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Chapter 1: Introduction

l. Background Information

In 2016, the National Toxicology Program (NTP) initiated a systematic review to evaluate
neurobehavioral health effects from exposure to fluoride during development through examination of
human studies, experimental animal studies, and mechanistic data. Staff in the Division of Translational
Toxicology (DTT, previously the Division of the National Toxicology Program) at the National Institute
of Environmental Health Sciences (NIEHS) conducted the systematic review on behalf of NTP. NTP
authors prepared a first draft (Draft NTP Monograph, Figure 1.1), which proposed a “hazard
classification” for fluoride. This first draft was peer reviewed by the National Academies of Science,
Engineering, and Medicine (NASEM) in 2019. The NASEM commiittee’s report (NASEM Report 1,
Figure 1.1), which was released publicly on March 5, 2020, stated that the conclusions in the Draft NTP
Monograph were not adequately supported. Informed by the NASEM committee’s comments, the NTP
authors revised the draft, including adding a meta-analysis, and submitted a second draft (Revised Draft
NTP Monograph, Figure 1.1) to NASEM in September 2020. NASEM publicly issued its review of the
second draft monograph on February 9, 2021 (NASEM Report 2, Figure 1.1). Again, the NASEM
committee stated that the Revised Draft NTP Monograph’s assessment was not adequately supported, and
NTP did not publish the revised monograph. The NTP authors made additional revisions to address the
NASEM committee’s comments on the revised monograph, including removal of the hazard classification
for fluoride, and decided to split the Revised Draft NTP Monograph into two distinct documents that
could be published separately: a “State of the Science Monograph,” likely to be called “NTP Monograph
on the State of the Science Concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health
Effects: A Systematic Review” and a “Meta-Analysis Manuscript” on epidemiologic studies specifically
related to children’s 1Q.

Following further revision and separation of the two documents, both draft documents (State of the
Science Monograph and Meta-Analysis Manuscript) were then reviewed internally by various
Department of Health and Human Services (HHS) entities and, additionally, the Draft State of the Science
Monograph underwent external peer review by five scientific experts. Given concerns raised by agency
reviewers, and their disagreement with how NTP authors had handled some of their comments and
criticisms, the NTP Director decided to seek additional review of the Draft Meta-Analysis Manuscript
prior to its submission to a journal for publication consideration. In February 2022, the NTP Director
asked the chair of the NTP Board of Scientific Counselors (BSC) to adjudicate the agency reviewers’
concerns and the NTP authors’ responses to those concerns on the Draft Meta-Analysis Manuscript. The
BSC Chair and the NTP Director then jointly made the decision to convene an independent working
group of subject-matter experts to conduct this review and report its findings to the BSC. The BSC
Working Group would not provide further independent peer review of the Draft Meta-Analysis
Manuscript but would be asked to offer perspectives and suggest revisions to the Draft Meta-Analysis
Manuscript that might improve its quality.

Concurrently, the NTP authors continued preparation of the State of the Science Monograph for
publication by NTP, with a target date of May 18, 2022. When NTP shared its plan with HHS entities,
those agencies expressed concerns about some of the monograph’s conclusions and objected to the
planned publication. The NTP Director then decided that the State of the Science Monograph needed
additional review prior to publication. In June 2022, the NTP Director broadened the scope of the charge
to the BSC to adjudicate the peer-reviewers’ and agency reviewers’ concerns and the NTP authors’
responses to those concerns on the Draft State of the Science Monograph, in addition to the Draft Meta-
Analysis Manuscript. The BSC Working Group would not provide further independent peer review of the
Draft State of the Science Monograph.
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The BSC Working Group was constituted (see below) and carried out its activity starting in October
2022, resulting in preparation of this report for the BSC. The BSC will deliberate the BSC Working
Group’s report at a public meeting with action to then: accept the report and convey it to the NTP
Director as written, revise the report and convey the revised report to the NTP Director, and/or offer other
recommendations to the NTP Director.

Following the BSC’s action, the BSC Chair will transmit a final report to the NTP Director who will then
make decisions about NTP’s potential publication and dissemination of the State of the Science
Monograph and the Meta-Analysis Manuscript.

Figure 1.1 Document Timeline

Il. BSC Working Group Membership

The BSC Chair, with assistance from the Director of the Office of Policy, Review, and Outreach, DTT,
NIEHS, identified scientific experts to potentially serve on the BSC Working Group. Additionally, the
NTP Director invited HHS entities to nominate experts for consideration. The BSC Chair and Office
Director followed a formal process that included: 1) identifying specific areas of scientific expertise that
were needed to review both manuscripts, 2) identifying individuals with appropriate scientific expertise,
3) interviewing each candidate, and 4) conducting conflict-of-interest screening of the candidates deemed
to have the needed experience and expertise for potential financial or nonfinancial conflicts. Thus, the
major selection criteria were twofold: avoid or minimize conflicts of interest and have appropriate
scientific expertise. The BSC Chair made the final selection of individuals to serve on the BSC Working
Group. Table 1.1 lists the BSC Working Group members. [Note: the BSC Chair completed committee
tenure on December 31, 2022, but remained as BSC Working Group Chair.]

The BSC Working Group members’ scientific expertise includes but is not limited to analytical
chemistry, prenatal and perinatal and early childhood neurodevelopment, environmental epidemiology,
exposure assessment, trace element toxicology, meta-analysis, neonatology, neurodevelopmental
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toxicology, occupational epidemiology, pediatric dentistry, pediatrics, psychology, public health, risk
assessment, statistical methods, systematic review, and mechanistic studies and toxicology.

Table 1.1 BSC Working Group Roster

David L. Eaton, PhD, DABT, FATS (chair)*
Emeritus Professor, University of Washington
Adjunct Professor of Pharmacology and Toxicology,

University of Arizona
*BSC Chair until December 31, 2022; remained as BSC Working Group Chair

Antonia M. Calafat, PhD

Chief, Organic Analytical Toxicology Branch
Division of Laboratory Sciences

National Center for Environmental Health
Centers for Disease Control and Prevention

Pamela Den Besten, DDS, MS
Professor

Department of Orofacial Sciences
School of Dentistry

University of California San Francisco

Stephanie M. Engel, PhD

Professor, Department of Epidemiology

Director, Center for Early Life Exposures and Neurotoxicity
Deputy Director, Center for Environmental Health and
Susceptibility

Gillings School of Global Public Health

University of North Carolina Chapel Hill

Michael K. Georgieff, MD

Executive Vice Chair and Martin Lenz Harrison Land Grant
Professor, Department of Pediatrics

Director, Center for Neurobehavioral Development
Co-Director, Masonic Institute for the Developing Brain
University of Minnesota Medical School

1. BSC Working Group Review

Matthew J. Maenner, PhD

Chief, Child Development and Disability Branch
Division of Human Development and Disability, National
Center on Birth Defects and Developmental Disabilities
Centers for Disease Control and Prevention

David Michaels, PhD, MPH*

Professor

Department of Environmental and Occupational Health
The Milken School of Public Health

George Washington University

*BSC member until December 31, 2022; remained on BSC Working Group
Sally C. Morton, PhD, MSc

Executive Vice President

Knowledge Enterprise

Professor, College of Health Solutions and School of
Mathematical and Statistical Sciences

Arizona State University

Sharon K. Sagiv, PhD, MPH

Associate Adjunct Professor, Division of Epidemiology and
Biostatistics

Investigator, Center for Environmental Research and
Children’s Health

School of Public Health

University of California, Berkeley

Ian J. Saldanha, MBBS, PhD, MPH

Associate Professor, Center for Clinical Trials and Evidence
Synthesis, Department of Epidemiology

Johns Hopkins Bloomberg School of Public Health

Adjunct Associate Professor, Department of Health Services
Policy and Practice

Brown University School of Public Health

The BSC Working Group met periodically via Zoom beginning in October 2022. The BSC Working
Group was charged to evaluate the adequacy of the NTP authors’ responses to external peer review
and/or federal agency comments received during development of the State of the Science Monograph and
the Meta-Analysis Manuscript. They were not charged to provide independent peer review of the Draft
State of the Science Monograph or Draft Meta-Analysis Manuscript. However, the BSC Working Group
was asked to suggest revisions that might improve the quality of either document based on reviewers’
comments and on NTP authors’ rebuttal responses to those comments.

All materials provided to the BSC Working Group were posted to a secure website. As noted above,
comments on the Draft State of the Science Monograph and Draft Meta-Analysis Manuscript were

received from HHS entities and/or external peer reviewers. NTP received 13 sets of comments, for a total
325, on the Draft State of the Science Monograph and 9 sets of comments, for a total of 141, on the Draft
Meta-Analysis Manuscript. The NTP authors responded to each of the 466 reviewer comments. The
reviewers’ comments with NTP authors’ responses were anonymized as to the submitter prior to sharing
with the BSC Working Group to minimize potential for bias and facilitate transparent and open exchange
among the Working Group members.
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In addition to comment/response files, the BSC Working Group was provided the most recent versions of
the Draft State of the Science Monograph and Draft Meta-Analysis Manuscript, which showed specific
track-change edits or referenced specific (anonymized) reviewer comments with NTP authors’ responses
(see Figure 1.1):

e Draft NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review (September 2022
version)

e Draft Meta-Analysis Manuscript (July 2022 version) and Draft Meta-Analysis Manuscript
Supplemental Materials (July 2022 version)

They had access to supplemental materials on the Draft State of the Science Monograph:

o Draft NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review (May 2022 version)

o Draft NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review (October 2021 version)

The BSC Working Group was also provided the Revised Draft NTP Monograph (Figure 1.1), which was
the predecessor document to both the State of the Science Monograph and the Meta-Analysis Manuscript,
along with NTP authors’ responses to the NASEM committee’s comments on that document (NASEM
Report 2, February 9, 2021, see Figure 1.1) separated into two files (i.e., NASEM comments relevant to
the State of the Science Monograph and NASEM comments relevant to the Meta-Analysis Manuscript):

e Draft NTP Monograph on the Systematic Review of Fluoride Exposure and Neurodevelopmental
and Cognitive Health Effects (September 2020 version)

e Draft NIEHS/DNTP Response to the Review of the Revised NTP Monograph on the Systematic
Review of Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects: A Letter
Report (NASEM Comments relevant to the State of Science Monograph)

o Draft NIEHS/DNTP Response to the Review of the Revised NTP Monograph on the Systematic
Review of Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects: A Letter
Report (NASEM Comments relevant to the Meta-Analysis Manuscript)

The BSC Working Group Chair assigned each comment/response to an “evaluator pair,” according to the
nature of a reviewer’s comment and BSC Working Group members’ scientific expertise, both of whom
independently assessed the adequacy of the NTP authors’ response. Comments for which one or both
members of the evaluator pair deemed the response inadequate were discussed at a BSC Working Group
meeting with opportunity for input from other Working Group members. The BSC Working Group
provided recommendations for all “inadequate” responses. In addition, the BSC Working Group offered
suggestions to enhance the Draft State of the Science Monograph or Draft Meta-Analysis Manuscript
based on reviewers’ comments and the NTP authors’ rebuttal responses to them.

Once the reviewer comments, NTP author comments, and BSC Working Group assessments were
discussed during the BSC Working Group meetings, revised drafts of the BSC Working Group’s report
were shared with the BSC Working Group members for their review. The draft BSC Working Group
report was further examined for internal consistency across reviewer comments, author responses, and
BSC Working Group assessments and suggestions/recommendations. The BSC Working Group discussed
and agreed to additional revisions to facilitate internal consistency across both documents.

Details about the BSC Working Group’s specific assessments of the NTP authors’ responses to
reviewers’ comments are presented in Chapter 2 for the State of the Science Monograph and Chapter 3
for the Meta-Analysis Manuscript.
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IV. Summary of the BSC Working Group’s Assessment

As noted above, the BSC Working Group, per its charge, rated the adequacy of NTP authors’ responses to
external peer review and/or federal agency comments received during development of the State of the
Science Monograph and the Meta-Analysis Manuscript. Although not charged to provide independent
peer review of either document, the BSC Working Group was asked to offer perspectives and suggest
revisions that might improve the quality of either document. Figure 1.2. shows the distribution of the
“adequate” and “inadequate” ratings for each document.

In summary, the BSC Working Group rated the NTP authors’ responses to 325 reviewer comments on the
Draft State of the Science Monograph as follows:

e 232 reviewer comments where NTP authors’ responses rated adequate; no edits suggested.
e 51 reviewer comments where NTP authors’ responses rated adequate; edits suggested.
e 42 reviewer comments where NTP authors’ responses rated inadequate; revisions recommended.

In summary, the BSC Working Group rated the NTP authors’ responses to 141 reviewer comments on the
Draft Meta-Analysis Manuscript as follows:

e 60 reviewer comments where NTP authors’ responses rated adequate; no edits suggested.
e 31 reviewer comments where NTP authors’ responses rated adequate; edits suggested.
e 50 reviewer comments where NTP authors’ responses rated inadequate; revisions recommended.

Overall, the BSC Working Group agreed with most (87%) of the NTP authors’ responses to reviewers’
comments (283/325) on the Draft State of the Science Monograph; however, to improve the quality and
clarity of the draft monograph, the Working Group provided suggested edits as needed. The BSC
Working Group rated 13% of the NTP authors’ responses (42/325) to reviewers’ comments inadequate.
For those responses, the BSC Working Group recommended revisions to the Draft State of the Science
Monograph. The BSC Working Group characterized some of the “inadequate” NTP authors’ responses as
global issues that pertained to how information is presented throughout the Draft State of the Science
Monograph.

Likewise, the BSC Working Group agreed with most (65%) of the NTP authors’ responses to the
reviewers’ comments (91/141) on the Draft Meta-Analysis Manuscript; however, the Working Group
provided some suggestions on the draft manuscript to improve its quality and clarity. The BSC Working
Group rated 35% of the NTP authors’ responses (50/141) to reviewers’ comments inadequate. For those
responses, the BSC Working Group recommended revisions to the Draft Meta-Analysis Manuscript. The
BSC Working Group characterized some of the “inadequate” NTP authors’ responses as global issues that
pertained to how information is presented throughout the Draft Meta-Analysis Manuscript.
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Figure 1.2. BSC Working Group’s Assessment of NTP Authors’ Responses to Reviewers’
Comments
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Chapter 2: State of the Science Monograph

l. Background Information

In 2016, the National Toxicology Program (NTP) initiated a systematic review to evaluate
neurobehavioral health effects from exposure to fluoride during development through examination of
human studies, experimental animal studies, and mechanistic data. Staff in the Division of Translational
Toxicology (previously the Division of the National Toxicology Program) at the National Institute of
Environmental Health Sciences (NIEHS) conducted the systematic review on behalf of NTP. NTP authors
prepared a first draft of the monograph, which was peer reviewed by a committee of the National
Academies of Science, Engineering, and Medicine (NASEM) in 2019. The NASEM committee stated that
the conclusions in the draft monograph were not adequately supported. Informed by the NASEM
committee’s comments, the NTP authors revised the draft and submitted a second draft to NASEM in
2020. Again, the NASEM committee stated that the draft monograph’s assessment was not adequately
supported and NTP did not publish the revised monograph. The NTP authors made additional revisions to
address NASEM’s comments and decided to split the revised draft monograph into two distinct
documents: a “State of the Science Monograph” and a “Meta-Analysis Manuscript” (see Chapter 1 for
additional details).

As noted in Chapter 1, the Draft State of the Science Monograph was reviewed internally by various
Department of Health and Human Services entities and underwent external peer review by five experts.
NTP received 325 comments distributed among 13 sets of reviews. NTP authors prepared a written
response to each comment and used the comments to make further revisions to the Draft State of the
Science Monograph. Because of concerns raised by agency reviewers, the NTP Director made the
decision to seek additional scientific assessment of the adequacy of the NTP authors’ responses to
reviewers and revision of the State of the Science Monograph prior to publication. The NTP Director
expanded the scope of the NTP Board of Scientific Counselors (BSC) Working Group, which was
previously convened to address the Draft Meta-Analysis Manuscript, to also adjudicate the peer-
reviewers’ and agency reviewers’ concerns and the NTP authors’ responses to those concerns on the Draft
State of the Science Monograph. The BSC Working Group would not provide further independent peer
review of the Draft State of the Science Monograph but would be asked to offer perspectives and suggest
revisions to the draft monograph that might improve its quality.

Prior to initiation of the BSC Working Group’s evaluation, the 325 reviewer comments were anonymized
to minimize potential for bias and allow for transparent and open exchange among the BSC Working
Group members. The BSC Working Group Chair assigned each comment/response to an “evaluator pair”
according to the nature of a reviewer’s comment and Working Group members’ scientific expertise, both
of whom independently assessed the adequacy of the NTP authors’ response. Comments for which one or
both BSC Working Group members of the evaluator pair considered the NTP authors’ response to the
reviewer’s comment inadequate were discussed at a BSC Working Group meeting with opportunity for
input from other Working Group members. The BSC Working Group provided recommendations for any
comments for which the NTP authors’ response was deemed inadequate. In addition, the BSC Working
Group offered suggestions to enhance the State of the Science Monograph, based on reviewers’
comments and the NTP authors’ rebuttal responses to those comments. Drafts of Chapter 2 were reviewed
by the BSC Working Group and further examined for internal consistency. Any potential internal
inconsistencies were discussed, edits were made, as needed, and revised drafts of Chapter 2 were shared
with and agreed upon by the BSC Working Group for the assessments and suggestions/recommendations.

Chapter 2 contains the 325 anonymized comments from the 13 sets of reviews. Each reviewer’s comment
has the NTP authors’ response, plus the BSC Working Group’s assessment of the adequacy of the
authors’ response. Table 2.1, Column 1 lists the coded identity (e.g., A, B, C, ...) of the 13 comment sets.
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Table 2.1 State of the Science Monograph Comment Sets

Comment Set Name Numbering Code for Individual Comments within a Set
DocAl_Monograph Al.1-Al1S8
DocA2 Monograph A2.1
DocB1_Monograph B1.1-B1.9
DocB2 Monograph B2.1 -B.2.15
DocC_Monograph C.1-C.67
DocD Monograph D.1-D.2
DocE_Monograph E1-EA4
DocF_Monograph F.1-F.48
DocG_Monograph G.1-G.50
DocH_Monograph H.1-H.44
Docl_Monograph [.1-1.33
DocJ_Monograph J.1-134
DocK_Monograph K.1-K.10

Information is presented in Section III of Chapter 2 using the following format:
e Reviewer’s comment
e NTP authors’ response

o BSC Working Group’s assessment and, where appropriate, recommendations and/or suggestions

The comment set name is provided at the beginning of that group, followed by introductory text from the
NTP authors. The text is color-coded: Reviewers’ comments are black, NTP authors’ responses are blue,
and BSC Working Group’s assessments and recommendations and/or suggestions are orange.

The BSC Working Group’s overall assessment for each reviewer’s comment/NTP authors’ response uses
one of the following three statements:

1. The BSC Working Group considers the NTP authors’ response to the reviewer’s comment
adequate.

2. The BSC Working Group considers the NTP authors’ response to the reviewer’s comment
adequate but makes the following suggestion(s) to enhance the State of the Science Monograph:
The BSC Working Group suggests ...

3. The BSC Working Group considers the NTP authors’ response to the reviewer’s comment
inadequate.
The BSC Working Group recommends ...

[Note: These recommendations include revising the text and/or providing additional information
to better address reviewers’ comments and/or improve the State of the Science Monograph.]

Page numbers in Appendix I [Draft State of the Science Monograph (September 2022)] are provided
where many specific comments are referenced and, in some instances, to revisions to the monograph.
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BSC Working Group Global Recommendations for the State of the
Science Monograph

From among the 325 comments/responses, the BSC Working Group’s assessments identified a few
recurring issues for which they provide recommendations for the NTP authors’ consideration in revising
the Draft State of the Science Monograph. Each of the BSC Working Group’s comments is intended to
meet one or both of two objectives: 1) enhance the scientific veracity/credibility of the document, and/or
2) provide clarity where statements in the Draft State of the Science Monograph are vague or potentially
confusing. These recommendations are also found within individual comment/response files in Chapter 2.

The BSC Working Group recommends using more precise language throughout the Draft State of
the Science Monograph when referring to fluoride exposure. The BSC Working Group
recommends using “relatively high” or “high” instead of “higher” unless the comparator is stated.

The BSC Working Group recommends stressing in the Abstract and other appropriate parts of the
Draft State of the Science Monograph that “exposure” refers to total exposure to fluoride and not
just exposure to fluoride from drinking water.

The BSC Working Group recommends replacing “exposure measures” with “exposure
assessment measures” or “exposure biomarkers” throughout the Draft State of the Science
Monograph because exposure can be assessed or evaluated indirectly via biomarkers of exposure
(e.g., urinary or blood fluoride) and/or drinking water concentrations, but is seldom, if ever,
directly measured.

The BSC Working Group recommends replacing “effects” with “associations” throughout the
Draft State of the Science Monograph to avoid implying causality, which generally cannot be
established from single studies.

The BSC Working Group recommends reframing or describing why the benchmark of 1.5 mg/L
(World Health Organization standard) was used. As the NTP authors point out, this benchmark is
a bit artificial as there are likely sources of fluoride exposure other than water. There needs to be
either an elaboration as to just what this benchmark means and how it is related to the studies that
were reviewed or consideration of an alternative way of framing the data.

The BSC Working Group recommends clearly summarizing the various studies by identifying
inconsistencies as well as consistencies in the Results section of the Draft State of the Science
Monograph.

The BSC Working Group notes that the Discussion section of the Draft State of the Science
Monograph does not address the evidence regarding dose effect or threshold although it
concludes that there is an association between higher fluoride exposures and lower 1Q in children.
The BSC Working Group does not necessarily agree that evidence of an association is
independent from dose response. Additionally, the BSC Working Group notes that the NTP
authors did not explicitly consider the potential non-linearity of the exposure-outcome
association. For example, if there is a nonlinear association between exposure and outcome, it
could be masked in an analysis that does not examine dose response. The authors state that they
left any consideration of dose response or thresholds out of the Draft State of the Science
Monograph because that is the focus of the Draft Meta-Analysis Manuscript, with the authors
seemingly assuming that it will be published. The BSC Working Group recommends that the
Draft State of the Science Monograph contain more discussion about what evidence is and is not
available regarding dose/exposure-response between fluoride and adverse neurodevelopmental
outcomes, including the importance of both dose/exposure and timing of exposure.

The BSC WG notes that if the draft Meta-Analysis Manuscript is submitted to a journal for
publication consideration, the journal will likely ask the NTP authors to update the literature
search. The BSC Working Group recommends that the timeframe for the literature search be
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consistent between the Draft State of the Science Monograph and the Draft Meta-Analysis
Manuscript.

The BSC WG recommends that the Draft State of the Science Monograph and the Draft Meta-
Analysis Manuscript should be complete, standalone documents and not reference each other for
information unless timing for publication can be coordinated, perhaps by NTP publishing both
documents.

10
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lll.  BSC Working Group Assessments for Reviewers’ Comments and
NTP Authors’ Responses for the State of the Science Monograph

Key

BSC Board of Scientific Counselors

DocMon State of the Science Monograph (September 2022 version)
NASEM National Academies of Science, Engineering, and Medicine
NTP National Toxicology Program

SoS Monograph | State of the Science Monograph (September 2022 version)
M-A Manuscript | Meta-Analysis Manuscript (July 2022 version)
WG Working Group

DocAl_Monograph

In February 2022, the _ provided comments to NIEHS/DNTP on

the 2021 Draft NTP Monograph on the State of the Science concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review and a draft manuscript on a
meta-analysis of fluoride exposure and IQ in children. This document contains a subset of the overall
- comments related to the prepublication 2022 NTP Monograph along with the NIEHS/DNTP
responses. The monograph-related comments from the - are reproduced here in black text, and the
NIEHS/DNTP responses have been inserted in blue text following each of the comments beginning with
the word “Response” in bold font. Formatting has been applied to aid in reading.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from _ along with all other input received through April of 2022. The

prepublication 2022 NTP Monograph was subsequently sent to - for additional comments. A
revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes_2022 NTP_Monograph.” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _
and [

o _For comments related to DocG_Monograph, DocH_Monograph,

Docl_Monograph, Doc)_Monograph, and DocK_Monograph:

O Edits are marked with a comment bubble in the
DocMon_Track_Changes_2022_NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the - Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
this - would be marked “see DocA1_Monograph for detailed response”).

o _ For comments related to DocAl_Monograph, DocA2_Monograph,
DocB1_Monograph; DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

0 Edits are marked in track changes format in the
DocMon_Track_Changes_2022_NTP_Monograph.

11
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0 Acomment bubble has been added to the text in question containing the exact text of
the- Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.

February 1, 2022

Feedback to NTP/NIEHS regarding:
Fluoride state of the science document
Fluoride and IQ Meta-analysis manuscript

Fluoride state of the science document:

Issue: Keeping findings in context
As NASEM noted in their review of the 2019 Draft Monograph, “the context into which the
monograph falls calls for much more carefully developed and articulated communication on this
issue.” - fully concurs with this recommendation and with NASEM’s 2019 assessment that “NTP
needs to state clearly that the monograph is not designed to be informative with respect to decisions
about the concentrations of fluoridethat are used for water fluoridation.”

NTP stated in the revised draft of the monograph that the evidence of “effects on cognitive
neurodevelopment are inconsistent, and therefore unclear” at the levels typically found in drinking
water in the US. NASEM agreed with this assessment, statingthat “[m]uch of the evidence presented in
the report comes from studies that involve relatively high fluoride concentrations. Little or no
conclusive information can be garnered from the revised monograph about the effects of fluoride at
low exposure concentrations (less than 1.5 mg/L).”

- is extremely concerned that the revised 2021 NTP report and the meta-analysis omit this
important context that was previously included. Without clarification, readers may interpret that
exposure to fluoride at any concentration is associated with lower 1Q,a conclusion that is not borne
out by the available science or the findings of the systematic review.

Recommendation: - requests NTP include a statement in the systematic review abstract and
fulltext, as well as the meta-analysis, like that found in the 2020 draft monograph: “When
focusing on findings from studies with exposures in ranges typically foundin drinking water in
the United States (0.7 mg/L for optimally fluoridated community water systems) that can be
evaluated for dose response, effects on cognitive neurodevelopment are inconsistent, and
therefore unclear.”

Response: Disagree (edited for clarity)

0 As pointed out, the language the - recommends was in the 2020 draft NTP
Monograph, and that earlier version of the document included a draft dose-response
meta-analysis. Similar language was also included in the 2019 draft NTP Monograph that
was based on a qualitative look at the shapes of dose-response curves in papers that
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reported dose-response analyses of fluoride exposures and children’s IQ. The
prepublication 2022 NTP Monograph focuses on the question of whether fluoride from
all sources can affect neurodevelopmental outcomes and is written to avoid giving the
mistaken impression that this systematic review is focused only on drinking water. It is
true that our stated confidence assessment is based primarily on studies with total
exposures higher than those generally associated with consumption of optimally
fluoridated water in the United States. However, the confidence assessment also
includes findings from studies with fluoride exposures that are similar to those
associated with optimally fluoridated water supplies in the United States. In addition, no
studies examining individual-level exposures have been conducted in the United States.
As demonstrated in Green et al. (2019), who used repeated individual urinary
measurements, drinking water measures likely capture only a portion of a person’s total
exposure to fluoride, as personal preferences and habits may increase total exposures
to unknown levels. Therefore, we do not consider it appropriate to put the conclusions
in the context of what is recommended for optimally fluoridated community water
systems in the United States. However, to provide the context that the confidence
conclusions are primarily based on studies that included total exposures that
approximate or are higher than 1.5 mg/L, the following statement was added to the
abstract and summary of the prepublication 2022 NTP Monograph.

“This review finds, with moderate confidence, that higher fluoride exposure (e.g.,
represented by populations whose total fluoride exposure approximates or exceeds the
World Health Organization Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride)
is consistently associated with lower IQ in children. More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q.”

Board of Scientific Counselors (BSC) Working Group (WG) Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page I-14.

Al.2:Issue: Limitations section

In its response letter, NASEM requested adding clarifying information in the manuscript.NTP itemized
items in the state-of-the-science manuscript on limitations of the evidencebase and the systematic
review. However, these limitations do not address the followingissues comprehensively:

Transparency regarding adherence to OHAT protocol.

Recommendation: NTP should specify the areas where they departed from the OHAT protocol.

Response: Agree (change made)

(0]

Edits were made to provide more specificity in the monograph and protocol with
respect to detailing all aspects of the systematic review. However, we submit that the
systematic review described in the 2021 draft NTP Monograph and the prepublication
2022 NTP Monograph fully adhered to the pre-published, project-specific protocol for
this systematic review (https://ntp.niehs.nih.gov/go/785076) with additional specificity
or methodological details described in the Methods section of the monograph. The -
comment appears to be referring to the use of the methods as described in the OHAT
handbook relative to the methods as described in the specific protocol for this
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systematic review. To clarify that the protocol describes all the methods for the
monograph, additional detail was added to the Foreword and Methods sections of the
prepublication 2022 NTP Monograph. This includes the following text in the Methods
section:

“NTP conducts systematic reviews following prespecified protocols that describe the
review procedures selected and applied from the general methods outlined in the OHAT
Handbook for Conducting a Literature-Based Health Assessment
(http://ntp.niehs.nih.gov/go/38673). The protocol describes project-specific procedures
tailored to each systematic review that supersede the methods in the OHAT Handbook.”

0 The methodological details described in our specific protocol with additional specificity
described in the Methods section of the monograph (e.g., the decision not to consider
data from studies that reported only thyroid gland size or goiters) provide a level of
documentation that meets or exceeds standard practice for documentation in the field.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-20.

Al.3: Potential bias as there was no systematic selection of Chinese databases to be searched. Two
databases were selected because they contained studies of which the authors were aware.

Recommendation: As NASEM noted, this introduces potential bias. - suggests this be added

as a limitation.

Response: Agree (change made)

(0]

We accepted this recommendation in the prepublication 2022 NTP Monograph and the
following statement has been added to the Limitations of the Systematic Review section
of the systematic review.

“The supplemental literature search for non-English-language studies not indexed in
traditional databases supports the comprehensive nature of the literature search
strategy for this systematic review. In the absence of guidance on the most complete
non-English-language databases that may contain health studies of fluoride, a standard
systematic review approach for database selection was followed whereby a set of
exemplar documents, called ‘seed studies’ were used. Databases were selected that
identified non-English-language studies of fluoride that we were aware of and were not
captured in searches of databases from the main literature search. This informed
approach influenced the selection process; however, this is not considered a limitation
because it provided an objective measure by which to compare databases.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-95.

Al.4: Some included studies with complex sample designs did not report if they usedpopulation
weights to generate estimates.
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Recommendation: In addition to listing this as a limitation, NTP should identifythese studies in
the body of the report.

Response: Disagree (no change)

0 Appendix E provides extensive details on the risk-of-bias assessment for the low risk-of-
bias studies. The risk-of-bias assessment included evaluation of whether complex
sampling designs were accounted for with the use of sampling weights or adjustments
for clustering.

0 We have addressed these issues in the meta-analysis.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the draft SoS Monograph:

The BSC WG suggests that text within the draft SoS Monograph refer to Appendix E for
information about the risk-of-bias assessment of the studies to increase clarity.

A1.5: Clustering: NASEM identified that in some population studies, participants livingin the same
communities were assigned the same measure of fluoride exposurewithout considering the effect in
the data analysis. These correlations may artificially increase the statistical power.

Recommendation: Limitations should note the studies where clustering was apotential threat
and specifically whether the investigators addressed this.

Response: Agree (change made)

0 Inresponse to comments from the NASEM Committee, we revised text in Appendix E of
the prepublication 2022 NTP Monograph (previously Appendix 4 in the 2020 draft NTP
Monograph) to note specifically whether each low risk-of-bias study applied an analytic
approach that addressed clustering when that was a feature of the study design. Our
risk-of-bias assessment carefully considered study-specific failures to account for
sampling strategy or clustering in determining potential for bias.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-190.

A1.6: The NTP response to NASEM’s comments indicate they contacted investigators on specific
issues, and that some study authors responded while others did not.

Recommendation: NTP should provide an assessment of how non-response would affect the
grading of these studies. This may be tied to the NASEM concern regarding transparency in the
risk-of-bias assessment. - requests an appendix and language in the Discussion detailing
which studies received a change to their risk-of-bias determination.

Response: Disagree (edited for clarity)

0 The risk-of-bias rating explanations provided in the HAWC web-based evaluation
platform via URL links and Appendix E of the prepublication 2022 NTP Monograph
(previously Appendix 4 of the 2020 draft NTP Monograph) previously noted whether an
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author responded to our inquiry for more information and whether the response
impacted the risk-of-bias rating. To provide information more clearly on author inquiries
and how information received by the authors was used in the risk-of-bias analysis, we
have made updates to the HAWC study profiles for each human study and to Appendix
E. When author inquiries were conducted, they are noted in the study profiles. If an
author did not respond, it is noted in the study profile (e.g., “No response was received
to email request for clarification”). If an author responded and provided additional
information that informed a rating decision in the risk-of-bias analysis, it is now noted in
the HAWC study profiles and Appendix E which risk-of-bias questions were impacted.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

A1.7: Meta-Analysis: The meta-analysis, originally requested by NASEM to obtain measures of
association and sensitivity analysis across selected studies wasremoved to be published separately.

