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Abstract

Background: Fluoride is a common exposure in our environment that comes from a variety of
sources and is widely promoted for its dental and overall oral health benefits. A 2006 evaluation
by the National Research Council (NRC) found support for an association between consumption
of high levels of naturally occurring fluoride in drinking water and adverse neurological effects
in humans and recommended further investigation. The evidence reviewed at that time was from
dental and skeletal fluorosis-endemic regions of China. Since the NRC evaluation, the number
and location of studies examining cognitive and neurobehavioral effects of fluoride in humans
have grown considerably, including several recent North American prospective cohort studies
evaluating prenatal fluoride exposure.

In 2016, the National Toxicology Program (NTP) published a systematic review of the evidence
from experimental animal studies on the effects of fluoride on learning and memory. That
systematic review found a low-to-moderate level of evidence that deficits in learning and
memory occur in non-human mammals exposed to fluoride.

Objective: To conduct a systematic review of the human, experimental animal, and mechanistic
literature to evaluate the extent and quality of the evidence linking fluoride exposure to
neurodevelopmental and cognitive effects in humans.

Method: A systematic review protocol was developed and utilized following the standardized
OHAT systematic review approach for conducting literature-based health assessments. This
monograph presents the current state of evidence associating fluoride exposure with
neurocognitive or neurodevelopmental health effects and incorporated predefined assessments of
study quality and confidence levels. Benefits of fluoride with respect to oral health are not
addressed in this monograph.

Results: The current bodies of experimental animal studies and human mechanistic evidence do
not provide clarity on the association between fluoride exposure and neurocognitive or
neurodevelopmental human health effects.

This systematic review identified studies that assessed the association between fluoride exposure
and cognitive or neurodevelopmental effects in both adults and children, which were evaluated
separately. In adults, only two high-quality cross-sectional studies examining cognitive effects
were available. The literature in children was more extensive and was separated into studies
assessing intelligence quotient (1Q) and studies assessing other cognitive or neurodevelopmental
outcomes. Eight of nine high-quality studies examining other cognitive or neurodevelopmental
outcomes reported associations with fluoride exposure. Seventy-two studies assessed the
association between fluoride exposure and IQ in children. Nineteen of those studies were
considered to be high quality; of these, 18 reported an association between higher fluoride
exposure and lower 1Q in children. The 18 studies, which include 3 prospective cohort studies
and 15 cross-sectional studies, were conducted in 5 different countries. Forty-six of the 53 low-
quality studies in children also found evidence of an association between higher fluoride
exposure and lower 1Q in children.

Discussion: Existing animal studies provide little insight into the question of whether fluoride
exposure affects 1Q. In addition, studies that evaluated fluoride exposure and mechanistic data in
humans were too heterogenous and limited in number to make any determination on biological
plausibility. The body of evidence from studies in adults is also limited and provides low
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confidence that fluoride exposure is associated with adverse effects on adult cognition. There is,
however, a large body of evidence on 1Q effects in children. There is also some evidence that
fluoride exposure is associated with other neurodevelopmental and cognitive effects in children;
although, because of the heterogeneity of the outcomes, there is low confidence in the literature
for these other effects. This review finds, with moderate confidence, that higher fluoride
exposure (e.g., represented by populations whose total fluoride exposure approximates or
exceeds the World Health Organization Guidelines for Drinking-water Quality of 1.5 mg/L of
fluoride) is consistently associated with lower 1Q in children. More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q.
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Preface

The National Toxicology Program (NTP) conducted a systematic review of the published
scientific literature because of public concern regarding the potential association between
fluoride exposure and adverse neurodevelopmental and cognitive health effects.

