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May 24, 2023 
 
(Sent via Email) 
 
Richard Woychik, Ph.D. 
National Institute of Environmental Health Sciences 
111 TW Alexander Drive 
Durham, NC 27709 
 
Dear Dr. Woychik –  
 
Thank you for the vital work that the National Toxicology Program (NTP) is 
performing under your leadership on the subject of fluoride’s neurodevelopmental 
toxicity.  
 
I write today as an attorney for plaintiffs in a federal lawsuit on fluoride’s neurotoxicity 
because I have come into possession of information that may be relevant to your 
ongoing fluoride assessment. 
 
At the May 4, 2023 meeting of the Board of Scientific Counselors (BSC), one of the 
BSC members recommended that NTP’s meta-analysis on fluoride/IQ include a 
discussion of other recently published meta-analyses, including the paper by Jayanth 
Kumar, et al., titled “Association between low fluoride exposure and children's 
intelligence: a meta-analysis relevant to community water fluoridation.”  
 
I agree it would be helpful for NTP to explain how and why its meta-analysis differs 
from these other assessments, including on the risk-of-bias determinations. Towards 
this end, I am providing you information about the Kumar meta-analysis that is not 
available in the published manuscript; including documents obtained through Public 
Records Act requests to the California Department of Public Health; depositions of 
both Dr. Kumar and his colleague Chris Wood;1 and documents generated during the 
course of the federal court proceedings.  
 

Dr. Kumar Has a Conflict of Interest 
 
As an initial matter, Dr. Kumar has a conflict of interest on the fluoride issue that, as 
with all conflicts of interest, should be given due consideration. Dr. Kumar is 
California’s State Dental Director and serves on the American Dental Association’s 

 
1 Due to their large file size, I have not included the depositions in the Appendices to this letter. 
Instead, I have posted complete copies of these depositions, including all of the deposition exhibits, 
to Dropbox at the following link: https://tinyurl.com/depositions-and-video  



(ADA) National Fluoridation Advisory Committee.2 I discussed the biases that Dr. 
Kumar may have on the fluoride issue at his deposition on March 31, 2023. At the 
deposition, Dr. Kumar agreed that his “job is to promote fluoridation” and that he “is 
literally being paid to promote fluoridation.” (Kumar Transcript at 38:5-12 & 230:16-
21). Dr. Kumar testified he works closely with a public relations professional to 
promote fluoridation, including “coming up with messaging and strategies for how to 
best promote fluoridation.” (Id. at 50:23-51:22). Dr. Kumar further testified he has 
received awards for his fluoridation advocacy, including an award from the ADA and 
others which recognized his “longstanding dedication and service to the public for his 
work to promote water fluoridation.” (Id. at 41:2-19). Another award recognized Dr. 
Kumar for his “instrumental” work in “implementing community water fluoridation 
in many communities.” (Id. at 42:2-13).  
 

Dr. Kumar Had a Preconceived Conclusion for His Meta-Analysis 
 
By his own statements, it appears that Dr. Kumar had an agenda in mind when he 
wrote the meta-analysis. In a presentation to colleagues in February 2021, Dr. Kumar 
announced he was going to write a meta-analysis to “preempt” the NTP and that his 
paper would show that fluoride has no significant effect on IQ at the levels used to 
fluoridate drinking water.3 In the presentation, Dr. Kumar expressed hope that a 
“friendly editor” would publish his analysis, and in later emails he discussed the 
“urgency” of getting the paper published. (Appx. 1, at 1.) At his deposition, Dr. Kumar 
agreed it was his “goal” to publish the meta-analysis before the NTP and that this goal 
was “important” to him. (Kumar Transcript at 231:8-12). 
 

Dr. Kumar’s Biases Influenced His Analyses of the Data 
 
Emails between Dr. Kumar and his co-authors confirm that biases influenced the 
team’s analysis of the data. Perhaps most notably, when Dr. Kumar’s team did a dose-
response analysis of endemic fluorosis studies, they found a significant adverse 
association between fluoride and IQ below 1.5 mg/L. (Appx. 2, at 4.) On March 5, 
2022, Kumar’s biostatistician Honghu Liu reported “we have done analyses trying to 
identify a threshold (e.g., around 1.5 mg/L) in hope to see a non-significant fluctuation 

 
2 The ADA is an organization that aggressively lobbies to promote water fluoridation, restrict the 
public’s access to low-cost dental therapists, and other oral health policies. As noted by the 
Washington Post,  “Among the general public, dentists tend to have a Norman Rockwell appeal — 
solo practitioners who clean your teeth, tell your kids to cut down on the candy, and put their seal 
of approval on a range of minty toothpastes and mouthwashes. But lawmakers from Maine to 
Alaska see a different side of dentists and their lobby, the American Dental Association, describing 
a political force so unified, so relentless and so thoroughly woven into American communities that 
its clout rivals that of the gun lobby.” Mary Jordan, The Unexpected Political Power of Dentists, WASH. 
POST., July 1, 2017, available online at https://tinyurl.com/washpost-ada.  
3 I have posted the relevant excerpt from Dr. Kumar’s presentation to the aforementioned 
Dropbox link (https://tinyurl.com/depositions-and-video). 
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in IQ before the threshold and significant drop in IQ after the threshold value.” 
(Appx. 2, at 4.) The results, Dr. Liu reported, “are opposite to what we hoped for: the 
line below the threshold of 1.5 mg/L is significant, but the line after the threshold is 
not significant.” (Id. at 4.)  
 
Since these results did not support their hypothesis, Dr. Liu suggested using different 
models to see if the results would change. (Id. at 4.) As he noted, “although hard, we 
can test more models to try to identify a threshold that can lead to a non-significant 
fluctuation in IQ before the threshold and a significant drop in IQ after the 
threshold.” (Id. at 4.) 
 
The figure below reflects a further analysis that the team conducted, which was 
included in a March 19, 2022 draft of the paper. This figure shows a steep decline in 
IQ in endemic fluorosis areas as the water fluoride levels increase from 0 to 1.5 mg 
F/L. 
 
This analysis, which contradicts Dr. Kumar’s conclusion, was omitted from the 
manuscript that he submitted for publication. 
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Dr. Kumar Failed to Incorporate Previous Peer Review Recommendations 
 
Dr. Kumar’s meta-analysis had been rejected four times prior to the journal Public 
Health accepting it for publication. (Kumar Transcript, at 236:11-13). The Journal of the 
American Dental Association (JADA) had rejected two versions of Kumar’s meta-
analysis, and the journal Pediatrics rejected Kumar’s meta-analysis after both an initial, 
and (at the authors’ request) second, round of peer review. (Kumar Transcript at 
214:3-13; 216:15-217:22; & 225:18-226:13).  
 
While the peer reviewers for JADA and Pediatrics did not have access to the 
undisclosed analysis discussed above, they still found many problems with the 
manuscript. Reviewer No. 1 for JADA described the paper as “superficial,” 
“unbalanced,” and “misleading,” and cautioned, “I’m afraid that the misinformation 
in this manuscript will fuel more controversy rather than stimulate prudent science-
based decisions.” (Appx. 3, at 2; Appx. 4, at 5). 
 
Reviewer No. 2 for JADA took exception to Dr. Kumar’s dismissive approach to 
observational studies, noting “Observational studies are the optimal study design to 
address some of the most important questions in public health. For example, 
observational studies were the key studies used to infer a causal association between 
tobacco smoke and lung cancer, asbestos and mesothelioma, and lead and IQ deficits. 
The reduction of tooth decay from fluoride exposure was predominantly based on 
observational studies.” (Appx. 3, at 3-4). This JADA reviewer also took exception to 
Dr. Kumar’s claim (which remains in the published manuscript) that there is “no 
cogent explanation” for fluoride’s neurotoxicity. (Id. at 4.) The reviewer noted, 
“Thyroid disruption is one possible explanation for fluoride’s toxicity on fetal brain 
development. The evidence indicating that thyroid disruption is an underlying 
mechanism - or the key mechanism - for fluoride neurotoxicity is not definitive, but it 
is a cogent hypothesis supported by considerable evidence.” (Id.)  
 
The peer reviewers for Pediatrics were similarly critical of Kumar’s paper. One peer 
reviewer called Kumar’s basis for dismissing the results from endemic fluorosis areas 
“fallacious.” (Appx. 5, at 3). This reviewer also took exception to Kumar’s dismissal 
of observational studies, noting that “the problems in interpreting F studies are not 
unique, and many topics, especially in environmental epidemiology, are not amenable 
to RCTs.” (Id.) This reviewer explained (as did a JADA reviewer) that the exposure 
misclassification issues that Kumar discusses would tend to bias results toward the 
null, rather than towards spurious associations. (Id. at 2.) Kumar’s published 
manuscript fails to acknowledge this concern. 
 
Another repeated criticism in the JADA and Pediatrics peer reviews is that Kumar’s 
conclusion is not supported by his analysis. A peer reviewer for Pediatrics called 
Kumar’s conclusion “internally inconsistent,” explaining that “In spite of the authors’ 
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list of the weaknesses in the quality of the data, a very strong, unqualified conclusion 
is drawn, i.e., ‘These meta-analyses show that fluoride concentration used in 
community water fluoridation is not associated with lower IQ scores.’” (Appx. 5, at 
3-4). A JADA peer reviewer called this definitive conclusion an “unashamed 
exaggeration,” while another Pediatrics peer reviewer called it a “stretch.” (Appx. 3, at 
2; Appx. 7, at 3). Despite this concern being repeatedly expressed by peer reviewers, 
Dr. Kumar retained the unqualified conclusion in the published manuscript.  
 

Kumar’s Conclusory Risk-of-Bias Assessment Is at Odds  
with EPA’s Assessment 

 
The supplemental materials to Kumar’s analysis include a risk-of-bias assessment, 
wherein Kumar ranks the Broadbent study as a higher quality study than the NIH-
funded ELEMENT and MIREC studies. In fact, Kumar ranks the Broadbent study 
as the highest quality study to date on fluoride/IQ. This is not only at odds with NTP’s 
assessment, it is at odds with the assessment of the Environmental Protection Agency 
(EPA).  
 
In the federal court case on fluoride’s neurodevelopmental toxicity, the EPA agreed 
that it was an “undisputed fact” that the fluoride/IQ studies from the ELEMENT 
and MIREC cohorts “are the most methodologically reliable human studies to date 
on the impact of fluoride on neurodevelopment.” (Appx. 7, at 2-3, emphasis added). 
 
The epidemiologist that EPA retained for the case (Dr. Ellen Chang) agreed with 
EPA’s assessment. Dr. Chang explained that the ELEMENT and MIREC studies are 
“better conducted,” “more rigorous” and “more informative” than the Broadbent 
study because they include individual biomarkers of exposure during the prenatal 
period. (Appx. 8, Chang Trial Testimony, at 883-86).  
 
In contrast to the ELEMENT and MIREC studies, the Broadbent study used an 
ecological measure of waterborne-fluoride exposure, and made no attempt to ascertain 
fluoride exposures during the critical prenatal period.  
 
As Dr. Philippe Grandjean explained in the federal court case, Broadbent’s failure to 
ascertain prenatal exposures “is an important limitation given the high rate of tea 
consumption in New Zealand.” (Appx. 9, Grandjean Trial Declaration, at 27). In his 
declaration for the federal court case, Dr. Grandjean explained:  
 

Tea contains elevated levels of fluoride, and tea consumption can be 
a major source of fluoride intake among adults (Waugh 2017). During 
the time that the children in [the Broadbent] study were born (1972-
1973), New Zealanders consumed as much as 2.6 kg of tea per capita 
per year (corresponding to 3-4 teabags per day), as compared to the 
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consumption of 0.5 kg in Canada in the approximate time the MIREC 
cohort was recruited (Grigg 2002). The failure of [the Broadbent 
study] to consider maternal tea consumption may have introduced 
substantial imprecision into the exposure classification. 

 
(Id.) “An additional concern” with the Broadbent study, according to Dr. Grandjean, 
“is that the 10% of cohort subjects who had not lived in fluoridated areas very likely 
received fluoride supplements, which would eliminate much of the (postnatal) 
difference in exposure between the fluoridated and non-fluoridated areas.” (Id.)  
 

Further Evidence of Dr. Kumar’s Bias 
 
A rigorous debate is to be welcomed as part of scientific inquiry. A rigorous debate, 
however, is not advanced by spreading false assertions or retaliating against scientists 
who publish unwelcome findings. Dr. Kumar appears to have been involved in the 
latter type of conduct, which further evinces a bias in his work.  
 

Dr. Kumar Has Made False Claims About the MIREC Scientists 
 
Dr. Kumar has repeatedly insinuated that the MIREC scientists are refusing to release 
their data for reanalysis. In a letter that Dr. Kumar asked the Association of State & 
Territorial Dental Directors (ASTDD) to send to the Directors of the NTP, NIDCR, 
and NIH, Kumar wrote: “The authors of these studies have not released the data to 
confirm their findings.” (Wood Transcript at 121:8-122:10). When he wrote this, Dr. 
Kumar was aware that the MIREC study authors expressly supported a re-analysis of 
their data, but omitted this fact from the letter to NIH leadership. (Kumar Transcript, 
at 173:14-174:5; Appx. 10, at 1). Dr. Kumar also omitted the fact that the authority to 
release the data rested not with the study authors, but with the MIREC Biobank 
Committee. (Wood Transcript at 128:22-129:21). Dr. Kumar further omitted that the 
MIREC Biobank Committee will release the data to any qualified team that complies 
with Biobank’s established policies. (Appx. 10, at 5). Dr. Kumar also omitted the fact that 
the research team he assembled to analyze the MIREC data failed to meet the Biobank 
criteria due to ideological bias, lack of qualifications, failure to identify clear limitations 
in the MIREC team’s analyses, and failure to identify any “recognizable and significant 
methodological improvements to the analysis that Green et al conducted.” (Appx 11; 
Kumar Transcript at 174:17-24 & 184:7-190:23). 
 
Later, in July 2021, Dr. Kumar repeated his claim that “the [MIREC] authors are not 
releasing the data” as justification for the ASTDD signing onto a complaint of 
scientific misconduct against the MIREC team. (Appx. 12, at 2). Dr. Kumar 
encouraged ASTDD to add its name to the complaint (A) despite not having read the 
full complaint, and (B) despite being told that the complaint had been determined by 
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legal advisors to be “defamatory.” (Appx. 12, at 4; Kumar Transcript, at 236:20-24 & 
247:14-23; see also Wood Transcript at 161:2-181:4). 
 
The misconduct complaint alleged that the MIREC scientists committed 
“falsification” by failing to give sufficient emphasis to the unadjusted average IQs in the 
fluoridated and non-fluoridated areas, which the complaint characterized as the “main 
effect” of the study.4 (Kumar Transcript at 269:21-273:3). Each of the seven 
institutions5 that received the complaint found it to be meritless (Kumar Transcript at 
327:1-8), but the process of investigating the claims caused substantial disruption to 
the research being conducted by the MIREC scientists. (Kumar Transcript at 245:4-
249:4.) 
 
The unanimous refutation of the misconduct complaint has not dissuaded Dr. Kumar 
from making additional claims of improper conduct against the MIREC scientists. In 
2022, Dr. Kumar tried to get the journal Environmental Research to issue an “Expression 
of Concern” about another paper from the MIREC team (i.e., Farmus, et. al. 2021), 
on the purported grounds that the authors hid data that contradicted their 
conclusions.6 (Kumar Transcript at 296:11-301:21). After the authors explained, in a 
published addendum, that the data in question had no bearing on the conclusions and 
was removed at the suggestion of a peer reviewer, Dr. Kumar recruited others to 
submit letters to the editor criticizing the MIREC scientists for removing the data. 
(Kumar Transcript at 301:19-313:6; Wood Transcript at 194:18-200:14.) 
 

Dr. Kumar Has Made False Claims About the NTP 
 
Finally, there are claims that Dr. Kumar has made about the NTP which are clearly 
false. I only mention them here because they highlight the severity of Dr. Kumar’s 
bias on the fluoride issue.  
 
Dr. Kumar, along with his colleagues at the ADA, have repeatedly claimed and/or 
insinuated that NTP’s scientists are acting in bad faith, including secretly collaborating 
with the Fluoride Action Network (FAN).  
 

 
4 This assertion of “falsification” is at stark odds with a previous document that Dr. Kumar drafted 
for ASTDD, where he suggested that focusing on unadjusted data, when adjusted data is available, 
is “a violation of the standard codes of scholarly conduct and ethical behavior in professional 
scientific research.” (Kumar Transcript at 278:16-295:24). 
5 The complaint was sent to the five universities that employ the MIREC scientists, as well as 
JAMA Pediatrics and the HHS’s Office of Research Integrity. (Appx. 10, at 4). 
6 Dr. Kumar also asked the ASTDD to send a letter to the Directors of NTP, NIH, and NIDCR 
(which Kumar drafted) stating that the omission of the information was “inexplicable.” The 
ASTDD never provided a follow-up letter to NTP/NIH/NIDCR when ASTDD learned that the 
information was omitted at the suggestion of a peer reviewer due to its irrelevancy. (Wood 
Transcript at 152:7-153:12 & 156:6-157:2).    
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In a March 1, 2021 email, Dr. Kumar told fluoridation lobbyists and advocates that 
“FAN is not interested in a finding above 1.5 mg/L. So, NTP slanted the report to 
give the impression that it is a hazard even below 1.5 mg/L.” (Appx. 13 at 1).  
 
In a May 2, 2022 email, Dr. Kumar told leaders of the International Association for 
Dental Research that “We conducted multiple meta-analyses and there is no effect of 
fluoride on IQ at levels below 1.5 mg/L F. NTP authors also noticed this but didn’t 
want to state it.” (Appx. 14). 
 
In a September 20, 2022 letter that Dr. Kumar asked the ADA to submit to the BSC,7 
the ADA wrote: “We note that NTP proposed commissioning its report in 2015, 
which is just prior to when FAN petitioned EPA (2016) and subsequently filed its 
lawsuit (2017). We would welcome more transparency about whether and how these 
events may be connected.” (Appx. 15, at 3).  
 
As with the defamatory complaint of scientific misconduct that went to seven 
institutions, the ADA’s letter was circulated far and wide, including to top leadership 
at HHS.  
 

Concluding Remarks 
 
The public counts on NTP to provide the best available science on the chemicals that 
impact their lives. I recognize this is a challenging task, particularly for chemicals with 
significant political interests at stake, but it is vital nonetheless. With this in mind, I 
am hopeful that the information presented in this letter will be helpful to NTP’s 
assessment of the recent meta-analysis by Kumar et al. 
 
Sincerely, 
 
 
 
Michael Connett, Esq. 
 
 
CC:    Milene Brownlow 
          Andrew Rooney 
          Robert Sills 
          Kyla Taylor 
          Mary Wolfe 
 

 
7 In the summer of 2022, Dr. Kumar asked the ADA to submit criticism of the NTP’s May 2022 
monograph to the BSC, and helped draft ADA’s comments. (Kumar Transcript at 103:4-105:22). 
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Appendix 1 
 



This Message Is From an External Sender
This message came from outside your organization.

     Report Suspicious    ‌

From: Kumar, Jayanth@CDPH
To: Moss, Mark Eric
Subject: RE: Next steps - Manuscript
Date: Tuesday, July 19, 2022 2:25:00 PM
Attachments: Lam. PBDEand IQEHP1632.pdf

I think so. I thought of EHP, but I think we run into the same problem. I wanted to publish the
paper before the NTP report. There is some urgency.
 
Juleen Lam, who is considered an expert on systematic review and meta-analysis, published a
paper in EHP with only four studies! She served on the NTP review committee. Our analysis is
much more robust.
 
Your thoughts?
 
 

From: Moss, Mark Eric <MOSSM17@ECU.EDU> 
Sent: Tuesday, July 19, 2022 2:14 PM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Subject: Next steps - Manuscript
 
So is CDOE our choice now? Should I review and use track changes as we discussed? -Mark From: "Fisher-Owens, Susan" <Susan.Fisher-Owens@ucsf.edu> Date: Tuesday, July 19, 2022 at 12:52 PM ‌ ‌ ‌ ‌ ‌ ‌ ‌ ‌ ‌ ‌ ‌ ‌ ‌ ‌ ‌ ‌
ZjQcmQRYFpfptBannerStart

ZjQcmQRYFpfptBannerEnd

So is CDOE our choice now?
Should I review and use track changes as we discussed?
-Mark
 

From: "Fisher-Owens, Susan" <Susan.Fisher-Owens@ucsf.edu>
Date: Tuesday, July 19, 2022 at 12:52 PM
To: "Kumar, Jayanth@CDPH" <Jayanth.Kumar@cdph.ca.gov>, "Liu, Honghu, Ph.D."
<hhliu@dentistry.ucla.edu>, "Moss, Mark Eric" <MOSSM17@ECU.EDU>
Subject: RE: PEDIATRICS/2022/058047 - Manuscript Decision
 
This email originated from outside ECU.
 
CDOE IF: 3.383
 
Guidelines for authors:
https://onlinelibrary.wiley.com/page/journal/16000528/homepage/forauthors.html
 
I do think CDOE will be easier to get this in than JAMAPeds.  It’s a different audience, though.  It is
really not going to hit many pediatricians/physicians, but I can work on that.
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Developmental PBDE Exposure and IQ/ADHD in Childhood: A Systematic Review
and Meta-analysis
Juleen Lam,1 Bruce P. Lanphear,2 David Bellinger,3 Daniel A. Axelrad,4 Jennifer McPartland,5 Patrice Sutton,1
Lisette Davidson,6 Natalyn Daniels,1 Saunak Sen,7 and Tracey J. Woodruff1
1Program on Reproductive Health and the Environment, University of California, San Francisco, San Francisco, California, USA
2Simon Fraser University, Vancouver, British Columbia, Canada
3Harvard School of Public Health, Harvard University, Boston, Massachusetts, USA
4Office of Policy, U.S. Environmental Protection Agency, Washington, District of Columbia, USA
5Environmental Defense Fund, Washington, District of Columbia, USA
6Department of Obstetrics and Gynecology, Kaiser Permanente, Oakland, California, USA
7University of Tennessee Health Science Center, Memphis, Tennessee, USA


BACKGROUND: In the United States, one in six children are affected by neurodevelopmental disorders, and polybrominated diphenyl ethers (PBDEs)
in flame-retardant chemicals are measured ubiquitously in children.
OBJECTIVE: We conducted a systematic a systematic review regarding developmental exposure to PBDEs and intelligence or Attention Deficit/
Hyperactivity Disorder (ADHD) and attention-related behavioral conditions in humans.
METHODS: We searched articles published up to 26 September 2016, and included original studies that quantified exposures to PBDEs incurred any
time in proximity to conception or during in utero, perinatal, or childhood time periods. We evaluated the risk of bias of individual studies and the
overall quality and strength of the evidence according to the Navigation Guide systematic review methodology. We established criteria in advance to
identify studies that could be combined using random effects meta-analyses (DerSimonian-Laird method).
RESULTS: Fifteen studies met the inclusion criteria; 10 studies met the criteria for intelligence and nine for attention-related problems. We rated stud-
ies generally with “low” to “probably low” risk of bias and rated the overall body of evidence as “moderate” quality with “sufficient” evidence for an
association between Intelligence Quotient (IQ) and PBDEs. Our meta-analysis of four studies estimated a 10-fold increase (in other words, times 10)
in PBDE exposure associated with a decrement of 3.70 IQ points (95% confidence interval: 0.83, 6.56). We concluded the body of evidence was of
“moderate” quality for ADHD with “limited” evidence for an association with PBDEs, based on the heterogeneity of association estimates reported
by a small number of studies and the fact that chance, bias, and confounding could not be ruled out with reasonable confidence.


CONCLUSION: We concluded there was sufficient evidence supporting an association between developmental PBDE exposure and reduced IQ.
Preventing developmental exposure to PBDEs could help prevent loss of human intelligence. https://doi.org/10.1289/EHP1632


Introduction
The prevalence of neurodevelopmental disorders such as au-
tism and Attention-Deficit/Hyperactivity Disorder (ADHD) has
increased over the past four decades (Grandjean and Landrigan
2006; Newschaffer et al. 2005; Prior 2003; Rutter 2005; Visser
et al. 2010), currently estimated to affect about 15% of children
in the U.S. (Boyle et al. 2011; U.S. EPA 2013). This increase
cannot be completely explained by genetics, improved diag-
nostics, or known environmental risk factors (Hertz-Picciotto
and Delwiche 2009; Landrigan et al. 2012; NRC 2000;
Newschaffer et al. 2005), although increased diagnosis and
awareness of the disorders could play a role. Emerging science


has identified the potential role of toxic environmental chemi-
cals as being an underevaluated modifiable risk factor that may
interfere with brain development in fetuses and children
(Bennett et al. 2016). Environmental chemical exposures are
widespread in the population, and modest associations charac-
teristic of environmental risks can translate into adverse
population-level effects (Bellinger 2012; Institute of Medicine
1981).


Polybrominated diphenyl ethers (PBDEs) are a group of syn-
thetic chemicals used as chemical flame retardants to inhibit or
resist the spread of fire (ATSDR 2004). PBDEs comprise 209
possible congeners, with the major congeners detected in human
and environmental samples being BDE-47, BDE-99, BDE-100,
and BDE-153 (Darnerud et al. 2001; Frederiksen et al. 2009;
Hites 2004; Sjodin et al. 2008). PBDEs have been used in polyur-
ethane foam and hard plastics and can be found in a variety of
everyday products, such as upholstered furniture, cars, mat-
tresses, building materials, textiles, and computers and other elec-
tronic equipment (ATSDR 2004; Birnbaum and Staskal 2004).
Because they can be present in significant quantities in products
(5–30% by weight) (Darnerud et al. 2001; World Health
Organization 1994) and because they are additives rather than co-
valently bound to consumer products, there is higher potential for
leaching, volatilization, or degradation, leading to consumer and
environmental exposures (Darnerud et al. 2001; Gill et al. 2004;
Watanabe and Sakai 2003). Human exposures are ubiquitous be-
ginning in utero (Morello-Frosch et al. 2016; Woodruff et al.
2011b), which is a highly vulnerable period of human brain devel-
opment (Grandjean et al. 2008), and PBDEs have been found per-
vasively in U.S. household dust samples (Darnerud et al. 2001;
Frederiksen et al. 2009; Mitro et al. 2016). Levels of PBDEs meas-
ured in Americans are the highest in the world, due to greater his-
toric use of these chemicals in the U.S. than elsewhere because of
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differences in regulatory standards across countries (Besis and
Samara 2012; Frederiksen et al. 2009). Despite the recent phase-
out of production and use of PBDEs, exposures are expected to
continue for decades because they are widely prevalent in existing
consumer goods, such as furniture, and they are highly persistent
in the environment and bioaccumulate up the food chain
(Herbstman et al. 2010; Hites 2004; Norstrom et al. 2002; Sjodin
et al. 2008).


Several animal and human studies have explored associations
between developmental exposures to PBDEs and decrements in
motor development, cognitive development, and attention-related
behaviors (Chao et al. 2007; Chen et al. 2014; Costa and
Giordano 2007; Gascon et al. 2011, 2012; Herbstman et al. 2010;
Hoffman et al. 2012; Roze et al. 2009). Studies in children have
mostly focused on Intelligence Quotient (IQ) and ADHD-related
outcomes. IQ is the most commonly studied neurological end-
point in children, representing a combined score of a child’s func-
tion across several cognitive domains. IQ measured at school age
is an important indicator of child brain health and predictive of
academic and occupational success (Neisser et al. 1996).
Reduced IQ is predictive of diminished lifetime earnings
(Salkever 2014), increased risk for mortality, depression, diagno-
sis for certain medical conditions, and poorer health generally
(Batty et al. 2007a, 2007b, 2009; Der et al. 2009). ADHD and
attention-related behavioral conditions may have implications for
children’s academic and social abilities, as well as their respec-
tive families’ functioning (Bagwell et al. 2001; Faraone et al.
2001; Harpin 2005; Johnston and Mash 2001). Furthermore,
symptoms may persist into adulthood, creating concern for long-
term effects of the disorder (Barkley 2002; Gudjonsson et al.
2012; Nijmeijer et al. 2008; Spencer et al. 2014; Wehmeier et al.
2010; Weiss and Hechtman 1993).


To assess the evidence of PBDEs’ contribution to neurode-
velopmental disorders, we conducted a systematic review of
human studies examining developmental exposure to PBDEs
and 1) quantitative measures of intelligence and 2) ADHD and
attention-related behavioral problems, such as hyperactivity,
inattention, impulsivity, or response inhibition.


Methods


Systematic Review Methodology
Although systematic review methods have been used for decades
in the clinical sciences (Guyatt et al. 2008; Higgins and Green
2011), detailed methods for conducting a systematic review
directly applicable to the decision context and evidence streams
in environmental health have only recently been developed and
utilized in the field of environmental health sciences (Johnson
et al. 2014, 2016; Koustas et al. 2014; Lam et al. 2014; Rooney
et al. 2014; Vesterinen et al. 2014; Woodruff et al. 2011a;
Woodruff and Sutton 2014). We conducted our review using the
Navigation Guide, a systematic review methodology for evaluat-
ing environmental evidence based on methods used in the clinical
sciences (Johnson et al. 2014, 2016; Koustas et al. 2014; Lam
et al. 2014, 2016; Vesterinen et al. 2014; Woodruff et al. 2011a), i.
e., the Cochrane Collaboration and Grading of Recommendations
Assessment Development and Evaluation (GRADE) (Guyatt et al.
2008; Higgins and Green 2011; Woodruff et al. 2011a). As is
standard practice for systematic reviews and the Navigation
Guide, we developed a protocol prior to initiating the review and
registered it in PROSPERO (Lam et al. 2015a).


Study Question
Our objective was to answer the questions: “Does developmental
exposure to PBDEs in humans affect a) quantitative measures of
intelligence, or b) ADHD and attention-related behavioral con-
ditions?” The “Participants,” “Exposure,” “Comparator,” and
“Outcomes” (PECO) statement is briefly outlined below with
additional specifics available in our protocol.


Participants. The study? population was humans.
Exposure. The review examined studies of any developmen-


tal exposure to PBDEs that occurred prior to the assessment of
intelligence or ADHD and attention-related behavioral problems.
We decided in advance to include only studies that measured
PBDE exposure using biomarkers (i.e., measured in human bio-
logical samples) because these represent an integrated measure of
exposure from multiple sources (household dust, food, electron-
ics, textiles, etc.) and because of their demonstrated reliability
(Makey et al. 2014; Sjodin et al. 2004).


Comparator. Humans exposed to lower levels of PBDEs than
humans exposed to higher levels.


Outcomes. Any clinical diagnosis or other continuous or di-
chotomous scale assessment of a) quantitative measures of intel-
ligence, or b) ADHD and attention-related behavioral problems.


Data Sources
We searched the databases PubMed, ISI Web of Science, Biosis
Previews, Embase, Google Scholar, and Toxline on March 5,
2015, using the search terms shown in Table S1. We did not limit
our search by language or initial publication date. We used the
Medical Subject Headings (MeSH) database to compile syno-
nyms for PBDE, IQ, and ADHD and attention-related behavioral
condition outcomes (Lam et al. 2015a). We updated the search
on September 27, 2016, to identify any new studies. We also sup-
plemented these results by searching toxicological and grey liter-
ature databases (See Table S2); consulting with subject matter
experts; and hand-searching references of included studies,
review papers on the topic, and references cited by and citing
included studies.


Study Selection
We included original studies that quantified PBDEs (in the form
of any individual congener or sum of multiple congeners) meas-
ured in human biological samples and reported associations with
either ADHD and attention-related behavioral problems or a
quantitative measure of intelligence. We screened references in
duplicate for inclusion using DistillerSR (Evidence Partners).
Two of four possible reviewers (N.D., L.D., J.M., P.S.) independ-
ently reviewed titles and abstracts of each reference to determine
eligibility. References not excluded were then independently
screened through full-text review by two of the same four
reviewers above. An additional reviewer (JL) screened 5% of the
titles/abstracts and full texts for quality assurance.


We excluded studies if: a) the report did not contain original
data; b) the article did not involve human subjects; c) there was
no quantitative measure of developmental PBDE exposure in
human biological samples; d) a study did not assess ADHD and
attention-related behavioral problems or a quantitative measure
of intelligence; or e) there was no comparator–control group or
exposure-range comparison (see Supplemental Material, “List of
Excluded Studies”). We used the term “attention-related behav-
ioral problems” or “conditions” or “outcomes” to represent a
spectrum of behavioral deficits that may be examined in epidemi-
ological studies of neurodevelopment and that have been identi-
fied in previous reviews as relevant to ADHD or attention (Eubig
et al. 2010).
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Data Extraction
We extracted data from studies in duplicate using a database
from DRAGON, an online data review and integration tool (ICF
International; available at: http://www.icfi.com/insights/products-
and-tools/dragon-online-tool-systematic-review). Two of three
authors (N.D., L.D., J.M.) and a University of California, San
Francisco, research assistant (H. Tesoro) independently extracted
data related to study characteristics and outcome measures (Table
S3) from each included article. A third author (J.L.) reviewed all
the studies to resolve any discrepancies between the two inde-
pendent extractors and further ensure the accuracy of extracted
data. We extracted all relevant estimates of association reported
in the article relating PBDE exposure (for any individual conge-
ner or sum of multiple congeners) with intelligence or ADHD
and attention-related behavior problems. For the meta-analysis
for intelligence outcomes, we extracted adjusted regression esti-
mates (for articles reporting multiple models adjusting for differ-
ent sets of covariates, we selected estimates from the fully
adjusted model, including the most confounders) and standard
errors or 95% confidence interval (CI) limits and standardized to
a continuous increment in exposure (i.e., per 1-unit increase in
log-transformed PBDE exposure) when possible. We contacted
11 of 15 corresponding study authors to request additional data
for both intelligence and ADHD-related outcomes missing from
their published articles and received usable data from seven
authors.


Rate the Quality and Strength of the Evidence
Assessing the risk of bias for each included study. We evaluated
risk of bias for each of the included studies using a modified
instrument based on the Cochrane Collaboration’s “Risk of Bias”
tool and the Agency for Healthcare Research and Quality’s
(AHRQ) domains (i.e., selection bias, confounding, performance
bias, attrition bias, detection bias, and reporting bias) (Higgins
and Green 2011; Viswanathan et al. 2012). Possible ratings for
each domain were “low,” “probably low,” “probably high,” or
“high” risk of bias, with customized instructions for each domain
based on the type of evidence anticipated beforehand (see
Supplemental Material, “Instructions for Making Risk of Bias
Determinations”). For example, we determined that for a study to
be rated “low” risk of bias for the confounding domain, the anal-
ysis must either adjust for all of the following confounders or
report that these confounders were evaluated and omitted because
inclusion did not substantially affect the results: HOME Inventory,
maternal age, maternal education, marital status, maternal use
of alcohol during pregnancy, maternal depression, household
income/poverty, gestational exposure to environmental tobacco
smoke, child sex, exposure to other neurotoxic agents (i.e., lead),
birth weight or gestational age, number of children in the home,
father’s presence in the home, preschool and out-of-home child
care facility attendance, psychometrician, location and language of
the assessment (see Supplemental Material, “Instructions for
Making Risk of Bias Determinations”). These confounders were
collectively identified in our protocol for inclusion prior to screen-
ing studies by review authors with subject matter expertise on
intelligence, ADHD, or PBDEs (DAA, BPL, JM) and with knowl-
edge gathered from the literature (Watkins et al. 2013).


Two of six possible review authors with subject-matter exper-
tise (D.A.A., B.P.L., P.S., D.B., J.M., J.L.) and one additional
consultant with subject-matter and risk-of-bias rating expertise
(P.I.J.) independently recorded risk-of-bias determinations for
each included study, separately by outcome. We also ultimately
reviewed risk-of-bias ratings for each study and across the body


of evidence as a group to develop consensus on the rationale for
all ratings and to ensure consistency in our ratings.


Statistical analyses. Prior to study selection, we developed a
list of study characteristics to identify studies suitable for meta-
analysis (i.e., study features, characterization of the study popula-
tions, exposure assessment method, and outcome assessment
method). An initial decision applicable for both outcomes con-
cerned aminimum age of children in a study at time of neurological
assessment. We decided that measurements of intelligence or
ADHD and attention-related behavioral problems that have been
measured at an early age (i.e., <4 y old) would not be combined in
meta-analyses with other studies measuring at later ages, because
some evidence from longitudinal birth cohort studies exists show-
ing that statistical associations for neurodevelopmental outcomes
are more detectable as children mature (Chen et al. 2014; Karagas
et al. 2012;Rauh et al. 2006).Wedecidedbeforehand that studies of
Full Scale IQ (FSIQ) and McCarthy Scales of Children’s Abilities
(MSCA) (Levin 2011) were combinable if a) children included in
the study were selected from the general population and at least 3 y
old at the time of the assessment (for better accuracy of intelligence
measurement at older ages); b) exposure was measured in any bio-
logical matrix (i.e., maternal serum, cord blood, breastmilk, etc.) as
lipid-adjustedBDE-47 and/or a sum of congeners including at least
lipid-adjustedBDEs47, 99, 100, and153 (themost commonconge-
ners in termsof population exposure) because likedioxins andpoly-
chlorinated biphenyls (PCBs), PBDEs are lipophilic and
measurements in different biologic matrices are combinable when
adjusted for lipid content [e.g.,when exposure is expressed as nano-
grams of PBDEper gramof lipid) (Alaee 2016;Hites 2004)]; and c)
exposure was measured during pregnancy or near birth. FSIQ and
MSCA tests are both standardized with mean scores of 100 and a
standard deviation of 15, so no rescaling was necessary to combine
scores from studies using MSCA with those from studies using
FSIQ. For studies repeating assessments as children aged, we
selected the latest assessment time point for inclusion in our meta-
analysis.We also identified beforehand that because Bayley Scales
of Infant Development (BSID) (Michalec 2011) are generally
administered to children too young for IQ testing, these measures
would be inappropriate to combine with estimates such as FSIQ or
MSCA.


For ADHD, we determined beforehand that it would be
appropriate to combine in a meta-analysis the studies that
reported ADHD total score (Child Behavior Checklist (CBCL),
Conners’ ADHD/Diagnostic and Statistical Manual of Mental
Disorders (DSM)-IV Scales (CADS) (Conners 2001), Parental
Strength and Difficulties Questionnaire (SDQ) (Goodman 1997)
if a) the children included in the study were selected from the
general population and were at least 4 y old at the time of the
assessment, and b) BDE-47 and/or a sum of congeners including
at least BDEs 47, 99, 100, and 153 was measured during preg-
nancy or near delivery.


Random effects meta-analyses were performed using the
DerSimonian-Laird method (DerSimonian and Laird 1986).
Statistical heterogeneity across study estimates in the meta-
analyses was evaluated using Cochran’s Q statistic (with p≤ 0:05
as our cut-off for statistical significance) and I2 (Higgins and
Green 2011; Johnson et al. 2014; Koustas et al. 2014; Lam et al.
2014). For other outcomes that were not amenable to a meta-
analysis (i.e., due to insufficient number of studies or existence of
heterogeneity across study design), we displayed the estimates of
association in tables and considered these findings in the final rat-
ing of the overall body of evidence.


To investigate the effect that publication bias may have on
our meta-analysis, we quantitatively evaluated the potential effect
that a new study might have on changing the interpretation of our
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Table 1. Summary of rating quality and strength of the body of human evidence for developmental exposures to PBDEs.


Category Summary of criteria for downgrades
Final rating for
downgrades Rationale


(A) IQ outcome
Initial Rating of human
evidence= “Moderate”


Risk of bias Study limitations – a substantial risk of bias
across body of evidence


0 Risk of bias for studies of IQ was generally “low” or “prob-
ably low” across studies and domains. Studies that
received “probably high ratings” evaluated outcomes
related to IQ, such as infant/toddler assessments of intelli-
gence (i.e., Bayley Scales), and these studies were not
included in the meta-analysis that informed our final deci-
sion. As such, we agreed that these limitations within cer-
tain studies were not strong enough to warrant
downgrading for risk of bias across all studies.


Indirectness Evidence was not directly comparable to the
question of interest (i.e., population, expo-
sure, comparator, outcome)


0 IQ outcomes were measured in humans and in populations
that are directly relevant to the population of the study
question, as outlined in the PECO statement.


Inconsistency Widely different estimates of effect in simi-
lar populations (heterogeneity or variability
in results)


0 All estimates of associations reported in studies included in
the meta-analysis were consistently “positive,” (i.e., report-
ing increased decrements in IQ or MSCA with increasing
BDE-47 exposure). Confidence intervals overlapped
across all four studies and were similar in width except
Gascon et al. (2011), which had wider confidence inter-
vals (CIs) and also included the fewest subjects (n=78).
Estimates from the meta-analysis indicate that statistical
heterogeneity was not present (I2 = 0%) and the combined
association estimate was statistically significant.


For the IQ studies not combinable in the meta-analysis, the
majority of estimates assessing BSID reported poorer out-
comes with increasing BDE-47 exposure, although one
study reported an association in the opposite direction
(but not statistically significant). Confidence intervals for
studies overlapped across studies evaluating the same
assessment tool and reporting the same association mea-
sure. We determined that the number of studies using the
same assessment tool at the same age and reporting simi-
lar association measures was small and thus the available
evidence, while not fully consistent across BSID studies,
did not provide strong enough evidence to warrant down-
grading for Inconsistency.


Imprecision Studies had few participants and few events
(wide CIs as judged by reviewers)


0 We judged that the width of the CI around the estimate of
association from the meta-analysis was sufficiently nar-
row given the sample size and thus that the evidence did
not warrant downgrading for imprecision.


Publication bias Studies missing from body of evidence,
resulting in an over or underestimate of
true effects from exposure


0 Number of studies included in the meta-analysis were too
small (i.e., <10) for a statistical evaluation of potential
publication bias. We identified findings from the grey lit-
erature through our comprehensive search, and many stud-
ies that reported findings that were not statistically
significant. Our quantitative analysis to determine what
measure of association would need to be reported by a hy-
pothetical new study to change our meta-analysis effect to
no longer be statistically significant or to move it in the
opposite direction minimized concern that an unpublished
null study would likely change our conclusion.


Summary of Criteria for Upgrading Upgrades
Large magnitude of effect Upgraded if modeling suggested confound-


ing alone unlikely to explain associations
with large effect estimate as judged by
reviewers


0 The overall effect size from the meta-analysis was quite large for
an environmental epidemiology study (3.70 decrement in IQ
per 10-fold increase (in other words, times 10) in PBDE expo-
sure—approximately half the association that has been reported
for lead exposure and IQ outcome), but not all reported effect
sizes are consistently large and we judged the magnitude of
effect not large enough to warrant upgrading the evidence.


Dose–response Upgraded if consistent relationship between
dose and response in one or multiple stud-
ies, and/or dose response across studies


+ 1 There was evidence of a dose-response gradient reported in
some studies (Adgent et al. 2014), whereas other studies
reported significant differences for higher categories of
exposure compared to lower, but no statistically signifi-
cant trend across all categories (Herbstman et al. 2010;
Zhang et al. 2016). The results from our meta-analysis
reported a statistically significant decrement in intelli-
gence with increased PBDE exposure assuming a linear
relationship in studies with high relevance to the study
question. We felt this was convincing to assign a + 1
upgrade to the overall body of evidence.
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Table 1. (Continued.)


Category Summary of criteria for upgrades
Final rating for


upgrades Rationale


Confounding minimizes
effect


Upgraded if consideration of all plausible re-
sidual confounders or biases would under-
estimate the effect or suggest a spurious
effect when results show no effect


0 We identified some studies that might have residual con-
founding because they did not account for all important
confounders as listed in the protocol. However, we did
not expect that omission of any of these confounders
would have led to underestimating our meta-analysis asso-
ciation estimate and therefore did not upgrade for this
consideration.


Overall quality of evidence Moderate Although we applied a + 1 rating for the “Dose–response”
consideration, we did not feel that the dose–response evi-
dence was strong enough to warrant upgrading the overall
quality rating.


Overall strength of evidencea Sufficient A positive relationship is observed between exposure and
outcome where chance, bias, and confounding can be
ruled out with reasonable confidence. The available evi-
dence includes results from multiple well-designed, well-
conducted studies, and the conclusion is unlikely to be
strongly affected by the results of future studies.


(B) ADHD outcome
Summary of criteria for downgrades Downgrades


Initial rating of human
evidence=moderate risk of
bias


Widely different estimates of effect in
similar populations (heterogeneity or
variability in results)


0 Risk of bias was generally “low” or “probably low” across
studies and domains. Generally, the domain of confound-
ing was most frequently judged to be other than “low”
risk of bias; however, we did not judge that this warranted
downgrading for risk of bias across all studies.


Indirectness Widely different estimates of effect in simi-
lar populations (heterogeneity or variability
in results)


0 ADHD-related outcomes are measured in humans and in
populations that are directly relevant to the population of
the study question, as outlined in the PECO statement.


Inconsistency Widely different estimates of effect in simi-
lar populations (heterogeneity or variability
in results)


0 The majority of studies reported association estimates show-
ing increased risk of ADHD symptoms with increasing
PBDE exposures, although some studies did report associa-
tions in the opposite direction. Confidence intervals for stud-
ies overlapped across studies evaluating the same assessment
tool and reporting the same association measure. We deter-
mined that the number of studies evaluating the same assess-
ment tool at the same age and reporting similar association
measures was small and did not provide strong enough evi-
dence to warrant downgrading for Inconsistency.


Imprecision Studies had few participants and few events
(wide CIs as judged by reviewers)


0 We judged that the width of the CI around the estimate of
association was sufficiently narrow given the sample size
and did not feel there was any reason to downgrade the
overall body of evidence for Imprecision.


Publication bias Studies missing from body of evidence,
resulting in an over or underestimate of
true effects from exposure


0 Number of studies included was too small (i.e., <10) for a
statistical evaluation of potential publication bias. We
identified findings from the grey literature through our
comprehensive search, and many studies reported findings
that were not statistically significant


Summary of Criteria for Upgrading Upgrades
Large magnitude of effect Upgraded if modeling suggested confound-


ing alone unlikely to explain associations
with large effect estimate as judged by
reviewers


0 Studies that reported positive associations between expo-
sure and outcome were interpreted as primarily minimal-
to-moderate magnitudes; review authors judged that there
was insufficient evidence to upgrade for Large Magnitude
of Effect.


Dose–response Upgraded if consistent relationship between
dose and response in one or multiple stud-
ies, and/or dose response across studies


0 There was not enough evidence to evaluate existence of a
dose–response relationship, primarily due to the small
number of studies and the heterogeneity in reporting of
effect estimates (i.e., Spearman’s Rho correlation coeffi-
cient, adjusted linear regression results, adjusted odds
ratios, adjusted incidence rate ratios, and adjusted relative
risks). We therefore concluded there was insufficient evi-
dence to warrant upgrading for dose–response.


Confounding minimizes
effect


Upgraded if consideration of all plausible re-
sidual confounders or biases would under-
estimate the effect or suggest a spurious
effect when results show no effect


0 We identified some studies that might have residual con-
founding because they did not account for all important
confounders as listed in the protocol. However, we did not
expect that omission of any of these confounders would
have led to underestimating the association estimate and
therefore did not upgrade for this consideration. There were
not enough combinable studies to perform a meta-analysis.
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overall results. Specifically, the association estimate of a new or
unpublished study necessary to alter the results of the meta-
analysis was calculated under two scenarios, so that a) the 95%
CI of the meta-analysis overlapped zero, b) the meta-analysis
central association estimate was greater than zero (moves to the
opposite direction—i.e., such that increases in PBDE exposures
would be associated with increases in intelligence). In making
this calculation, we assumed that the new hypothetical study
would have a standard error of 2.3, equal to the smallest in our
group of studies (Eskenazi et al. 2013).


Rating the quality of evidence across studies. We rated the
quality of the overall body of evidence as “high,” “moderate,” or
“low.”Weassigned an initial rating of “moderate” quality to human
observational studies based on the previously described rationale
(Johnson et al. 2014; Koustas et al. 2014; Vesterinen et al. 2014;
Woodruff and Sutton 2014), and then we considered potential
adjustments (“downgrades” or “upgrades”) to the quality rating
based on eight categories of considerations: risk of bias, indirect-
ness, inconsistency, imprecision, potential for publication bias,
largemagnitude of effect, dose response, andwhether residual con-
foundingwouldminimize the overall effect estimate (Balshemet al.
2011); the specific factors and instructions to review authors
considered are summarized in Table 1 and detailed in our pro-
tocol (Lam et al. 2015b). Possible ratings were 0 (no change
from initial quality rating), −1 (1 level downgrade) or −2 (2
level downgrade), + 1 (1 level upgrade) or + 2 (2 level
upgrade). Review authors independently evaluated the quality


of the evidence, and then compared ratings as a group, and
recorded the consensus and rationale for each final decision.