Recommendation: The meta-analysis should be reinserted into the NTP draft document.
Moving the meta-analysis to a separate document makes it difficult forthe reader to
understand and interpret the conclusions of the systematic review. Further, the meta-analysis,
when reinserted into the NTP systematic review, should address NASEM'’s critiques of the
September 2020 draft (abstracted below):

Response: Disagree (no change)

0 With removal of the hazard assessment from the 2020 draft NTP Monograph, our focus
shifted to providing a qualitative confidence assessment of the relevant literature of
fluoride exposure and neurodevelopmental and cognitive health effects in children and
adults, which is presented in the prepublication 2022 NTP Monograph. In contrast, the
updated meta-analysis manuscript provides a quantitative assessment of the studies
examining fluoride exposure and IQ in children. After considering the scope and nature
of the NASEM Committee’s comments, we determined that the confidence assessment
of the complete evidence base on neurodevelopmental and cognitive health effects in
children and adults is a broad and distinct issue from the specific focus of the meta-
analysis on IQ in children without the hazard assessment section to integrate these
different analyses. In addition, we concluded that the topic is of such high public health
importance that the integration of the confidence assessment of the complete evidence
base on neurodevelopmental and cognitive health effects would be better done as a
collective effort by the public health community in a larger conversation about the
appropriate method and timing of population exposures to fluoride to benefit oral
health.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the draft SoS Monograph and the draft M-A Manuscript should be
complete, standalone documents and not reference each other for information unless timing for
publication can be coordinated, perhaps by NTP publishing both documents.
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A1.8: Issue: New evidence

Two studies (lbarluzea et al., 2021 and Aggeborn & Ohman, 2021) published in 2021were not included
in the systematic review or meta-analysis. These studies have comparable methods to other included

studies.

Recommendation: The Ibarluzea and Aggeborn & Oehman studies should be evaluatedand

included when assessing the evidence, similar to the 15 additional studies from theChinese
databases. - also recommends NTP include a comparison between Ibarluzea et al., 2021, and
Green et al., 2019, because both studies investigate fluoride exposures at levels used for water
fluoridation.

Response: Disagree (edited for clarity)

(0]

Adding only these two studies beyond the literature cutoff date for the prepublication
2022 NTP Monograph without adding other studies that have been published since the
cutoff date would introduce bias and subject us to potential criticism of cherry-picking
studies. With respect to Aggeborn and Ohman (2021), we examined this study when it
was published as a non-peer-reviewed white paper in 2017 and it was excluded then as
non-peer-reviewed reference. It was determined that including this study would not
impact our confidence conclusions for multiple reasons: 1) it is a high risk-of-bias
ecological study; 2) it would also fall under other neurodevelopmental (non-1Q) studies;
and 3) it uses cognitive tests that are not specified.

With respect to Ibarluzea et al. (2021), we acknowledge the potential interest in this
specific study, and we added the following text and footnote to the prepublication 2022
NTP Monograph:

“Note that NTP is aware of a conference abstract by Santa-Marina et al. on a Spanish
cohort study that looked at fluoride exposure and neuropsychological development in
children (Santa-Marina et al. 2019). The evaluation team conducted a targeted literature
search in April 2021 to see whether the data from this study had been published. When
no publication was found, the evaluation team contacted the study authors to inquire
about the publication of their data. The response from the study authors indicated that
the study report was being finalized but had not yet been sent to a journal for review;
therefore, it was not considered here.®”

Relevant text from the footnote below:

“ONTP is aware that this study was published after April 2021 (Ibarluzea et al. 2021) and,
therefore, is not included in this monograph because it is beyond the dates of the
literature search. Even if it had been published earlier, the study would not have
contributed to the body of evidence on children's IQ because the authors assessed other
neurodevelopmental or cognitive effects, specifically the association between fluoride
exposure and neuropsychological development in children aged 1 year using the Mental
Development Index (MDI) of the Bayley Scales of Infant Development and in children
aged 4 years using the General Cognitive Index (GCl) of the McCarthy Scales of Children’s
Abilities (MSCA).”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:
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The BSC WG suggests that the authors include discussion of newly published meta-analyses in
the Discussion section of the draft SoS Monograph.

The BSC WG notes that if the draft M-A Manuscript is submitted to a journal for publication
consideration, the journal will likely ask the authors to update the literature search. The BSC WG
suggests that the timeframe for the literature should be consistent between the draft M-A
Manuscript and the draft SoS Monograph.

The BSC WG suggests that the draft SoS Monograph and the draft M-A Manuscript should be
complete, standalone documents and not reference each other for information unless timing for
publication can be coordinated, perhaps by NTP publishing both documents.

See Appendix |, page I-27.
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DocA2_Monograph

In May 2022, the _provided comments to NIEHS/DNTP on the

prepublication 2022 NTP Monograph on the State of the Science concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review by email. The - comments are
reproduced here in black text, and the NIEHS/DNTP responses have been inserted in blue text following
each of the comments beginning with the word “Response” in bold font. Formatting has been applied to
aid in reading.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022. The

prepublication 2022 NTP Monograph was subsequently sent to Agencies for additional comments. A
revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes_2022_NTP_Monograph.” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _ and

° For comments related to DocG_Monograph, DocH_Monograph,
Docl_Monograph, Doc)_Monograph, and DocK_Monograph:

O Edits are marked with a comment bubble in the
DocMon_Track_Changes_2022_NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the - Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
this - would be marked “see DocA2_Monograph for detailed response”).

o _ For comments related to DocAl_Monograph, DocA2_Monograph,
DocB1_Monograph; DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

0 Edits are marked in track changes format in the
DocMon_Track_Changes 2022 NTP_Monograph.

0 A comment bubble has been added to the text in question containing the exact text of
the- Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.

_'

A2.1: Thank you for forwarding the prepublication draft of the NTP SoS report on fluoride and the
comments and responses to - feedback shared with NTP in February. . am writing to share specific
feedback on the ”- comments and response-final.pdf” that you shared last week.

Under this issue of “keeping findings in context,” your response including the following new statement
to be added in the abstract and summary of the SoS document:

“This review finds, with moderate confidence, that higher fluoride exposure (e.g., represented by
populations whose total fluoride exposure approximates or exceeds the World Health Organization
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Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride) is consistently associated with lower 1Q in
children. More studies are needed to fully understand the potential for lower fluoride exposure to affect
children’s 1Q.”

For your consideration, - proposes the following revised text with justification for the revision
provided by the numbered notes below.

Proposed revision: This review finds, with moderate confidence, that high fluoride exposure is associated
with lower 1Q in children (1). Studies of fluoride exposure at levels typically found in drinking water in the
United States are inconclusive (2). More studies are needed before determining the effect of lower
fluoride exposure on children’s 1Q. (3)

Justification:

(1) Except for Green 2019 and Bashash 2017, all studies in the systematic review were cross-sectional
and compared populations at higher fluoride levels than those used in community water fluoridation
(CWF). In some studies, comparable fluoride levels to CWF were included as controls, which as a subset
of studies show a positive correlation between higher fluoride exposures and 1Q scores.

(2) Two prospective studies, Green 2019 and Ibarluzea 2022, measured fluoride exposures at
comparable levels to CWF in the U.S. These two studies reported opposite effects of fluoride on 1Q
levels. A third study (Bashash 2017) is not equivalent to Green 2019 and Ibarluzea 2022 because the
primary source of F exposure in Mexico is fluoridated salt, which is not available in the U.S. Even if the
Bashash 2017 study is included, the conclusion would still be that these effects remain “inconclusive.”

(3) Based on (2) above, the NTP conclusion would support additional prospective studies to clarify the
directionality of any potential effect of lower fluoride exposure on IQ.

This is - only feedback on your comments/response document. . appreciate your time and effort to
respond to - original feedback.

Please do not hesitate to contact . if you have questions or need clarification.

Best regards,

References

Bashash M, Thomas D, Hu HH, Martinez-Mier EA, Sanchez BN, Basu N, Peterson KE, Ettinger AS, Wright
R, Zhang Z, Liu Y, Schnaas L, Mercado-Garcia A, Tellez-Rojo MM, Hernandez-Alva M. Prenatal fluoride
exposure and cognitive outcomes in children at 5 and 6—12 years of age in Mexico. 2017. Environmental
Health Perspectives; 125:097017.

Green R, Lanphear B, Homung R, Flora D, Martinez-Mier A, Neufeld R, Ayotte P, Muckle G, Till C. 2019.
Association between maternal fluoride exposure during pregnancy and IQ scores in offspring in Canada.
JAMA Pediatrics 173:940-948.

Ibarluzea J, Gallastegi M, Santa-Marina L, Jiménez Zabala A, Arranz E, Molinuevo A, Lopez-Espinosa M-J,
Ballester F, Villanueva CM, Riano |, Sunyer J, Tardon A, Lertxundi A. 2022. Prenatal exposure to fluoride
and neuropsychological development in early childhood:1-to 4 years old children. Environmental
Research; 207:112181.

Response: Disagree (no change)

0 We appreciate the continued dialog over the concluding statement that appears in several
places in the monograph, including the Summary and Abstract. We consider the suggested
three-part revision to the concluding statement to convey essentially the same information as
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our existing text but overemphasizes water levels of fluoride rather than total fluoride exposure.
Considering the justifications offered for the change, we agree with justification (1) concerning
the characterization of the relevant database. However, we note in the prepublication 2022 NTP
Monograph on page 12 that, while we were aware of the Ibarluzea et al. (2021) study (identified
as Ibarluzea 2022 in the - comment above) from following preliminary reports that appeared
as meeting abstracts, the final publication date was beyond the literature cutoff date for the
monograph. Even if the Ibarluzea et al. (2021) study had been published earlier, it would not
have contributed to the body of evidence on children's IQ because the authors assessed other
neurodevelopmental or cognitive effects, specifically the association between fluoride exposure
and neuropsychological development in children aged 1 year using the Mental Development
Index (MDI) of the Bayley Scales of Infant Development and in children aged 4 years using the
General Cognitive Index (GCI) of the McCarthy Scales of Children’s Abilities (MSCA). That factor
aside, we have stressed in the monograph that our conclusions apply to total fluoride exposures
rather than to exposures exclusively through drinking water. Although we tend to agree that
“studies of fluoride exposure at levels typically found in drinking water in the United States are
inconclusive,” Green et al. (2019) was the only high quality prospective study included in the
prepublication 2022 NTP Monograph that evaluated a population exposed to fluoride in drinking
water at levels typically found in drinking water in the United States. Therefore, it is more
accurate to state, as we currently have, that:
“More studies are needed to fully understand the potential for lower fluoride exposure
[referring to the parenthetical from the previous sentence: (e.g., represented by
populations whose total fluoride exposure approximates or exceeds the World Health
Organization Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride)] to affect
children’s 1Q.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors include discussion of newly published meta-analyses in
the Discussion section of the draft SoS Monograph.

The BSC WG notes that if the draft M-A Manuscript is submitted to a journal for publication
consideration, the journal will likely ask the authors to update the literature search. The BSC WG
suggests that the timeframe for the literature should be consistent between the draft M-A
Manuscript and the draft SoS Monograph.

The BSC WG suggests that the draft SoS Monograph and the draft M-A Manuscript should be
complete, standalone documents and not reference each other for information unless timing for
publication can be coordinated, perhaps by NTP publishing both documents.

See Appendix I, page 1-14.
See Appendix I, page 1-97.
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DocB1_Monograph

In November 2021, the _ provided comments to NIEHS/DNTP on the 2021

Draft NTP Monograph on the State of the Science concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review (the NTP Monograph) and a
draft manuscript on a meta-analysis of fluoride exposure and 1Q in children (the meta-analysis
manuscript). NIEHS/DNTP prepared responses and shared those responses back to - in April 2022.

In July 2022, the - provided two sets of comments to NIEHS/DNTP, again on the NTP Monograph
(prepublication 2022 version) and the meta-analysis manuscript.

o The first set of- comments was provided as a new layer of input on top of the original -
comments (from November 2021) and NIEHS/DNTP responses. This document contains a subset
of the overall - comments (from November 2021 and July 2022) related to the NTP
Monograph along with the NIEHS/DNTP responses. The monograph-related comments from the

are reproduced below in black text and the NIEHS/DNTP responses have been inserted in
blue text following each of the comments beginning with the word “Response” in bold font.
Formatting has been applied to aid in reading.

e The second set of- comments was provided in track changes embedded in the prepublication
2022 NTP Monograph in Microsoft Word. See file “DocB2_Monograph” for the second set of
- comments and NIEHS/DNTP responses.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022. The

prepublication 2022 NTP Monograph was subsequently sent to - for additional comments. A
revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes_2022_NTP_Monograph.” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _ and

° _ For comments related to DocG_Monograph, DocH_Monograph,
Docl_Monograph, Doc)_Monograph, and DocK_Monograph:

O Edits are marked with a comment bubble in the
DocMon_Track_Changes_2022_NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the - Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
this - would be marked “see DocB1_Monograph for detailed response”).

° _ For comments related to DocAl_Monograph, DocA2_Monograph,
DocB1_Monograph; DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

0 Edits are marked in track changes format in the
DocMon_Track_Changes 2022 NTP_Monograph.
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0 Acomment bubble has been added to the text in question containing the exact text of
the [

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.

- comments from November 2021 and July 2022

Summary of - comments on the “Draft NTP monograph on the state of the science
concerning fluoride exposure and neurodevelopmental and cognitive health effects: a
systematic review” (“SoS document”) and draft Taylor et al. Association between fluoride
exposure and children’s intelligence: A systematic review and meta- analysis manuscript
(“meta-analysis document”)

- comment on SoS document (November 2021): It would be helpful if the Abstract was clear
in the Discussion that the conclusion about effects on 1Q in children was derived from high
human exposures (higher than US exposures) without getting into more hazard conclusions or
assessments.

Response: Agree (edited for clarity)

0 While it is correct that much of the literature evaluating exposures to fluoride with
respect to reduced cognition in children likely involves exposures to amounts assumed
to be in excess of what are consumed in the United States, there is actually very little
direct U.S. exposure information on which to base this. As we discuss in the monograph,
fluoride is found in water, certain foods, dental products, some pharmaceuticals, etc.,
and individual behaviors are likely to be an important determinant of actual total
fluoride exposures. Green et al. (2019) is the study most likely to approximate U.S.
exposures because Canada has the same optimal fluoridation level (0.7 mg/L in drinking
water) as the United States. The individual exposure levels reported in Green et al.
(2019), as documented by repeated urinary measurements, suggest widely varied
exposures from optimally fluoridated drinking water combined with fluoride from other
sources. Additionally, fluoride in drinking water from wells in certain parts of the United
States are known to exceed artificially-fluoridated water levels in the Canadian cities
studied by Green et al. (2019). To clarify that our moderate confidence conclusion is
primarily based on studies with total fluoride exposure that approximates or exceeds
what is generally associated with consumption of optimally fluoridated water in the
United States, the Abstract section was revised as follows:

“This review finds, with moderate confidence, that higher fluoride exposure (e.g.,
represented by populations whose total fluoride exposure approximates or exceeds the
World Health Organization Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride)
is consistently associated with lower IQ in children.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page I-14.
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- comment on SoS document (November 2021): - suggest that any public communication
make this point about exposure clear.

Response: Agree (no change requested)

0 We agree that public communication concerning total exposures to fluoride is essential.
In our assessment of studies relying only on drinking water levels as an exposure metric,
we find that the data concerning levels below the WHO safe water guidelines are
inconsistent and unclear with respect to effects on children’s cognition.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG notes overall concerns for other NTP authors’ responses to reviewers’ comments
regarding dose-response, total fluoride exposure, and exposure assessment metrics. The BSC
WG suggests that the authors ensure that the Abstract of the draft SoS Monograph accurately
reflects the limitations resulting from these three issues.

Follow-up - comment on SoS document (July 2022): The - comment requesting public
communication was focused on the issue that studies were conducted on populations with
higher exposures from water than are routinely found in the United States; the above response
indicated that they agree that public communication concerning total exposures is essential.
This is a different point. Has the request that there be public communication about higher
exposure from fluoride in water been adequately addressed?

Response: Disagree (no change)

0 The comment implies that our conclusions are based solely on “studies [that] were
conducted on populations with higher exposures from water than are routinely found in
the United States.” This implication is not accurate. It is true that our stated confidence
assessment is based primarily on studies with total exposures higher than those
generally associated with consumption of optimally fluoridated water in the United
States. However, the confidence assessment also includes findings from studies with
fluoride exposures that are similar to, or lower than, those associated with optimally
fluoridated water supplies in the United States. In addition, as mentioned in a previous
response, there is very little direct information on actual total fluoride exposure in the
United States. As demonstrated in Green et al. (2019), who used repeated individual
urinary measurements, drinking water measures likely capture only a portion of a
person’s total exposure to fluoride as personal preferences and habits may increase
total exposures to unknown levels. Therefore, this document, as well as any associated
communication, focuses on total fluoride exposures from all sources, not just drinking
water. We acknowledge that these complexities in the data, along with a lack of direct
U.S. exposure data, are important to convey in public communications. We point this
out in the prepublication 2022 NTP Monograph and will communicate this as a
limitation of the database.
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BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The reviewer’s comment appears to address public communication about fluoride in water, such
as for wells in certain parts of the United States where exposure may exceed the optimal U.S.
fluoridation level (0.7 mg/L in drinking water). The BSC WG agrees that public communication
about fluoride levels in water is important and should be clear in any associated communication
materials released when the final SoS Monograph is published. To improve clarity, the BSC WG
suggests that the authors include their statements in the response to the rebuttal in the draft
SoS Monograph: “... our stated confidence assessment is based primarily on studies with total
exposures higher than those generally associated with consumption of optimally fluoridated
water in the United States. However, the confidence assessment also includes findings from
studies with fluoride exposures that are similar to, or lower than, those associated with
optimally fluoridated water supplies in the United States.”

- comment on SoS document (November 2021): - has followed the ongoing
discussion between NTP and NASEM related to the alleged impacts on development and
cognition, and specifically has reviewed the literature reports from Basham, et al., (2017) and
Green et al., (2019). - concerns related to the study designs and the utility and accuracy of
the urinary fluoride measurements have previously been communicated. - reiterate that
actual exposure to fluoride and serum fluoride levels were not measured during these
investigations.

Response: Agree (no change)

0 We agree that actual exposures (as opposed to exposure estimates) have not been
measured in any of the studies we have reviewed. Although human serum levels tend to
reflect fluoride levels in water (WHO 2002), they vary widely during the day, and only
rarely were they measured or reported in the literature we evaluated. In short, these
concerns along with others contributed to our conclusion of only moderate confidence
in an association between fluoride exposures and children’s cognitive
neurodevelopment in the prepublication 2022 NTP Monograph.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests for consistency and clarity that the authors add the following text from
their response to the reviewer’s comment to the section of the draft SoS Monograph that
discusses the Basham et al. (2017) and Green et al. (2019) studies (new text underlined): “It
should be noted that actual exposures (as opposed to exposure estimates) have not been
measured in any of the studies included in this systematic review. Although human serum levels
tend to reflect fluoride levels in water (WHO 2002), they vary widely during the day, and only
rarely were they measured or reported in the literature that was evaluated.”
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. - comment on SoS document (November 2021): The revised NTP monograph seems to
address concerns from prior comments as NTP removed the hazard assessment and is now
calling this a “state of the science” document. However, the meta-analysis that NTP removed
from the original monograph is now being published independently. Although it will be in a
scientific review publication [Note: journal name deleted by NIEHS/DNTP], - think that this
may raise questions regarding exposure levels and neurodevelopmental effects, as the
publication does not seem to put the exposure levels into context.

Response: Agree (no change)

0 The revised meta-analysis manuscript will address exposure issues in a like manner as
outlined above for the prepublication 2022 NTP Monograph.

BSC WG Assessment and Justification:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

o - comment on SoS document (November 2021):
In September 2020, - conveyed the following concerns:

The dosimetry of exposure plays a central role in this assessment. In this regard, there is
some concern regarding the classifications of risk of bias that were ascribed to some on
the studies on question #8 “Can - be confident in the exposure characterization?”.
Specifically, concerns were raised on how studies such as those below, where inadequate
analytical detail is provided by the authors, can be classified as “Probably low risk of
bias”. Analytical (and consequently, exposure assessment) bias can only be assumed to
be low following an appropriate evaluation of the analytical procedures, including data
on the validation of the methodologies in the laboratory where the analyses were
conducted (e.g. accuracy, precision). In light of this, it seems to us that the following
studies (not necessarily a comprehensive list) fall short of warranting such a
classification.

Saxena et al. (2012)

“The fluoride levels were analyzed by a fluoride ion selective electrode, Orion 9609BN
(Thermo Fisher Scientific Inc., West Palm Beach, United States). (...) The fluoride content
in the urine was determined using a fluoride ion selective electrode, Orion 9609BN
(Thermo Fisher Scientific Inc., West Palm Beach, United States).”

Seraj etal. (2012)

“The fluoride and iodine in the drinking water were analyzed by SPADNS (Sulfophenylazo
dihydroxynaphthalenedisulfonate) method, Utilizing 4000 UV-Vis spectrophotometer
(Hach Company, Germany) in the environmental health engineering laboratory of Public
Health School of Tehran University of Medical Sciences.”
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Xiang et al. (2011)
“F levels in serum were measured with a F ion selective electrode

These issues seem to remain partially unaddressed in the current version of the document. For
example, in the Saxena et al. (2102) and Xiang et al. (2011) studies, the basis for rating maintains
its exposure classification of “Probably low risk of bias based on indirect evidence that exposure
was consistently assessed using well-established methods that directly measured exposure.”
That conclusion remains unclear when all that the authors indicate is that they used a fluoride-
selective electrode without additional details, including for example, calibration, assessment of
linearity, intra- and inter-day precision and accuracy, inclusion of quality controls, etc. As raised
in - prior comments, analytical (and consequently, exposure assessment) bias can only be
assumed to be low following an appropriate evaluation of the analytical procedures and the
authors do not provide any such detail.

Response: Disagree (no change)

0 The comment suggests that studies that described analytical methods without explicit
methodological details on calibration and intra- and inter-day precision should not be
rated as probably low risk of bias for exposure assessment. However, this seems to
reflect a misunderstanding between criteria for definitely low risk of bias (which requires
direct evidence of both a well-established method to measure fluoride and a QC
procedure including such things as recovery rates, blanks, or reference standards) and
probably low risk of bias (which requires that a well-established method to measure
fluoride was used and indirect evidence that typical procedures were followed). The
risk-of-bias ratings in question were judged to be probably low risk of bias as is
consistent with the protocol.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-212, 1-215, 1-243.

Follow-up - comment on SoS document (July 2022): Which criteria were considered to
ascertain if specific analytical methods to directly measure fluoride were “well established”, and
what protocol was followed to determine if the cited methods fulfilled such criteria?

Response: Agree (no change requested)

0 “Well established” methods denote accepted methods for measuring fluoride levels. As
noted in the protocol (https://ntp.niehs.nih.gov/go/785076), the preferred analytical
method is the ion selective electrode method. However, use of other standard methods
such as NIOSH Method 8308 or other governmental standard methods were considered
well established. Any study noting that they used these methods was rated probably low
risk of bias for exposure. In order to be rated definitely low risk of bias for exposure, a
study also had to provide a detailed description of QC procedures (i.e., direct evidence)
that were followed, including such things as use of recovery rates, blanks, or reference
standards.

27


https://ntp.niehs.nih.gov/go/785076

B1.8:

B1.9:

NTP BSC Working Group Report

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG agrees with the reviewer’s comment and recommends that the authors include
information in the Methods section of the draft SoS Monograph about how “well-established”
analytical methods for measuring fluoride are defined rather than referring to the protocol or an
appendix to the draft SoS Monograph.

- comment on SoS document (July 2022): The authors are using an old version of the PRISMA
flow diagram - The 2020 PRISMA flow diagram can be found here: https://prisma-
statement.org/prismastatement/flowdiagram.aspx

Response: Disagree (edited for clarity)

0 The - comment refers to “Figure 2. Study Selection Diagram” in the prepublication
2022 NTP Monograph, which follows or exceeds the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) standards. Figure 2 is a static reference
flow diagram that includes all of the information suggested in the PRISMA standards. In
addition to Figure 2, we have included an interactive reference flow diagram
(https://hawcproject.org/summary/visual/assessment/405/Figure-2/) that far exceeds
the PRISMA reporting standards, allowing readers to identify and link to all of the
included studies as well as all of the studies excluded at each stage of reference
screening for eligibility. The prepublication 2022 NTP Monograph follows PRISMA
reporting standards as outlined in the OHAT handbook and our evaluation-specific
protocol (https://ntp.niehs.nih.gov/go/785076). Although there are slight design
differences, the study selection diagram contains all of the recommended reporting
elements. Therefore, while we agree that Figure 2 resembles an older version of the
PRISMA diagram, the interactive reference flow diagram exceeds the 2020 PRISMA
recommendations (Page et al. 2021) and follows the evaluation-specific protocol. We
have updated the PRISMA reference in the monograph from Moher et al. (2009) to Page
et al. (2021) to clarify that we are following the current recommendations.

Note: The - comment on the overall confidence in the meta-analysis and subgroup analyses
for the mean-effects meta-analyses are not reproduced here as they are not directly relevant to
the prepublication 2022 NTP Monograph. See Doc08 Meta-analysis for the meta-analysis-
relevant comments and responses.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-38.

- comment on SoS and meta-analysis documents (July 2022): The - raised concerns
regarding exposure measurement in previous comments. The current Discussion sections in
each document cover some exposure measurement limitations but may not sufficiently
address - previous comments or other important issues potentially impacting individual and
group urinary fluoride measurement, such as variation in period of urine collection,
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variations/transient increases in excretion, variations in clearance times, as well as total
fluoride exposure by age, sex, developmental stage, and over time.

Response: Disagree (no change)

(0]

In responses to earlier comments from _, we have pointed out reasons
as to why we consider these concerns to be overstated and speculative. For example,
for a study to be considered lower risk of bias for exposure, we required creatinine or
specific gravity adjustments for measurements of urinary fluoride. We also cited studies
reporting reasonable agreements between 24-hr urine and repeated-volume-corrected
spot urine fluoride levels in the monograph.

We also note that there is no evidence to suggest that that the factors cited above (e.g.,
variation in period of urine collection) could account for the consistent direction of the
association between fluoride in urine and children’s IQ observed across the body of
evidence. To do so, these factors would need to affect both fluoride exposure and
children’s 1Q. If such evidence was provided, we would assess it.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends revising the response to the reviewer’s comment and avoiding
referral to the comment’s concerns as “overstated and speculative.” The response should
acknowledge the limitations of urine concentrations for exposure assessment, while also
including a statement, such as is found in the Methods section of the draft SoS Monograph, last
paragraph, page 16: “Urinary fluoride levels measured during pregnancy and in children include
all ingested fluoride and are considered a valid measure to estimate total fluoride exposure
(Villa et al. 2010; Watanabe et al. 1995; ....”

See Appendix I, page I-31.
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DocB2_Monograph

InJuly 2022, the _ provided comments to NIEHS/DNTP on the

prepublication 2022 NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review. These - comments were
provided in tracked changes embedded in a Microsoft Word version of the monograph. The full text of
- comments has been reproduced below verbatim in black text along with the specific sentence
referred to by _ as quotes under a heading for the specific section of the monograph (e.g.,
“Abstract”). Responses have been added in blue text following each of the comments beginning with the
word “Response” in bold font. Formatting has been applied to aid in reading.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022. The
prepublication 2022 NTP Monograph was subsequently sent to _ for additional comments. A

revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes_2022 NTP_Monograph.” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _

N -
o _ For comments related to DocG_Monograph, DocH_Monograph,

Docl_Monograph, Doc)_Monograph, and DocK_Monograph:

0 Edits are marked with a comment bubble in the
DocMon_Track_Changes 2022 NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the - Comment-

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
_ would be marked “see DocB2_Monograph for detailed response”).

° _ For comments related to DocAl_Monograph, DocA2_Monograph,
DocB1_Monograph; DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

O Edits are marked in track changes format in the
DocMon_Track_Changes 2022 NTP_Monograph.

0 Acomment bubble has been added to the text in question containing the exact text of
the- Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.

B2.1: Abstract page xii: “Fluoride is a common exposure in our environment that comes from a variety of
sources and is widely promoted for its dental and overall oral health benefits.” [Text in red-
strikethrough font deleted by _ without further comment.]

Response: Disagree (no change)
0 We consider this sentence to be correct as written in the Abstract section.
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BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-13.

B2.2: Abstract page xii: “The evidence reviewed at that time was from dental and skeletal fluorosis-
endemic regions of China with fluoride levels in water typically > XX mg/L.” [Text in red font inserted
by _ without further comment.]

Response: Disagree (no change)

0 Additional detail to characterize the evidence cited in the NAS 2006 document is not
necessary to support the statement and is beyond the focus of the paragraph. We note that
dental and/or skeletal fluorosis has been reported in areas where high levels of fluoride are
found in coal, as well as in areas with high levels in drinking water.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-13.

B2.3: Abstract page xiii: “This review f/nds with moderate conf/dence that higher fluoride exposure
(e.qg., g 5 exceedings the
World Health Organ/zat/on Gu1dellnes for Drinking-water Quality of 1.5 mg/L of fluoride) is
consistently associated with lower 1Q in children.” [Text in red font inserted and red-strikethrough

font deleted by ||| Gz

- comment: - suggest that this text be struck here, and elsewhere in the State of the
Science (SOS) document as it implies that all fluoride exposures are known for all studies, and
this is not the case.

The SOS reports states that drinking-water fluoride levels may underestimate exposure to
fluoride.

Response: Disagree (no change)

0 The parenthetical expression provides an example of what is meant by “higher fluoride
exposure.” This example was added to the prepublication 2022 NTP Monograph in response
to many earlier comments that requested this clarification. The statement correctly
emphasizes that total fluoride exposure from all sources is the important consideration, and
it does not imply that all fluoride exposures are known for all studies.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-14.

B2.4: Abstract page xiii: “More studies are needed to fully understand the potential for lower fluoride
exposure to affect children’s 1Q”

- comment: - suggest providing more detail in the abstract for added context. For
example:
Associations between lower total fluoride exposure and children’s IQ remain unclear. No
population-level analysis was presented of effects from exposures to 0.7 mg/L, the U.S. Public
Health Service recommended fluoridation level for community water systems for prevention of
dental decay. More studies at lower exposure levels are needed to fully understand potential
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associations in ranges typically found in the United States. Approximately 0.5 percent of
community water systems in the U.S. have naturally occurring levels of fluoride > 1.5 mg/L
water, the WHO guideline.

Response: Disagree (no change)

0 The suggested text contains errors. First, the publication by Green et al. (2019) did
examine the 1Q of children in Canada exposed to fluoride in both non-fluoridated
communities and fluoridated communities with 0.7 mg/L in drinking water (the same
recommended fluoridation level for community water systems in the United States).
Individual exposure levels of women living in these optimally fluoridated cities in
Canada, as documented by repeated urinary measurements, suggest widely varied total
exposures from water combined with fluoride from other sources. Many of these
urinary fluoride measurements exceed those expected from consuming fluoride in
water alone that contains 1.5 mg/L fluoride or less. The Bashash et al. (2017) study also
provided information from a population in Mexico whose urinary fluoride exposures
were comparable to those identified in the Green et al. (2019) study. Both studies are
reviewed in our monograph and contribute to our confidence conclusions. Second, the
suggested text implies that there are populations that could be studied where exposure
to fluoride is only through drinking water. Our document stresses that fluoride
exposures are from multiple sources, and that our confidence statements apply to total
fluoride exposure, rather than exposures from drinking water alone. While we cite the
number of people in the United States provided fluoridated drinking water from
community water systems at >1.5 mg/L in the Introduction section, we consider the last
line of the suggested addition again misdirects the reader from the emphasis on total
fluoride exposure as the critical exposure metric.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-14.

B2.5: Introduction page 1: “Fluoride is a common exposure in our environment from a variety of sources
and is widely promoted for its dental and overall oral health benefits.” [Text in red-strikethrough
font deleted by _ without further comment.]

Response: Disagree (no change)

0 We consider this sentence from the Introduction section to be correct as written.
BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-16.

B2.6: Introduction page 1: “This level is the maximum amount of fluoride eentarmination (naturally
occurring, not from water fluoridation) that is allowed in water from public water systems and is set
to protect against increased risk of skeletal fluorosis, a condition characterized by pain and
tenderness of the major joints.” [Text in red-strikethrough font deleted by _ without
further comment.]
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Response: Disagree (no change)

0 The official designation of the regulatory limit is the Maximum Contaminant Level, or
MCL. Therefore, the sentence is correct as written.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page I-16.

B2.7: Introduction page 1: “Commeoniy-—cited-health Health concerns related cited in relation to fluoride
are bone fractures and skeletal fluorosis, lower intelligence quotient (IQ) and other neurological
effects, cancer, and endocrine disruption.” [Text in red text inserted and red-strikethrough font

deleted by _ without further comment.]

Response: Agree (change made)

0 The proposed edit was accepted as suggested.
BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-16.

B2.8: Methods page 10: “The reference lists of all included studies; relevant reviews, editorials, and
commentaries; and the Fluoride Action Network website thttp//flueridealert-org) were manually
searched for additional relevant publications.” [Text in red-strikethrough font deleted by

I |
- comment: The URL was already noted above.

Response: Agree (change made)

0 The URL was deleted as suggested, pending implementation of any final formatting
standards for NTP monographs.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-25.

B2.9: Methods page 17: “Analytical methods to measure fluoride in biological or water samples also
varied, some of which included atomic absorption, ion-selective electrode methods, colorimetric
methods, or the hexamethyldisiloxane microdiffusion method.”

- Comment: Concerns were raised previously about the quality control of the analytical
measurements.

Response: Disagree (no change)

(o} - has suggested that studies describing analytical methods without explicit
methodological details on calibration and intra- and inter-day precision should not be
rated as probably low risk of bias for exposure assessment. However, as we noted
elsewhere, this seems to reflect a misunderstanding between criteria for definitely low
risk of bias (which requires direct evidence of both a well-established method to
measure fluoride and a QC procedure including such things as recovery rates, blanks, or
reference standards) and probably low risk of bias (which requires that a well-
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established method to measure fluoride was used and indirect evidence that typical
procedures were followed). The text in question is in the Methods section on risk-of-bias
considerations for human studies, where the basic approach was outlined following
prespecified criteria provided in the protocol (https://ntp.niehs.nih.gov/go/785076).
Note that Appendix E provides details on the risk-of-bias ratings (including justifications)
for each of the low risk-of-bias studies.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-32.