NTP initially published a systematic review of the experimental animal literature in 2016 that
was subsequently expanded to include human epidemiological studies, mechanistic studies, and
newer experimental animal literature. Because of the high public interest in fluoride’s benefits
and potential risks, NTP asked the National Academies of Sciences, Engineering, and Medicine
(NASEM) to conduct an independent evaluation of the draft NTP Monograph on Fluoride
Exposure and Neurodevelopmental and Cognitive Health Effects (2019 draft monograph dated
September 6, 2019) and the revised draft (2020 draft monograph dated September 16, 2020),
which addressed the NASEM committee’s recommendations for improvement. The NASEM
committee determined that, “Overall the revised monograph seems to include a wealth of
evidence and a number of evaluations that support its main conclusion, but the monograph falls
short of providing a clear and convincing argument that supports its assessments....” Thus, NTP
has removed the hazard assessment step and retitled this systematic review of fluoride exposure
and neurodevelopmental and cognitive health effects as a “state-of-the-science” document to
indicate the change. This state-of-the-science document does not include the meta-analysis of
epidemiological studies or hazard conclusions found in previous draft monographs; however, it
provides a comprehensive and current assessment of the scientific literature on fluoride as an
important resource to inform safe and appropriate use.

NTP has responded to the NASEM committee’s comments on the revised draft (September 16,
2020) in a separate document (placeholder for URL) and revised relevant sections of this
monograph.
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e Describe limitations of the systematic review, strengths and limitations of the
evidence base, identify areas of uncertainty, as well as data gaps and research needs
for neurodevelopmental and cognitive health effects of fluoride.

Depending on the extent and nature of the available evidence:

e Synthesize the evidence using a narrative approach.

¢ Rate confidence in the body of evidence for human and animal studies separately
according to one of four statements: High, Moderate, Low, or Very Low/No Evidence

Available.
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PECO Element Evidence
Population Non-human mammalian animal species (whole organism)
Exposure Exposure to fluoride based on administered dose or concentration and biomonitoring data
(e.g., urine, blood, other specimens). Relevant forms are those used as additives for water
fluoridation:

e Fluorosilicic acid (also called hydrofluorosilicate; CASRN 16961-83-4)

e Sodium hexafluorosilicate (also called disodium hexafluorosilicate or sodium
fluorosilicate; CASRN 16893-85-9)

e  Sodium fluoride (CASRN 7681-49-4)
e  Other forms of fluoride that readily dissociate into free fluoride ions (e.g., potassium
fluoride, calcium fluoride, ammonium fluoride)
Comparators Comparable animals that were untreated or exposed to vehicle-only treatment

Outcomes Neurodevelopmental outcomes, including learning, memory, intelligence, other forms of
cognitive behavior, other neurological/neurobehavioral® outcomes (e.g., anxiety, aggression,
motor activity), and biochemical changes in the brain or nervous system tissue; measures of
thyroid function, biochemical changes, or thyroid tissue pathology

Table 3. In Vitro/Mechanistic PECO Statement

PECO Element Evidence
Population Human or animal cells, tissues, or biochemical reactions (e.g., ligand binding assays)
Exposure Exposure to fluoride based on administered dose or concentration. Relevant forms are those

used as additives for water fluoridation:
e Fluorosilicic acid (also called hydrofluorosilicate; CASRN 16961-83-4)

e Sodium hexafluorosilicate (also called disodium hexafluorosilicate or sodium
fluorosilicate; CASRN 16893-85-9)

e  Sodium fluoride (CASRN 7681-49-4)
e  Other forms of fluoride that readily dissociate into free fluoride ions (e.g., potassium
fluoride, calcium fluoride, ammonium fluoride)
Comparators Comparable cells or tissues that were untreated or exposed to vehicle-only treatment

Outcomes Endpoints related to neurological and thyroid function, including neuronal electrophysiology;
MRNA, gene, or protein expression; cell proliferation or death in brain or thyroid tissue/cells;
neuronal signaling; synaptogenesis, etc.

Literature Search

Main Literature Search

Search terms were developed to identify all relevant published evidence on developmental
neurobehavioral toxicity or thyroid-related health effects potentially associated with exposure to
fluoride by reviewing Medical Subject Headings for relevant and appropriate neurobehavioral

5The animal PECO statement in the protocol refers to “neurological outcomes”; however, it was changed to
“neurological/neurobehavioral outcomes” in this document to use more precise terminology for the outcomes

included.
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accounting for dilution), studies that used this metric were generally considered to have probably
low risk of bias for exposure.