Rating the strength of the evidence across studies.We assigned
an overall strength of evidence rating based on four considera-
tions: a) Quality of body of evidence (i.e., the rating from the pre-
vious step); b) Direction of effect; c) Confidence in effect
(likelihood that a new study could change our conclusion); and d)
Other compelling attributes of the data that may influence cer-
tainty, e.g., specificity of the association when the outcome is
rare or unlikely to have multiple causes (NTP 2015). Possible rat-
ings were “sufficient evidence of toxicity,” “limited evidence of
toxicity,” “inadequate evidence of toxicity,” or “evidence of lack
of toxicity” (Table 2), based on categories used by the
International Agency for Research on Cancer (IARC), the U.S.
Preventive Services Task Force, and U.S. Environmental
Protection Agency (EPA) (IARC 2006; Sawaya et al. 2007; U.
S. EPA 1991, 1996). Review authors independently evaluated
the quality of the evidence and then compared ratings as a
group and recorded the consensus and rationale.


Results


All Qualifying Studies
Our search retrieved 2,540 unique records as follows: the March
2015 search retrieved a total of 1,824 unique records, of which
12 met the inclusion criteria; the September 2016 search update


Table 2. Strength of evidence definitions for human evidence.


Strength rating Definition


Sufficient evidence of
toxicity


A positive relationship is observed between exposure and outcome where chance, bias, and confounding can be ruled out with reason-
able confidence. The available evidence includes results from one or more well-designed, well-conducted studies, and the conclusion
is unlikely to be strongly affected by the results of future studies.a


Limited evidence of
toxicity


A positive relationship is observed between exposure and outcome where chance, bias, and confounding cannot be ruled out with rea-
sonable confidence. Confidence in the relationship is constrained by such factors as: the number, size, or quality of individual stud-
ies, or inconsistency of findings across individual studies.a As more information becomes available, the estimated association could
change, and this change may be large enough to alter the conclusion.


Inadequate evidence of
toxicity


The available evidence is insufficient to assess effects of the exposure. Evidence is insufficient because of: the limited number or size
of studies, low quality of individual studies, or inconsistency of findings across individual studies. More information may allow an
assessment of effects.


Evidence of lack of
toxicity


No relationship is observed between exposure and outcome, and chance, bias and confounding can be ruled out with reasonable confi-
dence. The available evidence includes consistent results from more than one well-designed, well-conducted study at the full range
of exposure levels that humans are known to encounter, and the conclusion is unlikely to be strongly affected by the results of future
studies.a The conclusion is limited to the age at exposure and/or other conditions and levels of exposure studied.


Note: The Navigation Guide rates the quality and strength of evidence of human and non-human evidence streams separately as “sufficient,” “limited,” “inadequate,” or “evidence of
lack of toxicity” and then these two ratings are combined to produce one of five possible statements about the overall strength of the evidence of a chemical’s reproductive/develop-
mental toxicity. The methodology is adapted from the criteria used by the International Agency for Research on Cancer (IARC) to categorize the carcinogenicity of substances (IARC
2006), except as noted.
aLanguage for the definitions of the rating categories were adapted from descriptions of levels of certainty provided by the U.S. Preventive Services Task Force Levels of Certainty
Regarding Net Benefit.


Table 1. (Continued.)


Category Summary of criteria for downgrades
Final rating for
downgrades Rationale


Overall quality of evidence Moderate No upgrades or downgrades applied to the overall quality
of evidence.


Overall strength of evidencea Limited An association is generally observed between exposure and
adverse outcome, but chance, bias, and confounding could
not be ruled out with reasonable confidence. Confidence
in the relationship is constrained by such factors as: the
number, size, assessment, measure of association or qual-
ity of individual studies, or inconsistency of findings
across individual studies. As more information becomes
available, the observed effect could change, and this
change may be large enough to alter the conclusion.


aDetailed instructions to authors on how to apply these criteria are presented in the Protocol, Appendix VII, Instructions for Grading the Quality and Strength of Evidence (Lam et al.
2015b). Language for the definitions of the rating categories were adapted from descriptions of levels of certainty provided by the U.S. Preventive Services Task Force Levels of
Certainty Regarding Net Benefit. https://www.uspreventiveservicestaskforce.org/Page/Name/update-on-methods-estimating-certainty-and-magnitude-of-net-benefit.
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added 716 unique records, of which an additional three studies
met the inclusion criteria (Cowell et al. 2015; Sagiv et al. 2015;
Zhang et al. 2016) (Figure 1). Of the 15 total included studies, 10
were relevant to the outcome of intelligence (Adgent et al. 2014;
Chao et al. 2011; Chen et al. 2014; Eskenazi et al. 2013; Gascon
et al. 2011, 2012; Herbstman et al. 2010; Lin et al. 2010; Shy
et al. 2011; Zhang et al. 2016), and nine to the outcome of
ADHD and attention-related behavioral conditions (Adgent et al.
2014; Chen et al. 2014; Cowell et al. 2015; Eskenazi et al. 2013;
Gascon et al. 2011; Gump et al. 2014; Hoffman et al. 2012; Roze
et al. 2009; Sagiv et al. 2015). Included studies were published
from 2009 to 2016 and involved 35–622 study participants, for a
total of almost 3,000 mother–child pairs from eight populations
around the world (Table 3). All studies measured PBDE exposure
in maternal/child serum, cord blood, child whole blood, or breast-
milk and adjusted for lipid content (i.e., the units of exposure


were nanograms of PBDE per gram of lipids). The majority of
included studies adjusted for maternal age, sex of child, mother’s
parity, and some measure of socioeconomic status (Table 3).


Studies of Intelligence
Nine of 10 studies that evaluated intelligence were prospective
birth cohorts, and one was a cohort study that reanalyzed data
previously collected from a prospective birth cohort (Chao et al.
2011). Seven studies conducted assessments using BSID (Chao
et al. 2011; Chen et al. 2014; Gascon et al. 2012; Herbstman
et al. 2010; Lin et al. 2010; Shy et al. 2011) or Mullen Scales of
Early Learning (MSEL) (Adgent et al. 2014) at ages up to 36
months Five studies assessed FSIQ at ages 4 to 8 y (Chen et al.
2014; Eskenazi et al. 2013; Herbstman et al. 2010; Zhang
et al. 2016) or MSCA total cognitive score at age 4 y


Figure 1. Flowchart showing the literature search and screening process for studies relevant to PBDE exposure and IQ/ADHD outcomes. The primary goal of
our search was to obtain comprehensive results; therefore, our search was not limited by language or publication date. The search terms used for each database
are provided in Table S1.
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(Gascon et al. 2011). Studies measured PBDE exposure in
maternal serum or cord blood (n=4), both maternal and
child blood/serum (n=2), or breast milk (n=4) (Table 3a).
One included study relevant to ADHD outcomes (Roze et al.
2009) also reported measuring outcomes related to intelli-
gence [Total and Performance Intelligence levels assessed
using a short form of the Wechsler Preschool and Primary
Scale of Intelligence, Revised Edition (WPPSI-R)] but did
not report estimates of association in the publication, and the
authors did not respond to requests for these data. Risk of
bias generally differed for studies evaluating IQ at a later
age and those evaluating children at younger ages. Studies of
FSIQ at a later age were consistently rated as “low” or
“probably low” risk of bias across domains. The only excep-
tion to this was Herbstman et al. (2010), which received a
rating of “probably high” risk of bias for incomplete out-
come reporting because of concerns regarding missing data.
In contrast, many of the studies conducted only at younger
ages utilizing the BSID were rated as “probably high” risk
of bias in one or more domains (Figure 2a and Tables S4–
S18). Four studies measuring BDE-47 in maternal serum
during gestation or at birth or cord blood at birth and assess-
ing FSIQ or MSCA in children 4–7 y old were amenable to
a meta-analysis (Chen et al. 2014; Eskenazi et al. 2013;
Gascon et al. 2011; Herbstman et al. 2010) (Table 4). The
meta-analysis reported an overall decrement of 3.70 IQ


points (95% CI: 0.83, 6.56; I2 = 0%; Figure 3) per 10-fold
increase (in other words, times 10) in lipid-adjusted PBDE
concentration (PBDE concentration range: <LOD–761 ng=g
lipid). Our updated search on September 27, 2016, identified
a newer study (Zhang et al. 2016) assessing the same cohort
of children as Chen et al. (2014) but at a later time point (8
y old instead of 5 y old). However, because Zhang et al.
(2016) assessed children at an older time point than the other
three studies included in our meta-analysis did (4, 6, and 7
y), we decided to keep Chen et al. (2014) in the meta-
analysis to stay within the age range at assessment. We per-
formed a sensitivity analysis replacing the Chen et al. (2014)
with Zhang et al. (2016) and found that the overall estimate
changed minimally from −3:70 to −3:52 (Figure S1).


Estimates of association from studies using the BSID were
extracted but could not be combined in a meta-analysis or visually
displayed collectively in a figure because estimates were reported
on different scales and used different association metrics (Table
5). Based on comparison of the body of evidence to prespecified
criteria, we concluded that the quality of the overall body of evi-
dence for the intelligence outcome was “moderate” (Table 1a); i.
e., the evidence did not warrant downgrading or upgrading.


We found some evidence of a dose–response gradient in sev-
eral studies. Eskenazi et al. (2013) reported a significant dose-
response trend across quartiles of the sum of BDE-47, BDE-99,
BDE-100, and BDE-153 in maternal serum in decreasing WISC


Figure 2. Summary of risk of bias judgments (low, probably low, probably high, high) for the human studies included in our systematic review of PBDE expo-
sure and a) IQ or b) ADHD outcome. Risk of bias designations for individual studies are assigned according to criteria provided in Supplemental Material,
“Instructions for Making Risk of Bias Determinations” and the justification for each study is provided in Tables S4–S18.
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verbal comprehension evaluated in children at age 7 y (p=0:02).
Adgent et al. (2014) investigated the relationship across quartiles
of BDE-28, BDE-47, BDE-99, BDE-100, and BDE-153 in
breastmilk and reported similar small and imprecise estimates
that were generally in a positive direction for MSEL composite
scores. Herbstman et al. (2010) reported significant differences
for BDE-47 measured in maternal serum comparing the 25th to
75th percentile (IQR=19:77 ng=g lipid) for FSIQ at when chil-
dren were assessed at 48 months, but not at 72 months. A dose–
response relationship was also supported by the results of our
meta-analysis (Figure 3) that demonstrated a statistically signifi-
cant decrement in intelligence with increased PBDE exposures,
assuming a linear relationship. However, Zhang et al. (2016)
evaluated trends for FSIQ across quartiles of prenatal exposures
to the sum of BDE-47, BDE-99, BDE-100, and BDE-153 and
reported significant differences comparing the third with first
quartile, but no overall trend (p=0:11). We judged these collec-
tive findings to be not consistent or strong enough to warrant
upgrading the overall quality of evidence for dose response.


We rated the overall strength of the evidence as “sufficient”
for intelligence (Table 1a) based on: a) “moderate” quality of the
body of evidence; b) direction of the association (i.e., consistent
evidence of an inverse association between PBDEs exposure
with intelligence across studies and among the combination of
similar studies in the meta-analysis); c) confidence in the associa-
tion with multiple well-conducted studies (i.e., most studies) (all,
for those included in the meta-analysis) were prospective cohort
studies and were of “low” or “probably low” risk of bias overall;
the cohorts as a group represented geographically and socioeco-
nomically diverse populations (Tables 3 and 4); and a statistically
significant overall estimate of association from the combination
of similar studies in a meta-analysis (Figure 3).


We agreed that it was not possible to eliminate the possibil-
ity of publication bias, particularly because we did not find
enough studies to perform a formal statistical analysis for publi-
cation bias; however, we judged that the potential for risk of
publication bias was not enough to alter our conclusions. Our ra-
tionale for this judgment was based on a) having conducted a
comprehensive search that included the gray literature to iden-
tify government reports, conference abstracts, theses, and disser-
tations that may not have been subsequently published, in an
attempt to capture a comprehensive collection of studies; and b)
the results of our quantitative evaluation of the association esti-
mate that an unpublished study would have to have to change
our confidence in the estimate of our meta-analysis for intelli-
gence. Our analysis reported that to enlarge the CI of our meta-
analysis association estimate such that it would overlap zero, a
new or unpublished study would have to report 0.69 (95% CI:
−3:82, 5.20) increased IQ points per 10-fold increase in (in
other words, times 10) PBDE exposure (Figure S2a). We judged
the unpublished existence of a well-conducted study with such a
result to be unlikely, given that this association estimate was in
the opposite direction of all the other studies (including the four
prospective cohort studies included in our meta-analysis) and
would indicate that an increase in PBDE exposure would be
associated with an increase in IQ, which we thought, based on
current human and animal evidence, to be highly unlikely.
Further, this central estimate (0.69) represents an association
3.38 IQ points [per 10-fold increase (in other words, times 10)
in PBDE exposure] higher than the smallest association estimate
reported by studies included in our meta-analysis [−2:69 from
Herbstman et al. (2010)], and we judged it to be unlikely that an
unpublished study would report such a finding.


Table 4. Human studies included in the meta-analysis of developmental exposure to PBDEs and IQ in children.


Study reference Study population details Meta-analysis estimate [95% CI] Relevant details


Herbstman et al.
2010


New York (urban) −2:69 (95% CI: −9:28, 3.89) BDE-47 measured in cord blood at birth.
FSIQ assessed for 96 children at 6 y.
Adjusted for age at testing, race/ethnicity,
IQ of mother, sex of child, gestational age
at birth, maternal age, environmental
tobacco smoke exposure, maternal educa-
tion, material hardship, breastfeeding, lan-
guage and location of interview.


Maternal high school completion rate:
81.5%


Estimate from publication was −1:17 (95%
CI: −4:03, 1.69), from Table 3: change in
FSIQ per ln-unit increase. We converted
from natural log to log 10 by multiplying
by a factor of ln (10).


Race/ethnicity: 40.4% white, 28.0%
Chinese, 6.4% Asian (non-Chinese), 15.2%
Black, 10.0% Other


Gascon et al. 2011 Spain (small island population) −3:10 (95% CI: −17:63, 11.43) BDE-47 in cord blood at birth. McCarthy
Scales of Children’s Abilities (total cogni-
tive score) assessed for 78 children at 48
months. Adjusted for sex, age of the child,
preterm, evaluating psychologist, maternal
age, social class, education, parity, smok-
ing during pregnancy, alcohol consump-
tion, prepregnancy BMI.


Maternal secondary school completion rate:
41.6%


Estimate from publication was −1:4 (95%
CI: −9:2, 6.5), from Table 4: regression
estimate comparing “exposed” group
(>LOQ) with “referent” group (<LOQ),
LOQ=0:002 ng=mL. Study authors pro-
vided additional data re-analyzing with
continuous linear regression using log10-
transformed exposures.


Race/ethnicity: not reported


Eskenazi et al.
2013


California (rural/agricultural) −3:80 (95% CI: −8:30, 0.70) BDE-47 measured in maternal serum during
pregnancy or at delivery. FSIQ assessed
for 231 children at 7 y. Adjusted for child’s
age, sex, HOME Inventory at 6-months
visit, language of assessment, and maternal
y living in United States before giving
birth.


Maternal high school completion rate:
20.5%


From publication, Table S6


Race/ethnicity: “predominantly Mexican-
American”


Chen et al. 2014 Ohio (urban) −4:17 (95% CI: −8:91, 0.56) BDE-47 measured in maternal serum during
gestation. FSIQ assessed in 190 children at
5 y. Adjusted for maternal age at enroll-
ment, race, education, marital status,
maternal serum cotinine concentrations at
enrollment, maternal IQ, child sex, mater-
nal depression, household income, and
HOME inventory.


Maternal high school completion rate:
>77%


From publication, Table S5


Race/ethnicity: 67% non-Hispanic white


Note: FSIQ, Full Scale Intelligence Quotient; HOME, Health Outcomes and Measures of the Environment.
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To shift our meta-analysis to have an overall association esti-
mate of zero would require a new study reporting an estimate of
12.0 (95% CI: 7.49, 16.51) increased IQ points per 10-fold
increase (in other words, times 10) in PBDE exposure (Figure
S1). We concluded this to be highly unlikely, and as such, collec-
tively, these results increased confidence in our final rating of
“sufficient” evidence that PBDE exposure diminishes intelligence
even if the potential for publication bias could not be entirely
ruled out.


Studies of ADHD and Attention-Related Behaviors
Eight of nine studies that evaluated ADHD and attention-related
behaviors were prospective birth cohorts; the remaining study
(Gump et al. 2014) was a cross-sectional study that we decided
met our inclusion criteria because exposure was assessed a week
prior to evaluating the outcomes. Assessments of ADHD and
attention-related behaviors included Behavior Assessment
System for Children (BASC) (Adgent et al. 2014; Chen et al.
2014; Eskenazi et al. 2013; Sagiv et al. 2015), CADS (Eskenazi
et al. 2013; Sagiv et al. 2015), CBCL (Cowell et al. 2015;
Eskenazi et al. 2013; Roze et al. 2009), Conners’ Continuous
Performance Test (CPT) (Sagiv et al. 2015), DSM of Mental
Disorders (Gascon et al. 2011; Sagiv et al. 2015), Infant-Toddler
Social and Emotional Assessment (ITSEA) (Hoffman et al.
2012), Kiddie Continuous Performance Test (K-CPT) (Eskenazi
et al. 2013), parental ADHD questionnaire (Roze et al. 2009), or
Parental SDQ (Gump et al. 2014) at a wide range of ages (2–11


y). Studies measured PBDE exposure in maternal serum or cord
blood (n=3), both maternal and child blood/serum (n=3), child
whole blood (n=1), or breast milk (n=2).


We rated most risk-of-bias domains as “low” or “probably
low” across all nine studies of ADHD and attention-related be-
havioral conditions (Figure 2b and Tables S4–S18). The most
prevalent instances of “high” or “probably high” ratings in the
body of evidence were for confounding and/or incomplete out-
come reporting (Adgent et al. 2014; Cowell et al. 2015; Gump
et al. 2014; Roze et al. 2009). For example, Roze et al. (2009)
received a “high” risk-of-bias rating for incomplete outcome data
because they reported only statistically significant results,
whereas Cowell et al. (2015) received a “probably high” rating
for this domain because reviewers had concern about missing
outcome data that could not definitively be ruled out as related to
participant’s exposure levels. Roze et al. (2009) also received
“probably high” ratings for the blinding domain because the
authors did not discuss blinding of outcome assessor to the expo-
sure of participants. Roze et al. (2009), Gump et al. (2014), and
Adgent et al. (2014) received “high” or “probably high” risk-of-
bias ratings for the confounding domain because they did not
adjust for all the important confounders that we determined
beforehand, and in particular lacked adjustment for maternal
characteristics (maternal age, education, marital status, exposure
to alcohol/smoking during pregnancy, etc.). Furthermore, Gump
et al. (2014) received a “high” rating for the “Other” category
because PBDE exposures were measured the week prior to
assessing ADHD outcomes, technically satisfying our inclusion
criteria of assessing exposures prior to outcome but raising some
concerns regarding whether the exposure truly preceded the
outcome.


Meta-analyses were not feasible because there were not
enough combinable studies. We assessed association estimates
related to ADHD outcomes (BASC-2, CADS, CBCL, DSM-IV,
K-CPT) by evaluating linear regression estimates from the fully
adjusted models for lipid-adjusted BDE-47 exposures measured
in cord blood, maternal serum, or breastmilk when available and
dichotomous/categorical/correlation estimates when continuous
estimates were not available (Table 6). We saw positive associa-
tions between PBDE exposures and ADHD or attention-related
behavioral effects generally, although data were limited and CIs
generally overlapped the null (Table 6). We agreed that the possi-
bility of publication bias could not be confidently eliminated, as
there were not enough studies to combine in a meta-analysis (and
thus quantify the size of the association estimate needed to
change our confidence in the meta-analysis estimate, as above for
IQ) or to perform a formal statistical analysis for publication
bias. However, we identified findings from the gray literature
through our comprehensive search, and many studies reported
findings that were not statistically significant. As such, we judged
that there was insufficient evidence to warrant downgrading the
body of evidence for publication bias.


The overall strength of the evidence was “limited” for the out-
come of ADHD and attention-related behaviors (Table 1b) based
on: 1) “moderate” quality of the body of evidence; 2) direction of
the effect, i.e., evidence of an increasing adverse effect with
increasing exposure to PBDEs existed, but it was not consistent
over all studies; and 3) confidence in the effect (multiple well-
conducted studies). Generally, given the limitations of the body
of evidence, overall chance, bias, and confounding could not be
ruled out with reasonable confidence.


Discussion
Understanding what puts children at risk for neurological disor-
ders is critical to preventing harm. To our knowledge, this study


Figure 3.Meta-analysis of human studies (n=4 studies, 595 children) for
PBDE exposure (represented as congener BDE-47, lipid-adjusted) measured
in cord blood or maternal serum during gestation or at birth for IQ outcome
(FSIQ or McCarthy Scale) assessed in children between 48–84 months:
reported effect estimates [95% confidence interval (CI)] from individual
studies (inverse-variance weighted, represented by size of rectangle) and
overall pooled estimate from random effects (RE) model per 10-fold increase
(in other words, times 10) in PBDE exposure. Heterogeneity statistics:
Cochran’s Q=0:1367; p=0:99; I2 = 0%. Estimates were adjusted as fol-
lows: Herbstman et al. 2010: age at testing, race/ethnicity, IQ of mother, sex
of child, gestational age at birth, maternal age, environmental tobacco smoke
exposure, maternal education, material hardship, breastfeeding, language and
location of interview; Gascon et al. 2011: sex, age of the child, preterm,
evaluating psychologist, maternal age, social class, education, parity, smok-
ing during pregnancy, alcohol consumption, prepregnancy BMI; Eskenazi et
al. 2013: child’s age, sex, HOME score at 6-months visit, language of
assessment, and maternal years living in United States before giving birth;
Chen et al. 2014: maternal age at enrollment, race, education, marital sta-
tus, maternal serum cotinine concentrations at enrollment, maternal IQ,
child sex, maternal depression, household income, and HOME (Home
Observation for Measurement of the Environment) inventory.
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was the first systematic review and meta-analysis of developmen-
tal exposure to PBDEs. Our review found “sufficient evidence of
toxicity” based on diminished intelligence associated with
increased exposure to PBDEs, and “limited evidence of toxicity”
based on increases in ADHD and attention-related behaviors with
increased exposure to PBDEs. We identified nine reviews of this
topic published between 2003 and 2016 (Berghuis et al. 2015;
Brandt 2012; Chao et al. 2014; De Cock et al. 2012; Kim et al.
2014; Muir 2003; Pinson et al. 2016; Roth and Wilks 2014;
Vrijheid et al. 2016), none of which conducted a meta-analysis or
consistently applied all nine components of a systematic literature
review as described in the Literature Review Appraisal Toolkit
(LRAT), a tool derived from a number of standard practice
appraisals of the methodological quality of the literature reviews
conducted in the medical sciences (see http://policyfromscience.
com/lrat/) (Ades et al. 2012; Garg et al. 2008; Higgins and Green
2011; Moher et al. 2009; Mulrow 1987; Oxman et al. 1994;
Schulz et al. 2010; Shea et al. 2007). Broadly, our results that
PBDEs are associated with adverse neurodevelopment (either
directly or indirectly, e.g, as a thyroid hormone disruptor), were
generally consistent with the findings of all but one of the nine
reviews (Roth and Wilks 2014). That review concluded that the
available evidence “raises questions” but does not “support a
strong causal association” between PBDEs and adverse neurode-
velopmental and neurobehavioral outcomes in infants and chil-
dren (Roth and Wilks 2014). The authors of that study also did
not specify a definition of “strong causal association,” so it is not
possible to directly compare their findings with the findings from
our review. Possible explanations for the different conclusions
are that we performed a meta-analysis, which strengthened our
capacity to detect an association beyond individual study findings
or that Roth and Wilks (2014) did not include the Chen et al.
(2014) study that was included in our review (Chen et al. 2014).


We found an association of 3.7-point reduction in IQ per
10-fold increase (in other words, times 10) in PBDE exposure
when combining results from four prospective birth cohort
studies investigating PBDE exposures within the range
<LOD–761 ng=g lipid. In comparison, for the well-studied
adverse effects of lead on IQ, it has been estimated in a pooled
analysis of 1,333 children participating in seven international
population-based longitudinal cohort studies followed from
birth or infancy until 5–10 y of age that there is a 7-point
reduction in IQ per approximately 10-fold increase (in other
words, times 10) in child blood lead levels (6.9-point decre-
ment in IQ associated with blood lead level increase from 2.4


to 30 lg=dL) (Lanphear et al. 2005). Even mild decrements in
individual IQ can result in serious consequences at the societal
level (Bellinger 2012), and as such, these neurological health
effects are of great concern to public health. These results
underscore the importance of strengthening efforts to prevent
the widespread entry of potential neurotoxicants into the envi-
ronment and to remove PBDEs and other toxic industrial chem-
icals that have become ubiquitous in our environment.
Although public health efforts to reduce lead exposures in the
U.S. have significantly reduced childhood blood lead levels
(Needleman and Gee 2013), strong policies and regulations are
still needed to eliminate lead exposures that persist in commun-
ities (Bellinger 2016) and in workplaces (Hipkins et al. 2004)
and to reduce other environmental chemical exposures also
associated with adverse neurodevelopmental risks (Bennett
et al. 2016).


Preventing the entry of toxic environmental chemicals into
the marketplace is critical: Once chemicals are released into com-
merce, exposures can persist long after the chemicals have been
“recalled.” Since 2003, several restrictions, phase-outs, and bans
on PBDEs have been implemented in the U.S., Canada, and
the European Union, reducing use of PBDEs (CDC 2013;
Environment Canada 2015; Council of the European Union,
European Parliament 2003; U.S. EPA 2014). However, human
exposure to PBDEs remains ongoing and widespread because
PBDEs were in commerce for over 40 y, and they persist in the
environment (Besis and Samara 2012; Fromme et al. 2016; Hites
2004; Law et al. 2008; Sjodin et al. 2008). Notably, PBDEs were
introduced as a substitute for polybrominated biphenyls (PBBs),
compounds that had been banned (Birnbaum and Staskal 2004),
also underscoring the need for policies that can ensure that
“safer” substitutes are less toxic than the replacement chemicals.


A key challenge to our review was that many of the included
studies were not combinable in a meta-analysis. Included ADHD
studies generally reported association estimates on different
scales or based on categories of exposures using different ranges,
or they evaluated the health outcome at different life stages and
with different assessment tools, leading us to conclude the data
were too heterogeneous to be combined. Thus, we found limited
evidence to determine whether there is a consistent relationship
between PBDEs and ADHD. Due to differences in the timing and
nature of exposure and outcome assessment, many of the intelli-
gence studies also were not combinable in the meta-analysis.
Having additional studies would have increased our statistical
power and the precision of our association estimate.


Table 5. Reported association estimates for BSID outcome and 95% confidence interval (CI) or p-value, as available from individual studies.


Study reference n
Child age at
assessment Exposure/matrix Association measure


Association estimate (95% CI)
(or p-value) & data source


Chen et al. 2014 220 36 months Lipid-adjusted BDE-47
in maternal serum


Adjusted beta (log10) 0.58 (−4:37, 5.53)
Negative estimate indicates
higher exposures associated
with poorer outcomes


Supplemental Material,
Table S2


Gascon et al. 2012 290 12–18 months Lipid-adjusted BDE-47
in maternal colostrum


−2:81 (−6:66, 1.06)
Table 3a


Herbstman et al. 2010 114 36 months Lipid-adjusted BDE-47
in cord blood


−2:42 (−7:71, 2.90)
Table 3a


Chao et al. 2011 70 8–12 months Lipid-adjusted BDE-47
in breastmilk


Spearman rho correlation 0.065 (0.591)
Positive estimate indicates
high exposures associated
with poorer outcomes


Table 3


Shy et al. 2011 36 8–12 months Lipid-adjusted BDE-47
in cord blood


Adjusted odds ratio 1.04
Estimate >1 indicates high
exposures associated with
poorer outcomes


Table 4b


aAssociation estimates were originally reported on natural log scale; estimates were transformed to base 10 scale by multiplying by ln(10).
b95% CI not reported; p-value not reported but authors noted p>0:05.


Environmental Health Perspectives 086001-15



http://policyfromscience.com/lrat/

http://policyfromscience.com/lrat/





The four studies combinable in a meta-analysis were selected
based on similarities in study design, timing of exposure and out-
come measurement, and intelligence assessment method, but
other aspects of these studies may have differed and could have
impacted study comparability. For instance, studies did not all
adjust for the same confounding variables, which could poten-
tially influence the comparability of association estimates across
studies. However, each of the studies in the meta-analysis was
rated as having either “low” or “probably low” risk of bias for
confounding, as each study adjusted for all or nearly all of the


key confounders identified in our protocol. Thus, we considered
differences across studies in the confounders that were adjusted
for to be minor and unlikely to have influenced the meta-analysis
findings. Reviewed studies also showed heterogeneity in the
assessment age, exposure matrix, and assessment tool used in
studies to derive the summary estimate of association in the
meta-analysis. However, we selected association estimates from
studies assessing children at similar ages using similar assess-
ment tools for intelligence and utilized lipid-adjusted measures
that could be combined even in measured in different exposure


Table 6. Reported association estimates for ADHD outcome and 95% CI or p-value, as available from individual studies.


Study reference n Assessment (child age) Exposure and matrix
Association measure and


interpretation


Association estimate (95% CI)
(or p-value), data source,


confounders


Chen et al. 2014 183 BASC-2, Hyperactivity
(5 y)


Lipid-adjusted BDE-47
in maternal serum


Adjusted beta (log10) 3.29 (0.3, 6.27)
Positive estimate indicates
higher exposures associated
with nonoptimal behavior


Plotted in Figure 2 in manuscript;
authors provided data


Adjusted for maternal age at
enrollment, race, education,
marital status, maternal serum
cotinine concentrations at
enrollment, maternal IQ, child
sex, maternal depression,
household income, HOME
inventory


Adgent et al. 2014 192 BASC-2, Hyperactivity
(3 y)


Lipid-adjusted BDE-47
in breastmilk


0.3 (−2:7, 3.3)
Table S1
Adjusted for sex, parity, maternal
education, maternal race,
breastfeeding duration, income
maternal age, fatty acids, and
fatty acid analysis batch


BASC-2, Attention
(3 y)


−0:9 (−3:9, 2.2)
Table S1
Adjusted for same confounders
as above


Roze et al. 2009 60 CBCL, Attention sustained
(5–6 y)


Lipid-adjusted BDE-47
in maternal serum


Adjusted correlation
coefficient


−0:264 (p<0:05)
Table 4


Negative estimate indicates
higher exposures associated
with poorer outcomes


Adjusted for: socioeconomic
status, HOME inventory score,
child sex


Eskenazi et al.
2013


233 K-CPT, ADHD Conf.
Index (5 y)


Lipid-adjusted BDE-47
in maternal serum


Adjusted odds ratio (log10) 6.2 (1.1, 11.4)
Estimate>1 indicates higher
exposures associated with
poorer outcomes


Table S6
Adjusted for child age, at
assessment, sex, maternal
education, number of children
in the home, psychometrician


266 Maternal-reported CADS,
ADHD Index (7 y)


2.6 (0.4, 4.8)
Table S6
Adjusted for same confounders
as above


266 Maternal-Reported CADS,
DSM-IV ADHD
(7 y)


2.2 (0.0, 4.5)
Table S6
Adjusted for same confounders
as above


Gascon et al. 2011 77 Teacher-Reported ADHD
DSM-IV (4 y)


Lipid-adjusted BDE-47
in cord blood


Adjusted relative risk 0.4 (0.1, 1.7)
Estimate>1 indicates higher
exposures associated with
poorer outcomes


Table 4
Adjusted for sex, age of child,
preterm, maternal age, prepreg-
nancy BMI, fish consumption,
duration of breastfeeding


Cowell et al. 2015 107 CBCL (6 y) Lipid-adjusted BDE-47
in cord blood


Adjusted incidence rate ratio 0.91 (0.75, 1.10)
Table 2Estimate>1 indicates higher


exposures associated with
poorer outcomes


Adjusted for age at exam, sex,
ethnicity, environmental
tobacco smoke, maternal intelli-
gence, maternal age, marital sta-
tus, maternal demoralization at
exam


Note: ADHD, attention deficit hyperactivity disorder; BASC, Behavior Assessment System for Children; CADS, Conners’ ADHD virgule DSM-IV Scales; CBCL, Child Behavior
Checklist; CI, confidence interval; DSM, Diagnostic and Statistical Manual of Mental Disorders; HOME, Health Outcomes and Measures of the Environment; K-CPT, Kiddie
Continuous Performance Test.
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matrices and therefore concluded that this heterogeneity was
anticipated to be minimal and that scientific rationale existed for
combining these estimates. Furthermore, there was minimal sta-
tistical heterogeneity, supporting the appropriateness of combin-
ing these studies in a meta-analysis.


The inability to combine studies in a meta-analysis due to
lack of reporting in published studies is a challenge for system-
atic reviews in environmental health. The meta-analysis reported
for IQ would not have been possible without the cooperation of
study authors and their willingness and ability to provide addi-
tional data and information. To advance the capacity to conduct
robust systematic reviews in environmental health, key data
should be requested by journals when manuscripts are submitted
for publication. Several high-impact journals have adopted check-
lists for the reporting of elements necessary to describe studies
comprehensively and transparently, such as the ARRIVE guide-
lines for experimental animal studies (http://www.nc3rs.org.uk/
ARRIVE/) (Kilkenny et al. 2010) or Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines
for strengthening the reporting of observational human studies
(http://www.strobe-statement.org/) (von Elm et al. 2008), which
can help to ensure that these details are available for incorporation
into future reviews.


Conclusion
We found an association of PBDEs with decrements on IQ [3.7-
point reduction in IQ per 10-fold increase (in other words, times
10) in PBDE exposure] and concluded that there was “sufficient”
evidence supporting an association between developmental
PBDE exposure and IQ reduction. Our findings suggest that pre-
venting exposure to PBDEs could help prevent loss of human
intelligence and, potentially, prevent other neurodevelopmental
disorders in children.
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Sent: Tuesday, July 19, 2022 12:39 PM
To: Fisher-Owens, Susan <Susan.Fisher-Owens@ucsf.edu>; Liu, Honghu, Ph.D.
<hhliu@dentistry.ucla.edu>; Moss, Mark Eric <MOSSM17@ECU.EDU>
Subject: RE: PEDIATRICS/2022/058047 - Manuscript Decision
 
Susan, Thanks for the insight.⁠‌ I reached out to Luisa Borrell, Associate Editor of AJPH.⁠‌ She didn’t think AJPH is a good fit – “However, if you look at systematic review in AJPH they are mostly published as part of a Special Issue or supplement.⁠ ‌”
ZjQcmQRYFpfptBannerStart

ZjQcmQRYFpfptBannerEnd

Susan,
 
Thanks for the insight. I reached out to Luisa Borrell, Associate Editor of AJPH. She didn’t think
AJPH is a good fit – “However, if you look at systematic review in AJPH they are mostly
published as part of a Special Issue or supplement.”
 
She encouraged us to submit the manuscript to Community Dentistry and Oral Epidemiology,
a popular journal worldwide. She is also an associate editor of this journal. If we can get it
published in this journal, you can write an op-ed.
 
CDOE accepts free formatting. We can submit the manuscript as is, and the journal will
reformat it.
 

From: Fisher-Owens, Susan <Susan.Fisher-Owens@ucsf.edu> 
Sent: Tuesday, July 19, 2022 9:25 AM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>; Liu, Honghu, Ph.D.
<hhliu@dentistry.ucla.edu>; Moss, Mark Eric <MOSSM17@ECU.EDU>
Subject: RE: PEDIATRICS/2022/058047 - Manuscript Decision
 
Hi, This is disappointing, but not unsurmountable. Jay had asked me earlier about other pediatrics journals. For the US, I would say JAMA Peds (IF 26.8) or Ambulatory Pediatrics ( “a peer-reviewed publication whose purpose is to strengthen
ZjQcmQRYFpfptBannerStart

ZjQcmQRYFpfptBannerEnd

Hi,
 
This is disappointing, but not unsurmountable.
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This Message Is From an External Sender
This message came from outside your organization.

This Message Is From an External Sender
This message came from outside your organization.

     Report Suspicious    ‌

Jay had asked me earlier about other pediatrics journals.  For the US, I would say JAMA Peds (IF 26.8)
or Ambulatory Pediatrics ( “a peer-reviewed publication whose purpose is to strengthen
the research and educational base of academic general pediatrics”; IF 3.107).  The
former has a higher IF (even than AJPH), but it is more “sciency”.  The latter is a better fit but lower
IF.
 
Still, I think AJPH will get to more readers in PH, and I can do op-ed pieces in the Peds “throwaways”,
which still a lot of people read to get the headlines.
 
Here’s the link to formatting for  AJPH: https://ajph.aphapublications.org/page/authors.html
 
Susan

From: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov> 
Sent: Monday, July 18, 2022 12:55 PM
To: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu>; Moss, Mark Eric <MOSSM17@ECU.EDU>; Fisher-
Owens, Susan <Susan.Fisher-Owens@ucsf.edu>
Subject: RE: PEDIATRICS/2022/058047 - Manuscript Decision
 
In preparation for submission to APHA, I had reached out to former editor Mary Northridge.⁠‌ She was very supportive.⁠‌ I will reach out to Luisa N.⁠‌ Borrell, DDS, PhD, City University of New York, Graduate School of Public Health, NY.⁠‌ She is an
ZjQcmQRYFpfptBannerStart

ZjQcmQRYFpfptBannerEnd

In preparation for submission to APHA, I had reached out to former editor Mary Northridge.
She was very supportive.  
 
I will reach out to Luisa N. Borrell, DDS, PhD, City University of New York, Graduate School of
Public Health, NY. She is an associate editor. She is a former resident of our program.
 
Jay
 

From: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu> 
Sent: Monday, July 18, 2022 9:07 AM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>; Moss, Mark Eric
<MOSSM17@ECU.EDU>; Susan.Fisher-Owens@ucsf.edu
Subject: Re: PEDIATRICS/2022/058047 - Manuscript Decision
 
This a disappointing but happens a lot in journal review process... Both APHA and Lancet are good (and competitive). Although it seems APHA fits better, I am fine either one. H From: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov> ‌ ‌ ‌
ZjQcmQRYFpfptBannerStart

ZjQcmQRYFpfptBannerEnd

This a disappointing but happens a lot in journal review process...
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From: Liu, Honghu, Ph.D.
To: Kumar, Jayanth@CDPH
Cc: Moss, Mark Eric
Subject: Re: Fluoride-IQ manuscript
Date: Monday, March 7, 2022 12:18:57 PM

EXTERNAL EMAIL. Links/attachments may not be safe. To report suspicious emails,
click “Report Phish” button.

I have the similar feeling---if we do identify one, it will be preliminary with exploratory nature
as we do not have enough data from rigorously designed trials.
Best,
H
  

From: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Sent: Monday, March 7, 2022 11:49 AM
To: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu>
Cc: Moss, Mark Eric <MOSSM17@ECU.EDU>
Subject: RE: Fluoride-IQ manuscript
 
CAUTION - EXTERNAL EMAIL: Do not click links or open attachments unless you recognize the sender.

Grandjean calaculated a dose. According to him, there is no safe dose. But he did not consider the
Ibarluzea study from Spain. The NAS committee wanted NTP to focus on hazard identification. Based
on the unsophisticated quality of the studies, they were skeptical of a dose-response analysis. But
one explanation for the heterogeneity in the effect size is dose.
 
From: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu> 
Sent: Monday, March 7, 2022 11:10 AM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Cc: Moss, Mark Eric <MOSSM17@ECU.EDU>
Subject: Re: Fluoride-IQ manuscript
 
EXTERNAL EMAIL. Links/attachments may not be safe. To report suspicious emails,
click “Report Phish” button.
 
Hi Jay,
Yes, I agree that using 9 studies will be consistent with our notion of examining low/normal F
level (and the results are in favor of our hypothesis--we can show both the non-linear
modeling with restricted cubic spline and the linear approximation). 
Zhang Shun is indeed an outlier (it provides among the worst point estimates against our
hypothesis with IQ=102 when F is high, but IQ=109 when F is low); given his F high=1.4 and F
low=0.63, we will still include his study in analyses; the good thing is his data is not strong
enough to turn the hypothesis testing around.
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We are in very good shape for the analyses and results for F dosage of low/normal. 
 
I am now working on the next part of the analyses---trying to identify a threshold, if all
possible. Given the heterogeneity of the studies available to use and the limited quality for
quite some of them, this will be challenging.  I think that if we do can identify one, it will
unlikely be exactly 1.5 mg/L---it will be somewhere around 1.5.  I will let you know the results.
 
I will do my best to join on Wed.
 
Have a nice and safe trip. 
Best,
Honghu

From: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Sent: Monday, March 7, 2022 5:29 AM
To: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu>
Cc: Moss, Mark Eric <MOSSM17@ECU.EDU>
Subject: RE: Fluoride-IQ manuscript
 
CAUTION - EXTERNAL EMAIL:Do not click links or open attachments unless you recognize the sender.
Honghue,
 
I agree with Mark. This is excellent work. Overall, all the models below 1.5 mg/L are not significant. It
makes sense to use 9 studies from non-endemic areas. Figures 2 (SMD- 2. Meta-analysis (linear) --
see Meta_lr_N9.png Wald test: p-value = 0.87); and 3 Absolute IQ (restricted cubic spline) -- see
StdIQ_N9.png (Standardized score).
 
This aligns with our SMD analysis (Normal to lower). Zhang Shun (2015) is an outlier. It changes the
heterogeneity from 0% to 69%.
 
I will send the Zoom link. If possible, please attend.
 
Jay
 
From: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu> 
Sent: Saturday, March 5, 2022 8:45 PM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Cc: Moss, Mark Eric <MOSSM17@ECU.EDU>
Subject: Re: Fluoride-IQ manuscript
 
EXTERNAL EMAIL. Links/attachments may not be safe. To report suspicious emails,
click “Report Phish” button.
 
hi Jay, 
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Here are the summarized results. I put them in the attached word file for your convenience.
Let me explain how the analyses were done and their implication here below in the email. 
  
(I) low/normal F dosage modeling with the selected 13 studies.  
First, let’s look at the 13 studies you recommended with Diff in F dosage no more than 1.5
mg/L. Here are a few issues I like to mention: 
 
(1) Among the 13 studies, Xu 2020 used very high IQ value >120 which is significantly higher
than most, if not all, other studies so we did analyses with (N=13) and without (N=12) Xu 2020
in the analyses; Also, to evaluate the relationship between absolute F dosage and IQ level, we
also looked at the sub-set of studies that have absolute F dosage <1.5mg/L (N=9 studies).
Thus, we have analyses results for N=12, 9, and 13 studies, all having Diff in F dosage no more
than 1.5 mg/L. 
 
(2) We have done both non-linear modeling with restricted cubic spline (RCS) and linear
modeling (piece-wide modeling when necessary) for both SMD IQ and absolute IQ,
recognizing that for modeling with absolute values, the two data points within a study are not
completely independent, even though the estimates were calculated by different subjects.
However, all point estimates of IQ are valid, and the potential non-independence could only
lead to an over-estimate of significance to some degree which is not a problem for us here
since we are seeking for non-significant impact of F dosage on IQ when F dosage is low/normal
(if we do not see significant result with our analyses, it will be even more non-significant, if the
data were completely independent.) 
 
(3) For non-linear modeling with RCS, the parameter estimates from regular non-linear
modeling with RCS (e.g., using R programming language) are relatively more detail and easier
to interpreter than parameter estimates provided from meta analyses with RCS procedure.  
 
For RCS through regular non-linear modeling, the number of cubic terms will equal to the
number of knots one selects with two ends being restricted to linear (that is why it is called
RCS). The R package generates a truncated power basis for a RCS, which means, the spline is
the linear addition of the basis functions across the entire domain. For example, with the
spline with absolute IQ and 12 studies (N=12, see page 3 of the word file), each term is called
a basis function and together they make up the estimated restricted cubic spline function.
There are four cubic terms, in which the values 0.15, 0.63, 1.02, 1.5 are the four knots we
specified. Also in the above function, notice that 
- when F < 0.15, the fitted function is 98.9959 - 12.38035*Dose 
- when F = 1.5, the sum of the coefficients of cubic terms is 14.35524-33.42762+20.21344-
1.141062 = -2e-06, approximately equals to zero. So it will be 98.9959 - 12.38035*Dose again
as when F<0.15. This will be also true for the quadratic terms (if we expand the fitted model
and write out the quadratic terms, we will see this results). This confirms that two ends of the
spline are linear. See References about truncated power basis: 
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https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-019-0666-3 
https://bookdown.org/alecri/thesis/A-sec-rcs-app.html). 
 
For meta analyses for non-linear modeling with RCS, the outputs provided by the software procedure
are limited to some degree. For example, for fixed-effects coefficients, it only provides two summarized
parameters. These parameters are called regression coefficients for spline. They have some
mathematical relationship with the coefficients in the full formula/equation of spline results shown in the
regular RCS modeling above. Specifically, the first parameter rcs(dose, knots)dose is associated with
linear term in the full formula/equation, and the second parameter rcs(dose, knots)dose' is associated
with non-linear terms. Usually people don't interpret these parameters as  there is no detailed
descriptions available in the software package (even for regular RCS, we normally do not interpret much
of the parameter estimates themselves from RCS).  
 
(4) We have obtained p_values for both RCS and linear modeling. For linear modeling, the p-value is
simple and associated each line (for its slope; if piece-wide, one p-value for each piece of line); For non-
linear with RCS, the p-value is the significance testing result of overall modeling across the multiple
spline terms through Wald test that has a Chi-Square distribution. Looking through the p-values across
N=12, 9 and 13, we can see that all modeling results both from SMD and absolute IQ are non-significant
which support our hypothesis that when F dosage is in normal/low range, there is no significant impact
on IQ development among children.  
 
(5) Although not ideal/optimal, the modeling results of both SMD and absolute for F in the low/normal
range have each own merit and limitations. For SMD, it uses one summarized data point from each
study and standardized the difference in means, and shows the relation between the differences in F
dosages in high and low, and the SMD. However, unless we restrict the range of high F dosage to 1.5
mg/L (N=9), even the axis (diff in F) is limited to 1.5mg/L, it is the difference in F dosage between
high/low and a little hard to interpret in the context of low/normal range of F (e.g., a low diff in F
dosages doesn’t necessarily mean low F dosages were used in each arm, and so is true vice versa), since
we include studies that use F dosages beyond 1.5 mg/L. For absolute F dosage and IQ, it shows in a
straight and bare relationship between levels of F dosage and IQ levels, and easier to understand, but
there is a potential non-independent issue which we need to clarify. Although the trends of non-linear
curves between SMD (down trend) and absolute F dosage/IQ /F (convex-up) modeling are different,
they do not contradict each other, rather they reflect the different ways we use to describe the
relationship between F dosage levels and IQ levels. The good news is that no matter which way we
analyze the data, we do not see a significant fluctuation in levels of IQ when F dosage is in low/normal
range which clearly support our hypothesis----it is safe to drink fluoridated water when F dosage is in
low/normal range. 
 
(II) Low/normal and high F dosage modeling with more studies  

Second, although we do not have good data when F dosage is high (partially due to low quality of
studies in endemic areas with high F dosage), we have done analyses trying to identify a threshold (e.g.,
around 1.5 mg/L) in hope to see a non-significant fluctuation in IQ before the threshold and significant
drop in IQ after the threshold value. Since there is so much variation in IQ metric, F dosage, and study
conditions, the analyses are complicated. We have done two modeling with N=33 studies and N=32
studies with D. Mondal 2015 being excluded which we cannot standardize its IQ values. Although the
results are very sensitive to some single studies (e.g., the N=33 and N=32 piece-wide linear regression
results are quite different), the N=33 piece-wide linear regression show some promise (both linear line
have down-trend, but the results are opposite to what we hoped for: the line before the threshold of 1.5
mg/L is significant, but the line after the threshold is not significant). There still some more work for this
part. Although hard, we can test more models to try to identify a threshold that can lead to a non-
significant fluctuation in IQ before the threshold and a significant drop in IQ after the threshold.        
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I will also write out the statistical methods/approaches for these analyses and modeling. 
 
