
Author M
anuscript 

Author M
anuscript 

Author M
anuscript 

Author M
anuscript

HHS Public Access
Author manuscript
Environ Res. Author manuscript; available in PMC 2023 March 01.

Published in final edited form as:
Environ Res. 2022 March ; 204(Pt C): 112296. doi:10.1016/j.envres.2021.112296.

Fluoride Exposure During Early Adolescence and its 
Association with Internalizing Symptoms

Emily Adkins®, Kimberly Yolton^, Jeffrey R. Strawn'^, Frank Lippert‘S, Patrick H. Ryan®, Kelly
J. Brunst®
®Department of Environmental and Public Health Sciences, University of Cincinnati, 160 Panzeca 
Way, Cincinnati, OH, 45267, USA

‘’Division of General and Community Pediatrics, Department of Pediatrics, Cincinnati Children’s 
Hospital Medical Center and the University of Cincinnati College of Medicine, 3333 Burnet 
Avenue, MLC 5041, Cincinnati, OH, USA

‘’Department of Psychiatry and Behavioral Neuroscience, University of Cincinnati, 260 Stetson 
Street, Cincinnati, OH, 45267, USA

‘‘Department of Cariology, Operative Dentistry, and Dental Public Health, Oral Health Research 
Institute, Indiana University School of Dentistry, 415 Lansing Street, Indianapolis, IN 46202

^Division of Biostatistics and Epidemiology, Cincinnati Children’s Hospital Medical Center, 3333 
Burnet Avenue, Cincinnati, OH 45229, USA

Abstract

Background: Early, chronic, low-level fluoride exposure has been linked to attention-deficit 
hyperactivity disorder (ADHD) and learning deficits in children. Rodent smdies suggest a link 
between fluoride exposure and internalizing behaviors. No human smdies have examined the 
impact of fluoride on internalizing behaviors during adolescence.

Objective: To evaluate the relationship between urinary fluoride and early adolescent 
internalizing symptoms in the Cincinnati Childhood Allergy and Air Pollution Study (CCAAPS).
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Methods: Participants in CCAAPS provided non-fasting spot urine samples at age 12 years 

(n=286). Urine samples were analyzed using a microdiffusion method to determine childhood 

urinary fluoride (CUF) concentrations and were log transformed for analyses. Caregivers of 
CCAAPS participants completed the Behavior Assessment System for Children-2 (BASC-2) at 

the age 12 study visit to assess internalizing symptoms (e.g., anxiety, depression, somatization), 

and a composite score of the three domains; T-scores > 60 were used to identify adolescents in 

a clinically “at-risk” range. Race, age of the adolescent, household income, maternal age at birth, 

caregiver depression, caregiver-child relationships, and age 12-year serum cotinine concentrations 

were considered covariates in regression models. Sex-specific effects of fluoride exposures were 

investigated through the inclusion of interaction tcnns.

Results: Higher CUF concentrations were significantly associated with increased somatization 

(P = 3.64, 95% Cl 0.49, 6.81) and internalizing composite T-scores in a clinically “at-risk” 

range (OR=2.9, 95% Ct 1.24, 6.9). Compared to females, males w ith higher CUF concentrations 

had more internalizing (Pinteraction=0 04) and somatization symptoms (Pinteraction=0 02) and 

were nearly seven times more likely to exhibit “at-risk” internalizing symptomology CUF 

concentrations were not significantly associated with depression or anxiety symptoms.