Analytical methods to measure fluoride in biological or water samples also varied, some of
which included atomic absorption, ion-selective electrode methods, colorimetric methods, or the
hexamethyldisiloxane microdiffusion method. Individual-level measures of exposure were
generally considered more accurate than group-level measures; however, using group-level
measures (e.g., endemic versus non-endemic area) in an analysis was less of a concern if the
study provided water or urinary fluoride levels from some individuals to verify that there were
differences in the fluoride exposure between groups. Studies that provided results by area and
also reported individual urinary or serum fluoride concentrations or other biochemical measures,
including dental fluorosis in the children or urinary levels in mothers during pregnancy, were
considered to have probably low risk of bias. ldeally, these studies would still need to consider
and adjust for area-level clustering; however, these concerns are captured in evaluations of other
potential threats to internal validity.

Outcome

Studies included in this evaluation used a wide variety of methods to measure 1Q and other
cognitive effects. Measures of 1Q were generally standardized tests of 1Q; however, for these
standardized methods to be considered low potential for bias, they needed to be conducted in the
appropriate population or modified for the study population. Because results of many of the tests
to measure neurodevelopment and cognitive function can be subjective, it was important that the
outcome assessors were blind to the fluoride exposure when evaluating the results of the tests. If
the study reported that the assessor was blind to the exposure, this was assumed to mean that the
outcome assessor did not have any knowledge of the exposure, including whether the study
subjects were from high-fluoride communities. If cross-sectional studies collected biomarker
measurements at the time of an 1Q assessment, this was considered indirect evidence that the
outcome assessor would not have knowledge of the fluoride exposure unless there was also
potential for the outcome assessor to have knowledge of varying levels of fluoride by study area.
In cases wherein the study did not specify that the outcome assessors were blind, the study
authors were contacted and asked whether the outcome assessors were, in fact, blind to exposure.
When authors responded and indicated that outcome assessors were blind to exposure or that it
was not likely that they would have had knowledge of exposure, this was considered direct or
indirect evidence, respectively, that blinding was not a concern for those studies.

Any discrepancies in ratings between assessors were resolved by a senior technical specialist and
through discussion when necessary to reach the final recorded risk-of-bias rating for each
question along with a statement of the basis for that rating. Members of the evaluation team were
consulted for assistance if additional expertise was necessary to reach final risk-of-bias ratings
based on specific aspects of study design or performance reported for individual studies. Study
procedures that were not reported were assumed not to have been conducted, resulting in an
assessment of “probably high” risk of bias. Authors were queried by email to obtain missing
information, and responses received were used to update risk-of-bias ratings.
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Table 4. OHAT Risk-of-bias Questions and Applicability by Study Design

©
— 2 _ =l
2 B 5 5§ 0§ g
Risk-of-bias Questions £ E S.& < S 3 )
o S = S & ; 3
o< Sk O a a3 S
i £ &) £ ©
I
1. Was administered dose or exposure level adequately randomized? X
2. Was allocation to study groups adequately concealed?
3. Did selection of study participants result in the appropriate comparison groups?
4. Did study design or analysis account for important confounding and modifying variables? X X X X
5. Were experimental conditions identical across study groups? X
6. Were research personnel blinded to the study group during the study? X X
7. Were outcome data complete without attrition or exclusion from analysis? X X X X X
8. Can we be confident in the exposure characterization? X X X X X X
9. Can we be confident in the outcome assessment (including blinding of outcome assessors)? X X X X X X
10. Were all measured outcomes reported? X X X X X X
11. Were there no other potential threats to internal validity? X X X X X X

aExperimental animal studies are controlled exposure studies. Non-human animal observational studies can be evaluated using the design features of observational human studies
such as cross-sectional study design.

PHuman Controlled Trials are studies in humans with controlled exposure (e.g., randomized controlled trials, non-randomized experimental studies).

Cross-sectional studies include population surveys with individual data (e.g., NHANES) and surveys with aggregate data (i.e., ecological studies).