Questions, let me know. 
 
Best, 
Honghu   
 
                
 
 

From: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu>
Sent: Friday, March 4, 2022 4:44 PM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Cc: Moss, Mark Eric <MOSSM17@ECU.EDU>
Subject: Re: Fluoride-IQ manuscript
 
Hi Jay,
I am organizing and summarizing the model parameter estimates, significance testing, and the
smoothed figures using the 13 studies with different sub-sets. I should be able to send you the
summary tomorrow Saturday or Sunday.
Talk soon.
Best,
Honghu 

From: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Sent: Thursday, February 17, 2022 10:48 AM
To: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu>; Moss, Mark Eric <MOSSM17@ECU.EDU>
Subject: RE: Fluoride-IQ manuscript
 
CAUTION - EXTERNAL EMAIL:Do not click links or open attachments unless you recognize the sender.

Honghu,
 
I was able to find two more studies <1.5 mg/L range. I will check with Mark and send it you by
Monday.
 
Jay
 
From: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu> 
Sent: Sunday, February 13, 2022 1:16 PM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>; Moss, Mark Eric
<MOSSM17@ECU.EDU>
Subject: Re: Fluoride-IQ manuscript
 
EXTERNAL EMAIL. Links/attachments may not be safe. To report suspicious emails, click
“Report Phish” button.
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Agreed. Specific fitted non-linear models with parameter estimates, statistical tests, and p-
values, as well as smoothed figures for visual display will make the paper strong. 
Best,
H 
 

From: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Sent: Sunday, February 13, 2022 10:13 AM
To: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu>; Moss, Mark Eric <MOSSM17@ECU.EDU>
Subject: RE: Fluoride-IQ manuscript
 
CAUTION - EXTERNAL EMAIL:Do not click links or open attachments unless you recognize the sender.

Thanks. We need to include parameter estimates and test results.
 
From: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu> 
Sent: Saturday, February 12, 2022 1:53 PM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>; Moss, Mark Eric
<MOSSM17@ECU.EDU>
Subject: Re: Fluoride-IQ manuscript
 
EXTERNAL EMAIL. Links/attachments may not be safe. To report suspicious emails, click
“Report Phish” button.
 
Thanks, Jay, for the list of 10 studies.
 
I checked against my list (see first excel file that was sent to you last Wed 9:52pm and grouped
studies into Group 1, Group 1, Group 3) and your 10 listed studies are all in my list. I put group
affiliation in the first column in your excel file (second attached excel file) so you can see (G1
(Group 1) or G2 (Group 2)) . I might have used a slightly different calculated F dose for Xu
2020, but will check and re-fit models.
 
I have thought through more this morning. I will explore further modeling. For example, in
addition to the normal range (around <1.5mg/L) modeling, I will try to come up with a
parametric test, if possible, to show its fluctuation in IQ is not significant, when F dose is
within range of low/normal; Since for high F dose, the quality of studies are not comparable
with those with normal/range range, I will try to fit them separately; if possible to come up
with another parametric test.
 
It will be solid/strong and we will get there.
 
Best,
Honghu    
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From: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Sent: Saturday, February 12, 2022 9:51 AM
To: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu>; Moss, Mark Eric <MOSSM17@ECU.EDU>
Subject: RE: Fluoride-IQ manuscript
 
CAUTION - EXTERNAL EMAIL:Do not click links or open attachments unless you recognize the sender.

I forgot to add the file.
 
From: Kumar, Jayanth@CDPH 
Sent: Saturday, February 12, 2022 9:50 AM
To: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu>; Moss, Mark Eric <MOSSM17@ECU.EDU>
Subject: RE: Fluoride-IQ manuscript
 
Honghu,
 
Thank you for that excellent presentation. Regarding more studies <1.5 F difference, I created
a separate sheet with 10 studies.

1. Xu 1994 has data comparing normal (control group) vs. low.
2. Bashah 2007. The authors provide the range of CUF (0.18 to 2.8). Then they provide the

25th and 75th percentile values (0.54, 1.01). I used these for lower and higher values.
3. Xu 2020 has average CUF. The difference is 1.19.

 
 
 
From: Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu> 
Sent: Wednesday, February 9, 2022 9:52 PM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>; Moss, Mark Eric
<MOSSM17@ECU.EDU>
Subject: Re: Fluoride-IQ manuscript
 
EXTERNAL EMAIL. Links/attachments may not be safe. To report suspicious emails, click
“Report Phish” button.
 
Hi Jay, 
 
I summarize here the nonlinear modeling with restricted cubic spline results examining the
relationship between fluoride dosage and IQ level through meta-analyses using SMD and
through our own meta-analyses with regular spline procedure using observed IQ scores under
varying conditions of weighted/unweighted for precisions, standardize/non-standardized IQ,
absolute/difference in F dose on x-axis, etc. 
 
First, the excel file summarizes the 7 studies we use in the current draft paper, and the 26
studies used in Duan’s paper, including the year of the study, country, and intelligence
assessment methods each one used. I divide all studies into Group 1-3: 
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- Group 1: the 7 studies in our draft 
- Group 2: studies from Duan's paper with F dosage<= 5.2  
- Group 3: studies from Duan's paper with F dosage > 5.2  
 

1. Standardization of the IQ score.  
One of the issues is to try to standardize the IQ scores, if possible, which has been challenging
due to limited information available, but we have tried and standardized for most of them
except two studies so far. 
 
We found that most of the IQ scales yield standard scores, i.e., 
    - Wechsler test: Mean = 100, SD = 15 
    - Stanford-Binet test: Mean = 100, SD = 16 
    - Catell test: Mean = 100, SD = 24 
    - McCarthy Scales of Children's Abilities: Mean = 100, SD = 16. 
 
Besides, the Raven test and Chinese standardized Raven test use the same methodology as the
Wechsler Intelligence Scale. 
So we converted IQ scores from other tests to the Wechsler test (Mean = 100, SD = 15):
NewIQ = ((OldIQ - 100) / OldTestSD) * 15 + 100. 
 
However, there are two studies we cannot standardize so far (still searching ways to do so): 

1. No.8 (Zhang JW et al.) used the Draw-a-Person test standardized by a Japanese
researcher. We couldn't find detailed information about this test.  

2. No.25 (D. Mondal et al.)  reported the raw Raven score. We need the corresponding
distribution in Wechsler scale for raw Raven score conversion, but it is not available. 

 
We are still looking, and hope can find a solution. 
 
(II)non-linear cubic spline results: the attached zipped file contains 14 fitted restricted cubic
spline models with figures: 

1. SMD_Meta figures. These 6 figures were fitted using R language meta nonlinear cubic
spline procedure with SMD or log SMD as the y-axis. The SMD_Meta 4, SMD_Meta 5,
and SMD_Spline yield pretty good results. 

2. AbsoluteIQ_Spline. These 3 figures were fitted with absolute IQ values (for each study,
the two arms contribute two data points in the figure). We can see that the Spline 2
which is weighted by precision of point estimates (the size of the circles is proportional
to the level of precision), gives quite good results.  

3. StandardizedIQ_Spline3. These 5 figures were fitted with standardized IQ using
Wechsler metric as the norm. The StandardizedIQ_All Data gives pretty good results
except ((i)an initial acute drop, (ii)two studies are not standardized yet.) 

 
You can tell which is which by checking the labels/legend/title of each figure, but I will walk
you through when we meet on Friday.  
 
It is very reasonable to hypothesize that the change in IQ with early low F dose is ignorable
(decrease/increase/near flat), and then it is possible to drop once the F dose exceeds certain
threshold. Our results are getting closer to support this, and some additional work is still
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needed to reach that conclusion. I have some ideas on the next step and will explain to you
when we meet. 
 
Regards, 
Honghu 
  
 
 

From: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Sent: Monday, February 7, 2022 3:12 PM
To: Moss, Mark Eric <MOSSM17@ECU.EDU>; Liu, Honghu, Ph.D. <hhliu@dentistry.ucla.edu>
Subject: Fluoride-IQ manuscript
 
CAUTION - EXTERNAL EMAIL:Do not click links or open attachments unless you recognize the sender.

Mark,
 
I am virtually introducing you to Dr. Honghu Liu, Professor of Statistics at UCLA. I scheduled a
Zoom meeting this Friday at 2 PM PST to discuss the population dose-response analysis to
explain the heterogeneity found in the SMD meta-analysis.
 
 
Honghu,
 
Please meet Mark Moss, DDS, PhD. Mark and I have coauthored many papers on fluoridation
and its health effects. In addition, we have worked together on the draft manuscript. Before
moving to California, we had developed the Fluoride Science website to educate and inform
dental and medical professionals.
 
Looking forward to the presentation.
 
Thanks.
 
Jay
 
Jayanth Kumar, DDS, MPH
State Dental Director
Office of Oral Health, Center for Healthy Communities
California Department of Public Health
 
 

UCLA HEALTH SCIENCES IMPORTANT WARNING: This email (and any attachments) is only intended
for the use of the person or entity to which it is addressed, and may contain information that is privileged
and confidential. You, the recipient, are obligated to maintain it in a safe, secure and confidential manner.
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Unauthorized redisclosure or failure to maintain confidentiality may subject you to federal and state
penalties. If you are not the intended recipient, please immediately notify us by return email, and delete
this message from your computer.
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From: Kumar, Jayanth@CDPH
To: Tim_Wright@unc.edu
Subject: FW: Decision on submission to The Journal of the American Dental Association
Date: Saturday, November 13, 2021 6:41:00 AM
Attachments: Ibarluzea.Spain F and IQ.pdf

Figures 2-3-4.docx

Tim,

I have revised the manuscript titled Meta-Analyses of Fluoride and Neurodevelopmental Hazards and am ready to submit it as soon as I
get departmental approval. Reviewers 1 and 2 criticized my manuscript as it did not include a maternal urinary F (MUF) and IQ meta-
analysis.  I was waiting for the new study from Spain to be published (attached). This study found that exposure to fluoride during
pregnancy increased IQ among boys.

With the availability of the data from this study, I was able to conduct a MUF-IQ meta-analysis (attached). This finding strengthens my
conclusions.

I hope my manuscript resubmission deadline will be extended.

Jay

Jayanth Kumar, DDS, MPH
State Dental Director
Office of Oral Health, Center for Healthy Communities
California Department of Public Health

-----Original Message-----
From: em.jada.0.762815.80afe753@editorialmanager.com <em.jada.0.762815.80afe753@editorialmanager.com> On Behalf Of The
Journal of the American Dental Association
Sent: Tuesday, September 21, 2021 4:59 PM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Subject: Decision on submission to The Journal of the American Dental Association

EXTERNAL EMAIL. Links/attachments may not be safe. To report suspicious emails, click “Report Phish” button.

Manuscript Number: JADA-D-21-00365
Meta-Analyses of Fluoride and Neurodevelopmental Hazards: No Adverse Effect on Children’s Intelligence at Lower Fluoride Exposure
Levels   

Dear Dr. Kumar,  
  
Thank you for submitting your manuscript to The Journal of the American Dental Association.   

I have completed my evaluation of your manuscript. The reviewers recommend reconsideration of your manuscript following major
revision. I invite you to resubmit your manuscript after addressing the comments below. Please resubmit your revised manuscript by Oct
21, 2021.   

When revising your manuscript, please consider all issues mentioned in the reviewers' comments carefully: please outline every change
made in response to their comments and provide suitable rebuttals for any comments not addressed. In your cover letter please outline
every change made in response to their comments and provide suitable rebuttals for any comments not addressed. In addition, make sure
your revised manuscript shows the changes by highlighting them or using track changes.  Please note that your revised submission may
need to be re-reviewed. To submit your revised manuscript, please log in as an author at
https://urldefense.com/v3/__https://www.editorialmanager.com/jada/__;!!AvL6XA!iaAU6NWj-
fQXLW8bSTASX342THBfdssFy17woaUSZC7oV0dE_pmW9qUVQYCanuezUXy34ek3$ , and navigate to the "Submissions Needing
Revision" folder.     

The Journal of the American Dental Association values your contribution and I look forward to receiving your revised manuscript. 

Kind regards,  

Tim Wright, DDS
Editor-in-Chief
The Journal of the American Dental Association    
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Prenatal exposure to fluoride and neuropsychological development in early 
childhood: 1-to 4 years old children 


Jesús Ibarluzea a,b,c,d, Mara Gallastegi d,*, Loreto Santa-Marina a,c,d, Ana Jiménez Zabala a,c,d, 
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A R T I C L E  I N F O   


Keywords: 
Fluoride 
Pregnancy 
Neuropsychological development 
Intelligence 
Children 


A B S T R A C T   


Background: Cross-sectional and prospective studies have provided evidence of the neurotoxic effect of early 
exposure to fluoride (F) in pregnancy. It has been negatively associated with cognitive development during 
childhood, with most research conducted in areas with high F levels in community drinking water (CDW). 
Method: Data from 316 to 248 mother-child pairs from the Infancia y Medio Ambiente (Childhood and Envi-
ronment, INMA) birth cohort project with maternal urinary F level adjusted for creatinine (MUFcr) measure-
ments in the first and third trimesters of pregnancy. Children’s cognitive domains and intelligence indexes were 
evaluated using the Bayley Scales (age of 1) and the McCarthy Scales (age of 4). Multiple linear regression 
analyses were carried out adjusting for a wide range of covariates related to the child, mother, family context and 
other potential neurotoxicants. 
Results: No association was found between MUFcr levels and Bayley Mental Development Index score. Never-
theless, regarding the McCarthy scales, it was found that per unit (mg/g) of MUFcr across the whole pregnancy, 
scores in boys were greater for the verbal, performance, numeric and memory domains (β = 13.86, CI 95%: 3.91, 
23.82), (β = 5.86, CI 95%: 0.32, 11.39), (β = 6.22, CI 95%: 0.65, 11.79) and (β = 11.63, CI 95%: 2.62, 20.63) 
respectively and for General Cognitive Index (β = 15.4, CI 95%: 6.32, 24.48). For girls there was not any 
cognitive score significantly associated with MUFcr, being the sex-F interactions significant (P interaction 
<0.05). Including other toxicants levels, quality of family context or deprivation index did not substantially 
change the results. 


Abbreviations: As, Arsenic; BSID, Bayley Scales of Infant Development; CI, Confidence interval; CDW, Community Drinking water; DW, drinking water; F, Fluoride; 
FCDW, Fluoridated community drinking water; GCI, General cognitive index; HES, Haezi-Etxadi Scale; Hg, Mercury; INMA, INfancia y Medio Ambiente -Environment 
and Childhood- Project; IQ, intelligence quotient; MDI, Mental development index; Mn, Manganese; MSCA, McCarthy Scales of Children’s Abilities; MUF, maternal 
urinary fluoride; MUFcr, maternal urinary Fluoride adjusted by creatinine; NFCDW, Non-Fluoridated community drinking water; Pb, Lead; SD, Standard deviation. 


* Corresponding author. Biodonostia, Environmental Epidemiology and Child Development Group, 20014, San Sebastian, Spain. 
E-mail address: m-gallastegibilbao@euskadi.eus (M. Gallastegi).  
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Conclusions: In boys, positive associations were observed between MUFcr and scores in cognitive domains at the 
age of 4. These findings are inconsistent with those from some previous studies and indicate the need for other 
population-based studies to confirm or overturn these results at low levels of F in CDW.   


1. Introduction 


Fluoride (F− ), the ionic form of the chemical element fluorine, is 
found in soil, air and water, especially in waters containing elements like 
sodium, potassium or chlorine that solubilize fluorine-bearing minerals, 
such as fluorite (Mondal et al., 2016). It is also intentionally added to 
toothpaste, salt, milk or drinking water in some areas where natural F 
content is low, as a public health measure for the prevention of dental 
caries. The addition of F to drinking water has been considered among 
the top-ten public health achievements of the 20th century, as it 
considerably decreased caries in children, especially those from a low 
social class (Jones et al., 2005; Khan et al., 2015). Nonetheless, given 
that oral hygiene has improved in the general population since the 
adoption of this measure, the decision to maintain community water 
fluoridation is controversial among public health practitioners, because 
of the possible health implications of high doses. Indeed, high F doses 
can induce dental or skeletal fluorosis (Bronckers et al., 2009; Indermitte 
et al., 2009; Liteplo, 2002). Other effects, such as a potential impact on 
neurodevelopment, need to be further investigated, especially in child 
populations. To date, animal models inform about moderate and small 
behavioral and developmental (learning and memory) effects (U.S. 
National Toxicology Program, 2016). 


Maternal F exposure during pregnancy may be relevant for children’s 
future neurodevelopment, given that the F can cross the placenta and 
penetrate the fetal blood-brain barrier (ASTDR (Agency for Toxic Sub-
stances and Disease Registry), 2003; Goasdoué et al., 2017), and then 
accumulate in cerebral tissues (Khan et al., 2015; Razdan et al., 2017). It 
is important to note that structural and functional changes in the central 
nervous system, specifically in the fetal period and during the first years 
of life, may lead to cognitive impairments (Choi et al., 2015). Most 
epidemiologic studies assessing neurodevelopmental effects have been 
ecological and cross-sectional and have estimated F exposure by 
measuring F concentration in drinking water and assessing water con-
sumption habits rather than measuring F in individuals (Aravind et al., 
2016; Choi et al., 2012; Grandjean, 2019; Khan et al., 2015; Razdan 
et al., 2017; Sebastian and Sunitha, 2015). The majority of these studies 
have been conducted in endemic areas, where a high F content in water 
(0.9–11.0 mg/L) occurs naturally, such as in Mexico, India, Iran and 
China. Systematic reviews conducted by Choi et al. (2012) and Grand-
jean (2019) concluded that the available research data points towards a 
possible adverse effect of high F exposure on children’s neuro-
development. Nonetheless, given that most of the studies available are 
based on intake of high vs low F in water, there is a clear need to carry 
out studies in non-endemic areas, for example, to obtain information 
about the safety of community water fluoridation. The range of F levels 
recommended in public drinking water by the World Health Organiza-
tion is: 0.7–1.2 mg/L (2004). Further, many of the aforementioned 
cross-sectional studies show no or poor control of potential confounders 
in the statistical analyses performed. 


New approaches, employing a prospective design, using mother and 
child cohorts, and individual biological measurements of F, provide data 
on early exposure during pregnancy, relevant to critical-phases of neu-
rodevelopment and information of a wide range of variables of interest. 
A Mexican birth cohort recruiting pregnant women in Jalisco, an area 
with endemic hydrofluorosis (2.6–3.7 mg/L), found a negative associ-
ation between cognitive development and maternal urinary fluoride 
(MUF) in samples collected during the three trimesters of pregnancy in 
children from 3 to 15 months of age (Valdez-Jiménez et al., 2017). A 
second study also from Mexico (Mexico City) in which F levels in com-
munity drinking water (CDW) were lower than in the former study 


(0.15–1.38 mg/L), but where the general population was also exposed to 
fluoridated salt, also showed an inverse association with cognitive 
function at 6 and 6–12 years of age (Bashash et al., 2017). A third lon-
gitudinal study included mother-child pairs living in communities sup-
plied with fluoridated water and others supplied with non-fluoridated 
water in six cities across Canada. In this case and in contrast to the 
Mexican studies, the inverse association was observed in boys but not in 
girls (Green et al., 2019). On the contrary, a recent Swedish retrospec-
tive cohort study did not found a negative association between F levels 
and cognitive ability measured at 18–20 years old men, from the na-
tional military conscription (Aggeborn and Oehman, 2021). Similarly, a 
New Zealand study, based on a birth cohort followed until the age of 38 
years, neither found significant association in IQ related to water fluo-
ridation levels (Broadbent et al., 2015). 


Other factors potentially influencing neuropsychological develop-
ment are the co-exposure to pollutants (from water or other environ-
mental sources) with neurotoxic effects during pregnancy. Specifically, 
sex-dependent adverse effects on neuropsychological outcomes related 
to early environmental exposure have been reported for other environ-
mental neurotoxicants (Gochfeld, 2017; Evans et al., 2014: Lertxundi 
et al., 2019) but are not routinely explored. Animal, ecological and 
cross-sectional studies have provided some evidence for an earlier and 
latter sexual maturation in females and males respectively related to F 
exposure (NRC , 2006; Liu et al., 2019). Besides, there is a paucity of 
information about sex-dependent neurocognitive effects which is 
inconsistent and mostly limited to ecological studies. Co-exposure to F 
and other toxic metalloids and metals from the same or different sources 
have recently been considered. For instance, co-exposure to F and 
arsenic (As) in water has generated great interest in recent epidemio-
logical research, although exposure to other co-pollutants such as lead 
(Pb) and mercury (Hg) has also been explored (Bashash et al., 2017; 
Green et al., 2019). 


A true negative fluoride-neurodevelopment association in children 
would have major health implications not only in endemic areas but also 
in areas with community water fluoridation. Therefore, the aim of this 
study was to assess the association between maternal F exposure during 
pregnancy and neurodevelopmental outcomes in 1- and 4-year-old 
children in the INMA-Gipuzkoa cohort (from the Spanish for Environ-
ment and Childhood: INfancia y Medio Ambiente). 


2. Methods 


2.1. Study population 


This study draws on data from a mother and child birth cohort 
established in Gipuzkoa, Spain (Guxens et al., 2012). It should be noted 
that, among the different subcohorts of the INMA project, only Gipuzkoa 
had an active community fluoridated drinking water (CFDW) program 
in place across drinking water treatment plants serving more than 30, 
000 inhabitants. In the distribution systems with less than 30,000 in-
habitants community drinking water was not fluoridated. The recruit-
ment of mother-child pairs took place during the first antenatal visit to 
the gynecologist in the public referral hospital. Participating mothers 
received antenatal follow-up towards the end of the first trimester or 
early in the second trimester (mean ± standard deviation) (13.9 ± 1.5 
weeks) and towards the end of the third trimester (32.8 ± 2.6 weeks). 
The inclusion criteria were: maternal age ≥16 years old, singleton 
pregnancy, recruitment during the first trimester of pregnancy, preg-
nancy achieved without assisted reproduction techniques, planned birth 
in the referral hospital and no communication problems in Spanish or 
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Basque (Guxens et al., 2012). In total, 638 pregnant women met the 
inclusion criteria and agreed to be enrolled in the INMA study. Of the 
612 children born, 483 (78.9%) underwent neuropsychological testing 
at the age of 1 and 379 (61.9%) at the age of 4. 


Participants were required to meet the following criteria: 1) children 
with data on neuropsychological assessment at 1 year of age, 2) children 
with data on neuropsychological assessment at 4 years of age provided 
they also had data on this assessment at 1 year of age (criterion 1), and 
3) mothers with data on maternal urinary F level adjusted for creatinine 
(MUFcr) at the first and third trimesters of pregnancy. Additional ana-
lyses were also performed including, besides the former women, those 
with an impaired MUFcr sample. 


MUFcr was analyzed in all the mothers with urine samples available. 
In total, there were 393 maternal samples with data on MUFcr levels for 
both trimesters. 316 and 248 mother-child pairs had complete infor-
mation on respectively MUFcr for both trimesters and neuropsycho-
logical outcomes at 1 and 4 years of age. Fig. 1 shows the flowchart. All 
participating mothers gave written informed consent for themselves and 
on behalf of their children after the Ethics Committee of Donostia 
Hospital (Gipuzkoa) approved the protocol. 


2.2. Fluoride in drinking water and type of drinking water consumed 


Data on drinking water source (tap or bottled) and the amount of 
water consumed was obtained through food and drink questionnaires 
(Vioque et al., 2013), administered in the first and third trimesters of 
pregnancy. These questionnaires collected data about the brand of 
bottled water (BW) consumed but not its quantity, and hence, neither 
the amount of water nor the amount of F intake could be calculated for 
women who consumed BW. The CFDW and community non-fluoridated 
drinking water systems (CNFDW) supplied, during pregnancy, water 
with F levels of 0.81 ± 0.15 mg/L (mean ± standard deviation) vs < 0.1 
mg/L. The study area covers the regions of Goierri and Urola in the 
province of Gipuzkoa (Basque Country) and had a population of 89,000 
inhabitants distributed in 25 municipalities, with a population ranging 
from 127 to 13,900 inhabitants. In 18 municipalities the distributed 
drinking water comes from 3 conventional treatment plants (pretreat-
ment, coagulation, sedimentation, filtration and disinfection) that also 


included fluoridation in 2 of them. The remaining 7 municipalities were 
supplied with water treated with filtration and disinfection. Three res-
ervoirs were the source of raw water for the 3 conventional treatment 
plants; spring water for the rest 7 villages or small towns. In all, 15 
municipalities are supplied with CFDW (62% of the population) and 10 
with CNFDW (38%). Raw and treated water quality is soft and in low in 
minerals in all the municipalities (Gobierno, 2020). From the food and 
drink questionnaires administered during pregnancy, we identified the 
ten most consumed BW brands and then ascertained that F levels in 
these brands ranged from 0.07 to 0.48 mg/L. 


Among the 316 pregnant women with information on MUFcr, whose 
children underwent neuropsychological testing at the age of 1, 36.7% 
consumed CFDW, 37.3% CNFDW and 24.4% BW. Among the 248 
pregnant women with information on MUFcr, whose children under-
went neuropsychological testing at age 4, 35.5% consumed FDW, 38.3% 
NFDW and 24.2% BW (Table 1). The percentage of pregnant women that 
used BW for cooking was extremely low (1.1%). 


2.3. Biomarker of F exposure 


F measured in maternal urine spot samples was used as biomarker of 
prenatal exposure. F in urine has been considered a good biomarker for F 
levels as excretion is in equilibrium with F intake (Aylward et al., 2015; 
Bashash et al., 2017). Maternal urine samples from the first and third 
trimesters were aliquoted and stored in 10-mL glass vials at − 20 ◦C. The 
analyses were carried out in the Laboratory of the Institute of Agro-
chemistry and Food Technology (IATA-CSIC) in Valencia. The concen-
tration of F in urine samples was quantified by potentiometry using an 
ion-selective electrode (DX219-F, Mettler Toledo). Total ionic strength 
adjustment buffer (TISAB) II was used to adjust the pH and ionic 
strength of the urine samples. This solution was prepared from 58 
mg/mL of NaCl (Panreac), 10 mg/mL of trans-1,2-diaminocyclohex-
ane-N,N,N′,N’-tetraacetic acid monohydrate (DCTA, Fluka) and 57 
μL/mL of glacial acetic acid (Panreac). The TISAB II pH was adjusted to 
between 4.8 and 5.2 with a 7% (w/v) solution of NaOH (Prolabo). TISAB 
II was added at a final concentration of 20% (v/v). The quantification 
was performed with an F calibration curve (0.010–10 mg/L) prepared 
from NaF (1000 mg/L as F, Panreac) in 20% (v/v) TISAB II. Quality 


Fig. 1. Flowchart showing mother-child pairs included in the analyses described in this paper.  
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control was carried out by analyzing a urine reference sample (Medi-
safe® Metalle U, LGC Standards) with a certified F concentration 
(assigned value: 10 mg/L; confidence interval: 7.6–12.4 mg/L). The 
limit of quantification (LOQ), calculated as 10 times the standard de-
viation of the F concentration in 20 blanks, was found to be 0.0052 
mg/L. MUF levels were adjusted for creatinine and reported as F mg/g 
creatinine (MUFcr). Urinary creatinine was determined at the Norma-
tive Public Health Laboratory of Bilbao, Basque Country, by the Jaffé 


method (compensated kinetic with target measurement), with Roche 
reagents, in a Hitachi 911 auto-analyzer. 


2.4. Child neurodevelopment evaluation 


The neuropsychological development of the children was assessed at 
14.6 ± 0.8 months and 4.4 ± 0.1 years (mean ± SD) using the Bayley 
Scales of Infant Development (BSID) (Bayley, 1977) and a standardized 
version of the McCarthy Scales of Children’s Abilities (MSCA) adapted to 
the Spanish population (McCarthy, 2009) respectively. 


The Bayley Mental Development Index (MDI) consists of 163 items 
that assesses cognitive development and communication skills by eval-
uating skills such as performance abilities, memory, and early verbal 
communication. All testing was carried out in local health centers in the 
presence of the mother, father or another caregiver by specially trained 
neuropsychologists who were blinded to the child’s F exposure status. 
To limit inter-observer variability, we applied a strict protocol, 
including training sessions in which inter-observer differences were 
discussed (Guxens et al., 2012). The scores according to the age were 
standardized to a mean of 100 points with a standard deviation of 15 
points. Higher scores indicated better general cognitive development. 


The MSCA were designed to evaluate children’s general intellectual 
abilities and their strengths and weaknesses. They comprise 18 subtests 
that yield standardized test scores for 6 scales. The verbal scale refers to 
cognitive tasks related to the processing of verbal information; the 
performance scale refers to cognitive tasks related to perceptual infor-
mation processing, including manual skills; the quantitative scale as-
sesses quantitative abilities; the global memory scale considers short- 
term retention of information (verbal, visual or quantitative), and the 
General Cognitive Index (GCI) calculated using the first three scales 
(McCarthy, 2009). Lastly, there is a motor scale, but this was not 
included in the study. Raw MSCA scores were normalized to a mean of 
100 (SD 15), higher scores indicating better neuropsychological 
abilities. 


2.5. Covariates 


Data on maternal sociodemographic characteristics were gathered 
using questionnaires completed during the first and third trimester of 
pregnancy. These included: age of the mother, maternal social class 
(based on occupation, derived from the longest-held occupation re-
ported during pregnancy or for mothers not working during their 
pregnancy, their most recent occupation, regrouped into two categories: 
non-manual workers [I + II + III for managers, technicians, associate 
professionals and other non-manual workers], and manual workers [IV 
+ V for skilled, semi-skilled and unskilled manual workers] (Domi-
ngo-Salvany et al., 2013)), educational level (secondary or less, uni-
versity), country of birth (Spain, another country), body mass index 
(BMI), parity (0, ≥1), smoking during pregnancy (yes, no, reported at 
the at first and third trimesters of pregnancy), alcohol consumption (no 
or occasional, more than occasional), diet (drinking water sources -tap 
or brands of bottled water-, and the amount of water consumed only 
from the tap was estimated through a food and drink questionnaire 
(Vioque et al., 2013) and duration (weeks) of breastfeeding. Further-
more, when the child reached around 15 months of age, maternal scores 
on the Similarities subtest of the Wechsler Adult Intelligence-Third 
Edition (WAIS-III) (Wechsler and Kaufman, 2001) were assessed as a 
proxy for maternal IQ, given that this subtest has been shown to be a 
good predictor of global IQ (Wechsler, 1997). In order to control the 
possible confounding effects of the socioeconomic level, in addition to 
the social class of the mother, the deprivation index at the census section 
level was used (Dominguez-Berjon et al., 2008) in the sensitivity 
analysis. 


In addition, we collected data on characteristics of the children: sex, 
birth order, whether they were premature (born before 37 weeks of 
pregnancy) (World Health Organization (WHO), 2015), whether they 


Table 1 
Characteristics of the study sample.  


N (%)/mean (sd)* Bayley McCarthy 


N = 316 N = 248 


Mother   
Maternal age 31.2 (3.4) 31.5 (3.4) 
BMI 22.9 (3.3) 22.8 (3.4) 


Educational level   
Primary or without education 39 (12.3%) 33 (13.3%) 
Secondary 112 (35.4%) 89 (35.9%) 
University 164 (51.9%) 126 (50.8%) 
Missing 1 (0.3%)  


Social class   
No manual 177 (56.0%) 147 (59.3%) 
Manual 139 (44.0%) 101 (40.7%) 


MEDEA Index of deprivation (4 years)**   
1 Very low 22 (7.0%) 19 (7.7%) 
2 Low 100 (31.6%) 78 (31.4%) 
3 Moderate 117 (37.0%) 85 (34.3%) 
4 High 57 (18.0%) 52 (21.0%) 
5 Very high 20 (6.3%) 14 (5.6%) 
Maternal IQ 9.90 (2.8) 9.91 (2.7) 
Smoking in pregnancy   


No 252 (79.7%) 199 (80.2%) 
Yes 61 (19.3%) 45 (18.1%) 
Missing 3 (1.0%) 4 (1.6%) 


Zone   
Non fluoridated zone 153 (48.4%) 123 (49.6%) 
Fluoridated zone 160 (50.6%) 124 (50.0%) 
Missing 3 (1.0%) 1 (0.4%) 


Type of drinking water   
Community fluoridated drinking water (CFDW) 116 (36.7%) 88 (35.5%) 
Community not fluoridated drinking water 
(CNFDW) 


118 (37.3%) 95 (38.3%) 


Bottled water 77 (24.4%) 60 (24.2%) 
Missing 5 (1.6%) 5 (2.0%) 


Parity   
0 186 (58.9%) 146 (58.9%) 
>0 130 (41.1%) 102 (41.1%) 
Missing   


Child   


Order between brothers/sisters   
Not first 129 (40.8%) 100 (40.3%) 
First 187 (59.2%) 148 (59.7%) 
Missing   


Sex   
Female 170 (53.8%) 123 (49.6%) 
Male 146 (46.2%) 125 (50.4%) 


Nursery 1 year   
No 159 (50.3%) 123 (49.6%) 
Yes 139 (44.0%) 113 (45.6%) 
Missing 18 (5.7%) 12 (4.8%) 


Preterm   
No 305 (96.5%) 240 (96.8%) 
Yes 8 (2.5%) 6 (2.4%) 
Missing 3 (1.0%) 2 (0.8%) 


Small for gestational age   
No 288 (91.1%) 222 (89.5%) 
Yes 24 (7.6%) 22 (8.9%) 
Missing 4 (1.3%) 4 (1.6%) 


Breastfeeding weeks 29.2 
(19.9%) 


28.5 
(19.8%) 


*Number (N) of subjects and the proportion in each category have been used for 
categorical variables and mean and standard deviation (sd) for continuous 
variables. **Deprivation index: MEDEA project. 
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were small for gestational age (birth weight below 10th percentile for 
gestational age and sex considering national reference values (Carra-
scosa et al., 2004)) and whether they attended a kindergarten before 2 
years of age. All questionnaires were administered face-to-face by 
trained interviewers. 


Recent research provides empirical support for the view that the 
family context has a significant impact on children’s cognitive devel-
opment. Scores on the Haezi-Etxadi Scale (HES) (Arranz et al., 2014; 
Barreto et al., 2017), assessing the influence of the quality of family 
context on children’s cognitive development in early childhood, were 
available at the age of 4 year. This scale is based on the Home Obser-
vation for Measurement of the Environment Inventory (Bradley, 2009; 
Caldwell and Bradley, 1984) and the developmental history interview 
proposed by Pettit et al. (1997), but also incorporates new variables 
gathered by observational procedures. 


Additional analyses included neurotoxic substances detected in 
maternal urine samples during pregnancy, such as total As (μg/g) and 
manganese (Mn, μg/g), both adjusted for creatinine, and Hg in umbilical 
cord blood (μg/l). Following the type of analyses carried out in previous 
cohort studies (Bashash et al., 2017; Green et al., 2019), we decided to 
include also Pb levels. In our case Pb had been measured in cord blood, 
although the levels of the samples with levels above the limit of quan-
tification (2 μg/dl) were very low (5.9%). Iodine was also included in the 
main model due to, on the one hand, the association between urinary 
iodine (μg/g adjusted for creatinine) and cognitive scores in childhood 
(Levie et al., 2019), and on the other, the potential effect of F, as an 
endocrine disruptor, on thyroid function (NRC , 2006; Peckham et al., 
2015). 


2.6. Data handling and statistical analysis 


The study sample was described in terms of the characteristics of 
mothers and children using percentages, means and 95% confidence 
intervals (CIs). Bivariate analyses of the mean MUFcr levels and Bayley 
and McCarthy scale scores by: 1) maternal characteristics (including 
sociodemographic, behavioral and reproductive) and habits (type of 
water consumed) and 2) child characteristics (including sex, breastfed, 
small for gestational age, and prematurity) and habits (nursery atten-
dance), were analyzed by Student’s t tests or one-way analysis of vari-
ance. Pearson correlations were calculated between urinary F levels and 
children’s scores on each of the Bayley and McCarthy scales. 


Based on this analysis, the variables with a p value below 0.2 were 
included in the multiple linear regression models, which were con-
ducted for each of the Bayley and McCarthy cognitive scales, in order to 
explore the association of the F exposure during pregnancy on the per-
formance of neuropsychological tests. In the multiple linear regression, 
the criterion for statistical significance was p < 0.05. Parameter esti-
mates were expressed as regression coefficients and their 95% CIs 
associated with one-unit increase in MUFcr level. Residuals from each 
model had approximately normal distributions, and their Q-Q plots 
revealed no extreme outliers. Plots of residuals against fitted values did 
not suggest any assumption violations. Effect modification by sex was 
studied by including an interaction term in the regression model. For 
scales for which the interaction between sex and F was significant, re-
sults in the tables are presented separately for girls and boys. The as-
sociation with GCI and the other cognitive scale scores appears to be 
linear across the range of MUFcr during pregnancy. GAM models are 
shown in Supplementary Fig. 1. 


Further, analyses were performed including in the main regression 
model data available on the HES score and other pollutants that have 
been considered neurotoxic, namely, total As, Mn, Pb and Hg. Iodine, 
which is a bioelement essential for life, was also included. All statistical 
analyses were performed using R (version 3.6.1). 


3. Results 


The characteristics of the mother-child pairs samples analyzed at the 
age of 1 (Bayley scales) and 4 (McCarthy scales) respectively (Table 1) 
can be summarized as follows (only one figure is reported when both 
values in the consecutive follow ups are the same or very similar): the 
mean age of the mothers when they gave birth was 31 years old, had a 
BMI of 22.8 kg/m2, most of them were nulliparous (58.8%), half of them 
had a university degree (51.9% and 50.8%) and more than half came 
from a non-manual social class (56.0 and 59.2%). 19.3% and 18.1% of 
the pregnant women smoked at some time during pregnancy. In relation 
to the characteristics of the samples of children included in the analyses, 
at the 1- and 4-year follow-ups respectively, 53.8% and 49.6% were 
females, 2.5% and 2.4% were preterm and 7.6% and 8.9% were small for 
gestational age. Around 44% of the children started kindergarten before 
the first follow-up. The percentages of the different types of drinking 
water consumed in pregnancy are reported in Section 2.2. The differ-
ences between the study sample and all women that gave birth in the 
INMA-Gipuzkoa cohort are shown in Supplementary Table 1. In general, 
there were not significant differences in relation to mother’s and child’s 
characteristics with the exception of smoking during pregnancy. Among 
the participating mothers at any of the follow ups, the percentage of ever 
smoking in pregnancy was lower than among non-participating 
mothers. 


MUFcr levels (mg F/g creatinine) for the whole pregnancy (mean of 
the two samples) varied according to the source of drinking water 
consumed (mean and 95% CI) in each data collection wave, being 0.91 
(0.83, 0.99) in mothers drinking CFDW, 0.43 (0.39, 0.47) in those 
drinking CNFDW and 0.62 (0.56, 0.69) in those drinking BW (p = 0.04) 
among the sample involved in the first wave of data collection (Bayley 
scales administered), and 0.89 (0.81, 0.98) in the mothers drinking 
CFDW, 0.41 (0.36, 0.45) in those drinking CNFDW and 0.63 (0.55, 0.71) 
in those drinking BW (p = 0,078) among those involved in the second 
wave (McCarthy scales administered) (Supplementary Table 2). Mean 
MUFcr levels (mg F/g creatinine) also varied by trimester of pregnancy, 
levels being lower in the first trimester than the third at both waves: 
respectively 0.57 (0.52, 0.62) vs 0.74 (0.69, 0.79) among the first-wave 
sample (p < 0.001) and 0.55 (0.50, 0.60) vs 0.73 (0.67, 0.79) among the 
second-wave sample (p < 0.001). Levels of MUF, MUFcr, Mn, As, and 
iodine in urine, and of Hg and Pb in cord blood are described in Sup-
plementary Table 3. Differences between those living in municipalities 
with fluoridated water vs those living in non-fluoridated municipalities 
were only seen for those variables related to F (participants living in 
fluoridated or not fluoridated zone, type of drinking water, MUF, and 
MUFcr), age of the mother (follow up at the age 4) and attending nursery 
(follow up at the age 1)”. No differences in toxin levels between zones 
were observed (only whole pregnancy levels are shown) (Supplemen-
tary Table 4), including variables potentially related to neuro-
development such as maternal education, social class or maternal IQ. 
There were no significant differences in MUFcr levels between women 
living in fluoridated and non-fluoridated municipalities according to 
categories of social class indexes (Supplementary Table 5). 


While no significant association was observed between MUFcr levels 
and Bayley MDI scores, MUFcr (third trimester and whole pregnancy) 
was weakly (0.13 ≤ r ≤ 0.20) but significantly (p < 0.05) and positively 
correlated with all the McCarthy’s cognitive domains scores (third 
trimester) and with all, except the verbal domain, for the whole preg-
nancy. Besides, Hg levels at birth were also associated with numeric and 
memory domains (r = 0.25 and 0.15 respectively) and As (third 
trimester) with the numeric domain (r = 0.16). Correlations between 
MUFcr with iodine, Mn and As in urine were low-to-moderate (r = 0.12 
and 0.30), but significant. Hg cord blood levels were not associated with 
MUFcr (Supplementary Table 6). Correlation analyzes between Pb and 
cognitive functions could not be done due to the small number of sam-
ples (<7%) with lead levels ≥ LOQ. 


No association was found between MUFcr levels and Bayley MDI in 
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multiple regression models. In the same way, no association was found 
between MUFcr levels at first trimester and cognitive functions at the 
age of 4. Nevertheless, per unit (mg/g) of MUFcr in the third trimester, 
significantly greater verbal (β [CI 95%]: 12.01 [(4.82, 19.19]), memory 
(9.20 ([2.67, 15.73]) and GCI (11.48 ([4.88, 18.08]) scores were 
observed in boys, while non-significant effects were seen in girls (p for 
interaction <0.05). When referring to the MUFcr levels across the whole 
pregnancy, per unit (mg/g) of MUFcr, significant associations were 
observed with all the cognitive domains: performance (β [CI 95%]: 5.86 
[0.32, 11.39]), numeric (6.22 ([0.65, 11.79]), verbal (13.86 ([3.91, 
23.82]), memory (11.63 ([2.62, 20.63]) and GCI (15.40 ([6.32, 24.48]), 
being the latter three, again only significant for boys (p for interaction 
<0.05) (Table 2; Supplementary Fig. 2). In stratified analysis, the effects 
were significant only for boys and for all the cognitive domains at the 
age of 4 (Supplementary Table 7). 


Additional analyses including other variables like other neuro-
toxicants (As, Mn, Pb, Hg and As x Pb), iodine, quality child’s family 
context (HES) and deprivation index instead of maternal social class, 
were carried out. All of them, except Hg, showed results that did not 
substantially change the overall picture of associations (Supplementary 
Tables 8–14). However, adjusting for Hg lowered the β values of 
cognitive functions for the third trimester and whole pregnancy. 
Nevertheless, at the third trimester of pregnancy significant associa-
tions, only in boys, were observed for verbal and GCI (9.74 ([1.75, 
17.74]) and (8.15 (0.69, 15.61’+) respectively)), and across whole 
pregnancy for GCI (10.54 ([0.19, 20.80]) (Table 3). Verbal, numeric and 
performance domains were no longer significant at whole pregnancy, 
but showed positive and moderate β values. When all neurotoxic pol-
lutants together were included in the analysis, the beta values remained 
positives and significant for boys for GCI and numeric domain in whole 
pregnancy and verbal function in the third trimester of pregnancy 
(Supplementary Table 15). 


The traditional approach used in the cross-sectional studies, 
comparing the scores of the different functions in those living and 
nonliving in fluoridated areas, regardless MUF levels, was also carried 
out, but not significant differences were observed, unless for the numeric 
domain; favoring those children living in the fluoridated area (Supple-
mentary Table 16). Sensitivity analyses including women with avail-
ability of only one sample of urine (first or third trimester), adjusting by 
zone (fluoridated vs non-fluoridated or excluding extreme low scores of 
cognitive functions (less than 2 SD) (Supplementary Tables 17–19) were 
carried out, but results were basically not modified from those observed 
in Table 2. 


Finally, the association between MUFcr and cognitive functions was 
analyzed by zone (Supplementary Table 20). The results showed that 
positive associations were mainly observed in non-fluoridated zones. 
When stratification analyzes among boys were carried out, results 


showed that: 1) the association was significant only in the non- 
fluoridated zones, although the beta values were also high, but non- 
significant, in the fluoridated zone (Supplementary Tables 21) and 2) 
more positive and significant associations were observed in children of 
mothers with a better social position (Supplementary Tables 22) and 3) 
the association between MUFcr and HES was only statistically signifi-
cant in families with a lower quality of the family context, although 
again, the beta values were also high, but non-significant, in high quality 
context families (Supplementary Table 23). 


4. Discussion 


In this study, we assessed the association between prenatal F expo-
sure, measured as MUFcr, and neuropsychological development at 1 and 
4 years old of the children. We consider that this kind of study is 
necessary to gather evidence which could be crucial for public health 
policy making. For instance, it might help to decide, based on scientific 
data, whether community fluoridation programs should continue. We 
observed no negative effects on children’s cognition and even found 
positive associations for verbal, performance, numeric, memory scores 
and GCI, in boys at the age of 4 years, although when Hg levels were 
included in the model only verbal and GCI at week 32 and whole 
pregnancy remained significant or marginally significant. The positive 
associations between MUFcr and cognitive functions seemed to be more 
evident in children of mothers who lived their pregnancy in the non- 
fluoridated zones. The reduced sample size after stratification and the 
high beta values in both zones recommend to be prudent about this last 
association. 


The associations have been seen with MUFcr of the third trimester 
and not with those of the first one. Higher levels of MUFcr have been 
reported in the third trimester of this study and other prospective studies 
(Till et al., 2018; Valdez-Jiménez et al., 2017). As there is not infor-
mation of MUFcr of the second trimester of pregnancy, it is difficult to 
identify a window of exposure related to the effect, but the lack of as-
sociations in the first trimester indicate that the effects are associated 
with later periods in pregnancy. 


The general conclusion drawn from the 27 cross-sectional (ecolog-
ical) studies included in a meta-analysis (Choi et al., 2012) was that 
children at school age living in areas with high-F (from 1.0 to more than 
11.0 mg/L F in water) and/or high dental fluorosis index had signifi-
cantly lower IQ scores than those children in the reference group (Choi 
et al., 2012; Kumar et al., 2020; Li et al., 2010; Li et al., 2003). A recent 
review of these cross-sectional studies carried out by Grandjean (2019) 
including 14 new studies, all of them from endemic areas, provided 
further evidence of cognitive deficits in children with elevated F expo-
sure. The major limitation of these cross-sectional studies is the small 
number of the covariates included in their design and the lack of 


Table 2 
Multiple lineal regression models for the association between MUFcr (mg/g) levels during pregnancy and cognitive domains scores (Bayley and McCarthy).  


