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LITERATURE SEARCH RESULTS  

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 and 
thyroid-related terms, and by extracting key neurological and thyroid-related health effects and 
developmental neurobehavioral terminology from reviews and a sample of relevant primary data 
studies. A combination of relevant subject headings and keywords were subsequently identified. A test 
set of relevant studies was used to ensure the search terms retrieve 100% of the test set. Six electronic 
databases were searched (see ) using a search strategy tailored for each database (specific search terms 
used for the PubMed search are presented in Appendix 1; the search strategy for other databases are 
available in the protocol (https://ntp.niehs.nih.gov/go/785076). A search of PubChem indicated that 
sodium fluoride was not found in either the Tox21 or ToxCast databases; therefore, these databases 
were not included in the search. No language restrictions or publication year limits were imposed, and 
databases were searched in December 2016, with several updated searches and a final updated search 
on April 1, 2019. 

Following the peer review of the September 6, 2019 draft monograph in November 2019 by a 
committee convened by the National Academies of Sciences, Engineering and Medicine (NASEM) 
(NASEM 2020), an additional search was conducted on May 1, 2020, where only primary human 
epidemiology studies were prioritized during screening. The review of the 2020 search results focused 
on the human studies because they formed the basis of the conclusions in the September 6, 2019 draft. 
A supplemental literature search of Chinese-language databases (described below) was also conducted. 

Literature searches for this systematic review were conducted independent of the literature search 
conducted for the NTP (2016) systematic review of animal studies. The current literature search strategy 
was based on the search terms used for NTP (2016) and refined for the current evaluation, including the 
addition of search terms to identify human studies. Although the review process identified studies prior 
to 2015, the current assessment did not evaluate the studies published prior to 2015 and relied on the 
NTP (2016) assessment. The focus of the literature searches for this systematic review was to identify 
and evaluate relevant animal studies that were published since completion of the literature searches for 
the NTP (2016) assessment in addition to the human and mechanistic data that were not previously 
evaluated. 

Supplemental Chinese Database Literature Search 

Following NASEM committee peer review in November 2019 (NASEM 2020), additional searches were 
developed for non-English-language databases to systematically search for studies that were previously 
identified from other resources (e.g., Chinese-language studies from the Fluoride Action Network 
website) and select non-English-language databases with the most potential to contain additional 
relevant non-English publications that were not previously identified. Multiple non-English language 
databases were explored before finding two databases (CNKI and Wanfang) that covered studies 
previously identified from other sources. These two Chinese electronic databases were searched in May 
2020 with no language restrictions or publication year limits. Search terms from the main literature 
search were refined to focus on human epidemiology studies. The CNKI and Wanfang databases have 
character limits in the search strings; therefore, key terms were prioritized using text analytics to 
identify the most prevalent terms from neurodevelopmental or cognitive human epidemiology studies 

https://ntp.niehs.nih.gov/go/785076
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previously identified as relevant. Search strings were designed to capture known relevant studies that 
were previously identified from searching other resources without identifying large numbers of non-
relevant studies [the search strategy for both databases are available in the protocol 
(https://ntp.niehs.nih.gov/go/785076)]. New animal and mechanistic references retrieved were scanned 
for evidence that might extend the information currently in the September 6, 2019 draft. Although 
additional studies were identified, data that would materially advance the animal and mechanistic 
findings were not identified; therefore, these studies were not extracted nor were they added to the 
draft. Newly-retrieved human references were reviewed to identify studies that might impact 
conclusions with priority given to identifying and translating null studies that may have been missed 
using previous approaches. Null studies that were identified were translated and included. 

