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Table 3. Multivariable associations* between period-specific fluoride intakes and MDCT bone measures — MALES

Introduction Results Future Directions

* Fluoride for Caries Prev.entif)n Table 1. Average daily estimated fluoride intakes (AUC mg F) stratified by sex. Age 0-8 F intake (mg) Age 8-15 F intake (mg)  Age 15-23 F intake (mg)  Age 0-23 F intake (mg) It would be desirable to replicate this study in
' COmT";]U"'tY V\t’ateftF"%';’r'gat'O" ot delvering fluride other samples/populations and geographic
— e most cost-eftective method ot delivering tluoride isti % % % % '
_ Reduces tooth decay by 25% in children an dga dults? Variable (Time Period) N Mean Min. 1stpctl 5" pctl 10" pctl 25" pctl Med. 75" pctl 90™ pctl 95* pctl 99" pctl Max. GErEEETe Beta (95% ClI) pval Beta (95% CI) pval Beta (95% Cl) pval Beta (95% Cl) pval settings
* Fluoride and Bone Fracture Outcomes Trabecular Tb('r\]’nB'\)/'C (-247 12'3%7 06) 0.63 (251 33.73232 78) 0.79 (261 61123?35 70) 0.92 (-352 ;1.93?48 36) 1.00 ' Resealjchers can use the !BDS data to explore
— Conflicting findings for associations between long-term fluoride exposure and the risk of bone fracture3* FEMALES J R S Oee R oo QOte?t'al Se)f[ d'fge{ﬁn?cestm b(%ﬁethealth an’?'b ,
~ Insufficient evidence to establish that water fluoride levels of 2 mg/L are associated with higher fracture rates® (US National _ Tb.vBMD -6.54 0.53 -5.19 0.54 0.86 0.90 -3.77 0.71 evelopment and the Tactors that may contribute
Academy of Sciences’ review of fluoride in drinking water (2006)) 0-8years [ e e e e e e e ) e A A (mg/cc) (-26.68,13.61) | (-21.54,11.17) | (-12.51,14.22) | (-23.60, 16.06) | to these differences.
' F'”°rF'de and Non- .'?agt“red'.““e Ot']t°°mes. et oride intake and bone dene: | 8- 15 years 137 070 031 016 021 032 035 048 064 085 107 1.66  1.82 Tb.tBMD -13.64 0.55 -10.46 0.58 5.58 0.72 3.69 0gg - Use of Finite Element Analysis (FEA) modeling
-~ C?\Y\Ildahge_f:r?ltl |ed.stuf ies ?3;262%8188?5:?'0”8 etween fluoride intake and bone densitometry outcomes: (mg/cc) (-58.31, 31.03) (-47.09, 26.18) (-25.11, 36.26) (-48.87,41.49) to estimate bone strength and better understand
- lldhood: 4 studies from - o 15 - 23 years 124 093 046 023 025 034 039 063 084 114 156 217 258 Tbh.pBMD -14.55 -16.93 16.46 3.91 the relationships between longitudinal fluoride
— Adolescence: 5 studies from 1982-201870-11.1416 > 0.76 0.65 0.61 0.94
: . g (mg/cc) (-106.37,77.27) ' (-90.64, 56.78) ' (-15.92,78.85) ' (-87.64,95.46) ' intakes and bone strength.
- Early adulthood: 2 studies from 1997 and 2021 0- 23 years 138 076 029 025 033 041 046 055 069 092 115 162 219 . .
' ' ' ' ' ' ' ' ' ' ' ' AN -0.04 061 -0.03 0.58 0.02 0.66 2.80 x10° 097 ° Overall, the foundational knowledge laid by the
UAUEE (mm?) (0.17,0.10) (-0.14,0.08) (:0.07,0.12) (0.14,0.14) project can be used to inform public health policy
Background Tb.PW 34.24 070 24.05 075 22.50 069 6.22 095 and promote the bone health of young adults.