Beta (IC95%)  Bayley N = 316 McCarthy N = 248 


Mental Verbal Performance Numeric Memory General cognitive 


MUFcr (mg/g) at 
pregnancy 


All/ 
Boys 


1.48 (− 4.2, 
7.16) 


13.86 (3.91, 23.82) Ϯ 
** 


5.86 (0.32, 
11.39)* 


6.22 (0.65, 
11.79)* 


11.63 (2.62, 20.63) 
Ϯ * 


15.4 (6.32, 24.48) Ϯ 
***  


Girls  − 1.48 (− 9.29, 6.32)   − 1.77 (− 8.82, 5.29) − 0.19 (− 7.31, 6.93) 
MUFcr (mg/g) at week 


12 
All 0.55 (− 4.64, 


5.74) 
1.11 (− 4.86, 7.07) 4.63 (− 0.57, 9.82) 4.47 (− 0.79, 


9.73) 
1.71 (− 3.66, 7.09) 3.37 (− 2.09, 8.83) 


MUFcr (mg/g) at week 
32 


All/ 
Boys 


1.52 (− 2.92, 
5.97) 


12.01 (4.82, 19.19) Ϯ 
*** 


3.68 (− 0.49, 7.85) 4.13 (− 0.07, 
8.32) 


9.2 (2.67, 15.73) Ϯ 
** 


11.48 (4.88, 18.08) Ϯ 
***  


Girls  − 1.09 (− 7.01, 4.83)   − 1.87 (− 7.24, 3.51) − 0.54 (− 5.97, 4.9) 


Adjusted by age of the child at the time of the test (only for McCarthy), order of the child (between siblings), nursery at 14 months, breastfeeding, maternal social class, 
IQ and smoking. 
Bayley (n = 316): 170 girls and 146 boys; McCarthy (n = 248): 123 girls and 125 boys. 
Ϯ 004DUFcr and sex interaction statistically significant at the p < 0.05 level. When this interaction is significant, first coefficient indicates the effect found in boys and 
the second in girls. When there is no interaction, the first and only coefficient is indicative of the effect detected for the whole sample (All). * = p < 0.05, ** = p < 0.01 
and *** = p < 0.001 in beta coefficients. 
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measures of prenatal F exposure. Our results are opposite to those of the 
ecological studies mentioned above. 


In general, our results are inconsistent with those of the prospective 
studies with information of prenatal exposure. Valdez-Jiménez et al. 
(2017) studied Mexican children and including a sample of similar age 
to our first assessment, exposure to F during pregnancy, and neuro-
developmental tests. The Bayley Scales were used in a sample of 65 
mother-infant pairs when offspring were aged 3–15 months. The mean F 
levels in CDW ranged from 2.6 to 3.7 mg/L, being 3–4 times higher than 
F levels in the CFDW area of this study. MUFcr levels were also higher (4 
times) for Mexican women. Another relevant difference with our study is 
the high proportion of children below the cutoff for normal mental 
development. These results are quite different to ours: while the MDI 
showed a strong inverse association with MUF in the Mexican study, our 
results did not show any significant association. The second prospective 
study, also from Mexico, reported data on the McCarthy’s GCI and the 
full-scale IQ from the Wechsler Abbreviated Scale of Intelligence, 
administered at the ages of 4 and 6–12 years respectively (Bashash et al., 
2017). The mean F level in CDW in Mexico City, where the children lived 
(ranged from 0.15 to 1.3 mg/L), this is, with an upper range above levels 
in our study. As the authors indicated there was another relevant source 
of F for the children in Mexico and this was the consumption of fluori-
dated salt. The mean levels of MUF in Mexican women were similar to 
the levels found in our group of women consuming CFDW and higher 
than those consuming CNFDW: 0.82–0.90 vs 0.89–0.91 and 0.41–0.43 
mg/g respectively (the ranges of mean values are due to different 
woman-child pairs being included at different follow-up assessments). 
The results again differ between the two studies; specifically, while the 
GCI at the age of 4 and at 6–12 years was inversely and significantly 
associated with higher levels of MUFcr in pregnancy (Bashash et al., 
2017), our results indicated positive associations and a direct and sig-
nificant association with GCI and the verbal domain, although only for 
boys. We did not observe any significant association in girls. 


The third prospective study analyzed the effect of F in women living 
in cities in Canada who were supplied with CFDW or CNFDW. The mean 
levels of F in CDW ranged from 0.13 to 0.59 mg/L, the upper limit of this 
range being below the levels in CFDW in our study, and the mean MUF 
(adjusted for specific gravity) was 0.51 mg/L, similar to our mean value 
(values adjusted for creatinine and gravity usually being similar). Also in 
this case, a significant and inverse association was observed, although 
only in boys (Green et al., 2019). Besides the latter three prospective 
studies with prenatal exposure data, there are two other cohort studies 
that do not confirm the former negative association. A New Zealander 
birth cohort followed up 3-year-old children, until they became adults 
(38 years old) administering IQ tests repeatedly, and did not find any 


significant difference in IQ by water fluoridation levels (Broadbent et al., 
2015). This study was considered the first comprehensive study 
evidencing the lack of negative effect on IQ (Grandjean, 2019). Besides, 
a recent Swedish retrospective men cohort study using registry data of F 
levels and cognitive ability measured at 18–20 years old, did not show 
either a negative association between both variables (Aggeborn and 
Oehman, 2021). 


Neurotoxicity appeared to be dose-dependent and data from the 
prospective studies suggest that safe exposure could be below currently 
recommended F concentrations in drinking water (Grandjean, 2019). 
Nevertheless, there is no general consensus on this, as while Bashash 
et al. (2017) consider that the effects in Mexican children could be 
limited to exposure above 0.8 mg/L of F in drinking water, Green et al. 
(2019), based on their findings in Canadian children, propose the 
reduction of maternal intake with respect to the optimal F level of 0.7 
mg/L currently recommended for drinking water in US and Canada. A 
recent cross-sectional study (Xu et al., 2020), presented results that 
indicated a nonlinear relationship with MUF, with a positive association 
between MUF levels and IQ, below 1.7 mg/L of F, and a negative asso-
ciation for F levels above that threshold. Our sample’s prenatal MUF 
concentrations were well below 1.7 mg/L (mean and 95% CI of MUF of 
mothers involved in the second wave (McCarthy scales), were (0.48; 
0.17, 0.98 in mg/L); this is, in the positive association side of the curve. 


As in most of the literature on this subject, measurements in urine are 
adjusted by creatinine or gravity to correct for variations in urine dilu-
tion (Bashash et al., 2017; Green et al., 2019; Thomas et al., 2016). 
Given that kidney function has been associated with lower IQ (Elias 
et al., 2009), this potential source of bias should be considered. Never-
theless, the mean age of mothers at delivery was 31 years old. Moth-
er/child pairs belong to the general population and the expected number 
of cases with kidney function problems was probably very low; ac-
cording to the prevalence of moderate chronic kidney disease (0.8%) 
observed by Hailpern et al. (2007) in a random general population 
sample, aged 20–59 years old. Accordingly, and added to the fact that 
the outcomes are assessed in childhood, the potential bias derived from 
the association between kidney function with IQ (Elias et al., 2009) 
should be low in this study. 


There is not much evidence of the differential effect of F by sex in 
either toxicological or epidemiological studies, the potential differential 
effect not having been studied because most experiments have been 
carried out in male rats. Nevertheless, differential adverse effects of 
early environmental exposure have been reported in epidemiological 
studies in boys and girls for F (Green et al., 2019) and other environ-
mental neurotoxins (Gochfeld, 2017; Evans et al., 2014: Lertxundi et al., 
2019). 


Table 3 
Multiple lineal regression models for the association between MUFcr (mg/g) levels during pregnancy and cognitive domains scores (Bayley and McCarthy) adjusted by 
cord blood Hg levels.  


Beta (IC95%)  Bayley N = 316 McCarthy N = 248 


Mental Verbal Performance Numeric Memory General cognitive 


MUFcr (mg/g) at 
pregnancy 


All/ 
Boys 


2.67 (− 3.46, 
8.81) 


9.4 (-1.78, 20.57) ϮϮ 4.41 (− 1.59, 
10.41) 


5.28 (− 0.54, 
11.1) 


0.8 (− 5.3, 6.9) 10.54 (0.19, 20.89) 
ϮϮ*  


Girls  − 2.07 (-10, 5.87)    − 0.83 (− 8.18, 6.52) 
MUFcr (mg/g) at week 12 All 0.89 (− 4.55, 


6.32) 
− 1.5 (− 7.53, 4.54) 3.85 (− 1.62, 9.33) 3.38 (− 1.96, 


8.71) 
− 0.52 (− 6.06, 
5.02) 


1 (− 4.61, 6.61) 


MUFcr (mg/g) at week 32 All/ 
Boys 


2.65 (− 2.14, 
7.45) 


9.74 (1.75, 17.74) 
ϮϮ* 


2.33 (− 2.15, 6.82) 3.47 (− 0.88, 
7.82) 


1.15 (− 3.4, 5.69) 8.15 (0.69, 15.61) ɫɫ*  


Girls  − 0.74 (− 6.72, 5.25)    − 0.46 (− 6.04, 5.12) 


Adjusted by age of the child at the time of the test (only for McCarthy), order of the child (between siblings), nursery at 14 months, breastfeeding, maternal social class, 
IQ and smoking. 
Bayley (n = 316): 170 girls and 146 boys; McCarthy (n = 248): 123 girls and 125 boys. 
ɫɫ MUFcr and sex interaction statistically significant at the p < 0.05 level. 
ϮϮ MUFcr and sex interaction statistically significant at the p < 0.10 level. When this interaction is significant, first coefficient indicates the effect found in boys and the 
second in girls. When there is no interaction, the first and only coefficient is indicative of the effect detected for the whole sample (All). 
* = p < 0.05, ** = p < 0.01 and *** = p < 0.001 in beta coefficients. 
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Experimental studies, most of them using high F concentrations, 
show that F can cross both the placental barrier and the blood-brain 
barrier, and accumulate in the brain, specifically in the hippocampus, 
(ASTDR (Agency for Toxic Substances and Disease Registry), 2003), an 
area associated with effects on memory, attention and learning (Mul-
lenix et al., 1995; Bera et al., 2007). Nevertheless, there is still debate 
about the toxicity of F in experimental studies, the National Toxicology 
Program (NPT) concluding that evidence was low in animals exposed 
during development (NTP , 2016). Some authors have suggested that F 
exposure in utero may impair attention, memory and visuospatial or-
ganization (Basha et al., 2011; Calderón et al., 2003; Jiang et al., 2014) 
and might explain cognitive deficits observed in preschool and school 
age children (Rocha-Amador et al., 2007; Poureslami et al., 2011), as 
well as attention problems and hyperactivity in adolescents (Malin and 
Till, 2015). Another mechanism of action proposed for F is changes in 
the levels of neurotransmitter, as have been observed in experimental 
studies (Faraone et al., 2015) and a study of aborted fetuses of mothers 
living in endemic vs non endemic hydrofluorosis areas (Yu et al., 2008). 


One of the main limitations of the epidemiological cross-sectional 
studies on the effects of F is that the presence of other pollutants that 
may be present in water supplies has rarely been considered 
(Rocha-Amador et al., 2007; Wang et al., 2007). It is well known that F 
and As are common co-contaminants in ground water in arid and 
semi-arid regions of the world, and that more than 300 million people 
worldwide use groundwater contaminated by one or both of them 
(Limón-Pacheco et al., 2018). When As, Mn, Pb or iodine levels were 
included in the model of the association between MUF and cognitive 
domains, the associations were not substantially modified. The reason to 
include iodine was that its deficiency has been identified as a cause of 
hypothyroidism (Levie et al., 2019) and also has been suggested that F 
exposure from CDW may also contribute to the development of hypo-
thyroidism (Peckham et al., 2015). The inclusion of cord blood Hg, 
however, changed the number of significant associations found with 
cognitive functions reducing these to the verbal and GCI, and leaving the 
rest of the cognitive domain positive but not significant. Contrary to the 
change in the association shown in our study, the associations observed 
in the cohort studies of Mexico (Bashash et al., 2017) and Canada (Green 
et al., 2019) remained, in general, unchanged after being adjusted by Hg 
or other neurotoxins as As, Pb, and Mn. Our results do not show any 
interaction between MUF and Hg (cord blood) with cognitive functions. 
It could be considered that the change in the observed effect could be 
attributed to: 1) the fact that the toxic effect of Hg is produced at con-
centrations, a couple of orders of magnitude lower than the toxic effect 
of F (Mahaffey et al., 2009), and 2) the high levels of Hg in our children, 
65% had levels above the United States Environmental Protection 
Agency (US EPA) reference dose at birth (Llop et al., 2012). 


4.1. Study strengths and limitations 


Among the strengths of this study are that the F was measured in 
urine during pregnancy, in two different trimesters, and hence, the 
exposure relates to early phases of brain development. We measured 
levels in only two spot samples from the first and third trimester, but 
morning spot sample F levels have shown a good correlation with 24-h F 
concentration and intake (Zohouri et al., 2006). Nevertheless, it remains 
unknown whether such a small number of samples represents real fetal 
exposure throughout pregnancy for this and other pollutants. A relevant 
strength relates to the data gathered in the study on wide range of 
covariates related to the child and maternal characteristics described in 
the method section. However, we are not able to exclude the possibility 
of unmeasured residual confounding. The stressors with the greatest 
impact on cognition during the prenatal and early childhood period 
have been related to the health of the mother, her diet and lifestyle, the 
quality of family and social interaction, and exposure to toxic substances 
(Nilsen et al., 2020). In conducting these analyses, we attempted to 
consider combined exposure to both chemical and non-chemical 


stressors at early developmental life stages. In this sense, all the ana-
lyses were controlled for a comprehensive group of the aforementioned 
covariates. Additional sensibility analyses included the quality of the 
family context, deprivation index instead of maternal social class, and 
the co-exposure to all the toxic chemicals together. In general, although 
a smoothness in the association was found, there were not relevant 
changes in the direction of the associations previously observed. Further 
stratification analyzes among boys were carried out, by type of zone 
(fluoridated vs non-fluoridated), maternal social class and quality of 
family context. 


Among the limitations, we should mention that, unlike other pro-
spective studies (Bashash et al., 2017; Green et al., 2019), we did not use 
F intake from CDW as a proxy for internal exposure and as the inde-
pendent variable to assess the potential effect in neurocognitive devel-
opment. Water intake was not included in the analyses due to the lack of 
information on the amount of each brand of bottled water consumed in 
the food and drink questionnaire. Nonetheless, BW is a relevant source 
of DW: around 24% of our pregnant women consumed this type of 
water, and what is more, BW may be a considerable source of F and the 
results of MUF clearly showed that women drinking BW had interme-
diate levels between those found in women consuming CFDW and those 
consuming CNFDW. Hence, the inclusion of the consumption of BW can 
also be considered a strength of this study. As far as we know, no other 
studies include this source of F or type of DW in their epidemiological 
analysis, at least not in an explicit way. 


In summary, our study shows a direct positive effect for boys and no 
significant effect for girls. The results of our study could support the 
view that F has a detrimental effect with exposure through CDW at levels 
above 0.8 mg/l as previously suggested (Bashash et al., 2017) and may 
even have a positive effect at lower levels. The highest levels of F in CDW 
to which pregnant mothers were exposed in our study were slightly 
above 0.8 mg/L and the lowest levels were below 0.10 mg/l. A question 
that emerges from these results is if F could have a dose-response effect 
like those of other chemical elements essential for life, showing a 
different behavior at levels in the range of or lower than those recom-
mended by agencies such as the World Health Organization (Marthaler, 
1999) and the U.S. Department of Health and Human Services Federal 
Panel on Community Water Fluoridation (2015). In this line, a recent 
cross-sectional publication suggests a positive relationship between 
MUF and the score of cognitive functions under a specific level of MUF, 
clearly lower than those found in our women (Xu et al., 2020). Further, 
studies should be carried out before ruling out a potential beneficial 
effect of F at low levels in natural or FCDW. 


5. Conclusion 


A positive association between MUF and GCI scores and other mea-
sures of cognitive functions at 4 years of age is observed among boys in a 
prospective birth cohort in Spain. The current findings contradict, with a 
few exceptions, results obtained previously in cross-sectional and pro-
spective studies. Despite difficulties in interpreting and identifying other 
studies and biological mechanisms that support these results, other 
population-based studies are warranted to confirm or overturn these 
results at low levels of F in drinking water. 
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Figure 2. Random-effects analysis of standardized mean difference (SMD) and 95% CI of children’s IQ score associated with exposure to higher fluoride in non-endemic areas. 
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Figure 3. Random-effects analysis of regression coefficients and 95% CI of children’s IQ score associated with 0.5 mg/L increase in children’s urinary fluoride in non-endemic areas. 
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Figure 4. Random-effects analysis of regression coefficients and 95% CI of children’s IQ score associated with 0.5 mg/L increase in maternal urinary fluoride in non-endemic areas. 
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Editor and Reviewer comments:    

 

  
Reviewer 1: Given the serious weaknesses of this submission, I shall limit my comments to major issues only.
Meta-analyses: The manuscript is said to provide two meta-analyses of fluoride and neurodevelopmental hazards (with the conclusion of
no adverse effect already given in the title). Each meta-analysis is said to be based on an extensive search using multiple data bases, but
a surprisingly small number of studies was selected. The literature search is very far from a systematic review and lacks detail on the
methodology. Substantial heterogeneity is said to be present and to demonstrate variability of results. However, it would be surprising if
two epidemiological studies showed similar results, and indeed, most of such variability is likely due to differences in designs and
methods - a highly relevant issue not considered.
Selection of evidence: The manuscript claims that the results of previous meta-analyses have no relevance to U.S. policy-making, as
water-fluoride levels were above 1.5 mg/L. A similar argument would remove much of the evidence on hazards, such as asbestos or
lead. The manuscript further disregards studies that involved "endemic" areas (not defined). An advantage of countryside studies in
countries like China is that the study populations were fairly stable, i.e., that the current water-mediated exposures had remained fairly
constant (i.e., since conception), an issue not considered in the manuscript. Nonetheless, the restriction removed most previous studies,
even when water-fluoride were at or only slightly above 1.5. A further restriction was to focus on childhood urine-fluoride (age not
defined), despite the fact that several sources document that the most vulnerable time regarding developmental neurotoxicity is prenatal
and early postnatal. Apart from the erroneous claim that contemporaneous urinary-fluoride also reflects prenatal exposure, the
manuscript offers no justification for focusing on postnatal exposure, nor can I think of one. The term "children's urinary exposure" in
fact is not specified in regard to sampling method or adjustment.
Misinformation: A recent MIREC study (#2) is misquoted to focus only on a finding that was not statistically significant (those that
were significant were ignored). The most recent report (#21) from this prospective study elaborated on an apparent sex-dependent
difference, where boys are more sensitive to fluoride exposure prenatally, girls during early infancy. Obviously, these results are counter
to the methodology chosen for the present study and are ignored. The first major meta-analysis (#18) comprised 27 studies and included
several sensitivity analyses, funnel plot, etc. (not mentioned); the estimated average fluoride-associated IQ loss was given as -0.45,
which is said to be the standardized mean difference. But the original paper explains that this number is the relative s.d., which
corresponds to an average loss of 6.75 IQ points. The subsequent meta-analysis (6 years later, #19) showed similar results, and 18 of the
27 studies referred to water-fluoride concentrations below 4 mg/L, with fluoride-associated IQ reductions observed at only slightly
elevated concentrations of 1 to 2 mg/L. This information is not provided or commented upon.
A paper listed as #42 is referred to as evidence that many stressors can affect children's general cognitive ability, but this study found
that fluoride in fact had the greatest impact on cognitive ability, often reported to affect memory and cognitive deficits - a conclusion
that was not mentioned. Several epidemiological papers are cited to stress that associations may not be valid or causal. However, while
prospective studies are likely more informative than cross-sectional evidence, the manuscript relies on cross-sectional evidence in
children and ignores most prospective data (except for the misleading coverage of reference #2). Also, nothing is said about the likely
bias toward the null associated with imprecise exposure assessment (e.g., fluoride in a single spot urine from childhood). Overall, the
Discussion is unbalanced and misleading.
References: Most of the first several references (#4-9) are agency documents, some not yet complete, and one being a court testimony
that is not accessible and authored by a person who appears not to have important credentials in fluoride research or epidemiology.
Several of the subsequent references (#10-15) look like agency reports, perhaps in defense of fluoridation. Only one of the three
Canadian reports cited has a link, and it does not work. Studies that are reported only as abstracts are said to be ignored, yet ref #33 is an
abstract only but is still referred to as evidence of absent neurotoxicity.
Conclusion: The manuscript passionately concludes: "This study provides consistent evidence from two meta-analyses showing that
exposure at the level of fluoride used in community water fluoridation is not associated with lower IQ scores." This unashamed
exaggeration amply characterizes this poorly researched study and its inherent biases. The manuscript refers to "a contentious debate
largely fueled by exploratory studies" and proposes more research before conclusions can be drawn. I'm afraid that the misinformation
in this manuscript will fuel more controversy rather than stimulate prudent science-based decisions.

Reviewer 2: This is an intriguing meta-analysis. I was curious and confused about the limited scope of the meta-analysis on IQ in
children. My interpretation of the high-quality studies is that no association was observed in most studies of contemporaneous childhood
fluoride exposure and IQ decrements. The critical question is not whether contemporaneous childhood exposure is associated with IQ
decrements, but whether prenatal exposure - exposure during fetal development - is associated with IQ decrements. Yet the evidence
linking prenatal fluoride exposure to cognitive deficits wasn't mentioned; indeed, the author ignored it.

Several toxic chemicals - including mercury and PCBs - exhibit their greatest or negative impact on intellectual abilities only if exposure
occurs during fetal brain development. By contrast, lead appears to be particularly toxic during early childhood (Lanphear, 2015).

The author dismissed observational studies as "unreliable" twice in the manuscript. Observational studies are the optimal study design to
address some of the most important questions in public health. For example, observational studies were the key studies used to infer a
causal association between tobacco smoke and lung cancer, asbestos and mesothelioma, and lead and IQ deficits. The reduction of tooth
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decay from fluoride exposure was predominantly based on observational studies. Observational studies have limitations, but so do
randomized controlled trials. RCTs, for example, are rarely based on random or even representative samples of the population.

Page 6: The author used the NTP's selection of CUF (child urinary fluoride) as the rationale for dismissing MUF (maternal urinary
fluoride). This approach ignores evidence from studies that link prenatal fluoride exposure and IQ deficits. Was the author intentionally
trying to mislead the reader from asking the more pertinent question about prenatal exposure?

Page 7: The author wrote: In studies conducted in fluoridated and nonfluoridated communities, the contemporaneous children's urinary
fluoride exposure likely reflects prenatal and postnatal exposure rather than the MUF. I agree this especially true for comparisons of
villages or communities with high endemic fluoride with those having low endemic fluoride. This is one explanation why the studies of
endemic fluoride exposure found IQ decrements; it wasn't simply because the levels of fluoride exposure were higher as the author
argued, but because the fluoride exposure also capture prenatal exposure. It is likely to be less true for community-wide studies with
varying levels of fluoride exposure from community water fluoridation, black tea and oral hygiene products.

Page 9: The author concluded, "These meta-analyses show consistent evidence of no adverse effect of fluoride on IQ from two measures
of fluoride exposure at levels below approximately 1.5 mg/L." The author should specify that this is true for contemporaneous children;
the author did not examine prenatal exposure.

Farmus and others showed that prenatal and infant exposure was associated with diminished IQ scores, but not for older children.
(Farmus, Env Res 2021).

Page 10: The author described possible explanations for the effects observed in studies conducted in endemic fluorosis areas of China,
Iran, and India. They did not, however, include that possibility that the endemic areas are not only a good measure of childhood fluoride
exposure, but also prenatal exposure.

Page 11: The author wrote, "Thus far no cogent explanation has emerged for the mechanism of action of fluoride on
neurodevelopmental effect." Thyroid disruption is one possible explanation for fluoride's toxicity on fetal brain development. The
evidence indicating that thyroid disruption is an underlying mechanism - or the key mechanism - for fluoride neurotoxicity is not
definitive, but it is a cogent hypothesis supported by considerable evidence.

Limitations:

I was confused why the author concluded that, "investigators have not adequately accounted for urinary dilution and postnatal
exposure". Two high-quality studies cited by the author that examined fluoride exposure at levels < 1.5 mg/L accounted for urine
dilution (Bashash, 2017; Farmus, 2021).

Page 14: The author suggests that more pertinent questions are about IQ deficits at higher levels. I disagree; the key questions raised by
three existing prospective birth cohort studies - all of which found intellectual deficits with prenatal exposure - is whether fluoride is
neurotoxic at optimal levels observed in fluoridated or even non-fluoridated communities.

In the conclusion, the author wrote: "This study provides consistent evidence from two meta-analyses showing that exposure at the level
of fluoride used in community water fluoridation is not associated with lower IQ scores", without citing or acknowledging three
prospective cohort studies that consistently linked maternal urinary fluoride exposure with IQ deficits in their offspring. The author
could, of course, specify that their conclusions are based on contemporaneous childhood exposure.

Reviewer 3: The manuscript, "Meta-analyses of fluoride and neurodevelopmental hazards: No adverse effect of children intelligence at
lower fluoride exposure levels" is a manuscript that reports on two meta-analyses comparing children's IQ scores to non-endemic
elevated fluoride levels.  With proper exclusion of studies the findings of the current manuscript show no effect of increased urinary
fluoride/exposure to higher fluoride in non-endemic area to IQ. This is important and timely information. This paper also is noteworthy
because of its expert analysis of problems identified from other similar report, such as studies in very high fluoride level areas, use of
convenience samples, not blind assessments, sampling clustering errors, mechanistically implausible explanations, publication bias,
limitations of urinary and maternal urinary testing, etc.  This current version of the manuscript, however, is very difficult to read by the
intended audience.

Specific comments:
1.      The title is poorly constructed and needs to be revised and shortened.
2.      As mentioned above, the entire manuscript is difficult to read and should be revised for the readership.  For example sentences
such as: "The resulting exposure misclassification may lead to exaggeration of the risk, its attenuation, or no change in the association
when the error structure involve multiple confounders and covariates, also measure with errors, correlate measurement errors ,
interaction terms, presence of threshold effect, and ecological exposure measures." need to be shortened and simplified.
3.      The Conclusions of the paper and the Practical Implications do not follow the results.  There was no investigation or results
regarding preventing skeletal fluorosis, and investigating endemic fluorosis in China and India. 
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Reviewer 4: Overall, this is a very nicely written manuscript. However, I have a few questions/suggestions.

The authors note that, "Two meta-analyses of standardized mean difference (SMD) in children's intelligence quotient (IQ) scores have
shown an effect at high fluoride levels in endemic fluorosis areas" (abstract). These studies were based on observational studies, so it is
appropriate to say that the authors found a "relationship," but, short of a RCT, I don't think this can be called an "effect."

Along the same lines, the authors note, "fluoride exposure studies showed an increase in IQ score of 0.22 (95% confidence interval:
-0.46, 0.90; I2=18%; P=0.30) for every 0.5 mg/L F increase in urinary fluoride. . . " (abstract, and elsewhere). The authors do note that
this difference was not statistically significant. Not to quibble, but, if it was not statistically significant, then it is not an "increase,"
statistically speaking.

The phrase "approximately <1.5 mg/L F" is used repeatedly. It may have appeared in one of the manuscripts analyzed, but I'm not sure
what it means.

Page 8 Problem: "Furthermore, when the group effects are not separated in from individual effects in regression analysis. . . ."

The authors interpret I-squared as "no heterogeneity." It might be more accurate to say "no observed heterogeneity."

Page 10 Problem: "Third, Ioannidis demonstrated that newly discovered associations often have inflated effects than true effect sizes."

I wonder about the advisability of combining the results of studies that used differing sets of covariates (Table 2). The effect sizes will
differ, based on the covariates chosen. Can the authors provide an explanation as to how and why this is valid?

In Figure 2, it appears that the authors copied the results from a fixed effect forest plot, but the caption indicates that it is based on a
random effects analysis.

Reviewer 5: This paper presents a meta-analysis that adds to the literature on fluoride and neurodevelopment in that it focuses on
examining associations in the range that is pertinent to water fluoridation, namely <1.5 mg/l.  The previous meta-analyses are noted to
have included a sizable number of studies (the vast majority) conducted in settings in which endemic levels of water fluoride were
substantially higher, exclusively in Asia.  The studies appear to have been carefully identified, the analysis was done using standard
tools of meta-analysis, and the results are clearly presented. 

There are a number of concerns, largely with the clarity of the methods and composition of the manuscript:
1) The Introduction is quite long and mixes a summary of previous work by NTP and a critique of that work with some general
statements about health risks and benefits of fluoride.  While a synopsis of the evolution of this issue is appropriate, the main purpose of
the study could be much more clearly and directly stated as assessing potential effects in the range of concern for Western countries that
bear on water fluoridation.  In the Introduction and elsewhere in the manuscript, there is a somewhat a defensive tone in trying to
counter the proponents of the claim that fluoride is a neurotoxicant, drifting into aspects of the debate that are tangential to the content of
the paper.  It is important to let the data speak for itself and avoid the impression that it's been assembled to promote a point of view.
2) In the Methods, it would be helpful to simply state the exact criteria for inclusion on the two meta-analyses that were conducted and
not going back and forth between the approach used here and the one used by NTP.  It seems to be included in the text but is not easy to
extract.  While it is appropriate to contrast between these findings with those of the NTP meta-analysis and others, that should be in the
Discussion, noting the different mix of studies that were available for addressing the hypothesis of possible adverse effects at lower
levels.
3) Again, the Discussion should focus on the contribution of this analysis and put it in the context of previous meta-analyses of this
issue.  Noting the limited research quality and volume on which this conclusion is based is appropriate, but the Discussion drifts into
some more general comments about observational studies in general and an argument to not focus so much on neurodevelopment. 
Again, there is value in summarizing the risks and benefits of fluoride, independent of this issue. In the absence of clearer evidence
supporting adverse effects of fluoride on neurodevelopment at lower levels, this report makes a clear case against modifying the current
efforts to achieve fluoride's benefits while avoiding skeletal fluorosis. 

Minor points:
P. 2 - In citing the Green et al. article, the contradiction between their results and their recommendations seems odd, perhaps suggesting
that some secondary analyses provided hints of an adverse effect.  Another sentence or two to reconcile this would be helpful.  P. 4, top

P. 5, top - Clarify exposure ranges included and nature of contrasts for ecological comparisons, just "higher" vs. "lower"?  Are all studies
"non-endemic" or just those for the SMD analysis with the others restricted by maximum exposure levels?  Carefully distinguishing
selection of studies based on the source of fluoride (endemic vs. non-endemic) and maximum levels of exposure would be helpful. 

It seems questionable to include thesis and conference abstract from recent papers which were likely not included in earlier reports and
especially for abstracts, lack the detail needed for inclusion in a meta-analysis
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I would recommend describing results with point estimates and CIs in text, not just noting statistical significance

P. 10 - Not accounting for design effect only understates variance but does not change point estimates
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﻿On 1/4/22, 8:26 PM, "Kumar, Jayanth@CDPH" <Jayanth.Kumar@cdph.ca.gov> wrote:

    This email originated from outside ECU.

    My manuscript is rejected! I am not surprised because I am the sole author. I knew this could be a
problem. The word limit for a systematic review and meta-analyses is 3700.

    Surprisingly, Reviewer #2 never commented.

    Any thoughts? I started this manuscript as a commentary because I was concerned that this meta-
analysis would not be considered without a systematic review.

    -----Original Message-----
    From: em.jada.0.78769e.c0ddf84b@editorialmanager.com
<em.jada.0.78769e.c0ddf84b@editorialmanager.com> On Behalf Of The Journal of the American
Dental Association
    Sent: Tuesday, January 4, 2022 4:36 PM
    To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
    Subject: Decision on submission to The Journal of the American Dental Association

    EXTERNAL EMAIL. Links/attachments may not be safe. To report suspicious emails, click “Report
Phish” button.

    Manuscript Number: JADA-D-21-00365R1
    Meta-Analyses of Fluoride at Lower Exposure Levels and Children’s Intelligence

    Dear Dr. Kumar,    

    Thank you for submitting your manuscript to The Journal of the American Dental Association.

    I regret to inform you that the reviewers recommend against publishing your manuscript, and I
must therefore reject it. My comments, and any reviewer comments, are below.    I hope these
comments are helpful to you and your work on this and future manuscripts.

    For alternative journals that may be more suitable for your manuscript, please refer to our Journal
Finder (https://nam02.safelinks.protection.outlook.com/?
url=https%3A%2F%2Furldefense.com%2Fv3%2F__https%3A%2F%2Fnam02.safelinks.protection.outl
ook.com%2F%3Furl%3Dhttps*3A*2F*2Furldefense.com*2Fv3*2F__http*3A*2F*2Fjournalfinder.els
evier.com__*3B!!AvL6XA!nRkruK_JyWfXw_859jGBpWWL_om7Ud0Gj0zmMBjhNi7WIUb4YRT0rsrbI
Mok2AW77yxLb7XA*24%26amp%3Bdata%3D04*7C01*7CMOSSM17*40ECU.EDU*7C7e0b95f27de3
4b221b1108d9cfea597d*7C17143cbb385c4c45a36ac65b72e3eae8*7C0*7C0*7C637769427716956
828*7CUnknown*7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJ
XVCI6Mn0*3D*7C3000%26amp%3Bsdata%3Dk3G8P4*2FfDsbNncHDqD0xS1z7R6GWxsD0H16hNQ0
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yAjomI6gu9MfGnBLCkN6HcIjAlRlzlNCxSTMCtHGQ27EAfZjOl0UY06gEafXp0VzynWWi%24&amp;data=
04%7C01%7CMOSSM17%40ECU.EDU%7C94906f1fdc0d4a04312108d9d06bcd99%7C17143cbb385c
4c45a36ac65b72e3eae8%7C0%7C0%7C637769983713897252%7CUnknown%7CTWFpbGZsb3d8eyJ
WIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&amp;sdata=M
AHtJy2Bm5ZYeYEfU%2BLg9RWaWVY8xhiezogcocS2JWQ%3D&amp;reserved=0  ).

    We appreciate you submitting your manuscript to The Journal of the American Dental Association
and thank you for giving us the opportunity to consider your work.   Please consider JADA for
publication of your future works.

    Kind regards,  

    Tim Wright, DDS
    Editor-in-Chief
    The Journal of the American Dental Association    

    Editor and Reviewer comments:    

    Reviewer 1: The author should be greatly appreciative that the JADA editor generously offered the
option of revising the unsuitable manuscript first submitted. But the written response unfortunately
reveals that the author in general refused to consider the advice of the reviewers. The revision is
therefore no better than the first draft.
    My main comments emphasized the following major deficiencies:
    The meta-analyses were based on very small selections of studies where water-fluoride, childhood
or maternal pregnancy urine-fluoride were used as exposure indicator, as if all three are equally
valid, and the author even raised serious doubt about the one that is most relevant.
    Selection of studies from "non-endemic" areas using inappropriate reasons to exclude studies that
happened to support a connection between fluoride and neurotoxicity.
    Serious misinformation is conveyed in the Discussion and the Conclusions.
       The responses from the author are overall non-satisfactory and have resulted in minor, if any,
improvements of the manuscript. I shall first briefly comment on the responses to the critique that I
raised.
       Despite my comment on referring to grey literature references and a court statement (#4, which
seems not to be publicly available), to introduce the subject of the study, the author has made no
change in the selection of references. I'm aware of several reviews in scholarly journals that could
have been referred to, but the author is silent on the approach to selection of references.
       Surprisingly, the introduction does not refer to the previous NAS review (later mentioned as #29
in another connection) or to the WHO monograph (not mentioned at all), where the author could
have found useful information on fluoride metabolism and on the interpretation of urine-fluoride
measurements - issues that remain misinterpreted in the revised manuscript.
       I pointed out in my review that the former reference #42 from the U.S.EPA actually highlighted
fluoride as an important developmental neurotoxicity risk. Surprisingly, the author decided to
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remove the reference, apparently because the findings were unwelcome. No justification is given.
This decision supports a suspicion that the author selected references based on a preferred
conclusion.
       The author still does not explain why studies from endemic areas are excluded, although he/she
claims that the criteria are "clearly defined". But a proper definition is still missing. My comment why
studies from China might be relevant is countered by this brief response: "This assertion is based on
speculation." Nonetheless, the author lists numerous shortcomings (that I would call speculative) of
observational studies in the Discussion, while failing to recognize that similar concerns could be
raised against some of the studies that the author selected for inclusion in the present study.
       The author finds that "The serious weaknesses are in the base studies and not with the meta-
analyses." Similarly, he/she dismisses most of my other comments, without justification. I find it
amusing that the author continues to use the term "children's urinary fluoride exposure".
       The author provides no discussion why fluoride in spot urine samples from children at different
ages should be treated as valid proxy exposure variables at par with or better than maternal
pregnancy urines. Here, the WHO monograph and the NAS review might have been helpful to the
author. In attempting to discredit the studies that referred to individual exposure measures from
maternal urines, the author notes that urine-fluoride changes during pregnancy but fails to mention
that some of the studies took this into account by analyzing urine from different trimesters and
adjusting for the differences. The literature on prenatal vulnerability to neurotoxicant exposure is
likewise ignored.
       The author claims that the "concept that the likely bias is always toward the null is outdated"
and then provides a long quote from a source that is not provided (footnote missing?). I doubt that
any established epidemiologist would agree to that, although we all know that other potential biases
exist. The awkward dismissal of exposure imprecision as an important issue adds to the serious bias
of the manuscript.
       In commenting on lead as another developmental neurotoxicant, the author is apparently
unaware that the CDC in 2012 lowered the reference level of blood-lead to 5 ug/dl and in 2021 to
3.5. That would not be in agreement with the arguments that the author refers to the Australian
NHRMC (in 2015, I assume, there is no reference), but the author seems unaware of this. The author
also overlooks the fact that the mechanism of lead neurotoxicity is still unclear (although there are
multiple candidates, as with fluoride).
       Given the serious weaknesses of the author's responses to my review, I shall only briefly mention
some of the continued major problems in the revised text, which remains unclear, poorly argued and
difficult to read.
       The title has been revised, but "lower exposure level" is not widely understood and is not
defined in the abstract.
       Despite the author's concerns about causation in regard to associations, the abstract claims that
"These meta-analyses show that…".
       A level of 1.5 mg/L (water or urine?) is introduced (line 60) without any reference or justification.
In the subsequent paragraph, WHO's guideline value of 1.5 mg/L is mentioned, which may originate
from the 1980s, but again no reference is given. The author later (line 261) refers to EPA's limit of 4
mg/L drinking water. Given that water-fluoride concentrations up to this level are permitted in the
U.S. and do occur, why not focus on exposures up to this level? The manuscript is silent on this.
       In selecting references, the author "excluded studies where the description of subject
recruitment, exposure assessment, and the outcome was not provided." This cursory information
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(lines 90ff) is provided in passing in connection with IQ measurement, and the manuscript fails to
justify properly why some studies are included and others are excluded. The NTP described their
process in great detail, but the present manuscript fails on this account and even includes additional
studies without comment.
       The section on urine-fluoride (lines 94ff) fails to distinguish between water-fluoride exposure
and urinary fluoride excretion, and the paragraph confuses matters further by suddenly referring to
IQ measures at different ages without commenting on comparability of IQ scales or age adjustment.
       The simplistic selection of "higher and lower exposure groups" results in a serious reduction of
information from many studies, in particular those that include a wide range of individual exposure
measures, where a more advanced form of regression analysis would have been more appropriate
and would have preserved statistical power.
       In regard to criteria for Quality assessment (lines 122ff), the author refers to eight publications,
only two of which are from a peer-reviewed journal, both of which have the same authorship and
were published in the same toxicology journal, for which the senior author is the editor. In referring
to the NASEM review, the author misses an important chance to discuss the possible biases toward
the null, in particular due to exposure imprecision. As with the first version, I find the methodology
description to be seriously lacking and misleading.
       In the Results, the author highlights "a longitudinal investigation of the health and behavior of a
complete birth cohort from New Zealand" (line142), but reference #26 reveals that this ecological
study was established after childbirth and did not take into full account the (outdated) usage of
fluoride supplements during pregnancy. The author then claims that "the primary source of fluoride
was drinking water" and fails to recognize the importance of tea as a major source of fluoride
exposure (New Zealand has one of the largest per capita tea consumptions).
       The single sentence in the section on sensitivity analysis (lines 167-169) is insufficient and does
not pay justice to previous meta-analyses that included or excluded various groups of studies in their
sensitivity analyses.
       In the Discussion, the author claims to "provide consistent evidence of lack of an adverse effect
on IQ" (line 172), despite the fact that the confidence intervals are wide. The next sentence then
suddenly introduces a Swedish ecological study (of military conscripts) that has serious weaknesses
that are not mentioned. Then the reader is informed that the intake of fluoride in water is 2-2.5
times higher in China than in the U.S., perhaps because of differences in climate? It is unclear why
this concept is introduced here. There is simply no justification for the strong conclusion.
       In the next paragraph, the author claims that children's urinary fluoride concentrations
represent "a direct measure of fluoride exposure to the developing brain", with no justification or
reference provided. Then the author informs the reader that mean urine-fluoride levels were similar
in mothers and their children in a Canadian study, but correlation coefficients are not provided.
       I'm not familiar with the new Spanish study that is cited in the revision, but I understand that the
study population was originally selected due to elevated exposures to neurotoxic metals. The
possible suitability of this study for inclusion needs to be more carefully considered. The author
believes that salt is "the source of fluoride" (line 200) in Mexico and then speculates that high
fluoride exposure therefore indicates unhealthy dietary habits. The reference (#31) given by the
author does mention in the Discussion this theoretical possibility as a potential weakness, but no
evidence is provided for this assertion. Again, while salt is thought to be the only source of fluoride,
tea is not mentioned by the author.
       In discussing the validity of maternal urine-fluoride, reference is made to a study from Mexico
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and some studies from the 1960s, and again the more recent monographs are ignored. The
following paragraph states that "it is unclear whether the misclassification or mismeasurement is
differential or non-differential in these studies," but the reference given (#35) has nothing to do with
fluoride. Also, possible reasons that imprecision might be differential (which would be against
expectation) are not given. The fact that covariables may also be imprecise may well worsen the
situation, as they may steal variance from the independent exposure variable that the equation
assumes is measured without error. Overall, the discussion of this problem is superficial and
misleading.
       The following paragraph (lines 226ff) contains a long list of speculative reasons why previous
studies may have shown erroneous associations between elevated fluoride exposure and
developmental neurotoxicity. I don't think these far-fetched allegations are proper for an article in a
scientific journal. The author then refers to Ioannidis' famous article (#37) that initial findings often
appear inflated when further evidence has become available. However, reference to this study is
inappropriate, as the author should have recognized that a hypothesis of fluoride neurotoxicity is not
new. In fact, numerous experimental studies have appeared from about 1995 and onwards, and
likewise epidemiological studies began to appear in the 1990s. The author then claims that the
earlier study findings are "likely spurious in the absence of an explanation of the mechanism of
action" and then refers to a study from 1998 that has nothing to do with fluoride. In the next
paragraph, the author cites the McPherson et al study (#39) that was conducted in a rodent strain
that is apparently resistant to fluoride toxicity (many studies in other strains have shown fluoride
neurotoxicity). The McPherson et al study is later on singled out as a "high-quality study conducted
by NTP researchers" (line 312). Although most would agree that the exact mechanism of fluoride
neurotoxicity is unknown, this problem is not unique for fluoride, and exact modes of action are not
known for many recognized neurotoxicants.
       At the end of this paragraph, the author discusses publication bias. As proof of this problem, the
author refers to a PhD thesis - which however is indicated as being publicly available (#42). A second
reference is said to show that "China has incentives to publish only "positive" statistically significant
results," but the reference provided (#43) refers to genetic epidemiology, and its relevance is
unclear.
       Under strengths and weaknesses, the author repeats some erroneous statements on the lack of
validity of observational studies (which would include the ones selected for meta-analyses), and that
fluoride "has a short half-life".
       Not surprisingly, the Conclusions again exaggerate the biased results obtained in this study and
claims that "(u)ncritical acceptance of fluoride-IQ studies (…) has stunted methodological progress".
In my mind, the present manuscript is seriously deficient and prejudiced, and if published, it will
more likely increase an already existing and unfortunate controversy that may well hamper or
confound more proper scientific progress that could benefit dental health.

    Reviewer 3: This is a re-review  manuscript, now called, "Meta-Analyses of Fluoride at Lower
Exposure Levels and Children's Intelligence". With proper exclusion of studies their findings show no
effect of increased urinary fluoride or exposure to higher fluoride in non-endemic area to IQ. This is
important and timely information.
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    The authors did a remarkable job at addressing the comments of the reviewers and this revised
version is much improved.   This revised manuscript should make an important contribution to the
issue of fluoride and neurodevelopment hazards.

    Reviewer 4: The authors have addressed all of my concerns.

    Reviewer 5: This is written in a very technical way, unnecessarily complex for users to understand
The paper is framed as “meta analyses” instead of a systematic review. An analogy would be to see a
paper that says at the beginning of the methods “the author performed a chi square test”. Meta-
analysis is just a statistical technique, should not be the focus of a clinically relevant paper if it’s not
in the context of a properly conducted SR.
    Concerns:
    1.  there’s only one author. Minimizing error in SRs requires at least 2 people doing many of the
steps of a review. There is no acceptable reason for there to be only 1 author and compromise the
methodological quality 2.  there are no explicit eligibility criteria for the studies to include Some
results seem to be presented in the methods 3.  the results focus on statistical significance 4.  there
is no assessment of the certainty of the evidence.

     Nothing regarding limitations such as risk of bias, inconsistency, imprecision, indirectness, and
publication bias is considered in interpreting results and making conclusions. The authors
themselves acknowledge that there are limitations in the included studies but fail to properly
account for this when making conclusions. They mention a “quality assessment” in the methods (at
the study level, not at the outcome level), implying they don’t need to do it because it was done
elsewhere

    More information and support:

    You will find information relevant for you as an author on Elsevier’s Author Hub:
https://nam02.safelinks.protection.outlook.com/?
url=https%3A%2F%2Furldefense.com%2Fv3%2F__https%3A%2F%2Fnam02.safelinks.protection.outl
ook.com%2F%3Furl%3Dhttps*3A*2F*2Furldefense.com*2Fv3*2F__https*3A*2F*2Fwww.elsevier.c
om*2Fauthors__*3B!!AvL6XA!nRkruK_JyWfXw_859jGBpWWL_om7Ud0Gj0zmMBjhNi7WIUb4YRT0rs
rbIMok2AW772GgLOm7*24%26amp%3Bdata%3D04*7C01*7CMOSSM17*40ECU.EDU*7C7e0b95f2
7de34b221b1108d9cfea597d*7C17143cbb385c4c45a36ac65b72e3eae8*7C0*7C0*7C63776942771
6956828*7CUnknown*7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haW
wiLCJXVCI6Mn0*3D*7C3000%26amp%3Bsdata%3D1juz1HpfSmFMMqysDzmzqGNUPbJ7*2FpGgiRm
BSWgr5aI*3D%26amp%3Breserved%3D0__%3BJSUlJSUlJSUlJSUlJSUlJSUlJSUlJSUlJQ!!AvL6XA!gi-
yAjomI6gu9MfGnBLCkN6HcIjAlRlzlNCxSTMCtHGQ27EAfZjOl0UY06gEafXp0VrpKLsS%24&amp;data=0
4%7C01%7CMOSSM17%40ECU.EDU%7C94906f1fdc0d4a04312108d9d06bcd99%7C17143cbb385c4
c45a36ac65b72e3eae8%7C0%7C0%7C637769983713897252%7CUnknown%7CTWFpbGZsb3d8eyJ
WIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&amp;sdata=jpZ
3b7eX9MiWk6%2BPbLaFS7%2BBVn%2BgvC39Ew16fUJHU8A%3D&amp;reserved=0

    FAQ: How can I reset a forgotten password?
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This Message Is From an External Sender
This message came from outside your organization.

     Report Suspicious    ‌

For example,
 
“p.3 cite three meta-analyses that have been conducted, but present results of only one of
them.”  We discuss one SMD meta-analysis and two urinary F meta-analyses (Child and
Maternal).
 
This reviewer missed the point that all children are exposed to fluoride and that there is no
such thing as zero fluoride. Therefore, I think we can be explicit that water fluoridation does
not confer additional risk.
 
The editors generally ask for a 3rd review when the reviews are so different. On this basis

alone, we can contest the decision and ask for a 3rd reviewer. What do you think?
 
The other option is to look for a different journal.
 
 

From: pediatricseditorial@aap.org <pediatricseditorial@aap.org> 
Sent: Wednesday, June 22, 2022 8:38 AM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>
Cc: mossm17@ecu.edu; hhliu@dentistry.ucla.edu; susan.fisher-owens@ucsf.edu
Subject: PEDIATRICS/2022/058047 - Manuscript Decision
 
MS ID#: PEDIATRICS/2022/058047 MS TITLE: Association Between Community Water Fluoridation and Children’s Intelligence: A Meta-analysis Dear Dr. Kumar, Thank you for submitting your manuscript to Pediatrics. The executive editorial board
ZjQcmQRYFpfptBannerStart

ZjQcmQRYFpfptBannerEnd

MS ID#: PEDIATRICS/2022/058047
MS TITLE: Association Between Community Water Fluoridation and Children’s Intelligence: A Meta-
analysis

Dear Dr. Kumar,

Thank you for submitting your manuscript to Pediatrics. The executive editorial board has decided
not to accept it for publication. Unfortunately, due to a high volume of submissions, we must reject
many worthy manuscripts. Rejection reflects the priorities of the journal; it does not necessarily
indicate that your manuscript is unsuitable for publication elsewhere.