Databases Searched 

Main Literature Database Search 

• BIOSIS (Thomson Reuters) 

• EMBASE 

• PsycINFO (APA PsycNet) 

• PubMed (NLM) 

• Scopus (Elsevier) 

• Web of Science (Thomson Reuters, Web of Science indexes the journal Fluoride) 

Supplemental Chinese Database Literature Search 

• CNKI 

• Wanfang 

Searching Other Resources 
The reference lists of all included studies; relevant reviews, editorials and commentaries; and the 
Fluoride Action Network website (http://fluoridealert.org/) were manually searched for additional 
relevant publications. Following NASEM committee peer review in November 2019 (NASEM 2020), the 
Fluoride Action Network website was again searched for relevant references and contacted to identify 
null or no effect studies. 

Tracking Study Eligibility and Reporting the Flow of Information 

The main reason for exclusion at the full-text-review stage was annotated and reported in the study 
selection flow diagram (Figure 1) [using reporting practices outlined in Moher et al. (2009) The first 
reason for exclusion that the reviewers noted was documented, although studies may have multiple 
reasons for exclusion (e.g., both exposure and outcome not relevant). The following reasons for 
exclusion were documented (see References Excluded After Full-Text Review): (1) population not 
relevant; (2) exposure not relevant; (3) comparator not relevant; (4) outcome not relevant; (5) 
supporting information only (e.g., exposure assessment; absorption, distribution, metabolism, and 
excretion [ADME] study; review); (6) study retracted; (7) other (e.g., abstract, commentary, or editorial 
only); (8) animal in vivo and/or mechanistic-only studies from the 2020 searches; (9) human studies with 
secondary neurological outcomes only (anxiety, aggression, motor activity, or biochemical changes) 
from the 2020 searches; or (10) foreign language human studies with primary neurological outcomes 
(learning, memory, intelligence) not translated from the supplemental Chinese database literature 
search. 

https://ntp.niehs.nih.gov/go/785076
http://fluoridealert.org/
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Literature Search Results 

Literature Search Results Counts and Title and Abstract Screening 
The electronic database searches retrieved 25,524 unique references in total (20,883 references during 
the initial search conducted in December 2016, 3,733 references during the literature search updates 
[including the final updated search conducted for the primary epidemiology studies on May 1, 2020], 
and 908 references from the supplemental Chinese database searches); 15 additional references were 
identified by technical advisors or from reviewing reference lists in published reviews and included 
studies. As a result of title and abstract screening, 1,038 references were moved to full-text review, 
11,478 were excluded during manual title and abstract screening for not satisfying the PECO criteria, and 
an additional 13,023 were not screened and excluded based on the SWIFT algorithm. 

Full-text Review 
Among the 1,038 references that underwent full-text review, 499 references were excluded during the 
full-text review with reasons for exclusion documented at this stage; 332 references were excluded for 
not satisfying the PECO criteria; and 167 references from the May 2020 searches (main literature search 
update and supplemental Chinese database searches) were excluded for not including information that 
would materially advance the human, animal in vivo, or mechanistic findings (see the Literature Search 
Section for a description of the methodology). These screening results are outlined in a study selection 
diagram that reports numbers of studies excluded for each reason at the full text review stage (see 
Figure 1) [using reporting practices outlined in Moher et al. (2009)]. After full-text review, 539 studies 
were considered relevant with primary neurological outcomes, secondary neurological outcomes, 
and/or outcomes related to thyroid function (see References Included After Full-Text Review). A few 
studies assessed data for more than one evidence stream (human, non-human mammal, and/or in 
vitro), and several human and animal studies assessed more than one type of outcome (e.g., primary 
and secondary outcomes). The number of included studies is summarized below. 

• 159 human studies (78 primary only; 13 secondary only; 5 primary and secondary; 6 primary 
and thyroid; 2 secondary and thyroid; and 55 thyroid only);  

• 339 non-human mammal studies (7 primary only; 186 secondary only; 67 primary and 
secondary; 6 primary, secondary, and thyroid; 4 secondary and thyroid; and 69 thyroid only); 
and  

• 60 in vitro/mechanistic studies (48 neurological and 12 thyroid). 