- Most studies were ecological- conflicting results concerning effects of fluoride on bone. 0 -8 years 14 073 031 013 019 035 039 050 068 089 114 154 197 (mm) (208.90,140.42) (170.58,122.49) (88.80,133.80) (160.94,173.39)
+ The few longitudinal studies that assessed relationships between fluoride intake and bone development in children, adolescents, Tb.Th 0.89 0.85 -0.05 0.99 2.20 0.44 1.08 0.80 :
or young adults had: 8- 15 years 108 081 039 021 025 035 039 055 072 101 134 200 2.04 (micrometers) (-8.17,9.95) (-7.48,7.37) (-3.33,7.73) (-7.24,9.40) Gon(}lusmn
- Small sample sizes Tb.S 19.02 24.71 19.72 66.81 1 L -
_ Less refined densitometry methods 15 - 23 years 89 112 058 033 036 043 054 071 100 138 178 328 3.30 (micrometers)  (3230.7035) 947 (16636605 024 (42118156 053 (173415095 012 * Fluoride intakes within the optimal range do not
- Substantial gaps in understanding of the effects of F and other factors on bone development during the adolescent-adult 093 0 o - " , £ 4.60 X103 0.02 005 005 aoplﬁ)r?aratgurlltivien ?ﬁ\e/el\r/lsigvlvrggtagsigg ggpﬁehjﬁilggén
-C o ) . . . .
transition period™. years 0 0. 0.36 0. 0.35 0. 0.50 0.64 0.87 1.08 1.41 1.95 .07 (no unit) (0.12,0.13) 0.95 (-0.08, 0.11) 0.75 (:0.14, 0.03) 0.22 (-0.18, 0.00) 0.45 )étate% g
: Cb.Poro10P -0.02 -0.01 -8.80x 10 -0.02 -
Purﬂﬂse Cortical 16 ) (0.06, 0.02) 0.38 (0.05, 0.02) 0.52 (0.04, 0.02) 0.55 (0.06, 0.02) 0.42 Thus, effprts should bg contlnued to preserve
b PoroT 5P 001 90 % 10° a0 % 10° 001 community water fluoridation.
- Toinvestigate the effects of period-specific and cumulative daily fluoride intake from birth to 23 years of age on cortical and Foro. i 0.45 oL XY 0.64 A 0.58 e 0.57
trabecular bone microstructural outcomes. Table 2. Multivariable associations* between period-specific fluoride intakes and MDCT bone measures — FEMALES (no unit) (-0.05, 0.02) (-0.04,0.02) (-0.03,0.02) (-0.05, 0.02)
— Secondary data anal813|s of previously-collected and de-identified data from the lowa Fluoride Study (IFS) and the lowa Bone Cb.Poro -6.40 x 10-5 0.99 2.90 x 10-4 0.92 1.10 x 10-4 0.96 1.00x 103 0.75 Heferences
Development StUdy BDS) prOSpeCtlve cohort StUdy) Age 0-8 F intake (mg) Age 8-15 F intake (mg) Age 15-23 F intake (mg) Age 0-23 F intake (mg) (nO Unit) ('720X1 0-3, 710x1 03) . (530X1 0-3, 5.90x1 03) . ('41 Ox1 0_3, 4.30x1 03) . (‘51 Ox1 0_3, 7.20x1 03) . Center of Disease ControL. Procrarm tbdate. ChC community water fuoridation. hto://vmcdo.cou/
Cb.Th 0.03 0.69 0.04 0.59 0.04 0.45 0.05 056 ﬂuorldatlon/pdf/fall _2006. Putﬂlshed IEaI.I 2006. Acces'sed 0y7 March 20?2 | > °
M Bth OﬂS Group  Characteristic ~ Beta (95% Cl) pval Beta (95% Cl) pval Beta (95% Cl) pval Beta (95% Cl) pval (micrometers) (-0.12,0.18) ' (-0.09, 0.16) ‘ (-0.06, 0.14) ' (-0.11, 0.20) ' 2. Centers for Disease Gamol and Prevertior, Comynunity water fluoridation. Available at:itps://ww.cdc.gov/
