.50) 0.0966
>4,000,000 44(20.75) 27(12.11) 33(18.97) 22(12.50)
Residential period(month) 64.68(71.27) 67.33(61.49) 0.6891 71.71(104.74) 67.51(67.45) 0.6669
Exercise
Yes 93(43.87) 99(44.39) 0.9120 80(45.98) 86(48.86) 0.5887
No 119(56.13) 124(55.61) 94(54.02) 90(51.14)
Monthly exercise time(min) 428.78(635.32)  471.61(758.89)  0.5228 488.75(806.20)  455.62(678.99)  0.6780
Calcium intake
Insufficiency 117(55.19) 135(60.54) 0.2586 105(60.34) 102(57.95) 0.6492
Normal 95(44.81) 88(39.46) 69(39.66) 74(42.05)
Calcium supplyment
Yes 17(8.02) 24(10.76) 0.3276 3(1.72) 3(1.70) 0.9887
No 195(91.98) 199(89.24) 171(98.28) 173(98.30)
Smoking(pack _year) 0.02(0.34) 0.06(0.61) 0.5098 9.01(12.70) 13.06(13.34) 0.0038
Alcohol consumption 3.30(6.55) 5.30(9.18) 0.0115 24.18(38.43) 26.84(39.69) 0.5242
Number of births 1.79(1.01) 2.13(1.30) 0.0022
Menopause
Yes 50(23.58) 49(21.97) 0.6886
No 162(76.42) 174(78.03)
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Table 2. Multivariate adjusted bone mineral density (g/cm®) by age group in female”

ANSAN (N=212) SIHWA (N=223)
Age group p-value
N Mean SE N Mean SE
20-29 27 0.421 0.043 23 0.464 0.047 0.0860
30-39 83 0.490 0.034 87 0.483 0.034 0.5727
40-49 54 0.532 0.020 70 0.498 0.019 0.0293
50-59 28 0.481 0.020 15 0.444 0.029 0.2127
60- 20 0.349 0.018 28 0.354 0.017 0.7978
Total 212 0.457 0.008 223 0.446 0.008 0.1487
"Adjusted by area, BMI, monthly exercise time, smoking, number of births, menopause status.
Table 3. Multivariate adjusted bone mineral density (g/cm?) by age group in male’
ANSAN (N=174) SIHWA (N=176)
Age group p-value
N Mean SE N Mean SE
20-29 17 0.649 0.037 6 0.657 0.046 0.9021
30-39 56 0.587 0.029 47 0.604 0.032 0.3670
40-49 54 0.621 0.020 92 0.606 0.018 0.3919
50-59 28 0.540 0.0279 11 0.557 0.038 0.6519
60- 19 0.617 0.029 20 0.577 0.027 0.2400
Total 174 0.606 0.011 176 0.600 0.012 0.5932
TAdjusted by area, BMI, monthly exercise time, smoking, alcohol consumption.
Table 4. Multivariate adjusted bone mineral density (g/cm®) by residential period in female
Residential period ANSAN (N=195) SIHWA (N=211)
(year) N Mean SE N Mean SE prvalue
<2 45 0.459 0.020 44 0.439 0.020 0.3625
3-5 83 0.443 0.014 77 0.449 0.013 0.6388
>6 52 0.467 0.013 90 0.434 0.012 0.0125

Adjusted by area, BMI, monthly exercise time, smoking, number of births, menopause status.
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Table 5. Multivariate adjusted bone mineral density (g/cm’®) by residential period in male

Residential period ANSAN (N=163) SIHWA (N=166)
(year) N Mean SE N Mean SE p-value
<2 46 0.556 0.041 32 0.551 0.039 0.8562
3-5 64 0.652 0.023 70 0.630 0.022 0.2392
>6 42 0.591 0.018 64 0.615 0.019 0.2053

TAdjusted by area, BMI, monthly exercise time, smoking, alcohol consumption.
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Table 6. Distribution of general characteristics in ANSAN
(fluoridated area) participants

FEMALE MALE
(N=225) (N=177)
Mean(sd) Mean(sd)
or N(%) or N(%)
Age(year) 41.23(11.70) 43.66(12.07)
Age group
20-29 30(13.33) 18(10.17)
30-39 85(37.78) 53(29.94)
40-49 58(25.78) 56(31.64)
50-59 32(14.22) 30(16.95)
60- 20(8.89) 20(11.30)
BMD (g/cm?) 0.49(0.09) 0.59(0.11)
Serum fluoride 0.0204£0.0069  0.0215:0.0071
concentrations(ppm)
age group 20-39 0.0194+0.0066  0.0196+0.0064
age group 40- 0.0214+0.0071  0.0227+0.0073
Log (Serum fluoride) -3.95(0.32) -3.89(0.31)
BMI (kg/m?) 23.21(3.08) 24.00(2.88)
Education
Middle school 28(12.44) 16(9.04)
Over High school 197(87.56) 161(90.96)
Income(won)
<4,000,000 180(80) 148(83.62)
>4,000,000 45(20) 29(16.38)