Conclusions: This is the first study to link fluoride exposure and internalizing symptoms, 

specifically somatization. Somatization represents an interface of physical and psychological 

health. Continued follow-up will help shed light on the sex-specific relationship between fluoride 

and mental health and the role of somatization.
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Introduction

Internalizing disorders, such as anxiety and depression, are the most common mental health 
conditions affecting children and adolescents^ and rank in the top 10 for disability-adjusted 

life years (DALYs) for adolescents.These disorders are associated with developmental 

impairment, increased risk of developing substance abuse disorders, increased suicide 
attempts, suicides, educational mideracliievement, and later adult economic disadvantage.^ 

During pre- and early adolescence major neurostmctural and neurofunctional changes occur, 

and these changes affect brain regions that subserve affective and inhibitory processing 

and have been linked to internalizing disorders.Additionally, neurodevelopmental changes 

in these regions and networks that underlie internalizing disorders and may increase 

adolescents’ vulnerability to neurotoxicants.

Fluoride is a mineral that occurs naturally in many foods and water making exposure nearly 

inexorable. To prevent tooth decay, water fluoridation has been supplied to nearly 75% of 
United States residents through conununity water systems^ and is considered one of the top 

10 public health achievements. Research suggests that children retain up to 80% of ingested 

fluoride, wliile tlie remaining fluoride is renally excreted. In comparison, adults typically 

excrete 50% of ingested fluoride.
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While there is agreement that water fluoridation has reduced dental caries, there is much 

debate about the potential neurotoxic effects of fluoride. Fluoride exposure has been 
associated with impaired cognition,!*’ attention-deficit hyperactivity disorder (ADHD)." ' 

and decreased intelligence among Canadian, Chinese, and Mexican children.

However, many of these studies have been criticized for their inability to accurately 

measure fluoride concentrations, developmental outcomes, and/or control for crucial 
confounders.!^’!^ Very little is known about fluoride’s impact on internalizing disorders 

in humans. However, animal studies suggest fluoride induces anxiety- and depression-like 
behaviors in mice. '*’2'

Botli animal and human studies suggest fluoride might impact neurodevelopmental 

outcomes differently in males and females. Male rats exposed to fluoride exhibit more 

task avoidance, learning deficits, and anxiety-like behaviors compared to their female 
counterparts.22,23 observations have been reported in human studies with prenatal

and childhood exposure to fluoride associated with lower full-scale IQ among males, with 
one study reporting a 4.49 point reduction in males compared to females.’4 24'pjig sanic 

sex-specific association (i.e., vulnerability among males) was also observed among children 

in Mexico where a 0.5 mg/day increase in dietary fluoride was associated with a 3.5 point 
reduction in fQ among males, but not females.2’ It is unclear whether similar sex-specific 

effects would be observed in studies examining the effects of fluoride on internalizing 

behaviors.

With these considerations in mind, we sought to examine the associations and sex 

differences between urinary fluoride and internalizing symptoms (i.e., anxiety, depression, 

and somatization) among adolescents in Greater Cincinnati. While our analy sis is cross­

sectional, to our knowledge, it is the first study in the United States and the first to 

focus on tire relationsliip between fluoride arrd internalizing symptoms during a vulnerable 

neurodevelopmental period.

Methods

study Population

Participants were enrolled hr tire Cinciimati Cliildhood Allergy and Air Pollution Study 

(CCAAPS), a previously described prospective birth cohort of children bom between 

2001 and 2003 in the Greater Cinciimati Region with emollment eligibility based on the 
location of the adolescent’s residence from a major roadway.2®’27 participants live in 

communities supplied by fluorinated water. Enrolled children and caregivers completed 

demograpliic and clinical evaluations at ages 1,2, 3, 4, 7, and 12 years to obtain information 

regarding the participant’s health and general wellbeing, housing characteristics, residential 

history, and secondhand smoke (SHS) exposure. The study was approved by the Institutional 

Review Boards of the University of Cinciimali and Cinciimati Cliildren’s Hospital Medical 

Center. Participants and parents provided informed assent and consent, respectively.

Environ Res. Author manuscript; available in PMC
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Urinary Fluoride Measurements

Spot urine samples were collected under normal (non-fasting) conditions at age 12 years 

during a clinic visit. Samples were stored at -20 C before analysis. Childhood urinary 
fluoride (CUF) concentrations were analyzed at the Indiana University School of Dentistry. 