3. Simonen O, Laitinen O. Does fluoridation of drinking-water prevent bone fragility and osteoporosis?. Lancet.
. : : : : . . Tb.vBMC 56.80 203.01 114.46 197.07 1985:2(8452):432-434. doi:10.1016/50140-6736(85)92748-5
E\]/szal%\ggplzi’ltg?sr.lde Study (IFS) began in 1992 with the recruitment of 1,882 newborn participants from postpartum wards of 8 Trabecular (mg) (-178.43, 292.03) 0.64 (-30.63, 436.64) 0.09 (-50.33, 279.24) 0.18 (-58.25, 452.40) 0.13 Results Sllmmarv 4 Jcsan ) Colry | s Ty JSers Y i A R vt i e rccrceof
- In1998, the families that were still a part of IFS were invited to join the [BDS™ leRvEh 0.02 0.52 219 0.82 3.99 0.54 /.47 046 * TABLE1 " cturo smong white wornen and e aged 65 years and older. A naionsl ecologic st Ann Epidenio
+ Approved by the Institutional Review Board (IRB) of the University of lowa. (mg/cc) (-12.13,24.18) (-20.07,15.77) (-8.87,16.86) (-12.31, 27.25) — The sex-stratified descriptive statistics for the fluoride intake AUC variables show that they increased as participants got 1992:2(5)617-626. doi110.1016/1047-2797(92)90006 ¢ - |
+Informed consent was obtained from the parents and then later the adult subjects. Th.tBMD 8.24 01 10.16 06 7.67 06 17.26 047 older for both the sexes, with slightly higher values for males. " atersapply Rocheste; innescta, Am-J bl Heath. 199583(5)740.745 dor10 2108/aph 835743
* For this study, distal tibia multi-detector computed tomography (MDCT) scans were obtained from 330 participants. (mg/cc) (-34.00, 50.49) ' (-52.36, 32.05) ' (-22.74, 38.09) ‘ (-29.88, 64.41) ' — For Females: Daily fluoride intake increased from 0.67 to 0.70 to 0.93 mg F/day for 0 to 8 years, 8 to 15 years and 15 to 23 7. Danielson C, Lyon JL, Eqger M, Goodenough GK. Hip fractures and fluoridation in Utah's elderly
+ Information about fluoride intake from each individual source and combined from all sources (water, beverages other than water ) years, respectively. Population. JAMA 1992;268(6):746-748. | o .
g prBMD 3.05 25.06 2.96 12.52 . . . . 8. Phipps, K. R, Orwoll, E. S., Mason, J. D., & Cauley, J. A. (2000). Community water fluoridation, bone mineral
and selected foods, dietary fluoride supplements, and dentifrices) obtained through the lowa Fluoride Study (IFS) Questionnaires (mg/cc) (-83.24, 89.34) 0.95 (-109.33, 59.20) 0.56 (-58.21. 64.13) 0.93 (-80.82, 105.85) 0.80 — For Males: Daily fluoride intake — increased from 0.73 t0 0.81 to 1.12 mg F/day for 0 to 8 years, 8 to 15 years and 15 to 23 density, and fractures: prospective study of effects in older women. BMJ (Clinical research ed), 321(7265),
at: years, respectively. 860-864. https://doi.org/10.1136/bm].321.7265.860
- 1. SpeClﬁC time pOlntS (POlnt'SpeClﬁC) (mg F/day) Tbe\ 0.01 0.83 -0.04 0.54 6.30x 103 0.90 0.03 0.71 « TABLES 2 AND 3 9. _Il\_lﬁ:cl)\lnaillCI)Rne;eAaégze();rerlscgrglst;orzlggén drinking water — A scientific review of EPA's standards. Washington, DC:
— 2. Over defined periods of time (Period-specific) (in mg F/day using the area-under-the-curve (AUC) estimates. (mm?) (-0.12,0.15) (-0.17,0.09) (-0.09, 0.10) (-0.12,0.18) - For each table, associations of period-specific and cumulative fluoride intakes with 9 trabecular bone measures are listed 10. GroblerS. R, Louw; A, J, Chikte, U. M. Rossouw R. J, & van W Kotze, T. . (2009). The relationhips between
« These anthropometric measurements were obtained: height, weight, Tanner Staging of development, years since peak height Th.PW -36.37 0.61 -38.30 0.60 12.76 0.81 30.65 0.70 on the top, fQHOWGd by associations with 4 cortical bone measures at the bottom. o dentistry Journal, 3, 48~ 54, httpey/doi org/10 2174187421 0600903010048 o fheopen