The reviews are accessible via your Author Area at https://submit-pediatrics.aappublications.org and
as an unformatted summary below my signature. Reviewer input is only one of several factors
involved in making decisions on papers. Even papers receiving positive reviewer comments may be
rejected.

We hope you will continue to submit articles to Pediatrics.

Please take a moment to complete a brief survey about your manuscript submission
experience: https://www.research.net/r/YFPKB8Q
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Sincerely,
Lewis First, MD
Editor-in-Chief, Pediatrics
University of Vermont Larner College of Medicine
89 Beaumont Ave, Given S250
Burlington VT 05405-0068
lewis.first@uvm.edu

pediatricseditorial@aap.org

Reviewer 1 Comments for the Author:
p.3 cite three meta-analyses that have been conducted, but present results of only
one of them.

The title suggests that the focus is primarily on water fluoridation as the
exposure, but the meta-analyses consider studies in which urinary F was the
exposure metric. This obscures the fact that exposure to F occurs by other routes
of exposure than water fluoridation (e.g. in studies that involve individuals from
non-fluoridated areas, urinary F is not zero and, as noted on p.5, in Canada the
mean among individuals in non-fluoridated areas was nearly 60% of the mean in
fluoridated areas). Failure to consider the multiple other sources of an
individual’s F exposure thus would introduce an unknown degree of exposure
misclassification, jeopardizing the interpretation of comparisons of outcomes in
fluoridated versus non-fluoridated areas, most likely biasing towards the null the
results of studies that rely solely on water F as the exposure metric.

Given the title of the paper and the fact that water is not fluoridated in Mexico,
the Bashash et al. and Thomas et al. studies are not informative about the
potential impacts of water fluoridation, yet they are included in the analyses and
figure extensively in the discussion.

p. 5 Argument for excluding studies that used dental fluorosis as the exposure
metric on grounds that moderate or severe fluorosis is uncommon in fluoridated
areas needs expansion. Many studies indicating substantial (and increasing)
prevalence of mild dental fluorosis in US children, presumably many of whom reside
in fluoridated areas. Excluding studies in which moderate or severe fluorosis was
common in the study cohort is reasonable, but excluding studies that relied on
dental fluorosis as the exposure metric and in which the distribution of Dean’s
Index scores among children was skewed toward fluorosis of lesser severity
eliminates potentially informative studies from consideration.

p.5 I would suggest using a different word than “significant” to describe study
sample size. “Largest” would be more accurate.
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p.11 The authors note different effect estimates from studies conducted in endemic
fluorosis areas of China, India, and Iran and from studies conducted in lower F
areas. They offer several hypotheses, involving such mechanisms as differential
migration, parental avoidance of F exposure, and government relocation policies.
The authors conclude that comparing IQ scores in endemic and low F areas “would
seem inherently fallacious,” yet no data are presented to support any of these
hypotheses. It is the authors’ conclusion, being based completely on speculation,
that seems fallacious.

p.12 The claim is made that the results of studies conducted in endemic areas
prior to 2014 can be discounted because of the absence of a known mechanism of
action. Since the second sentence following this one says that there is still no
cogent explanation for a mechanism of action, it is unclear why this limitation on
interpretation doesn’t apply to studies conducted post-2014 as well. Is that a
sufficient reason to discount the findings of any study suggesting an association?

p.12 The definitive statement is made that “China has incentives to publish
“positive” statistically significant results.” The Pan et al. reference cited to
support this statement focused solely on gene-disease association studies,
however, which seem of limited relevance to F studies. If anything, one might
imagine that publication of studies identifying a significant potential health
threat from F would be discouraged rather than encouraged in China insofar as it
would demand a governmental response (and the authors’ statement intimates,
without support, governmental interference in the publication process). This
facile style of citation increases concern about the balance of this work.

Acknowledge that populations living in unfluoridated areas might use other
strategies to increase their F intake, thus biasing towards the null the results
of studies that rely solely on water F as exposure metric.

The authors conclude that the challenges involved in establishing cause-effect
relationship in observational studies conducted in nonendemic areas may be
“insurmountable,” identifying many limitations of the available database and the
many challenges involved in conducting such studies. One would think that these
considerations would require that extreme caution be exercised in drawing
conclusions. The authors should provide the reader with some guidance on the how
the limitations in the available data are likely to bias the effect estimates,
i.e., towards or away from the null. After all, the problems in interpreting F
studies are not unique, and many topics, especially in environmental epidemiology,
are not amenable to RCTs, so the task is to draw inferences about the likely
impact of the database limitations on study inferences.

The Conclusion section (p.17) seems internally inconsistent. In spite of the
authors’ list of the weaknesses in the quality of the data, a very strong,
unqualified conclusion is drawn, i.e., “These meta-analyses show that fluoride
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concentration used in community water fluoridation is not associated with lower IQ
scores.”

*****
Reviewer 2 Comments for the Author:
The authors performed a meta-analysis of a possible association between
community water fluoridation and the intelligence of children. They included
studies from nonendemic fluorosis regions and report lack of evidence of an
adverse effect fluoride on IQ.
The study seems to be well-performed, is clearly described and critically
discussed. I recommend publication after minor revision.

In the discussion the authors address, why studies in some endemic areas may
have found a significant association between high fluoride exposure and low IQ
of the children:
“The higher IQ of parents and families might have avoided high fluoride water or
migrated out of the endemic 216 fluorosis areas to escape the debilitating
effects of skeletal fluorosis.”
This is a good argument but could be explained a bit better. I think they mean
that better educated individuals in endemic areas (who on average have a higher
IQ) are more likely aware of possible adverse effects of high fluoride exposure
such as fluorosis. Therefore, they reduce fluoride uptake; thus, high
intelligence may have influenced exposure to fluoride and not vice versa that
high fluoride exposure reduced intelligence.? This is indeed a critical aspect
that should be controlled in epidemiological studies.

The inclusion criteria appear useful to this reviewer:
The exposure variable included water or urinary F; (2) outcomes included
information to calculate the standardized mean difference and/or regression
coefficient for the change in cognition and IQ scores; (3) the study design was
an observational study; (4) the article was available in English; (5) the
population was children ages 1 to 18 years old.
A short paragraph in the discussion to explain/justify these criteria may be
helpful.

 

UCLA HEALTH SCIENCES IMPORTANT WARNING: This email (and any attachments) is only intended
for the use of the person or entity to which it is addressed, and may contain information that is privileged
and confidential. You, the recipient, are obligated to maintain it in a safe, secure and confidential manner.
Unauthorized redisclosure or failure to maintain confidentiality may subject you to federal and state
penalties. If you are not the intended recipient, please immediately notify us by return email, and delete
this message from your computer.
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This Message Is From an External Sender
This message came from outside your organization.

     Report Suspicious    ‌

From: pediatricseditorial@aap.org
To: Kumar, Jayanth@CDPH
Cc: mossm17@ecu.edu; hhliu@dentistry.ucla.edu; susan.fisher-owens@ucsf.edu
Subject: PEDIATRICS/2022/058047 - Manuscript Decision
Date: Monday, July 18, 2022 8:23:51 AM

MS ID#: PEDIATRICS/2022/058047
MS TITLE: Association Between Community Water Fluoridation and Children’s Intelligence:
A Meta-analysis

Dear Dr. Kumar,

The executive editorial board received the additional review of your manuscript (see new
reviewer comments below) and engaged in further discussion. After examining the new and
old reviews and the priorities of the journal, we have concluded that the rejection stands. We
receive many manuscripts worthy of publication and simply cannot accept them all. Rejection
reflects the priorities of the journal and does not necessarily indicate that the manuscript is
unsuitable for publication elsewhere.

Sincerely,
Lewis First, MD
Editor-in-Chief, Pediatrics
University of Vermont Larner College of Medicine
89 Beaumont Ave, Given S250
Burlington VT 05405-0068
lewis.first@uvm.edu

pediatricseditorial@aap.org

*****
Reviewer 3 Comments for the Authors:

Fluoridation of municipal water systems has long been advocated by such prestigious
organizations as the ADA and the AAP as a successful public health program for the
prevention of childhood caries. However recent research suggesting a causative relationship
between prenatal maternal fluoride exposure and subsequent adverse effects on the IQ of
offspring has raised questions about the wisdom of this practice. The ensuing controversy over
possible negative neurocognitive effects of fluoride has left many health policy makers, let
along pediatric clinicians and parents, confused. And so, any analyses that might shed some
clarity on this compelling public health dilemma are welcome. This paper describes the results
of a meta-analysis of research investigating causal links between fluoride exposure and
children’s intelligence.
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Authors are mindful of the limitations of the 29 published studies they examined that were
yielded from a careful Internet search using pertinent keywords and exploiting the prior work
of such reputable scientific organizations as the NTP and NASEM. The authors have
performed a variety of sophisticated statistically-based analyses of the secondary data,
acknowledging the universal truth that results from a meta-analysis is no more accurate than
are data from the individual studies it relies upon. To their credit, authors assessed ‘Risk of
Bias’ in the studies, performed tests of sensitivity and heterogeneity, and have submitted their
review for consideration by the PROSPERO international register, completing their 2020
PRISMA checklist.

The meta-analysis includes studies in which the biomarker is urinary fluoride. But clearly the
sources and doses of fluoride are not all attributable to that contained in water. Authors must
defend how they accounted for or adjusted for inclusion of data from studies confounded by
non-water sources of environmental fluoride.

Frankly the authors' discourse on the shortcomings of studies from endemic areas, such as
China, seem a bit cavalier and may or may not be true without more references to prove their
credibility. Lines 211-237 should be rewritten with these points in mind. There are known
non-water sources of fluoride in China that might account for high rates of severe skeletal
fluorosis. For example, it is well-known in parts of China that use of fluoride-containing coal
for home heating can be a major source of excessive fluoride intake resulting in severe
fluorosis.

On page 4 LN 62-63, authors state the goal of the investigation is to answer the question:
“does fluoride exposure recommended for caries prevention decrease children’s cognition and
IQ scores? However, authors clearly have 2 additional objectives for this paper: 1. to describe
shortcomings and weaknesses of the extant observational studies of fluoride and 2. to suggest
future directions of needed research. While the Discussion section attempts to address these 3
goals, it is disorganized and does not flow well and should be re-written to enhance clarity and
direction. For example, on page 14 LN 275-278 an animal study by the NTP is injected
awkwardly into a section outlining the problems with using MUF as a biomarker of exposure
in human studies. Perhaps that paragraph could be better placed in the Introduction of the
paper? Authors might want to move some of the DISCUSSION text to a “Data Synthesis”
section under RESULTS or some other such maneuver to separate their analytic strategy from
their critique of variables used in other studies.

Authors are not always clear throughout the manuscript as to when they are referring to water
as the source of fluoride dosing versus non-water sources. They are also unclear in some parts
of the paper as to which studies they are referencing in their analyses. This is evident on pages
9 and 10. Are lines 162-166 referencing 8 studies? Are lines 168-174 referencing 6 studies?
Lines 174 to 176 referencing Figure 4 do not indicate how many studies are included in this
analysis. And Figure 4 has 36 separate points plotted but there were 29 studies included. What
is the explanation for the difference? Lines 178-180 apparently reference 4 studies and lines
181-185 apparently reference 5 other studies? Again, in the Abstract under RESULTS, authors
identify 8 studies as showing no significant difference. However, they go on to reference
“Meta-analyses” of CUF and MUF but do not indicate how many studies they are talking
about.

In their Discussion section, authors never really address specifically (beyond casting
aspirations on studies from China, India and Iran) why their conclusions about fluoride and IQ
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differ from other, similar meta-analyses, some of which are including data from some of the
same studies as this one. For example, Choi concludes that their results “support the
possibility of an adverse effect of high fluoride exposure on children’s neurodevelopment” and
Duan concludes “summary results indicated that high water fluoride exposure was associated
with lower intelligence levels.” Are there design choices, methodological strategies, and/or
differences in analytic techniques might explain these disparate conclusions? Authors might
consider a boxed list of bullet points to help clarify.

On page 17 ln 336-337, authors opine that “fluoride exposure at the concentrations used in
community water fluoridation is not associated with lower IQ scores.” However, their own
Discussion section describing the limitations of the studies upon which they relied and the
further prospective studies needed. Such a definitive sentence seems a stretch. Authors should
consider tempering their conclusions to simply state, for example, that their meta-analysis
“could not confirm a definitive association or causal relationship between water fluoridation
and children’s IQ scores”.

Table 1 simply lists points of the study already covered in text and seems unnecessary.
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DEBRA J. CARFORA 
JOHN THOMAS H. DO 
BRANDON N. ADKINS 
U.S. Department of Justice 
Environmental Defense Section 
P.O. Box 7611 
Washington, D.C. 20044 
Tel: (202) 514-2640 
Fax: (202) 514-8865 
Email: debra.carfora@usdoj.gov 
 
Attorneys for Defendants 
 
Additional Attorneys Noted Below 
 
 

IN THE UNITED STATES DISTRICT COURT 

FOR THE NORTHERN DISTRICT OF CALIFORNIA 

SAN FRANCISCO DIVISION 

 

FOOD & WATER WATCH, INC, et al., 
Plaintiffs, 

 
v. 

 
U.S. Environmental Protection Agency, 
et al., 
 

Defendants. 

Case No.: 17-cv-02162-EMC 
 
JOINT PRETRIAL CONFERENCE 
STATEMENT 
 
 
Date: January 7, 2020 
Time: 2:30 p.m. 
Place: Courtroom 5, 17th floor 

 

In accordance with the Court’s June 13, 2019 Amended Case Management and 

Pretrial Order for Trial (ECF No. 107), the undersigned counsel of record respectfully 

submit the following Joint Pretrial Conference Statement: 

1. The Action. 
a. Substance of the Action: Plaintiffs have brought this case under Section 21 

of the Toxic Substances Control Act (15 U.S.C. § 2620), on the grounds that the addition 

of fluoridation chemicals to drinking water presents an unreasonable risk of neurologic 

harm. Plaintiffs contend that the recent NIH-funded prospective cohort studies, taken 
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together with the many other studies of fluoride neurotoxicity in animals and humans, 

demonstrate that fluoridation chemicals pose an unreasonable risk when assessed 

according to well-established risk assessment methods. EPA contends that Plaintiffs 

cannot set forth a scientifically defensible basis to conclude that any persons suffer an 

unreasonable risk of neurotoxic harm as a result of exposure to fluoride in the U.S. 

through the addition of fluoridation chemicals to drinking water. 

b. Relief Prayed: Pursuant to 15 U.S.C. § 2620(b)(4)(B), Plaintiffs seek 

injunctive relief in the form of an Order requiring EPA to initiate the rulemaking 

proceeding requested by Plaintiffs in their Petition to EPA. The remedy provided for in 

Section 21(b)(4)(B)(ii) is an order that EPA “initiate a proceeding for the issuance of a 

rule,” 15 U.S.C. § 2620(a), which order may not proscribe the content of a rule or the 

outcome of such a proceeding. Further, pursuant to 15 U.S.C. § 2620(b)(4)(C), Plaintiffs 

seek recovery of their costs of suit and reasonable fees for attorneys and expert witnesses. 

Finally, Plaintiffs seek such further relief as the Court may deem just and proper. 

Defendants deny that Plaintiffs are entitled to relief. 

2. Factual Basis of the Action. 

a. Undisputed Facts:  

1. According to the United States Centers for Disease Control and 

Prevention (CDC), as of 2014, approximately 200,000,000 people in the United States 

live in communities that add fluoridation chemicals to the drinking water.  

2. Plaintiffs’ Citizen Petition sought to prohibit the addition of 

fluoridation chemicals to water on the grounds that this condition of use presents an 

unreasonable risk of neurologic harm. 

3. Fluoridation chemicals are added to drinking water to prevent 

tooth decay (i.e., dental caries). In addition to being added to water, fluoride is added to 

dental products and certain pesticides. 

4. In epidemiology, a cross-sectional study is a comparison of the 

prevalence of a specific health outcome across levels of a specific exposure in study 
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subjects (or vice versa), with the exposure and outcome both measured at a given time, 

providing a “snapshot” of the association between the exposure and the health outcome at 

one time. 

5. In epidemiology, a cohort study is a comparison of incidence rates 

of a specific health outcome between study subjects with various levels of a specific 

exposure who are observed over time. 

6. A person’s individual response to fluoride exposure depends on 

factors such as age, kidney function, body weight, activity level, nutrition, and other 

factors.  

7. Human urine fluoride concentrations (biomonitoring) measures an 

internal dose.   

8. Various factors can affect the concentration of fluoride in a urine 

sample, such as an individual’s metabolism, when a urine sample is collected, and the 

time since the last void of the individual who provided the sample.  

9. Historically, most studies to investigate the impact of fluoride on 

IQ in humans have used cross-sectional study designs. Most of these cross-sectional 

studies have been conducted in China, and other countries with elevated levels (>1.5 

mg/L) of naturally occurring fluoride in water. By contrast, fluoride is added to water in 

the United States to reach a concentration of 0.7 mg/L. 

10. Prospective cohort studies have been conducted in Mexico City 

(ELEMENT cohort), where fluoride is added to salt, and Canada (MIREC cohort), where 

fluoride is added to water. These studies are the most methodologically reliable human 

studies to date on the impact of fluoride on neurodevelopment. 

11. Risk assessment is the process by which scientific judgments are 

made concerning the potential for toxicity in humans.  

12. The National Research Council (NRC, 1983) has defined risk 

assessment as including the following components: hazard identification, dose-response 

assessment, exposure assessment, and risk characterization. 
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13. The term “risk evaluation” is a specialized term under TSCA. 

14. Together, the components of EPA’s risk assessment process, 

coupled with the ultimate risk determination, constitute a “risk evaluation” under TSCA. 

15. The final step of a risk evaluation is to weigh a variety of factors to 

determine whether the chemical substance, under the conditions of use, presents an 

unreasonable risk of injury to health or the environment, referred to as the “risk 

determination” step in the TSCA risk-evaluation process. 

16. EPA does not require that human exposure levels exceed a known 

adverse effect level to make an unreasonable risk determination under TSCA. For 

example, if human exposure levels exceed a known no-adverse effect level divided by 

combined uncertainty factors, EPA may make an unreasonable risk determination under 

TSCA.  

17.  In the ideal world, all risk assessments would be based on a very 

strong knowledge base (i.e., reliable and complete data on the nature and extent of 

contamination, fate and transport processes, the magnitude and frequency of human and 

ecological exposure, and the inherent toxicity of all of the chemicals). However, in real 

life, information is usually limited on one or more of these key data needed for risk 

assessment calculations. This means that risk assessors often have to make estimates and 

use judgment when performing risk calculations, and consequently all risk estimates are 

uncertain to some degree. For this reason, a key part of all good risk assessments is a fair 

and open presentation of the uncertainties in the calculations and a characterization of 

how reliable (or how unreliable) the resulting risk estimates really are. 

18. EPA’s Guidelines for Neurotoxicity Risk Assessment were 

designed in 1998 to guide EPA’s evaluation of substances that are suspected to cause 

neurotoxicity, in line with substantive standards established in the statutes administered 

by the Agency. 

19. EPA’s Guidelines for Neurotoxicity Risk Assessment preceded the 

2016 TSCA amendments. 
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20. The current non-enforceable health goal for fluoride under the Safe 

Drinking Water Act (“SDWA”), or Maximum Contaminant Level Goal (MCLG), of 4.0 

mg/L was promulgated in 1985 to protect against a condition known as crippling skeletal 

fluorosis (i.e., “stage III skeletal fluorosis”). Crippling fluorosis is the final, and most 

severe, stage of skeletal fluorosis. 

21. Based on its 2006 review, the National Research Council (NRC) of 

the National Academies of Science (NAS) recommended that the MCLG of 4 mg/L be 

lowered to prevent children from developing severe dental fluorosis and reduce the 

lifetime accumulation of fluoride into bone that the majority of the committee concluded 

is likely to put individuals at increased risk of bone fracture and possibly skeletal 

fluorosis. 

22. Based on the NRC’s recommendation, in 2010, EPA’s Office of 

Water completed a dose-response analysis using available data between 2000 and 2010 to 

calculate a reference dose (“RfD”)—an estimate of the fluoride dose protective against 

severe dental fluorosis, stage II skeletal fluorosis, and increased risk of bone fractures—

of 0.08 milligrams per kilograms per day (mg/kg/day), a measure of daily intake by body 

weight. 

23. In addition to the tooth and bone effects, the NRC also evaluated 

neurotoxicity as an effect of fluoride exposure, among other health effects. The NRC 

concluded that the available data were inadequate to demonstrate a risk for neurotoxicity 

at 4.0 mg/L and made recommendations for additional research. Since that time, 

additional research has been conducted and the scientific database for studies that have 

examined neurotoxicity as an effect of fluoride exposure has grown.  

24. In determining whether adding fluoridation chemicals to drinking 

water presents an unreasonable risk of neurotoxic effects under TSCA, EPA’s Office of 

Pollution Prevention and Toxics would not rely on the 2010 RfD, but would instead 

apply a weight of the scientific evidence approach for identifying and characterizing the 

best available science from the most up-to-date scientific database of studies that have 
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examined neurotoxicity as an effect of fluoride exposure. 

25. In conducting TSCA risk evaluations, EPA generally uses the 

Margin-of Exposure (MOE) approach to characterize the risk as a step in the risk 

assessment process. Using this approach, an MOE is calculated by comparing (dividing) 

the point-of departure directly to the expected exposure level. The MOE is then compared 

to a benchmark MOE, which is the product of all relevant uncertainty factors.  

26. EPA considers the MOE, relative to the benchmark MOE, in 

addition to other factors, in determining whether risks are unreasonable under TSCA.  

27. The National Research Council has stated that “the inference that 

results from animal experiments are applicable to humans is fundamental to toxicologic 

research.” 

28. EPA agrees that effects observed in animals are relevant to humans 

unless human data counterindicate.  

29.  The developing brain is distinguished by the absence of a blood-

brain barrier. The development of this barrier is a gradual process, beginning in utero and 

complete at approximately 6 months of age. 

30. Fluoride passes through the placenta and gets into the fetal brain. 

31. Whether harm would actually occur depends on the dose and 

nature of exposure. 

b. Disputed Factual Issues: 

1. Plaintiffs contend that fluoridation chemicals pose an unreasonable 

risk of neurotoxicity when added to drinking water because  

   (A) neurotoxicity is a hazard of fluoride exposure when the scientific 

literature is assessed according to EPA’s Guidelines on Neurotoxicity Risk Assessment;  

   (B) neurotoxicity is a risk at the exposure levels produced by fluoridation 

chemicals when assessed according to EPA’s long-standing risk assessment 

methodologies, including Benchmark Dose and Margin of Exposure analysis, and  

   (C) the risk of neurotoxicity posed by fluoridation chemicals is 
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unreasonable when assessed according to the risk-related factors that EPA has identified 

as relevant to risk determinations under TSCA. 

2. EPA contends that the following disputed facts are material to 

Plaintiffs claim: 

i. Plaintiffs did not conduct an exposure assessment. 

ii. Plaintiffs did not conduct a systematic review. 

iii. The existing body of evidence for fluoride neurotoxicity 

does not support the identification of a hazard of neurotoxicity at the levels of exposure 

to fluoridation chemicals under the condition of use being assessed.  

iv. The existing body of evidence for fluoride neurotoxicity 

does not support the identification of a dose response that is probative of water fluoride 

concentrations in the United States at or below 0.7 mg/L. 

v. Fluoridation of public drinking water systems has been 

demonstrated as an effective public health intervention in reducing dental caries. 

vi. Plaintiffs have not set forth a scientifically defensible basis 

to conclude that any persons suffer an unreasonable risk of neurotoxic harm as a result of 

exposure to fluoride in the U.S. through the addition of fluoridation chemicals to drinking 

water. 

3. Disputed Legal Issues:  

1. For the reasons set forth in Plaintiffs’ Motion in Limine No. 1, Plaintiffs 

contend that the benefits (or lack thereof) of fluoridation chemicals are “nonrisk factors” 

that cannot be considered in the unreasonable risk determination.  

2. For the reasons set forth in Plaintiffs’ Motion in Limine No. 2, Plaintiffs 

contend that any evidence to support a deferral in the rulemaking under Section 

21(b)(4)(B)(ii) should be excluded because EPA cannot demonstrate one of the requisite 

factors, and thus introduction of evidence would be futile and waste judicial resources. 

3. EPA contends that the Court must apply the substantive requirements of 

TSCA’s statutory scheme for determining whether the use of fluoridation chemicals to 
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understand the full extent of the risk posed by adding fluoridation chemicals to drinking 

water, if at all, as determined by the Court and the full extent of the risks to which it must 

take action pursuant to the ongoing risk evaluations under TSCA section 6. If the issue of 

deferral under section 21(b) were not bifurcated from the issue of unreasonable risk, EPA 

would be prejudiced by requiring it to demonstrate the full extent of the risks to which it 

is taking action before the time allowed by statute to complete the first ten risk 

evaluations under the amended TSCA and before the Court has make any unreasonable 

risk determination on fluoride.  

Plaintiffs oppose EPA’s bifurcation request for the reasons set forth in 

Plaintiffs’ Motion in Limine No. 2.   

6. Witnesses. 

a. See attached Appendix A. 

7. Exhibits: 

a. See attached Appendix B. 

8. Use of Discovery Responses. 

a. See attached Appendix C. 

Dated:   December 19, 2019    Respectfully submitted, 

 /s/ Debra J. Carfora                                                       
DEBRA J. CARFORA 
JOHN THOMAS DO 
BRANDON N. ADKINS 
Environmental Defense Section 
4 Constitution Square,  
150 M Street NE, Room 4.1114 
Washington, DC 20001 
Tel: (202) 514-2640 
Email: debra.carfora@usdoj.gov 
 

       Attorneys for Defendants 
 

/s/ Michael Connett (by permission) 
MICHAEL CONNETT 
C. ANDREW WATERS 
Waters Kraus & Paul 
222 N. Pacific Coast Hwy 
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El Segundo, CA 90245 
Tel: (310) 414-8146 
 
Attorneys for Plaintiffs 
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CERTIFICATE OF SERVICE 

I hereby certify that a true and correct copy of the foregoing was served by Notice 

of Electronic Filing this 19th day of December, 2019, upon all ECF registered counsel of 

record using the Court’s CM/ECF system. 

        

      /s/ Debra J. Carfora   

       Debra J. Carfora, Trial Attorney 
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                          Official Reporter - U.S. District Court - San Francisco
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CHANG - DIRECT  / BHAT

ELLEN CHANG,  

called as a witness for the Defendant, having been duly sworn, 

testified as follows: 

THE WITNESS:  Yes, I do.

THE CLERK:  Thank you.

THE COURT:  You may proceed.

MS. BHAT:  Thank you, Your Honor.

DIRECT EXAMINATION 

BY MS. BHAT 

Q. Dr. Chang, you are an epidemiologist; correct?

A. Yes.

Q. Briefly, can you explain what epidemiology means?

A. Yes.  Sure.  It's the scientific study of the causes and

patterns of diseases in populations, especially human

populations.

Q. What are your qualifications to speak to the Court about

epidemiology?

A. I have a doctorate degree in epidemiology with a minor in

biostatistics from the Harvard School of Public Health.

I also completed a post doctoral fellowship in medical

epidemiology and biostatistics at the Karolinska Institute in

Stockholm Sweden.

I previously held jobs as a research scientist at the

Cancer Prevention Institute of California, which is a

non-profit cancer research center.  That was affiliated with
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CHANG - DIRECT / CONNETT

The 2019 actually refers to an abstract.  So, like, a

conference abstract on the same cohort, MIREC.

So I don't know how to make this clearer.  You could add

"plus abstract" after "Green 2019 in press."  Because there was

the full-length in press manuscript, plus an abstract.

Q. Okay.  Thank you for that.

Now, you recognized, Dr. Chang, that there is a difference

between relevance and reliability; correct?

A. Yes.

Q. And you agree, Dr. Chang, that the Canadian MIREC studies

and the Mexico City ELEMENT studies are the most reliable

studies to date on fluoride and neurodevelopment; correct?

A. I think because they look at prenatal fluoride exposure,

they are more -- see, I -- I wouldn't say that the other ones

are unreliable.  It's that the MIREC and ELEMENT cohort studies

are better conducted.  They -- they assess a wider range of

exposure windows or potential exposure windows.  And that makes

them more informative.

But as far as reliability goes, for me that pertains to

validity in terms of whether the data, the underlying data are

valid.

So for looking at associations with childhood exposure,

for example, I don't think that the other ones are less

reliable.  But the other ones don't look specifically at

prenatal exposure, and that is a limitation relative to MIREC
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CHANG - DIRECT / CONNETT

and ELEMENT.

MR. CONNETT:  Your Honor, at this time I would like

to read impeachment testimony into the record.

THE COURT:  Okay.  Identify the pages.

MR. CONNETT:  It's 208, Line 16 to 210, Line 2.

THE COURT:  I'll give counsel a chance to look.

MS. BHAT:  208/16 to 209/2?

MR. CONNETT:  210/2.

MS. BHAT:  210/2.

(Brief pause.) 

MS. BHAT:  No objection, Your Honor.

THE COURT:  Okay.  Go ahead and read it.

MR. CONNETT:  Paul?

(Document displayed.)                                     

BY MR. CONNETT 

Q. (As read)

"QUESTION: Okay.  So of these ten most relevant

studies, which do you find to be the most reliable

studies from a methodological standpoint?

"ANSWER: I think they are all more reliable, for

example, than the ecological cross-sectional studies

from non-western populations.  Just methodologically

even, they are better.

"QUESTION: Uh-huh.

"ANSWER: Among these ten, I would say that the
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CHANG - DIRECT / CONNETT

prospective cohort studies are, in general, more

rigorous in design than those that are not.  And then

among the prospective cohort studies, I would say that

those that adjusted for multiple confounders and had

individual level measures of exposure are relatively

better than those that lack those elements.

"QUESTION: Okay.  So of the ten studies, which study

do you -- which single -- do you have -- which single

study do you find to be the most rigorous from a

methodological standpoint?

"ANSWER: Of these ten, I think that the methods are

quite comparable among the Bashash studies --

"QUESTION: Uh-huh.

"ANSWER: -- the Green and Till studies.  So Thomas

is, I believe, an abstract, but it's -- it's related

to the Bashash studies.  Those are the ones.  So

Bashash -- the last five that are listed, those are

the Bashash, et al 2017 and '18.  The Thomas, et al

study under the reasonable assumption that the methods

described in that abstract are the same as used in the

full-length papers.  And then the Green, et al, and

the Till, et al studies, I think, are relatively more

rigorous than the other five."

MR. CONNETT:  Thank you, Paul.

(Document removed from display)                                     
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CHANG - DIRECT / CONNETT

BY MR. CONNETT 

Q. So, Dr. Chang, you agree that the ELEMENT -- the three

ELEMENT studies -- I'll bring back the table here.  I'll start

again.

(Document displayed.)

Q. Dr. Chang, based on your testimony there, you agree that

the three ELEMENT studies that you identified as being most

relevant, as well as the MIREC studies that you identified as

being most relevant, that these are the five most rigorous

studies that you evaluated in your causal assessment; correct?

A. Yeah.  I think they are the most -- they are more

rigorous.  They are the most rigorous two study populations,

five analyses, yes.

Actually, the MIREC one we can count as two maybe, the

Green 2019 full-length paper and then the abstract.  But, yeah.

Those -- those two cohort studies are more rigorously

conducted.

Q. And you agree that the Broadbent study is a weaker study

than the ELEMENT and MIREC studies; right?

A. For looking for neurodevelopmental effects or potential

neurodevelopmental effects of fluoride exposure, I would say

yes.  They don't have maternal prenatal exposure.

Q. And you agree that the Shannon study is a weaker study

than the ELEMENT and MIREC studies; correct?

A. For the same reason; correct.
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years. No significant differences in IQ were noted using this exposure metric, and this finding was 

independent of potential confounding variables, including sex, socioeconomic status, breastfeeding, and 

birth weight.9  

93. The Broadbent study also made no attempt to ascertain prenatal exposures, including 

maternal tea consumption, which is an important limitation given the high rate of tea consumption in 

New Zealand. Tea contains elevated levels of fluoride, and tea consumption can be a major source of 

fluoride intake among adults (Waugh 2017). During the time that the children in this study were born 

(1972-1973), New Zealanders consumed as much as 2.6 kg of tea per capita per year (corresponding to 

3-4 teabags per day), as compared to the consumption of 0.5 kg in Canada in the approximate time the 

MIREC cohort was recruited (Grigg 2002). The failure of both New Zealand studies to consider 

maternal tea consumption may have introduced substantial imprecision into the exposure classification. 

94. An additional concern is that the 10% of cohort subjects who had not lived in fluoridated 

areas very likely received fluoride supplements, which would eliminate much of the (postnatal) 

difference in exposure between the fluoridated and non-fluoridated areas. In a letter published 

subsequent to the study, the authors estimated that the average difference in exposure between children 

in fluoridated vs. non-fluoridated areas was only 0.3 mg/day (Broadbent et al. 2016).  

95. Based on the absence of individual measurements of exposure; failure to control for the 

timing of exposure, including prenatal exposures; and the relatively small difference in postnatal 

exposures in the Broadbent study, the New Zealand studies provide virtually no information about the 

neurotoxic impact of early-life fluoride exposures. They carry little weight in my assessment.  

VII. SYSTEMATIC REVIEW 

96. Although I decided not to conduct a formal systematic review for my weight-of-the-
 

9   Despite the fact that lead exposure in this cohort was later reported to cause IQ deficits 
(Reuben et al. 2017), the authors of the fluoride study chose not to control for exposure to lead or other 
chemicals that can affect neurodevelopment.   
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December 6, 2019 

RE: Re-analysis of Green et al, 2019 

Dear Dr. Fraser, Dr. Arbuckle, and members of the MBMC, 

We are writing on behalf of the authors in regard to Dr. Tomar’s request to access and 
re-analyze the raw data that we used in our study published in JAMA Pediatrics, 
entitled “Association between Maternal Fluoride Exposure during Pregnancy and IQ 
Scores in Offspring in Canada”.   

We fully support an independent re-analysis of the dataset used in the Green et al 
study. We have some recommendations, however, about how the quality and validity 
of our conclusions should be evaluated in a re-analysis study. 

We appreciate and concur with the Biobank’s decision to incorporate the ‘core 
principles of study re-analysis’ as outlined by Christakis and Zimmerman (2013)1 in the 
Biobank application. These principles are critical for maintaining rigour and 
transparency in scientific investigations.  

As Christakis and Zimmerman note, “The value of reanalysis accordingly hinges 
critically on reducing the presumed threats to equipoise that come from a financial, 
ideological, or political interest in the results. A reanalysis is most likely to be useful 
when such interests are substantially lower among the reanalysis team than in the 
original team. Conversely, if the presumption of bias is higher in the reanalysis team, 
data sharing will more likely impede, not improve, scientific understanding.” 

Given the importance of an unbiased re-analysis team, we wish to share a few of our 
concerns about some of the behaviours demonstrated by Dr. Tomar and the 
signatories of the October 23, 2019 NIEHS letter that indicate strong bias against the 
Green et al study and group of authors. Biases are revealed in the following actions:  

1.  Dr. Tomar’s quotes from the Medscape article dated August 19, 2019 reveal 
confirmation bias. https://www.medscape.com/viewarticle/916977#vp_2 (see 
Appendix for direct quotes).   

2. We have verified with two signatories of the NIEHS letter that Dr. Tomar has not 
shared the email sent by Dr. Fraser on October 29, 2019 outlining the procedures for 
accessing MIREC Biobank data. To this day, a false narrative has been perpetuated that 
the Green et al authors are refusing to release the data. In reality, we have never 
“declined to respond affirmatively to requests from other researchers for access to the 
data” as purported. Dr. Tomar notes the importance of being transparent to provide 
clarity amid concerns our article has raised. We concur and feel that Dr. Tomar should 
be held to the same level of accountability.  

                                                           
1
 Christakis DA, Zimmerman FJ. Rethinking reanalysis. JAMA. 2013:310(23): 2499-2500. 
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On November 1, the following blog was posted by Dr. Grant Ritchey (one of the signatories of the 
NIEHS letter) on Science-Based Medicine and retweeted by other signatories of the letter, 
including Dr. Tim Caulfield: https://sciencebasedmedicine.org/maternal-fluoride-and-iq-the-
scientific-community-pushes-back/ 

This blog article is riddled with biases and factual misinformation related to the request for the 
MIREC data. Dr. Ritchey reports some “updates”, including: 1. The anonymized CADTH report on 
the Green et al study which is completely inconsistent with the conclusions made by the NTP 
2019 report on developmental neurotoxicity of fluoride released in the same week; 2. the email 
reply from NIEHS to their letter requesting the data, but not the reply by Dr. Fraser (written 
October 29); and 3. a selective quote from Dr. Schwarcz from McGill in a National Post article 
saying: “What are you hiding? Whoever owns the data should be willing to release it”, despite 
this same National Post article including a clear explanation of the procedures for accessing the 
MIREC Biobank data. Dr. Tomar then tweeted the link to this blog post on November 1st despite 
Dr. Fraser clarifying the procedures on October 29th. This raises concerns about integrity and bias 
against our group demonstrated by these signatories. 

3. The signatories of the NIEHS letter show questionable ethical behaviour that continually 
denigrate our research team through a series of posts on Twitter (see examples in Appendix from 
posts made in November 2019). Not only is this bullying behavior unprofessional, it raises 
concerns about the extent to which potential interactions between our research groups will be 
fruitful and motivated by scientific truth-seeking. 

4. Many of the criticisms noted in the NIEHS letter were claims originally made by the American 
Council on Science and Health (ACSH) and the UK-based Science Media Centre, which are both 
heavily funded by the pharmaceutical and food and beverage industries. Some of these criticisms 
are false, such as “the results are driven by outliers”, and presenting claims with little scientific 
basis, such as “sex differences are frowned upon”. These are attempts to undermine the 
substantive conclusions of our study.   

Several sites have investigated the UK-based Science Media Centre and the ACSH for an industry 
bias and financial conflicts. You can find the original critiques here: 
https://www.sciencemediacentre.org/expert-reaction-to-study-looking-at-maternal-exposure-to-
fluoride-and-iq-in-children/ 

5. Several of the signatories of the NIEHS letter – including Drs. Jennifer Myers, Mark Moss and 
John Morris – serve as scientific advisors of the American Fluoridation Society. We don’t know 
their source of funding for the American Fluoridation Society, but it is an outspoken advocacy 
organization for community water fluoridation. The advisors may have good intentions, but their 
tweets indicate a strong bias, as does their affiliation with the American Fluoridation Society.  

A core principle of a re-analysis is that it consists of a detailed and pre-specified analytic plan. As 
Christakis and Zimmerman noted, “A reanalysis should not be a statistical fishing expedition. The 
new methodological approach must be explicitly stated and justified in advance.” A template 
designed for researchers preregistering a secondary data analysis is included in our Appendix. 
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Given the concerns noted above, it is critical that the re-analysis is conducted by an 
independent and objective group of scientists who have no financial conflict or ideological 
biases. This group would be analogous to the Health Effects Institute that independently re-
analyzed studies of air pollution and health outcomes. We further recommend that Dr. Tomar’s 
group provide funding for this independent re-analysis.  

Finally, Christakis and Zimmerman write, “The authors of the original report being subjected to 
re-analysis should be provided with the opportunity to review and comment on the reanalysis 
before its acceptance for publication.” We agree and request that this be built into a re-analysis 
plan. We would also like clarity on how any serious disagreements would be resolved.  

We appreciate your effort and attention in helping to ensure that re-analysis of the Green et al 
paper is done carefully and in an ethically acceptable manner. While we appreciate that these 
recommendations won’t be easy, we believe that they are critical to protect the scientific process 
and, ultimately, the integrity of MIREC.  

Sincerely, 

 
Christine Till, PhD 
 

 
Bruce Lanphear, MD, MPH 
 

CC:   Rick Woychik, PhD, Acting Director, NIEHS 
 
 Gwen Collman, PhD, Acting Deputy Director, NIEHS 
 
 Dimitri Christakis, MD, MPH, Editor in Chief, JAMA Pediatrics 
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APPENDIX  
(note: additional content added to Appendix after Dec 6, 2019 to reflect ongoing activity) 

 
1. Quotes by Dr. Tomar from August 19, 2019 Medscape article: Prenatal Fluoride 

Exposure and IQ in Kids: Is There a Link?   
 
Written by Tara Haelle  on August 19, 2019 

… 
 
“But Scott Tomar, DMD, MPH, DrPH, a professor of dental public health at the University of 
Florida College of Medicine in Gainesville, was more skeptical of the findings. Tomar, a 
consultant to the US Food and Drug Administration (FDA) and American Dental Association, 
questioned why the only association seen in the urinary concentration analysis is in boys and 
how much the data supported the conclusions given that most participants consumed less than 
1 mg/L of fluoride daily. 
 
"I really don't think this should have an effect on the policy of recommending water fluoridation 
in the United States or Canada," Tomar told Medscape Medical News. "There's nothing 
remotely resembling a linear relationship in the range at which the overwhelming majority of 
these subjects fell." 

>>If he read the article, it was reported that we examined separate models with 2 linear splines set 
at 3 knots and found that the slope estimate at lower values of MUF (i.e., < X (give MUF value)) was 
approximately the same as the slope estimate at higher levels of MUF. So if the two models don't 
significantly differ (as we found), then that indicates that the two spline slopes do not significantly 
differ. His claim is unfounded.” 

The authors made no recommendations related to water fluoridation policies but did suggest 
that women should reduce their fluoride intake during pregnancy. Still, Tomar said he does not 
see a real association "between exposure to fluoride in the concentrations typically found in 
water fluoridation and IQ" in the study. 
 

>>The design of our study was not intended to compare IQ scores in children living in fluoridated 
versus non-fluoridated communities. We interpreted the IQ loss to fluoride from all sources of 
fluoride.  A pregnant woman can have a MUF value of 1 mg/L regardless of fluoridation status, 
though it is much more probable if the woman lives in a fluoridated region. 

 
"If this effect were real," he continued, "we would have seen widespread declines in IQ from the 
1940s through the early 21st century in the United States, as exposure to fluoridated water 
increased from about 10% of the population to around 80%. We saw just the opposite." 
 
 >>This is an example of a vacuous statement. 
 
Tomar also pointed out that other differences in the cities may account for the IQ differences — 
though the authors included city as a covariate — and suggested the regression analysis relied 
too much on outliers with higher fluoride exposure levels. Till, however, said they found no effect 
difference in the model when they excluded outliers from the analysis.” 
 
 >>Another example of a vacuous statement as we presented models with and without outliers. 
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2. Email sent to Drs. Tomar, Woychik and Collman on October 29, 2019. 

Scott Tomar, DMD, MPH, DrPH 

stomar@dental.ufl.edu 

Professor & Director of Institutional Analysis and Evaluation  

University of Florida College of Dentistry 

  

Rick Woychik, PhD  

rick.woychik@nih.gov 

Acting Director,  

National Institute of Environmental Health Sciences  

  

Gwen W. Collman, Ph.D.  

collman@niehs.nih.gov 

Acting Deputy Director,  

National Institute of Environmental Health Sciences  

 

October 29, 2019 

 

Dear Drs. Tomar, Woychik and Collman,  

 

We appreciate your concerns regarding the availability of the raw data for validation from the 

Green et al. study on maternal fluoride exposure and child IQ that was recently published by 

JAMA Pediatrics.  This study was a MIREC (Maternal-Infant Research on Environmental 

Chemicals) Biobank project.  The data and biospecimens in the MIREC Biobank 

were collected with the informed consent of the MIREC Study participants.   

 

In all Biobank activities we work to honor the consent provided by the participants, which 

includes ensuring that individual level data are released only for approved Biobank 

projects. That said, we are in an era of data sharing. We understand that we need to make the 

data from the Green et al. publication accessible for other researchers to perform validation 

of the initial findings. The data would be available only for this purpose to the team 

seeking to perform the validation. It should be noted, however, that our privacy policy does 

not allow individual-level data to leave Canada.   

 

If you can identify a team of independent researchers interested in taking this on, we would 

be happy to work with them to ensure they have the raw data they need, providing that they 

adhere to the MIREC Biobank policies.  See http://www.mirec-canada.ca/en/research/ for 

further information on the Biobank policy and process. 

 

Please contact the MIREC Biobank Manager, Nicole  Lupien(nicole.lupien@recherche-ste-

justine.qc.ca), to arrange access to the data needed to validate the Green et al. study. 
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Sincerely, 

  

William D. Fraser, M.D., M.Sc., FRCSC 

Chair, MIREC Biobank Management Committee 

 

c.c.  Tye Arbuckle, PhD, MIREC Co-PI, Health Canada 

 Nicole Lupien, Manager, MIREC Biobank, Ste. Justine’s Research Center 

Christine Till, PhD, York University (ctill@yorku.ca) 

 

__________________________________________________________________________ 

 

 

3. Some recent tweets sent or re-tweeted by signatories of the NIEHS letter: 

We note here that signatories of the letter are disseminating the above-mentioned blog post on 

November 27th – one month after the response from Dr. Fraser. 
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We note here the fluoridation society endorsing industry-funded organizations.  
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We note here bullying behaviour by signatories of the letter: 
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Tweets sent December 9, 2019 by Dr. Meyer (one of the signatories of the letter) 

 

 

 

4. Other tweets  by members of the AFS demonstrating unprofessional and questionable 

ethical behaviour: 

Appendix 10 Page 9 of 11
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5. Required information for pre-registering a re-analysis (adapted from OSF; see: 
https://help.osf.io/hc/en-us/articles/360019738834-Create-a-Preregistration) 

Preregistration is designed to make clear the distinction between confirmatory tests, specified prior to 
seeing the data, and exploratory analyses conducted after observing the data. Therefore, creating a 
research plan in which existing data will be used presents unique challenges. 

For each of the research questions listed, provide one or multiple specific and testable hypotheses, or 
one or more specific estimates related to those research questions. If doing hypothesis testing, please 
state if the hypotheses are directional or non-directional. If directional, state the direction. A predicted 
effect is also appropriate here. 

For example: 

A. Research Question (RQ) 1 

A1: Hypothesis 1 (related to RQ1) 

A1.1: Statistical test of hypothesis 1 

A1.2: Statistical test of hypothesis 1 

A2: Hypothesis 2 (related to RQ1) 

A2.1: Statistical test of hypothesis 2 

B. Research Question 2 

B1: Hypothesis 3 (Related to RQ2) 

B1.1: Statistical test of hypothesis 3 

Etc 
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Montreal, September 18, 2020 

 

RE: Response to request to access MIREC Biobank data for reanalysis of Green et al. paper (preBBK39) 

Project title: Re-Analysis of the Association between Maternal Fluoride Exposure During Pregnancy and 

IQ Scores in Offspring in Canada 

 

Mark E Moss, DDS, PhD 

Associate Professor 

ECU School of Dental Medicine 

1851 MacGregor Downs Road – MS 701 

East Carolina University 

Greenville, NC 27834-4354  

 

Dear Dr. Moss: 

 

The members of the MIREC Biobank Committee have attentively reviewed your responses to their latest 

comments.  The Committee members recognize the importance of the debate around fluoride and IQ, and 

support the reanalysis of MIREC data on child IQ and prenatal exposure to fluoride.  The Committee also 

recognizes the importance of the principles for reanalysis proposed by Christakis & Zimmerman in 2013.  

However, the current application does not demonstrate sufficient expertise or methodological 

improvement to meet the requirements for a robust reanalysis; and unfortunately, they did not approve 

your application, for the following reasons: 

 

1. Based on the CVs of the applicants and team members, and the methodology proposed, the Committee 

members feel that your team does not have the level of knowledge and expertise in the required specific 

areas to address this research question. 

 

2. The responses to the additional information and clarification requested through the 3 rounds of review 

by the Committee did not fully address the Committee’s questions. 