Briefly, urine samples (5 inL) were thawed, and ionic fluoride was diffused from the sample 
using the hexamethyldisiloxane (HDMS)-difEusion method.^^ To correct for dilution in spot 

urine samples, urinary specific gravity (SG) was measured using a zero-setting calibrated 

ATAGO® Pen Refractometer under darkened conditions against a standard check (using a 

fluoride standard traceable to the National Institute of Standards and Technology (NIST)). 

To account for variations in urine dilution, we adjusted CUF concentrations for SG using the 

following equation: CUFSG = CUFi x (SGM-l)/(SGi -1), where CUFSG is the SG-adjusted 

fluoride concentration (in micrograms of fluoride per milliliter), CUFi is the observed 

fluoride concentration, SGi is the SG of the individual urine sample, and SGM is the median 
SG for the cohort.^^ Dilution-corrected CUF was used in analyses.

Internalizing Behaviors Assessment

At the 12-year study visit, parents completed the Behavior Assessment System for 
Children-2 (BASC-2).'^' The BASC-2 is a parent-reported survey used to gain a parent’s 

perspective on their adolescent’s behavior. Both adaptive and clinical behavior are assessed, 

and this assessment can be combined with other measures to assess the risk of behavioral 

problems. Specifically, BASC-2 scores consist of composite and subscale T-scores with a 

mean (± SD) of 50 ± 10 and were calculated using combined gender norms. All subscale 

scores were calculated, but anxiety, depression, and somatization subscales along with the 

internalizing symptoms composite were selected for this analysis a p/'/oz/'because these 

symptoms have implications for the development of internalizing psychopathology. Higher 

T-scores represent more reported internalizing symptoms; T-scores > 60 represent potentially 

chnically relevant sy mptoms. All assessments were conducted in English; no participants 

requested assessments in alternate languages.

Statistical Analyses

Descriptive statistics were used to examine the distribution of adolescent, maternal, and 
household characteristics at the age 12-year visit and potential outliers across exposure and 

outcome measures. Sex differences were compared using and T-tests, as appropriate. 

Means and standard deviations are reported for the continuous variables; frequencies are 

reported for categorical variables. Outliers (CUF >3 IQR) were removed (n= 5, CUF >4.0 

mg/L); CUF values were right-skewed and thus were natural log-transformed to obtain a 

normal distribution.

Separate unadjusted linear regression models were used to assess the relationship between 

CUF concentrations and each BASC-2 internalizing outcome (continuous T-scores); 

adjusted linear regression models were subsequently developed. Covariates included in 

all models were selected based on prior literature demonstrating their relationship with 

internalizing outcomes or their potential role as a confounder in the relationship between 

fluoride and neurobehavior. Covariates included the adolescents’ race (Black/non-Black), 

age at the 12-year visit, household income at tlie age 12-year visit, caregiver depression

Environ Res. Author manuscript; available in PMC 2023 March 01.
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assessed by the Beck Depression Inventory second edition relational fmstration
of the parent-child relationship (assessed by the Parenting Relationship Qnestioiuiaire),^^ 

and age 12-year serum cotinine concentrations?^-^^ Given that internalizing symptoms 

are common in children independent of psychopathology/disease, we conducted secondary 

logistic regression analyses using a T-score cutoff of > 60 to represent potentially clinically 

meaningful symptomology. In both primary' and secondary analyses, effect modificahon 

of CUF concentrations by sex was examined by including an interaction term. Covaiiates 

included in the final adjusted models were either significantly (p < 0.05) associated with 

the outcome, or their inclusion resulted in a greater than 10% change in the CUF parameter 

estimate. Statistical analyses were performed using SAS® version 9.4.

Results

Characteristics of Participants

Comparisons of demographics, exposure, and other characteristics between CC AAPS 

participants complehng the age 12-year visit (n = 344) and the analytic sample (n = 286) are 

broken down by sex are provided in Table 1.