Sup02_Monograph 2022 Prepublication Prepublication Draft - Interagency Deliberative Communication

issues of consistency that could result in downgrading confidence for unexplained
inconsistency (see “Factors to Consider for Potential Downgrading” above).

e Consideration of residual confounding: Applies to observational studies and refers to
consideration of unmeasured determinants that are likely to be distributed unevenly
across groups. Residual confounding can push results in either direction, but
confidence in the results is increased when the body of evidence is biased by factors
that counter the observed effect and would cause an underestimation of the effect.
Confounding that would cause an overestimation of the effect is considered under the
risk-of-bias considerations for decreasing confidence.

Initial Confidence Factors Factors Confidence
by Key Features == Decreasing ==p Increasing == in the Body
of Study Design Confidence Confidence of Evidence
High (++++) - Risk of Bias = Large Magnitude of Effect iah
4 Features — - Dose Response igh ( )
Features | . Unexplained . .
* Controlled |ncnn5istenc}' - Residual Cnnfnundlng
EXPOSUre . .
FES — Studies reportan effect and residual
Moderate ( g Exposure - confounding is toward null Moderate (+++)
3 Features prior to = Indirectness _ _
outcome — Studies report no effect and residual
+ Individual I o confounding is away from null
= Imprecision
Low (++) gucome | " P - Consistency Low (+4)
2 Features + Comparison | - Publication — Across animal models or species
group used Bias — Acrozs dissimilar populations
\ — Across study design types
Very Low (+) Very Low (+)
%1 Features - Other
— &.g., particularty rare outcomes

Figure 1. Assessing Confidence in the Body of Evidence

Confidence ratings were assessed by the evaluation team for accuracy and consistency, and
discrepancies were resolved by consensus and consultation with technical advisors as needed.
Confidence ratings for the primary outcomes are summarized in evidence profile tables for each

outcome.
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Study

Study Design
(Location/Subjects)

[n]

Exposure Measures and
Summary Statistics

Assessment
Timing

Outcome and
Methods

Summary of 1Q Results®®

Mean (SD)

Breastfed: 0.42 (0.28) mg/L in
non-fluoridated areas and 0.70
(0.39) mg/L in fluoridated areas

Formula-fed: 0.38 (0.27) mg/L in
non-fluoridated areas and 0.64
(0.37) mg/L in fluoridated areas

Lower (not significant) full-scale 1Q
(adjusted B = —1.08, 95% CI: —1.54, 0.47) per
0.5-mg/L increase in maternal urinary
fluoride++; lower (not significant)
performance IQ (adjusted = —1.31, 95% CI:
—-3.63, 1.03)++

Lower (not significant) performance 1Q
(adjusted B = —1.50, 95% CI: —3.41, 0.43) per
0.5-mg/L increase in maternal urinary
fluoride+++; significantly lower full-scale 1Q
(adjusted B = —2.38, 95% CI: —4.62,
—0.27)+++

No association between verbal 1Q scores and
any measure of fluoride exposure

+Maternal urinary fluoride analyzed as
covariate in the drinking water and infant
fluoride intake from formula models and not
in an individual model

++After additional adjustment for drinking
water and breastfeeding status

+++After additional adjustment for infant
fluoride intake from formula

All models adjusted for maternal education,
maternal race, age at 1Q testing, sex, HOME
total score, and secondhand smoke status in
the child’s home (separate analysis also
adjusted for mother’s urinary fluoride)
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Potential Covariates Considered”

Subject

Characteristics Other Exposures

Socioeconomic

Factors

Parental
Characteristics

Study (Location)”

Age

Sex
Race/Ethnicity
Health Factors®
Arsenic
SmoKing
Todine

Lead

Other*

Bashash 2017 (Mexico)

SES"

Caregiving
Environment
(e.g., HOME score)

Demographics®

Health Factors®

Reproductive
1Q

Factors®

Other®

Notes

Other exposures: Hg, Ca

Demographics: maternal age

Reproductive: parity, birth order, birth weight, gestational age at delivery
Other: cohort