 

3.  As a core principle for reanalysis, the “methodological improvement should be recognizable and 

significant. While there are legitimate methodological differences, the posited improvement from the 

reanalysis should be well grounded and substantiated by a significant portion of the methodological 

literature.” (Christakis & Zimmerman in 2013).  The Committee members do not find that this application 

makes recognizable and significant methodological improvements to the analysis that Green et al. 

conducted. 

 

4. The Committee members do not find that this application identifies any clear limitation of the Green et 

al. study. The proposal speaks of eliminating outliers, but the Green paper did take into consideration 

extreme values of MUF. The approach that the team proposes for establishing an effect threshold is not 

clear.  
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5. Regarding a possible city effect, there is a lack of clarity as to how this effect would be dealt with (collider 

versus confounder). This is an example, found throughout the proposal, where the methods are not clearly 

defined. The Committee had asked for more details, but insufficient detail was provided. 

 

6. The application indicates a plan to “add variables to the model”, but there should be a good justification 

of including adjustment variables in a model to explore an association. The applicants have not explained 

how they would determine which variables would be included to the model, and how they would be 

selected. 

 

Best regards, 

 

 

Nicole Lupien 

MIREC Biobank Manager 

CHU Sainte-Justine Research Centre 

3175, Côte-Sainte-Catherine 

Montreal (Qc) Canada  H3T 1C5 

nicole.lupien@recherche-ste-justine.qc.ca 
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Montreal, March 15, 2021 

 

RE: Response to request to access MIREC Biobank data for reanalysis of Green et al. paper (preBBK46) 

Project title: Re-Analysis of the Association between Maternal Fluoride Exposure During Pregnancy and IQ Scores 

in Offspring in Canada 

Co-Applicants: Mark E Moss, DDS, PhD 

Associate Professor, ECU School of Dental Medicine, East Carolina University 

Sonica Singhal, MPH, PhD 

Assistant Professor, University of Toronto 

 

 

Dear Co-Applicants: 

 

The review committee has come to the decision to not approve the above cited application for data access. The 

following is a summary of the key points that led to this decision. 

 

First, one of the core principles of reanalysis is that the posited improvement from the reanalysis should be well 

grounded and substantiated by advanced methodological literature. The panel did not consider that the above criterion 

is fulfilled in the application.  

 

Second, there are concerns about whether the team was free of bias/conflict of interest. Several MBMC members noted 

that Dr. Moss is on the scientific advisory committee for the American Fluoridation Society, which advocates for 

fluoridation. He also specifies in his CV having served as editor of a website committed to improving health literacy for 

professionals and community stakeholders by summarizing and critiquing published studies that raise concerns about 

fluoride. Given the contentious nature of this topic, a truly arms-length team is needed to conduct the “definitive” 

reanalysis. 

 

Third, while the team has some experience in perinatal biomonitoring and child neurodevelopment, the team has not 

demonstrated sufficient expertise in the application to conduct an epidemiological analysis. Here are some examples: 

the applicants state they will use DAGs but the DAG presented in the application is not developed according to the rules 

of causal inference; the applicants advocate for using multiple approaches to identifying confounders rather than one 

clearly defined approach, which could be viewed as data dredging; the applicants seem to treat interaction variables as 

potential confounders rather than an indication of heterogeneity.  

 

Given that members of the same team of applicants have previously been unsuccessful in their requests for data access, 

and that many of the issues that were raised by the committee in previous reviews were not addressed in the current 

application, the committee is not disposed to review further requests from this same group of investigators. 

 

Yours sincerely, 

 

 

William Fraser, MD 

Chair, MIREC Biobank Management Committee 
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From: Chris Wood
To: Barefoot, Adam; Bev Isman; Chris Farrell; Dean Perkins; Jason Roush; Jayanth Kumar ; John Welby; Julia

Wacloff; Mona Van Kanegan; Russ Dunkel; Zwetchkenbaum, Samuel (RIDOH)
Subject: [EXTERNAL] : FW: Complaint letter to US DHSS Office of Research Integrity - need BOD approval to sign on by 2

pm ET tomorrow
Date: Thursday, July 15, 2021 5:45:34 PM
Attachments: image001.png

Complaint to Various Institutions July 14 2021.pdf
Importance: High

I apologize for the short tun around but please let me know if you want me to sign on, on
behalf of ASTDD by no later than 2 pm ET tomorrow
 
From: Judith Feinstein jafme52@gmail.com 
Sent: Thursday, July 15, 2021 2:31 PM
To: Chris Wood cwood@astdd.org; 'Bruce Austin' baustinLMT@gmail.com
Cc: 'Kumar, Jayanth@CDPH' Jayanth.Kumar@cdph.ca.gov; 'Howard Pollick' Howard.Pollick@ucsf.edu
Subject: Letter of complaint - ASTDD sign on? 
Importance: High
 
Chris,
I’ve read enough to be as convinced as a non-researcher can be that the concerns expressed
in the complaint are valid. I highlighted chunks as I went through (skipped some of the middle)
– my highlighting is a lighter yellow. I’m appalled at the responses to Mark Moss’s attempts to
obtain the data (at the end), along with all the rest, and we know what Jay has been telling us
all along.
 
Please note in the email from Professor Meyer that she describes the letter as defamatory
(that is, could be taken as libelous or slanderous).  Do you want to run this by the BOD or the
Management Team? – but note that the requested deadline for signing on is Saturday – see
the second attached email – and I need to know how ASTDD should be listed – whose name,
etc.
 
FYI, what I find, from our annual report to NFAC last year, is this:

ASTDD submitted a letter to the National Academy of Sciences expressing concerns
about the draft National Toxicology Program (NTP) monograph on fluoridation, as did
Fluorides Committee member Jay Kumar. Howard Pollick and others submitted a
response to an article in JAMA Peds; it was published online 12/30/19, and in print in
February 2020.

 
So, let me know what we’ll do next. I can reply to Jennifer Meyer tomorrow or Saturday, not a
problem.
 
Judy
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X number of complainants 
c/o Juliet Guichon 
Departments of Community 
Health Sciences and Pediatrics 
Cumming School Medicine, 
University of Calgary 
3280 Hospital Drive North West 
Calgary Canada T2N 4Z6 
 
Tel. +1 403 220 2752 
 
 
July 21, 2021 


 
Office of Research Integrity 
U.S. Department of Health and Human Services 
Office of Research Integrity 
1101 Wootton Parkway, Suite 200 
Rockville, Maryland 20852, USA 
 
 
Dear Office of Research Integrity, 
 


Re: Research Misconduct Complaint: Rivka Green, Bruce Lanphear, 
Richard Hornung, David Flora, E. Angeles Martinez-Mier, Raichel 
Neufeld, Pierre Ayotte, Gina Muckle, and Christine Till  


 
1. INTRODUCTION AND SUMMARY 
 
We are a group of faculty members and researchers in public health, research ethics, 
pediatrics, family medicine, oral health, statistics, epidemiology [The disciplines might 
grow depending upon who agrees to sign.] who write to request that the Office of 
Research Integrity oversee an independent investigation regarding the research 
conduct of the authors of this paper:  
 


"Association between maternal fluoride exposure during pregnancy and IQ 
scores in offspring in Canada." JAMA Pediatrics 173, no. 10 (2019): 940-
948. 


 
The paper can be found at this link:  
https://jamanetwork.com/journals/jamapediatrics/fullarticle/2748634  Throughout this 
document, this paper is referred to as “the impugned Paper”. 
 
The research reported in the impugned Paper was funded by the United States National 
Institute of Environmental Health Sciences (NIEHS) (grant R21ES027044).   
 
The impugned Paper is based on research reported by a thesis titled, “Prenatal Fluoride 
Exposure and Neurodevelopmental Outcomes in a National Birth Cohort”, July 2019 



https://jamanetwork.com/journals/jamapediatrics/fullarticle/2748634

https://report.nih.gov/award/index.cfm?ot=&fy=2017&state=40&ic=&fm=&orgid=9441101&distr=&rfa=&pid=14261725&om=n#tab5

https://yorkspace.library.yorku.ca/xmlui/bitstream/handle/10315/35502/Green_Rivka_R_2018_Masters.pdf?sequence=2&isAllowed=y

https://yorkspace.library.yorku.ca/xmlui/bitstream/handle/10315/35502/Green_Rivka_R_2018_Masters.pdf?sequence=2&isAllowed=y
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submitted by Ms. Rivka Green to the York University (Toronto) Faculty of Graduate 
Studies in Partial Fulfillment of the Requirements for the Degree of Master of Arts (the 
“Thesis”).   
 
The data upon which both the impugned Paper and the Thesis are derived was 
provided by the Maternal-Infant Research on Environmental Chemicals (MIREC) Study, 
which was created by using funds from Health Canada, the Canadian Institute of Health 
Research and the Ontario Ministry of Health. 
 
The authors of the impugned Paper (the “Research Team”) are nine people: Rivka 
Green (York University, Toronto), Bruce Lanphear (Simon Fraser University), Richard 
Hornung (University of Cincinnati), David Flora (York University, Toronto), E. Angeles 
Martinez-Mier (Indiana University), Raichel Neufeld (York University, Toronto), Pierre 
Ayotte (Laval University), Gina Muckle (Laval University), and Christine Till (York 
University, Toronto).  The impugned Paper received considerable attention from news 
media and public health audiences.  Indeed, according to JAMA Pediatrics, this Paper 
was the “most talked about article” of 2019 based on quantitative measures. 
 
We respectfully request that the Director of the Office of Research Integrity take all 
necessary steps to investigate our concerns, detailed below.  We believe that an 
independent investigation could result in findings of research misconduct, specifically 
falsification.   
 
 
2. JURISDICTION AND GOVERNING RULES 
 
As stated, the research was funded by the National Institute of Environmental Health 
Sciences (NIEHS), which is part of the National Institutes of Health (NIH).  The ethical 
nature of research conducted by the NIH must be overseen by the Office of Research 
Integrity (ORI) by virtue of the ORI’s constating Congressional statute.  The Secretary of 
the ORI is obligated by this statute to enter into a contractual arrangement with entities 
receiving funds.  (We assume that York University, Toronto, received the funds.)  The 
ORI must require the entity (among other things) to  
 


report to the Director any investigation of alleged research misconduct in 
connection with projects for which funds have been made available under 
this chapter that appears substantial. 


 
The Secretary is further obligated to create a process by which alleged misconduct 
regarding research funded by the National Institute of Health may be, inter alia, 
investigated and addressed.   
 
Under Department of Health and Human Services, Public Health Service Policies on 
Research Misconduct; Final Rule 42 CFR §93.103 (the “ORI Policy”), Research 
misconduct that occurred when supported by an agency of the Public Health Service is 
recognized as being contrary to the interests of the Public Health Service and the 
United States Federal government; and to the health and safety of the public, to the 
integrity of research, and to the conservation of public funds.  Research funded by an 



https://www.mirec-canada.ca/en/about/some-facts-and-figures/

http://read.alerts.jamanetwork.com/csb/Public/show/axac-1mijf3--nyv99-azsr4pu5

https://www.govinfo.gov/content/pkg/USCODE-2010-title42/pdf/USCODE-2010-title42-chap6A-subchapIII-partH-sec289b.pdf

https://www.ecfr.gov/cgi-bin/text-idx?SID=b442f557073ad91df7a4a5da579d7f0e&mc=true&node=se42.1.93_1103&rgn=div8

https://www.ecfr.gov/cgi-bin/text-idx?SID=b442f557073ad91df7a4a5da579d7f0e&mc=true&node=se42.1.93_1103&rgn=div8
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institute of the National Institutes of Health is supported by an agency of the Public 
Health Service. 
 
“Research misconduct” is defined to include “falsification” “in proposing, performing, or 
reviewing research, or in reporting research results.”  The offense of falsification is 
further defined in that section: 
 


(b)   Falsification is manipulating research materials, equipment, or 
processes, or changing or omitting data or results such that the 
research is not accurately represented in the research record. 


 
Paragraph 93.103 specifically states that “(d) Research misconduct does not include 
honest error or differences of opinion.” 
 
The intentional aspects of an offense are further described in paragraph 93.104: 


 
A finding of research misconduct made under this part requires that: 
 


(a) There be a significant departure from accepted practices of the 
relevant research community; and 


(b) The misconduct be committed intentionally, knowingly, or recklessly; 
and 


(c) The allegation be proven by a preponderance of the evidence. 
 


 
3. FALSIFICATION BY RESEARCH TEAM 
 
In stipulating that ‘falsification’ is an offense, the ORI states that falsification may occur 
by “omitting data or results” or “manipulating research materials, equipment, or 
processes”.  The ORI Policy requires that for the omission or manipulation of data to be 
actionable, the research outcome must have been falsified.  The ORI Policy states that 
such falsification can be found when “the research is not accurately represented in the 
research record”.   
 
In our opinion, the actions of the Research Team meet all aspects of the offense of 
falsification as stipulated in both the ORI Policy.  It is our opinion that the Research 
Team falsified its data or results in four ways: (1) by omitting discussion of the main 
effect from the abstract and narrative; (2) by manipulating data to “find” an effect in a 
sub-group; (3) by engaging in inappropriate cluster design analysis; and (4) reporting 
incorrect results derived from improper use of probability values (“P values”).  In our 
opinion, the research is not accurately represented in the research record.  Its 
misrepresentation is a significant departure from accepted practices of the relevant 
research community.  The misrepresentation was committed intentionally, knowingly, or 
recklessly.  This letter establishes these facts below on a preponderance of the 
evidence. 
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3.1 Omission of Research Data 
 
3.1.1 Omission of Main Effect in the Abstract and Narrative 
 
The main effect of the research is the answer to the primary question that researchers 
set out to study.  The Research Team, in the impugned Paper’s abstract states the 
research objective as: “To examine the association between fluoride exposure during 
pregnancy and IQ scores in a prospective birth cohort.”  The primary research question 
is repeated in the impugned Paper’s introduction:  “This study examined whether 
exposure to fluoride during pregnancy was associated with IQ scores in children in a 
Canadian birth cohort in which 40% of the sample was supplied fluoridated municipal 
water.”  Therefore, “the main effect” that the Research Team was investigating was 
whether maternal exposure to fluoride during pregnancy had an effect on the IQ of the 
resulting offspring.   
 
The Research Team did not report the answer to the primary research question except 
on one line of a table.  The Research Team ought to have discussed the main effect 
result both in the abstract and in its discussion in the body of the paper. 
 
As mentioned, the impugned Paper is published in JAMA Pediatrics.  That journal 
(along with most major journals) states in its guide to authors that authors must follow 
the guidelines established by “Strengthening the Reporting of Observational Studies in 
Epidemiology Statement: guidelines for reporting observational studies” (the “STROBE 
guidelines”).  In preparing its manuscript for publication, the Research Team was 
encouraged by JAMA Pediatrics to use the STROBE check list and provides a link to 
the check list that makes it clear in points 16, 17 and 18 that the main effect must be 
reported and strongly implies that the main effect is a central matter to be reported 
rather than to be ‘buried’ on one line of a table without discussion in the abstract or in 
the narrative of the impugned Paper. 
 


Main Results 
16    (a) Give unadjusted estimates and, if applicable, confounder-


adjusted estimates and their precision (e.g., 95% confidence 
interval). Make clear which confounders were adjusted for and 
why they were included 
(b) Report category boundaries when continuous variables were 
categorized 
(c) If relevant, consider translating estimates of relative risk into 
absolute risk for a meaningful time period  


 
Other analyses  


17    Report other analyses done—e.g., analyses of subgroups and 
interactions, and sensitivity analyses  


 
Key Results 


18    Summarise key results with reference to study objectives 
 


 



https://jamanetwork.com/journals/jamapediatrics/pages/instructions-for-authors#SecDataAccess,Responsibility,andAnalysis

http://www.equator-network.org/wp-content/uploads/2015/10/STROBE_checklist_v4_cohort.pdf
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On one line in Table 1, the Research Team reported that the average IQ of children was 
108.21 in fluoridated areas (higher exposure) and 108.07 in non-fluoridated areas 
(lower exposure).  The difference in average IQ between the two groups is so small  
that the comparisons of the effect of fluoride exposure on the birth cohort were not 
statistically significant. Yet the Research Team omits this information in the abstract and 
throughout the narrative of the impugned Paper.  As stated, the Research Team does 
not answer this question directly and clearly even though providing this answer was the 
central purpose of the impugned Paper.   
 
3.1.1.1. Discrepancies between two papers by many of the people using the same 
cohort.  
 
We would like the team that conducts the investigation to be aware of the data 
discrepancy published by this research team in a paper we refer to here as, “the Infant 
Formula Paper”. 
 


Christine Till, Rivka Green, David Flora, Richard Hornung, E. Angeles 
Martinez-Mier, Maddy Blazer, Linda Farmus, Pierre Ayotte, Gina Muckle, and 
Bruce Lanphear. "Fluoride exposure from infant formula and child IQ in a 
Canadian birth cohort." Environment international 134 (2020): 105315.  
https://www.sciencedirect.com/science/article/pii/S0160412019326145 
 


 
Highlighted in yellow are the authors of the Infant Formula Paper who are also authors 
of the impugned Paper.  (Indeed, this group of authors is the same as the Research 
Team but with the addition of Blazer and Farmus and the departure of Neufeld.)  The 
Infant Formula group of authors used the same cohort of 400 mother-child pairs but 
removed two pairs that were outliers.  These authors, using the same cohort, appear to 
come to different conclusion regarding the effect of fluoride exposure as measured by 
maternal urinary fluoride adjusted for specific gravity (MUFSG). 
 
In the impugned Paper, the Research Team writes, “Adjusting for covariates, a 
significant interaction (P for interaction = .02) between child sex and MUFSG (B = 6.89; 
95% CI, 0.96-12.82) indicated that an increase of 1mg/L of MUFSG was associated with 
a 4.49 (95% CI, −8.38 to −0.60; P = .02) lower FSIQ score for boys.” 
 
In the Infant Formula Paper, the authors write on page 4 (footnote), “MUF was not 
significantly associated with FSIQ [full scale IQ] score (B=−1.08, 95% CI: −1.54, 0.47, 
p=.29)…effect for both sexes is reported” presumably because the interaction effect 
was not statistically significant.  However, there was no discussion of the lack of effect 
on boys.  Furthermore, fluoride in the formula was not associated with decreased FSIQ 
in boys or girls once the two extreme observations were removed (B=-3.14; 95% CI: -
6.99, 0.71). 
 


In other words, in the Infant Formula Paper, fluoride exposure during pregnancy 
did not decrease IQ in boys or girls once the authors considered postnatal 
exposure.  
 



https://www.sciencedirect.com/science/article/pii/S0160412019326145
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Given the overlap of members of the Research Team of the impugned Paper and the 
group of authors of the Infant Formula paper, it appears the Research Team of the 
impugned Paper is cognizant of the questionable claims it is making, and yet attempts 
to engage in legitimizing them.  This appears to be evidence of intentionally altering the 
results. 
 
3.1.2  Focus on Effect Modification by Subgroup Analysis and Incorrect Reporting 
of Fluoride Intake results   
 
The Research Team reported and discussed an MUFSG and sex interaction along with 
sub-group analysis of the various aspects of the IQ test.  This sub-group analysis 
dominates the impugned Paper’s discussion without any discussion of the limitations of 
this type of analysis.  Thus, the impugned Paper implies that the research question was 
whether maternal fluoride exposure has an effect on resulting boys on one part of a two-
part intelligence test, when that was not the primary research question.  
 
The Research Team considered the effects of fluoride on the developing brain primarily 
in two ways.  Among children residing in both fluoridated and non-fluoridated cities, the 
team looked for an association between:  
 


1.  A measure of fluoride in pregnant women’s spot urine samples and their 
children’s FSIQ (Full Scale Intelligence Quotient) at age three to four 
years; and  


2.  Pregnant women’s self-reported beverage consumption on a twice 
administered brief questionnaire, which researchers then used to derive an 
estimated fluoride intake from beverages during pregnancy and their 
children’s IQ at age three to four years.  


 
We note that the Research Team itself concedes in the impugned Paper that the 
fluoride intake questionnaire was not validated and the method for calculating the 
fluoride intake measure is not validated. The Research Team wrote in the impugned 
Paper,  
 


This questionnaire was used in the original MIREC cohort and has not been 
validated.  Also, for this study, we developed methods to estimate and 
calculate fluoride intake that have not yet been validated. 


 
The Research Team’s fluoride intake method was to estimate intake from water and 
beverages as reported by the pregnant women on a twice administered self-report 
questionnaire; the Team did not measure fluoride exposure from food and dental 
products.  Therefore, the Research Team’s fluoride intake estimate does not measure 
“Total Fluoride Intake” as the Research Team claims in Figure 3B.  Because the fluoride 
intake estimate does not measure total fluoride intake (as the Research Team claims it 
does), any claims the Research Team makes using this measure have no meaning.   


 
Nevertheless, the Research Team rely upon this inaccurate estimate of fluoride 
exposure when the Team discusses its findings in the impugned Paper thus:  
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Using a prospective Canadian birth cohort, we found that estimated 
maternal exposure to higher fluoride levels during pregnancy was 
associated with lower IQ scores in children. This association was 
supported by converging findings from 2 measures of fluoride exposure 
during pregnancy. [emphasis added]  


 
A difference in MUFSG spanning the interquartile range for the entire 
sample (i.e., 0.33 mg/L), which is roughly the difference in MUFSG 
concentration for pregnant women living in a fluoridated vs a 
nonfluoridated community, was associated with a 1.5-point IQ decrement 
among boys. 


 
The Research Team’s assertion that there are “converging findings” from 2 measures of 
fluoride exposure is false for the following reasons:  
 


1. As Table 1 indicates, the average IQ of children was 108.21 in fluoridated 
areas (higher exposure) and 108.07 in non-fluoridated areas (lower 
exposure).  The average IQ between the two groups is so similar that the 
Research Team found no statistically significant association of fluoride 
exposure on IQ in the birth cohort. 
 


2. The analysis of the association between MUFSG  presented in Table 2 
shows that the decrease in IQ is not statistically significant [B= −1.95 95% 
CI. −5.19 to 1.28]. The authors have omitted this result in their abstract 
and discussion. 
 


3. With respect to the fluoride intake analysis, the authors provided 
contradictory statements – an association in the impugned Paper and no 
association in the Thesis.  Please see the detailed discussion of this point 
below in the following sections of this complaint: 
 


3.2  Alteration in Unacceptable Ways of Statistical Analysis 
Processes to Obtain Statistically Significant Results 
 
3.2.1 Use of data differently in the Thesis and in the impugned 
Paper, relying upon a covariate that lacks variance 
 
3.2.2 Such data use appears intentional 


 
The Research Team claimed to have found an association between maternal fluoride 
intake and diminished offspring IQ, but only among boys.  With “SD” meaning standard 
deviation, the researchers report: 


 
Children had a mean (SD) Full Scale IQ scores of 107.16 (13.26), range 52-
143, with girls showing significantly higher mean (SD) scores than boys: 
109.56 (11.96) vs 104.61 (14.09); P = .001.  There was a significant 
interaction (P = .02) between child sex and MUFSG (B=6.89; 95%CI, 0.96 to 
12.82) indicating a differential association between boys and girls. 
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A 1-mg/L increase in MUFSG was associated with a 4.49-point lower IQ score 
(95%CI, -8.38 to -0.60) in boys, but there was no statistically significant 
association with IQ scores in girls (B = 2.40; 95%CI, -2.53 to 7.33.) 


 
The effect that the Research Team reported was, in fact, the effect found by analysing 
this sub-group, focusing on only one of two aspects of the IQ test.  The fact that there 
was no association between MUFSG and FSIQ becomes clear by reviewing Figure 3a, 
which shows overlapping confidence intervals for boys and girls, and Table 2 where the 
Research Team lists the results for all the linear regression models of fluoride exposure 
and FSIQ.  Please note the results for MUFSG on the first line of Table 2 were derived 
from an equation that includes an interaction term.  Technically, a main effect result 
would not include an interaction term.  Moreover, each FSIQ result (unadjusted and 
adjusted) has a corresponding confidence interval that includes zero, which indicates 
the relationship is not statistically significant.  This ‘no association’ result between 
MUFSG and FSIQ with and without covariates for the cohort is further supported by the 
virtually identical mean IQ scores for boys and girls who reside in fluoridated vs. non 
fluoridated communities, (108.21 vs. 108.07).  The main effect is that fluoride exposure 
by pregnant women as measured by maternal urinary fluoride and self-reported fluoride 
intake had no effect on the birth cohort.  None of the results described above are 
discussed by the Research Team in the abstract or narrative.   
 
Under-reporting the main effect and engaging in subgroup analyses were anticipated by 
the STROBE Committee that created the guidelines which governed the Research 
Team.  The Committee wrote: 


 
There is debate about the dangers associated with subgroup analyses, and 
multiplicity of analyses in general […]. In our opinion, there is too great a 
tendency to look for evidence of subgroup-specific associations, or effect-
measure modification, when overall results appear to suggest little or no 
effect.  On the other hand, there is value in exploring whether an overall 
association appears consistent across several, preferably pre-specified 
subgroups especially when a study is large enough to have sufficient data in 
each subgroup. [Emphasis added] 
 
- Vandenbroucke, Jan P., Erik Von Elm, Douglas G. Altman, Peter C. 


Gøtzsche, Cynthia D. Mulrow, Stuart J. Pocock, Charles Poole, James J. 
Schlesselman, Matthias Egger, and Strobe Initiative. "Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE): 
explanation and elaboration." PLoS medicine 4, no. 10 (2007): e297. 


 
The STROBE committee, therefore, advises authors “to report which analyses were 
planned, and which were not.”  In other words, the Research Team conducting the 
maternal fluoride study was obligated to state whether it would study “children” or “boys 
and girls” and hypothesize to find the effect in boys but not in girls.  We cannot find 
evidence that the Research Team did so.   
 



https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.0040297
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In coming to the conclusion that the Research Team omitted discussion of the main 
effect finding in the abstract and in the narrative of the impugned Paper, we are not 
alone.  On the day JAMA Pediatrics published the impugned Paper, August 19, 2019, 
Nottingham Trent University, Professor of Experimental Psychology, Thom Baguley, 
wrote: 
 


First, the claim that maternal fluoride exposure is associated with a decrease 
in IQ of children is false.  This finding was non-significant (but not reported in 
the abstract).  
 


He continues by stating that the Research Team: 
 


did observe a decrease for male children and a slight increase in IQ (but non-
significant) for girls.  This is an example of sub-group analysis – which is 
frowned upon in these kinds of studies because it is nearly always possible to 
identify some sub-group which shows an effect if the data are noisy.  Here 
the data are very noisy.   
 


[Noisy data are data that are corrupted or distorted and/or have very wide variation.] 
 
Dr. Baguley concerns about subgroup analyses are not unique. Consider, for example, 
statements in peer-reviewed articles such as these: 
 


"Subgroup analyses are often given too great a prominence and fail to use 
appropriate methods of statistical inference such as interaction tests". 


 
- Pocock, Stuart J., Susan E. Assmann, Laura E. Enos, and Linda E. 


Kasten. "Subgroup analysis, covariate adjustment and baseline 
comparisons in clinical trial reporting: current practice and 
problems." Statistics in medicine 21, no. 19 (2002): 2917-2930. 


 
“Investigators should be cautious when undertaking subgroup analyses. 
Subgroup findings should be exploratory, and only exceptionally should they 
affect the trial's conclusions. Editors and referees need to correct any 
inappropriate, overenthusiastic uses of subgroup analyses. 
 
The credibility of subgroup analyses is improved if confined to the primary 
outcome and to a few predefined subgroups, on the basis of biologically 
plausible hypotheses. 
 
[…] 
 
There are substantial risks of exaggerated claims of treatment effects arising 
from post-hoc emphases across multiple analyses.  Subgroup analyses are 
particularly prone to overinterpretation […]” 
 



https://www.sciencemediacentre.org/expert-reaction-to-study-looking-at-maternal-exposure-to-fluoride-and-iq-in-children/

https://en.wikipedia.org/wiki/Noisy_data
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- Assmann, Susan F., Stuart J. Pocock, Laura E. Enos, and Linda E. 
Kasten. "Subgroup analysis and other (mis) uses of baseline data in 
clinical trials." The Lancet 355, no. 9209 (2000): 1064-1069. 


 
Professor Baguley stated also that the claim of an association between maternal urinary 
fluoride and boys’ IQ was not plausible.  He wrote, 
 


A further issue is that the estimate of the decrease in IQ for male offspring is 
unfeasibility [sic] large – at 4-5 IQ points.  This level of average deficit would 
be readily detectable in previous studies and is likely a reflection of bias or 
very noisy data (the interval estimate here is very wide).  As high fluoride 
areas are not randomly assigned there are also countless uncontrolled 
confounders.  While they did correct for a limited set of covariates, the overall 
effect was non-significant with and without covariates.  In summary it is not 
correct to imply that the data here show evidence of a link between 
maternal fluoride exposure and IQ.  The average change in IQ is not 
statistically significant. [emphasis added] 


 
Likewise the Canadian Agency on Drugs and Technology in Health (CADTH) evaluated 
the study and reported on October 23, 2019,  
 


Limitations  
 
The study by Green et al., 201913 concluded that “maternal exposure to 
higher levels of fluoride during pregnancy was associated with lower IQ 
scores in children aged 3 to 4 years.” (p. E1) This conclusion was not 
supported by the data. [emphasis added]  
 


The evidence is abundantly clear that the Research Team did not report the main effect 
in its discussion and abstract.  The failure to note and to discuss the main effect is a 
violation of the STROBE Guidelines and a significant departure from accepted practice.  
This failure constitutes omission in the abstract and narrative of research results given 
that the Research Team stated that its research aim was, “To examine whether 
exposure to fluoride during pregnancy was associated with IQ scores in children in a 
Canadian birth cohort in which 40% of the sample was supplied fluoridated municipal 
water."  Given that this question was not answered in the discussion of the impugned 
Paper or in the abstract, the research is not accurately represented in the research 
record.  The Research Team does not acknowledge that, or explain why, it has deviated 
from the accepted practices in choosing to omit in its abstract, discussion and media 
interviews, the main effect of its research. 
 
3.2.3  Omission of main effect discussion is intentional 
 
One defence to the fact that the Research Team omitted discussion of the main effect 
result from the abstract and narrative is that the Team made an honest error, or its 
members merely have a difference of opinion with the signatories of this complaint letter 



https://cadth.ca/sites/default/files/pdf/htis/2019/RC1198%20Community%20Water%20Fluoridation%20Exposure%20Final.pdf
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regarding how to report their results.  We have considered this possibility and reject it as 
lacking plausibility for the reasons that follow: 
 
3.2.3.1  The Research Team knew or ought to have known that the Team is 
required to report the main effect 
 
The Research Team would find it difficult to claim that it accidentally made the 
elementary error of failing to report and discuss the main effect for three reasons: 
 
1. As noted, many members of the Research Team collaborated on another paper 
concerning fluoride in which they discussed the main effect.  These members of the 
research team are highlighted again in yellow: 
 


Christine Till, Rivka Green, David Flora, Richard Hornung, E. Angeles 
Martinez-Mier, Maddy Blazer, Linda Farmus, Pierre Ayotte, Gina Muckle, and 
Bruce Lanphear. "Fluoride exposure from infant formula and child IQ in a 
Canadian birth cohort." Environment international 134 (2020): 105315.  
https://www.sciencedirect.com/science/article/pii/S0160412019326145 


 
The Infant Formula Paper used the same MIREC dataset and conceded that "MUFSG 
was not significantly associated with FSIQ score (B=−1.08, 95% CI: −1.54, 0.47, p=.29)" 
after controlling for post-natal exposure.  The researchers report that there was no 
interaction effect either. And yet in the impugned Paper, which is the subject of this 
complaint, the Research Team discussed the differential effect of MUFSG on boys but 
not girls.  
 
2.  Three members of the Research Team (Lanphear, Ayotte and Muckle highlighted in 
blue below) have properly reported the main effect in a study that similarly considered 
the effect of maternal exposure (in that case, of lead).  That study used the data from 
the same MIREC cohort.   
 


Mireille Desrochers-Couture, Youssef Oulhote, Tye E.  Arbuckle, William D. 
Fraser, Jean R. Séguin, Emmanuel Ouellet, Nadine Forget-Dubois,  
Pierre Ayotte, Michel Boivin, Bruce P. Lanphear, Gina Muckle  
"Prenatal, concurrent, and sex-specific associations between blood lead 
concentrations and IQ in preschool Canadian children." Environment 
international 121 (2018): 1235-1242. 
[emphasis added]. 
https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%
3Dihub 


 
In this article on lead exposure, the authors summarized the results in their abstract by 
commencing with their main effect finding and stated candidly that they found no 
association: 


 
Median blood lead concentrations for the mother at 1st trimester and 3rd 
trimester of pregnancy, and for cord and child blood were 0.60 μg/dL, 0.58 
μg/dL, 0.79 μg/dL and 0.67 μg/dL, respectively.  We found no association 



https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%3Dihub#!

https://www.sciencedirect.com/author/7004047475/tye-e-arbuckle

https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%3Dihub#!

https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%3Dihub#!

https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%3Dihub#!

https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%3Dihub#!

https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%3Dihub#!

https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%3Dihub#!

https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%3Dihub#!

https://www.sciencedirect.com/author/7006082907/bruce-p-lanphear

https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%3Dihub#!

https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S0160412018312510?via%3Dihub
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between cord blood lead concentrations and WPPSI-III scores in 
multivariable analyses.  However, cord blood lead concentrations showed 
a negative association with Performance IQ in boys but not in girls (B = 
3.44; SE = 1.62; 95% CI: 0.82, 5.98).  No associations were found between 
WPPSI-III scores and prenatal maternal blood or concurrent child blood 
lead concentrations.” [emphasis added] 


 
Therefore, it is unlikely that no one on the Research Team of this study knew that 
researchers are obligated to report the main effect.  All researchers but one (Raichel 
Neufeld) had already demonstrated such knowledge.  They are Christine Till, Rivka 
Green, David Flora, Richard Hornung, E. Angeles Martinez-Mier, Pierre Ayotte, Gina 
Muckle, and Bruce Lanphear. 
 
3. The Research Team knew that postnatal fluoride exposure was important because 
the Team discussed postnatal exposure under limitations in the impugned Paper.  The 
Research Team wrote, "Fifth, this study did not include assessment of postnatal fluoride 
exposure or consumption.  However, our future analyses will assess exposure to 
fluoride in the MIREC cohort in infancy and early childhood."  
 
3.2.3.2  People who receive prestigious funding and publish in a prestigious 
journal can be assumed to have taken deliberate steps in writing up their study 
for publication 
 
The Research Team might argue in its defence that the Team members failed 
accidentally, through honest error or differences of opinion, to follow funder 
expectations when the Research Team omitted the main effect and reported a sub-
group analysis.   
 
First, “difference of opinion” is not a defence available to the Research Team.  As 
mentioned, the Research Team did not meet JAMA Pediatrics’ requirement that authors 
must follow the STROBE guidelines which require reporting of the main effect.  Second, 
the Research Team cannot, on the one hand, argue that they are a skilled team whose 
research is so reliable as to warrant making public health recommendations, and yet 
also claim that the Research Team is so lacking in skill that it “honestly” made the 
elementary mistake of failing to describe in the abstract and to discuss in the narrative 
the answer to the question it set out to study. 
 
Moreover, writing grant applications and publishing articles in high impact journals 
requires planning, deliberation and careful thought about how to meet the journal’s 
requirements in order to be published.  It would strain credulity for the Research Team 
to argue that it did not know that it was required to meet journal expectations to report 
and to discuss the main effect. 
 
Dr. Till relies on the prestigious nature of the journal and the difficulty of obtaining the 
funding to buttress the credibility of the study (on Global TV, starting at minute 4:20).  
The journal and funder are prestigious only to the extent that they have high standards 
to which applicants and authors abide. 
 



https://jamanetwork.com/journals/jamapediatrics/pages/instructions-for-authors#SecDataAccess,Responsibility,andAnalysis

https://jamanetwork.com/journals/jamapediatrics/pages/instructions-for-authors#SecDataAccess,Responsibility,andAnalysis

https://twitter.com/globalnewsto/status/1164143758759170048
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3.2.3.3  No exculpating evidence is offered to suggest that the researchers were 
looking for an effect on boys and girls as opposed to “children”  
 
A central and now strongly recommended way to buttress the credibility of research is to 
publish a protocol in advance.  As the journal, PLOS, states, 
 


With preregistration you can define your methodology in advance, holding 
yourself to the highest standards and providing for the long-term 
reproducibility of your work.  


 
In this way, authors state what question they seek to answer and how they will proceed.  
When researchers follow the pre-publication protocol, they add confidence that they 
seek the truth rather than to confirm bias. 
 
Such work is argued to be especially important in psychology, the field of the impugned 
Paper.  According to University Distinguished Professor and Department Head of 
Statistics, at Texas A&M University, Dr. Valen Johnson,  
 


The Open Science Collaboration, a non-profit organization focused on 
scientific research, tried to replicate 100 published psychology experiments. 
While 97 of the initial experiments reported statistically significant findings, 
only 36 of the replicated studies did. 


 
Dr. Johnson was commenting on research published in the following article: 
 


Johnson, Valen E., Richard D. Payne, Tianying Wang, Alex Asher, and 
Soutrik Mandal. "On the reproducibility of psychological science." Journal of 
the American Statistical Association 112, no. 517 (2017): 1-10.  
https://pubmed.ncbi.nlm.nih.gov/29861517/ 


 
The Research Team of the impugned Paper apparently did not pre-register its protocol.  
CADTH made this point.  On page 12, the CADTH report noted that it is unclear why the 
Research Team engaged in sub-group analysis and raised the issue as to whether the 
Research Team decided to engage in sub-group analysis only once it had learned the 
main effect outcome.  CADTH stated, “No pre-registered protocol was reported as 
available, and it is possible that the decision to conduct a sub-group analysis based on 
sex was made post hoc.”   
 
Two members of the Research Team claim that they had planned sub-group analysis all 
along; in a rebuttal to many letters to the editor of JAMA Pediatrics published December 
30, 2019 (attached), Professors Till and Lanphear respond to critiques of the impugned 
Paper (the “Rebuttal”).  They write, inter alia, “Moreover, the National Toxicology 
Program (2016) called for sex-based analyses for fluoride.  Thus, we planned to test 
sex differences.”  Yet, the Rebuttal points to no documentary evidence to substantiate 
the assertion that sub-group analysis was in the Team’s research plan and that the 
Team would treat sub-group analysis as the main effect.   
 



https://plos.org/open-science/preregistration/

https://theconversation.com/is-it-the-end-of-statistical-significance-the-battle-to-make-science-more-uncertain-114161

http://dx.doi.org/10.1126/science.aac4716

https://pubmed.ncbi.nlm.nih.gov/29861517/

https://cadth.ca/sites/default/files/pdf/htis/2019/RC1198%20Community%20Water%20Fluoridation%20Exposure%20Final.pdf
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3.3  Manipulation or Alteration in Unacceptable Ways of Statistical Analysis 
Processes to Obtain Statistically Significant Results 
 
In our opinion, the Research Team falsified the impugned Paper in a second way: it 
deliberately used the statistical analysis processes to purport to show an association 
between fluoride intake and IQ, even though no association was actually found.  (This 
argument is independent of our argument that, in any event, the Research Team cannot 
use fluoride intake as a measure because they have conceded that it is not validated 
and it is not valid (it does not, in fact, measure total fluoride intake). Such unusual use of 
statistical analysis coupled with intention to misrepresent the data constitute 
manipulation.  Manipulation occurred in the second analysis: of self-reported fluoride 
intake and resulting child’s IQ.  There are several inconsistencies which we itemize 
here.   
 
3.3.1 Alteration in unacceptable ways of the graph and the numbers  


 
We argue that the graph and numbers have been altered in unacceptable ways based 
on how the Research Team have reported the data for the graph vs. the analysis in the 
Thesis and the impugned Paper.  Two observations that are present in the Thesis are 
clearly missing in the impugned Paper’s graph.  The number reported in the Thesis for 
this analysis is n=369.  However, after deleting two observations, the impugned Paper 
reports n=400.  Yet, the mean fluoride intake reported for fluoridated and non-
fluoridated areas remains the same in the Thesis and in the impugned Paper.   
 
In observing the two figures side by side it appears 2 cases were removed from the 
graph and not from the table.  Below we present them side by side for easy comparison. 
 
The number given in Figure B is Total Fluoride Intake Estimated from Daily Maternal 
Beverage Consumption (n = 400).  But the Master’s student in the Thesis excluded 143 
mother child pairs from a total of 512 because she did not have fluoride data leaving an 
n=369 as reported in the Thesis on page 32.  
 


 
 


The Master’s student, Rivka Green writes in her Thesis: 
 


Among the final sample of 369 women with WTP [water treatment plant] 
data, the mean fluoride concentration (FC) was 0.31 mg/L (SD = 0.23 mg/L, 
range = 0.04-0.76 mg/L). After estimating fluoride intake (FI) by multiplying 
FC with beverage consumption data, the mean FI was 0.54 mg/L (SD = 0.44 
mg/L, range = 0.01-2.10 mg/L). As expected, the levels [of fluoride] differed 
largely between women receiving non-fluoridated water (M = 0.30 mg/L, 



https://yorkspace.library.yorku.ca/xmlui/bitstream/handle/10315/35502/Green_Rivka_R_2018_Masters.pdf?sequence=2&isAllowed=y
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SD = 0.26 mg/L) and women receiving fluoridated water (M = 0.92 mg/L, 
SD = 0.4 mg/L), t = -16.32, p < .001. FI was moderately correlated with 
MUFSG, r = 0.50, p < .001, and was more strongly correlated than the 
correlation between FC and MUFSG, r = 0.38, p < .001.  


 
Given that the Thesis studied 369 women and the impugned Paper studied 400 women, 
one would expect variation in the reported results of the mean amount of fluoride in the 
different samples of women.  But the impugned Paper reports the same mean amount 
of fluoride as the Thesis in women in non-fluoridated areas (M = 0.30 mg/L, SD = 0.26 
mg/L) and reports only slightly higher amount of fluoride in women in fluoridated areas 
than the different samples of women in the Thesis (M = 0.93 mg/L, SD = 0.43 mg/L). 
These data are reported in Table 1 of the impugned Paper and arguably ought to differ 
from the amounts reported in the Thesis because, as stated, the samples have different 
total numbers of subjects and 2 cases that were reported in the Thesis are missing from 
the impugned Paper.  Given these inconsistencies, and the unlikelihood that these 
results could be the same with different sample sizes, a detailed investigation is 
required to determine what actions the Research Team took.   
 
Rivka Green Master’s Thesis          Impugned Paper (Figure 3B). n=400 
page 30  (n=369)    
 
 
 


Page 32 – “Among the final sample of 369 
women with WTP data,…  
 
 
 
 
 
 
 
 
As expected, the levels differed largely 
between women receiving non-fluoridated 
water (M = 0.30 mg/L, SD = 0.26 mg/L) 


For the second measure of fluoride 
exposure, fluoride intake from maternal 
questionnaire, data were available for 400 
of the original 601 mother-child pairs 
(66.6%).  
Plots of residuals against fitted values did 
not suggest any assumption violations 
and there were no substantial influential 
observations as measured by Cook 
distance. 
As expected, the mean (SD) fluoride 
intake was significantly higher for women 
(162 [40.5%]) who lived in communities 


This is partial F intake misrepresented as 
Total F intake, and is missing two 
observations that are present in the Thesis 
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and women receiving fluoridated water (M 
= 0.92 mg/L, SD = 0.4 mg/L), t = -16.32, p 
< .001. FI was moderately correlated with 
MUFSG, r = 0.50, p < .001, and was more 
strongly correlated than the correlation 
between FC and MUFSG, r = 0.38, p < 
.001.” 
 
There were no substantial influential 
observations as measured by Cook’s 
distance. [emphasis added] 


with fluoridated drinking water (mean 
[SD], 0.93 [0.43]mg) than women (238 
[59.5%]) who lived in communities without 
fluoridated drinking water (0.30 [0.26] 
mg; P < .001) (Table 1; Figure 2). 
[emphasis added] 


 
3.3.2. Use of data differently in Thesis and in the impugned Paper, relying upon a 
covariate that lacks variance 
 
We base our claim of unusual use of data by comparing two different reports of the 
same data.  The data reported in the impugned Paper are the same data as those data 
described in the Thesis.  Yet the same data are reported differently in the two 
documents.   
 
In the impugned Paper, the Research Team reports the overall effect result for fluoride 
intake (FI) in this way: “A 1 mg higher daily intake of fluoride among pregnant women 
was associated with a 3.66 lower IQ score (95%CI, -7.16 to -0.15; P = .04) in boys and 
girls.”  The impugned Paper’s Table 2 reported that FI was adjusted for “city, home 
score, maternal education, race/ethnicity, child sex, and prenatal second-hand smoke 
exposure.” [emphases added].  Yet in the Thesis, on page 34, the overall effect result 
for fluoride intake is reported as: “With city in the model, FI just missed significance (B 
= -3.82, 95% CI: -7.65 to 0.02, p = .05). [emphases added].”  These two model outputs 
are obviously different -3.66 in the impugned Paper and -3.82 in the thesis.  As stated 
previously, the discrepancy is critical for the Research Integrity Office to investigate.  
Were more observations added to the model so that impugned Paper would obtain a 
statistically significant result?   
 
In addition to this inconsistency, the Research Team added the covariate “second-hand 
smoke” to the FI regression model but not to the MUFSG regression model.  Such 
inconsistency in the use of a variable in the two models is not justified or explained.  
This decision raises questions about the Research Team’s practice and reporting.   
 
Moreover, the Research Team should not have used second-hand smoke as a variable 
in the fluoride intake and FSIQ model at all.  The addition of the second-hand smoke as 
a variable in only the fluoride intake and FSIQ analysis is a significant departure from 
the common practice of variable selection, which requires that there be a sufficient 
number of individuals with that exposure in the study sample to be statistically relevant.  
The number of mothers reporting second-hand smoke exposure in the impugned 
Paper’s reported study sample of 400 is only 11 (2.75%).  This small number could well 
have distorted the fluoride intake regression result.   
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There is strong evidence that the Research Team manipulated the data by using 
second-hand smoke exposure (a covariate without variance) to “distort” an effect 
regarding maternal fluoride intake.  The use of a covariate that lacks variance is a 
significant departure from accepted practices of the community of epidemiologists.  The 
Research Team does not acknowledge that it deviated from the accepted practices in 
choosing to use a covariate that lacks variance, nor does the team explain its actions. 
 
3.3.3.  Such data use appears intentional 
 
It is difficult for the Research Team to argue that its use of second-hand smoke as a 
covariate, even though it lacks variance, was accidental.  In fact, the authors of the 
Desrochers-Couture 2018 article (with Lanphear, Ayotte, Muckle as co-authors) 
revealed that they know that it is improper to use a variable that lacks variance; they 
used the same MIREC cohort and specifically stated that they excluded the smoking 
exposure variable from the analysis because of a “lack of variance.”  They wrote (on 
page 1238), “only 2.8% of the mothers were smoking tobacco during their 1st trimester 
of pregnancy; maternal smoking was therefore excluded as a covariate for lack of 
variance”.  Therefore, at least three members of the Research Team were clearly aware 
of the accepted practice of excluding a variable because of lack of variance.  Yet these 
three Research Team members, nonetheless, misused the data or accepted the misuse 
of the data when they approved the final draft manuscript of the impugned Paper prior 
to its submission to JAMA Pediatrics.   
 
We are suspicious that such misuse was intended to obtain a predetermined outcome 
to justify the Research Team’s final conclusion that, “This association was supported 
by converging findings from 2 measures of fluoride exposure during pregnancy”.  Had 
the Research Team followed standard statistical processes appropriate for the data, 
and the STROBE guidelines, then the “converging findings” from the two analyses 
would have revealed no association.  More specifically, if the Research Team had 
reported the maternal urinary fluoride-FSIQ main effect properly (as showing no 
association), then the Research Team would have reported that there was no 
association between fluoride intake and FSIQ in the children studied.  
 
The argument that the Research Team intended to report false outcomes is buttressed 
also by the Team’s use of probability values.  The Research Team uses a P-value of 
0.05, despite the sub-group analysis and the many different associations they tested, 
without offering an explanation as to why the Team does not exercise caution in 
interpreting the results given that multiple testing leads to false positive results. 
 