B2.10: Methods p 19: Duan et al. (2018) reported a significant non-linear dose- response relationship
between fluoride dose and intelligence with the relationship stated as most evident with exposures
from drinking water above 4 mg/L (or 4 ppm) fluoride.

- comment: Was a threshold considered?
Response: No change requested
0 Duan et al. (2018) did not discuss specific considerations of threshold.
BSC WG Assessment:
The BSC WG considers NTP the authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-34.

B2.11: Results p 41: “Similarly, water fluoride concentrations for pregnant women from fluoridated
areas (mean water fluoride levels of 0.59 + 0.08 mg/L) versus pregnant women from non-fluoridated
areas (mean water fluoride levels of 0.13 + 0.06 mg/L) were associated with a significant 5.29-point
decrease in 1Q score per 1-mg/L increase in fluoride in both boys and girls combined (95% Cl: -10.39,
-0.19; p-value <0.05) (Green et al. 2019).”

- comment: Is this actually observed (a 1 mg/L difference in fluoride concentrations leading
to a 5.29 point decrease in 1Q), or is this a predicted hypothetical effect from a model? If this is a
modeled result rather than an observed result, should this be stated more clearly? Same
comment may apply broadly.

Response: Disagree (edited for clarity)

O Green et al. (2019) presented the observed results from an adjusted linear regression
analysis of water fluoride concentrations (mg/L) and children’s FSIQ scores, providing
the coefficient corresponding to a 1-mg/L difference in fluoride exposure. These are
measured data, rather than hypothetical numbers.

0 The sentence in question has been edited for clarity as follows:

“Similarly, based on drinking water concentrations, a 1-mg/L increase of fluoride in
drinking water was associated with a significant 5.29-point decrease in 1Q score in both
boys and girls combined (95% Cl: -10.39, -0.19; p-value <0.05) (Green et al. 2019).”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-56.
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B2.12: Results page 47: “The results from 53 studies with high potential for bias that evaluated 1Q in
children also consistently provide supporting evidence of decrements in 1Q associated with exposures
to fluoride.”

- comment: At any exposure level? Please qualify.

Response: Disagree (no change)

0 Asdiscussed in the monograph, there is moderate confidence from low risk-of-bias
studies of an association between higher fluoride exposure and lower IQ in children
when total fluoride exposure approximates or exceeds the WHO Guidelines for
Drinking-water Quality of 1.5 mg/L. Although the high risk-of-bias studies cover a range
of fluoride exposure levels from below 1 mg/L to over 4 mg/L, we have not determined
a level of confidence for specific exposure levels in the high risk-of-bias studies;
therefore, we cannot further qualify this statement.

BSC WG Assessment:

The BSC WG considers NTP authors’ response to the reviewer’s comment inadequate:

The BSC WG considers the following sentence in the draft SoS Monograph (Results, page 47) to
be poorly worded: “The results from 53 studies with high potential for bias that evaluated 1Q in
children also consistently provide supporting evidence of decrements in |Q associated with
exposures to fluoride.” As written, it implies that the effect (slope) is the same across all
concentrations, which is incorrect. The BSC WG recommends adding text to the draft SoS
Monograph which explains that the strength of the finding is greater at the higher dose range.

See Appendix I, page 1-62.

B2.13: Discussion page 78: “Associations between lower total fluoride exposure [e.g., represented by
populations whose total fluoride exposure was lower than the WHO Guidelines for Drinking- water
Quality of 1.5 mg/L of fluoride (WHO 2017)] and children’s IQ remain unclear.”

- comment: This language was commented on earlier. How is exposure in water correlated
with overall exposure in this sentence?

Response: No change requested

(0]

The statement relies on empirical observations of a close correspondence between
drinking water concentrations and urinary fluoride concentrations first described prior
to significant additional fluoride exposures from other sources such as dental products
(see Kumar et al. (2017) [DOI 10.1007/s13201-016-0492-2] as an example). Our
assessment of confidence in the association between higher fluoride exposure and
lower children’s IQ is supported by studies that report total fluoride exposures as
represented by urinary measurements.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-93.

B2.14: Summary page 81: “ This review finds, with moderate confidence, that higher fluoride exposure
[e.g., represented by populations whose total fluoride exposure approximates or exceeds the WHO
Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride (WHO 2017)] is consistently associated
with lower 1Q in children.”
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- comment: Relation between total fluoride exposure and 1.5 mg/I level is not clear.

Response: Disagree (no change)

0 See response to the preceding comment.
BSC WG Assessment:
The BSC WG considers NTP authors’ response to the reviewer’s comment inadequate:

The BSC WG notes that the moderate confidence conclusion refers to total exposure to fluoride;
however, the WHO Drinking-water Quality Guideline of 1.5 mg/L of fluoride is used as the
comparator, which could be confusing to readers. The BSC WG also notes that analytical
methods do not measure exposure, they measure exposure biomarkers. The BSC WG
recommends adding the underlined text below to the Summary, page 81, to better define “total
fluoride exposure”: “This review finds, with moderate confidence, that higher fluoride exposure
[e.g., represented by populations whose total fluoride exposure, as reflected in biomarkers such
as urine fluoride, approximates or exceeds the WHO Guidelines for Drinking-water Quality of 1.5
mg/L of fluoride (WHO 2017)], is consistently associated with lower I1Q in children.”

See Appendix |, page 1-97.

B2.15: Summary page 81: “This review finds, with moderate confidence, that higher fluoride exposure
[e.g., represented by populations whose total fluoride exposure approximates or exceeds the WHO
Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride (WHO 2017)] is consistently associated
with lower 1Q in children. Populations with exposure to >1.5 mg/L naturally occurring fluoride in
water represent 0.59% of the U.S. population.” [Text in red font inserted by _.]

- comment: Might want to add, if correct, primarily from very small water systems — please
check EPA website.

Response: Disagree (no change)

0 The proposed reference to naturally occurring fluoride in water comes from a periodic
survey of community water systems in the United States carried out by the Centers for
Disease Control and Prevention. However, the moderate confidence is based entirely on
studies outside the United States. The proposed sentence also focuses on fluoride in
water systems rather than “total fluoride exposure” as in the current text. In addition, it
is not clear what _ is referring to as “very small water systems” or for what
purpose this additional information would serve.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends that the authors add text to the Summary, page 82, (and Abstract,
page xiii) of the draft SoS Monograph to provide context to the conclusion statement for
readers. The BSC WG notes that the conclusion of moderate confidence refers to total fluoride
exposure relative to the WHO Drinking-water Quality Guideline of 1.5 mg/L. The text should
address that total fluoride exposure includes all sources of fluoride, including drinking water.

See Appendix I, page 1-97.
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DocC_Monograph

in June 2022, the | - ovided comments to

NIEHS/DNTP on the prepublication 2022 NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopmental and Cognitive Health Effects: A Systematic Review. These -
comments were embedded in a PDF version of the monograph. The full _ have been
reproduced below verbatim along with the specific monograph text referred to by _ in
guotes and the section and page number of the monograph (e.g., “Summary page 81”). Responses have
been added in blue text following each of the comments beginning with the word “Response” in bold
font. Formatting has been applied to aid in reading.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022. The

prepublication 2022 NTP Monograph was subsequently sent to - for additional comments. A
revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes_ 2022 NTP_Monograph.” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _
comments and ||| G corments:

o _ For comments related to DocG_Monograph, DocH_Monograph,

Docl_Monograph, Doc)_Monograph, and DocK_Monograph:

0 Edits are marked with a comment bubble in the
DocMon_Track_Changes 2022 NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the - Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
this - would be marked “see DocC_Monograph for detailed response”).

° _ For comments related to DocAl_Monograph, DocA2_Monograph,
DocB1_Monograph; DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

O Edits are marked in track changes format in the
DocMon_Track_Changes 2022 NTP_Monograph.

0 Acomment bubble has been added to the text in question containing the exact text of
the- Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.

37



NTP BSC Working Group Report

- Comments on the NTP State of the Science document

C.1: Abstract page xii: “A systematic review protocol was developed and utilized following the
standardized OHAT systematic review approach for conducting literature-based health
assessments.”

_ Comment: See NASEM comment about the protocol on p. 4 of Response to Fluoride
NASEM Letter 10.5.2021:"Although the statement clarifies the general role of the handbook, the
committee finds that it does not address the committee’s previous recommendation to set the
expectation for how closely the process described in the handbook will be followed in the
protocol and in the eventual systematic review. For example, the handbook section “Key
Questions and Analytical Framework” that guides development of the population, exposure,
comparator, and outcomes (PECO) statement is not included in the fluoride protocol or the
revised monograph. As the committee recommended in its previous review, NTP should treat
each systematic review protocol as a stand-alone document that contains all the information
necessary for understanding of the planning and conduct of the review, and these expectations
should be explicitly stated in the protocol. The committee did not find that revisions of the
protocol adequately addressed this recommendation.

Response: Disagree (edited for clarity)

0 The response here mirrors the response to the original NASEM Committee comment.
We appreciated the desire of the NASEM Committee for more specificity in the protocol
with respect to laying out all aspects of the systematic review; however, we respectfully
submit that the specificity and level of detail provided in the protocol meet, and in many
aspects exceed, standard practice in the field. The following text was added to the
Methods section of the prepublication 2022 NTP Monograph to further clarify the role
of the OHAT handbook and the stand-alone nature of the protocol.

“The protocol served as the complete set of methods followed for the conduct of this
systematic review. The OHAT Handbook for Conducting a Literature-Based Health
Assessment (http://ntp.niehs.nih.gov/go/38673) is a source of general systematic review
methods that were selected and tailored in developing this protocol. Options in the
OHAT handbook that were not specifically referred to in the protocol were not part of
the methods for the systematic review.”

0 Optional approaches in the OHAT handbook such as the formulation of “key questions”
or an “analytical framework” were not necessary and not conducted for the fluoride
systematic review.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The reviewer notes that a NASEM comment states that the systematic-review process was not
adequately described and the OHAT handbook was not fully followed in the draft SoS
Monograph. The BSC WG recommends that the systematic-review protocol should contain all
the information necessary for understanding the planning and conduct of the systematic review.
This information could be provided in text or through reference to the OHAT handbook. Any
deviation of methods from the handbook should be clearly explained in the protocol. The BSC
WG notes that the authors describe the “key questions and analytic framework” section as
“optional” in the OHAT handbook; however, the handbook found at
https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookmarch2019 508.pdf does not identify any
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|H

sections as “optional.” The BSC WG recommends consulting with an expert on the OHAT
handbook to determine whether the omitted sections are intended to be optional.

See Appendix I, page I-13.

C.2: Abstract page xii: “The current bodies of experimental animal studies and human mechanistic

C.3:

evidence do not provide clarity on the association between fluoride exposure and neurocognitive or
neurodevelopmental human health effects.”

_ comment: IMPT Conclusion- the lack of biological plausibility or mechanistic evidence is

critical and should be weighted more heavily in assessments of human impact.

Response: Disagree (no change)

0 As pointed out in the Discussion section of the monograph, “Mechanistic studies in
humans provide some evidence of adverse neurological effects of fluoride. However,
these studies were too heterogenous and limited in number to make any determination
on biological plausibility.” As indicated in the Limitations of the Evidence Base
subsection, “The understanding of the specific molecular events responsible for fluoride’s
adverse effects on neurobehavioral function is poor.” The prepublication 2022 NTP
Monograph clearly states that the moderate confidence expressed in the association
between higher fluoride exposures and children’s 1Q is based on the consistent pattern
of findings in human epidemiological studies. It is not unusual to observe and appreciate
the potential for human health effects of a given exposure in the absence of
understanding the mechanistic events responsible.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG notes that the sentence in the Abstract of the draft SoS Monograph might be
misinterpreted to suggest that a mechanism exists, although poorly understood, to explain the
association between fluoride exposure and neurocognitive or neurodevelopmental health
effects. The BSC WG recommends that the authors provide a more explicit description of the
results from the human mechanistic studies in the Abstract with text like that in the Discussion
section. For example, “Mechanistic studies in humans were too heterogeneous and limited in
number to make any determination on biological plausibility.”

See Appendix I, page I-13.

_ comment: More recent studies have shown "The discrepancy between experimental

and epidemiological evidence may be reconciled with deficiencies inherent in most of these
epidemiological studies on a putative association between fluoride and intelligence, especially
with respect to adequate consideration of potential confounding factors, e.g., socioeconomic
status, residence, breast feeding, low birth weight, maternal intelligence, and exposure to other
neurotoxic chemicals. In conclusion, based on the totality of currently available scientific
evidence, the present review does not support the presumption that fluoride should be
assessed as a human developmental neurotoxicant at the current exposure levels in Europe."

Guth S et al. Toxicity of fluoride: critical evaluation of evidence for human developmental
neurotoxicity in epidemiological studies, animal experiments and in vitro analyses. Archives of
Toxicology (2020) 94:1375-1415.
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Response: Disagree (no change)

0 We appreciate the thoughts and opinions of Guth et al. (2020) on the collective
potential deficiencies in the body of human evidence on whether fluoride acts as a
developmental neurotoxicant. However, we point out that their publication fails to
provide a critical evaluation of the majority of the studies they cite, instead focusing on
Green et al. (2019) and Broadbent et al. (2015), two studies that differ appreciably in
design and quality, to support their case. Nonetheless, the overall conclusion by Guth et
al. (2020), “The available epidemiological evidence does not provide sufficient
arguments to raise concerns with regard to CWF in the range of 0.7-1.0 mg/L, and to
justify the conclusion that fluoride is a human developmental neurotoxicant that should
be categorized as similarly problematic as lead or methylmercury at current exposure
levels,” is not at odds with our conclusion.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

C.4: Abstract page xiii: “This review finds, with moderate confidence, that higher fluoride exposure (e.g.,
represented by populations whose total fluoride exposure approximates or exceeds the World Health
Organization Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride) is consistently associated
with lower 1Q in children.”

_ comment: Based upon the standards for "Quality" criteria, the confidence estimate
appears overstated. www.gradeworkinggroup.org

Response: Disagree (no change)

0 Our approach for assessing confidence in the body of evidence is indeed a GRADE-based
methodology, as described in the Methods subsection of the monograph, Confidence
Rating: Assessment of the Body of Evidence, with additional details provided in the
protocol for this systematic review (https://ntp.niehs.nih.gov/go/785076) and the OHAT
handbook (https://ntp.niehs.nih.gov/go/ohathandbook). Also note that the GRADE
working group has updated its terminology over the years to refer to “certainty” or
confidence in the body of evidence to avoid confusion with the term “quality.” The
principal benefits of GRADE-based approaches are the consistency of the steps and
transparency in the process of developing confidence ratings and documenting the
scientific bases for these judgements. In the GRADE-based method, confidence is
typically assessed separately for each outcome (e.g., IQ) because confidence in the body
of evidence often varies between outcomes and age groups (e.g., children versus
adults). There are three separate subsections in the Results—one for IQ in Children, one
for Other Neurodevelopmental or Cognitive Effects in Children, and another for Cognitive
Effects in Adults—where the body of evidence is described and critically assessed
specifically to develop confidence ratings. The Confidence Assessment of Findings on 1Q
in Children subsection describes in detail how the data support moderate confidence in
the body of evidence that higher exposure to fluoride is associated with lower IQ in
children. Each of the GRADE-based factors considered for potentially increasing (e.g.,
dose response) or decreasing (risk of bias) confidence in the body of evidence is
described along with evidence-based support of judgements for each factor.
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BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-14.

C.5: _ comment: The data do not support the assertion of an effect below 1.5 mg/L.
Therefore, all conclusory statements in this document should be explicit that any findings from
the included studies only apply to water fluoride concentrations above 1.5 mg/L.

Response: Disagree (no change)

0 We do not agree with this comment. Our assessment considers fluoride exposures from
all sources, not just water. As discussed in the prepublication 2022 NTP Monograph,
because fluoride is also found in certain foods, dental products, some pharmaceuticals,
and other sources, individual behaviors are likely an important determinant of actual
exposures. Even in the optimally fluoridated cities in Canada studied by Green et al.
(2019), individual exposure levels, as documented by repeated urinary measurements,
suggest widely varying total exposures from water combined with fluoride from other
sources. For example, some urinary fluoride measurements exceed those that would be
expected from consuming water that contains fluoride at 1.5 mg/L. While much of the
literature evaluating exposures to fluoride and reduced cognition in children involves
total exposures to amounts assumed to approximate or exceed the World Health
Organization Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride, we make it
clear that our assessment considers total fluoride exposure from all sources, not just
drinking water alone.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors use more precise language throughout the draft SoS
Monograph when referring to fluoride exposure. The BSC WG suggests stressing in the Abstract
and other appropriate parts of the draft SoS Monograph that exposure refers to total exposure
to fluoride and not just exposure to fluoride from drinking water.

C.6: Abstract page xiii: “More studies are needed to fully understand the potential for lower fluoride
exposure to affect children’s 1Q.”

_ comment: Suggest alternative language: There is a need to develop basic guidelines for
designing and conducting prospective population-based (epidemiological) fluoride studies
relevant to diverse communities and at fluoride exposure levels (0.7 mg/L) recommended in the
United States.

Response: Disagree (no change)

0 This statement may well be correct, but the recommendation is beyond the stated
objective and Specific Aims of our systematic review as described in the protocol and
document. The prepublication 2022 NTP Monograph does not attempt to establish
support for this point.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page I-14.
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C.7: Preface page xiv: “Overall the revised monograph seems to include a wealth of evidence and a
number of evaluations that support its main conclusion, but the monograph falls short of providing a
clear and convincing argument that supports its assessments.... Thus, NTP has removed the hazard
assessment step and retitled this systematic review of fluoride exposure and neurodevelopmental
and cognitive health effects as a “state-of-the-science” document to indicate the change.”

_ comment: If the monograph does not provide a clear and convincing argument in
support of its assessments--- removing one step doesn't strengthen the validity of the
assertions. Note: many conclusions in this SOS monograph seem to reflect the hazard
conclusions from the previous version of the monograph

Response: Disagree (no change)

(0]

The comment refers to a statement from the NASEM Committee review of the 2020
draft NTP Monograph that reached a hazard conclusion that fluoride was presumed to
be a cognitive neurodevelopmental hazard to humans. This text from the Preface
explains that the hazard assessment step was removed from the current prepublication
2022 NTP Monograph to address the NASEM Committee’s comment on “clear and
convincing argument” for the NTP hazard conclusions in the 2020 draft NTP Monograph.
The goal of the current, extensively revised monograph is to provide a comprehensive
assessment of the scientific literature on fluoride as an important resource to inform its
safe and appropriate use. The prepublication 2022 NTP Monograph includes a number
of additional studies and provides the most complete and transparent critical
assessment of the human epidemiological literature to date.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page I-15.

C.8: Preface page xiv: “This state-of-the-science document does not include the meta-analysis of
epidemiological studies or hazard conclusions found in previous draft monographs; however, it
provides a comprehensive and current assessment of the scientific literature on fluoride as an
important resource to inform safe and appropriate use.”

_ comment: This SOS report includes Appendix A which presents all the data and analysis
from the meta-analysis found in previous draft monograph... therefore, the weakness identified
by NASEM: "but the monograph falls short of providing a clear and convincing argument that
supports its assessments persists. " [Note that the word “persists” should be outside the quote.]

Response: Disagree (no change)

(0]

As stated in this quote from the Preface, the hazard conclusions were removed to
address the NASEM Committee’s comment on “clear and convincing argument” for the
NTP hazard conclusions in the 2020 draft NTP Monograph. Appendix A (Data Figures:
Neurodevelopmental or Cognitive Effects and Outcomes) presents results of low risk-of-
bias studies evaluated in the prepublication 2022 NTP Monograph that formed the basis
for the confidence statements reached for children’s IQ studies, children’s other
cognition and neurobehavior studies, and adult cognition studies. Appendix A does not
include results of the meta-analysis and is not meant to provide a clear and convincing
argument. The main text in conjunction with Appendix E provide support for our
assessment and overall confidence rating.
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BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-15.

C.9: _ comment: Removing the meta-analysis as a response to NASEM comments would not
remedy the shortcoming they cited: "but the monograph falls short of providing a clear and
convincing argument that supports its assessments?

Response: Disagree (no change)

0 This comment is addressed in the previous two responses. Again, it is inappropriate to
attribute the NASEM Committee’s comments on the prior 2020 draft NTP Monograph to the
prepublication 2022 NTP Monograph.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

C.10: Introduction page 1: “Commonly cited health concerns related to fluoride are bone fractures and
skeletal fluorosis, lower intelligence quotient (IQ) and other neurological effects, cancer, and
endocrine disruption.”

- comment: This statement is inflammatory. It is not a reflection of the current state of the
science on this issue. However, these assertions that have been made by the Fluoride Action
Network and are not evidenced-based. Ref: Osteoporos Int. 2008 Mar;19(3):257-68. Epub 2007
Aug 15.

Effects of treatment with fluoride on bone mineral density and fracture risk--a meta-analysis
P Vestergaard 1, N R Jorgensen, P Schwarz, L Mosekilde

Affiliations expand PMID: 17701094

Response: Agree (change made)

0 We disagree that the statement is inflammatory and also note that the sentence is
historically accurate in the scientific literature. Nonetheless, we have removed the
reference to bone fractures. The sentence has been revised to read as follows:

“Health concerns cited in relation to fluoride are skeletal fluorosis, lower intelligence
quotient (1Q) and other neurological effects, cancer, and endocrine disruption.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-16.

C.11: Introduction page 3: “However, the NASEM Committee’s reviews (NASEM 2020; 2021) of the 2019
and 2020 drafts of the monograph indicated that, “Overall the revised monograph seems to include
a wealth of evidence and a number of evaluations that support its main conclusion, but the
monograph falls short of providing a clear and convincing argument that supports its
assessments....” For this reason, our methods were revised to remove the hazard assessment step
(i.e., the section “Integrate Evidence to Develop Hazard Identification Conclusions” and the
associated section “Translate Confidence Ratings into Level of Evidence for Health Effect”).”
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- comment: If NASEM stated that the monograph did not provide clear and convincing
argument that supports its assessment, then removing the hazard assessment would not change
the strength of the evidence. Also, why remove the meta-analysis from the context of the
report?

Response: Disagree (no change)

0 The hazard assessment step, leading to the hazard conclusion referred to in the NASEM
comment, integrates information across evidence streams after each evidence stream is
assigned a confidence rating. As previously pointed out, the current document stops at
the confidence rating step and provides a transparent assessment of studies to support
confidence ratings for children’s IQ, children’s other cognitive and neurobehavioral
outcomes, and adult cognition. The finding of moderate confidence in the body of
evidence concerning the association between higher fluoride exposures and lower 1Qs in
children is unchanged from earlier drafts of the monograph.

0 The meta-analysis was removed for separate publication because we did not consider it
necessary to reach a confidence rating for children’s IQ in the prior drafts of the
monograph. Indeed, the current draft of the meta-analysis is careful to point out that
the collective quantitative assessment of the children’s 1Q studies is based on a
systematic review that supported moderate confidence in the association between
higher fluoride exposures and deficits in children’s 1Q.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the draft SoS Monograph and the draft M-A Manuscript should be
complete, standalone documents and not reference each other for information unless timing for
publication can be coordinated, perhaps by NTP publishing both documents.

See Appendix I, page 1-18.

C.12: Introduction page 3: “Identify literature that assessed neurodevelopmental and cognitive health
effects, especially outcomes related to learning, memory, and intelligence, following exposure to
fluoride in human, animal, and relevant in vitro/mechanistic studies.”

- comment: If an element or substance is known to be in the environment, then
EVERYTHING would qualify as "following" an exposure... therefore, this would be measuring
prevalence of learning, memory, and intelligence in the study population.

Response: Disagree (no change)

0 Asdefined in the PECO (Population, Exposure, Comparator and Outcome) statement in
Table 1 of the monograph, exposure to fluoride in human studies is based on
administered dose or concentration, biomonitoring data (e.g., levels in urine, blood,
other specimens), environmental measures (e.g., levels in air, water), or job title or
residence. Furthermore, the temporality of the exposure preceding outcome can be
established by study design (e.g., prospective cohort) or analysis (e.g., prevalence of
dental fluorosis in children, limiting study populations to children who lived in the same
area for long periods of time).
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BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-18.

C.13: Methods page 6: “Comparable populations not exposed to fluoride or exposed to lower levels of
fluoride (e.g., exposure below detection levels).”

- comment: how would you determine "detection" levels if you are not measuring the
dose of exposure? Not clear how comparable popltns (sic) of not exposed are equivalent or
appropriate to use in lieu of "exposed to lower levels of fluoride"

Response: Disagree (edited for clarity)

(0]

The PECO (Population, Exposure, Comparator and Outcome) statement in Table 1 of the
monograph defines the parameters for human studies to be included in the systematic
review. The exposure requirements are stated as studies with exposure to fluoride
based on “administered dose or concentration, biomonitoring data (e.g., urine, blood,
other specimens), environmental measures (e.g., air, water levels), or job title or
residence” with additional specifications outlined in the text. Similarly, the comparator
requirements indicate that a study must include a comparator population in addition to
individuals or populations exposed to fluoride. Following the standard approach for
epidemiological studies, a comparable population must be either not exposed to
fluoride or exposed to lower levels of fluoride. The parenthetical “(e.g., exposure below
detection limits)” was not intended to define lower levels of fluoride and was not used
as such for the literature search or elsewhere in the evaluation. The “exposure below
detection limits” phrase was meant as an example where measures below detection
limits would be considered a population not exposed to fluoride. We moved the phrase
as follows and inserted the following footnote on how the criteria were used in the
evaluation.

“Comparable populations not exposed to fluoride (e.g., exposure below detection levels)
or exposed to lower levels of fluoride”

Footnote: Note: The “(e.g., exposure below detection limits)” was moved after
“populations not exposed to fluoride” to reflect how it was used in the literature search
and elsewhere in this systematic review.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests using more precise language to describe exposure. Additionally,
“exposures” are not below detection levels; rather, it is the exposure biomarker concentrations
(e.g., in urine), which are used to estimate exposures, that would be above or below detection

limits.

The BSC WG considers the text in Footnote 4 to Table 1 (page 6) unclear and suggests revision.

See Appendix I, page I-21.
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C.14: Methods page 8: “Studies identified from other sources or manual review that might impact
conclusions are considered under “references identified through other sources” in Figure 2.”

- comment: what is the relationship of the 11 studies identified through these means
proportional to those included from the database searches? it is concerning that there were 11
studies that were NOT identified in the database search that may have been important... does
this represent literature/study selection bias?

Response: Disagree (edited for clarity)

0 The monograph provides information as to why the references identified by other
sources were not captured in the database searches. Note that many of the studies
initially identified by other sources were non-English-language studies, and we
recognized that additional targeted search strategies were required to identify non-
English-language studies for this review. The supplemental search of Chinese databases
was designed to address these challenges. This is described in the monograph as
follows:

“These 11 studies (9 human and 2 animal studies) were not identified through the
electronic database searches, as they were not indexed in any of the electronic
databases searched. Note that the supplemental search of non-English-language
databases was designed in part to identify non-English-language studies that are not
indexed in traditional bibliographic databases such as PubMed. It was successful in this
goal, as multiple studies that were initially only identified through “other sources” were
subsequently captured in the supplemental Chinese database search, leaving only 11 as
identified through other sources.”

O Note that all 11 studies were published in non-Western journals. Regarding the source
for identifying these 11 studies, the monograph describes the sources as “...identified by
technical advisors or obtained by manually searching the Fluoride Action Network
website or reviewing reference lists of published reviews and other included studies.” Of
the nine human studies identified through other sources, five were identified via their
inclusion in the Choi et al. (2012) meta-analysis, and four were only identified in the FAN
database (three of which were Indian studies).

0 Regarding the impact of these 11 studies on the systematic review, only 1 of the 11
studies was a low risk-of-bias 1Q study in children, and this study was included in the 19
low risk-of-bias studies upon which the moderate confidence rating for the 1Q-in-
children body of evidence is based. The omission of this single study would not impact
the moderate confidence rating. Of the remaining 10 studies, 7 were high risk-of-bias
studies of IQ in children and 1 was a high risk-of-bias study of adults. The inclusion or
omission of the 7 (out of 53) high risk-of-bias |Q-in-children studies or the 1 (out of 8)
high risk-of-bias adult studies would not impact any confidence conclusions in the
monograph. Similarly, the two experimental animal studies would not impact the
evaluation as the animal evidence was considered inadequate.

O The text identified by _ was edited for clarity replacing “might impact
conclusions” with “satisfy the PECO criteria for inclusion” as follows:

“Studies identified from other sources or manual review that satisfy the PECO criteria for
inclusion are considered under “references identified through other sources” in Figure 2.”
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BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-23.

C.15: Methods page 9: “Although additional studies were identified, data that would materially advance
the animal and mechanistic findings were not identified; therefore, these studies were not extracted
nor were they added to the draft.”

- comment: However, why select older studies when more current ones are available?

Response: Disagree (no change)

0 The comment refers to the decision to not update the experimental animal and animal
mechanistic study sections in the 2020 draft NTP Monograph or the prepublication 2022
NTP Monograph. The review did not select older studies when newer studies were
available. As stated, when the literature review was updated through May 2020, newer
literature was scanned for information that could materially extend the findings of
experimental animal or mechanistic studies, which previously had been determined to
be inadequate to affect the confidence level based on the human studies. Newer studies
did not materially extend the earlier findings. Furthermore, consideration of the newer
studies did not change the determination that these data were inadequate; therefore,
they were not extracted or added to the document.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors clearly communicate their decision not to update the
experimental animal or mechanistic study sections and why. Also, for completeness, the BSC
WG suggests that the authors cite the new literature they examined.

See Appendix I, page 1-24.

C.16: Methods page 9: “A secondary goal was to examine whether the non-English-language studies on
the Fluoride Action Network website (http://fluoridealert.org/)—a site used as another resource to
identify potentially relevant studies because it is known to index fluoride publications—had been
selectively presented to list only studies reporting effects of fluoride.”

- comment: what is the conclusion on whether they are selectively presented?

Response: No change requested
0 We saw no indication that the studies were selectively presented on the FAN website.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests adding text to the Methods section, page 9, of the draft SoS Monograph
like text found in the authors’ response to the reviewer’s comment (i.e., “We saw no indication
that the studies were selectively presented on the FAN website.”).

See Appendix I, page 1-24.
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C.17: Methods page 9: “Studies identified that evaluated primary neurodevelopmental or cognitive
outcomes were included and either translated or reviewed by an epidemiologist fluent in Chinese.”

- comment: There are many Chinese dialects and thus, interpretations and translations
may vary. Are these made available?

Response: Disagree (no change)

0 Almost all the Chinese-language literature used in this evaluation was read and
underwent data extraction by an epidemiologist fluent in Chinese. There were no
instances where this was hindered by dialect. As indicated in the Risk-of-bias
Considerations for Humans Studies section on pages 14-15 of the prepublication 2022
NTP Monograph, some of the Chinese-language literature was also available as English
translations, and these studies are listed in Appendix C, Section 2.1, List of Included
Studies. In addition, an interactive version of the study selection diagram is publicly
available in the Health Assessment Workspace Collaborative that can be used to search
for individual studies and their bibliographic information
(https://hawcproject.org/summary/visual/assessment/405/Figure-2/). Most of the
Chinese-language studies were determined to be high risk of bias. For papers that were
considered potentially low risk of bias based on the English translation, the accuracy of
the translation was verified by the epidemiologist fluent in Chinese.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-24.

C.18: Methods page 9: “Supplemental Chinese Database Literature Search.”

- comment: Why not just utilize what was identified through Main Literature Database
Search?

Response: Disagree (no change)

0 A principal tenant of a systematic review is to find all literature related to the question
being addressed. Many of the studies on populations exposed to fluoride are from
China, which has a large scientific literature and studies may be published in non-
English-language journals that are not indexed in U.S. databases. Therefore, we
developed the supplemental literature search of Chinese databases to address this
potential issue. A number of non-English studies were also identified by searching other
sources. For example, the reference lists of all included studies and relevant
reviews/meta-analyses were manually searched for additional relevant references.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-24.

C.19: Methods page 10: “The reference lists of all included studies; relevant reviews, editorials, and
commentaries; and the Fluoride Action Network website (http://fluoridealert.org/) were manually
searched for additional relevant publications.”

- comment: Inclusion of these "other resources" likely bias the environmental scan given
that FAN posts studies skewed toward detrimental effects?
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Response: Disagree (no change)

0 As previously stated, we have no tangible evidence to support this assertion. However,
to address “other resources” as described in the quoted sentence, our search included
the manual scanning of reference lists of all included studies, relevant reviews, etc., not
just the FAN website.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-25.

C.20: Methods page 14: “Quality Assessment of Individual Studies”

- comment: Consider this heading might be renamed Risk of Bias Assessment since this
section is more about Risk-of-bias than Quality and since risk of bias is not the same as "quality".