One publication contained human, experimental non-human mammal, and in vitro data. Three 
publications contained both human and experimental non-human mammal data. Fourteen publications 
contained data relevant to both experimental non-human mammal studies and in vitro studies. The lists 
of included and excluded references are provided in the subsequent sections. 
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Figure 1. Study Selection Diagram 

 
* Studies may have been excluded for more than one reason; the first reason identified by the screener was 

recorded. 

** Animal in vivo, human secondary outcome-only, and human and animal mechanistic references from the 2020 

database searches were scanned for evidence that might strengthen the information in the September 6, 2019 

draft monograph. Although 145 additional animal in vivo and/or mechanistic studies and 7 additional human 

secondary outcome-only or mechanistic-only studies were identified, information that would materially 

advance the human, animal in vivo, and mechanistic findings was not identified; therefore, these studies were 

not included. Additionally, 15 human primary outcome studies from the 2020 Chinese database search were 

excluded based on English abstracts and google translations because information that would materially 

advance the human findings was not identified; 1 null publication from the 2020 Chinese database search 

(Kang et al. 2011) as identified, translated, and included. 

*** One publication contained human, experimental non-human mammal, and in vitro data. Three publications 

contained both human and experimental non-human mammal data. Fourteen publications contained data 

relevant to both experimental non-human mammal studies and in vitro studies.  
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REFERENCES INCLUDED AFTER FULL-TEXT REVIEW 

List of Included Studies 

Studies in Humans 
As described in Figure 1, 159 human studies were included; however, full data extraction was only 
conducted on studies with neurological outcomes or thyroid hormone data. Data extraction was 
completed using the Health Assessment Workspace Collaborative (HAWC), an open source and freely 
available web-based interface application.2 Data were extracted from a subset of included studies in 
humans (n = 116) and are available in HAWC based on outcome. The following lists of references are 
organized as studies that are available in HAWC followed by studies that are not available in HAWC. 
Specifically, data for primary neurodevelopmental or cognitive outcomes (learning, memory, and 
intelligence) and secondary neurobehavioral outcomes (anxiety, aggression, motor activity, or 
biochemical changes), as well as thyroid hormone level data, were extracted from included human 
studies and are available in HAWC. Data for included studies identified through the 2020 literature 
search update were only extracted for primary neurodevelopmental or cognitive outcomes; a subset of 
these studies (n = 5) also included secondary neurobehavioral outcomes and/or thyroid hormone level 
data that were not extracted because those data would not materially advance the human or 
mechanistic findings. Included human studies that only evaluated other thyroid-related effects including 
goiters or thyroid size (n = 43) were not extracted and are not available in HAWC. 

Studies Available in HAWC 

An J, Mei S, Liu A, Fu Y, Wang C. 1992. [Effect of high level of fluoride on children’s intelligence]. Chin J 
Control Endem Dis 7(2): 93-94. 

Aravind A, Dhanya RS, Narayan A, Sam G, Adarsh VJ, Kiran M. 2016. Effect of fluoridated water on 
intelligence in 10-12-year-old school children. J Int Soc Prev Community Dent 6(Suppl 3): S237-
S242. 

Bai A, Li Y, Fan Z, Li X, Li P. 2014. [Intelligence and growth development of children in coal-burning-borne 
arsenism and fluorosis areas: An investigation study]. Chin J Endemiol 33(2): 160-163. 

Barberio AM, Hosein FS, Quinonez C, McLaren L. 2017. Fluoride exposure and indicators of thyroid 
functioning in the Canadian population: Implications for community water fluoridation. J 
Epidemiol Community Health 71: 1019-1025. 

Barberio AM, Quinonez C, Hosein FS, McLaren L. 2017. Fluoride exposure and reported learning 
disability diagnosis among Canadian children: Implications for community water fluoridation. 
Can J Public Health 108: 229-239. 