It is this specific departure from standard analytic methodology that led Dr Stuart 
Ritchie of the Institute of Psychiatry, Psychology and Neuroscience at King’s College 
London on August 19, 2019 to discredit the impugned Paper’s analysis regarding 
fluoride intake: 
 


For the second analysis, where there’s an overall effect, the p-value is 
.04—that is, it’s JUST below the standard threshold used for declaring 
something to be significant (0.05).  Given that they ran lots of other 
hypothesis tests in the paper, and didn’t correct for how many times they 



https://www.sciencedirect.com/science/article/pii/S0160412018312510

https://www.sciencemediacentre.org/expert-reaction-to-study-looking-at-maternal-exposure-to-fluoride-and-iq-in-children/

https://www.sciencemediacentre.org/expert-reaction-to-study-looking-at-maternal-exposure-to-fluoride-and-iq-in-children/
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did so, I wouldn’t have much confidence in this finding being robust or 
replicable. [capitalization in original].[3] 


 
People are presumed to intend the ordinary consequences of their actions.  Three 
members of the Research Team knew that a covariate lacked variance and used it 
anyway.  The Team did not account for hypothesis tests by using a higher P value, as is 
standard statistical practice.  They must have realized that such action would mean that 
the impugned Paper would not accurately represent their results in the peer reviewed 
literature but instead would present inaccurate findings or conclusions.  Please see 
section 3.4 for more details.  
 
3.3.4 We observed an unusually similar distribution by different variables even 
though the sampling (supposedly) did not take into consideration the fluoridation 
status of pregnant people 
 
[text continues on the next page 
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This table below is part of Table 1 of the impugned Paper.  It shows the selected 
sample by demographic characteristics comparing mothers from fluoridated and non-
fluoridated areas.  
 


 
This table below was created using data derived from Table 1 of the impugned Paper.  
It shows the distribution of mothers’ characteristics (variables by fluoridated and non-
fluoridated areas).   
  Non-Fluoridated 


n=238 (59%) 
Fluoridated 
n=162 (41%) 


Total Not 
Reported 


Married 225 (59%) 159 (41%) 384 16 


Born in 
Canada 


187 (59%) 131 (41%) 318 82 


White 209 (59%) 146 (41%) 355 45 
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Employed 205 (58%) 149 (42%) 354 56 


No Alcohol 192 (59%) 136 (41%) 328 62 


 
It is highly unusual to see a consistent 59%-41% distribution with respect to many 
variables.  Did the authors selectively exclude mothers (in a manner that is not reported) 
to obtain this 59%-41% distribution?  The surprising and highly unusual similarities of 
mothers within fluoridated and non-fluoridated areas across different variables is a 
matter requiring investigation by the investigative committee. 
 
3.4  Falsification by incorrect analysis of clustered data  
 
The Research Team’s Paper reports that the pregnant people were sampled from six 
cities (six clusters).  Incorrect analysis of clustered data increases the probability of 
finding a positive result where none exists.  Therefore, clustered data must be analysed 
carefully.  As Trutschel et al. state:  
 


Another problem that may arise in studies is the overestimation of how the 
significance of effects due to clustering influences the variance estimation of 
the effect.  If more than one cluster is included in the study, a clustered or 
nested data structure is most likely present, and the error terms within a 
cluster are no longer independent.  When the non-independence of the data 
is not accounted for in the statistical model, the odds for significant results 
increase. 
 
[…..] 
 
Violation of this assumption of independence due to clustered data can lead 
to committing type I errors, e.g., finding an association where there is 
none. [emphasis added] 
 
- Methodological approaches in analysing observational data: A practical 


example on how to address clustering and selection bias." International 
journal of nursing studies 76 (2017): 36-44) 


 
To avoid Type 1 errors that can arise with cluster samples, a common approach is to 
use multilevel regression analysis.  The evidence is clear that the Research Team did 
not use multilevel regression analysis either in the maternal urinary fluoride analysis or 
in the fluoride intake analysis.   
 
Instead, the Research Team introduced “city” as a variable in the regression model, 
thus violating the assumption of independence and obtaining a false statistically 
significant result – a Type 1 error.  The Research Team does not acknowledge that fact 
or explain why the Research Team has deviated from accepted practices in choosing 
not to use multilevel regression analysis (mixed effect model) to account for cluster 
sampling.   



https://www.stat.berkeley.edu/%7Ehhuang/STAT141/Lecture-FDR.pdf
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3.5 Falsification by incorrect use of probability values 
 
The Research Team tested at least 36 hypotheses without using correct probability 
values (P values).  The 36 tests that the Research Team conducted were: 3 measures 
of exposure (MUF, fluoride intake, fluoride concentration, 3 outcome measures (FSIQ, 
Verbal IQ (VIQ), a measure of verbal reasoning, and performance IQ (PIQ), a measure 
of non-verbal reasoning, spatial processing and visual-motor skills), 4 regression 
models for each (unadjusted and adjusted, without interaction and with interaction).  
  
This multiple hypothesis testing and reporting requires attention to select correctly a P 
value to avoid detecting false positive results.  Indeed, according to Forstmeier, 
Wagenmakers and Parker, incorrect P values, especially due to unaccounted pseudo-
replication, i.e., the non-dependence of data points (clustered data), increase the 
likelihood of false-positive findings. 
 
Yet the Research Team states that “The P value level of significance was 0.05” without 
choosing a more conservative value using a procedure like the Bonferroni correction 
procedure or the Benjamini-Hochberg procedure to address the false discovery rate.  
Using these procedures would permit the Research Team to make a stronger claim for 
their alleged results.  
 
When 36 different statistical tests are conducted, the probability of obtaining at least one 
significant result by chance alone is 86% (1-0.9536  = 86%).  Therefore, a P value of 
0.001 (0.05/36 =0.001) for each test is needed to ensure that the probability of making 
one or several Type I errors remains at about 5%.  The Research Team did not correct 
this level of significance that results from multiple testing.  Such failure to correct is a 
significant departure from the standard practice.  (Please see Streiner et al., 2015 and 
Armstrong, Richard A., 2014). 
 
Even if subgroup analyses are conducted with P value of 0.05, they must be carefully 
differentiated from the primary research question so that readers know that the results 
are exploratory results and that they require replication.  As will be described below 
(please see Section 3.5.3), the Research Team did not present their results as 
exploratory; on the contrary, the Research Team presented their results as a sufficiently 
robust basis upon which to make public health recommendations. 
 
3.5.1  Failure to discuss study limitations 
 
The Research Team’s failures to engage in acceptable statistical analysis and to 
choose correct probability values when conducting 36 hypothesis tests, constitute 
potential bias or imprecision.  This fact ought to have been acknowledged in the 
impugned Paper as limitations.  STROBE Guideline 19 stipulates that researchers must: 
 


Discuss limitations of the study, taking into account sources of potential bias 
or imprecision.  Discuss both direction and magnitude of any potential bias. 


 



https://pubmed.ncbi.nlm.nih.gov/27879038/

https://pubmed.ncbi.nlm.nih.gov/27879038/

https://www.jstor.org/stable/pdf/2346101.pdf
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But the impugned Paper does not disclose or discuss the Research Team’s bias that 
originated in, or is revealed by, its decision to run 36 tests and its failure to use 
acceptable statistical analyses and probability values. 
 
3.5.2 The Research Team intended to conduct such analysis and use of P values 
 
The Research Team is presumed to be skilled and can be assumed to know what it is 
doing when engaging in epidemiological research reporting.  Team members therefore 
would appear to have intended to adopt their approach to cluster design, to choosing an 
appropriate probability value for the 36 tests they conducted and in deciding not to 
acknowledge these choices by reporting the study limitations these approaches created.   
 
Whether their motive in making these choices was to demonstrate a predetermined 
outcome of an effect of fluoride on a developing human brain when no effect was 
present, is not necessary for us to demonstrate in this complaint.  We must show only 
that the use of these substandard statistical analyses, failure to choose appropriate 
probability values and failure to report study limitations created by these flawed 
analyses were intentional choices.  A skilled research team is presumed to have 
intended to engage in the methods it chose and to report as it did. 
 
3.6 Matters related to a defence of honest error or differences of opinion 
regarding research methods  
 
It is possible that the Research Team will argue in its defence that the incidents of 
falsification that we have demonstrated on the preponderance of the evidence have 
occurred accidentally, unintentionally, honestly and/or in good faith.  The Research 
Team might state that the methods they adopted are different from what writers of this 
letter might have recommended or adopted, but such differences are “honest 
differences in interpretation or assessment of research design, practice data or research 
results”.  
 
In anticipation of such a defence, we respectfully submit that the Research Team has 
engaged in practices that deviate so significantly from standard practice that they raise 
the question as to whether the Research Team, or some of its members, are motivated 
by a search for the truth or a by a determination to achieve an ideologically-chosen 
outcome.  The six following actions of the Research Team undermine the argument of 
honest error: 
 
3.6.1 The impugned Paper’s literature review does not reference literature that 
contradicts the impugned Paper’s conclusion 
 
Literature reviews must identify areas of prior scholarship for many reasons including to 
give credit to other researchers and to situate the contribution of the current work in the 
context of existing research. The Research Team did not report the existence of two 
important studies, which looked for and did not find any effect of fluoridation on 
intelligence in large cohorts studied over decades:   
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A New Zealand studied published in 2015 studied 1071 newborns over 38 years and 
found no effect of community water fluoridation on cognition: 
 


Broadbent JM, Thomson WM, Ramrakha S, Moffitt TE, Zeng J, Page LAF, 
Poulton R. (2015). Community water fluoridation and intelligence: 
Prospective study in New Zealand. American Journal of Public Health. 
105(1): 72–76. PMID: 24832151, PMCID: PMC4265943, DOI: 
10.2105/AJPH.2013.301857,  
https://ajph.aphapublications.org/doi/10.2105/AJPH.2013.301857;  


 
The researchers recruited a complete birth cohort of consecutive births between April 1, 
1972, and March 31, 1973, in Dunedin, New Zealand.  That cohort comprised 1037 
(91% of eligible births; 52% boys) and followed for 38 years with assessment of 
intelligence conducted.  The researchers stated that they assessed childhood IQ for 
each participant at ages 7, 9, 11, and 13 years using the Wechsler Adult Intelligence 
Scale-Revised (WISC-R).  The IQs determined at these 4 ages were averaged into 1 
measure and standardized.  Adult IQ was individually assessed at age 38 years by 
means of the Wechsler Adult Intelligence Scale–Fourth Edition (WAIS-IV). 
 
The Researchers summarized the outcomes of the research in this way: 
 


Results. No clear differences in IQ because of fluoride exposure were noted. 
These findings held after adjusting for potential confounding variables, 
including sex, socioeconomic status, breastfeeding, and birth weight (as well 
as educational attainment for adult IQ outcomes). 
 
Conclusions. These findings do not support the assertion that fluoride in 
the context of community water fluoridation programs is neurotoxic. 
Associations between very high fluoride exposure and low IQ reported in 
previous studies may have been affected by confounding, particularly by 
urban or rural status [emphasis added]. 


 
Given that the New Zealand study design is superior to that of the impugned Paper and 
that the New Zealand report is well-known (currently cited 108 times), it is not clear why 
the Research Team did not include the New Zealand paper in its literature review.  The 
study is based on the Dunedin Birth Cohort Study (sometimes called the Dunedin 
Study), which is recognised around the world as one of the strongest cohort studies 
ever conducted.  Apart from its methodological rigour, it has almost no loss to follow up 
since the 1970s, apart from those who have died (the researchers received funding to 
pay for travel expenses of participants from anywhere in the world to which they had 
moved).  The study’s conclusions are, therefore, based on high-quality data.  Broadbent 
et al. also considered many possible confounders, including fluoride tablets, fluoride 
toothpaste, geographic location, socioeconomic status, breastfeeding but no confounder 
affected their findings of no association between community water fluoridation and IQ.  
With more than 1,000 subjects, the researchers had ample statistical power to detect 
any negative IQ effect.  Had the Research Team discussed the New Zealand paper, 
such discussion might have led to doubt within the impugned Paper about the quality of 
the claim of an association between fluoride exposure and diminished cognition in boys.  



https://ajph.aphapublications.org/doi/10.2105/AJPH.2013.301857
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A second paper, published in 2021, which was a working paper in 2017 available online 
then, could have been cited by the Research Team.  The summary of the working paper 
in 2017 reported: 
 


We use a rich Swedish register dataset for the cohorts born 1985–1992 in 
the main analysis, together with drinking water fluoride data.  To estimate the 
effects, we exploit intra-municipality variation of fluoride, stemming from an 
exogenous variation in the bedrock.  Taking all together, we investigate and 
confirm the long-established positive relationship between fluoride and dental 
health.  Second, we find precisely estimated zero-effects on cognitive 
ability, non-cognitive ability and math test scores for fluoride levels in 
Swedish drinking water. Third, we find that fluoride improves later labor 
market outcomes, which indicates that good dental health is a positive factor 
on the labor market [emphasis added].  
https://www.ifau.se/Forskning/Publikationer/Working-papers/2017/the-effects-
of-fluoride-in-the-drinking-water/ 


 
The study followed 728,000 young Swedes and measured many outcomes.  Numbers 
of subjects in each analysis varied considerably e.g., 500,000 boys and girls were 
assessed for their mathematics ability (without finding evidence of effect from fluoride 
level in drinking water, and no difference between boys and girls).  66,000 were 
assessed for non-cognitive emotional and psychological outcomes.  728,000 and 
634,000 respectively were assessed for employment rates and incomes.  The 
conclusions are strong because the data are nationally representative, with a low risk of 
bias.  The likelihood that any 'misclassification' or unmeasured confounder could have 
masked any 'true' negative effect of fluoride in drinking water on IQ in Aggeborn and 
Öhman is virtually zero.   
 
Again, the Research Team did not report this study, arguably biasing its literature 
review and preventing researchers from situating the reported outcomes for a study of 
less than 525 children in the context of better designed studies with larger populations. 
 
A third document that contradicts the impugned Paper’s conclusion is absent from the 
impugned Paper’s literature review.  In 2014, the University of Michigan doctoral 
dissertation of Deena Thomas reported in a study of Mexican children that urinary 
fluoride had a significant positive impact on neurobehavioral development in male 
children.  The dissertation stated: 
 


To assess the adjusted effect of a child's fluoride levels on cognitive function, 
we ran GAM [General Additive Mixed] models, first in the overall population 
and then stratified by gender.  In the overall population, urinary fluoride 
appears to have no significant impact on total WASI [Wechsler Abbreviated 
Scale of Intelligence] scores (β =1.32, p=0.33), but this association changes 
once the models are separated by male and female children.  Male children 
showed a significantly positive trend (β=3.81, p=0.05), and females showed a 
negative trend that was not significant (β= -1.57, p=0.39).  
 



https://deepblue.lib.umich.edu/bitstream/handle/2027.42/110409/deenatho_1.pdf

https://deepblue.lib.umich.edu/bitstream/handle/2027.42/110409/deenatho_1.pdf
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[…] 
 


"Overall, this investigation found a significant positive impact on 
neurobehavioral development due to ingestion of fluoride in male children but 
no association was detected in female children.  Fluoride measured in urine 
was significantly associated with total WASI score in male children ages 6 to 
15 years old. 


 
- Deena B. Thomas.  Fluoride exposure during pregnancy and its effects on 


childhood neurobehavior: a study among mother-child pairs from Mexico 
City, Mexico.  A dissertation submitted in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy   (Environmental 
Health Sciences) in the University of Michigan, 2014.  This study is 
accessible through https://deepblue.lib.umich.edu/handle/2027.42/110409 
 


The Research Team failed also to discuss the lack of support for a neurotoxic effect 
from the National Toxicology Program’s study of rats.  McPherson et al. evaluated the 
developmental neurotoxicity of fluoride in rats and concluded that,  
 


At these exposure levels, we observed no exposure-related differences in 
motor, sensory, or learning and memory performance on running wheel, 
open-field activity, light/dark place preference, elevated plus maze, pre-pulse 
startle inhibition, passive avoidance, hot-plate latency, Morris water maze 
acquisition, probe test, reversal learning, and Y-maze.  Serum 
triiodothyronine (T3), thyroxine (T4), and thyroid stimulating hormone (TSH) 
levels were not altered as a function of 10 or 20 ppmF− in the drinking water.  
No exposure-related pathology was observed in the heart, liver, kidney, 
testes, seminal vesicles, or epididymides.  Mild inflammation in the prostate 
gland was observed at 20 ppm F−.  No evidence of neuronal death or glial 
activation was observed in the hippocampus at 20 ppm F−. 
 
- McPherson, Christopher A., Guozhu Zhang, Richard Gilliam, Sukhdev S. 


Brar, Ralph Wilson, Amy Brix, Catherine Picut, and G. Jean Harry. "An 
evaluation of neurotoxicity following fluoride exposure from gestational 
through adult ages in Long-Evans hooded rats." Neurotoxicity 
research 34, no. 4 (2018): 781-798. 


 
The fact that the Research Team mentioned none of these studies in its literature given 
that these studies may be easily identified and retrieved, arguably defeats any claim to 
‘honest error’. 
 
3.6.2 Concern about the impugned Paper expressed by the National Academies of 
Science Engineering and Medicine and the alleged inadequate response by the 
Research Team 
 
The Research Team was unable or unwilling to satisfy the United States National 
Academies of Science, Engineering and Medicine (NASEM) when NASEM questioned 
the quality of the Research Team’s work. 



https://deepblue.lib.umich.edu/handle/2027.42/110409
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NASEM twice reviewed and rejected the National Toxicology Program’s Draft 
monographs of Fluoride and Cognition that included reference to the impugned Paper.  
NASEM was critical of statistical methods used by studies linking fluoride to cognition.  
NASEM wrote that people reviewing such studies should be concerned about “risk of 
bias” and alleged that the impugned Paper (first author: Rivka Green) had puzzling 
statistical methods:  
  


[…] Green et al. (2019) accounted for community-level effects by adjusting 
for city in their analysis, but it was unclear how this was done.  If they treated 
city as a random effect, their analytic methods were appropriate.  However, if 
they treated city as a fixed effect, their exposure-effect estimates might be 
biased.  When exposure levels are determined at the group (such as city) 
level, fixed effect models do not properly separate exposure effects from 
group effects, and this results in biased estimates and inflated type I errors 
(Zucker 1990).  Although Green et al. (2019) used individual-level exposure 
rather than city-level exposure, the fixed-effect model could still produce 
biased estimates if the exposure levels within a city are highly correlated; this 
might be expected given that some cities were fully on fluoridated water and 
others were not.  Those analytic issues could have been identified by NTP if 
statisticians had played a more active role in the development of risk-of-bias 
instructions or its assessment. 


 
- National Academies of Sciences, Engineering, and Medicine. "Review of 


the draft NTP monograph: Systematic review of fluoride exposure and 
neurodevelopmental and cognitive health effects." (2020), page 39 
 


It appears that members of the Research Team responded to this expression of 
concern by providing information to the National Toxicology Program (NTP).  But 
NASEM found these efforts of the Research Team unsatisfactory.  In its 2021 review of 
the NTP’s revised Draft Review, NASEM wrote that it remained dissatisfied with the 
Green statistical analysis stating that “more details should be provided”: 
 


In the case of Green et al. (2019), NTP learned from the investigators that 
accounting for city-level clustering via a random-effects model “showed 
similar results to the main model.”  More details should be provided regarding 
the similarity of results because although overall conclusions might not have 
changed, the results of the meta-analysis could be affected by incorrect 
exposure-effect or standard-error estimates.   


 
- National Academies of Sciences, Engineering, and Medicine.  “Review of 


the Revised NTP Monograph on the Systematic Review of Fluoride 
Exposure and Neurodevelopmental and Cognitive Health Effects: A Letter 
Report” (2021) (on page 10) 


 
Therefore, the Research Team, when called upon by NASEM, was unable or unwilling 
to satisfy NASEM about the quality of its methods.  NASEM almost certainly would have 
been satisfied if it had received response from the Research Team demonstrating 



https://www.nap.edu/read/26030

https://www.nap.edu/read/26030

https://www.nap.edu/read/26030
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acceptable differences in research methods.  The Research Team would, therefore, find 
it difficult to argue in its defence that its research methods differ honestly from those of 
others.   
 
3.6.3  Concerns arising from post-publication commentary 
 
We are not, as mentioned, obligated to demonstrate in this complaint the motive of the 
Research Team for falsifying the Research Team’s results in the impugned Paper. 
Nevertheless, we believe it is important to highlight to the investigators of this complaint 
that some members of the Research Team have made unusually broad post-publication 
public health recommendations based on the impugned Paper.   
 
As mentioned, the Research Team was bound by STROBE guidelines insofar as JAMA 
Pediatrics requires authors to abide by those rules.  Guideline 20 requires researchers 
to “give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence.”   
 
Rather than engage in careful articulation of outcomes in disseminating research results 
to the general public, the senior author stated, according to Time Magazine, that:  
  


Based on the current evidence [which omitted contradictory evidence from 
New Zealand and Sweden], it is a reasonable recommendation to tell women 
to reduce their fluoride intake during pregnancy,” says study co-author 
Christine Till, an associate professor of psychology at York University in 
Toronto.  “It’s a low-hanging-fruit recommendation to [protect] the safety of 
the fetus.  That’s a no-brainer. 


 
CTV reports that the senior author, Dr. Till, linked fluoride exposure at the low levels of 
fluoridation to exposure to lead.  She stated: 
  


“It was shocking to see the size of the effect. I suppose it’s a shock because 
we were all told that it’s safe… but when you think about it, we shouldn’t be 
so shocked because there is a literature and decades of work showing this 
effect.  There is biological reasons the fetus can be at increased risk of 
neurotoxicity, so we are taking these findings very seriously.  […] 
  
“This is a major loss of IQ points that would have societal and economic 
impacts; it would definitely be felt at a population level,” said Till. 
  
“4.5 points is a dramatic loss of IQ, comparable to what you’d see with lead 
exposure, and that’s why we’re so concerned.”  […] 
  
Based on our findings, we’re recommending that women reduce fluoride 
intake during pregnancy,” Till said. 


 
Dr. Ayotte also made public health recommendations.  He told pregnant women not to 
drink tap water if they live in fluoridated areas.  According to the University of Laval 
news, he said: 



https://time.com/5656476/is-fluoride-in-water-safe/

https://www.ctvnews.ca/health/higher-fluoride-levels-during-pregnancy-may-be-linked-with-lower-iq-scores-in-kids-study-1.4555550

https://nouvelles.ulaval.ca/recherche/le-fluorure-nuirait-au-cerveau-des-tout-petits-1ecfd803096fdc6a025281e811b4f383

https://nouvelles.ulaval.ca/recherche/le-fluorure-nuirait-au-cerveau-des-tout-petits-1ecfd803096fdc6a025281e811b4f383
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Entretemps, par mesure de précaution, nous recommandons aux femmes 
enceintes qui vivent dans des municipalités où l’eau est fluorée de ne pas 
consommer l’eau du robinet.   
 
Translation: In the meantime, and for reasons of precaution, we recommend 
to pregnant women who live in municipalities where the water is fluoridated 
not to consume tap water. 


 
Dr. Till and Dr. Ayotte might attempt to justify their decisions to issue public health 
recommendations on the basis of the “precautionary principle”.  But that principle 
applies to new interventions as opposed to those, like fluoridation, that have over 75 
years of high-quality evidence of an acceptable safety profile.  It is not public health 
practice to increase stress for pregnant women without an evidentiary basis for so 
doing.  Moreover, Dr. Till and Dr. Ayotte do not appear to consider specialist concern for 
the oral health of people during pregnancy: https://www.acog.org/clinical/clinical-
guidance/committee-opinion/articles/2013/08/oral-health-care-during-pregnancy-and-
through-the-lifespan.   
 
3.6.4  Statements that the alleged association is in fact a causal link 
 
Of concern, two members of the Research Team, including the senior author, have 
reported the alleged findings incorrectly.  Whereas they reported in the impugned Paper 
that the study found an association (a finding that is, in fact, false), they state to the 
general public that the study found a causal link.  Dr. Christine Till and Dr. Lanphear 
published a video and an article for the general public that overstated their alleged 
results in this way.  The video states that the impugned Paper (and another) found that 
“fluoride led to IQ deficits in children”.  The article claims, “new evidence suggests that 
fluoride is toxic to the developing brain at levels routinely found in the general 
population.”  https://www.ehn.org/fluoride-and-childrens-health-2648120286/particle-3   
 
When the National Post challenged Dr. Till for collapsing the distinction between finding 
an association and finding a causal link, the Post reported, “She defended the video as 
an accurate representation of the totality of research on the issue.”  Yet the totality of 
the research is not consistent with Dr. Till’s representation of it. 
 
Given that pregnant people are a vulnerable population, it is unclear why the two 
members of the Research Team did not address this population group cautiously, with 
due care and attention.  The two Research Team members did not state accurately their 
research results when they claimed that the impugned Paper showed a causal link 
between fluoride exposure in pregnancy and resulting IQ in offspring.  Drs. Till and 
Lanphear falsified their results in their comments to the general public in the video and 
in the article. 
 
It lies ill in the mouth of these skilled researchers to argue that they accidently misstated 
(by virtue of honest error) the outcome of the impugned Paper when they wrongly report 
an association and then assert that there is a causal link, and that this non-existent 
causal link justifies the risk of frightening pregnant people about drinking tap water.  Drs. 



https://science.sciencemag.org/content/288/5468/979.full

https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2013/08/oral-health-care-during-pregnancy-and-through-the-lifespan

https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2013/08/oral-health-care-during-pregnancy-and-through-the-lifespan

https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2013/08/oral-health-care-during-pregnancy-and-through-the-lifespan

https://youtu.be/hI4kpvW760M

https://www.ehn.org/fluoride-and-childrens-health-2648120286/particle-3

https://youtu.be/hI4kpvW760M

https://www.ehn.org/fluoride-and-childrens-health-2648120286/particle-3

https://nationalpost.com/health/international-experts-call-for-independent-probe-of-canadian-research-linking-fluoride-and-lower-iq
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Till and Lanphear deliberately and intentionally, or recklessly made statements in their 
video and article to the effect that the impugned Paper found a causal link when the 
impugned Paper reported only (and falsely) an association.  Such misstatements to the 
public might be relevant to motive of the Research Team or some members of the 
Research Team to falsify their results in the impugned Paper. 
 
3.6.5  Misstatement about the impugned Paper’s outcome to the Federal District 
Court in the Northern District of California 
 
Some fluoridation opponents have brought litigation in the United States against 
Environmental Protection Agency (EPA).  They allege that the EPA has failed to abide 
by the Toxic Substances Act by failing to recognize that fluoride exposure results in 
diminished cognition.  If this litigation were ultimately successful, then community water 
fluoridation would cease in the United States. 
 
One member of the Research Team, Dr. Bruce Lanphear, testified in favour of the 
fluoridation opponents in that action relying, in part, on the impugned Paper.  On May 
20, 2020, he declared: 
 


 
http://fluoridealert.org/wp-content/uploads/EPA-trial-Lanphear-declaration.pdf 


 
 
None of the studies Dr. Lanphear cites reported a causal link between fluoride exposure 
and diminished intelligence.  Nor does he reference the Hill criteria or any others by 
which one may demonstrate that there is sufficient evidence of an association between 
x and y to state confidently that x causes y.  Nevertheless, Dr. Lanphear swears under 
oath that fluoride at fluoridation levels “diminishes the intellectual abilities in young 



https://www.ada.org/en/publications/ada-news/2018-archive/january/lawsuit-seeking-fluoridation-ban-moves-forward

http://fluoridealert.org/wp-content/uploads/EPA-trial-Lanphear-declaration.pdf

http://fluoridealert.org/wp-content/uploads/EPA-trial-Lanphear-declaration.pdf

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1898525/
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children”.  This assertion raises questions as to Dr. Lapeer’s motive in falsifying the 
Research Team’s results in the impugned Paper. 
 
3.6.6  Relevance of alleged ‘intense scrutiny to get funding’ 
 
In asserting to Global TV that the impugned Paper represents “the best research we 
can do on this topic”, Dr. Till relies in part on the difficulty of obtaining funding.  She 
stated, “We went through intense scrutiny to get the funding to do this study”. 
 
Yet that claim is put in doubt by the third author of the article for the general public that 
falsely claims that there is a causal link between fluoride exposure and cognitive decline 
in children.  The third author is Dr. Linda Birnbaum, who was Director the National 
Institute of Environmental Health Sciences when it granted Dr. Till the funding that 
resulting in the Thesis and the impugned Paper.  Dr. Birnbaum was head of the National 
Toxicology Program also when it decided to determine whether fluoride is a 
neurotoxicant NTP Evaluation on Fluoride Exposure and Potential for Developmental 
Neurobehavioral Effects; BSC; Dec. 2015 (nih.gov), Linda S. Birnbaum, Ph.D., 
D.A.B.T., A.T.S. - NIEHS & NTP Director, 2009-2019.  Dr. Birnbaum led the NIEHS and 
NTP also when the NTP alleged in a draft review that fluoride is a presumed 
neurotoxicant – an assertion NASEM rejected.  The fact that the former NIEHS Director 
collaborated in falsifying research funded by the NIEHS and upon which litigation is 
based to end US water fluoridation raises questions about how difficult it was to obtain 
funding from the NIEHS.   
 
3.6.7. Misstatement about the impugned Paper’s outcome to the Green Bay 
Wisconsin City Council advising it to discontinue water fluoridation 
 
On July 16, 2020, Dr. Christine Till wrote to a Committee of Green Bay City Council 
when it was considering a motion to cease community water fluoridation.  Again, Dr. Till 
misstated the outcome of her research.  Referring to the impugned Paper, she told 
Green Bay City Councilors: 
 


We found that higher levels of fluoride in pregnant women and their drinking 
water were associated with a 3- to 5-point lower IQ score in their preschool 
aged children.  


 
She does not state that the Research Team alleges that it found the effect in boys only 
and on only one part of a two-part IQ test, nor does she present the Team’s alleged 
outcome cautiously in the context of much richer studies conducted in New Zealand and 
Sweden.  Instead, she makes public health recommendations, undermining the 
recommendations of Green Bay and Wisconsin public health officers in the pandemic 
when COVID-19 case rates were high.  Dr. Till writes,  
 


I am writing to clarify that my co-authors and I have recommended reducing 
fluoride intake during pregnancy. Some of my coauthors have recommended 
this reduction includes fluoridated water because water is the main source of 
fluoride for people who live in communities with fluoridation; one pointed out 



https://twitter.com/globalnewsto/status/1164143758759170048

https://www.ehn.org/fluoride-and-childrens-health-2648120286/particle-3
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the need for more research before making specific recommendations for 
community water fluoridation.   


 
Dr. Till does not provide evidence that she or any of her co-authors have qualifications 
in Public Health or Preventive Medicine to make public health recommendations to 
elected officials, that contradict the recommendations of duly appointed medical 
specialists who are qualified to make such recommendations to elected officials.  
Indeed, we have found no evidence in the impugned Paper or in the media 
communications referenced above that Dr. Till is aware of, and has weighed, the risks 
of harm to the developing brains of children with dental decay who have difficulty 
sleeping, eating, playing and attending school.  Even it were true, which it is not, that 
fluoridation affects the brain, public health officials would still have to weigh the risks 
and benefits to the brain of fluoridating or not.   
 
3.6.8 Possible Conflict of Interest of Dr. Till 
 
Without adequately reviewing the literature which has robust data of NO effect of 
cognitive harm from fluoridation, Dr. Till suggested to a television audience that her 
results were accurate and reliable and that more funding of alleged neurotoxic 
properties of fluoride was required.  She told Global TV (starting at minute 3.50)  
 


It takes time to get more data.  And I think the community is asking for more 
studies to replicate it and we certainly agree with this and we want to answer 
more of these questions. 


 
This statement raises the issue of Dr. Till’s conflict of interest regarding her interest (to 
advance her career by receiving more grant funding to report on fluoridation and 
cognition) and her duty (to state the impugned Paper’s research results accurately).  Dr. 
Till’s own research showed that fluoridation has no effect on developing brains and yet 
she tells a television audience the opposite and then, having risked frightening 
vulnerable people needlessly, Dr. Till claims that the community wants more such 
studies and implies that she should be funded to conduct them.  Arguably, Dr. Till has 
mismanaged her conflict of interest by failing to disclose that it is in her interest to 
frighten the public and to create controversy that will encourage government to fund 
research for which she can apply as a fluoride and cognition “expert”.   
 
3.7  Falsification: Conclusion 


 
We argue that the Research Team falsified the impugned Paper by: 
 


1. Omitting in the abstract and the narrative of the paper, the main effect of 
the research; 


2. Manipulating statistical analysis processes to obtain statistically significant 
results; 


3. Incorrectly analysing clustered data; and 
4. Inappropriate using probability values. 


 



https://europepmc.org/article/med/10509332

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3222359/

https://twitter.com/globalnewsto/status/1164143758759170048
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We have demonstrated each instance of falsification on the preponderance of the 
evidence.  Each instance of falsification is a significant departure from accepted 
practices of the relevant research community resulted in the research not being 
accurately represented in the research record.   
 
Highly skilled academics are presumed to have intended the ordinary consequences of 
their action.  We argue that the Research Team committed these actions intentionally 
and knowingly, and at minimum recklessly.  We argue also that these actions are not 
the result of honest mistake or good faith disagreement regarding research conduct.   
 
Evidence to counter reliance of the Research Team on the defences of honest mistake 
or good faith disagreement lies also in the following facts: 
 


1. The Research team did not mention in its literature review important studies that 
do not come to the same conclusion as the Research Team: 


2. The Research Team’s inability to satisfy NASEM questions regarding its research 
methods;  


3. The post publication public health recommendations to pregnant people made 
through the media by the lead author Dr. Till, and by Dr. Pierre Ayotte;  


4. The assertions by lead author, Dr. Till, and another author, Dr. Lanphear, that the 
impugned Paper had found a causal link between fluoride exposure and 
diminished intelligence when it had not; and  


5. Dr. Lanphear’s participation in litigation to end fluoridation in the United States by 
declaring under oath that there is a causal link between fluoride exposure and 
diminished intelligence when there is inadequate evidence upon which to base 
such a claim.   


6. Dr. Till’s assertion that the proposed research that resulted in the Thesis and the 
impugned Paper underwent intense scrutiny is placed in doubt by the fact that 
the Director of the funding agency at the time of funding, Dr. Birnbaum, is a co-
author with Dr. Till of an article that falsely states that there is a causal link 
between fluoride exposure at community water fluoridation levels and diminished 
IQ in resulting children.  


7. Dr. Till misstated her research to elected officials in a foreign country when they 
were considering fluoridation cessation, contradicting the advice of duly 
appointed public health officers without providing evidence that she or any of her 
co-authors have any qualifications in Public Health and Preventive Medicine or 
that they have considered and weighed the effect on the brain of untreated dental 
decay which fluoridation prevents by approximately 25%. 


8. Dr. Till failed to disclose her conflict of interest in a CTV interview when she 
implied that she should receive further funding to study fluoridation’s effect on 
cognition. 


 
These actions raise questions as to the motive of the Research Team or some 
members of the Research Team in choosing intentionally, knowingly or recklessly to 
falsify the record of their research.   
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4.  EFFORTS TO ENGAGE IN REPLICATION OF THIS PAPER’S ANALYSES HAVE 
BEEN THWARTED 
 
This complaint comes only after strenuous, repeated and determined efforts to obtain 
the data for replication have failed.   
 
The data contained in the MIREC databank is either the property of the people of 
Canada and of Ontario, or held in notional trust for the benefit for these people, insofar 
the data was assembled using funds from Health Canada, the Canadian Institute of 
Health Research and the Ontario Ministry of Health and the salaries of the people 
involved are paid by publicly-funded institutions. 
 
One would have expected that MIREC’s leaders, as scientists funded by the public, 
would be eager to share the data so that the public would benefit because, as Simmons 
et al. argue, 
 


Our job as scientists is to discover truths about the world.  We generate 
hypotheses, collect data, and examine whether or not the data are consistent 
with those hypotheses.  Although we aspire to always be accurate, errors are 
inevitable.  
 
Perhaps the most costly error is a false positive, the incorrect rejection of a 
null hypothesis.  First, once they appear in the literature, false positives are 
particularly persistent.  Because null results have many possible causes, 
failures to replicate previous findings are never conclusive.  Furthermore, 
because it is uncommon for prestigious journals to publish null findings or 
exact replications, researchers have little incentive to even attempt them.  
Second, false positives waste resources: They inspire investment in fruitless 
research programs and can lead to ineffective policy changes.  Finally, a field 
known for publishing false positives risks losing its credibility.  
 


Given that few scientists seek to replicate studies and that false positives waste 
resources, MIREC leaders arguably might have welcomed a serious team who sought 
to engage with it in the scientific enterprise of discovering truth.  The argument for so 
doing is stronger in psychology than in other fields because, according to Serra-Garcia 
et al., psychology studies have a poor record of being reproduceable: 
 


Three influential replication projects tried to systematically replicate the 
findings in top psychology, economics, and general science journals.  In 
psychology, only 39% of the experiments yielded significant findings in 
the replication study, compared to 97% of the original experiments.  In 
economics, 61% of 18 studies replicated, and among Nature/Science 
publications, 62% of 21 studies did.  In addition, the relative effect sizes of 
findings that did replicate were only 75% of the original ones [emphasis 
added]. 


 
Moreover, the impugned Paper had received international media coverage, including, 
as mentioned, in Time Magazine.  The impugned Paper is being relied upon in court to 



https://www.mirec-canada.ca/en/about/some-facts-and-figures/

https://journals.sagepub.com/doi/pdf/10.1177/0956797611417632

https://journals.sagepub.com/doi/pdf/10.1177/0956797611417632

https://advances.sciencemag.org/content/7/21/eabd1705
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end the 75 year-old practice of community water fluoridation.  And the impugned 
Paper’s conclusions, misstated by two of its own authors with their claim of a causal 
association between fluoride exposure in pregnancy and reduced cognition in resulting 
babies, frightened lay people.  Indeed, an opinion columnist in the Calgary Herald 
argued,  
 


No one doubts that fluoride, applied topically to teeth, improves dental health.  
However, if we believed that lead could solve dental issues, would we add it 
to our water supply?  Of course not. 
 
Calgary’s community and protective services committee needs to brush up 
on this latest study before it holds a public hearing into this divisive topic, as 
expected in October.  Then, if it absorbs what the science says, it will pull 
from its roots the repeated demands to reintroduce fluoride into our water 
supply.  After all, a good brain is worth more than a tooth. 
 


Even though: (1) the data belongs directly or beneficially to the people of Canada; (2) 
the scientific enterprise requires that data be replicated to discover truth; (3) 
psychology, as a field, has a reportedly poor replication rate; (4) the possibility exists 
that a false positive will have significant and costly policy implications; (5) some of the 
Research Team have misrepresented the impugned Paper’s alleged findings; (6) one 
Team member has testified in the US Northern District Court of California in reliance on 
the impugned Paper to end water fluoridation and (7) at least one journalist is using the 
impugned Paper to halt fluoridation reinstatement, - MIREC has not agreed to release 
the data to a qualified team for replication. 
 
4.1  Thirty Scientists requested access to the data by asking the funder of the 
study Dr. Rick Woychik, Director of the National Institute of Environmental Health 
Science 
 
On October 23, 2019, an international group of thirty scientists asked Dr. Rick Woychik, 
Director of the National Institute of Environmental Health Sciences (which funded the 
research): 
 


1.  To ask the Green authors to release their “Research Identifiable File” data 
set and to provide a thorough explanation of their analytical methods.  
 
2.  Should the Green researchers not voluntarily release their data, then to 
advise the 30 scientists as to what the process would be to have the data set 
released so that an independent analysis of the Green data could be 
conducted.  
 


The thirty scientists argued that “Doing so could enable an independent review that 
would bring clarity and ensure the scientific record is accurate.” 
 
On October 28, 2019, the thirty scientists received a reply from the NIEHS 
Communications and Public Liaison Office stating, “Please know that the NIEHS does 
encourage the sharing of data when we have supported its collection.  We are currently 
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working to understand the challenges and barriers to sharing data from this study.”  The 
NIEHS does not appear to have directed Dr. Till who received NIEHS funding to release 
the data she used in the impugned Paper. 
 
On October 28, 2019, the thirty Scientists received a response from Dr. William Fraser, 
MIREC Co-principal investigator of Sainte-Justine Research Center, Montréal.  He 
wrote, 
 


We understand that we need to make the data from the Green et al. 
publication accessible for other researchers to perform validation of the initial 
findings.  The data would be available only for this purpose to the team 
seeking to perform the validation.  It should be noticed, however, that our 
privacy policy does not allow individual-level data to leave Canada.  If you 
can identify a team of independent researchers interested in taking this on, 
we would be happy to work with them to ensure they have the raw data they 
need, providing that they adhere to MIREC policies. 
 


4.2  Professor of Dentistry applied to MIREC directly for access to the data 
without success: April 23, 2020 – March 15, 2021 
 
Mark Moss DDS, PhD, Professor of Dentistry at East Carolina University School of 
Dental Medicine, began a year-long attempt to obtain data for replication.   
Dr. Moss is qualified to lead such a project.  He holds a Doctor of Dentistry degree from 
Marquette University in Milwaukee, a Master of Science degree in Preventive Medicine 
– Epidemiology from the University of Wisconsin-Madison and a doctoral degree in 
Epidemiology from the University of North Carolina at Chapel Hill.  He has completed 
his General Practice Residency at Rochester General Hospital, Rochester, NY and a 
further residency in Dental Public Health at the New York State Bureau of Dental 
Health.  Dr. Moss has served as the State Dental Director in the Wisconsin Division of 
Public Health. 
 
4.2.1 First application, April 23, 2020 
 
Dr. Moss assembled a team that included a Canadian as required by MIREC rules: Dr. 
Sonica Singhal Assistant Professor, Faculty of Dentistry, University of Toronto with over 
10 years of research in epidemiologic research and data analysis.  She earned her 
Bachelor of Dental Surgery at Delhi University, a Master’s in Public Health at the 
University of New South Wales and a doctoral degree in Dental Public Health at the 
University of Toronto.  The team also included a biostatistician, Dr. Quan Wu from the 
East Carolina University Heart Institute, who holds an MA and a PhD in the Statistics 
from the University of Pittsburgh. 
 
In a 15-page application, the three-member team provided a detailed plan, 
accompanied by Excel spread sheets titled “SELECTION TOOL_Lab test results: and  
SELECTION TOOL_Derived CRF data”.  The team described how they would conduct 
the reanalysis were MIREC to grant them access to the data.  They declared no 
conflicts of interest.  They promised to: 
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conduct the analyses described and report our findings in a national meeting 
such as the Society for Epidemiologic Research.  We will seek to publish the 
findings regardless of whether they support the findings from the original 
study or not.  Our first submission will be to the JAMA Pediatrics where the 
original study was published.  We will seek out other journals that include 
Environmental Health Perspectives, Environment International, 
Environmental Research, and Archives of Environmental Health. 


 
On June 3, 2020, MIREC denied the request.  It returned the application with comments 
from four unnamed reviewers.   
 
4.2.2. Second application, July 1, 2020  
 
In response, Dr. Moss revised the application for the MIREC data for reanalysis in a 
document that was now 19 pages and included information on how the work would be 
funded  
 
On July 22, 2020, Ms. Lupien for MIREC replied with two documents, a 22 page mark -
up of the applications with comments from reviewers 2 and 3, and a four page 
document titled, “Grid Reviewers Comments on Second Application 4 reviewers_July22 
2020”. 
 
The reviewers did not approve the application. 
 
4.2.3  Third Application, August 19, 2020 
 
In response, Dr. Moss revised the application for the MIREC data for reanalysis in a 19 
page document.  The application included a chart in which Dr. Moss responded to 
reviewers’ comments.  Here is a screen shot as an example of that document with the 
reviewer on the right and Dr. Moss on the left: 
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On September 18, MIREC denied the application in a letter pasted below: 
 


[MIREC Letterhead] 
 
Montreal, September 18, 2020  
 
RE: Response to request to access MIREC Biobank data for reanalysis of 
Green et al. paper (preBBK39)  
Project title: Re-Analysis of the Association between Maternal Fluoride 
Exposure During Pregnancy and IQ Scores in Offspring in Canada  
 
Mark E Moss, DDS, PhD  
Associate Professor  
ECU School of Dental Medicine  
1851 MacGregor Downs Road – MS 701  
East Carolina University  
Greenville, NC 27834-4354  
 
Dear Dr. Moss:  
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The members of the MIREC Biobank Committee have attentively reviewed 
your responses to their latest comments. The Committee members recognize 
the importance of the debate around fluoride and IQ, and support the 
reanalysis of MIREC data on child IQ and prenatal exposure to fluoride. The 
Committee also recognizes the importance of the principles for reanalysis 
proposed by Christakis & Zimmerman in 2013. However, the current 
application does not demonstrate sufficient expertise or methodological 
improvement to meet the requirements for a robust reanalysis; and 
unfortunately, they did not approve your application, for the following 
reasons:  
 
1. Based on the CVs of the applicants and team members, and the 
methodology proposed, the Committee members feel that your team does 
not have the level of knowledge and expertise in the required specific areas 
to address this research question.  
 
2. The responses to the additional information and clarification requested 
through the 3 rounds of review by the Committee did not fully address the 
Committee’s questions.  
 
3. As a core principle for reanalysis, the “methodological improvement should 
be recognizable and significant. While there are legitimate methodological 
differences, the posited improvement from the reanalysis should be well 
grounded and substantiated by a significant portion of the methodological 
literature.” (Christakis & Zimmerman in 2013). The Committee members do 
not find that this application makes recognizable and significant 
methodological improvements to the analysis that Green et al. conducted.  
 
4. The Committee members do not find that this application identifies any 
clear limitation of the Green et al. study. The proposal speaks of eliminating 
outliers, but the Green paper did take into consideration extreme values of 
MUF. The approach that the team proposes for establishing an effect 
threshold is not clear.  
 
5. Regarding a possible city effect, there is a lack of clarity as to how this 
effect would be dealt with (collider versus confounder). This is an example, 
found throughout the proposal, where the methods are not clearly defined. 
The Committee had asked for more details, but insufficient detail was 
provided.  
 
6. The application indicates a plan to “add variables to the model”, but there 
should be a good justification of including adjustment variables in a model to 
explore an association. The applicants have not explained how they would 
determine which variables would be included to the model, and how they 
would be selected.  
 
Best regards,  
Nicole Lupien  







 


39 
 


 
MIREC Biobank Manager  
CHU Sainte-Justine Research Centre  
3175, Côte-Sainte-Catherine  
Montreal (Qc) Canada H3T 1C5  
nicole.lupien@recherche-ste-justine.qc.ca 


 
4.2.4  Fourth Application, December 9, 2020 
 
Dr. Moss invited people with other expertise to join his request for data for reanalysis 
team.  These people were:   
 
1. Dr. Steven M. Levy, the Wright-Bush-Shreves Endowed Professor of Research in the 
Department of Preventive and Community Dentistry, and a professor in the Department 
of Epidemiology, College of Public Health, at the University of Iowa.  Dr. Levy received 
a Bachelor’s degree in Statistics at Princeton, a doctor of Dentistry degree from the 
University of North Carolina Chapel Hill, a Master’s Degree in Health Policy 
Administration from the University of North Carolina, Chapel Hill. 
 
Dr. Levy’s awards or honors include: 
 
2000-Present NIH special study section: reviewer for clinical/behavioral/epidemiological 


research projects 
2001-2005 Member, DPH Review Committee, Commission on Dental Accreditation, 


Am. Dental Assoc. 
2003  Iowa Board of Regents Faculty Excellence Award 
2004  IADR Distinguished Scientist-H. Trendley Dean Award-Research in 


Epidemiology/Public Health 
2005-2013 Member, Water Fluoridation Advisory Committee to Oral Health Program,     


CDC 
2006-2013 Member of Examining Board, American Board of Dental Public Health 


(President, 2011-12) 
2008-Present  Member, National Fluoridation Advisory Committee, American Dental 


Association  
2008-2011 Member, Evidence-based Dietary Fluoride Supplement Review 


Committee, ADA  
2008-2011 Member, Evidence-based Infant Formula and Dental Fluorosis Review 


Committee, ADA  
2008-2010 Reviewer, Evidence-based Review of Topical Fluorides and Dental 


Fluorosis, Cochrane Collaboration 
2011  Recipient, ASTDD Fluoridation Merit Award 
2011-2014 Member, Evidence-based Topical Fluoride Review Committee, ADA 
 
2. Dr. Cathrine Hoyo, Professor of Epidemiology in the Department of Biological 
Sciences at North Carolina State University.  She serves as co-Director of the 
Integrated Health Sciences Facility Core in the Center for Human Health and the 
Environment and Director of Epidemiology and Environmental Epigenomics Laboratory.  
Dr. Hoyo received a Master’s degree in Epidemiology at the University of California, 
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Berkeley, CA, and a doctoral degree in Epidemiology and conducted post doctoral work 
in Epidemiology at the University of North Carolina. Chapel Hill.  She undertook to 
provide the epidemiologic support required for the analyses proposed by Dr. Moss.    
 