At the 12-year visit, 344 participants were assessed, with 55% (n= 191) being male and 

44.5% (n = 153) being female. Participants were on average 12.2 ± 0.79 years old; mothers 

were on average age 30 years at delivery (30.7 ±5.9 years). The adolescents were 75.9% (n 

= 261) white and 24.1% (n= 83) Black or more than one race. There was a diverse range 

of household income concentrations, with 11.4% {n= 39) earning less than $20,000, 12.0% 

(n= 41) earning between $20,000 and $40,000, 14.4% (n= 63) earning between $40,000 

and $70,000, 12.6% (n= 43) earning between $70,000 and $90,000, and 40.9% (n= 140) 

earning greater than $90,000.

Of the 286 participants with urine samples and cotinine measurements who were included 

in the analytic sample, the population was 56.3% male (n= 161) and 43.7% female (n = 

125) and had an average age of 12.1 ± 0.76 years old. The average maternal age at delivery 

was 30.2 ± 5.9 years. This sample was 76.6% (n= 219) white and 23.4% (n=61) black 
orbiracial. The household income ranged from 10.5% (n= 30) earning less than $20,000, 

11.9% (n= 34) earning between $20,000 and $40,000, 18.2% (n= 52) earning between 

$40,000 and $70,000, 13.6% (n = 39) earning between $70,000 and $90,000, and 42.3% (n 

= 121) earning greater than $90,000. Descriptive characterishes of the study population did 

not vary between the adolescents completing the age 12-year visit and those included in the 

analysis. Further, we did not observe differences by sex with respect to race, age, income, 

caregiver depressive symptoms (i.e., BDI-2 score), relational fmstration scores, or serum 

cotinine.

CUF concentrations and Internalizing Behaviors

The average CUF concentration was 0.88 ± 0.37 mg/L with CUF concentrations ranging 

from 0.28 to 2.46 mg/L. Similar concentrations were observed in the analytic sample and 

did not vary by sex. Average BASC scores were also similar among tlie full and analytic 

samples with average internalizing composite scores and subscale scores near 50; females,

Environ Res. Author manuscript; available in PMC 2023 March 01.
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however, were more likely to have elevated and potentially clinically relevant anxiety 

T-scores (T-score > 60, p= 0.04) while their male counterparts were more likely to have 

elevated and potentially clinically relevant somatization T-scores (p = 0.05).

In the primary unadjusted analyses, CUF concentration was significantly associated 

widi parent-reported internalizing symptoms, particularly soniatizalion (Figure 1). After 

adjustment for covariates, a positive but not statistically significant association was observed 

between CUF concentrations and increased internalizing behaviors (p = 2.64, 95% Cl -0.15 

to 5.44, p= 0.06). However, the relationship between CUF and internalizing symptoms was 

specifically driven by the strong and significant associations between CUF concentrations 

and increased somatization T-scores (p = 3.64, 95% Cl 0.49 to 6.81, p= 0.02) and, 

to a lesser extent, anxiety (P = 2 15, 95% CI -1 05 to 5.35,/?= 0.15); CUF was not 

associated with depression behaviors (p = 0.55, 95% CI -1.86 to 2.91, p= 0.65). Secondary^ 

analyses suggested that adolescents with higher urinary fluoride are more likely to have an 

internalizing composite T-score in a chnically “at-risk” range (OR 2.9, 95% CI 1.24 to 6.9, 

p= 0.01) but are not more likely to have elevated “at-risk” subscale scores (p-values range 

0.19 to 0.47).

Sex-Specific Effects of CUF on Internalizing Behaviors

Primary analyses utilizing continuous BASC-2 T-scores suggested sex-specific effects. 