Reported
Association
with
Fluoride®

Choi 2015 (China)

Health: subject Fe deficiency. illnesses before age 3, medical history of
subject and caretakers

Demographics: parental age

Reproductive: parity

Other: residential history

Yes

Cui 2018 (China)

Health: subject BML stress/anger/anxiety/depression. psychological trauma.
having a cold, in relatives: thyroid diseases, cancer, mental retardation
Demographics: maternal age

Reproductive: abnormal birth

Other: alcohol consumption. proximity to factory, physical activity. various
dietary factors, environmental noise

Green 2019 (Canada)

Other exposures: Hg. Mn, PFOA

Demographics: parental age. pre-pregnancy BMI

Reproductive: parity, weeks of gestation, birth weight, materal chronic
condition during pregnancy

Other: alcohol consumption, birth country, voiding interval in urine sampling,
breastfeeding duration

Rocha-Amador 2007 (Mexico) 4 d

Yes

Health: subject height and weight by age. transferrin saturation

Yes

Saxena 2012 (India)

Health: subject height for age ratio, weight for height ratio, medical history
Other: residential history

Seraj 2012 (Iran) vy

Other: fluorosis intensity

Sudhir 2009 (India)

Other: staple food consumed, liquids routinely consumed. aids used for oral
hygiene maintenance (fluoridated or nonfluoridated)

Till 2020 (Canada)

Other: city

Trivedi 2012 (India) NN -] -]d]-]-

Wang 2012 (China) N

Health: medical conditions
Other: transportation, natural environment, and lifestyle

Wang 2020b (China)

Health: subject BMI, exclusions based on diseases affecting intelligence.
history of trauma or neurological disorders, positive screening test history
Reproductive: low birth weight

Other: alcohol consumption

Xiang 2003 (China)

< |2
<
|
|
|
|
< |2
<
|

Xiang 2011 (China)

< |

Yu 2018 (China)

Health: subject BMI
Reproductive: disease history during pregnancy. delivery conditions
Other: dental fluorosis prevalence, consanguineous marriage

Zhang 2015b (China)

Health: subject physical and mental health status
Other: thyroid hormone levels, residential history, having knowledge of
fluorosis, COMT genotype

Yes

Overall RoB Rating for Confounding: Probably High

Cui 2020 (China)

Health: stress/anger/anxiety, having a cold, in relatives: mental retardation
Demographics: maternal age

Reproductive: abnormal birth, smoking and drinking during pregnancy
Other: thyroid hormone levels

Ding 2011 (China)

v
Soto-Barreras 2019 Mexico) | ' | + | - | | = | = [ =] = | =

Figure 6. Important Covariates Considered in Low Risk-of-bias 1Q Studies Conducted in Children

2Includes all low risk-of-bias 1Q studies in children. Studies are organized as those with an overall risk-of-bias rating for confounding as probably
low (green) followed by those with an overall risk-of-bias rating for confounding as probably high (yellow).

PCovariates represented here are those considered important for this evaluation. Depending on the specific study population, individual covariates
may be considered a potential confounder, effect measure modifier, and/or co-exposure. See study details provided in HAWC for information on

additional covariates.

Factors outlined in blue are key covariates for all studies (subject age, subject sex, SES) and arsenic (which is of particular importance to some

study populations).
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No studies investigating the association between fluoride exposure and
neurodevelopmental or cognitive effects in adults or children have been conducted in
the United States.

No studies are available to evaluate fluoride exposure over a child’s lifetime and
neurodevelopmental or cognitive changes over time.

The database does not allow for comparison of ages and possible changes at different
developmental stages in children to assess if there is a delay in development or if
associations persist.

The database does not allow for establishing clear correlations between prenatal and
postnatal exposures.

Limitations in the epidemiological studies with high risk of bias include:

Many of the original publications were in a non-English language and provided
limited details on methodology.