Monthly exercise time
(min)
Smoking(pack_year)
Alcohol consumption
(bottle/month)
Number of births
Menopause
Yes
No

450.22(681.89)

0.02(0.33)
3.60(7.09)
1.78(1.02)

54(24)
171(76)

565.05(1153.84)
10.10(14.33)
26.25(41.75)
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Table 8. Result of multivariate analysis by
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age group in female

Variable Estimate SE  p-value
Age group: 20-39
Serum fluoride 0.0100 0.0219 0.6477
BMI 0.0075 0.0022 0.0007
Monthly exercise time(min) 0.0000 0.0000 0.0202
Smoking(pack_year) -0.0206 0.0142 0.1516
Number of births -0.0009 0.0070 0.9021
Menopause_yes 0.0401 0.0319 0.2115
Menopause_no reference
Education_under high school -0.0606 0.0710 0.3953
Education_over high school reference

Monthly income

(<4,000,000won) 0.0214 0.0170 0.2111
Monthly income reference
(=4,000,000won)
Age group: 40-
Serum fluoride’ 0.0499 0.0247 0.0457
BMI 0.0088 0.0030 0.0043
Monthly exercise time(min) 0.0000 0.0000 0.1809
Smoking(pack_year)
Number of births -0.0112 0.0098 0.2580
Menopause_yes -0.1017 0.0165 <.0001
Menopause_no reference
Education_under high school -0.0489 0.0200 0.0164
Education_over high school reference
Monthly income
(<4,0())/0,000won) -0.0205 0.0198 0.3019
Monthly income reference
(=4,000,000won)

"Values were log transformed.

Variables Estimate  SE  p-value Table 9. Result of multivariate analysis in male

Serum fluoride’ 0.0309 0.0169  0.0684 Variable Estimate  SE  p-value
Age <40 0.0045 0.0134  0.7385 Whole age group
Age >40 reference Serum fluoride’ -0.0298 0.0267 0.2649
BMI 0.0099 0.0018  <.0001 Age <40 0.0320 0.0166 0.0559
Monthly exercise time(min)  0.0000 0.0000  0.0324 Age 240 reference
Smoking(pack_year) -0.0188 0.0157 0.2341 BMI 0.0103 0.0027 0.0002
Number of births -0.0070 0.0059 0.2382 Monthly exercise time(min) 0.0000 0.0000 0.4497
Menopause_yes —-0.0789 0.0142  <.0001 Smoking(pack_year) -0.0006 0.0006 0.3378
Menopause_no reference Monthly alcohol consumption -0.0002 0.0002 0.4384
Education_under high school —0.0608 0.0178  0.0008 Education_under high school —-0.0277 0.0288 0.3385
Education_over high school reference Education_over high school reference
Monthly income Monthly income

< 4’030’ 000won) 0.0060 0.0132  0.6485 (<4,000,000won) —0.0228 0.0212 0.2844
Monthly incom Monthly income

(i4%go,oggw§n) reference (24,050,000w0n) reference

"Values were log transformed.

"Values were log transformed.
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Table 10. Result of multivariate analysis by age group in male

Variable Estimate SE  p-value
Age group: 20-39
Serum fluoride’ -0.0662 0.0389 0.0934
BMI 0.0038 0.0040 0.3497
Monthly exercise time(min) ~ 0.0000 0.0000 0.7043
Smoking(pack_year) —-0.0014 0.0014 0.3215
Monthly alcohol consumption 0.0004 0.0004 0.3146
Education_under high school —0.0648 0.0701 0.3586
Education_over high school reference
Monthly income -0.0727  0.0286  0.0135
(<4,000,000won)
Monthly income reference
(=4,000,000won)
Age group: 40-
Serum fluoride’ -0.0302 0.0363 0.4086
BMI 0.0141  0.0037 0.0003
Monthly exercise time(min) ~ 0.0000 0.0000 0.2776
Smoking(pack_year) —-0.0004 0.0007 0.6022
Monthly alcohol consumption —0.0003  0.0002  0.1986
Education_under high school —0.0232 0.0336 0.4921
Education_over high school reference
Monthly income 0.0155 0.0307 0.6141
(<4,000,000won)
Monthly income reference
(=4,000,000won)

"Values were log transformed.
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