""Quality" as used in GRADE means more than risk of bias and so may also be compromised by
imprecision, inconsistency, indirectness of study results, and publication bias."
https://pubmed.ncbi.nim.nih.gov/21208779/

<http://cccrg.cochrane.org/author-resources. Version 3.0 December 2016

Response: Disagree (no change)

o] _ is correct that, historically, GRADE used the term “quality” to refer to more
than risk of bias and that use of the term included imprecision, risk of bias, and other
factors for the evaluation of the body of evidence. However, it is precisely this confusion
that caused GRADE to move away from the term “quality” for the GRADE framework for
assessing certainty in the evidence. GRADE has updated its use of terminology over the
years to refer to “certainty” or confidence in the body of evidence where it once used
the term “quality.” Unfortunately, GRADE maintains both terms, which may have led to

confusion. We have been very careful with our terminology and use the
term “quality” when describing our overall process for assessing individual studies, not
just risk of bias in an effort to reach those who are unfamiliar with risk of bias and to
reflect that our method does consider factors that are not strictly risk of bias (e.g.,
methodological considerations under outcome assessment). In addition, our approach
specifically uses “assessment of individual studies” for quality and risk of bias to avoid
confusion with the evaluation of the body of evidence when rating confidence.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-29.

C.21: Methods page 15: “The remaining studies (i.e., other than the high risk-of-bias studies) were
considered to have lower potential for bias (i.e., low risk of bias) and to be of high quality.”

- comment: An assessment and determination of low bias should not automatically
translate to a study being classified as high quality. Suggest that these should be
handled/assessed separately and a separate set of criteria to determine the quality. It does not
appear as though any low risk of bias studies were rejected for "quality" reasons
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Response: Disagree (no change)

O Please see the previous response, as _ appears to be referring to the historical
use of the term “quality” to refer to more than just risk of bias. However, it is precisely
this confusion that caused GRADE to move away from the term “quality” over the years
and to instead use “certainty” or confidence in the evidence where it once used the
term “quality.”

0 As explained in this text from the section on Quality Assessment of Individual Studies in
the Methods section of the monograph, the terms “high quality” and “low risk of bias”
are being used synonymously in the prepublication 2022 NTP Monograph.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-30.

C.22: Methods page 16: Exposure was assessed using a variety of methods in the human body of
evidence thereby introducing heterogeneity across the selected studies and complicating the
comparison across study findings. [Text in red font added by reviewer.]

- comment: A consistent critique of the evidence-base is the heterogeneous measures of
fluoride exposure, the absence of precise dose measurement, and measurement methods that
do not allow an evaluation of cumulative fluoride exposure.

These weaknesses in exposure estimates have the potential to produce misclassification bias.

Response: Disagree (no change)

0 Wediscuss the limitations of the different types of fluoride exposure assessment
methods, including those mentioned in this comment, in our Risk of Bias Considerations
for Human Studies section of the monograph. Any potential misclassification bias in
exposure measurement methods, and likely direction of bias, would have been
described in the risk of bias assessment (Appendix E). We noted no evidence that
cumulative exposure was necessary as cognitive deficits were identified in children of all
ages tested.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors ensure that the Abstract of the draft SoS Monograph
accurately reflects the limitations in fluoride exposure assessment methods identified by the
reviewer.

See Appendix I, page I-31.

C.23: Methods page 16: “Despite potential issues with spot urine samples, if authors made appropriate
efforts to reduce the concern for bias (e.g., accounting for dilution), studies that used this metric
were generally considered to have probably low risk of bias for exposure.”

- comment: The approach to classifying studies for risk-of-bias using spot urine samples
solely based upon the study authors' "appropriate efforts" is concerning. The assertion of
correlation between spot urine and 24-hour samples is not scientifically sound--- The Zohouri
study referenced here as substantiating evidence is based upon a sample size of n=7 children
aged 1-3 years.
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Response: Disagree (no change)

0 The conditions under which spot urine samples can be considered to support a
determination of probably low risk of bias are discussed in the Exposure subsection of
Risk-of-bias Considerations for Human Studies. The comment does not provide reasons
to explain why the approach described in that subsection is not scientifically sound.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-31.

C.24: Methods page 19: “Probably Low risk of bias: There is indirect evidence of low risk-of-bias
practices, OR it is deemed that deviations from low risk-of-bias practices for these criteria during the
study would not appreciably bias results, including consideration of direction and magnitude of
bias.”

- comment: Cases of unknown or undocumented bias were considered as indirect
evidence and may therefore have been misclassified as Low risk rather than
'Unknown/undocumented" which would in other analyses be considered high risk.

Response: Disagree (no change)

0 Itis a misstatement that cases of unknown or undocumented bias were considered as
indirect evidence. If information to make a risk-of-bias judgement was not available, it
was categorized as “not reported,” which is equivalent to probably high risk of bias.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-34.

C.25: Methods page 20: “Furthermore, the review did not exclude subjects exposed in occupational
settings. All exposure levels and scenarios encountered in human studies are considered direct (i.e.,
applicable, generalizable, and relevant to address the objective of the assessment); therefore, a
downgrade for indirectness would not be applied to bodies of evidence from human studies.”

- comment: The explanation of "Indirectness" assigning study subjects as "all humans"-
provides NTP the ability to disregard "indirectness" in its totality as a Quality criterion.
This creates a scenario where for example, a study of 90 year old retired Chinese coal miners
could be considered "direct" evidence of exposure applying to children in the United States or
elsewhere.

Response: Disagree (no change)

0 Asis made clear in the monograph, independent confidence statements are provided
for our assessment of fluoride exposures in relation to children’s 1Q, children’s cognitive
and neurobehavior outcomes other than IQ, and adult cognition. Therefore, the
hypothetical study of 90-year-old Chinese coal miners would be considered in relation
to other studies on adults, and not children.
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BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG considers the reviewer’s comment regarding generalizability a valid concern. The
BSC WG recommends that the authors address in the draft SoS Monograph the limitations
around generalizability when attributing associations found in a special setting (e.g., an
occupational setting) to the general population.

See Appendix |, page I-35.

C.26: Results page 53: “We conclude that there is moderate confidence in the body of evidence that
higher fluoride exposure is associated with lower IQ in children.”

- comment: Based upon the standards for Quality criteria , the confidence estimate is
overstated. www.gradeworkinggroup.org

Response: Disagree (no change)

0 This comment is essentially the same as one _ made previously on the
Abstract section; therefore, we present a brief version of that response here. Our
approach for assessing confidence in the body of evidence is indeed a GRADE-based
methodology as described in the Methods subsection Confidence Rating: Assessment of
the Body of Evidence, the protocol, and the OHAT handbook. The principal benefits of
GRADE-based approaches are the consistency of the steps and transparency in the
process of developing confidence ratings and documenting the scientific bases for these
judgements. The Confidence Assessment of Findings on IQ in Children section of the
monograph describes in detail how the data support moderate confidence in the body
of evidence that higher exposure to fluoride is associated with lower IQ in children.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-68.

C.27: Results page 54: " The initial moderate confidence rating is based on 15 of the 19 low risk-of-bias
studies that have 3 of the 4 key study design features shown in Figure 1 (i.e., exposure occurred prior
to outcome, individual-based outcomes were evaluated, and a comparison group was used).”

- comment: Meeting these three design features does not reflect the "quality" of the
studies and therefore, calls into question the classification as Moderate confidence.

Response: Disagree (no change)

o] _ is referring to one step in the process of assessing confidence in the body
of evidence. We agree that this single sentence alone does not reflect the entire
approach. The sentence preceding the one identified by _ outlines the
steps, explaining that, “This confidence rating was reached by starting with an initial
confidence rating based on key study design features of the body of evidence and then
considering factors that may increase or decrease the confidence in that body of
evidence.” The following sentences discuss how each of the factors is considered for the
body of evidence on IQ studies in children and refers to Figure 1 in the Methods section.
As is clearly stated in the Methods subsection on Organizing and Rating Confidence in
Bodlies of Evidence on pages 19-22 and illustrated in Figure 1, the key study design
features are used to set an initial confidence rating, which is then subjected to potential
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upgrades or downgrades for all the factors discussed (e.g., risk of bias, consistency,
indirectness, imprecision, publication bias, magnitude of effect). These factors are
considered collectively when determining the final level of confidence in the evidence
base.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-69.

C.28: Results page 54: “Unexplained inconsistencies: The data are consistent, and there was no
downgrade for this factor. Eighteen of the 19 low risk-of-bias studies reported associations between
higher fluoride levels and lower IQ scores in children. These studies were conducted in 5 different
countries on more than 7,000 children from 15 different study populations. There is consistency in
results across prospective and cross-sectional study designs. There is also consistency in results
across studies using different fluoride exposure measures, including urinary and drinking water
fluoride. The one study that did not observe an association did not provide results in a comparable
manner and therefore this body of evidence is not considered to have unexplained inconsistencies.”

- comment: However, exposure measures, tests and scales used across the studies were
not consistent or standardized. A visual assessment of Figures Al through A5 appears that a
claim of consistency is not supported by the evidence presented. The majority of the findings
presented fall in the null effect range and positive findings often overlap with reference findings.

Response: Disagree (no change)

0 We disagree with this comment. Support for these statements on the consistency of the
data are based on our detailed assessment of the 1Q studies as described in the Results
section on pages 40-47, which summarizes the results of the low risk-of-bias IQ studies.
Consistency refers to the direction of the association between fluoride exposure (at any
level) and children’s IQ. Figures A1-A5 are referenced in the text; however, our
statement of consistency was not developed by visual inspection of these figures.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG notes that the text regarding unexplained inconsistencies in Results, page 54, of the
draft SoS Monograph is vague. The BSC WG recommends that the authors address their
assessment of “unexplained inconsistencies” in the “Unexplained inconsistencies” bullet under
“Confidence Assessment of Finding on IQ in Children” instead of discussing “consistency” in the
evidence.

The BSC WG recommends that the authors make clear about what they found consistent. The
BSC WG also recommends that the authors discuss that many associations were null even if
there was consistency in the direction of the associations.

See Appendix I, page 1-69.

C.29: Results page 54: “Indirectness: |1Q in humans is a direct measure of the association of interest;
therefore, no adjustment in confidence is warranted.”

- comment: The definition exempts NTP from all criticism related to indirectness among all
included human studies. This in turn allows NTP to include additional studies outside of the
initial search criteria established in their protocol, e.g. including two non-English, databases, as
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well as FAN identified literature and considering those studies as "direct evidence" and relevant
to U.S. populations.

Response: Disagree (no change)

0 The statement concerning indirectness simply states that studies that directly measure
IQ in children are not downgraded for indirectness because they directly measure the
outcome of interest in children. We disagree that this this provides us license to expand
our search strategy (which was conducted in response to a NASEM Committee
recommendation). We also point out in the Limitations of the Evidence Base section that
the absence of any comparable studies on U.S. populations is a data gap.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-69.

C.30: Results page 54: “There is no evidence of imprecision that would warrant a downgrade. Eighteen
studies reported lower 1Q with higher fluoride, and no issues with imprecision were identified to
challenge the significance of the effect estimate.”

- comment: Imprecision clearly evident upon visual inspection of Figures Al through A5,
which frequently shows wide and overlapping confidence intervals. Therefore, this discussion
item should be revised.

Response: Disagree (edited for clarity)

0 Asstated above, we disagree with this comment based on our detailed assessment of
the 1Q studies as described in the Results section on pages 40-47, which summarizes the
results of the low risk-of-bias IQ studies. However, we agree that the referenced
statement could be more precise with respect to the criteria for considering a
downgrade in confidence based on imprecision as outlined in the Methods section on
page 21 of the monograph. Therefore, this text was edited to read as follows:

“There is no evidence of serious imprecision that would warrant a downgrade. Eighteen
low risk-of-bias studies reported lower 1Q with higher fluoride, and no issues with
imprecision were identified to challenge the significance of the response estimates.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG agrees with the reviewer that stating that “Eighteen studies reported lower IQ with
higher fluoride” does not seem relevant to a discussion of precision, which should address the
precision of the effect estimates (i.e., width of the confidence intervals). The BSC WG
recommends that the authors reword or reconceptualize the response to the reviewer’s
comment and better explain in the draft SoS Monograph their reason(s) for not downgrading
the body of evidence for imprecision. In rewording the sentence, the BSC WG recommends that
the authors should use “relatively high” or “high” instead of “higher” when referring to fluoride
exposure unless the comparator is stated.

See Appendix I, page 1-69.
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C.31: Results page 54: “Publication bias: There is no strong evidence of publication bias; therefore, no
downgrade was applied for publication bias.”

- comment: NTP does not seem to have adjusted its methodology in response to NASEM
critique p.22 NASEM review response (Sept 2021): "In addition to what it has presented, it
should mention the weaknesses of the tests used to evaluate that bias. One weakness is that the
evaluation of the funnel plot involves mostly a subjective interpretation, which can be especially
troublesome when the number of studies is small. Another weakness is the possibility that
positive results from the funnel plot and the Egger and Begg tests might be caused by something
other than publication bias. In addition, NTP uses the phrase “eliminating publication bias”
when it refers to the results of the trim and fill analyses (see, for example, NTP 2020a, p. 49).
However, because the tests for publication bias are not 100% specific, it is not known exactly
what is being eliminated by the trim and fill process. The committee suggests that a better
phrase might be “adjusting for possible publication bias.” In summary, acknowledging the
weaknesses of the tests that were used to evaluate publication bias would make the report
more transparent.”

Response: Agree (no change)

0 This - comment is no longer relevant to the prepublication 2022 NTP
Monograph because the phrase quoted by NASEM is not in the monograph. However,
this NASEM Committee’s comment has been fully addressed in the meta-analysis
manuscript (e.g., phrasing has been revised and a limitation has been added). Please see
our full response to this NASEM comment in document “Sup01_Meta-
analysis_NASEM_Feb_2021.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-69.

C.32: Results page 55: “The magnitude of effect size and the overall strength and quality of the human
literature base provide moderate confidence in the body of evidence that higher exposure to fluoride
is associated with lower 1Q in children (see the Discussion section for strengths and limitations of the
evidence base).”

- comment: The data do not support the assertion of an effect below 1.5 mg/L. Therefore,
all conclusory statements in this document should be explicit that any findings from the included
studies only apply to water fluoride concentrations above 1.5 mg/L.

Response: Disagree (no change)

0 We do not agree with this comment. As explained in a previous response, our
assessment considers fluoride exposures from all sources, not just water. As discussed in
the prepublication 2022 NTP Monograph, because fluoride is also found in certain
foods, dental products, some pharmaceuticals, and other sources, individual behaviors
are likely an important determinant of actual exposures. Even in the optimally
fluoridated cities in Canada studied by Green et al. (2019), individual exposure levels, as
documented by repeated urinary measurements, suggest widely varying total exposures
from water combined with fluoride from other sources. For example, some urinary
fluoride measurements exceed those that would be expected from consuming water
that contains fluoride at 1.5 mg/L. While much of the literature evaluating exposures to
fluoride and reduced cognition in children involves total exposures to amounts assumed
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to approximate or exceed the World Health Organization Guidelines for Drinking-water
Quiality of 1.5 mg/L for fluoride, we make it clear that our assessment considers total
fluoride exposures from all sources, not just drinking water alone.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors more frequently remind readers that they are
considering total exposure to fluoride, not just exposure to fluoride from drinking water.

The BSC WG also suggests that the authors should use “relatively high” or “high” instead of
“higher” when referring to fluoride exposure unless the comparator is stated.

See Appendix I, page 1-70.

C.33: Results page 61: “Altogether, the results from eight of nine low risk-of-bias studies (three
prospective cohort studies and five cross-sectional studies from seven different study populations)
provide evidence of significant associations between fluoride exposure and cognitive
neurodevelopmental outcomes in children other than decrements in 1Q (see Figure A-9 through
Figure A-11) (Barberio et al. 2017b; Bashash et al. 2017; Bashash et al. 2018; Li et al. 2004
[translated in Li et al. 2008a]; Riddell et al. 2019; Rocha-Amador et al. 2009; Valdez Jimenez et al.
2017; Wang et al. 2020a).”

- comment: In this section, this summary statement without further explanation is
misleading. Elsewhere in this document the authors indicate that the data regarding ADHD
effects contains significant heterogeneity regarding methods and outcomes and thereby
precludes conclusions about ADHD and other attention-related disorders.

Response: Disagree (edited for clarity)

0 We disagree that further explanation is required in this section. The Overall Findings
subsection in the Summary of Results is consistent with how we present the other
summaries for each body of evidence. We describe the results of individual studies
included in the body of evidence, but not the reasoning for the confidence rating, which
is discussed later in the section (on page 66). We are removing the word “altogether”
from the sentence below to lessen expectations for a confidence-level statement in this
section.

“The results from eight of nine low risk-of-bias studies (three prospective cohort studies
and five cross-sectional studies from seven different study populations) provide evidence
of significant associations between fluoride exposure and cognitive neurodevelopmental
outcomes in children other than decrements in IQ (see Figure A-9 through Figure A-11)
(Barberio et al. 2017b; Bashash et al. 2017; Bashash et al. 2018; Li et al. 2004 [translated
in Li et al. 2008a]; Riddell et al. 2019; Rocha-Amador et al. 2009; Valdez Jimenez et al.
2017; Wang et al. 2020a).”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends that the authors provide a more specific description of the results
regarding how many studies were positive or negative and for what outcomes the findings were
significant. The BSC notes that while eight of nine low risk-of-bias studies likely reported at least
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one statistically significant association, studies often include multiple measures, and some
measures may not have been statistically significant.

See Appendix I, page I-76.

C.34: Results page 64: “As discussed above, there are nine studies considered to have low risk of bias
when assessed across all risk-of-bias domains.”

- comment: There remain other confounders not considered by NTP that are known to
contribute to neurodevelopmental effects; This calls into question the appropriateness of NTP's
determination of low risk-of-bias looking at only three covariates (age, sex, and SES). This
determination is especially risky given the geographic heterogenicity of the studies referenced.
NTP considered additional covariates later in this report although limited to only three in
children studies. Reference: page 70
"potential concern for bias regarding covariates not being addressed, including possible co-
exposures in occupational studies (e.g., aluminum) and smoking." These covariates also apply to
potential for children study outcomes from parental and environmental exposure in the home,
school, or community.

Response: Disagree (no change)

0 Itisinaccurate to say that the determination of low risk of bias was looking at only three
covariates (age, sex, and SES). These three covariates were identified as “key” across all
studies of fluoride exposure and any neurodevelopmental and cognitive outcome. To be
assigned a rating of probably low risk of bias for the confounding domain, studies were
required to address the three key covariates in addition to any other covariates
considered important for the specific study population and outcome. Additional
covariates considered important for this evaluation, depending on the study population
and outcome, included race/ethnicity; maternal demographics (e.g., maternal age, body
mass index [BMI]); parental behavioral and mental health disorders (e.g., attention
deficit hyperactivity disorder [ADHD], depression); smoking (e.g., maternal smoking
status, secondhand tobacco smoke exposure); reproductive factors (e.g., parity);
nutrition (e.g., BMI, growth, anemia); iodine deficiency/excess; minerals and other
chemicals in water associated with neurotoxicity (e.g., arsenic, lead); maternal and
paternal IQ; and quantity and quality of caregiving environment (e.g., Home
Observation Measurement of the Environment [HOME] score).

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the NTP authors add text to the Results section of the draft SoS
Monograph that explicitly identifies all the covariates that they considered, even if three key
covariates (age, sex, and SES) were required to be addressed.

See Appendix |, page I-79.

C.35: Results page 65: “Seven of the nine studies [i.e., all low risk-of-bias studies except Barberio et al.
(2017b) and Riddell et al. (2019)] used appropriate methods for measuring other
neurodevelopmental effects in the study population, and blinding of outcome assessors was either
reported or not a concern in eight of the nine studies [i.e., all with the exception of Wang et al.
(2020a)].”
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- comment: Lack of evidence regarding "blinding" is not sufficient to warrant assumption
of study's low-risk. Further, this does not appear to conform with accepted scientific rigor of
study design and implementation.

Response: Disagree (no change)

(0]

Blinding of outcome assessors was considered for each study and is described in the
HAWC database. A low risk-of-bias rating for the outcome assessment domain is based
on (1) whether appropriate methods were used to measure the outcome and, when
methods had any subjectivity, whether (2) the outcome was assessed blind. The quote
provided above indicates that, of the nine studies, two did not use appropriate methods
and a third study did not report information on blinding. Although the quote doesn’t
specifically state that these three studies received a rating of “probably high” for
outcome assessment, the next paragraph in the monograph clearly provides this
information. The initial paragraph that is quoted summarizes concerns with the
outcome assessment in the group of studies, and the next paragraph provides more
detail.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-80.

C.36: Results page 66: “The high-quality studies (i.e., studies with low potential for bias) provide
evidence assumption of an association between fluoride exposure and other cognitive
neurodevelopmental effects, including lower neurobehavioral scores in infants, cognitive effects
other than IQ in children, and increased attention-related disorders including ADHD in children.
However, due to limitations in the data set, including the heterogeneity in the outcomes assessed, a
limited number of directly comparable studies, and differences in outcome assessment methods even
when studies evaluated similar outcomes, there is low confidence based on this body of evidence
that fluoride exposure is associated with other cognitive neurodevelopmental effects in children.”
[Text in red font inserted and red-strikethrough font deleted by _.]

- comment: This [second] sentence directly contradicts the leading, first sentence in this
paragraph. The first sentence by itself is misleading. Note: red text indicates editorial change.

Response: Disagree (edited for clarity)

(0]

The characterization of the available data as an “assumption” is not accurate so we
maintained the original word (i.e., “evidence”). We also disagree that it contradicts the
previous sentence. However, to clarify the first sentence, we inserted the word “some”
before “evidence” as follows:

“The high-quality studies (i.e., studies with low potential for bias) provide some evidence
of an association between fluoride exposure and other cognitive neurodevelopmental
effects, including lower neurobehavioral scores in infants, cognitive effects other than 1Q
in children, and increased attention-related disorders including ADHD in children.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-81.
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C.37: Results page 73: Serum epinephrine and norepinephrine were significantly increased in a fluoride-
endemic region (it was not reported whether subjects were children or adults) compared with a non-
endemic region (Chinoy and Narayana 1992). Serum adrenaline and noradrenaline were significantly
increased in adults in a fluoride-endemic area (fluoride in the drinking water ranged from 1.0-6.53
ppm) compared with a control area (fluoride in the drinking water ranged from 0.56—0.72 ppm)
(Michael et al. 1996).”

- comment: For the non-health professional reader, the use of different nomenclature for
the same neurotransmitter is confusing.
Response: Agree (edited for clarity)
0 We agree that epinephrine and norepinephrine are the same as adrenaline and
noradrenaline, and we have edited the second sentence as follows:

“A separate study reported that serum epinephrine and norepinephrine (referred to as
adrenaline and noradrenaline in the study) were significantly increased in adults in a
fluoride-endemic area (fluoride in the drinking water ranged from 1.0-6.53 ppm)
compared with a control area (fluoride in the drinking water ranged from 0.56-0.72
ppm) (Michael et al. 1996).”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-89.

C.38: Results page 74: “Serum AChE was significantly reduced in children from a high fluoride region
compared with a lower fluoride region (Singh et al. 2013).”

- comment: A lay reader would not know what AChE is- question relevance.

Response: Disagree (no change)

0 AChE is defined as Acetylcholinesterase in the Mechanistic Data in Humans section on
page 72, which is the first time it is used in this section. On page F-2 we outline the
relevance of AChE for neurological effects.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-89.

C.39: Results page 74: “Aborted fetuses from high fluoride areas in China were found to have histological
changes in the brain and significant changes in neurotransmitter levels compared with a control area
(Du et al. 1992 [translated in Du et al. 2008]; Yu et al. 1996 [translated in Yu et al. 2008]).”

- comment: Consider that the studies cited are high risk of bias (per NTP), this sentence is
out of place and may be seen as inflammatory without adding value for the SOS and therefore,
recommend deletion.

Response: Disagree (no change)

0 This sentence is in a paragraph that describes mechanistic data among high risk-of-bias
studies. This study has been mentioned in all prior drafts of the monograph and has not
garnered criticism from any other reviewer.
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BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-89.

C.40: Results page 75: “Although any effects in the brain or neurological tissue at lower concentrations
of fluoride may support reduced 1Q in humans, it may be difficult to distinguish the potential effects
of fluoride on learning and memory functions from other neurological or general health outcomes.”

Reviewer comment: This statement is "fishing" and unsupported. Recommend deleting.

Response: Disagree (no change)

0 This sentence states a fact, and we object to the characterization of the sentence as
“fishing.” Similar to the previous comment, this statement has been in all prior drafts of
the monograph and has not garnered criticism from any other reviewer.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG considers that the following sentence in Results, page 75, of the draft SoS
Monograph describes a hypothetical situation: “Although any effects in the brain or neurological
tissue at lower concentrations of fluoride may support reduced 1Q in humans, it may be difficult
to distinguish the potential effects of fluoride on learning and memory functions from other
neurological or general health outcomes.” The BSC WG recommends that the sentence should
be clarified or deleted.

See Appendix |, page 1-90.

C.A1: Discussion page 76: “Altogether, the results from eight of nine high-quality studies (three
prospective cohort and five cross-sectional studies from seven different study populations) provide
some evidence that fluoride is associated with other cognitive or neurodevelopmental outcomes in
children. The data also suggest that neurodevelopmental effects occur in very young children.
However, the number of studies is limited, and there is too much heterogeneity in the outcomes
measured and methods used to directly compare studies of any one outcome. Additional studies on
outcomes such as attention-deficit hyperactivity disorder (ADHD) and other attention-related
disorders, where there is some evidence of an effect of fluoride exposure, would be necessary to
critically assess the data.”

- comment: This appears contrary to the preceeding sentence and is not valuable to
present description of the details of low-confidence studies.

Response: Disagree (edited for clarity)

0 We have edited the description of the body of evidence to include low- and high-quality
studies, as follows:

“The literature in children was separated into studies assessing 1Q and studies assessing
other cognitive or neurodevelopmental outcomes. There is low confidence in the body of
evidence from studies that evaluate fluoride exposure and other cognitive or
neurodevelopmental outcomes in children. This body of evidence is made up of nine
high-quality studies (three prospective cohort and six cross-sectional studies from seven
different study populations) and six low-quality studies. Eight of the nine high-quality
studies provide some evidence that fluoride is associated with other cognitive or
neurodevelopmental outcomes in children. The data also suggest that
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neurodevelopmental effects occur in very young children. However, the confidence in this
body of evidence is low because the number of studies is limited, and there is too much
heterogeneity in the outcomes measured, ages assessed, and methods used, to directly
compare studies of any one outcome. Additional studies on outcomes such as attention-
deficit hyperactivity disorder (ADHD) and other attention-related disorders, where there
is some evidence of an effect of fluoride exposure, would be necessary to critically assess
the data.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends marking the authors’ response as “Agree (edited for clarity)” instead
of “Disagree (edited for clarity).”

The BSC WG also recommends that the authors add text to the Discussion section, page 76, of
the draft SoS Monograph that summarizes the heterogeneity of outcomes among the studies
instead of just reporting how many studies found a “significant” effect on any outcome because
the outcome measures differ, and studies could report multiple outcome measures.

The BSC WG also recommends that the authors state clearly what “some evidence of an effect”
refers to (such as presenting at least one statistically significant finding among the multiple
outcomes assessed). The BSC WG recommends that the authors replace “some evidence of an
effect” with “some evidence of an association.”

See Appendix I, page 1-91.

C.42: Discussion page 76: “This review finds, with moderate confidence, that high fluoride exposure is
may be associated with lower IQ in children.” [Text in red font inserted and red-strikethrough font

deleted by [N |

- comment: The data do not support the assertion of an effect below 1.5 mg/L. Therefore,
all conclusory statements in this document should be explicit that any findings from the included
studies only apply to water fluoride concentrations above 1.5 mg/L.

Response: Disagree (no change)

0 As stated earlier, we disagree with this comment because it refers only to water fluoride
concentrations. As explained in previous responses, our assessment considers fluoride
exposures from all sources, not just water. As we discussed in the prepublication 2022
NTP Monograph, because fluoride is also found in certain foods, dental products, some
pharmaceuticals, and other sources, individual behaviors are likely an important
determinant of actual exposures. Even in the optimally fluoridated cities in Canada
studied by Green et al. (2019), individual exposure levels, as documented by repeated
urinary measurements, suggest widely varying total exposures from water combined
with fluoride from other sources. Many, but not all, of these measurements exceed
those that would be expected from consuming water that contains fluoride at 1.5 mg/L.
While much of the literature evaluating exposures to fluoride and reduced cognition in
children involves total exposures to amounts assumed to approximate or exceed the
World Health Organization Guidelines for Drinking-water Quality of 1.5 mg/L for
fluoride, we make it clear that our assessment considers total fluoride exposures from
all sources, not just drinking water alone.
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BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG notes that “higher” is defined very early in the draft SoS Monograph and
recommends that this definition should be restated throughout to facilitate a reader’s
understanding of the context of the conclusion (i.e., what is meant by “higher,” higher than
what) and the comparator should be clear.

The BSC WG recommends that the conclusion would be clearer if the sentence were reworded
so that the qualifier refers to exposure. The sentence would be edited to read (new text
underlined), “This review finds, with moderate confidence, that higher fluoride exposure (i.e.,
total fluoride exposure that approximates or exceeds the World Health Organization Guidelines
for Drinking-water Quality of 1.5 mg/L of fluoride) is consistently associated with lower 1Q in
children.” The BSC WG also recommends adding to the draft SoS Monograph the following
sentence from the authors’ response to the reviewer’s comment, “While much of the literature
evaluating exposures to fluoride and reduced cognition in children involves total exposures to
amounts assumed to approximate or exceed the World Health Organization Guidelines for
Drinking-water Quality of 1.5 mg/L for fluoride, our assessment considers total fluoride
exposures from all sources, not just drinking water alone.”

See Appendix I, page 1-91.

C.43: Discussion page 76: “The association between higher fluoride exposure and lower IQ in children
was consistent across different study populations, study locations, study quality/risk-of-bias
determinations, study designs, exposure measures, and types of exposure data (group-level and
individual-level).”

- comment: Exposure measures, tests and scales used across the studies were not
consistent or standardized.
A visual assessment of Figures Al through A5 appears that a claim of consistency is not
supported by the evidence presented. The majority of the findings presented fall in the null
effect range and positive findings often overlap with reference findings.

Response: Disagree (no change)

0 We disagree. The statement refers to the consistency in the direction of the association
between fluoride exposure and IQ in children across studies. Our support for this
statement is found in subsections of the Results covered on pages 40-47, which
summarizes the results of the low risk-of-bias children’s 1Q studies.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends editing the sentence in the Discussion, page 76, of the draft SoS
Monograph to be clearer by using text from the authors’ response. The sentence would be
edited to read (new text underlined): “The direction of the association between high (or
relatively high) fluoride exposure and lower IQ in children was consistent across different study
populations, study locations, study quality/risk-of-bias determinations, study designs, exposure
assessment measures, and types of exposure data (group-level and individual-level).”

The BSC WG recommends replacing “exposure measures” with “exposure assessment
measures” or “exposure biomarkers” throughout the draft SoS Monograph because exposure
can be assessed or evaluated indirectly via biomarkers of exposure (e.g., urinary or blood
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fluoride) and/or drinking water concentrations, but is seldom, if ever, directly measured. The
BSC WG also recommends using “relatively high” or “high” instead of “high” when referring to
fluoride exposure unless the comparator is stated.

See Appendix |, page 1-91.

C.44: Discussion page 76: “There were 19 low risk-of-bias studies that were conducted in 15 study
populations, across 5 countries, and evaluating more than 7,000 children.”

- comment: Note: The studies included in this analysis spanned five different countries,
different exposure measures and collection methods, types of exposure data, etc. and cannot be
considered "consistent".

Response: Disagree (no change)
0 As stated above, consistency refers to the direction of the association between fluoride
exposure and children’s 1Q across the studies.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends that the authors edit the sentence in the Discussion, page 76, of the
draft SoS Monograph to make clearer that “consistency refers to the direction of the association
between fluoride exposure and children’s IQ across the studies” as stated in their response to
the reviewer’s comment. The sentence would be edited to read: “The reported direction of the
association between fluoride exposure and children’s IQ was consistent in 19 low risk-of-bias
studies that were conducted in 15 study populations, across 5 countries, and evaluated more
than 7,000 children.”

See Appendix I, page 1-91.

C.45: Discussion page 77: “This review found that the quality of exposure assessment has improved over
the years. More recent studies by Valdez Jimenez et al. (2017), Bashash et al. (2017), and Green et al.
(2019) used individual measures of urinary fluoride, either maternal urine collected prenatally or
children’s urine, which confirmed the association between higher total fluoride exposure and lower
children’s 1Q and other cognitive neurodevelopmental effects.”

Review comment: The association is not causal and therefore, suggest changing the word
[confirmed] to "support"... the association..

Response: Agree (change made)
0 We agree and have changed “confirmed” to “support”.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-92.

C.46: Discussion page 77: “Studies using different types of exposure measures reported similar findings
of an association, which strengthens confidence in earlier studies that reported 1Q deficits with
increasing group-level fluoride exposure.”

- comment: This statement appears to imply that there are no studies with negative
findings and the sentence asserts a dose-response relationship for which data are incomplete.
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Response: Agree (change made)

0 We agree and have changed “increasing group-level fluoride exposure” to “high group-
level fluoride exposure”.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the draft SoS Monograph:

The BSC WG suggests that the authors replace “exposure measures” with “exposure assessment
measures” or “exposure biomarkers” throughout the draft SoS Monograph because exposure
can be assessed or evaluated indirectly via biomarkers of exposure (e.g., urinary or blood
fluoride) and/or drinking water concentrations, but is seldom, if ever, directly measured. The
sentence in the Discussion, page 77, would be edited to read (new text underlined): “Studies
using different types of exposure assessment measures reported similar findings of an
association, which strengthens confidence in earlier studies that reported 1Q deficits with
increasing group-level fluoride exposure.”

See Appendix I, page 1-92.