Studies lacked information regarding exposure and/or had serious limitations in the
exposure assessment. Exposure assessment concerns include limited individual
exposure information, a lack of information on fluoride sampling methods and timing
of the exposure measurements, a lack of quantitation of levels of fluoride in drinking
water in a few studies, and a lack of individual-level information on fluorosis in areas
reported to be endemic for fluorosis.

The comparison groups in studies conducted in areas endemic for fluorosis still may
have been exposed to high levels of fluoride or levels similar to those used in water
fluoridation in the United States. This factor may have limited the ability to detect
true effects.

Studies did not provide sufficient direct information (e.g., participation rates or
methods for selection) to evaluate selection bias.

Failure to address important covariates was an issue for many studies. Some studies
conducted simple statistical analyses without accounting for any covariates in the
analysis, although many noted similarities between the study populations. In cases
where adjustments in analyses were made, often these studies did not account for
covariates considered critical for that study population and outcome including co-
exposures.

Studies conducted in areas with high, naturally occurring fluoride levels in drinking
water often did not account for potential exposures to arsenic or iodine deficiencies in
study subjects in areas where these substances were likely to occur.

Studies lacked information on whether the outcome assessors were blind to the
exposure group, including studies that examined children in their schools and subjects
from high-fluoride communities.

Limitations in the animal and mechanistic evidence base include:

The overall quality of the experimental animal studies is poor, and there are relatively
few well-designed and well-performed studies at lower fluoride exposure levels (i.e.,
<20 ppm, which is roughly equivalent to human exposure of <4 ppm).
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Database Search Terms

PUBMED ((Fluorides[mh:noexp] OR fluorides, topical[mh] OR sodium fluoride[mh] OR Fluorosis, Dental[mh]
OR fluorosis[tiab] OR fluorid*[tiab] OR flurid*[tiab] OR fluorin*[tiab] OR florin*[tiab]) NOT
(18F[tiab] OR f-18[tiab] OR 19F[tiab] OR f-19[tiab] OR f-labeled[tiab] OR "fluorine-18"[tiab] OR
"fluorine-19"[tiab] OR pet-scan[tiab] OR radioligand*[tiab]))

AND ((Aryl Hydrocarbon Hydroxylasesmh] OR Aryl Hydrocarbon Receptor Nuclear
Translocator[mh] OR Behavior and Behavior Mechanisms[mh] OR Gene Expression Regulation[mh]
OR Glucuronosyltransferase[mh] OR Intelligence testsfmh] OR Malate Dehydrogenase[mh] OR
Mediator Complex Subunit 1[mh] OR Mental disordersmh] OR Mental processes[mh] OR
Monocarboxylic Acid Transportersimh] OR Myelin Basic Protein[mh] OR nervous system[mh] OR
nervous system diseases[mh] OR nervous system physiological phenomena[mh] OR Neurogranin[mh]
OR Oligodendrogliafmh] OR Peroxisome Proliferator-Activated Receptorsimh] OR Psychological
Phenomena and Processes[mh] OR Receptors, thyroid hormone[mh] OR Receptors, thyrotropin[mh]
OR Retinoid X Receptorsfmh] OR thyroid diseases[mh] OR thyroid hormones[mh] OR Thyrotropin-
releasing hormone[mh] OR Thyroxine-Binding Proteinsfmh] OR Pregnane X Receptor[supplementary
concept] OR thyroid-hormone-receptor interacting protein[supplementary concept] OR Constitutive
androstane receptor[supplementary concept] OR Academic performance[tiab] OR auditory[tiab] OR
cortical[tiab] OR delayed development[tiab] OR developmental impairment[tiab] OR developmental-
delay*[tiab] OR developmental-disorder*[tiab] OR euthyroid[tiab] OR gait[tiab] OR glia*[tiab] OR
gliogenesis[tiab] OR hyperactiv*[tiab] OR impulse-control[tiab] OR iodide peroxidase[tiab] OR
IQ[tiab] OR ischemi*[tiab] OR locomotor[tiab] OR mental deficiency[tiab] OR mental
development[tiab] OR mental illness[tiab] OR mental-deficit[tiab] OR mobility[tiab] OR mood[tiab]
OR morris-maze[tiab] OR morris-water[tiab] OR motor abilit*[tiab] OR Motor activities[tiab] OR
motor performance[tiab] OR nerve[tiab] OR neural[tiab] OR neurobehav*[tiab] OR Neurocognitive
impairment[tiab] OR neurodegenerat*[tiab] OR Neurodevelopment*[tiab] OR neurodisease*[tiab] OR
neurologic*[tiab] OR neuromuscular[tiab] OR neuron*[tiab] OR neuropath*[tiab] OR obsessive
compulsive[tiab] OR OCD[tiab] OR olfaction[tiab] OR olfactory[tiab] OR open-field-test[tiab] OR
passive avoidance[tiab] OR plasticity[tiab] OR senil*[tiab] OR sociab*[tiab] OR speech*[tiab] OR
spelling[tiab] OR stereotypic-movement*[tiab] OR synap*[tiab] OR tauopath*[tiab] OR
Thyroglobulin[tiab] OR Thyroid disease*[tiab] OR thyroid gland[tiab] OR thyroid hormone*[tiab] OR
thyronine*[tiab] OR visual motor[tiab] OR Visuospatial processing[tiab] OR water maze[tiab]) OR
((active-avoidance[tiab] OR ADHD[tiab] OR alzheimer*[tiab] OR amygdala[tiab] OR antisocial[tiab]