Bashash M, Thomas D, Hu H, Martinez-Mier EA, Sanchez BN, Basu N, Peterson KE, Ettinger AS, Wright R, 
Zhang Z, Liu Y, Schnaas L, Mercado-Garcia A, Tellez-Rojo MM, Hernandez-Avila M. 2017. 
Prenatal fluoride exposure and cognitive outcomes in children at 4 and 6-12 years of age in 
Mexico. Environ Health Perspect 125(9): 1-12. 

 
2 HAWC (Health Assessment Workspace Collaborative): A Modular Web-based Interface to Facilitate Development 
of Human Health Assessments of Chemicals (https://hawcproject.org/portal/). 

https://hawcproject.org/portal/
https://hawcproject.org/portal/
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exposure and attention deficit hyperactivity disorder (ADHD) symptoms in children at 6-12 years 
of age in Mexico City. Environ Int 121(Pt 1): 658-666. 

Broadbent JM, Thomson WM, Moffitt TE, Poulton R. 2015. Community water fluoridation and 
intelligence response. Am J Public Health 105: 3-4. 

Chen YX, Han FL, Zhoua ZL, Zhang HQ, Jiao XS, Zhang SC, Huang MC, Chang TQ, Dong YF. 1991. [Research 
on the intellectual development of children in high fluoride areas]. Chin J Control Endem Dis 
6(Suppl): 99-100. 

Chen YX, Han FL, Zhoua ZL, Zhang HQ, Jiao XS, Zhang SC, Huang MC, Chang TQ, Dong YF. 2008. Research 
on the intellectual development of children in high fluoride areas. Fluoride 41: 120-124. 

Chinoy NJ, Narayana MV. 1992. Studies on fluorosis in Mehsana District of North Gujarat. Proc Zool Soc 
45: 157-161. 

Choi AL, Zhang Y, Sun G, Bellinger DC, Wang K, Yang XJ, Li JS, Zheng Q, Fu Y, Grandjean P. 2015. 
Association of lifetime exposure to fluoride and cognitive functions in Chinese children: A pilot 
study. Neurotoxicol Teratol 47: 96-101. 

Cui Y, Zhang B, Ma J, Wang Y, Zhao L, Hou C, Yu J, Zhao Y, Zhang Z, Nie J, Gao T, Zhou G, Liu H. 2018. 
Dopamine receptor D2 gene polymorphism, urine fluoride, and intelligence impairment of 
children in China: A school-based cross-sectional study. Ecotoxicol Environ Saf 165: 270-277. 

Cui Y, Yu J, Zhang B, Guo B, Gao T, Liu H. 2020. The relationships between thyroid-stimulating hormone 
and/or dopamine levels in peripheral blood and IQ in children with different urinary iodine 
concentrations. Neurosci Lett 729: 134981. 

Das K, Mondal NK. 2016. Dental fluorosis and urinary fluoride concentration as a reflection of fluoride 
exposure and its impact on IQ level and BMI of children of Laxmisagar, Simlapal Block of Bankura 
District, W.B., India. Environ Monit Assess 188: 218. 

Ding Y, Sun H, Han H, Wang W, Ji X, Liu X, Sun D. 2011. The relationships between low levels of urine 
fluoride on children's intelligence, dental fluorosis in endemic fluorosis areas in Hulunbuir, Inner 
Mongolia, China. J Hazard Mater 186: 1942-1946. 

Du L, Wan C, Cao X, Liu J. 1992. [The effect of fluorine on the developing human brain]. Chin J Pathol 
21(4): 218-220. 

Du L, Wan C, Cao X, Liu J. 2008. The effect of fluorine on the developing human brain. Fluoride 41: 327-
330. 

Duan J, Zhao M, Wang L, Fang D, Wang Y, Wang W. 1995. A comparative analysis of the results of 
multiple tests in patients with chronic industrial fluorosis. Guizhou Med J 18(3): 179-180. 
Erickson JD, Hay S. 1976. Water fluoridation and congenital malformations: No association. J Am 
Dent Assoc 93: 981-984. 

Erickson JD, Hay S. 1976. Water fluoridation and congenital malformations: No association. J Am Dent 
Assoc 93: 981-984. 