C.47: Discussion page 77: “A few studies also support the possibility of heightened sensitivities to the
detrimental cognitive effects of fluoride exposure in individuals with certain genetic polymorphisms
in dopamine receptor D2 or catechol-O-methyltransferase (Cui et al. 2018; Zhang et al. 2015b),
potentially impacting dopamine catabolism and receptor sensitivity.”

- comment: This statement presumes a conclusion that detrimental cognitive effects of
fluoride exposure are proven.

Response: Disagree (no change)

0 We disagree. The statement refers to the possibility of a greater sensitivity to fluoride
exposures in individuals with certain genetic polymorphisms and identifies this as
warranting further study.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG considers that the sentence, “A few studies also support the possibility of
heightened sensitivities to the detrimental cognitive effects of fluoride exposure in individuals
with certain genetic polymorphisms in dopamine receptor D2 or catechol-O-methyltransferase
(Cui et al. 2018; Zhang et al. 2015b), potentially impacting dopamine catabolism and receptor
sensitivity,” refers to the possibility of a greater sensitivity to fluoride exposures in individuals
with certain genetic polymorphisms and identifies this issue as warranting further study. The
BSC WG recommends revising the statement to read: “A few studies also support the hypothesis
that individuals with certain genetic polymorphisms in dopamine receptor D2 or catechol-O-
methyltransferase may be at heightened sensitivities to the potential detrimental cognitive
effects of fluoride exposure (Cui et al. 2018; Zhang et al. 2015b), potentially impacting dopamine
catabolism and receptor sensitivity.”

See Appendix I, page 1-92.
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C.48: Discussion page 77: “Differential exposures to fluoride and genetic susceptibilities of children to
fluoride may represent special situations that would appear to warrant further research.”

- comment: This sentence as written promotes the premise that fluoride is proven that
children have genetic susceptibilities by the suggestion that further research is needed (without
reference/citation)

Response: Disagree (no change)
0 We disagree. See the response to the prior comment, and note our references in the
text to studies by Cui et al. (2018) and Zhang et al. (2015).
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends revising the sentence in the draft SoS Monograph to read (new text
underlined): “Given the growing body of evidence suggesting an association between total
fluoride intake at relatively high (or high) doses and certain neurodevelopmental effects in
children, differential exposures to fluoride and genetic susceptibilities of children to fluoride
may represent special situations that would appear to warrant further research.”

The BSC WG recommends here and throughout the draft SoS Monograph using “relatively high”
or “high” instead of “higher” unless the comparator is stated and using “exposure assessment
measures” instead of “exposure measures” because exposure can be assessed or evaluated
indirectly via biomarkers of exposure (e.g., urinary or blood fluoride) and/or drinking water
concentrations, but is seldom, if ever, directly measured.

See Appendix I, page 1-92.

C.49: Discussion page 78: “Reported responses to fluoride exposure are consistent in studies of both low
and high quality.”

- comment: Of the 72 studies, there are some with equivocal or contrary results.

Response: Agree (edited for clarity)

0 Text has been changed to read: “Reported associations between higher fluoride
exposure and lower children’s IQ are consistent in the vast majority of studies of both
low and high quality.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests replacing “higher” with “relatively higher” or “high” when referring to
fluoride exposure unless the comparator is stated.

See Appendix I, page 1-95.

C.50: Discussion page 78: “Reported responses to fluoride exposure are consistent across different study
populations, study designs, and exposure measures.”

- comment: This statement is contrary to the earlier declarations of significant
heterogeneity across studies and thus, high risk of bias.
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Response: Disagree (edited for clarity)

0 The point of the comment is unclear. There is heterogeneity in outcomes among studies
that assessed neurodevelopmental outcomes other than 1Q (see Figure 3 in the
prepublication 2022 NTP Monograph), limiting the evidence base for any one outcome
such as ADHD. The quoted statement is referring to the evidence base of 72 1Q studies.
The consistency in direction of the association in the studies with heterogeneity in
methods of exposure and outcome assessment, in 5 different countries, and accounting
for a wide variety of covariates all serve to rule out the possibility that there is a
common factor other than fluoride exposure that can account for this outcome.

0 The statement in question was revised as follows:

“Reported associations between higher fluoride exposure and lower children’s 1Q are
consistent across different study populations, study designs, and exposure measures.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests using more precise language throughout the draft SoS Monograph when
referring to fluoride exposure. The BSC WG suggests editing the sentence in the Discussion,
page 78, to read (new text underlined): “The reported direction of the associations between
relatively high (or high) fluoride exposure and lower children’s IQ is consistent across different
study populations, study designs, and exposure assessment measures.”

The BSC WG suggests here and throughout the draft SoS Monograph using “relatively high” or
“high” instead of “higher” when referring to fluoride exposure unless the comparator is stated
and using “exposure assessment measures” instead of “exposure measures” because exposure
can be assessed or evaluated indirectly via biomarkers of exposure (e.g., urinary or blood
fluoride) and/or drinking water concentrations, but is seldom, if ever, directly measured.

See Appendix I, page 1-95.

C.51: Discussion page 78: “A wide variety of important covariates are either addressed by study design
or captured across the evidence base, with no consistent patterns that would suggest an alternative
explanation.”

- comment: see previous section comments:
Inadequate consideration of all relevant covariates; versus only three covariates used as criteria
for inclusion.

Response: Disagree (no change)

0 ltisinaccurate to say that only three covariates were used as criteria for inclusion. See
the previous response to the comment on “Results page 64” that describes the
importance of the three “key” covariates and lists the other relevant covariates
considered important depending on the specific study population and outcome.

0 In addition, the text on pages 47-49 in the Confounding for IQ Studies in Children section
and Figure 6 in the prepublication 2022 NTP Monograph provide a more detailed
characterization of the consideration of covariates.
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BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggest(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors add text to the Results section, Cofounding for 1Q Studies
in Children, of the draft SoS Monograph to make it clear that in addition to the three key
covariates (age, sex, SES) many others were considered. The text should explicitly state all the
covariates that they considered depending on the specific study population and outcome in
addition to the three key covariates (age, sex, and SES) that were required to be addressed.

See Appendix |, page 1-95.

C.52: Discission page 78: “Studies rarely separated the results by sex or provided information to indicate
that sex was not a modifying factor.”

- comment: More recent publications indicate differences in response by sex.
Community Water Fluoridation: A Review of Neurological and Cognitive Effects. Ottawa: CADTH;
2019 Oct. (CADTH rapid response report: summary with critical appraisal).
ISSN: 1922-8147 (online)
Ibarluzea, Jesu., Gallastegi, M., Santa-Marina, L., Jiménez Zabala, A., Arranz, E., Molinuevo, A,,
Lopez-Espinosa, M.-J., Ballester, F., Villanueva, C.M., Riano, I., Sunyer, J., Tardon, A., Lertxundi,
A., Prenatal exposure to fluoride and neuropsychological development in early childhood: 1-to 4
years old children., Environmental Research (2021), doi:
https://doi.org/10.1016/j.envres.2021.112181.

Response: Agree (no change)

O We agree that the studies identified by _ evaluated responses by sex;
however, the statement that "Studies rarely separated the results by sex” still applies.

BSC WG Assessment and Justification:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-93.

C.53: Discussion page 78: “Associations between lower total fluoride exposure [e.g., represented by
populations whose total fluoride exposure was lower than the WHO Guidelines for Drinking-water
Quality of 1.5 mg/L of fluoride (WHO 2017)] and children’s IQ remain unclear. More studies at lower
exposure levels are needed to fully understand petentied whether there are associations in ranges
typically found in the United States (i.e., <1.5 mg/L in water). However, it should be noted that, as of
April 2020, CWS supplying water with 21.5 mg/L naturally occurring fluoride served 0.59% of the U.S.
population (~1.9 million people) (CDC Division of Oral Health 2020).” [Text in red font inserted and
red-strikethrough font deleted by _.]

- comment: The last sentence of this bullet should be removed as it is not relevant to
Limitations of the Evidence Base.

Response: Disagree (no change)

O The fact that there is a significant number of people in the United States served by
drinking water sources containing >1.5 mg/L naturally occurring fluoride supports the
need to more fully understand the potential impact of total exposure to fluoride in
these areas along with areas with lower, more typical levels of fluoride in drinking
water.
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BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-93.
C.54: Discussion page 79: “Failure to address important covariates was an issue for many studies.”
Reviewer comment: This was also true for the low risk of bias studies

Response: Disagree (no change)

0 We disagree. As detailed in other responses above, the Confounding for IQ Studies in
Children section on pages 40-47 and Figure 6 in the prepublication 2022 NTP
Monograph provide a more detailed characterization of the consideration of covariates.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-94.

C.55: Discussion page 79: “Studies conducted in areas with high, naturally occurring fluoride levels in
drinking water often did not account for potential exposures to arsenic or iodine deficiencies in study
subjects in areas where these substances were likely to occur.”

- comment: This is also relevant for several of the low-risk studies that may have
accounted for arsenic in water but not levels in foods like rice, or accounted for other
environmental toxins and parental exposures.

Response: Disagree (no change)

0 We disagree. Arsenic in drinking or ground water was considered an important potential
co-exposure for all low risk-of-bias studies and is extensively discussed in the
monograph text and in Appendix E. While arsenic in rice was not considered, it is highly
unlikely that differential exposures to arsenic in rice would correlate with higher
exposures to arsenic across the five countries and cultures represented in the database.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-94.

C.56: Discussion page 80: “This systematic review has few limitations.”

- comment: This is a gratuitous interpretation of the limitations of this body of evidence.
Please see previous comments.

Response: Disagree (no change)

0 We disagree. The section on limitations of the systematic review deals with deviations
from best practices in performance of these types of literature reviews. The statement is
followed by details and explanation. There are, in fact, few limitations.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:
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The BSC WG suggests that the NTP authors edit the text in the Discussion section of the draft
SoS Monograph to read (new text is underlined): “There are, in fact, relatively few limitations.”
The BSC WG also suggests that the authors offer broader context by adding the following
sentence to the Discussion, “Although the large number of studies considered in this systematic
review exhibited a substantial amount of heterogeneity across studies, this systematic review
has relatively few limitations in terms of the assessment of the literature.”

See Appendix |, page 1-95.

C.57: Discussion page 80: “In addition, the systematic review covered a wide range of study designs,
populations, and measures of fluoride exposure.”

- comment: A wide range of study designs, populations, and measures of exposure in a
systematic review are limitations, not a strengths.

Response: Disagree (no change)
0 We disagree. While this statement may be true for systematic reviews of clinical studies,

for environmental epidemiological studies, a “wide range of study designs, populations,

and measures of exposure” demonstrate the robustness of the findings to alternative
explanations.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-95.

C.58: Discussion page 80: “The supplemental literature search for non-English-language studies not
indexed in traditional databases supports the comprehensive nature of the literature search strategy
for this systematic review.”

- comment: Dependent upon the quality of the supplemental databases and additional
studies considered, this could add to bias rather than mitigating it. Example: Chinese translation
may differ by dialects.

Response: Disagree (no change)

0 We disagree. The potential for differences in Chinese dialects is not a substantive
concern for why a systematic review would not conduct a comprehensive literature
search. The Chinese literature used in this evaluation was reviewed and extracted by an
epidemiologist fluent in Chinese, and there were no instances where this was hindered
by dialect. In addition, the data in most scientific literature are presented in tabular
formats.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-95.

C.59: Discussion page 80: “This informed approach influenced the selection process; however, this is not
considered a limitation because it provided an objective measure by which to compare databases.”

- comment: This is a significant limitation in that the pre-planned study protocol using a
Main Literature Search was modified with the equivalence of a "convenience sample" of added
literature (non-English language databases and "Other" literature from Fluoride Action Network-
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FAN) . This method introduces enormous potential for selection bias that may interfere with an
objective analysis and impact conclusions.

Response: Disagree (no change)

0 The reason for expanding the literature search to include Chinese databases was to
address possible issues of a “convenience sample” after having identified a large
number of publications through other sources. While FAN was one of the sources, it was
not the only source searched. As the majority of the studies identified from other
sources were from Chinese publications, the additional search was in Chinese
databases. This is not considered a limitation because, while there was potential for bias
for the selection of studies by FAN, searching the databases independently and applying
the criteria used for this assessment removed the potential bias.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-95.

C.60: Summary page 81: “There is, however, a large body of evidence on 1Q effects in children.”

- comment: This appears to equate that the "large body of evidence" is synonymous with
"proof" and none of the studies with designed to demonstrate causality

Response: Disagree (no change)

O This statement does not refer to proof, a term which does not appear in the
prepublication 2022 NTP Monograph. Subsequent sentences that follow this quote in
the monograph of low confidence for other neurodevelopmental and cognitive effects
and moderate confidence that higher fluoride exposure is consistently associated with
lower IQ in children do not equate to proof.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests replacing “effects” with “associations” throughout the draft SoS
Monograph to avoid implying causality and adding text to the sentence to improve its clarity.
For example, the sentence would be edited to read (new text underlined): “There is, however, a
large body of evidence on inverse associations between total fluoride exposure and IQ in
children.”

See Appendix I, page 1-97.

C.61: Summary page 81: “There is-elso-some-evidence is low confidence in the literature for effects that
fluoride exposure is associated with other neurodevelopmental and cognitive effects;-although

because of the heterogeneity of the outcomes;+there-islow-confidence-in-theliteratureforthese
other-effects.” [Text in red font was inserted by _ and text in red-strikethrough font

was deleted by _ without comment.]

Response: Disagree (no change)

0 Although we are open to editing that improves clarity, the proposed text does not, in
our opinion, provide an improvement and the repetition of the word “effects” was
confusing. We maintained the original text for clarity of the paragraph with the addition
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of the word “higher” before fluoride in response to a comment from a separate
reviewer:

“There is also some evidence that higher fluoride exposure is associated with other
neurodevelopmental and cognitive effects; although, because of the heterogeneity of the
outcomes, there is low confidence in the literature for these other effects.”

BSC WG Assessment and Justification:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC Working Group suggests rewording the sentence to refer to “high” or “relatively high”
instead of “high” when referring to fluoride exposure unless the comparator is stated.

See Appendix I, page 1-97.

C.62: Summary page 81: “This review finds, with moderate confidence, that higher fluoride exposure
[e.g., represented by populations whose total fluoride exposure approximates or exceeds the WHO
Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride (WHO 2017)] is consistently associated
with lower 1Q in children.”

_ comment: This sentence is an over-interpretation of the underlying science. Ref. (Letter

C.63:

to Dr. Woychik, 12/17/20 December 17, 2020)

Response: Disagree (no change)

0 We disagree. The statement refers to confidence due to consistency of an association
between higher fluoride exposure and lower IQ in children across studies. Our support
for this statement is found in subsections of the Results covered on pages 40-47, which
summarizes the results of the low risk-of-bias children’s 1Q studies.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-97.

_ comment: This statement does not reflect the literature that demonstrates a positive or

neutral association of fluoride exposure and IQ.(ref. : Community Water Fluoridation: A Review
of Neurological and Cognitive Effects. Ottawa: CADTH; 2019 Oct. (CADTH rapid response report:
summary with critical appraisal).

ISSN: 1922-8147 (online): and Ibarluzea, Jesu., Gallastegi, M., Santa-Marina, L., Jiménez Zabala,
A., Arranz, E., Molinuevo, A., Lopez-Espinosa, M.-J., Ballester, F., Villanueva, C.M., Riano, I.,
Sunyer, J., Tardon, A., Lertxundi, A., Prenatal exposure to fluoride and neuropsychological
development in early childhood: 1-to 4 years old children., Environmental Research (2021), doi:
DOI: 10.1016/j.envres.2021.112181.)

Response: Disagree (no change)

0 The CADTH report was not included in our evaluation because it is a review.
Furthermore, it appears that the CADTH report was designed to evaluate only one study
and this study is included in our evaluation. The inclusion criteria were limited to studies
published after 2017 with fluoride levels below 1.5 mg/L in drinking water. The CADTH
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report did not evaluate study quality and reached different conclusions than our much
more comprehensive systematic review.

0 Inaddition, we comment on the Ibarluzea et al. (2021) study in a footnote to the
Screening of the May 2020 Literature Search Update section of the prepublication 2022
NTP Monograph. Specifically, we state that it was published after April 2021 and,
therefore, is not included in the monograph because it is beyond the dates of the
literature search. Even if it had been published earlier, the study would not have
contributed to the body of evidence on children's IQ because the authors assessed other
neurodevelopmental or cognitive effects.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors include discussion of newly published meta-analyses in
the Discussion section of the draft SoS Monograph.

The BSC WG notes that if the draft M-A Manuscript is submitted to a journal for publication
consideration, the journal will likely ask the authors to update the literature search. The BSC WG
suggests that the timeframe for the literature should be consistent between the draft M-A
Manuscript and the draft SoS Monograph.

The BSC WG suggests that the draft SoS Monograph and the draft M-A Manuscript should be
complete, standalone documents and not reference each other for information unless timing for
publication can be coordinated, perhaps by NTP publishing both documents.

C.64: Summary page 81: “More studies are needed to fully understand the potential for lower fluoride
exposure to affect children’s 1Q.”

_ comment: Suggest replacing last sentence with: There is a need to develop basic
guidelines for designing and conducting prospective population-based (epidemiological) fluoride
studies in the United States relevant to diverse communities and at fluoride exposure levels (0.7
mg/L) recommended in the United States.

Response: Disagree (no change)
0 As stated earlier, this statement may well be correct, but our document does not
attempt to establish support for this point.
BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-97.
C.65: Appendix E page E-2: “E.1. IQ Studies”

_ comment: Several studies to not appear to address the consumption of rice which is
known in many regions to contain extremely high levels of arsenic.
Feng Liang, Yulan Li, Guilin Zhang, Mingguang Tan, Jun Lin, Wei Liu, Yan Li & Wenwei Lu (2010)
Total and speciated arsenic levels in rice from China, Food Additives & Contaminants: Part A,
27:6, 810-816, DOI: 10.1080/19440041003636661
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Response: Disagree (no change)

(0]

Although it is true that we did not consider arsenic levels in the rice directly, areas that
are known to have high arsenic levels in the water based on water quality maps were
identified to address arsenic. As these are also the areas that are likely to have high
arsenic in the rice, this comment is considered addressed by the water quality maps. As
noted above, it is highly unlikely that differential exposures to arsenic in rice would
correlate with higher exposures to arsenic across the five countries and cultures
represented in the database.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-190.

C.66: Appendix E page E-18: “E.1.6. Green et al. (2019)”

_ comment: A review of this study published in 2019 states that the conclusion of
maternal exposure to higher levels of fluoride during pregnancy was associated with lower 1Q
levels is not supported by the data. The difference in maternal "exposure" between non-
fluoridated and fluoridated groups was minimal and "adjusted estimates with a limited set of
covariates showed no statistically significant association between an increase of 1 mg/L in
MUFSG and FSIQ, PIQ or VIQ in all children"

Community Water Fluoridation: A Review of Neurological and Cognitive Effects. Ottawa: CADTH;
2019 Oct. (CADTH rapid response report: summary with critical appraisal).
ISSN: 1922-8147 (online)

Response: Agree (no change)

(0]

While it is correct that the CADTH reported that, “adjusted estimates with a limited set
of covariates showed no statistically significant association between an increase of 1
mg/L in MUFSG and FSIQ, PIQ, or VIQ,” relying solely on an arbitrary classification of
results into “significant” and “non-significant” (typically based on a p-value) is
unnecessary and can be damaging to a valid interpretation of data. The estimates of the
magnitude of effect and uncertainty surrounding the estimates are more important for
scientific inference and sound judgement (Greenland et al. 2016).

If CADTH says that the difference in maternal exposure between non-fluoridated and
fluoridated groups was minimal, it is inaccurate. Green et al. (2019) reports that the
mean maternal urinary fluoride concentration was significantly higher among women
who lived in communities with fluoridated drinking water (0.69 + 0.42 mg/L) compared
with women who lived in communities without fluoridated drinking water (0.40 + 0.27
mg/L; p < 0.001).

We also point out other statements of results from the Green et al. (2019) paper as
cited in the CADTH report: “In boys, every 1 mg/L increase in mother’s urine fluoride
levels was associated with a 4.49 point lower intelligence quotient score [95% ClI, -8.38, -
0.60; p=0.02]. Every 1 mg increase in daily fluoride intake of mothers corresponded with
3.66 points lower in total children’s intelligence quotient score [95% Cl, -7.16, -0.15;
p=0.04]." Interestingly, the statistically significant p-values that corresponded with these
results were not included in the reporting of these findings [brackets with 95% Cls and
p-values added by DNTP]. We fully report Green et al. (2019) study findings in Table 6 of
the prepublication 2022 NTP Monograph, including those in _ comment,
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and discuss this study on page 41 and in Appendix E. We also report findings by Till et al.
(2020), another study based on the Maternal-Infant Research on Environmental
Chemicals cohort in Canada.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-206.

C.67: Appendix E page E-92: “The area did not have industrial pollution within 1 km of the living
environment of the children, and it was noted that the children were not exposed to other
neurodevelopmental toxicants (lead, cadmium, arsenic, or mercury).”

_ comment: Study did not take into account food exposures

Response: Agree (no change)

0 We agree that the study does not take into account food exposures. However, as noted
above in regard to arsenic exposure via food, there is no known food exposure that
would differentially occur along with fluoride that would be a potential concern. The
fact that the study addressed the environment where many of the subjects were
growing their own food indicates that there is little concern for other
neurodevelopmental toxicants in a manner that would bias the direction of effect across
the body of literature.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-280.

References

Greenland S, Senn SJ, Rothman KJ, Carlin JB, Poole C, Goodman SN, Altman DG. 2016. Statistical
tests, P values, confidence intervals, and power: a guide to misinterpretations. Eur J Epidemiol.
31:337-350. doi: 10.1007/s10654-016-0149-3

74



NTP BSC Working Group Report

DocD_Monograph

In June 2022, the _ provided comments to NIEHS/DNTP on

the prepublication 2022 NTP Monograph on the State of the Science concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review and a draft manuscript on a
meta-analysis of fluoride exposure and IQ in children. This document contains a subset of the overall
- comments related to the monograph along with the NIEHS/DNTP responses. The monograph-
related comments from the - are reproduced here in black text, and the NIEHS/DNTP responses
have been inserted in blue text following each of the comments beginning with the word “Response” in
bold font. Formatting has been applied to aid in reading.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022. The
prepublication 2022 NTP Monograph was subsequently sent to - for additional comments. A

revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes 2022 NTP_Monograph” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _

comments and [
o _ For comments related to DocG_Monograph, DocH_Monograph,

Docl_Monograph, Doc)_Monograph, and DocK_Monograph:

0 Edits are marked with a comment bubble in the
DocMon_Track_Changes 2022 NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the _ Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
this _ would be marked “see DocD_Monograph for detailed response”).

° _ For comments related to DocAl_Monograph, DocA2_Monograph,
DocB1_Monograph; DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

O Edits are marked in track changes format in the
DocMon_Track_Changes 2022 NTP_Monograph.

0 Acomment bubble has been added to the text in question containing the exact text of
the_ Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.
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Note: The - provided six comments on the meta-analysis manuscript that are not reproduced here
as they are not directly relevant to the prepublication 2022 NTP Monograph. See “Doc07a_Meta-
analysis” for the meta-analysis-relevant comments and responses.

NTP Monograph on the State of the Science Concerning Fluoride Exposure and Neurodevelopmental
and Cognitive Health Effects: A Systematic Review
D.1:

D.2:

1) This should undergo journal peer-review in order to published.

2)

Response: Disagree (no change)

The prepublication 2022 NTP Monograph is a revised document that was developed
considering the comments of multiple rounds of external peer review, including two
rounds of review by a NASEM Committee. In addition, this document has undergone an
additional review by five independent experts, all of whom agreed with the conclusions
of the systematic review. We consider the monograph to have undergone sufficient
expert review to warrant publication.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

The abstract is anchored on the WHO fluoride levels and does not seem to indicate the U.S.
approach to fluoride levels, which could create communication confusion in the United States.

Response: Disagree (no change)

0 We have chosen to focus on the WHO guideline value for fluoride in drinking water

because our moderate confidence assessment was primarily based on studies with total
fluoride exposures approximating or higher than that provided by the 1.5 mg F/L
drinking water level considered safe by WHO. We emphasize total fluoride exposure
because some studies we reviewed that showed deficits in 1Q, including Green et al.
(2019), were performed in optimally fluoridated areas (0.7 mg F/L); however, based on
scatterplots of urinary levels, it was apparent that some children—or mothers during
their pregnancy—were exposed to fluoride from sources in addition to drinking water.
We have no basis on which to state that our findings are not relevant to some children
or pregnant people in the United States because exposure measurements in the United
States are not well studied or reported.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends that the authors include context related to U.S. exposures and
comment in the draft SoS Monograph on the lack of U.S. studies that addressed the potential
association between fluoride exposures and 1Q.
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DocE_Monograph

in July 2022, the | 1 ovided comments to

NIEHS/DNTP on the prepublication 2022 NTP Monograph on the State of the Science concerning Fluoride
Exposure and Neurodevelopmental and Cognitive Health Effects: A Systematic Review and a draft
manuscript on a meta-analysis of fluoride exposure and 1Q in children. This document contains all of the
- comments along with the NIEHS/DNTP responses because they are relevant to the monograph.
The specific comments from - are reproduced here in black text and the NIEHS/DNTP responses
have been inserted in blue text following each of the comments beginning with the word “Response” in
bold font. Formatting has been applied to aid in reading.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022. The

prepublication 2022 NTP Monograph was subsequently sent to _ for additional comments. A
revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes 2022 NTP_Monograph.” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _
comments and ||| G cormments:

o _ For comments related to DocG_Monograph, DocH_Monograph,

Docl_Monograph, Doc)_Monograph, and DocK_Monograph:

0 Edits are marked with a comment bubble in the
DocMon_Track_Changes 2022 NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the _ Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
_ would be marked “see DocE_Monograph for detailed response”).

° _ For comments related to DocAl_Monograph, DocA2_Monograph,
DocB1_Monograph; DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

O Edits are marked in track changes format in the
DocMon_Track_Changes 2022 NTP_Monograph.

0 Acomment bubble has been added to the text in question containing the exact text of
the_ Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.
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RESPONSES TO THE NATIONAL TOXICOLOGY PROGRAM/NIEHS FLUORIDE EXPOSURE
MANUSCRIPTS

June [July] 20, 2022

- have provided comments on the NTP State of the Science Monograph and the meta-analysis

manuscript, as requested by leadership of the National Toxicology Program (NTP) and the National
Institute of Environmental Health Sciences (NIEHS). The consensus from _ is that the
documents are well-constructed, comprehensive, and very interesting.

Response: No change requested

0 We appreciate the comments and the careful review.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Additional remarks and suggestions are the following:

e Consider mentioning existing recommendations from the US Preventive Services Task Force
(USPSTF), the American Academy of Pediatric Dentistry (AAPD), and the American Academy of
Pediatrics (AAP) to help anchor the background. Resources to review and possibly incorporate
include the Prevention of Dental Caries in Children Younger Than 5 Years: Screening and
Interventions, Oral Health Practice Tools, and Fluoride Therapy. Parents and providers would
want to be well informed before implementing recommendations, especially when considering
the benefit/harm balance. It is believed that potential harms of fluoride supplementation re:
child 1Q have not been considered as potential harms in the recommendations from USPSTF,
AAPD, and AAP which is worth noting.

Response: Disagree (no change)

0 We appreciate the suggestion to provide a more complete outline of current
recommendations for uses of fluoride. The suggestion implies that our documents may
be sufficient to inform personal and public health decisions concerning appropriate
fluoride use. While we consider our documents to be valuable contributions to these
decisions, we suggest a more appropriate use would be to stimulate and inform a public
health service-wide reconsideration of the potential hazards of total fluoride exposure
in relation to its benefits to oral health.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

e Highly consider reaching out to AHRQ to review these documents. AHRQ routinely commissions
systematic reviews, including meta-analysis, from its Evidence-based Practice Centers. It could
warrant a revision or update to USPSTF recommendations on fluoride supplementation. If
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there’s actual equipoise, it could also be an interesting question for ODP Pathways to
Prevention.

Response: No change requested

0 We appreciate the suggestion to provide our systematic review documents to AHRQ for
further consideration, and we recognize that their review could warrant a revision or
update to the USPSTF recommendations on fluoride. Similar to the previous -
comment, this suggestion implies that our documents may be sufficient to inform
personal and public health decisions concerning appropriate fluoride use. However, we
suggest a more appropriate use of our documents would be to stimulate and inform a
Public Health Service-wide reconsideration of the potential hazards of total fluoride
exposure in relation to its benefits to oral health.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Clarify the implications of the timing and duration of exposure on neurocognitive development.
This is purportedly a report about neurocognitive development, but there is very light treatment
of development in the text. The only references recognized were in the limitations listed in the
discussion:

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

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

e The database does not allow for establishing clear correlations between prenatal and
postnatal exposures.”
Other than these bullets, there was no discussion of developmental impact. The only distinction
made is dividing the studies of children or adults, and “children” include all studies up to age 17.
Particularly for bullet 2, given that the studies examine different age ranges, this seems like an
omission, even if the discussion is only to outline how strong conclusions can’t be drawn, as they
do for other topics.

Response: Agree (no change)

0 We agree that additional information concerning the timing of fluoride exposure and
associated potential cognitive effects is a critically important data gap in understanding
relative hazards from fluoride to brain development. Some investigators have examined
effects of prenatal versus postnatal exposures to fluoride on children’s 1Q (e.g., Till et al.
2020), and further studies of neurobehavioral hazards in relation to oral health benefits
from in utero exposures appear warranted. Therefore, we agree there is limited
discussion of these topics, but other than noting this deficiency, we have little further to
add from our assessment of the current literature.
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BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG considers the response a missed opportunity to illustrate an important
neurodevelopmental principle and provide greater clarity in the draft SoS Monograph. Any
environmental effect on the developing brain is a function of 1) timing and 2) dose/duration
(AUC) of the exposure. Inconsistencies in outcome measures often relate to assessing the wrong
neurobehavioral domain relative to the timing of the exposure since the outcome is reflective of
which brain region and its associated behavioral phenotype are affected.

See Appendix |, page 1-93.
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DocF_Monograph

in May 2022, the | ovided comments to

NIEHS/DNTP on the prepublication 2022 NTP Monograph on the State of the Science concerning Fluoride
Exposure and Neurodevelopmental and Cognitive Health Effects: A Systematic Review. These -
comments were embedded in a PDF version of the monograph. The full - comments have been
grouped by topic and are reproduced below verbatim along with the specific monograph text referred
to by_ in quotes and the section and page number of the monograph text (e.g., “Summary
page 81”). Formatting has been applied to aid in reading. Responses have been added in blue text
following each of the comments beginning with the word “Response” in bold font. Comments related to
a particular topic were grouped together under headings for Comments on health benefits, Comments
related to U.S. water fluoridation levels, Comments on the NASEM review of the 2020 draft NTP
Monograph, and Other comments. In several cases, the same or similar comments are identified by
_ and, therefore, a “Collective Response” is provided.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022. The

prepublication 2022 NTP Monograph was subsequently sent to - for additional comments. A
revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes_2022 NTP_Monograph.” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _
comments and _ comments:

° _ For comments related to DocG_Monograph, DocH_Monograph,
Docl_Monograph, Doc)_Monograph, and DocK_Monograph:

O Edits are marked with a comment bubble in the
DocMon_Track_Changes_2022_NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the _ Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
_ would be marked “see DocF_Monograph for detailed response”).

o _ For comments related to DocAl_Monograph, DocA2_Monograph,
DocB1_Monograph; DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

0 Edits are marked in track changes format in the
DocMon_Track_Changes_2022_NTP_Monograph.

0 Acomment bubble has been added to the text in question containing the exact text of
the- Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.

81



NTP BSC Working Group Report

Comments on health benefits
Abstract page xii: “Fluoride is a common exposure in our environment that comes from a variety of
sources and is widely promoted for its dental and overall oral health benefits.”

- Comment: Add at least one more sentence on this. Maybe give an example

Abstract page xii: “Existing animal studies provide little insight into the question of whether fluoride
exposure dffects 1Q.”

- Comment: Need to add something about the known public health benefits for a more
well-rounded picture/for context.

Discussion page 76: “The potential health benefits of fluoride with respect to oral health are
acknowledged but are not the focus of this review.”

- Comment: Please confirm with - for references, but . believe there is a

significant amount of data out there to suggest that it's more than just "potential health
benefits." Recommend expanding upon this a bit more to describe some of the health benefits
that have been shown.

Summary page 81: “More studies are needed to fully understand the potential for lower fluoride
exposure to affect children’s 1Q.”

- Comment: Again, worth stating/reinforcing the overall benefits and public health value of
fluoride.

Collective Response: Disagree (edited for clarity)

0 We cite the dental and overall oral health benefits of fluoride in the Introduction
section; however, we have been careful to not give the incorrect impression in the
Abstract or Discussion sections that we are providing any assessment of oral health
benefits or weighing hazards versus benefits of fluoride exposures in the monograph. In
addition, we agree that the benefits are substantive; therefore, we removed “potential”
so that the reference to “health benefits” is more positively worded.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-91, 1-97, 1-13.
Comments related to US water fluoridation levels

Abstract page xiii: “This review finds, with moderate confidence, that higher fluoride exposure (e.g.,
represented by populations whose total fluoride exposure approximates or exceeds the World Health
Organization Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride) are consistently
associated with lower 1Q in children. More studies are needed to fully understand the potential for
lower fluoride exposure to affect children’s 1Q.”

- Comment: Need to put this in context with the US levels (0.7 mg/L).