velocity (PHV (mm) (-173.80,101.07) ' (-180.05, 103.45) ' (-88.15,113.67) ' (-126.44,187.74) ' — No associations at p<0.01 or 0.01<p<0.05 were found between any of the 36 associations between period-specific and 11. Wenzel, A, Thylstrup, A, & Melsen, B. (1982). Skeletal development and dental fluorosis in 12-14-year-old
+ Data on dietary calcium, vitamin D and protein intake obtained through Modified lowa Fluoride Study (|FS) Questionnaire, Diet cumulative fluoride intake with trabecular measures for each of males and females, adjusted for for height, weight, years Da”'Shgfr'Sfr.omaﬂUO”de?”darfon'ﬂuor'decomm””'w'Sca”d'"av'anjouma'Ofde”ta' research, 90(2), 83-
History Questionnaire-Il (DHQ-I1), and Healthy Eating Index Version-2010 (HEI-2010) (mi Tb'Tht ) (- 0'3681 33) 0.44 (-9 22232 5) 0.5 (-5 &'Ojgg) 1.00 (8 é%57219) 0.90 since peak height velocity (PHV), dietary calcium intake, HEI-2010 scores, and PAQ scores. 12 f:v:t;p:/iiggge?;;rg.ﬁi?fﬁ:::itgoszcﬁy E, Brofit, B, Marshall, T. A, Bums, T, Willng,
- Data on physical activity obtained through Physical Activity Questionnaire (PAQ) MICTOMETETS o R o e — No associations at p<0.01 or 0.071<p<0.05 were found between any of the fluoride intakes and any of the 4 cortical " 'ZaJ1a1nzé§}}18FnTuor?weEﬁhﬁéﬁzoggc){32?20232(33?ﬂu:gi(%fEﬁaaﬁvzvghﬂngfgz2?”71?3??%?3%250-
—  MDCT Protocol: Tb.Sp -31.27 0.45 34.64 0.39 -16.83 0.55 -27.52 0.55 measures for each of males and females, adjusted for for height, weight, years since peak height velocity (PHV), dietary 05982000 00478y o P W20 PSAEOLORAE AT
. Deve|oped by Dr. Saha and CO”eagueS in his IaboratOry at the University of lowa (micrometers) ('1 12.41, 4987) . ('4359, 11286) ] ('721 7/, 3852) . ('1 16.37, 61 34) ) calcium |ntake HEI-2010 SCores, and PAQ Scores. 13, te\\?/,s. I\Q.,FEicI:Dherllbergefl—_Gilmoze,él. I;/(I.I,D\r/]\./arrenk\l(.z\ga};?vznd, G, I_-etuchzcl,ﬂE., Brgfﬁtt, Bk., M?rﬁhil‘li(} A, Burns,'l}.
. ,Janz, K. r, Fauiey, ., lorner, J. G, IPPS, K. . Associations of fluoride intake with children’s cortica
o 4 StepS: Fl -0.04 0.04 -0.01 -0.05 bone mineral gnd strength measures at age 11. Journal of public health dentistry, 78(4), 352—-359. https://doi.
1. Region of Interest (RQ|) Selection (nO Unit) ('0-24, 0.1 6) 0.72 (‘0-1 O, 0-24) 0.68 ('0-1 5, 0.1 2) 0.84 (‘0-27: 0. 6) 0.64 DISG“SSIO“ 14, ;rrige%;: :E{,Jzl;(:;uze?::nz,gle;lr?gk?az[ear:rI;.?I?AS;IImin, H., Lantz, H., & Sjostrém, L. (2002). Whole-body mineral
. ) measurements in Swedish adolescents at 17 years compared to 15 years of age. Acta paediatrica (Oslo,
2. CT Image PFOCGSSIng and Bone Measures Cortical CbPOI‘01 oP 0.03 0.10 0.02 037 8.10x 103 0.56 0.04 0.09 Longltudlnal perlod SpeC|ﬁC and cumulative ﬂuorlde intakes were associated Weakly and mostly posrtlvely with MDCT bone Norway : 1992),91(10), 1031-1038. https://doi.org/10.1080/080352502760311502
3. Post-lmage PfOCGSSIﬂg (nO Unlt) ('570 X 10'3, 007) ('002, 005) (-002, 004) (-560 X 10'3, 008) measures at age 23 years. 15. éer/,S. h/PI{,\léVe%_rren,J.JJ.éPféi(pFE)s,lK., Ibetxcgbla)BrE:fﬁtt:[B., Ei%helnberﬁer-gélmo:eij., Butr)ns,T. L., Kavand,
. . ,dJanz, K. r., torner, J. L., auiey, L. A. . €CLS Ot lIfe-long Tiuoriae Intake on bone measures
4. Computation of Bone Microstructural Measures Cb.Poro15P 0.02 0.13 0.01 0.4 4.30x 103 0.7 0.02 0.15 + Results consistent with previous IBDS analyses and other studies'> 3151618 of adolescents: prospecive cohor study. Journal of detal research, 93(4), 353-359. https://doi.