OR anxiety[tiab] OR anxious[tiab] OR asperger*[tiab] OR attention deficit[tiab] OR autism[tiab] OR
autistic[tiab] OR behavioral[tiab] OR behaviors[tiab] OR behavioural[tiab] OR behaviours[tiab] OR
bipolar[tiab] OR cerebellum[tiab] OR cognition[tiab] OR cognitive[tiab] OR communication-
disorder*[tiab] OR comprehension[tiab] OR cranial[tiab] OR dementia[tiab] OR dendrit*[tiab] OR
dentate-gyrus[tiab] OR depression[tiab] OR dextrothyroxine[tiab] OR diiodothyronine*[tiab] OR
diiodotyrosine[tiab] OR down syndrome[tiab] OR dyslexia[tiab] OR entorhinal cortex[tiab] OR
epilep*[tiab] OR gangli*[tiab] OR goiter[tiab] OR graves-disease[tiab] OR hearing[tiab] OR
hippocamp*[tiab] OR human development[tiab] OR hyperthyroid*[tiab] OR hypothalam*[tiab] OR
hypothyroid*[tiab] OR impulsiv*[tiab] OR Intellectual disability[tiab] OR intelligence[tiab] OR
language[tiab] OR learning[tiab] OR lewy bod*[tiab] OR long-term potentiation[tiab] OR long-term
synaptic depression[tiab] OR memory[tiab] OR mental disorder*[tiab] OR mental recall[tiab] OR
monoiodotyrosine[tiab] OR Motor activity[tiab] OR motor skill*[tiab] OR multiple sclerosis[tiab] OR
myxedema[tiab] OR Nervous system[tiab] OR nervous-system[tiab] OR neurit*[tiab] OR optic|[tiab]
OR palsy][tiab] OR panic[tiab] OR parahippocamp*[tiab] OR paranoia[tiab] OR paranoid[tiab] OR
parkinson*[tiab] OR perception[tiab] OR perforant*[tiab] OR personality[tiab] OR phobia[tiab] OR
problem solving[tiab] OR proprioception[tiab] OR psychomotor[tiab] OR reflex[tiab] OR risk
taking[tiab] OR schizophrenia[tiab] OR seizure*[tiab] OR sensation*[tiab] OR sleep[tiab] OR
smell[tiab] OR spatial behavior[tiab] OR stroke[tiab] OR substantia-nigra[tiab] OR taste[tiab] OR
thyroiditis[tiab] OR thyrotoxicosis[tiab] OR Thyrotropin[tiab] OR thyroxine[tiab] OR
triiodothyronine[tiab] OR vision[tiab]) NOT medline[sb]))
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