Response: Disagree (no change)

0 Throughout the monograph we have stressed that drinking water is only one source of
fluoride exposure, typically comprising 30—-70% of a person’s total exposure. In the
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Introduction section, we provide information about other sources of fluoride exposure
and also identify the EPA drinking water standard, the WHO drinking water quality
guideline, and the U.S. Public Health Service (PHS) recommendation for artificial water
fluoridation. We have chosen to refer to the WHO drinking water quality guideline for
fluoride in the Abstract section and in other places in the monograph because, in our
overall assessment of the epidemiology literature, it represents a useful total fluoride
exposure equivalent metric, above which we have moderate confidence in an
association with lower 1Qs in children. Several of the highest quality studies showing
lower 1Qs in children were done in optimally fluoridated (0.7 mg/L) areas in Canada, but
the individual exposure information in those studies, as documented by repeated
urinary measurements, suggests widely varying total fluoride exposure from drinking
water combined with exposures from other sources. For example, many urinary fluoride
measurements exceed those that would be expected from consuming water that
contains fluoride at 1.5 mg/L. Additionally, according to the CDC, over a million people
in the United States are exposed to naturally occurring fluoride at >2 mg/L in their
drinking water. For these reasons, we have chosen not to make specific reference to the
PHS fluoridation recommendation in the Abstract section.

0 The existing text that addresses this comment is in the Introduction section on page 1 of
the monograph.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page I-14.

F.3: Introduction page 2: “In 2016, the National Toxicology Program (NTP) 2016, NTP published a
systematic review of the evidence from experimental animal studies on the potential effects of
fluoride exposure on learning and memory (NTP 2016). That systematic review found a low-to-
moderate level of evidence that deficits in learning and memory occur in experimental animals
exposed to fluoride.”

- Comment: What levels? High? Above 0.7 mg/L?

Response: Disagree (no change)

(0]

The large experimental animal database includes studies at many exposure levels as
outlined in the 2016 monograph. As will be reiterated later, it is difficult to globally
characterize exposures that vary in type and duration as “high” without providing any
context. Certainly, most experimental animal studies employed exposures that were
higher than 0.7 mg/L in water, or its equivalent, but whether this is “high” with respect
to lifetime human exposures requires consideration of other factors.

BSC WG Assessment and Justification:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph.

The BSC WG recommends that the authors clearly identify in the Introduction section of the
draft SoS Monograph the fluoride concentrations in drinking water associated with the
conclusion of low-to-moderate level of evidence for deficits in learning and memory in
experimental animals.

See Appendix I, page I-17.
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F.4: Introduction page 2: “As the NTP (2016) report on the experimental animal evidence focused on
learning and memory and developed confidence ratings for bodies of evidence by life stage of
exposure (i.e., exposure during development or adulthood), this monograph also evaluates two
different age groups in humans (i.e., children and adults) with a focus on cognitive
neurodevelopmental effects in children and cognitive effects in adults in order to address potential
differences in health impacts based on time frame of exposure (i.e., during development or during
adulthood).”

- Comment: And levels?

Response: Disagree (no change)

0 Although exposure levels were not the specific driver for evaluating two different age
groups in humans, the monograph provides extensive information about the fluoride
exposure levels measured in the epidemiological studies.

0 For example, fluoride levels can be found in the existing “Exposure Measures and
Summary Statistics” column of Tables 6, 7, and 8.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The reviewer’s comment pertains to a long sentence that refers to both the 2016 NTP report,
which focused on the experimental animal evidence, and the current draft SoS Monograph,
which focuses on epidemiological findings. The BSC WG interprets the reviewer’s comment as
asking whether the draft SoS Monograph will address levels of fluoride exposure in humans in
addition to the time frame of exposure. The BSC WG recommends splitting this complex
sentence into two sentences so that the focus of the 2016 report and the draft SoS Monograph
are clear. The BSC WG also recommends that the authors make clear any link of the current
draft SoS Monograph’s focus to the preclinical data or state that the preclinical data are not
reliably linkable to health impacts in humans due to differences between humans and
experimental animals in fluoride’s absorption from the gut and its distribution in the body.

See Appendix I, page I-17.

F.5: Results page 40: “All three prospective cohort studies found an association between increasing
maternal or child fluoride exposure and lower IQ in children (Bashash et al. 2017; Green et al. 2019;
Till et al. 2020). Two of the studies (Green et al. 2019; Till et al. 2020) were based on the same
Canadian study population, but one evaluated prenatal fluoride exposure and the other evaluated
postnatal fluoride exposure.”

- Comment: What level? Above WHO guidelines?

Response: Disagree (no change)

0 Asindicated earlier, the Canadian studies were performed in both non-fluoridated and
optimally fluoridated (0.7 mg F/L) areas, which is less than half the WHO drinking water
guideline.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends adding to the draft SoS Monograph some of the language found in
the authors’ response to the reviewer’s comment; for example, including the sentence: “The
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Canadian studies were performed in both non-fluoridated and optimally fluoridated (0.7 mg F/L)
areas, which is less than half the WHO drinking water guideline.”

See Appendix I, page I-55.

F.6: Results page 41: “An increase of 0.5 mg/L of maternal urinary fluoride was associated with a 2.5-
point decrease in 1Q score [95% Cl: -4.12, —0.59] in boys and girls combined (see Figure A-8).”
[Bashash et al. 2017]

- Comment: From what starting point?

Response: Disagree (no change)

0 Both the Green et al. (2019) and Bashash et al. (2017) studies report fluoride exposures
at the individual study participant level; therefore, the data are continuous, with a
“starting point” below the level of analytical detection.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page I-56.

F.7: Results page 41: “In the Maternal-Infant Research on Environmental Chemicals cohort, consisting of
10 cities in Canada, Green et al. (2019) also reported inverse associations between IQ scores in
children and multiple measures of prenatal fluoride exposure, including maternal urinary fluoride,
maternal fluoride intake, and water fluoride concentrations. Green et al. (2019) observed a
statistically significantly lower 1Q for boys associated with maternal urinary fluoride averaged across
trimesters (4.49-point decrease in 1Q score [95% Cl: -8.38, -0.60; p-value = 0.02] per 1-mg/l increase
in maternal urinary fluoride); however, results were not significant in boys and girls combined (1.95-
point decrease in 1Q [95% Cl: -5.19, 1.28]) and were positive but not significant in girls (2.40-point
increase in 1Q [95% Cl: -2.53, 7.33]).”

- Comment: Again, helpful to say at what levels to know starting point.

Response: Disagree (no change)
0 Asstated above, the data were reported at the individual level and therefore were
continuous data with no “starting point.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-56.

F.8: Results page 42: “Overall, the cross-sectional studies consistently provide evidence that fluoride
exposure is associated with lower 1Q scores in children.”

- Comment: High?

Response: Disagree (edited for clarity)

0 Table 1 provides the PECO (Population, Exposure, Comparator, and Outcome) statement
that indicates that all studies were included that had exposed populations compared
with populations not exposed or exposed to lower levels of fluoride. Fluoride levels in
the studies are reported in Table 6 and include a range of exposures.

85



NTP BSC Working Group Report

0 We have chosen not to place the modifier of “high” in this instance because there is no
consistent definition of “high” that applies across all studies. Instead, we have added the
word “higher” to specify “higher fluoride exposure” within a given study.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG agrees with the reviewer and recommends that the authors clarify in the draft SoS
Monograph the association between fluoride exposure and “lower 1Q scores in children” for the
cross-sectional studies. The BSC WG notes that not having a “qualifier” of relative fluoride
exposure is problematic because it implies that the body of scientific evidence supports a
conclusion that any level of fluoride is associated with lower 1Q in children. The BSC WG also
recommends that the authors should use “relatively high” or “high” instead of “higher” when
referring to fluoride exposure unless the comparator is stated.

See Appendix I, page I-57.

F.9: Results page 44: “Two studies (Cui et al. 2018; Zhang et al. 2015b) observed associations between
lower IQ in children and exposure to fluoride, with variations in results in subpopulations of children
with different polymorphisms (see Figure A-7).”

- Comment: Level?

Response: Disagree (no change)
0 As stated above, the exposure levels for these studies are found in Table 6, and they
seem generally in line with other studies.
BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-59.

F.10: Results page 45: “As described in this section, the body of evidence for studies assessing the
association between fluoride exposure and 1Q in children consistently provides evidence of an
association between higher fluoride exposure [e.g., represented by populations whose total fluoride
exposure approximates or exceeds the WHO Guidelines for Drinking-water Quality of 1.5 mg/L of
fluoride (WHO 2017)] and lower IQ in children; however, there is less certainty in the evidence of an
association in populations with lower fluoride exposures.”

- Comment: Again, this needs to be made clear above because it is not.

Response: Disagree (no change)

0 This comment is addressed in an earlier response to a similar comment on the Abstract
section, but additionally, we consider this point to be made clearly and is an accurate
reflection of our confidence in the association between total fluoride exposures
approximating or exceeding the WHO water quality guideline of 1.5 mg/L and lower IQ
in children.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-60.
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F.11: Results page 45: “Based on the qualitative review of these studies, the evidence of an association
between fluoride exposure below 1.5 mg/L and lower IQ in children appeared less consistent than
results of studies at higher exposure levels.”

- Comment: This is a very important point.

Response: Agree (no change requested)
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-60.

F.12: Results page 45: “In the five studies that reported results by sex separately, consistent findings of
lower 1Q associated with fluoride exposure were generally reported for both sexes.”

- Comment: High?

Response: Disagree (edited for clarity)

(0]

As stated earlier, the comparisons in the epidemiological studies are between
populations that had a range of fluoride exposures that could be compared with similar
populations with lower or no fluoride exposures. We have chosen not to place the
modifier of “high” in this instance or in many of the other 18 instances where this is
suggested because there is no consistent definition of “high” that applies across all
cases.

Instead, we have added the word “higher” after the phrase “associated with” to specify
“higher fluoride exposure” in this instance, and in several other instances where the
addition of “higher” is appropriate, as indicated in subsequent responses to _
comments.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors should use “relatively high” or “high” instead of “higher”
when referring to fluoride exposure unless the comparator is stated.

See Appendix |, page 1-60.

F.13: Results page 46: “In summary, it is unclear whether one sex is more susceptible to the effects of
fluoride exposure than the other due to the limited number of studies that analyzed exposure and
outcome by sex and the lack of a consistent pattern of findings that one sex is more susceptible.”

- Comment: High?

Response: Disagree (no change)

(0]

This statement refers to whether there is evidence to support that one sex is more
susceptible to neurodevelopmental and cognitive effects of fluoride at any level, not just
“high” levels of fluoride exposure. Therefore, as stated earlier, there is no consistent
definition of “high” that can be applied across these studies.
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BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors qualify the text “more susceptible to the effects of
fluoride exposure” in the draft SoS Monograph because as written it implies that a ‘causal’
association has been established when their own assessment only concludes “moderate
confidence.” For example, the sentence might be rewritten to read (new text underlined), “In
summary, it is unclear whether one sex is more susceptible to the potential effects of fluoride
exposure than the other due to the limited number of studies that analyzed exposure and
outcome by sex and the lack of a consistent pattern of findings that one sex is more susceptible.’

J

See Appendix I, page 1-61.

F.14: Results page 48: “All 15 studies observed an association between lower IQ and fluoride exposure.”

- Comment: High?

Response: Disagree (edited for clarity)
0 We have added the word “higher” after the phrase “lower IQ and” to specify “higher
fluoride exposure.”
BSC WG Assessment and Justification:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors should use “relatively high” or “high” instead of “higher”
when referring to fluoride exposure unless the comparator is stated.

See Appendix I, page 1-63.

F.15: Results page 48: “The other study did not address arsenic co-exposure and, as noted above, was
conducted in an area that had potential for arsenic exposure to occur (Soto-Barreras et al. 2019); it is also
the only low risk-of-bias study that did not observe an association between lower IQ and fluoride exposure
(see Appendix E for further discussion of the risk-of-bias concern regarding arsenic for this study).”

- Comment: High?

Response: Disagree (edited for clarity)

0 We have added the word “higher” near the end of the sentence to specify “higher
fluoride exposure.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors should use “relatively high” or “high” instead of “higher”
when referring to fluoride exposure unless the comparator is stated.

See Appendix I, page 1-63.

F.16: Results page 61: “Altogether, the results from eight of nine low risk-of-bias studies (three
prospective cohort studies and five cross-sectional studies from seven different study populations)
provide evidence of significant associations between fluoride exposure and cognitive
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neurodevelopmental outcomes in children other than decrements in 1Q (see Figure A-9 through
Figure A-11) (Barberio et al. 2017b; Bashash et al. 2017; Bashash et al. 2018; Li et al. 2004
[translated in Li et al. 2008a]; Riddell et al. 2019; Rocha-Amador et al. 2009; Valdez Jimenez et al.
2017; Wang et al. 2020a).”

- Comment: High?

Response: Disagree (edited for clarity)
0 We have added the modifier “higher” after the word “between” to specify “higher
fluoride exposure and cognitive...”
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors should use “relatively high” or “high” instead of “higher”
when referring to fluoride exposure unless the comparator is stated.

See Appendix |, page I-76.

F.17: Results page 63: “In summary, the high-quality studies (i.e., studies with low potential for bias)
provide evidence of an association between fluoride exposure and neurodevelopmental and
cognitive effects in children other than 1Q; however, the body of evidence is limited by heterogeneity
in the outcomes evaluated and few directly comparable studies.”

- Comment: High

Response: Disagree (edited for clarity)

0 We have added the word “higher” after the word “between” to specify “higher fluoride
exposure...”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors should use “relatively high” or “high” instead of “higher”
when referring to fluoride exposure unless the comparator is stated.

See Appendix |, page I-78.

F.18: Results page 63: “High risk-of-bias studies (n = 6) also provide some evidence of associations
between fluoride exposure and neurodevelopmental or cognitive effects in children other than
effects on 1Q, but the results are inconsistent and address different outcomes (Jin et al. 2016; Li et al.
1994 [translated in Li et al. 2008b]; Malin and Till 2015; Morgan et al. 1998; Mustafa et al. 2018;
Shannon et al. 1986).”

- Comment: High?

Response: Disagree (no change)

0 This statement refers to high risk-of-bias studies examining evidence of an association
between any level of fluoride exposure—not just “high” levels of fluoride exposure—
and neurodevelopmental or cognitive effects in children. Therefore, as stated earlier,
there is no consistent definition of “high” exposure that can be applied across these
studies.
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BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-78.

F.19: Results page 66: “The high-quality studies (i.e., studies with low potential for bias) provide evidence
of an association between fluoride exposure and other cognitive neurodevelopmental effects, including
lower neurobehavioral scores in infants, cognitive effects other than IQ in children, and increased
attention-related disorders including ADHD in children.”

- Comment: High?

Response: Disagree (no change)

0 This statement refers to high-quality studies evaluating the association between any
level of fluoride exposure and other cognitive neurodevelopmental effects. As stated
earlier, there is no consistent definition of “high” that can be applied across these
studies.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-81.

F.20: Results page 69: “The results from five out of eight high risk-of-bias studies provide evidence of
cognitive impairment in adults associated with exposure to fluoride; however, there was
heterogeneity in the outcomes assessed, a limited number of directly comparable studies, and some
variability in results (e.g., variation in IQ results across studies).”

- Comment: High levels of?

Response: Disagree (edited for clarity)
0 We have added “higher levels of” after the phrase “associated with” to specify “higher
levels of exposure to fluoride...”
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

J

The BSC WG suggests that the authors should use “relatively high” or “high” instead of “higher’
when referring to “levels of fluoride exposure” unless the comparator is stated.

See Appendix |, page 1-84.

F.21: Results page 71: “Eight low risk-of-bias studies that evaluated fluoride exposure and mechanistic
data in humans were considered potentially relevant to neurological effects.”

- Comment: High?

Response: Disagree (no change)

0 These eight low risk-of-bias studies evaluated associations between any level of fluoride
exposure—not just “high” fluoride exposure—and mechanistic data in humans.
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BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-86.

F.22: Results page 71: “Barberio et al. (2017a) evaluated associations between fluoride and TSH levels in
children and adults combined and found no relationship between fluoride exposure (measures in
urine and tap water) and TSH levels.”

- Comment: High?

Response: Disagree (no change)
O Barberio et al. (2017a) evaluated associations between any level of fluoride exposure—

not just “high” fluoride exposure—and TSH levels in children and adults.
BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-86.

F.23: Results page 72: “Among high risk-of-bias studies (see Figure D-19 and Figure D-20), varying
results were reported in 11 studies that evaluated associations between fluoride exposure and
thyroid hormones, and a few of these studies (Lin et al. 1991; Wang et al. 2001; Yang et al. 1994
[translated in Yang et al. 2008]) were complicated by high or low iodine in the high fluoride area.”

- Comment: High?

Response: Disagree (no change)
0 These studies evaluated associations at any level of fluoride exposure, not just “high”
exposures.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-87.

F.24: Results page 72: “When considering associations between fluoride and TSH, T3, and T4 levels
together, studies that evaluated changes in all three thyroid hormones reported varying
combinations of increases, decreases, or no changes in levels across the three hormones, although
among the eight low and high risk-of-bias studies that evaluated associations between fluoride
exposure and TSH, T3, and T4 levels and reported increases in TSH levels in children, seven of the
eight studies found no alterations in T3 levels (one study found an increase in T3), and six of the eight
studies found no alterations in T4 levels (two studies found an increase in T4).”

- Comment: High?

Response: Disagree (no change)

0 These studies evaluated associations at any level of fluoride exposure, not just “high”
exposures.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page 1-87.
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F.25: Discussion page 76: “This systematic review evaluated the available animal and human literature
concerning the association between fluoride exposure and cognitive neurodevelopment.”

- Comment: High?

Response: Disagree (no change)

0 The original intent of the systematic review was to evaluate the available animal and
human literature concerning the association between any level of fluoride exposure and
cognitive neurodevelopment.

BSC WG Assessment and Justification:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-91.

F.26: Discussion page 76: “There is low confidence in the body of evidence from studies that evaluate
fluoride exposure and other cognitive or neurodevelopmental outcomes in children.”

- Comment: High?

Response: Disagree (no change)

0 The body of evidence includes studies that evaluated the association between any level
of fluoride exposure—not just “high” fluoride exposures—and other cognitive and
neurodevelopmental outcomes in children.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-91.

F.27: Discussion page 76: “Most of the epidemiological studies (n = 72) assessed the association between
fluoride exposure and 1Q in children.”

- Comment: High?

Response: Disagree (no change)

0 The body of evidence includes studies that evaluated the association between any level
of fluoride exposure—not just “high” fluoride exposures—and IQ in children.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-91.

F.28: Discussion page 76: “This review finds, with moderate confidence, that fluoride exposure is
associated with lower 1Q in children.”

- Comment: High?

Response: Disagree (edited for clarity)

0 We have added the word “higher” to specify “higher fluoride exposure.”
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:
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The BSC WG suggests that the authors should use “relatively high” or “high” instead of “higher”
when referring to fluoride exposure unless the comparator is stated.

See Appendix I, page 1-91.

F.29: Discussion page 78: “Reported responses to fluoride exposure are consistent in studies of both low
and high quality.”

- Comment: High?

Response: Disagree (edited for clarity)

0 We have added the word “higher” to specify “higher fluoride exposure” across all the
low- and high-quality studies.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors should use “relatively high” or “high” instead of “higher”
when referring to fluoride exposure unless the comparator is stated.

See Appendix |, page 1-95.

F.30: Summary page 81: “There is also some evidence that fluoride exposure is associated with other
neurodevelopmental and cognitive effects; although, because of the heterogeneity of the outcomes,
there is low confidence in the literature for these other effects.”

- Comment: High?

Response: Disagree (edited for clarity)
0 We have added the word “higher” to specify “higher fluoride exposure.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors should use “relatively high” or “high” instead of “higher”
when referring to fluoride exposure unless the comparator is stated.

See Appendix |, page 1-97.
F.31: Results page 50: Figure 6 — heading row.
- Comment: Might be helpful to add fluoride levels here.

Response: Disagree (no change)
O Fluoride levels are provided in Table 6.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

Figure 6 provides a nice summary of key characteristics of each study but omits any information
on exposure assessment metrics even though they are available in Table 6. This requires the
reader to use Table 6 (pages 29-39) and Figure 6 (page 50) together, even though they are
separated by ~20 pages. The BSC WG suggests adding to “Notes” in Figure 6, the fluoride
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metrics (e.g., in urine and/or drinking water) and their measures listed in Table 6 to facilitate the
reader being able to put each study into context for comparisons of the exposure metrics used

and their measures.
See Appendix |, page I-65.

F.32: Results page 53: “We conclude that there is moderate confidence in the body of evidence that
higher fluoride exposure is associated with lower IQ in children.”

- Comment: Defined as...?

Response: Disagree (no change)
0 We have adequately qualified this statement throughout the monograph.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors should use “relatively high” or “high” instead of “higher”
when referring to “levels of fluoride exposure” unless the comparator is stated.

See Appendix I, page 1-68.

Comments on the NASEM review

F.33: Introduction page 2: “A committee convened by the National Academies of Sciences, Engineering,
and Medicine (NASEM) reviewed earlier drafts of this monograph (September 6, 2019, and
September 16, 2020) (NASEM 2020; 2021).”

- Comment: and?

Response: No change requested
0 The sentence in the monograph that follows the one quoted above states, “The current
document incorporates changes stemming from those reviews...” and will provide a link
to the NTP website for the NASEM Committee comments and responses. Additional
information on the NASEM review is also provided in the Preface.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-17.

Other comments

F.34: Introduction page 3: “The overall objective of this evaluation was to undertake a systematic review
to develop NTP human health hazard identification conclusions on the association between exposure
to fluoride and neurodevelopmental and cognitive effects based on assessing levels of evidence from
human and non-human animal studies with consideration of the degree of support from mechanistic

data.”
- Comment: "Conclusions" sounds so fixed. Recommend revising.
Response: Disagree (no change)
0 The original intent of the monograph was in fact to reach conclusions about the

purported association between fluoride exposures and cognitive and
neurodevelopmental effects in humans. This was established and posted in the
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systematic review protocol for this evaluation. Following the NASEM review, the draft
hazard conclusions were removed, and the focus of the monograph was revised to
present and transparently evaluate the evidence base for cognitive and
neurodevelopmental effects associated with fluoride exposures and provide our level of
confidence in the evidence base. Thus, use of the word “conclusions” in the context of
the original objective is appropriate.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-18.

F.35: Introduction page 3: “In addition, a meta-analysis of the epidemiological studies examining
children’s 1Q in relation to fluoride exposure added to the 2020 draft in response to NASEM
comments (NASEM 2020) will be published separately and is not part of this document.”

- Comment: . would not presume that this will happen. Revise.
Response: Agree (change made)
0 The text in question was revised to indicate the intent to publish separately.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the NTP Monograph:

The BSC WG suggests that the draft SoS Monograph and draft M-A Manuscript should be
complete, standalone documents and not reference each other for information unless timing for
publication can be coordinated, perhaps by NTP publishing both documents.

See Appendix I, page 1-18.

F.36: Methods page 19: “The meta-analysis conducted in association with this systematic review further
informs this issue and will be published separately.”

- Comment: Would revise because it is being submitted for publication and also . would
not link it to further informing this since there are still questions about the meta-analysis.

Response: Agree (change made)

0 Although we do not have remaining questions about the meta-analysis, the text in
question was revised to indicate the intent to publish separately.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the draft SoS Monograph and draft M-A Manuscript should be
complete, standalone documents and not reference each other for information unless timing for
publication can be coordinated, perhaps by NTP publishing both documents.

See Appendix I, page 1-34.

F.37: Introduction page 3: “Assess the internal validity (risk of bias) of individual studies using pre-
defined criteria.”

- Comment: Who developed them? How/with what in mind?
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Response: No change requested

(0]

To avoid bias, systematic reviews are conducted following a detailed protocol developed
prior to conducting the evaluation. The protocol is customized to the specifics of the
research question—in this case, to evaluate evidence of potential neurodevelopmental
and cognitive health effects associated with exposure to fluoride. The risk-of-bias
criteria were developed by subject matter experts with backgrounds in epidemiology,
neurotoxicity, fluoride, and public health to address these specifics as part of the
protocol. To support the rigor and transparency of the systematic review process, the
protocol was reviewed and revised based on input from appropriate experts listed in the
About this Review section of the monograph (Thomas Webster, PhD, Boston University;
Joseph Braun, PhD, Brown University; Gail Wasserman, PhD, Columbia University; Marie
Sutton, PhD, Dublin Health Research Board, and Thomas Zoeller, PhD, University of
Massachusetts).

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page 1-18.

F.38: Methods page 16: “To be assigned a rating of probably low risk of bias for the key risk-of-bias
question regarding the confounding domain, studies were not required to address every important
covariate listed; however, studies were required to address the three key covariates for all studies,
the potential for co-exposures, if applicable (e.g., arsenic and lead, both of which could affect
cognitive function), and any other potential covariates considered important for the specific study
population and outcome.”

- Comment: Why three?

Response: No change requested

(0]

When the protocol was developed, age, sex, and socioeconomic status were selected as
the key covariates for assessing potential bias in the confounding domain based on an
assessment of the fluoride epidemiological literature. These three covariates were
considered important potential confounders (i.e., associated with both fluoride
exposure and neurological outcomes) for all studies (e.g., they apply across different
geographic locations and study populations and outcomes). Other covariates were
considered important in the context of individual studies because of their study
population or geographic location (e.g., co-exposure to arsenic in studies conducted in
China). As stated in response to the previous question, the protocol was reviewed and
revised based on input from appropriate experts listed in the About this Review section
of the monograph including environmental epidemiologists, neurotoxicologists, and
researchers with fluoride expertise.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate but
makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG agrees that having external review of the protocol was appropriate to ensure that it
met the specifics of the research question. The BSC WG suggests that the authors add text to
the Methods section of the draft SoS Monograph that explicitly identifies all the covariates,
although not on a study-by-study basis, that they considered when deemed important
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depending on the specific study population and outcome, in addition to the three key covariates
(age, sex, and SES) that were required to be addressed.

See Appendix I, page I-31.

F.39: Results page 28: “Because IQ tests should be culturally relevant, the tests used often differed
between studies, reflecting adjustments for the range in populations studied (e.g., western vs. Asian
populations). In some cases, different IQ tests were used to study similar populations. Overall, these
studies used 1Q tests that were population- and age-appropriate.”

- Comment: Are there well-accepted methods for standardizing across these different
tests? How was that considered?

Response: No change requested

O There are well-accepted methods for standardizing results across these different tests
for quantitative analysis. For example, the standardized mean difference is used as a
summary statistic in meta-analysis when the studies all assess the same outcome (e.g.,
IQ) but measure it in a variety of ways (e.g., Chinese Standardized Raven Test, Wechsler
Intelligence Scale for Children). While this does not apply to the prepublication 2022
NTP Monograph, which is a qualitative assessment of the literature rather than a
guantitative assessment, we are using this method in our meta-analysis of fluoride
exposure and children’s 1Q.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-43.
F.40: Results page 48: “Co-exposures to arsenic and lead were not considered a concern in 18 of 19 low
risk-of-bias studies [i.e., all except for Soto-Barreras et al. (2019)] because the studies addressed the

potential co-exposures, the co-exposures were not considered an issue in the study population, or the
impact of the potential bias on the results was not a concern.”

- Comment: How?

Response: Disagree (no change requested)

0 Appendix E provides detailed information on all of the low risk-of-bias studies, including
details on the risk-of-bias analysis, risk-of-bias ratings, and the basis for each rating.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page 1-63.

F.A1: Discussion page 77: “Thus, drinking water fluoride levels may, but usually do not, reflect total
fluoride exposure. This could be a potential limitation in studies that rely on water fluoride data to
assess fluoride exposure (in particular, earlier studies). However, because water is only part of a

person’s total exposure to fluoride, this limitation would likely result in an underestimate of exposure
to fluoride.”

- Comment: May be worth expanding on this more because the values reported in the
studies may be underestimates, so the association with IQ may only be at values higher than
what is reported.
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Response: Agree (no change)

0 We agree with the comment without changes to the text. Indeed, this is the basis for
the emphasis on total fluoride exposures, rather than emphasis on drinking water
exposures only as reflected in the U.S. PHS fluoridation recommendation. We also
recognize that when fluoride levels in drinking water are high, the contribution of
fluoride exposures from other sources to total exposures tends to be less, and vice
versa.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG acknowledges the reviewer’s comment that the values reported in the studies may
underestimate exposure to fluoride. The BSC WG recommends that the authors add text to the
Discussion section of the draft SoS Monograph that discusses how this limitation may or may
not have impacted their findings and the reasoning for that assessment.

See Appendix |, page 1-92.

F.42: Discussion page 77: “To decrease an exclusively formula-fed infant’s exposure to fluoride, for the
purpose of reducing risk of dental fluorosis, the Centers for Disease Control and Prevention
recommends using low-fluoride bottled water to mix with infant formula (CDC 2015).”

- Comment: This seems out of place.

Response: Disagree (no change)
0 The sentence in question follows two sentences on water consumption as part of total
fluoride exposure and fluoride exposure in bottle-fed infants as follows:

“It is worth noting that there are circumstances wherein typical children’s water
consumption considered with water fluoride levels may substantially underestimate total
fluoride exposure. One example is bottle-fed infants wherein nutrition is provided by
powdered formula that is rehydrated with fluoridated water (Till et al. 2020).”

0 These statements provide additional context, and this information will be available in
our communication Q&As, so it would be provided to the interested public if they
enquire.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-92.

F.43: Discussion page 78: “Studies rarely separated the results by sex or provided information to indicate
that sex was not a modifying factor.”

- Comment: Also seemed like there was a lot of variability in how much SDoH (e.g., SES
status) were considered. These are important factors that could influence 1Q fairly heavily.
Response: Disagree (no change)

0 Among the 19 low risk-of-bias children’s 1Q studies, only one did not properly account
for SES status. To properly account for SES, a study was required to consider (e.g., adjust
for in the statistical model) for one or more measures of SES (see below for what
qualified as a measure of SES). Measures of SES were assessed following a consistent
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predefined approach. As described in the protocol
(https://ntp.niehs.nih.gov/go/785076), to be assigned a rating of probably low risk of
bias for the key risk-of-bias question regarding the confounding domain, studies were
required to address the three key covariates (i.e., age, sex, and SES). The acceptable
measures of SES, as outlined on page 58 of the protocol included, but were not limited
to, maternal education, household income, marital status, and crowding. The protocol
was reviewed and revised based on input from appropriate experts listed in the About
this Review section of the prepublication 2022 NTP Monograph including environmental
epidemiologists, neurotoxicologists, and researchers with fluoride expertise.

0 Figure 6 in the prepublication 2022 NTP Monograph presents the different measures of
SES included in the low risk-of-bias 1Q studies conducted in children. These measures
included SES scaled scores, household/family income, child education,
caretaker/parental education, and occupation/employment. Despite these different
measures of SES, the findings of these studies consistently provided evidence of an
inverse association between higher fluoride exposure and lower 1Q in children. This
consistency in the direction of the association strengthens our confidence in the body of
evidence.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-93.

F.44: Discussion page 78: “However, it should be noted that, as of April 2020, CWS supplying water with
21.5 mg/L naturally occurring fluoride served 0.59% of the U.S. population (~1.9 million people) (CDC
Division of Oral Health 2020).”

- Comment: Elaborate a little further.

Response: Agree (change made)

0 The preceding sentences to this statement in the monograph outline a limitation in the
evidence base at lower total fluoride exposure levels (citing total fluoride exposure
lower than the WHO guideline of 1.5 mg/L), specifically that more studies at lower
exposure levels are needed to fully understand potential associations at fluoride levels
in drinking water typically found in the United States (<1.5 mg/L). The CWS data indicate
that the moderate confidence in the association between higher fluoride exposure and
lower 1Q is relevant, at least to children living in areas of the United States where
fluoride in drinking water is known to be at or above 1.5 mg/L. This is only compounded
by additional exposures to fluoride from other sources.

0 We have elaborated on why this information is important in the revised text provided
below:

“Associations between lower total fluoride exposure [e.g., represented by populations
whose total fluoride exposure was lower than the WHO Guidelines for Drinking-water
Quality of 1.5 mg/L of fluoride (WHO 2017)] and children’s IQ remain unclear. More
studies at lower exposure levels are needed to fully understand potential associations in
ranges typically found in the United States (i.e., <1.5 mg/L in water). However, it should
be noted that, as of April 2020, CWS supplying water with >1.5 mg/L naturally occurring
fluoride served 0.59% of the U.S. population (~1.9 million people) (CDC Division of Oral
Health 2020). This indicates that the moderate confidence in the association between
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higher fluoride exposure and lower IQ is relevant, at a minimum to children living in
these areas of the United States where fluoride in drinking water is known to be at or
above 1.5 mg/L. This is only compounded by additional exposures to fluoride from other
sources.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page 1-93.

F.A5: Discussion page 80: “This systematic review has few limitations. The human body of evidence
included a large database of observational studies. Most of the observational studies were cross-
sectional; however, 12 of these were considered to provide sufficient evidence that exposure occurred
prior to the outcome. In addition, the systematic review covered a wide range of study designs,
populations, and measures of fluoride exposure.”

- Comment: This is important and . think should be explained further.

Response: Disagree (no change)

(0]

This point is expanded upon in the Strengths of the Evidence Base subsection of the
Discussion. The consistency of findings across different study populations, study designs,
exposure measures, and outcomes in five different countries, provides considerable
support to our overall assessment.

More detailed information is available in the sections of the monograph that have been
organized by study design, including the Results by Study Design — Prospective Studies
and Results by Study Design — Cross-sectional Studies sections.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-95.

F.A6: Discussion page 80: “This is not considered a limitation because these studies did not include
specific information on thyroid hormones that could indicate a mechanism for thyroid involvement in
neurodevelopment.”

- Comment: So why list it in the limitation? But also, it is a limitation in that the original
studies didn't gather this, so this review couldn't assess.