Erickson JD. 1980. Down syndrome, water fluoridation, and maternal age. Teratology 21: 177-180. 

Eswar P, Nagesh L, Devaraj CG. 2011. Intelligent quotients of 12-14 year old school children in a high and 
low fluoride village in India. Fluoride 44: 168-172. 
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Fan Z, Dai H, Bai A, Li P, Li T, Li G. 2007. Effect of high fluoride exposure in children’s intelligence. J 
Environ Health 24(10): 802-803. 

Green R, Lanphear B, Hornung R, Flora D, Martinez-Mier EA, Neufeld R, Ayotte P, Muckle G, Till C. 2019. 
Association between maternal fluoride exposure during pregnancy and IQ scores in offspring in 
Canada. JAMA Pediatr: E1-E9. 

Guo XC, Wang RY, Cheng CF, Wei WS, Tang LM, Wang QS, Tang DX, Liu GW, He GD, Li SL. 1991. [A 
preliminary investigation of the IQs of 7-13 year-old children from an area with coal burning-
related fluoride poisoning]. Chin J Epidemiol 10(2): 98-100. 

Guo XC, Wang RY, Cheng CF, Wei WS, Tang LM, Wang QS, Tang DX, Liu GW, He GD, Li SL. 2008. A 
preliminary investigation of the IQs of 7-13 year-old children from an area with coal burning-
related fluoride poisoning. Fluoride 41: 125-128. 

Guo ZY, He YH, Zhu QX. 2001. [Research on the neurobehavioral function of workers occupationally 
exposed to fluoride]. Ind Hlth & Occup Dis 27(6): 346-348. 

Guo ZY, He YH, Zhu QX. 2008. Research on the neurobehavioral function of workers occupationally 
exposed to fluoride. Fluoride 41: 152-155. 

He H, Cheng ZS, Liu WQ. 1989. [Effects of fluorine on the human fetus]. J Control Endem Dis 4(3): 136-
138. 

He H, Cheng ZS, Liu WQ. 2008. Effects of fluorine on the human fetus. Fluoride 41: 321-326. 

He MX, Zhang CN. 2010. [Investigation of children's intelligence quotient and dental fluorosis in drinking 
water-type of endemic fluorosis area in Pucheng County, Shaanxi Province before and after 
drinking water change]. Chin J Endemiol 29: 547-548. 

Hong FG, Cao YX, Yang D, Wang H. 2001. [Research on the effects of fluoride on child intellectual 
development under different environmental conditions]. Chin Prim Health Care 15(3): 56-57. 

Hong FG, Cao YX, Yang D, Wang H. 2008. Research on the effects of fluoride on child intellectual 
development under different environmental conditions. Fluoride 41: 156-160. 

Hosur MB, Puranik RS, Vanaki S, Puranik SR. 2012. Study of thyroid hormones free triiodothyronine 
(FT3), free thyroxine (FT4) and thyroid stimulating hormone (TSH) in subjects with dental 
fluorosis. Eur J Dent 6: 184-190. 

Jacqmin H, Commenges D, Letenneur L, Barberger-Gateau P, Dartigues JF. 1994. Components of drinking 
water and risk of cognitive impairment in the elderly. Am J Epidemiol 139: 48-57. 

Kang J, Cheng Y, Wu K, Lin S, He G, Jin Y. 2011. Effect of exposure to fluoride and arsenic in drinking 
water of Hangjinhouqi on children's intelligence. Chinese School Health: 679-681. 

Karimzade S, Aghaei M, Mahvi AH. 2014. Investigation of intelligence quotient in 9-12 year-old children 
exposed to high- and low-drinking water fluoride in West Azerbaijan Province, Iran. Fluoride 47: 
9-14. 

Khan SA, Singh RK, Navit S, Chadha D, Johri N, Navit P, Sharma A, Bahuguna R. 2015. Relationship 
between dental fluorosis and intelligence quotient of school going children in and around 
Lucknow District: A cross-sectional study. J Clin Diagn Res 9(11): 10-15. 