3.  Dr. David Reif, is Director, Bioinformatics Consulting and Service Core, North 
Carolina State University; Professor, North Carolina State University, Bioinformatics 
Research Center, Center for Human Health and the Environment, Center for the 
Environmental and Health Effects of PFAS, Department of Biological Sciences, Raleigh, 
North Carolina.  Dr. Reif is Managing Editor, BioData Mining; Associate Editor, 
Environmental Health Perspectives (EHP); Editorial Board, Journal of Exposure Science 
and Environmental Epidemiology (JESEE); Member, American Society of Human 
Genetics (ASHG).  Dr. Reif received his Bachelor of Science degree in Biology at the 
College of William and Mary, Williamsburg, VA; a Master’s of Science degree in Applied 
Statistics at Vanderbilt University, Nashville, TN and a Doctorate in Human Genetics 
from Vanderbilt University, Nashville, TN.  He conducted post-doctoral work in 
Computational Toxicology at the US Environmental Protection Agency, Research 
Triangle Park, North Carolina.   
 
Dr. Reif biography states that his  
 


research goal is to understand the complex interactions between human 
health and the environment through the analysis of high-dimensional data 
from diverse sources (http://reif-lab.org/). To accomplish this goal, he designs 
experiments, develop methods, and implement software to distill useful 
information via data integration. His publications cover topics including 
childhood asthma epidemiology, high throughput screening (HTS) of 
environmental chemicals, gene-environment (GxE) interactions, exposure 
modeling and prediction, modeling of biological pathways, public database 
development, vaccinomics, dosimetry of PFAS, risk assessment, and 
genetics. Beyond publications, I have developed and distributed software for 
cross-laboratory information management, web-based results browsers, and 
integrated visual analysis of diverse, high-dimensional data.   


 
His excellence in science generally, and in the field of toxicology specifically, is 
evidenced in this list of awards or honour: 
 


2011  Presidential Early Career Award for Scientists and Engineers, Executive 
Office of the President of the United States 


2011  Science Achievement Award in Health Sciences, U.S. EPA 
2011  Gold Coin Award, Deep Water Horizon Oil Spill Response Team, U.S. 


EPA 
2012  Impact Award, Comptox Chemical Toxicity Databases, U.S. EPA 
2015, 2017  Working Group Member, Volume 113 and Volume 120, 


Monographs on the Evaluation of Carcinogenic Risks to Humans, World 
Health Organization (WHO) International Agency for Research on 
Cancer (IARC) 
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2015  Committee Member, “Predictive Toxicology Approaches for Military 
Assessments of Acute Exposures”, National Academy of Sciences 
(NAS) 


2018  Planning Committee and Session Moderator, “Informing Environmental 
Health Decisions Through Data Integration”, National Academy of 
Sciences (NAS) 


2018 – 2019 Committee Member, “A Scoping Plan to Assess the Hazards of 
Organohalogen Flame Retardants”, National Academy of Sciences 
(NAS) 


 
On December 9, Dr. Moss submitted a fourth application to MIREC with biographies of 
the new members of the proposed reanalysis team.  The document had ten 
attachments including a revised application of 24 pages. 
 
On March 3, 2021, Dr. Moss wrote to MIREC; 
 


Hi Nicole, 
I hope you are doing well. 
I am writing to inquire about the status of our application. 
Any update that you can provide would be appreciated. 
Thank you for all you do. 
Sincerely, 
Mark 


 
Twelve days later, Dr. Moss received the reply pasted below from Dr. William D. Fraser 
Chair, MIREC Biobank Management Committee.  The letter advises Dr. Moss that his 
fourth application has been rejected and that he need not apply again.  The letter 
accuses the proposed reanalysis team, in effect, of unacceptable bias. 
 


[MIREC Letterhead] 
 


Montreal, March 15, 2021 
  
RE: Response to request to access MIREC Biobank data for reanalysis 
of Green et al. paper (preBBK46)  
Project title: Re-Analysis of the Association between Maternal Fluoride 
Exposure During Pregnancy and IQ Scores in Offspring in Canada  
 
Co-Applicants: Mark E Moss, DDS, PhD  
Associate Professor, ECU School of Dental Medicine, East Carolina 
University  
Sonica Singhal, MPH, PhD  
Assistant Professor, University of Toronto  
 
Dear Co-Applicants:  
The review committee has come to the decision to not approve the above 
cited application for data access. The following is a summary of the key 
points that led to this decision.  
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First, one of the core principles of reanalysis is that the posited improvement 
from the reanalysis should be well grounded and substantiated by advanced 
methodological literature. The panel did not consider that the above criterion 
is fulfilled in the application.  
 
Second, there are concerns about whether the team was free of bias/conflict 
of interest. Several MBMC members noted that Dr. Moss is on the scientific 
advisory committee for the American Fluoridation Society, which advocates 
for fluoridation. He also specifies in his CV having served as editor of a 
website committed to improving health literacy for professionals and 
community stakeholders by summarizing and critiquing published studies that 
raise concerns about fluoride. Given the contentious nature of this topic, a 
truly arms-length team is needed to conduct the “definitive” reanalysis.  
 
Third, while the team has some experience in perinatal biomonitoring and 
child neurodevelopment, the team has not demonstrated sufficient expertise 
in the application to conduct an epidemiological analysis. Here are some 
examples: the applicants state they will use DAGs but the DAG presented in 
the application is not developed according to the rules of causal inference; 
the applicants advocate for using multiple approaches to identifying 
confounders rather than one clearly defined approach, which could be 
viewed as data dredging; the applicants seem to treat interaction variables as 
potential confounders rather than an indication of heterogeneity.  
 
Given that members of the same team of applicants have previously been 
unsuccessful in their requests for data access, and that many of the issues 
that were raised by the committee in previous reviews were not addressed in 
the current application, the committee is not disposed to review further 
requests from this same group of investigators.  
 
Yours sincerely,  
William Fraser, 
Chair, MIREC Biobank Management Committee 


 
4.2.4.1.  Allegations of bias by Dr. Fraser for MIREC 
 
This letter surprisingly alleges bias of the team that seeks to replicate the data.  In our 
opinion, the alleged justification for preventing data replication by Dr. Moss is a claim 
made in bad faith for the following reasons: 
 
4.2.4.1.1. The bias regarding the American Fluoridation Society claim comes very 
late in the application process.   
In April 2020, Dr. Moss was assisting a not-for-profit organization (the American 
Fluoridation Society) in assessing new studies to convey the meaning of these studies 
to the general public.  If Dr. Moss’ pro bono assistance to that organization is a reason 
to disqualify him to receive the MIREC data, then MIREC ought to have raised that 
objection in April 2020 rather than to require Dr. Moss to engage in excessively time 
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consuming activities to meet MIREC’s requirements, when such efforts were doomed to 
fail ab initio.  Raising this objection in March 2021 rather than in April 2020 is 
disrespectful of the time of a public servant and of the tax-payers who pay his salary. 
 
4.2.4.1.2. The bias regarding the American Fluoridation Society claim is 
procedurally unfair 
The claim that American Fluoridation Society membership is a reason for 
disqualification is procedurally unfair.  No notice was given that membership in the 
American Fluoridation Society disqualified academics from receiving access to MIREC 
data.  If such membership is a reason that MIREC will deny requests for data for 
reanalysis, then that fact ought to be stated on the MIREC website so that prospective 
applicants will not waste their time ‘jumping through MIREC hoops’ as MIREC required 
Dr. Moss to do before giving him notice that there was a fatal flaw (his membership in a 
not for profit organization science dissemination organization) in his application – a 
“flaw” that was evident in April 2020. 
 
4.2.4.1.3. Objection to membership in the American Fluoridation Society is odd 
for three reasons.   


3.1 The American Fluoridation Society’s methods are tacitly endorsed by the 
Centers for Disease Control.  The United States Centers for Disease Control 
(CDC) lists the American Fluoridation Society (AFS) on its website as an 
organization that supports community water fluoridation. If the CDC had any 
reason to believe that the AFS used or endorsed disreputable methods to 
explain its position on water fluoridation, then it would not choose to list the 
AFS on the CDC’s public website.   
 
3.2 Second, the AFS has served or is serving as a contractor to several state 
health departments in the U.S.  The status as a reliable assistant to US 
health departments demonstrates that MIREC is wrong to imply that the AFS 
is a renegade or disreputable group.  
 
3.3. The criterion of membership in an organization that supports water 
fluoridation as a reason to ban an applicant from replicating the data, would 
ban almost everyone qualified to replicate the data.  All credible health 
organizations support community water fluoridation including the American 
Academy of Pediatrics, American Public Health Association, the American 
Dental Association, the Canadian Medical Association and Canadian 
Pediatric Society.  By this criterion, Dr. Fraser, as a presumed member of the 
Canadian Medical Association, is disqualified himself to attempt to reanalyze 
MIREC data. 


 
4.2.4.1.4. Bias claim raises issue of bias by MIREC leaders 
Objection to membership in the American Fluoridation Society as evidence of alleged 
bias raises the issue of bias in those who deny access to the data for replication.  
People who understand the body of literature that constitutes the evidentiary basis for 
community water fluoridation regard the public health policy of fluoridation as having an 
acceptable safety profile.  Likewise, they accept the public health policies of vaccination 
and masking during a pandemic as having an acceptable safety profile based on the 
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evidence to date.  Why does Dr. Fraser consider fluoridation as having a ‘contentious 
nature’?  Does he regard vaccination and masking as having ‘contentious’ natures?   
 
4.2.4.1.5. Presumption of bias is lower in Reanalysis team than in the Research 
Team 
In MIREC’s September 18, 2020 denial of Dr. Moss’s application, Ms. Lupien for MIREC 
references an article by JAMA Pediatrics editor Dr. Christakis and co-author Dr. 
Zimmerman.  That article states in part: 
 


The presumption of bias arising because of financial, ideological, or political 
interests should be at least as low in the reanalysis team as in the original 
team, and ideally lower." 


 
This letter of complaint has provided ample evidence of bias on the part of the Research 
Team.  We allege and have provided evidence that is convincing on the preponderance 
of evidence that the Research Team falsified its results and conclusions and that some 
members of the Team made public health recommendations to pregnant people to 
avoid drinking tap water in fluoridated areas, two Team members exaggerated their 
false results by alleging that they showed a causal link between fluoride exposure and 
harm to the brain, and one Team member, Dr. Bruce Lanphear, testified under oath that 
there is a causal link between fluoridation and harm to the brain in litigation to end water 
fluoridation in the United States.  These activities are strong evidence of ideological 
bias.  By contrast, Dr. Fraser has provided no credible evidence of ideological, financial 
or political bias on the part of Dr. Moss’ team.  To the extent that Dr. Moss is a member 
of the American Fluoridation Society, that membership is not, as argued above, 
evidence of ideological bias but of the ability to read, understand and explain the peer 
reviewed fluoridation literature and the willingness to offer pro bono, that skill and ability 
to the general public. 
 
4.2.4.1.6. Unaddressed appearance of conflict of interest or conflict of interest on 
the part of Dr. Fraser   
We offer evidenced below in Appendix One, that Dr. William D. Fraser has co-authored 
with at least three members of the research team who co-authored the impugned 
Paper: 
 


with Dr. Bruce Lanphear 15 times;   
with Dr. Gina Muckle 13 times ; and 
with Dr. Pierre Ayotte 6 times. 


 
Dr. Fraser does not mention this appearance of conflict of interest or conflict of interest 
in his letters.  Dr. Fraser does not describe how he has managed the conflict in the 
proper performance of his duty which, in essence, is to share publicly funded data to 
help scientists discover truth.   
 
Nor does Dr. Fraser address the fact that his co-author in 13 studies, Dr. Bruce 
Lanphear, is relying on the impugned Paper in litigation to end fluoridation in the United 
States.  To obviate any concern that Dr. Fraser is mismanaging his conflict of interest, 
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Dr. Fraser arguably ought to work with a team of experts which applies in good faith to 
reanalyze the data. 
 
4.2.4.1.7. Possible unarticulated assumptions guiding data access 
Drs. Fraser, along with three members of the Research Team, Drs. Muckle, Ayotte and 
Lanphear, form part of the group that established the MIREC cohort: 
 


Tye E. Arbuckle, William D. Fraser, Mandy Fisher, Karelyn Davis, Chun Lei 
Liang, Nicole Lupien, Stéphanie Bastien, Maria P. Velez, Peter von 
Dadelszen, Denise G. Hemmings, Jingwei Wang, Michael Helewa, Shayne 
Taback, Mathew Sermer, Warren Foster, Greg Ross, Paul Fredette, Graeme 
Smith, Mark Walker, Roberta Shear, Linda Dodds, Adrienne S. 
Ettinger, Jean-Philippe Weber, Monique D'Amour,  Melissa 
Legrand, Premkumari Kumarathasan, Renaud Vincent, Zhong-Cheng 
Luo, Robert W. Platt, Grant Mitchell, Nick Hidiroglou, Kevin Cockell, Maya 
Villeneuve, Dorothea F. K Rawn, Robert Dabeka, Xu-Liang Cao, Adam 
Becalski, Nimal Ratnayake, Genevieve Bondy, Xiaolei Jin, Zhongwen 
Wang, Sheryl Tittlemier, Pierre Julien, Denise Avard, Hope Weiler, Alain 
LeBlanc, Gina Muckle, Michel Boivin, Ginette Dionne, Pierre Ayotte, Bruce 
Lanphear, Jean R. Séguin, Dave Saint-Amour, Éric Dewailly, Patricia 
Monnier, Gideon Koren, Emmanuel Ouellet "Cohort profile: the maternal‐
infant research on environmental chemicals research platform." Paediatric 
and perinatal epidemiology 27, no. 4 (2013): 415-425. 


 
The question arises as to whether these four people, Drs. Fraser, Muckle, Ayotte and 
Lanphear, regard the MIREC data as “theirs” and not to be delivered to people who 
question the quality of their work.  But, as is argued above, the data is, at minimum, in 
trust for the Canadian people who expect scientists to work together to provide the best 
evidence possible to protect the health of their children, seniors, disabled and otherwise 
vulnerable societal members. 
 
The participation in the development of the MIREC cohort by one of the most infamous 
scientists in terms of research ethics in Canada, Dr. Gideon Koren, and the fact that the 
lead author of the impugned Paper, Dr. Christine Till, co-authored many papers with Dr. 
Koren, after his behaviour was well-known, raise questions that are not necessary to 
discuss in this complaint. 
 
 
5.  SUMMARY OF ARGUMENT 
 
In our opinion, the nine-member Research Team engaged in research misconduct in its 
Paper published in JAMA Pediatrics, August 19, 2019.  More specifically, its actions 
constitute falsification within the terms the United States Public Health Service Policies 
on Research Misconduct; Final Rule 42 CFR §93.103 (the “ORI Policy”).  The 
conclusion of the research is not accurately represented in the research record.  That 
record, published by JAMA Pediatrics, reports inaccurate findings and conclusions 
based on falsified data or results.  We have demonstrated on the preponderance of the 
evidence that the impugned Paper’s data or results are falsified in four ways:  
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(1) by omitting the main effect or main result;  
(2) by manipulating data to “find” an effect in a sub-group;  
(3) by engaging in inappropriate cluster design analysis; and  
(4) reporting incorrect results derived from improper use of probability values 
(“P values”). 


Such reporting constitutes a significant departure from accepted practices of the 
community of epidemiologists.  
 
Arguments that the Research Team did not intend their actions or engaged in honest 
error or are based in legitimate ‘difference of opinion’ are not plausible given the 
purported skill and diligence of the Research Team.  Post-publication actions by two 
members of the Research Team and the person who led the funding agency that 
allocated the study funding, raise questions as to the motive of the Research Team or 
some members of the Research Team to falsify their study results in the impugned 
Paper.  We have demonstrated our case on the preponderance of the evidence. 
 
We regret that reanalysis of the data prior to bringing this complaint was not possible 
because four applications by a skilled and unbiased research team to access the data 
were denied. 
 
 
6. RESPONSES SOUGHT 
The truth or falsity of the impugned Paper is an important matter to determine as soon 
as possible.  The impugned Paper is currently being used to argue that community 
water fluoridation programs should cease in New Zealand and should not be reinstated 
in Canada, among other places.  Ending such public health programs would pose a 
significant threat to the oral health of populations.  As mentioned, the impugned Paper 
is also being relied upon in litigation to end community water fluoridation in the United 
States. 
 
We respectfully request that the Office of Research Integrity, at its earliest convenience, 
ensure that an independent committee of experts in educational psychology, statistics, 
dentistry, epidemiology, neurology and nephrology be composed and charged with 
assessing our allegations of falsification.   
 
If an investigative committee of the Office of Research Integrity accepts the conclusion 
of an investigation that the Research Team has engaged in research misconduct, then 
we respectfully request that the Office of Research Integrity take the following actions 
against the Research Team members who have a finding of research misconduct made 
against them:   
 


1. debarment from eligibility to receive Federal funds for grants and contracts;  
2. prohibition from service on United States Public Health Service advisory 


committees, peer review committees, or as consultants;  
3. imposition of supervision on the relevant Research Team members by their 


institutions;  
4. submission of a retraction of the impugned Paper by the Research Team; and 



http://www.scoop.co.nz/stories/GE1908/S00076/ground-breaking-study-fluoridated-water-lowers-kids-iqs.htm

https://calgaryherald.com/news/local-news/corbella-if-fluoride-decreases-childrens-iq-are-harder-teeth-worth-the-risk
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5. that the Office of Research Integrity engage in any other action that it 
considers just in the circumstances.  


 
 
All of which is respectfully submitted,   
 
Juliet Guichon BA (Yale); BA (Hons. Juris.), BCL, MA (Oxon.); SJD (Toronto) 
Associate Professor 
Departments of Community Health Sciences, and Pediatrics 
Cumming School Medicine, University of Calgary 
Calgary Canada  
 
[names and post nominals of people willing to sign and the offices they hold] 
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APPENDIX ONE 
 


Dr. William Fraser, Principal Co-Investigator of MIREC  
 


Papers co-authored with members of Research Team  
 


July 3, 2021 
 
 


Dr. William D. Fraser refused access to MIREC data for replication analysis of 
conclusions made in the impugned Paper: 
 


Green, Rivka, Bruce Lanphear, Richard Hornung, David Flora, E. Angeles 
Martinez-Mier, Raichel Neufeld, Pierre Ayotte, Gina Muckle, and Christine 
Till. "Association between maternal fluoride exposure during pregnancy and 
IQ scores in offspring in Canada." JAMA Pediatrics 173, no. 10 (2019): 940-
948. 


 
Dr. William D. Fraser has co-authored with at least three members of the research team 
who co-authored the impugned Paper: 


with Bruce Lanphear 15 times   
with Gina Muckle 13 times ; and 
with Pierre Ayotte 6 times. 


 
Dr. Bruce Lanphear testified in litigation that seeks to end fluoridation in the United 
States that fluoridation “diminishes the intellectual abilities in young children”.  


http://fluoridealert.org/wp-content/uploads/EPA-trial-Lanphear-declaration.pdf 
 
 
Articles co-authored between William D. Fraser and Research Team members, 
Bruce Lanphear, Gina Muckle and Pierre Ayotte 
 
1. Tye E. Arbuckle, William D. Fraser, Mandy Fisher, Karelyn Davis, Chun Lei 
Liang, Nicole Lupien, Stéphanie Bastien, Maria P. Velez, Peter von Dadelszen, Denise 
G. Hemmings, Jingwei Wang, Michael Helewa, Shayne Taback, Mathew Sermer, 
Warren Foster, Greg Ross, Paul Fredette, Graeme Smith, Mark Walker, Roberta 
Shear, Linda Dodds, Adrienne S. Ettinger, Jean-Philippe Weber, Monique D'Amour,  
Melissa Legrand, Premkumari Kumarathasan, Renaud Vincent, Zhong-Cheng 
Luo, Robert W. Platt, Grant Mitchell, Nick Hidiroglou, Kevin Cockell, Maya Villeneuve, 
Dorothea F. K Rawn, Robert Dabeka, Xu-Liang Cao, Adam Becalski, Nimal Ratnayake, 
Genevieve Bondy, Xiaolei Jin, Zhongwen Wang, Sheryl Tittlemier, Pierre Julien, Denise 
Avard, Hope Weiler, Alain LeBlanc, Gina Muckle, Michel Boivin, Ginette Dionne, Pierre 
Ayotte, Bruce Lanphear, Jean R. Séguin, Dave Saint-Amour, Éric Dewailly, Patricia 
Monnier. Gideon Koren, Emmanuel Ouellet "Cohort profile: the maternal‐infant research 
on environmental chemicals research platform." Paediatric and perinatal 
epidemiology 27, no. 4 (2013): 415-425. 
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		“Research misconduct” is defined to include “falsification” “in proposing, performing, or reviewing research, or in reporting research results.”  The offense of falsification is further defined in that section:

		In coming to the conclusion that the Research Team omitted discussion of the main effect finding in the abstract and in the narrative of the impugned Paper, we are not alone.  On the day JAMA Pediatrics published the impugned Paper, August 19, 2019, N...



		In the case of Green et al. (2019), NTP learned from the investigators that accounting for city-level clustering via a random-effects model “showed similar results to the main model.”  More details should be provided regarding the similarity of result...

		- National Academies of Sciences, Engineering, and Medicine.  “Review of the Revised NTP Monograph on the Systematic Review of Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects: A Letter Report” (2021) (on page 10)

		The truth or falsity of the impugned Paper is an important matter to determine as soon as possible.  The impugned Paper is currently being used to argue that community water fluoridation programs should cease in New Zealand and should not be reinstate...

		We respectfully request that the Office of Research Integrity, at its earliest convenience, ensure that an independent committee of experts in educational psychology, statistics, dentistry, epidemiology, neurology and nephrology be composed and charge...



		Dr. Bruce Lanphear testified in litigation that seeks to end fluoridation in the United States that fluoridation “diminishes the intellectual abilities in young children”.

		Articles co-authored between William D. Fraser and Research Team members, Bruce Lanphear, Gina Muckle and Pierre Ayotte





From: Judith Feinstein <jafme52@gmail.com> 
Sent: Thursday, July 15, 2021 4:44 PM
To: 'Kumar, Jayanth@CDPH' <Jayanth.Kumar@cdph.ca.gov>; 'Howard Pollick'
<Howard.Pollick@ucsf.edu>
Cc: 'Chris Wood' <cwood@astdd.org>; Bruce Austin <baustinLMT@gmail.com>
Subject: RE: [FLUORIDERESPONDERS] Letter of complaint - ASTDD sign on?
 
Thanks Jay.  I am just skimming through the complaint, and the writers of the complaint are
absolutely tearing the methodology and lack of fidelity with research standards apart. They’re
picking up things that would have earned most of us grades of F- on papers in graduate
school.  I’m seeing no reason not to sign on, but will read just a little more.
 
I think Howard might be away this week.
 
From: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov> 
Sent: Thursday, July 15, 2021 4:24 PM
To: Judith Feinstein <jafme52@gmail.com>; Howard Pollick <Howard.Pollick@ucsf.edu>
Subject: RE: [FLUORIDERESPONDERS] Letter of complaint - ASTDD sign on?
 
I encourage ASTDD to sign on. I don’t see any downside. The authors have published three
papers, and they cannot replicate the findings.  The authors are not releasing the data. NIEHS
is not interested in obtaining clarification.  We don’t have any other options.
 
From: Judith Feinstein <jafme52@gmail.com> 
Sent: Thursday, July 15, 2021 12:51 PM
To: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>; Howard Pollick
<Howard.Pollick@ucsf.edu>
Subject: FW: [FLUORIDERESPONDERS] Letter of complaint - ASTDD sign on?
 
Hi – meant to send this first thing today.  I’m in the process of reading through the complaint,
attached in one of the emails attached here.  Both Chris Wood and Bruce Austin think we
(ASTDD) should consider it. I’m wondering about the two of you? 
 
Thanks –
Judy
 
From: Judith Feinstein <jafme52@gmail.com> 
Sent: Wednesday, July 14, 2021 9:04 PM
To: Bruce Austin <baustinLMT@gmail.com>; 'Chris Wood' <cwood@astdd.org>; Chris Farrell
<farrellc@michigan.gov>
Subject: FW: [FLUORIDERESPONDERS] Letter of complaint
 
Not much time here, but I will email Jennifer Meyer to review the complaint, and let you know
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if I think that ASTDD might sign on to the letter – if such an action is appropriate?
 
Thanks –
Judy
 
 
 

From: T and J S-M <ProfessorMeyer@outlook.com> 
Sent: Wednesday, July 14, 2021 6:40 PM
To: Judith Feinstein <jafme52@gmail.com>
Subject: Re: Complaint
 
Thank you. And of course, you are also welcome to sign as individuals. 

This particular group of researchers shows no signs of slowing down, even
with the NASEM rejection of the NTP conclusion that fluoride was a
developmental neurotoxin, twice. Just today someone sent me
this https://www.sciencedirect.com/science/article/pii/S001393512100609
5 [sciencedirect.com] It's the same group of researchers with the same
false claims and poor methods. The damage from these poor quality
studies will move more preventable suffering as communities cease CWF
or fail to reinstate/start CWF programs because of the fear these studies
generate. 

I am reminded of Paul Offit's quote. "Pseudoscience is not a victimless
crime." 
 
With gratitude,
Jennifer

From: Judith Feinstein <jafme52@gmail.com>
Sent: Wednesday, July 14, 2021 5:33 PM
To: 'T and J S-M' <ProfessorMeyer@outlook.com>
Subject: RE: Complaint
 
Thank you – I’ll look at the document, go back through my files, and then run it by ASTDD
leadership.. I’ll share your email as well; the caveat about this being defamatory is important. I
think we can manage to reply by Saturday, one way or the other.
Judy
 

From: T and J S-M <ProfessorMeyer@outlook.com> 
Sent: Wednesday, July 14, 2021 9:29 PM
To: Judith Feinstein <jafme52@gmail.com>
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Subject: Complaint
 

Thank you Judy for your email. 
That would be wonderful if ASTDD wanted to sign on. The document is written in
a legal format. The purpose of the complaint is to initiate an investigation
regarding the study published in JAMA Pediatrics in 2019 that alleged that
exposure to fluoride during pregnancy is associated with diminished IQ.  In the
development of the complaint, we have consulted with several experts and legal
advisors. I kindly ask you to cautiously share the document, as it is defamatory.
Our purpose with the complaint is to initiate an official investigation into the
inconsistencies, mishandling of statistical procedures, and false claims they
continue to publish in various forms.
 

If you are willing to sign this complaint, then please know that it will go to
seven institutions - to each of the five institutions with which the authors are
associated (with relevant references to the institutions specific rules), to the
US DHHS Office of Research Integrity which oversees NIH funded research,
and to JAMA Pediatrics to request a retraction.  The substance of the
complaint will not change in these letters.
 

The seven institutions are:
1.    US Office of Research Integrity
2.    JAMA Pediatrics
3.    York University
4.    Simon Fraser University 
5.    Laval University
6.    University of Cincinnati
7.    University of Indiana

In choosing to sign, please reply to me directly with:

1. your full name; 
2. how you would like your professional title to be listed; and
3. your electronic signature.  

 

The first signer is listed as an example. 
We aim to submit on Monday, July 19th by the close of business. Please reply
by Saturday so we can prepare the documents.   
 

Thank you in advance for your time and attention. I very much hope you can
join us in helping investigations to begin.
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Yours sincerely,
Jennifer Meyer

 
 

From: Judith Feinstein <jafme52@gmail.com>
Sent: Wednesday, July 14, 2021 5:11 PM
To: ProfessorMeyer@outlook.com <ProfessorMeyer@outlook.com>
Subject: FW: [FLUORIDERESPONDERS] Letter of complaint
 
Dear Professor Meyer:
 
The Association of State and Territorial Dental Directors may well be interested in signing on
to the complaint.  I believe we expressed concern directly to JAMA Pediatrics after they
published that study but need to check my files. In any case, please do share the complaint
with me, and I’ll follow up with ASTDD leadership.
 
Thank you very much for taking this on.
 
Judy
Judith A. Feinstein, MSPH
Coordinator, ASTDD Dental Public Health Policy Committee
Coordinator, ASTDD Fluorides Committee
jafme52@gmail.com
 

 
 
 

From: Fluoride Responders <FLUORIDERESPONDERS@LISTSERV.AAP.ORG> On Behalf Of T and J S-M
Sent: Wednesday, July 14, 2021 2:52 PM
To: FLUORIDERESPONDERS@LISTSERV.AAP.ORG
Subject: Re: [FLUORIDERESPONDERS] Letter of complaint
 
Thank you so much, Matt.
 
The purpose of the complaint to the US DHSS Office of Research
Integrity https://ori.hhs.gov/ [na01.safelinks.protection.outlook.com] is to request they
initiate an investigation of research misconduct regarding the study published in JAMA
Pediatrics in 2019 which alleged that exposure to fluoride during pregnancy is
associated with diminished IQ in children.  In the development of the complaint, we have
consulted with several experts and advisors. 
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If you would like to review the complaint and consider signature please email me
directly at ProfessorMeyer@outlook.com and I would be happy to share it with you.  We
aim to submit on Monday 7. 19 by close of business.  
 
Sincerely,
Jennifer Meyer

From: Fluoride Responders <FLUORIDERESPONDERS@LISTSERV.AAP.ORG> on behalf of Matt Jacob
<mattlivesindc@GMAIL.COM>
Sent: Wednesday, July 14, 2021 8:40 AM
To: FLUORIDERESPONDERS@LISTSERV.AAP.ORG <FLUORIDERESPONDERS@LISTSERV.AAP.ORG>
Subject: [FLUORIDERESPONDERS] Letter of complaint
 
Friends and colleagues - A number of public health researchers and faculty have been troubled by
the lack of transparency and other ethical issues related to the research paper about fluoride
[na01.safelinks.protection.outlook.com] that was published in 2019 by JAMA Pediatrics. Several
people have worked for the past few months to draft the language for a letter of complaint to the
U.S. Office of Research Integrity. 
 
Jennifer Meyer, an assistant professor at the University of Alaska, has been involved in this effort.
She participates in this listserv, so I invite Jennifer to share additional information, including how
people who wish to consider adding their names to the letter can do so.
 
Jennifer - please share additional info . . .
 
 

MATT JACOB

Jacob Strategies LLC

2311 Connecticut Ave. NW #205

Washington, DC 20008

202-770-6265

My LinkedIn profile [na01.safelinks.protection.outlook.com]

Pronouns: he / him / his
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-----------------------------------
By using or accessing this e-mail list you signify your acknowledgment and assent to the AAP E-mail List Terms of
Use and Disclaimer ( https://www.aap.org/en-us/Pages/Listserv-Terms-of-Use.aspx
[na01.safelinks.protection.outlook.com] ). You further acknowledge that you remain solely responsible for the
content of the messages you post. You may not use this e-mail list to engage in communications leading or related
to an agreement in restraint of trade, to exchange specific information relating to prices, profits, or costs, to engage
in any fraudulent conduct, or to further any other unlawful purpose. TO UNSUBSCRIBE, click the following link:
http://listserv.aap.org/scripts/wa.exe?SUBED1=FLUORIDERESPONDERS&A=1
[na01.safelinks.protection.outlook.com]

-----------------------------------
By using or accessing this e-mail list you signify your acknowledgment and assent to the AAP E-mail List Terms of
Use and Disclaimer ( https://www.aap.org/en-us/Pages/Listserv-Terms-of-Use.aspx
[na01.safelinks.protection.outlook.com] ). You further acknowledge that you remain solely responsible for the
content of the messages you post. You may not use this e-mail list to engage in communications leading or related
to an agreement in restraint of trade, to exchange specific information relating to prices, profits, or costs, to engage
in any fraudulent conduct, or to further any other unlawful purpose. TO UNSUBSCRIBE, click the following link:
http://listserv.aap.org/scripts/wa.exe?SUBED1=FLUORIDERESPONDERS&A=1
[na01.safelinks.protection.outlook.com]
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From: Kumar, Jayanth@CDPH
To:  Dunkel, Russell D - DHS; Johnny Johnson; matt jacob
Subject: RE: MWU Water Quality Technical Advisory Committee - April 12, 2021
Date: Monday, March 1, 2021 11:42:01 PM
Attachments: image001.png

Caution: Message from external sender. Do not click on links or open attachments
unless you recognize the sender.

I agree - I would interpret that further as “as best we can tell, there is no effect”. 
 
NTP made the following statement about 0.7 mg/L without limiting the analysis to this level.
They looked at 1.5 mg/L F as the highest level. NASEM stated that you cannot make a
statement about a hazard at levels used in water fluoridation based on this analysis. All NTP
has shown is an effect above 1.5 mg/L. FAN is not interested in a finding above 1.5 mg/L. So,
NTP slanted the report to give the impression that it is a hazard even below 1.5 mg/L.
 

“When focusing on findings from studies with exposures in ranges typically found in
drinking water in the United States (0.7 mg/L for optimally fluoridated community
water systems)2 that can be evaluated for dose response, effects on cognitive
neurodevelopment are inconsistent, and therefore unclear. However, when
considering all the evidence, including studies with exposures to fluoride levels
higher than 1.5 mg/L in water, NTP concludes that fluoride is presumed to be a
cognitive neurodevelopmental hazard to humans.”

 
I think the reason for the NTP statement that the effect below 1.5 mg/L is inconsistent and
unclear is because the direction of the effect is positive with respect to water fluoride and
negative with respect to urine but both are not statistically significant. 
 
NTP should have concluded there was no effect.  An effect size of SMD 0.32 or -0.13 is
considered small. It was not statistically significant.
 
NTP report Page 253-
Water Fluoride

“Based on the linear model, the decrease in mean SMD between exposed and
reference groups was −0.14 (95% CI: −0.19, −0.08) (Table A5-3). When the analysis was
restricted to studies with the “high” group exposed to < 1.5 mg/L fluoride in drinking
water (n = 9; 2 lower risk-of-bias studies and 7 higher risk-of-bias studies), the mean
SMD became positive and nonsignificant (0.32; 95% CI: −0.57, 1.20). However, when
including groups exposed to < 2 mg/L fluoride in drinking water, the mean SMD in
children’s IQ scores was both negative and statistically significant (SMD = −0.27; 95%
CI: −0.36, −0.17) (n = 9; 2 lower risk-of-bias studies and 7 higher risk-of-bias studies).”
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F in Water - The mean IQ score analysis when limited to studies below 1.5 mg/L F showed that
IQ increased with increasing fluoride level in water. (Not statistically significant)  
 
Urinary Fluoride

“When the analyses were restricted to studies with the “high” group with < 1.5 mg/L
fluoride in urine (n = 4; 2 lower risk-of-bias studies and 2 higher risk-of-bias studies),
the direction of the effect did not change, but it was no longer statistically significant
(SMD = −0.13; 95% CI: −0.29, 0.03).”

 
F in urine -  The mean IQ score analysis when limited to studies below 1.5 mg/L F showed that
IQ decreased with increasing fluoride level in urine. (Not statistically significant)
 
NTP did not show the data they used for this analysis. To me this whole analysis of mean IQ
scores is deeply flawed because it is based on unweighted mean, incorrect standard error and
unadjusted for covariates.   
  
 
 

From:  
Sent: Monday, March 1, 2021 3:52 PM
To: 'Dunkel, Russell D - DHS' <Russell.Dunkel@dhs.wisconsin.gov>; 'Johnny Johnson'
<drjohnnyjohnson@gmail.com>; Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov>; 'Matt
Jacob' 
Subject: RE: MWU Water Quality Technical Advisory Committee - April 12, 2021
 
EXTERNAL EMAIL. Links/attachments may not be safe. To report suspicious emails,
click “Report Phish” button.
 
Joe seems to have excerpted important clauses from the NASEM review.   I hope he and his
committee realize that the statement: “there is little or no conclusive information about the effects
of fluoride below 1.5 mg/L” is a bit misleading.  Almost all the studies included in the NTP review had
subjects with those below 1.5 mg/L exposure.  Yet taken all together there is no clear effect of
fluoride at these levels.  My interpretation is “they were looking for effects at these low levels, but
no consistent pattern that would indicate that there is an effect emerged”.  And I would interpret
that further as “as best we can tell, there is no effect”.   That is a lot different than an interpretation
that we simply don’t know if there is an effect at the level used to fluoridate drinking water.  They
looked. They didn’t find one.
 
Bill
 

From: Dunkel, Russell D - DHS <Russell.Dunkel@dhs.wisconsin.gov> 
Sent: Monday, March 1, 2021 3:20 PM

Appendix 13 Page 2 of 4

mailto:Russell.Dunkel@dhs.wisconsin.gov


To: Johnny Johnson (drjohnnyjohnson@gmail.com) <drjohnnyjohnson@gmail.com>; 'Kumar,
Jayanth@CDPH' <Jayanth.Kumar@cdph.ca.gov>; 'Matt Jacob'

Subject: FW: MWU Water Quality Technical Advisory Committee - April 12, 2021
 
FYI.
Just received this from Joe Grande from the Madison Technical Advisory Committee.

Russ
 
Dr. Russell Dunkel, DDS, FPFA, FICD, FACD
Wisconsin State Dental Director
Wisconsin Department of Health Services
1 W. Wilson St., Rm. 253
P.O. Box 2659
Madison, WI 53701-2659
Russell.Dunkel@dhs.wisconsin.gov
608-266-3702

 
 

From: Grande, Joseph <JGrande@madisonwater.org> 
Sent: Monday, March 1, 2021 1:42 PM
To: 'Gary Krinke' <gary.krinke@slh.wisc.edu>; 'Greg Harrington' <gwharrin@wisc.edu>; 'Henry
Anderson MD' ; 'Janet Battista' <janet@grammata.com>; 'Jocelyn
Hemming' <jocelyn.hemming@slh.wisc.edu>; 'Sharon Long' 
Cc: Demorett, Joseph <jdemorett@madisonwater.org>; Deming, Amy
<ADeming@madisonwater.org>; Rodefeld, Daniel <DRodefeld@madisonwater.org>; Miess, Kelly
<KMiess@madisonwater.org>; Water Utility Board <WaterUtilityBoard@cityofmadison.com>;
Dunkel, Russell D - DHS <Russell.Dunkel@dhs.wisconsin.gov>; Kuester, Robbyn L - DHS
<Robbyn.Kuester@dhs.wisconsin.gov>; Lafferty, Jeffery <jlafferty@publichealthmdc.com>;

Subject: MWU Water Quality Technical Advisory Committee - April 12, 2021
 
Caution: Message from external sender. Do not click on links or open attachments
unless you recognize the sender.
 
Good afternoon WQTAC members –
 
Hope you are all well and enjoying the seasonal changes upon us:  more sunshine and warmer
weather.  Possibly a sign of better things to come.
 
There is a free webinar offered by the University of Toronto School of the Environment entitled, The
Evolving Science of Fluoride Neurotoxicity.  The virtual lecture is scheduled for this Wednesday,
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March 3 from 4 to 6 p.m.  Maybe you are available to attend?
 
This message is a reminder of our next committee meeting which is scheduled for Monday, April 12,
2021 at 5 p.m. 
 
Our committee is reviewing the fluoridation policies and practices at Madison Water Utility.  The
National Academies of Sciences Engineering Medicine recently completed their peer-review of the
Revised NTP [National Toxicology Program] Monograph on the Systematic Review of Fluoride
Exposure and Neurodevelopmental and Cognitive Health Effects. The NASEM response can be found
here. In short, it concludes that NTP has identified the underlying epidemiological information it
needs to evaluate possible neurodevelopmental effects of fluoride and that, “the revised
monograph seems to include a wealth of evidence and a number of evaluations that support its
main conclusion …”  However, there is little or no conclusive information about effects of fluoride at
levels below 1.5 mg/L. [The target fluoride level at MWU is 0.7 mg/L.]  Finally, NASEM cautions that,
“NTP therefore should make it clear that the monograph cannot be used to draw any conclusions
regarding low fluoride exposure concentrations, including those typically associated with drinking-
water fluoridation.”  Conclusions about these low level exposures would require a dose-response

assessment; precisely what our committee concluded at its January 11th meeting. Please review the
NASEM response document (26 pages) before our next meeting.
 
Also, please recall that additional fluoride resources can be found on the SharePoint site:

SharePoint: non-utility access – share.cityofmadison.com/sites/WaterUtility/WQTAC

Water Utility employees – share/sites/WaterUtility/WQTAC/Forms/AllItems.aspx
 
Sincerely,
Joe
 
 

 
Joe Grande
Interim General Manager
Madison Water Utility
119 E Olin Avenue
Madison, WI 53713
Office  608 261 9101 ●  Cell 
jgrande@cityofmadison.com
 
Follow us on Facebook and Twitter. You never know what you may learn!
 
In compliance with State public records law, the City of Madison retains copies of all email messages to and from this mailbox.  Copies of
email messages may be released in response to appropriate open record requests. 
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From: Weintraub, Jane A
To: Kumar, Jayanth@CDPH
Subject: RE: Manuscript under review
Date: Thursday, May 12, 2022 6:08:34 PM

EXTERNAL EMAIL. Links/attachments may not be safe. To report suspicious emails,
click “Report Phish” button.

Thanks very much Jay.  I’m so glad you are on top of this issue.
Jane
 

From: Kumar, Jayanth@CDPH <Jayanth.Kumar@cdph.ca.gov> 
Sent: Monday, May 2, 2022 5:39 PM
To: Weintraub, Jane A <Jane_Weintraub@unc.edu>; cfox@iadr.org; Makyba Charles-Ayinde
<mcayinde@iadr.org>
Subject: RE: Manuscript under review
 
Jane,
 
I am sharing a manuscript Association Between Community Water Fluoridation and Children’s
Intelligence: A Meta-analysis. This manuscript is currently under review. We conducted
multiple meta-analyses, and there is no effect of fluoride on IQ at levels below 1.5 mg/L F.
 NTP authors also noticed this but didn’t want to state it.
 
The studies conducted at higher fluoride levels are from endemic areas of China, India, and
Iran. Although they report consistent evidence of an association, we believe the association
reported is spurious for many reasons. We explain it in the manuscript.
 
Jay
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From: Burns, Robert J.
To: David L. Eaton
Cc: Assistant Secretary for Health (HHS/OASH); Levine, Rachel (HHS/OASH); NIH Executive Secretariat; Tabak,

Lawrence (NIH/OD) [E]; Woychik, Rick (NIH/NIEHS) [E]
Subject: [EXTERNAL] NTP Monograph on Fluoride and Neurodevelopmental and Cognitive Health Effects
Date: Tuesday, September 20, 2022 5:23:14 PM
Attachments: 220920 niehs ntp fluoride monograph sig.pdf

Hi, Dr. Eaton. Please find the attached comments to the NIEHS panel reviewing the NTP Monograph on
the State of the Science Concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health
Effects: A Systematic Review. We hope the panel will find these comments helpful when evaluating
whether NTP adequately responded to outside criticisms, and developing recommendations for whether
and how the report should move forward.
Please feel free to contact me if you have any questions. Many thanks.
-Bob

Senior Manager, Strategic Advocacy and Public Policy
Government and Public Affairs

 | 
________________________________________________________________________

 211 E. Chicago Ave. Chicago, IL 60611 www.ada.org

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and are confident the content is safe.

(b) (6) (b) (6)-
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September 20, 2022 

Kathleen M. Caron, Ph.D.
Chair, Board of Scientific Counselors 
National Institute of Environmental Health Sciences 
c/o University of North Carolina at Chapel Hill 
111 Mason Farm Road 
5200 Medical Biomolecular Research Building 
Chapel Hill, NC  27599-7545 

Re: NTP Monograph on the State of the Science Concerning Fluoride Exposure and 
Neurodevelopmental and Cognitive Health Effects: A Systematic Review 

Dear Dr. Caron:  

On behalf of the 162,000 members of the American Dental Association (ADA), we would like 
to again share our concerns about the National Toxicology Program’s May 2022 report, 
titled

.

For the last several years, NTP has been examining the literature to determine whether 
there is a causal relationship between fluoride exposure and neurocognitive health. The 
NIEHS Board of Scientific Counselors has been asked to evaluate whether NTP adequately 
responded to outside criticisms. It has also been asked to recommend whether and how the 
report should move forward, based on its findings.  

A number of federal agencies and outside groups—including the National Academies of 
Sciences, Engineering and Medicine (NASEM); the Centers for Disease Control and 
Prevention (CDC); the National Institute of Dental and Craniofacial Research (NIDCR); the 
Food and Drug Administration (FDA); the ADA; and others—have expressed concerns 
about every version of this report, including the third (and purportedly final) version that was 
due for publication in May 2020.1

Enclosed is an analysis reiterating our concerns about NTP’s study evaluation methods, the 
weight given to certain studies, the rationale for publishing some content separately, the 
integrity of NTP’s peer review process, and the manner in which the findings are being 
communicated. Our concerns are consistent with those expressed by NASEM.2-3 We ask 
that our outstanding concerns be adequately addressed prior to the report’s publication.  

We are also concerned by the possibility, or perhaps the perception, that NTP’s report has 
not been driven by dispassionate scientific inquiry alone. For example, the NTP director who 
commissioned the report coauthored an editorial implying that the second draft—

—was an indictment of community water fluoridation.4

One of NASEM’s concerns was that the report might be used in such a way, despite its 
limitations. In fact, NASEM expressly stated the report “cannot be used to draw any 
conclusions” about low-level fluoride exposures “including those typically associated with 

ADA American 
Dental 
Association® 

1111 14th Street. N.W. 
Suite 1200 
Washington. DC 20005 

T 202.898.2400 
F 202.898.2437 
www.ada.org 
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Dr. Kathleen M. Caron 
September 20, 2022 
Page 2 

drinking-water fluoridation." 3 

Further, the former NTP director did not disclose that her coauthors have working relationships 
with the Fluoride Action Network (FAN), an anti-fluoridation political advocacy group.5•6•7•a.9 All 
three report drafts reference FAN and its website at least four times. 

Also, there was no mention that FAN had (and still has) an active lawsuit alleging the 
Environmental Protection Agency did not give full and fair consideration to its petition to "prohibit 
the purposeful addition of fluoridation chemicals to U.S. water supplies." 10 The judge has 
repeatedly delayed the case for two years, saying he will not issue a ruling until after NTP's 
report is released. 

We note that NTP proposed commissioning its report in 2015 11-12, which is just prior to when 
FAN petitioned EPA (2016)13 and subsequently filed its lawsuit (2017)10. We would welcome 
more transparency about whether and how these events may be connected. 

At a time when public mistrust in federally funded research is at an all-time high, we urge you to 
consider whether this report is consistent with the recommendations of the White House Task 
Force on Scientific Integrity, which President Biden established just seven days after assuming 
office. 14 

The Task Force reported in January that violations of scientific integrity are relatively small. 
However, it also called for greater transparency into research processes and better methods of 
communicating scientific findings to ensure lay audiences have an accurate understanding of 
science. 15 

Since there is no compelling scientific or public health reason for rushing the report to 
publication, we urge that the report not be published until NTP resolves the concerns of 
NASEM, CDC, NIDCR, and FDA, and perhaps consult the National Institute of Child Health and 
Human Development. We also urge that NTP adhere to the standard practice of including its 
meta-analysis in the report instead of publishing it separately on a date to be determined. 

Thank you for providing us the opi;>ortunity to comment. If you have any questions, please 
contact Mr. Robert J. Burns at (b) or (b 6) 

Sincerely, 

(b 

Cesar R. Sabates, o.o.S. 
President 

CRS:RAC:rjb 
Enclosures (3) 

(b) 6) 

.._ r ----------
Raymond A. Cohlmia, D.D.S. 
Executive Director 

cc: ADM Rachel Levine, Assistant Secretary for Health, U.S. Department of Health and 
Human Services 

Dr. Lawrence Tabak, Acting Director, National Institutes of Health 
Dr. Rick Woychik, Director, National Institute of Environmental Health Sciences, and 

Director, National Toxicology Program 
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