Response: Disagree (no change)

(0]

To support the transparency of systematic review methods, we documented that the
approach to evaluating studies of thyroid effects changed based on expert input during
the review. We understand this is a minor point and does not perfectly fit in this section.
However, we considered the content is best presented here and better to report than to
omit.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page 1-95.
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F.47: Discussion page 76: “First, there are fewer limitations and greater confidence in the results of the
high -quality studies. Second, there is a relatively large number of high -quality studies (n = 19), such
that the body of evidence from these studies could be used to evaluate confidence in the association
between fluoride exposure and changes in children’s 1Q.”

- Comment: It's still only 7k or so kids in total though, which may not be viewed as a large
enough sampling.

Response: Disagree (no change)

0 We disagree that 7,000 children is not a large enough sampling. For perspective, one
might consider the NHANES assessments. The sample size for NHANES is 5,000 people
(all ages) and is considered a representative sample of the U.S. population. The number
of participants who provide biomonitoring samples is about 1/3 of that total, so it is
recommended at least 4 years of data (two NHANES cycles) be combined to obtain a
sample size with an acceptable level of reliability for most of the sampling domains. For
example, analyses of serum fluoride levels in children (ages 6-19 years) using NHANES
data typically combine two cycles with data for ~3,000—4,000 children. NHANES also
assesses urinary fluoride levels, but the CDC does not make these data available to the
public.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG considers that citing NHANES to justify the authors’ response is not needed and
may not be appropriate due to differences in study design between NHANES and the selected
studies in the draft SoS Monograph. The BSC WG recommends that the authors add a sentence
to their response which states, “The database is somewhat limited in number (7000), and this
number is further compromised by the many different ages, stages of development, and doses
of exposure within the 7000 children. Additionally, the effects on children’s IQ are likely to be
different based on timing, dose, and duration of fluoride exposure.”

See Appendix I, page 1-91.
F.48: Summary page 81: “There is, however, a large body of evidence on 1Q effects in children.”

- Comment: Large? Maybe growing instead.

Response: Agree (no change)
0 We agree that the body of evidence is a large, consistent, and growing database.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-97.
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DocG_Monograph
In November 2021, _ received: 1) the 2021 Draft NTP Monograph on the State

of the Science concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects: A
Systematic Review, 2) a copy of the NASEM Committee’s comments on the

Sup04_ 2020 draft_NTP_Monograph with NIEHS/DNTP responses (draft version of Sup01_Monograph),
and 3) the _ instructions. The instructions consisted of a preface, charge, instructions for the
review, and a series of specific peer-review questions grouped by the following three topics: General
Comments, Human Studies, and Studies in Non-Human Animals.

_ were asked to provide their substantive scientific and technical comments and suggestions
within the _ form. In addition, they were asked whether they “Agree”, “Agree in principle”, or
“Do not agree” with each NTP conclusion on confidence in a body of evidence.

The _ instructions and specific peer-review questions are reproduced in the pages that follow
in black text. _ comments and responses to each question are also provided in black text
starting with the words ”_ comments” in bold font. The NIEHS/DNTP responses have been
inserted in blue text following each of the comments beginning with the word “Response” in bold font.
Formatting has been applied to aid in reading.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022. The

prepublication 2022 NTP Monograph was subsequently sent to _ for additional comments. A
revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes 2022 NTP_Monograph.” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _
comments and _ comments:

° _ For comments related to DocG_Monograph, DocH_Monograph, Docl_Monograph,
DocJ_Monograph, and DocK_Monograph:

0 Edits are marked with a comment bubble in the
DocMon_Track_Changes_2022_NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the _ Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
this _ would be marked “see DocG_Monograph or detailed response”).

° _ For comments DocAl_Monograph, DocA2_Monograph, DocB1_Monograph;
DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

0 Edits are marked in track changes format in the
DocMon_Track_Changes_2022_NTP_Monograph.

0 Acomment bubble has been added to the text in question containing the exact text of

the [N corment.
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0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.

Preliminary comments on the draft NTP monograph prepared by the peer review _ are noted
below.

These preliminary comments are not binding and should not be construed to represent NTP
determination or policy.

National Toxicology Program
NTP Monograph Letter Peer-Review Panel

Draft NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review

National Institute of Environmental Health Sciences
Research Triangle Park, NC

December 31, 2021

Fluoride State of the Science Document Review Form

Preface:

The objective of this evaluation was to conduct a systematic review of the published literature regarding
the potential for exposure to fluoride to affect neurodevelopment and cognition in humans. The
evaluation presented in the draft NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopmental and Cognitive Health Effects represents a comprehensive and
current assessment. The methods used are from the Handbook for Conducting a Literature-Based Health
Assessment Using OHAT Approach for Systematic Review and Evidence Integration, which presents a
seven-step framework for systematic review and evidence integration. Please note: this evaluation stops
at step 5 of the systematic review process and does not proceed to step 6 to translate the confidence
rating for the body of evidence into a level of evidence for health effects (see Figure 2 from the
handbook).
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Charge:

(1) Comment on the technical accuracy and whether the draft NTP Monograph on State of the
Science Concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects is
clearly stated, and objectively presented.

(2) Determine whether the scientific evidence supports the NTP’s confidence ratings for the bodies
of evidence regarding neurodevelopmental and cognitive health effects associated with
exposure to fluoride.

Instructions for Review:

All materials for this review are available in the Electronic Council Book (ECB). You will receive the
specific URL and a password for accessing the ECB.

This evaluation identified 159 human studies relevant for assessing neurological health effects of
exposure to fluoride; however, many studies included only secondary outcomes (e.g., 55 studies of
thyroid hormones that were investigated as a potential mechanism). The scientific evidence in children
and adults was evaluated separately to address potential differences in the health impact of fluoride
exposure during development versus adulthood. Several studies evaluated learning and memory (n =8
studies) or other cognitive developmental effects (e.g., total neurobehavioral scores and total mental
capacity index in children, cognitive impairment in adults; n = 14 studies). Sixty-six human studies
investigated 1Q in children. Nineteen of the 66 1Q studies were determined to have low potential for bias
and therefore, were categorized as “low risk of bias”. Please give special attention to our assessment of
these 19 studies.

e The 19 studies are available as PDFs and organized alphabetically in a folder on the ECB.

e All other studies are provided in the Health Assessment Workspace Collaborative, or HAWC
database under the “studies list” tab, also organized alphabetically. You will also be provided a
username and password for HAWC that will give your _ permissions to access the
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PDFs in HAWC along with visualizations and other study information for this project at the
following link (https://hawcproject.org/study/assessment/405/).

Please provide your substantive scientific and technical comments and suggestions within this
_ form. Identify and provide the rationale or scientific support for proposed changes or
suggestions where possible.

If necessary, you can also provide additional editorial comments and recommendations for improving
the report outside your specific charge questions (this form) within the draft report itself. Please note
that only those comments included on the _ form will be considered part of NTP’s peer review

report.

General Comments

(1)

(2)
Human

1.

Please comment on whether the scientific information presented in the draft monograph,
including presentation of data in tables and figures, is technically correct, and clearly and
objectively presented. Please suggest any improvements.

Please identify any information that should be added or deleted.

studies

Fluoride exposure and children’s 1Q
1. Comment on whether the approach described in the methods to search for and select
human studies on neurodevelopmental or cognitive function effects associated with
fluoride exposure was appropriate for evaluating potential effects of fluoride exposure on
measures of 1Q in children.

_ Comments: Regarding the overall search (for all topics) in the Chinese
databases (page 10), the strategy as described is unacceptable and flies in the face of the goal of
systematic review. The statements “A primary goal of the screening of the newly-retrieved
human references in the supplemental search of Chinese databases was to identify null, or no-
effect, studies” and “Null studies that were identified were translated and included.” A plain
reading of these statements suggests a high degree of bias by the researchers such that
evidence of an association (not null studies) were omitted. All studies should be found and
included, regarding of findings.

That said, it may be that your aim was to identify studies missed due to reporting or publication
bias. If that is the case, this should be stated as the primary goal. However, it might just be
better to drop this concept altogether, since the purpose of searching the non-English databases
was to capture studies that have not made it into (primarily Western) databases. This is
sufficient explanation.

Response: Agree (change made)

O We agree that the search should be independent of the study findings (i.e., not
dependent on whether a study found an effect of fluoride), and the primary
literature search was conducted without bias for study findings in each case.
However, the large number of studies from our primary literature search reporting a
negative association between fluoride exposure and children's 1Q raised questions
about possible publication bias. In the search of Chinese databases, we conducted
the literature search independent of study findings, but we initially gave translation
priority to studies that appeared to show no association. Although this was done to
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address potential publication bias, we agree that this was not appropriate and
therefore have taken additional steps to translate and extract data from all non-
English studies identified from the Chinese database searches that were not
previously included. Therefore, the statements about null or no-effect studies no
longer apply and have been deleted from the
Sup02_2022_Prepublication_NTP_Monograph. In addition, we updated the text in
the Literature Search section to reflect that the search of Chinese databases was
conducted to identify studies that may have been missed in previous searches
because non-English language studies are not always indexed in the main databases
used for this systematic review.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-23.

G.2: _ Comments: As part of eligibility criteria, what is a “case study” and how does it
differ from a case report? Did you have a minimum sample size? The best XX could glean is >1.
Table 4 implies that case series were included. Does case series mean a single group study (all
had the same exposure) or a series of cases? In either case, how are these relevant? Please
make explicit what the difference is between a cohort study and a cross-sectional study. I'm
assuming you require cohort studies to be longitudinal, but this should be stated explicitly. Do
you have a minimum duration of follow-up to count as a longitudinal study?

All of this can/should be addressed by adding Study Design rows to Tables 1-3.

Response: Agree (change made)

(0]

Common definitions for study designs as used in environmental health research
were followed. Rather than adding study design rows to Tables 1-3 of the
Sup02_2022_Prepublication_NTP_Monograph, which would suggest exclusion
of studies based on study design, we have added descriptions of the cohort,
case-control, cross-sectional, and case report/case series study designs based
on the NRC Report on Environmental Epidemiology (NRC 1997) as footnotes to
Table 4 in the Sup02_2022_Prepublication_NTP_Monograph, as follows:

“Cohort studies are observational studies in humans that examine a cohort
prospectively or retrospectively over time. Although cohort studies may include
longitudinal analyses, it is not a prerequisite of the cohort study design.

dCase-control studies are observational studies in humans that compare
exposures of individuals who have a specific health effect or disease with
exposures of controls who do not have the effect or disease. Controls generally
come from the same population from which the cases were derived.

€Cross-sectional studies are observational studies in humans that examine the
relationship between exposures and outcomes or health effects assessed
contemporaneously. Cross-sectional studies include population surveys with
individual data (e.g., NHANES) and surveys with aggregate data (i.e., ecological
studies).

fA case report (or case study) is a descriptive study of a single individual or small
group in which the study of an association between an observed effect and a
specific environmental exposure is based on clinical evaluations and histories of
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the individual(s). A case series study in environmental epidemiology is designed
to share health-related events on a collection of case reports on subjects with
the same or similar health outcome(s) and environmental exposure(s).”

0 The following text was also added to the Study Selection section of the
Sup02_2022_Prepublication_NTP_Monograph to clarify the terms “case study”
and “case report.”

“Although there are various definitions of ‘case study’ and ‘case report,” the
terms are used here to refer to publications designed to share health-related
events on a single subject or patient with a disease, diagnosis, or specific
outcome in the presence of a specific exposure (see Table 4 for study design
definitions).”

0 To be relevant for this review, a case series study would be a similar publication
designed to share health-related events on a collection of case reports on
subjects with neurological measures and exposure to fluoride. We did not
require a minimal sample size. It is useful to note that no case series studies
were identified in the searches conducted for this systematic review.

0 Regarding the cohort study design, throughout the monograph, we refer to
cohort studies as prospective or retrospective, as appropriate. We did not
impose a requirement that cohort studies be longitudinal, since longitudinal
analyses (which have repeated measurements of the outcome over time) can be
part of a cohort study but are not a prerequisite of the cohort study design. We
also did not impose any restrictions on the duration of follow up. The new
footnotes added to Table 4 clarify that longitudinal analyses are not required in
the cohort study design.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate
but makes the follow suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests editing the Methods section, page 10, of the draft SoS Monograph
to improve clarity by, as noted in the authors’ response, replacing “and” with “or” to
read “(1) Case studies or case reports.”

See Appendix I, page I-33, I-25.

G.3: _ Comments: Why would you exclude conference abstracts, theses, dissertations,
and other non-peer reviewed reports, but include unpublished data?

Response: Edited for clarity

0 NTP only includes publicly accessible information in its evaluations. This
information is typically based on studies published in peer-reviewed journals.
NTP, however, can consider unpublished data or data presented in the grey
literature (e.g., conference reports where the complete study details and data
are available) that have not undergone peer review, provided the owners of the
data are willing to have the study details and results made publicly accessible.
NTP would organize a peer review of any submitted unpublished data. The
Sup02_2022_ Prepublication_NTP_Monograph has been revised to state that no
unpublished data were included in the monograph:

107



NTP BSC Working Group Report

“Although no unpublished data were included in the review, unpublished data
were eligible for inclusion, provided the owner of the data was willing to have
the data made public and peer reviewed [see protocol
(https://ntp.niehs.nih.gov/qo/785076) for more details].”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-25.

G.4: _ Comments: Regarding stopping screening as early as you did, it is not clear why
it is acceptable to miss 1 or 2 relevant human studies.

Response: No change requested

By using SWIFT Active Screener software to screen the initial literature search
results, we avoided the need to manually screen over 13,000 abstracts. As
outlined in the Sup02_2022_Prepublication_NTP_Monograph and systematic
review protocol (https://ntp.niehs.nih.gov/go/785076), in addition to the
screening of bibliographical databases, several additional methods to identify
relevant literature were also employed. These included publicly posting the
literature search results and asking _ at each stage whether
they were aware of any additional relevant articles, screening the reference lists
of reviews and included papers for possible articles, and conducting updated
literature searches as outlined in response to a previous comment by

. The use of SWIFT Active Screener was estimated to result in the
potential to miss one or two relevant human studies with primary
neurodevelopmental or cognitive outcomes. The savings in time and impact
were weighed against the potential impact of missing 1 or 2 studies relative to
the nearly 100 human epidemiological studies identified with primary
neurodevelopmental or cognitive outcomes, and this tradeoff was deemed to
be acceptable.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
inadequate.

The WG recommends adding the use of the electronic screening tool to the list of
limitations as this approach may have missed some relevant studies.

G.5: _ Comments: Assuming it is true, please clarify that the non-English databases
were double-screened in full.

Response: Agree (no change)

0 Yes, screening at both the title and abstract and full-text levels was conducted by
two reviewers independently and in duplicate for the main databases and the non-
English-language databases. The Screening Process section of the
Sup03_2021 draft NTP_Monograph and the
Sup02_2022_ Prepublication_NTP_Monograph state the following, which applies to
all screening that was conducted during the evaluation:
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“References retrieved from the literature search were independently screened by
two trained screeners at the title and abstract level to determine whether a
reference met the evidence selection criteria.”

“Studies that were not excluded during the title and abstract screening were further
screened for inclusion with a full-text review by two independent reviewers...”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page I-25, I-26.

G.6: _ Comments: Based on the Methods section, it appears that “high quality”
pediatric studies from prior to 2015 would have been excluded in the current analyses. As
written (e.g., on page 14 at the end of the Data Extraction section), it seems that older data
were simply ignored (without justification). However, the Results (e.g., Figure 4) includes older

studies.

Response: Disagree (edited for clarity)

(0]

This was not the intent of the identified text. As stated in the text at the end of the
Data Extraction section of the Sup02_2022_Prepublication_NTP_Monograph,
excluded studies referred to experimental animal studies that were previously
reviewed and included in the NTP 2016 assessment of the experimental animal
literature available at that time. The prepublication
Sup02_2022_Prepublication_NTP_Monograph has been edited as follows to clarify
that the statement applies to animal studies:

“Although literature search activities for the current assessment identified
experimental animal studies prior to 2015, the current assessment did not re-
evaluate animal studies published prior to 2015 because these were reviewed in the
NTP (2016) assessment.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-28.

G.7: _ Comments: The description of the translated Chinese articles (page 15) needs
to be written in the active voice to better describe who was confirming the accuracy of the
translation and how. What about other languages (and what were they)?

Response: Agree (edited for clarity)

(0]

We have revised the text to clarify that all translated studies were originally
published in Chinese and edited the following text to clarify who confirmed the
accuracy of the translations for the five low risk-of-bias studies.

“Therefore, in order to assess whether the lack of information relevant to key risk-of-
bias concerns was the result of a loss in translation, the original Chinese publications
and the translated versions of the five studies that had the most potential for being
included in the low risk-of-bias group of studies were reviewed by a team member
with Chinese as first language to determine whether the translations were accurate
and whether any of the risk-of-bias concerns could be addressed (An et al. 1992;
Chen et al. 1991 [translated in Chen et al. 2008]; Du et al. 1992 [translated in Du et

109



NTP BSC Working Group Report

al. 2008]; Guo et al. 1991 [translated in Guo et al. 2008a]; Li et al. 2009). For all five
studies, the translations were determined to be accurate, and there was no impact
of the translations on the key risk-of-bias concerns.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page I-30.

G.8: _ Comments: The section “Considerations for Pursuing a Narrative or
Quantitative Evidence Synthesis” (page 19) does not describe the actual considerations of the
logic for the approach taken, but just summarizes previous meta-analyses (which don’t clearly
belong in the Methods section). Why is the NTP’s meta-analysis not included here? Why are
animal and in vivo studies not summarized? Why are adult studies not fully evaluated? Why are
not low risk of bias studies not fully evaluated?

Response: Disagree (edited for clarity)

(0]

The decision to pursue a narrative evidence synthesis rather than a meta-analysis
was made while preparing the 2019 draft NTP Monograph because our goal of
generating a document to support a hazard assessment did not require a
quantitative estimate of hazard (e.g., numeric estimate of IQ points lost per mg F/L
of drinking water or urine). To clarify the timeline of draft monographs and
important decision points on content of the systematic review to address the
objectives, we have added a new table (Table B-1 in Appendix B of the
Sup02_2022_Prepublication_NTP_Monograph).

Briefly, comments received from the NASEM Committee that reviewed the 2019
draft NTP Monograph (NTP, 2019) recommended that we perform a meta-analysis
and indicated that the outcome would be critical to reaching a hazard conclusion.
We therefore performed a meta-analysis, which included a dose-response meta-
analysis, in the revised Sup04_2020_draft_ NTP_Monograph (NTP, 2020). In its
review of that Sup04_2020_draft_ NTP_Monograph, the NASEM Committee again
stated that the document fell short of supporting our hazard call, and the
Committee also had additional recommendations to improve the meta-analysis.

After reflecting on the NASEM Committee comments on the

Sup04_2020_draft_ NTP_Monograph, we decided to remove the evidence
integration step from the systematic review of the literature and instead issue the
report (after further independent peer review) as a document outlining the state of
the science on the literature examining the association between fluoride exposure
and potential deficits in neurodevelopment and cognition. This change is outlined in
the Preface to the Sup02_2022_Prepublication_NTP_Monograph. Removing the
evidence integration step from the systematic review precluded a determination of
an overall hazard call. We then decided to revise and submit the meta-analysis as a
separate peer-reviewed publication because it was no longer needed in an
evaluation of confidence in the database of human evidence. An additional
consideration was that the meta-analysis, and in particular the dose-response meta-
analysis, were performed only on the studies addressing fluoride exposure in
relation to deficits in children’s IQ, rather than on other neurological outcomes in
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children or on cognition in adults. The separate meta-analysis considers comments
from the NASEM Committee in its revisions.

0 Inthe 2019 draft NTP Monograph, the in vivo experimental animal data were
summarized in the main body of the text in greater detail and were considered
inadequate to inform whether fluoride exposure is associated with cognitive effects
in humans. Following the recommendation from the NASEM Committee review, the
experimental animal section was removed from the monograph. Although we
attempted to address some of the critical deficiencies identified in the animal body
of evidence through further use of in-house studies, we still consider the
experimental animal data to be inadequate to inform whether fluoride exposure is
associated with cognitive effects (including cognitive neurodevelopmental effects)
in humans. Therefore, we have not focused on updating this large literature base in
the Sup02_2022 Prepublication_NTP_Monograph.

0 Experimental animal mechanistic studies are summarized in Appendix 5 of the
Sup03_2021_draft_ NTP_Monograph (which is now Appendix F in the
Sup02_2022_ Prepublication_NTP_Monograph). In vitro studies were not
summarized because it was considered unlikely that this literature would provide
sufficient information to inform an action of fluoride on neurodevelopment
considering the large number of epidemiological studies that directly addressed the
guestion. The following text in the Methods section of the
Sup02_2022 Prepublication_NTP_Monograph has been revised to clarify this point:

“In vitro studies were evaluated, although data were not extracted from these
studies as none of the findings were considered informative with respect to
biological plausibility.”

0 With respect to adult studies and full assessment of all low risk-of-bias studies, adult
and child low risk-of-bias studies were evaluated, and results are reported in the
Sup02_2022_Prepublication_NTP_Monograph and the supporting HAWC database.
The higher quality (low risk-of-bias) studies were considered and described in the
greatest detail because these studies formed the basis for the confidence ratings.
The lower quality (high risk-of-bias) studies in children were considered to provide
support for the higher quality (low risk-of-bias) studies.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-34, 1-28, 1-123.

G.9: _ Comments: Page 22, can you provide a brief explanation for why the 15
additional identified references were missed by your literature searches?

Response: Agree (change made)

0 We have added a footnote to the Literature Search Results section to clarify why
the references identified by other sources were not captured in the database
searches. In brief, 11 of the 15 references identified through other sources were
not indexed in the bibliographic databases searched and therefore were not
captured by the database searches. Many of the studies initially identified by
other sources were non-English-language studies, and we recognized that
additional targeted search strategies were required to identify non-English-
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language studies for this review. The supplemental search of Chinese databases
was designed to address these challenges. Upon further review, we have
clarified that four of the references in question were captured in the Chinese
database searches, and we have made this correction to the text and study flow
diagram. We were unable to identify the remaining 11 studies in any database
searches. The following footnote was added to the monograph:

“These 11 studies (9 human and 2 animal studies) were not identified through
the electronic database searches, as they were not indexed in any of the
electronic databases searched. Note that the supplemental search of non-
English-language databases was designed in part to identify non-English-
language studies that are not indexed in traditional bibliographic databases
such as PubMed. It was successful in this goal, as multiple studies that were
initially only identified through “other sources” were subsequently captured in
the supplemental Chinese database search, leaving only 11 as identified through
other sources.”

0 Regarding the impact of these 11 studies on the systematic review, only 1 of the
11 studies was a low risk-of-bias 1Q study in children, and this study was
included in the 19 low risk-of-bias studies on which the moderate confidence in
the IQ-in-children body of evidence is based. The omission of this single study
would not impact the moderate confidence rating. Of the remaining 10 studies,
7 were high risk-of-bias |Q-in-children studies and 1 was a high risk-of-bias adult
study. The omission of the 7 (out of 53) high risk-of-bias 1Q-in-children studies or
the 1 (out of 8) high risk-of-bias adult studies would not impact any confidence
conclusions in the monograph. Similarly, the two experimental animal studies
would not impact the evaluation as the animal evidence was considered
inadequate.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate
but makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests for clarity that the authors add text to the Literature Search
Results in the Results section of the draft SoS Monograph that explains their risk-of-bias
assessment of the 11 studies and the perceived impact on the systematic review as
detailed in the authors’ response.

See Appendix I, page 1-38.
G.10: _ Comments: The numbers of abstracts in Figure 2 do not align with the text.

Response: Agree (change made)
0 We have made this correction.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page I-39.
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G.11: _ Comments: Figure 2, it would be better to separate out conference abstracts

for “Other”.

Response: Disagree (no change)

0 The “other” excluded studies category includes conference abstracts among

several other publication types that are not useful for a systematic review
because they do not have complete presentations of data, methods, and results.
In addition, the interactive version of the study flow diagram (Figure 2;
https://hawcproject.org/summary/visual/assessment/405/Figure-2/) allows the
reader to select the “other” category of excluded references, display bibliographic
information for each study, and determine which references were conference
abstracts.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page I-39.

G.12: _ Comments: The top line of the excluded box should state that the 333 were
from the original (pre-2020) search.

Response: Agree (edited for clarity)

(0]

Footnotes to Figure 2 were revised
(https://hawcproject.org/summary/visual/assessment/405/Figure-2/) to clarify
that the first group of 333 studies excluded at the full-text level (footnoted with a
single asterisk) were from all literature searches conducted during the review, and
the second group of 156 studies excluded at the full-text level (footnoted with
two asterisks) were from the 2020 literature search update only.

“*Studies from all literature searches conducted during the review excluded at the full-
text level for pre-established criteria...

**Studies excluded from the 2020 literature searches for reasons other than pre-
established criteria...”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page I-39.

G.13: _ Comments: On page 24, . have trouble with the Results statement
“Congenital neurological malformations and neurological complications of fluorosis are not
considered further due to the limited number of studies and the heterogeneity of outcomes
evaluated in these studies.” This belongs in the Methods, complete with a full explanation for
criteria used to or not to report/consider.

Response: Disagree (edited for clarity)

(0]

The Results section is the most appropriate location for this statement. As part of the
systematic review, our study selection process identified studies with several different
neurological endpoints. As stated in the Methods section of the monograph, the
grouping of health effect results was performed based on the type and extent of data
identified through the literature search and was not planned a priori. Although the
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process for deciding which groupings of health effects to synthesize and whether to
synthesize all groupings of health effects was described in the protocol, the specific
decisions were made based on the results of the literature search and selection.
Following our review of the full body of epidemiological literature, we decided that the
most appropriate focus of the monograph would be on neurodevelopment and
cognition. Congenital neurological malformations and neurological complications of
fluorosis were not considered further due to the limited number of studies and the
heterogeneity of outcomes evaluated in these studies. The most appropriate location
for this statement is in the Results section, as this decision was made as part of the
evidence synthesis and was not an a priori methods decision; however, the referenced
sentence has been edited to state that a few studies on these other health outcomes
were identified, which is more in line with other statements in the Results section.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-40.

Comment on whether the approach used to assess risk of bias was clearly described and
appropriately applied to the set of studies designated as “low risk of bias.”

G.14: _ Comments: The approach used to assess risk of bias was clearly described and
appropriate applied.
Response: No change requested

0 No response necessary.
BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

G.15: _ Comments: Detailed descriptions of assessment of risk of bias in animal
studies (page 14) should be omitted since this was not done. It is confusing for the reader to
repeatedly read methods that are not relevant to this review.

Response: Disagree (no change)

O We appreciate _ comment but consider it appropriate to provide
details on the methods for evaluating risk of bias in animal studies. Risk-of-bias

assessment was conducted on the animal studies and was considered in
determining the confidence in the animal data and in deciding whether to reach a
hazard conclusion. The risk-of-bias assessment of animal studies was a factor in
determining that the animal studies were inadequate to inform the question of an
association between fluoride exposures and neurodevelopmental and cognitive
effects in humans and contributed to the decision to focus the systematic review
on the large evidence base of human studies.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page I-29.
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G.16: _ Comments: Regarding the GRADE assessment of imprecision, please provide more
detail about your thresholds between precise and imprecise. For example, what 95% Cl would indicate
imprecise?

Response: Agree (change made)

(o] The consideration of precision is outlined in the protocol
(https://ntp.niehs.nih.gov/go/785076) with additional perspective provided in the OHAT
handbook (https://ntp.niehs.nih.gov/go/ohathandbook). The GRADE-based assessment
was used to determine whether there was no serious imprecision (essentially that data
were precise), serious imprecision, or very serious imprecision. There are two principal
considerations in reaching a judgement of no serious imprecision (see Table 12 of the
OHAT handbook; https://ntp.niehs.nih.gov/go/ohathandbook). First, there are no or
minimal indications of large standard deviations (i.e., SD > mean). In addition, for ratio
measures, the ratio of the upper to lower 95% Cls for most studies (or meta-estimate) is
<10 and, for absolute measures (e.g., percent control response), the absolute difference
between the upper and lower 95% Cls for most studies (or meta-estimate) is <100.

o We have revised the sentence in the Methods section of the
Sup02_2022_Prepublication_NTP_Monograph about the consideration of imprecision as
follows:

“There is no evidence of serious imprecision that would warrant a downgrade. Eighteen
low risk-of-bias studies reported lower 1Q with higher fluoride, and no issues with
imprecision were identified to challenge the significance of the response estimates.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG considers simply referring to the protocol or an appendix as the source for
information about the methods used inadequate. The BSC WG recommends that the authors
include details about the assessment of imprecision, including the thresholds between precise
and imprecise, in the Methods section of the draft SoS Monograph.

See Appendix I, page 1-69.

1. Comment on assessment of the human studies with regard to:
a) How findings from individual studies designated as “low risk of bias” were interpreted.

G.17: _ Comments: A small point, but . think the description of 19 studies somewhat
exaggerates the size of the body of evidence, since these studies were conducted in 15 study
populations. For example, on page 36, it is unclear why the two articles by Green and Till should
get double the weight (2 vs. 1 study) simply because the authors chose to publish 2 (vs. 1)
articles.

Response: Disagree (edited for clarity)

0 We disagree that the description of 19 studies exaggerates the size of the body of
evidence. It is made clear in the Sup03_2021 draft NTP_Monograph and the
Sup02_2022_Prepublication_NTP_Monograph that these 19 studies come from 15
study populations. We also are transparent about the fact that the three prospective
cohort studies are based on two study populations. We have added clarifying text in the
first paragraph of the Results by Study Design — Prospective Cohort Studies section (see
qguote below) that, while Green et al. (2019) and Till et al. (2020) use the same study

115


https://ntp.niehs.nih.gov/go/785076
https://ntp.niehs.nih.gov/go/ohathandbook
https://ntp.niehs.nih.gov/go/ohathandbook

NTP BSC Working Group Report

population, the exposure measures used are different between the two publications,
thus warranting consideration as separate studies.

“Two of the studies (Green et al. 2019; Till et al. 2020) were based on the same Canadian
study population, but one evaluated prenatal fluoride exposure and the other evaluated
postnatal fluoride exposure. Green et al. (2019) included maternal urinary fluoride,
maternal fluoride intake, and water fluoride concentrations, while Till et al. (2020) used
fluoride intake from formula or water concentrations in formula-fed versus breastfed
infants.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-55.

G.18: _ Comments: The overall conclusion is appropriate, but the organization of
results is problematic and suggests possible bias and cherry-picking by the reviewers. . don’t
think there was bias or cherry picking, but the text raises these concerns. For example, on page
36, the statement that 18 of 19 studies provide consistent evidence is a misleading truism,
since the 19" study was omitted for being inconsistent. Better to talk about all 19 studies (or 15
study populations) and go from there. There was consistency across 19 studies, with only a
single study finding no association.

The strength of findings must be across all 19 studies, not just the 18 studies that directly
support the conclusion.

Response: Disagree (no change)

Although we agree that the higher-quality studies provide consistent evidence of an
inverse association (and statements like this appear in the monograph), we decided that,
in sentences that note the number of studies, our phrasing that “18 of 19 studies provide
consistent evidence” is more appropriate and transparent since 18 of 19 studies provide
evidence of an inverse association and the remaining study does not.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG agrees with the reviewer and recommends that the authors include text in
the Results section of the draft SoS Monograph that discusses all 19 studies.

See Appendix |, page I-55.

G.19: _ Comments: It is unclear whether you are using the term prospective (cohort
study) to mean prospective (as opposed to retrospective, it’s correct meaning) or longitudinal
(as opposed to cross-sectional). Please use the correct term. In any case, the reader needs to
know both whether studies were prospective or retrospective and whether studies were
longitudinal or cross-sectional.

Response: Agree (change made)

0 Throughout the monograph, we refer to cohort studies (either prospective or
retrospective) with consistent terminology. We have added definitions from NRC
(1997) as footnotes to Table 4 to clarify study design types in the document. The
following text is an example with the description of cohort studies:
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“Cohort studies are observational studies in humans that examine a cohort
prospectively or retrospectively over time. Although cohort studies may include
longitudinal analyses, it is not a prerequisite of the cohort study design.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

Cohort studies are, by definition, longitudinal [see, for example, Barrett and Noble. 2019.
What are cohort studies? Evid-Based Nurs 2019;22(4):95-96; doi 10.1136/ebnurs-2019-
103183]. The BSC WG recommends that the authors’ revise the second sentence to
footnote cin Table 4 of the draft SoS Monograph to correct the text.

See Appendix I, page I-33.

G.20: _ Comments: Throughout, it is important to talk about higher exposure to
fluoride, not just exposure to fluoride. Everyone is exposed to fluoride so describing the at-risk
group as being exposed to fluoride is meaningless (and confusing).

Response: Agree (change made)

0 We recognize _ suggestion concerning use of the term “higher”
when describing fluoride exposure. Many of the epidemiological studies evaluated
involved simple comparisons between groups of children exposed to higher
versus lower levels of fluoride, but there were wide variations in the actual
fluoride exposure levels that comprised higher and lower, and some of the levels
overlapped from study to study. In response to this request and requests of other
_, we have carefully reviewed the terminology used in the
Sup02_2022_Prepublication_NTP_Monograph and have added the “higher”
qualifier when appropriate to describe fluoride exposures, and have provided a
benchmark (1.5 mg F/L WHO Guidelines for Drinking-water Quality) to aid in
describing total exposure above which moderate confidence was determined for
children’s 1Q studies.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
inadequate.

The BSC WG suggests reframing or describing why the benchmark of 1.5 mg/L (WHO
standard) was used. As the authors point out, this is a bit artificial as there are likely to
be sources of fluoride other than water. There needs to be either an elaboration as to
just what this benchmark means and how it is related to the studies that were reviewed
or consider an alternative way of framing the data.