Specifically, significant sex differences were observed in the relationship between CUF 

and internalizing (Figure 2A, Pinteraction = 0.04) and somatization behaviors (Figure 2B, 

Pinteraction = 0.02). Compared to female participants, male participants with higher CUF 

concentrations exhibited more internalizing and somatization behaviors; similar trends were 

obseiv cd for anxiety and depression subscales, but the associations were not significant 

(Figure 2C and 2D). Secondary analyses suggested males with higher fluoride have nearly 

seven times greater odds of having an internalizing composite T-score in a clinically “at- 

risk” range (OR= 7.9, 95% CI: 2.15 to 29.0) compared to females (OR= 1.13, 95% CI: 

0.34 to 3.76) with similar increased odds for elevated “at-risk” somatization T-scores [males 

(OR=4.18, 95%, CI: 1.27 to 13.69); females (OR= 0.52, 95% CI: 0.13 to 2.06). We did not 

observe significant sex-specific effects of CUF on “at-risk” scores for anxiety (pinteraction 

0.19) or depression (Pinteraction = 0.15), although trends were similar with males being more 

“at-risk”.

Discussion

To date, this is the first epidemiologic study to examine the association between 

internalizing behavioral and child/adolescent fluoride exposure. Fluoride exposure is 

widespread across the United States and concerns have been raised about its neurotoxicity. 

Many studies of fluoride-related neurotoxicity, which have emerged from Canadian and 
Mexican cohorts, suggest that fluoride is related to decreased cognition,^*’ (7) ADHD." and 

decreased full-scale IQ. 13,14,40 Uirfortunatcly, little is known about the role of fluoride in the 

development of internalizing pathology; Our findings suggest the effects of fluoride extend 

beyond adverse cognitive effects and the risk of externalizing symptoms. In our sample, 

youth with higher childhood urinary fluoride concentrations experienced more somatization

Environ Res. Author manuscript; available in PMC 2023 March 01.
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and were more likely to have “at-risk” scores on the BASC-2 internalizing composite, 

particnlarly among males.

Our findings arc consistent with several rodent studies linking fluoride and intemalizing-likc 

behaviors. In adult mice given 68 mg/L NaF in water, 120 days of exposure produced 

depressive and anxiety-like beliaviors compared to control mice. Tests conducted to assess 

internalizing behaviors included an elevated zero maze test, emeigence test, lighi/dark 

exploration test, novel object recognition test, forced swimming test, and tail suspension 

test. Additionally, hippocampal messenger ribonucleic acid (mRNA) concentrations were 

significantly decreased.Another study found that 3-week-old female mice given 50 mg/L 

NaF in water for 39 weeks spent longer periods in the open arms of an elevated plus-maze 

compared to controls when tested after 23 weeks of treatment. Concentrations of fluoride in 

the brain were twice as high in treated mice as in control mice; treated mice had significantly 
higher concentrations of serum serotonin as well.^® Moreover, 4-week-old rats given 5 mg/L 

and 10 mg/L NaF in water for four w eeks had longer latency times in a Morris w ater maze 

and longer immobility times in a tail suspension test suggesting impaired spatial memoiy 

and increased depression-like behaviors. Rats that were given 10 mg/L NaF in water spent 

significantly more time in the open arms of an elevated plus-maze test and had longer 

iinmobilily times in a forced swimming test. These results show altered emotional cognition, 
indicating increased anxiety and depression behaviors.^i

Our findings underscore tlie need to examine developmental periods beyond those tliat are 

typically studied (e.g., prenatal periods) to include adolescence and beyond. During pre- 

and early adolescence, major neurostmctural and neurofunctional changes occur, particularly 

in regions and stractures involved in affective and regulatory brain regions that underlie 
internalizing pathology.^ The brain is uniquely susceptible to environmental insults during 

tills critical developmental window; The effects of fluoride exposure in adulthood have also 

been shown in clinical and pre-clinical studies. Multiple animal shidies have implicated 

fluoride in the formation of reactive oxygen species and inflammation. Male adult rats 

subjected to 10 ppm NaF in water for thirty days showed altered concentrations of stress 