Khandare AL, Gourineni SR, Validandi V. 2017. Dental fluorosis, nutritional status, kidney damage, and 
thyroid function along with bone metabolic indicators in school-going children living in fluoride-
affected hilly areas of Doda District, Jammu and Kashmir, India. Environ Monit Assess 189: 579. 
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Studies in Non-human Animals 
As described in Figure 1, 339 non-human animal studies were included; however, full data extraction 
was only conducted on studies with primary neurological outcomes and/or secondary functional 
neurological outcomes (e.g., motor activity). Data extraction was completed using HAWC. Data were 
extracted from a subset of included studies in animals (n = 123) and are available in HAWC based on 
outcome. The following lists of references are organized as studies that are available in HAWC followed 
by studies that are not available in HAWC. Specifically, all primary outcomes and functional neurological 
secondary outcomes (e.g., motor activity) were extracted from animal studies and are available in 
HAWC, including studies from the NTP (2016) assessment. Studies are also available in HAWC that 
evaluated mechanistic effects related to oral fluoride exposure at or below 20 ppm fluoride drinking 
water equivalents for categories of mechanistic endpoints with the largest amount of available data (i.e., 
biochemistry of the brain or neurons, neurotransmission, oxidative stress, and histopathology [n = 70]); 
however, these mechanistic data were generally not extracted. Several animal studies assessed primary 
neurological outcomes and/or functional neurological secondary outcomes and mechanistic effects in 
the four mechanistic categories listed above (n = 56). In total, 140 animal studies are available in HAWC 
(70 with primary neurological outcomes and/or secondary functional neurological outcomes without 
relevant mechanistic data; 15 with relevant mechanistic data only; and 55 with primary/or secondary 
functional neurological outcomes with relevant mechanistic data). Studies that evaluated other 
mechanistic endpoints, as well as studies that only assessed mechanistic effects at fluoride levels above 
20 ppm fluoride drinking water equivalents, are not available in HAWC (n = 199). 
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In Vitro Experimental Studies  
As described in Figure 1, 60 in vitro experimental studies were included; however, data extraction was 
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relevant criteria for being made available in HAWC. The following lists of references are organized as 
studies that are available in HAWC (n = 6) followed by studies that are not available in HAWC (n = 54). 
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APPENDICES 

Appendix 1. Literature Search Strategy 

The strategy for this search is broad for the consideration of neurodevelopmental or cognitive endpoints 
and comprehensive for fluoride as an exposure or treatment in order to ensure inclusion of relevant 
papers. The search terms for PubMed are provided below. The specific search strategies for other 
databases are available in the protocol (https://ntp.niehs.nih.gov/go/785076).  

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 Hydroxylases[mh] OR Aryl Hydrocarbon Receptor Nuclear Translocator[mh] 
OR Behavior and Behavior Mechanisms[mh] OR Gene Expression Regulation[mh] OR 
Glucuronosyltransferase[mh] OR Intelligence tests[mh] OR Malate Dehydrogenase[mh] OR 
Mediator Complex Subunit 1[mh] OR Mental disorders[mh] OR Mental processes[mh] OR 
Monocarboxylic Acid Transporters[mh] OR Myelin Basic Protein[mh] OR nervous system[mh] OR 
nervous system diseases[mh] OR nervous system physiological phenomena[mh] OR 
Neurogranin[mh] OR Oligodendroglia[mh] OR Peroxisome Proliferator-Activated Receptors[mh] OR 
Psychological Phenomena and Processes[mh] OR Receptors, thyroid hormone[mh] OR Receptors, 
thyrotropin[mh] OR Retinoid X Receptors[mh] OR thyroid diseases[mh] OR thyroid hormones[mh] 
OR Thyrotropin-releasing hormone[mh] OR Thyroxine-Binding Proteins[mh] 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 
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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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