(no unit) ('670 X 10_3: 005) . ('002: 004) . ('002» 003) . ('870 X 10-3» 006) . * leltathnS o . . 16. Ov?/eis,.R. R, Levy,S. M, Eichenl?erger—GiImore,J. M Warren, J. J.,, Burns, T. L., Janz, K E,Tprnen J. C., Saha,
Cb.Poro 1.40 x 10° -9.30 x 10° -2.00 x 10° 2.10 x 10* - Limited external validity/generalizability: w05 17: A prospectve cohort st Gommunty dentisty and oral epderiology 46(6), 527 534, oo
StatIStI(}Eﬂ AﬂﬂWSBS (nounit)  (-440x103,7.10x102) 0.65 (-5.70x10°%, 5.70x10%) 1.00 (-5.90x107, 2.00x10?) 0.33 (-5.70x103, 6.20x10%) 0.95 - IFS/IBDS participants recruited from the specific parts of lowa, and most were non-Hispanic whites from relatively high 101111 /edoe 10378 v ooy i Y "
Univariate analysis: Sex-specific descriptive statistics generated. 4 ) ) _ socloeconomic families. : . : . N iduton e e vore ;nﬁﬁ‘;li?ﬁz,i‘@'Sﬁiﬁiﬁﬁﬁﬂ” 82‘5!3?25?5&#2?3?@&‘5 et Rore
Cb.Th 2:oUx 12 0.99 0.0 0.85 0.03 0.51 0.04 0.50 - F intakes generally modest to moderate and not extreme, with mean intakes generally consistent with the recommended dienne de sante publique, 88(6), 388-391. https://doi.org/10.1007/BF03403912
 Bivariate analysis: Sex-specific unadjusted one-variable linear regression conducted between MDCT distal tibia measures (micrometers) (-0.10,0.11) ' (-0.12,0.10) ' (-0.10, 0.05) ' (-0.16, 0.08) ' levels ' 4 18 ;2?12 fr&neo;e?:npaepfuzﬁ:se'x (L;:cuch E E.ichepnst;er oelfc;ﬁmo}eJ M., Bumns, T. L, Warren, J. J,, Janz, K
(dependent variables) and period-specific and cumulative fluoride intake variables (independent variables). o L . . L 'F Tomen, ). C. Snetselaar L. G. & Levy, S. M. (2021). Effects of iuoride intake on cortical and irabecular bone
— Validity and reliability challenges: Indirect method of quantifying fluoride intake based on parental/adolescent reports of microstructure at early adulthood using multirow detector computed tomography (MDCT). Bone, 146, 115882.
- Multivariable analysis: Sex-specific multivariable linear regression conducted between MDCT distal tibia measures (dependent) intakes of foods and beverages and ingested F-containing dentifrice https://doi.org/10.1016/j.bone.2021.115882
and period-specific and cumulative fluoride intake variables (independent), adjusted for covariates*. . Strenaths: 19. Zemel, B. S, Kalkwarf, H. J., Gilsanz, V., Lappe, J. M., Oberfield, S, Shepherd, J. A, Frederick, M. M., Huang, X,
. . . > . u, M., Mahboubi, S., Hangartner, T., & Winer, K. K. . Revised reference curves for bone mineral conten
— Statistical significance level was set at p<0.01 due to multiple statistical tests conducted, while suggestive associations _ Cohort followed for a long period of time from birth to age 23 ;qdhgrehgl boqemiﬁegl dgngittyac;lc-:o%d\?r/\gtozgl;efr%g;l))(:)rblackand nonvblack children: resultsofthe_tbor:e
were defined as 0.01 <p<005 . i : L ) _ . . ] ] mineral density in childhood study. The Journal of clinical endocrinology and metabolism, 96(10), 3160-3169.
— Collection of comprehensive, age-specific individual data to estimate the cumulative intakes of fluoride starting at birth https://doi.0rg/10.1210/jc.2011-1111

— Consideration of factors other than fluoride that could affect bone development: calcium intake, Healthy Eating Index

*Covariates were: height, weight, years since peak height velocity (PHV), dietary calcium intake, HEI-2010 scores, and PAQ scores. scores, vertical jump, height, weight, and years since peak height velocity
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