biomarkers. Rats in the treatment group were found to have elevated malondialdehyde 

concentrations and reduced superoxide dismutase concentrations in the brain, which 

signified an increase in oxidative stress. Interestingly, these changes did not occur in 

rats exposed to 2.1 ppm NaF in water, which matches the guidelines put forth by the 
World Health Organization regarding appropriate levels in drinking water."* 1 Another rat 

study found that chronic fluorosis, induced by 50 ppm NaF in water over six months, 

significantly increased A^methyl-d-aspartate receptor (GluNl and GluN2B) expression 

compared to controls. These receptors are thought to play a role in brain plasticity and 
synaptic development."*^’"*^ increased calcium ion concentration in neurons and higher 

rates of apoptosis in the brain were also noted in rats experiencing fluorosis."*"* Increased 

neuronal apoptosis has been observed in other studies as well, one of which uhlized adult 

rats receiving 60-120 ppm NaF in water for 10 weeks. This study also found microglial 
activation and increased brain inflammation."*5 Researchers have also investigated fluoride­

based effects in tlie uptake of [3H] glucose in tlie brain. Adult rats given 50 ppm NaF 

in water have been shown to have increased [3H]glucose uptake in the brain, suggesting

Environ Res. Author manuscript; available in PMC 2023 March 01.
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increased neuronal activityIn adults, fluoride exposure has been associated with adverse 
outcomes such as increased dementia risk.^^-^^

Wc found that the associations between fluoride, somatization, and internalizing 

symptoms were particularly strong in males, suggesting a sex-specifle effect. Interestingly, 
accmnulabng data (reviewed by Green et al.4^) suggest tliat fluoride produces sex-specific 

neurodevelopmental effects. The review concluded that male offspring appeared to be more 

susceptible to adverse outcomes following prenatal, but not postnatal, fluoride exposure. 

However, only two of the studies included in the review examined behaviors related to 
internalizing pathology (i.e., anxiety- and depression-like behaviors), both in rats.^^’^” 

One rat study focusing on learning and memoiy reported no cliange in emotional state 

based on latencies in escape responses. The timing of postnatal exposure ranged from 

birth to postnatal day 21 (e.g., ~6 human years).No such studies were conducted in 

human children, meaning that children and adolescents over ten years old are woefully 

underrepresented in this field of study. Fluoride exposure during adolescence could represent 

another critical window given the changing patterns of psychopathology around puberty and 

a noticeable shift in the prevalence of internalizing disorders. The most notable illustration 

of this is the emergence of sex differences in depression; while rates of depression for both 

sexes are similar during adolescence, from adolescence into adulthood women are twice as 

likely to develop depressive and anxiety disorders. Given the puberty-related biological 

changes during adolescence in conjunction with our findings, these data suggest that the 

adolescent period likely represents a second critical window of fluoride exposure. It should 

also be noted that by the age of 12 years, the prevalence of physician diagnosed behavioral, 

anxiety, or learning problems was 28% in the CCAAPS population. Thus, another possibility 

is early-life exposure to fluoride might increase the risk of other neurodevelopmental 

disorders that in turn contribute to internalizing symptoms.

There are two major strengths of our study. First, our study focuses on fluoride- 

related internalizing symptoms in young adolescents, which might represent a vulnerable 

population; studies to date have examined fluoride-related cognitive and externalizing 

outcomes primarily focusing on prenatal exposure. Fluoride is both absorbed and eliminated 

quickly; the haff-life of fluoride in the gastrointestinal track and plasma is approximately 

thirty minutes and 6-10 hours, respectively Fluoride elimination rates are also thought to be 

dependent on the dose received and the concentrations of other minerals in the body such as 

calcium resulting in children retaining higher proportions of absorbed fluoride compared 

to adults. Second, many of the published studies have not controlled for important 

confounders for which the CCAAPS cohort has comprehensive assessments of including 

socioeconomic status, parental psychological functioning, as well as assessments of the 

parent-child relationship. Despite these strengths, some limitations warrant consideration. 

First, we collected only one spot urine sample in a cross-sectional study design, and thus 

caimot address temporal associations. Second, the internalizing symptoms represent parent/ 

caregiver reports which may differ from those reported by the adolescent or assessed by 

a clinician. Third, whether these symptoms represent psychiatric disorders (e.g., major 

depressive disorder, generalized anxiety disorder) caimol be delennined in tliis sample.

Environ Res. Author manuscript; available in PMC 2023 March 01.
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Further, fluoride could contribute directly to somatic symptoms rather Ihan to somatization 

proper. High-dose fluoride supplementation (30 mg/day) in adults with osteoporosis has 

been associated with abdominal pain, nausea, and vomiting in addition to atrophic gastritis 
and gastric epithelial desquamation.^^ Additionally, in pediatric patients, ingestions of 

fluoride produce gastrointestinal symptoms (nausea, vomiting, diarrhea, abdominal pain) 
in nearly one-third of patients.^^ Fourth, this study did not estimate the total fluoride intake 

of participants which would include assessing sources of fluoride exposure and how the 

source of exposure relates to internalizing symptomology; urinary fluoride concentrations 

were the only measurement used to assess fluoride exposure. Lastly, we were unable to 

examine the effects of prenatal fluoride exposure on internalizing behaviors, which is an 

established critical window for cognitive effects. Thus, prenatal exposure could also play a 

role in later life intenializing symptomology.

Conclusions

This is the first study to be conducted on youths living in the United States and the 

results suggest that childhood urinary fluoride concentrations are significantly associated 

with increased internalizing symptoms and, in particular, somatization. Despite males and 
females having comparable urinary fluoride concentrations, males may be at greater risk 

for adverse effects of fluoride exposure as the association between fluoride concentrations 

and internalizing symptoms was more robust among males. Due to the ubiquitous exposure 

to fluoride and the lack of research on the potential neuropsychiatric effects in developing 

adolescents, more research is needed. These studies should consider sources of fluoride 

exposure across all developmental windows (prenatal and childhood) as well as explore 

mechanisms of action. Such studies may infonn clinical screening for psychopatliology 

in the most vmlnerable individuals and help to determine the best methods of exposure 

reduchon during critical developmental timeframes.
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Highlights:

• Adolescents with elevated urinary fluoride concentrations exhibit more 

somatization symptoms.

• Males may represent an at-risk population for fluoride-related internalizing 

behaviors.

• While somatization is typically comorbid with anxiety and depression, 

fluoride concentrations were not associated with increased depressive or 

anxiety symptoms.
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Figure 1. Relationship between CUF concentrations and parent-reported internalizing outcomes.
Analysis is adjusted for adolescents’ race, sex, age, total family income at the age 12- 

year visit, maternal depression, senun cotinine (yr. 12), and PRQ relational frustration. 

Unadjusted (diamonds) and adjusted (circles) are provided along with the 95% confidence 

intervals.

Environ Res. Author manuscript; available in PMC

Trial Ex. 112.015



Adkins et al. Page 16

A. 60

& 
O u OT

-1.0 -O.S 0 0 O.S

Fluoride (mg/L log transformed)

55

interaction 0-04

i. 
E o o 
o>

MaleB

-1 0 -0.5 0.0 0.5

Fluoride (mg/L log transformed)

Female

£ 
o o 
^9

o
<3 
N

E 
o 
co

interaction 0.02

D.

O —I
F

D 
C 
M 
O

"D

2 
O u 
<o

55 -1

interaction 0-12

Fluoride (mg/L log transformed) Fluoride (mg/L log transformed)

P■ ■ = O dF' interaction

Figure 2. Sex-specifle associations between CUF and internalizing (A), somatization (B), anxiety 
(C), and depression (D) outcomes:
Models are adjusted for the adolescents’ race, age, total family income at the age 12-year 

visit, maternal depression, serum cotinine (yr. 12), and PRQ relational frustration. Male 

(dashed line) and female (solid) effects are provided along with the 95% confidence 

intervals.
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Table 1.

Comparison of characteristics in the CC AAPS cohort at the 12-year visit, analytic sample, and by the 

adolescent’s sex.

Year 12 Study Visit 
(n = 344)“

Analytic Sample 
(n = 286)“

Males 
(n = 161)

Females 
(n = 125)

Characteristic (s) n (%) ar Mean (SD) n (%) ar Mean (SD) n (%) ar Mean (SD) n (%) ar Mean (SD)

Sex

Male 191 (55%) 161 (56%) 161 (100%) -

Female 153 (45%) 125 (44%) - 125 (100%)

Race/Ethnicity

White 261 (76%) 219 (77%) 121 (75%) 98 (78%)

Blaclc/More than One Race 83 (24%) 67 (23%) 40 (25%) 27 (22%)

Age at 12 y visit (in years) 12.2 (0.79) 12.1 (0.76) 12 (0.70) 12.2 (0.82)

Serum Cotinine (age 12 yr.) in ng/ml 0.32(1.33) 0.27(1.10) 0.32(1.3) 0.20 (0.57)

Parent-Reported DASC-2 Outcomes

Internalizing Composite 50.6(11.1) 50.1 (10.8) 49.6 (11.6) 50.7 (9.6)

T-score > 60 (n, %) 67 (20%) 56 (19%) 31 (19%) 23 (18%)

Depression Subscale 49.9(10.2) 49.2 (9.9) 49(10.3) 49.5 (9.5)

T-score > 60 (n, %) 48 (14%) 37 (13%) 23 (14%) 12(10%)

Anxiety Subscale 52.1 (12.0) 51.7(11.6) 50.1 (11.7) 53.6(11.2)

T-score > 60 (n, %) 84 (25%) 68 (24%) 30 (19%) 36 (29%)

Somatization Subscale 49.4(11.4) 49.3 (10.0) 49.9(12.8) 48.6 (9.2)

T-score > 60 (n, %) 56(17%) 50 (17%) 34 (21%) 15 (12%)

Caregiver Depression using BDI-2 6.4 (4.0) 6.3 (7.3) 6.1 (6.6) 6.6 (8.2)

Age atEnrolhnent in Years 30.7(5.9) 30.2(5.9) 30.2(6.1) 30.6 (5.6)

Relational Frustration T-Score 48.2(9.5) 48.02 (9.2) 48.1 (8.7) 47.9 (9.8)

Yr 12 Household Income

< $20,000 39(11%) 30 (10%) 16 (10%) 14(11%)

$20,000 to < $40,000 41 (12%) 34 (12%) 21 (13%) 13 (10%)

$40,000 to < $70,000 63 (13%) 52 (18%) 29(18%) 23 (18%)

$70,000 to < $90,000 43 (12%o) 39 (14%) 25 (15%) 14(ll%o)

> $90,000 140 (41%) 121 (42%) 64 (40%) 57 (46%)

CUF at Age 12 y Visit in mg/L (n = 334) 0.88 (0.36) 0.88(0.37) 0.88 (0.32) 0.88 (0.39)

Includes participants with complete exposure, outcome, and covariate data

Reported at study enrollment

c . . . . . . . .
Percentages do not add to 100 as some individuals refused to provide income data (n - 16); Differences in means and proportions were tested 

using T-tests and Chi-square statistics, respectively. The only observed statistical difference was on average females tend to exhibit elevated anxiety 
T-scores (Chi-square p=0.04); males were more likely to exhibit elevated somatization T-scores (Chi-square p=0.05). Abbreviations: Behavioral 

Assessment System for Children, second edition (BASC-2), Beck Depression Inventory second edition (BDI-2), childhood urinary fluoride (CUF), 
standard deviation (SD).
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