Also see previous recommendations regarding the use of “relatively high” or “high”
instead of “higher” when referring to fluoride exposure unless the comparator is given.

G.21: _ Comments: The Results about the cross-sectional studies (page 38) state
that “the consistent results across multiple metrics increase our confidence in the data.”
Based on the appropriate description in the Methods on Page 21, upgrading based on
Consistency “does not apply in this evaluation”.
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Response: Agree (edited for clarity)

(0]

Confidence in bodies of evidence is evaluated under the GRADE-based system in
the NTP OHAT approach by considering a specific set of factors that may either
decrease or increase the confidence rating. Consistency of results is considered in
two of these confidence factors which separately address different aspects: 1)
unexplained inconsistency of results that may reduce confidence, and 2)
consistency of results across multiple animal species that may increase
confidence. _ points out one part of the guidance on consistency
under the Methods section Factors to Consider for Potential Upgrading that
generally only applies to animal studies; however, there is also a section under
Factors to Consider for Potential Downgrading that applies to both human and
animal studies. The text in question in the Results section was revised to clarify
that the consistency of the results across multiple metrics contributes to (rather
than increases) the confidence in the body of evidence. As explained in that
downgrading section, the consistency of results across human studies is used as
the reason not to downgrade for unexplained inconsistency, and therefore was
not considered further as a potential upgrade for essentially the same
characteristics of the body of evidence. As explained in the upgrading section, an
upgrade is typically applied when there are data reporting consistent results
across multiple animal species. Upgrading for the human studies does not apply in
this evaluation.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page I-57.

G.22: _ Comments: Missing is a clear description or analysis across studies of what
constitutes higher exposure levels that are associated with lower 1Q. Page 40 starts a
description of Exposure Levels, but lacks any quantitative description of high (or low)
exposure. While . understand that a better analysis may arise from the future meta-analysis,
there should be enough data in Table 6 to allow a more coherent summary of exposure level
thresholds analyzed.

The Summary of Key Findings for Low Risk-of-bias Children's 1Q Studies on Page 42 (and again
on page 48) describes higher exposure as 21.5 mg/L, but other than a mention of the 2016
report, this threshold is not described or presented in the Results. To the reader, this
threshold is unsupported by the included studies.

Response: Agree (change made)

(0]

We agree that the Sup03_2021 draft NTP_Monograph could have provided
additional context for the use of the WHO Guidelines for Drinking-water Quality
value of 1.5 mg F/L, so we have added language to address this in the
Sup02_2022_Prepublication_NTP_Monograph. For example, the first sentence in
the Summary of Key Findings for Low Risk-of-bias Children’s 1Q Studies section has
been revised to state:

“In summary, the high-quality studies (i.e., studies with low potential for bias)
consistently demonstrate lower 1Q scores with higher fluoride exposure [e.qg.,
represented by populations whose total fluoride exposure approximates or
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exceeds the WHO Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride
(WHO 2017)].”

In addition, it is useful to point out that, in the
Sup04_2020_draft_NTP_Monograph, which included the draft meta-analysis, we
presented information addressing the statistical significance of the findings from
drinking water studies where the median exposed group-level exposures included
all studies, those less than 4 ppm, those less than 2 ppm, and those less than 1.5
ppm. These cut-off points were described as being selected because they
represent various regulatory rather than biological thresholds. In this respect,
please also see response to _ comment above regarding “higher”
exposure to fluoride.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page 1-62.

G.23: _ Comments: Figure 6 has a header “Reported Effect of Fluoride” with just
Soto Barreras with “No”. However, Table 6 reports the findings for Soto Barreras as no
significant difference. Maybe what is meant is Reported Significant Association Between
Fluoride Exposure and IQ.

Response: Agree (no change)

(0]

We agree with _ description of Figure 6 and Table 6, but the
notations in Figure 6 and Table 6 are correct. As summarized in Table 6, no

significant differences in measured fluoride levels across |Q grades were
observed. This Table 6 summary coincides with Figure 6, which dichotomously
summarizes (i.e., with a ‘yes’ or ‘no’) that the study did not report an association
with fluoride. Note that Appendix E (previously Appendix 4 in the
Sup03_2021_draft_NTP_Monograph) provides further detail on the study results,
as follows:

“Reported association with fluoride exposure: No: Results were not presented to
evaluate an association between fluoride exposure and 1Q but to compare fluoride levels
within 1Q grades. For this reason, the results of this study are not comparable to other
studies that evaluated 1Q scores by fluoride exposure levels. No significant differences in
measured fluoride levels across 1Q grades were observed.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment adequate
but makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests for clarity that the authors reword the sentence in the draft SoS
Monograph (Appendix E, page E-30) because “no significant difference” is not “evidence
of no association.”

See Appendix |, page 1-65, 1-44,1-218.
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G.24: _ Comments: Also note that observational studies (with rare exceptions) do
not provide evidence of an “effect”, only of an association. Please use the term judiciously or
not at all.

Response: Agree (change made)

0 Edits have been made throughout the
Sup02_2022_Prepublication_NTP_Monograph to use the terms 'effect,’
'association,' and 'correlation' consistently and most appropriately. For example,
the following description of Table 6 was revised to replace ‘effect’ with
‘association’:

“The purpose of the table is to summarize key findings (independent of whether an
association is indicated) from each study...”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-43.

G.25: _ Comments: Did the reviewers consider that the relatively small Soto Barrera
study was “negative” because it was underpowered, not because it was inconsistent with the
other studies?

Response: No change requested

0 The study is noted as not observing evidence of an association and is not referred
to as “negative” in the text. Because of the way the data are provided (i.e., the
study evaluated fluoride levels within IQ grade and not whether 1Q changed with
increasing fluoride exposure), a comparison with the rest of the body of evidence
cannot be made. Soto-Barreras et al. (2019) does not provide the data in a way
that would allow evaluation of the association between fluoride exposure and 1Q.
Because the scope of this section is to present the observed 1Q effects in children,
we refrain from suggesting reasons for non-significance such as sample size.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

b) How the overall set of confounders across the body of evidence from children’s IQ
studies was considered and presented.
G.26: _ Comments: Overall, the confounders are considered and presented
reasonably well.
Response: No change requested
0 No response necessary.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

G.27: _ Comments: On page 42 and following, it would be clearer to separately and
clearly discuss each of the 3 studies at increased risk confounding bias (Cui, Ding, Soto Barreras).
The reasons these three studies were downgraded are buried in the text and unclear. .

gleaned why Soto Barreras was at high risk, but I'm unclear why the other two studies are high
risk.
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Response: Disagree (no change)

0 Overall, as described in the Confounding for 1Q Studies in Children section, we
determined that bias due to confounding was not considered to be a concern in
the body of evidence, and the potential for the consistency in results to be
attributable to bias due to confounding in the 19 low risk-of-bias studies was
considered low. Therefore, we still consider that the most appropriate
organization for the section on confounding for low risk-of-bias 1Q-in-children
studies is to first summarize the strengths in the body of evidence regarding the
potential for bias due to confounding. We also consider Appendix E in the
Sup02_2022 Prepublication_NTP_Monograph (previously Appendix 4 in the
Sup03_2021_draft_ NTP_Monograph), which the section in question directly
refers to for further details for these three studies, to be the most appropriate
place in the monograph to fully discuss the potential for bias due to confounding
for these three studies (as well as all low risk-of-bias studies).

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends that text be added to the draft SoS Monograph which details
how bias due to confounding was addressed for each of the three studies.

See Appendix |, page 1-62.

G.28: _ Comments: It is unclear why Soto Barreras is considered to be low risk of bias
(overall) if they did not account for arsenic in a high-exposure area. This seems like a major flaw.
. did not find any description in the main part of the results (pages 28-41) that discuss this
study and why it’s included. Although, there’s the unclear, unreferenced statement (page 36)
that “Only one study did not observe evidence of an association between fluoride exposure and
IQ; however, results were not provided in a manner that allowed for a direct comparison with
other low risk-of-bias studies.”

Response: Agree (change made)

0 We have added text to further explain why the concern over co-exposure to arsenic in
Soto-Barreras et al. (2019) would not result in the study being considered high risk of
bias overall. In the Sup02_2022 Prepublication_NTP_Monograph, the following text has
been added to the Confounding for 1Q Studies in Children section for low risk-of-bias
studies: “Although Soto-Barreras et al. (2019) did not discuss arsenic, there is no direct
evidence that arsenic was present in the study area.” We have also added a direct link to
Appendix E, which discusses the concern for this study in greater detail. In order for
Soto-Barreras et al. (2019) to be considered high risk of bias overall due to the arsenic
concern alone, there would need to be direct evidence that arsenic was driving the
results (in this case, biasing the association toward the null). We do not have direct
evidence of that for this study.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page 1-63.
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G.29: _ Comments: The Outcome Assessment for |Q Studies section (page 48) is
unclear. This problem occurs in much of the write up, where it is unclear what studies are being
referred to. It states that 18 of 19 studies were low risk (“used appropriate methods for
measuring 1Q”), but does not indicate which study did not use appropriate methods or what the
problem is. At the end of the paragraph there’s a sentence about Sudhir not reporting blinding,
but the paragraph starts by saying that “blinding of outcome assessors was not a concern).

Response: Agree (change made)

0 We have made edits throughout the Sup02_2022_ Prepublication_NTP_Monograph to
further clarify the studies to which we are referring. In the referenced section, we have
revised the text to clarify that, “All 19 low risk-of-bias studies used appropriate methods
for measuring 1Q in the study population being assessed, and blinding of outcome
assessors was not a concern in 18 of the 19 studies [i.e., all low risk-of-bias studies except
Sudhir et al. (2009)].”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-68.

¢) How the confidence rating in the body of evidence was developed and supported.

G.30: _ Comments: It’s unclear what is meant (in Table 6 and scattered throughout
the Results) that there was “No statistical adjustment for confounders” but then in Figure 6 (and
also in the text) all studies “consider” the potential confounders age, sex, and SES.

Response: Agree (change made)

O Table 6 reports the statistical adjustment for covariates for each publication. Figure 6
takes it a step further and reports whether a potential covariate was a concern as a
potential confounder. We updated the footnote to Figure 6 to clarify what we mean by
"consider."

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-65.

G.31: _ Comments: An extension of a prior comment, on page 48 (Confidence
Assessment of Findings on 1Q in Children), the review does not provide evidence to support the
statement that the high fluoride exposure should be interpreted as “mainly greater than the
WHO Drinking Water Quality Guideline [>1.5 mg/L]".

Response: Agree (change made)

0 Although the specific statement referred to no longer appears in the Confidence
Assessment of Findings on IQ in Children section, reference to the WHO Guidelines for
Drinking-water Quality provides important clarification and context that the findings of
this systematic review are on total fluoride exposure and there is uncertainty at lower
exposure levels. As discussed in the Sup02_2022 Prepublication_NTP_Monograph,
there is moderate confidence from low risk-of-bias studies of an association between
higher fluoride exposure and lower IQ in children when total fluoride exposure
approximates or exceeds the WHO Guidelines for Drinking-water Quality of 1.5 mg F/L.
The statement reflects the collective assessment of fluoride exposure in the low risk-of-
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bias studies that form the basis of our confidence assessment for an association
between higher fluoride exposure and lower IQ in children. It also relies on empirical
observations of a close correspondence between drinking water concentrations and
urinary fluoride concentrations (see Kumar et al. [2017] as an example). Our assessment
of confidence in the association between higher fluoride exposure and lower children’s
IQ is supported by studies that report total fluoride exposure as represented by urinary
measurements.

0 For example, the publication by Green et al. (2019) examined the IQ of children in
Canada exposed to fluoride in both non-fluoridated communities and fluoridated
communities with 0.7 mg/L in drinking water (the same recommended fluoridation level
for community water systems in the United States). As reported in that publication,
individual exposure levels of women living in optimally fluoridated cities in Canada, as
documented by repeated urinary measurements, suggest widely varied total exposure
from water combined with fluoride from other sources. Many of these urinary fluoride
measurements exceed those expected from consuming fluoride in water alone that
contains 1.5 mg/L fluoride or less. The Bashash et al. (2017) study also provided
information from a population in Mexico whose urinary fluoride exposures were
comparable to those identified in the Green et al. (2019) study. Both studies are
reviewed in the monograph and contribute to our confidence conclusions as stated in
the revised Abstract and Summary sections of the
Sup02_2022_Prepublication_NTP_Monograph.

“This review finds, with moderate confidence, that higher fluoride exposure (e.g.,
represented by populations whose total fluoride exposure approximates or exceeds the
World Health Organization Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride)
is consistently associated with lower IQ in children. More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-14, 1-97.

G.32: _ Comments: Similarly, the description around “Dose-response” on page 49 is
not clearly supported by the text of the Results section. There is no clear dose-response section
of the Results where related findings are described. The Results text mostly summarizes as
“high” or “exposure” or in some instances association with a 1-mg/L increase or the equivalent.

Response: Agree (edited for clarity)

0 As aresult of removing the meta-analysis, which includes a dose-response meta-
analysis, from the Sup03_2021_draft_ NTP_Monograph, the referenced description
around “Dose-response” is no longer necessary and has been removed from the
Sup02_2022_ Prepublication_NTP_Monograph.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The authors state that following removal of the meta-analysis from the draft SoS Monograph,
“dose-response” is no longer necessary and has been removed. The BSC WG recommends that
the draft SoS Monograph address dose/exposure-response between fluoride and adverse
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neurodevelopmental outcomes. The BSC WG also recommends that the draft SoS Monograph
and draft M-A Manuscript should be complete, standalone documents unless timing for
publication can be coordinated, perhaps by NTP publishing both documents.

G.33: _ Comments: The “Consistency” section on page 49 should not discuss the
consistency across studies. This was addressed in Unexplained Inconsistencies on the prior page.
Do not confuse the two issues for the reader.

Response: Agree (change made)

0 We agree that the text on consistency of findings across studies in humans was addressed
under unexplained inconsistency. Therefore, we accepted the suggestion and deleted the
sentence marked by _ “The high quality studies demonstrate a consistent
pattern of findings that fluoride exposure is associated with lower 1Q scores in children”
from the Consistency bullet in the Confidence Assessment of Findings on 1Q in Children
section. The Consistency bullet in the Sup02_2022_Prepublication_NTP_Monograph has
been revised to state:

“Consistency: The consideration of a potential upgrade for consistency in the methods is
primarily for non-human animal evidence, where it would be applied to address increased
confidence for consistent effects across multiple non-human animal species. For human
evidence, it is generally not applied, and the data would only be considered in deciding whether
to downgrade for unexplained inconsistency. Therefore, no upgrade is applied for consistency.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-70.

G.34: _ Comments: A clearer statement, up front, is needed that the starting point for
confidence is “moderate” and why this is the case. . think you’re trying to say this with “The
initial moderate confidence rating in the body of evidence” on page 48, but this sentence is
unclear. I'm still unsure if “initial” here means where the GRADE confidence rating starts before
assessing the evidence. Why start at moderate? The Methods section does not describe this
concept.

Response: Agree (change made)

0 The Confidence Assessment of Findings on IQ in Children section has been rearranged in
the Sup02_2022 Prepublication_NTP_Monograph as suggested to start with the initial
confidence rating and how initial confidence rating is determined. Then, the OHAT
approach is outlined for considering factors that may upgrade or downgrade confidence to
reach a final rating on confidence in the body of evidence.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends that text should be added to the draft SoS Monograph that explains
why the starting point is “moderate” for determining the rating for confidence in the body of
evidence instead of referring to the GRADE approach.

See Appendix I, page 1-68.

124



NTP BSC Working Group Report

G.35:
2. NTP concludes a rating of moderate confidence in the body of evidence for lower IQ in
children associated with fluoride exposure.

X Agree
[ ] Agree in principle with the exception(s) listed below:
[ ] Do not agree because:

Response: No change requested
o] _ agreed with the moderate confidence rating.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

3.  Fluoride exposure and non-1Q neurodevelopmental or cognitive effects in children

G.36:

4. Comment on whether the approach described in the methods to search for and select
human studies on neurodevelopmental or cognitive function effects associated with
fluoride exposure was appropriate for evaluating potential effects of fluoride exposure on
non-lQ neurodevelopmental or cognitive effects in children.

_ Comments: Issues discussed above also pertain to this section (e.g., number of
articles vs. number of study populations). No additional issues.

Response: Disagree (edited for clarity)

0 Asdescribed in response to _ comment on B.1.3.a, we clearly specify
the number of studies and study populations. We have also added clarifying text
to the Results by Study Design — Prospective Cohort Studies section that, while
Green et al. (2019) and Till et al. (2020) use the same study population, the
exposure measures used are different between the two publications, thus
warranting consideration as separate studies (see below).

“Two of the studies (Green et al. 2019; Till et al. 2020) were based on the same
Canadian study population, but one evaluated prenatal fluoride exposure and the
other evaluated postnatal fluoride exposure. Green et al. (2019) included maternal
urinary fluoride, maternal fluoride intake, and water fluoride concentrations, while
Till et al. (2020) used fluoride intake from formula or water concentrations in
formula-fed versus breastfed infants.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-55.

G.37:

5. Comment on whether the approach used to assess risk of bias for studies in children on
non-lQ neurodevelopmental or cognitive effects was clearly described and appropriately
applied.

_Comments: Sufficiently well described and appropriately applied, with caveats
related to issues raised in 1Q section.
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Response: No change requested

0 No response necessary.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Comment on assessment of the human studies with regard to:

a) How findings from individual “low risk of bias” studies were interpreted.

_Comments: Sufficiently well described and appropriately applied, with caveats
related to issues raised in IQ section.

G.39:

Response: No change requested

0 No response necessary.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

b) How the confidence rating in the body of evidence was developed and supported.

_ Comments: Sufficiently supported, but it’s unclear why the same format used
for the 1Q studies (pages 48-49) is not used here (page 59).

Response: Agree (edited for clarity)

0 Due to the limitations of the data set, including the heterogeneity of outcomes
assessed, a limited number of directly comparable studies, and differences in
outcome assessment methods even when studies evaluated similar outcomes, we
chose not to describe the confidence assessment in the same format and level of
detail as in the IQ section. We have added text to the Confidence Assessment of
Findings on Other Neurodevelopmental Effects in Children section to further clarify

this point.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page 1-81.

G.40:

7.

The NTP concludes a rating of low confidence in the body of evidence for decreases in
measures of other neurodevelopmental or cognitive effects in children associated with

fluoride exposure.

X Agree
|:| Agree in principle with the exception(s) listed below:

[ ] Do not agree because:

Response: No change requested
o] _ agreed with the low confidence rating.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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3. Fluoride exposure and cognitive effects in adults

G.41:
1.

G.42:

G.43:

Comment on whether the approach described in the methods to search for and select
human studies on neurodevelopmental or cognitive function effects associated with
fluoride exposure was appropriate for evaluating potential effects of fluoride exposure on
cognitive effects in adults.

_ Comments: No concerns with methods or search specific to this topic.

Response: No change requested

O No response necessary.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Comment on whether the approach used to assess risk of bias for studies in adults on
cognitive effects was clearly described and appropriately applied.

_ Comments: Risk of bias of the two studies clear and mostly appropriately
applied.
Response: No change requested

0 No response necessary.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Comment on assessment of the human studies with regard to:
a) How findings from individual studies were interpreted.

_ Comments: The analysis between the two studies may be too simplistic. The
French study was done in adults with not very high exposures to fluoride. In contrast the
Chinese study compared adults with skeletal fluorosis (suggesting very high exposure)
with others. It may be inaccurate to suggest that these two studies were not consistent.
They may (consistently) show that relatively low exposures (even if above recommended)
are not associated with cognitive outcomes, but very high exposures are.

This gets a - comments before about a lack of analysis regarding doses, dose effects, or
thresholds.

Response: Agree (change made)

0 We recognize that it may be inaccurate to suggest that these two studies were not
consistent. We have revised the first sentence in the Summary of Results to say:

"Results from two low risk-of-bias studies in adults did not provide enough
evidence to evaluate consistency when assessing evidence for a potential
association between fluoride exposure and cognitive impairment (based on the
MMS Examination)”.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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See Appendix |, page 1-84.

b) How the confidence rating in the body of evidence was developed and supported.

_ Comments: Adequate

Response: No change requested

O No response necessary.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

4. The NTP concludes a rating of low confidence in the body of evidence for changes in
cognitive effects in adults with fluoride exposure.

X Agree
Although, better would be to say insufficient evidence and leave it at that. As per the NTP
system, there is low confidence in a lack of a conclusion.

[ ] Agree in principle with the exception(s) listed below:
[ ] Do not agree because:

Response: No change requested

o] _ agreed with the low confidence rating.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Studies in non-human animals

The NTP agrees with the comments of the NASEM committee (NASEM 2020, 2021) concerning
the overall poor quality of the experimental animal database on fluoride exposure and
neurodevelopmental effects, with many studies suffering from major reporting deficiencies. As
indicated above, the monograph focuses on the large human epidemiology database because it
directly addresses the question of whether fluoride affects human neurodevelopment.
Therefore, based on the recommendations of the NASEM committee, the experimental animal
section and risk of bias details have been removed from this monograph and the NTP concludes
that the scientific evidence from experimental animal data are inadequate to inform whether
fluoride exposure is associated with cognitive effects (including cognitive neurodevelopmental
effects) in humans.

X Agree

[ ] Agree in principle with the exception(s) listed below:

[ ] Do not agree because:

Response: No change requested

o] _ agreed with the inadequate designation.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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Additional Comments:

G.47:

1. _ comments: A clearer statement is needed up front, ideally in the Introduction about
what topics were covered by full systematic review (which are a small subset of topics of
interest) and why. It’s very confusing to read through repeated descriptions of topics which are
not being reviewed. As an example, it’s disconcerting to repeatedly see that thyroid function is
an outcome of interest (without an explanation as to why this is of interest to a review of
neurodevelopmental and cognitive health effects) and then to come across the statement (page
13) that “Thyroid data were ... not extracted.” It’s difficult to pick out and follow the reasoning
for excluding most topics from full evaluation. The timing of and reasoning for the decisions to
focus the systematic review on just “high quality” pediatric studies is unclear.

Response: Agree (change made)

0 We have taken steps to increase clarity in the
Sup02_2022_ Prepublication_NTP_Monograph regarding the purpose of exploring
thyroid function and the exclusion of some topics for full evaluation. Firstly, we have
added a footnote to the Introduction section to clearly explain the interest in thyroid
function as a potential mechanism for neurodevelopmental effects. The footnote reads:

“The current review has evaluated the fluoride literature with an eye toward potential
thyroid effects because a large literature base has accumulated examining the
interaction of fluoride with iodine uptake by the thyroid gland and consequential effects
on synthesis of thyroid hormones, which are recognized to play significant roles in
neurodevelopment in utero and during early childhood. This literature, along with a
detailed proposed mechanism of action, was recently reviewed by Waugh (2019).”

0 Secondly, details have been added to the Data Extraction methods discussion to further
clarify why data on specific endpoints were not considered informative to the
systematic review and did not undergo full data extraction or study quality evaluation,
as follows:

“Data for primary and secondary outcomes, as well as thyroid hormone level data, were
extracted from human studies. Studies evaluating only goiters or thyroid size were not
extracted because they do not provide specific information on thyroid hormone levels
that would inform whether a thyroid-mediated mechanism was involved in fluoride-
associated changes in neurodevelopment.”

0 Thirdly, the sentence that _ identifies (“Thyroid data were ... not
extracted.”) has been revised to clarify that animal thyroid data were not extracted,
whereas human thyroid data were extracted.

0 We reviewed the document Introduction, Objective, PECO Statements, Literature Search,
and Data Extraction sections to assure there is clarity in how the objectives were
addressed in the systematic review. This includes decisions that were made based on
the types of data that were identified in the literature searches. However, we disagree
with _ suggestion that these details should be moved to the Introduction,
which should describe the objectives not the actual results of the search or specifics of
data extraction.

0 We consider that the monograph appropriately and clearly addresses the reasoning to
focus the systematic review on the IQ studies in children, to consider all of the studies
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(both high quality and low quality), and to primarily base the confidence rating of
moderate on the high-quality studies. The monograph states in the Health Outcome
Categories for Neurodevelopmental and Cognitive Effects section and the Human
Neurodevelopmental and Cognitive Data section that the vast majority of the human
studies evaluated IQ in children; therefore, the discussion of cognitive
neurodevelopmental effects in children focuses on IQ studies. In addition, the /Q in
Children section explains the reasoning for focusing on high-quality studies by stating:

“All available studies were considered in this evaluation; however, review of the body of
evidence focused on the high-quality, low risk-of-bias studies for two main reasons. First,
there are fewer limitations and greater confidence in the results of the high-quality
studies. Second, there are a relatively large number of high-quality studies (n = 19), such
that the body of evidence from these studies could be used to evaluate confidence in the
association between fluoride exposure and changes in children’s I1Q. Therefore, the
remainder of the discussion on IQ in children focuses on the 19 studies with low risk of
bias. The high risk-of-bias studies are discussed briefly relative to their overall support of
findings from the low risk-of-bias studies.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-17.

See Appendix I, page 1-28.

See Appendix I, page 1-42.

G.48:
_ comments: Of note, the Introduction and Methods do not explain why thyroid
function was evaluated. This was only (partially done) on page 63.

Response: Agree (change made)

0 We have added a footnote to the Introduction section of the
Sup02_2022 Prepublication_NTP_Monograph to explain the focus on potential thyroid
effects. The footnote reads:

“The current review has evaluated the fluoride literature with an eye toward potential
thyroid effects because a large literature base has accumulated examining the
interaction of fluoride with iodine uptake by the thyroid gland and consequential effects
on synthesis of thyroid hormones, which are recognized to play significant roles in
neurodevelopment in utero and during early childhood. This literature, along with a
detailed proposed mechanism of action, was recently reviewed by Waugh (2019).”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-17.

G.49:

_ comments: It is odd that the Discussion presents the topics in almost reverse order
from the Results. . would expect to start with human evidence, children first, and IQ, then
neurocog, then adults, then animal, etc.
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Response: Agree (no change)

0 We agree that it may be unusual to present the topics in the Discussion in a different
order from the Results, and we had initially arranged the Discussion section in the order
that _ suggests; however, the current order was ultimately chosen for
several reasons. While the epidemiological evidence for adverse effects of fluoride
exposures on children’s cognition appears strong, our overall confidence in the database
is judged to be moderate. The deficiencies in the experimental animal data and the lack
of a clear mechanistic understanding of how fluoride may be producing these effects are
important to keep in mind, and they tended to be lost when placed later in the
Discussion. Also, separating the main discussion of the epidemiological findings from the
Strengths of the Evidence Base and Limitations of the Evidence Base sections was not
considered optimal. Thus, we prefer to maintain the current Discussion structure.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’'s comment adequate.

G.50:
comments: Although, . mentioned the issue before, it is notable that the
Discussion does not address the evidence regarding dose effect or threshold.

Response: No change requested

O Earlier drafts of the monograph that were reviewed by the NASEM Committee included
a more prominent discussion of dose effects, and the meta-analysis requested by the
Committee dealt with this issue directly. However, the systematic review was designed
to simply address the question of whether there is evidence for an association between
fluoride exposure and cognitive neurodevelopment irrespective of dose. We have
always considered these as two separate questions and found that combining them into
one document ultimately detracted from an unbiased independent assessment of
either. Thus, we deemphasized references to current water fluoridation practices in the
Sup03_ 2021 draft_ NTP_Monograph and the
Sup02_2022_Prepublication_NTP_Monograph and have addressed the concept of
thresholds by applying several data modeling approaches to the children’s IQ data in a
meta-analysis manuscript to be published separately.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG notes that the Discussion section of the draft SoS Monograph does not address the
evidence regarding dose effect or threshold although it concludes that there is an association
between higher fluoride exposures and lower IQ in children. The BSC WG does not necessarily
agree with the authors that evidence of an association is independent from dose response.
Additionally, the BSC WG notes that authors did not explicitly consider the potential non-
linearity of the exposure-outcome association. For example, if there is a non-linear association
between exposure and outcome it could be masked in an analysis that does not examine dose
response.

The authors' state that they left any consideration of dose response or thresholds out of the
draft SoS Monograph because that is the focus of the draft M-A Manuscript, with the authors
seemingly assuming that it will be published. The BSC WG recommends that the draft SoS
Monograph contain more discussion about what evidence is and is not available regarding
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dose/exposure-response between fluoride and adverse neurodevelopmental outcomes,
including the importance of both dose/exposure and timing of exposure. The BSC WG considers
that avoiding discussion of this important topic in the draft SoS Monograph by referring to the
yet-to-be published M-A Manuscript is problematic. At a minimum, the authors should provide a
summary of their dose-response analysis from the draft M-A Manuscript in the draft SoS
Monograph, with appropriate discussion of uncertainties, especially at the ‘lower’ doses.

The BSC WG recommends that the Draft State of the Science Monograph and the Draft Meta-
Analysis Manuscript should be complete, standalone documents and not reference each other
for information unless timing for publication can be coordinated, perhaps by NTP publishing
both documents.
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DocH_Monograph

In November 2021, _ received: 1) the 2021 Draft NTP Monograph on the

State of the Science concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects:
A Systematic Review, 2) a copy of the NASEM Committee’s comments on the 2020 draft NTP Monograph
with NIEHS/DNTP responses (draft version of Sup01_Monograph), and 3) the _ instructions.
The instructions consisted of a preface, charge, instructions for the review, and a series of specific peer-
review questions grouped by the following three topics: General Comments, Human Studies, and
Studies in Non-Human Animals.

_ were asked to provide their substantive scientific and technical comments and suggestions
within the_ form. In addition, they were asked whether they “Agree”, “Agree in principle”, or
“Do not agree” with each NTP conclusion on confidence in a body of evidence.

_ instructions and specific peer-review questions are reproduced in the pages that follow in
black text. _ comments and responses to each question are also provided in black text starting
with the words ”_ comments” in bold font. The NIEHS/DNTP responses have been inserted in
blue text following each of the comments beginning with the word “Response” in bold font. Formatting
has been applied to aid in reading.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022. The

prepublication 2022 NTP Monograph was subsequently sent to _ for additional comments. A
revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes_2022 NTP_Monograph.” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _

comments and _ comments:
° _ For comments related to DocG_Monograph, DocH_Monograph,

Docl_Monograph, Doc)_Monograph, and DocK_Monograph:

O Edits are marked with a comment bubble in the

DocMon_Track_Changes_2022_NTP_Monograph¥rack-Changes2022-NFR-Monograph

that identifies the text in question and briefly describes any revisions.
0 The comment bubble contains the exact text of_ Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
this _ would be marked “see DocH_Monograph for detailed response”).

o _ For comments DocAl_Monograph, DocA2_Monograph, DocB1_Monograph;
DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

0 Edits are marked in track changes format in the
DocMon_Track_Changes_2022_NTP_Monograph.

0 Acomment bubble has been added to the text in question containing the exact text of

the [N corment.
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0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.

Preliminary comments on the draft NTP monograph prepared by the peer review _ are noted
below.

These preliminary comments are not binding and should not be construed to represent NTP
determination or policy.

National Toxicology Program
NTP Monograph Letter Peer-Review Panel

Draft NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review

National Institute of Environmental Health Sciences
Research Triangle Park, NC

January 2, 2022

Fluoride State of the Science Document Review Form

Preface:

The objective of this evaluation was to conduct a systematic review of the published literature regarding
the potential for exposure to fluoride to affect neurodevelopment and cognition in humans. The
evaluation presented in the draft NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopmental and Cognitive Health Effects represents a comprehensive and
current assessment. The methods used are from the Handbook for Conducting a Literature-Based Health
Assessment Using OHAT Approach for Systematic Review and Evidence Integration, which presents a
seven-step framework for systematic review and evidence integration. Please note: this evaluation stops
at step 5 of the systematic review process and does not proceed to step 6 to translate the confidence
rating for the body of evidence into a level of evidence for health effects (see Figure 2 from the
handbook).
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NTP BSC Working Group Report

Charge:

(3) Comment on the technical accuracy and whether the draft NTP Monograph on State of the
Science Concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects is
clearly stated, and objectively presented.

(4) Determine whether the scientific evidence supports the NTP’s confidence ratings for the bodies
of evidence regarding neurodevelopmental and cognitive health effects associated with
exposure to fluoride.

Instructions for Review:

All materials for this review are available in the Electronic Council Book (ECB). You will receive the
specific URL and a password for accessing the ECB.

This evaluation identified 159 human studies relevant for assessing neurological health effects of
exposure to fluoride; however, many studies included only secondary outcomes (e.g., 55 studies of
thyroid hormones that were investigated as a potential mechanism). The scientific evidence in children
and adults was evaluated separately to address potential differences in the health impact of fluoride
exposure during development versus adulthood. Several studies evaluated learning and memory (n =8
studies) or other cognitive developmental effects (e.g., total neurobehavioral scores and total mental
capacity index in children, cognitive impairment in adults; n = 14 studies). Sixty-six human studies
investigated 1Q in children. Nineteen of the 66 1Q studies were determined to have low potential for bias
and therefore, were categorized as “low risk of bias”. Please give special attention to our assessment of
these 19 studies.

e The 19 studies are available as PDFs and organized alphabetically in a folder on the ECB.

e All other studies are provided in the Health Assessment Workspace Collaborative, or HAWC
database under the “studies list” tab, also organized alphabetically. You will also be provided a
username and password for HAWC that will give you _ permissions to access the
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PDFs in HAWC along with visualizations and other study information for this project at the
following link (https://hawcproject.org/study/assessment/405/).

Please provide your substantive scientific and technical comments and suggestions within this -
form. Identify and provide the rationale or scientific support for proposed changes or suggestions where
possible.

If necessary, you can also provide additional editorial comments and recommendations for improving
the report outside your specific charge questions (this form) within the draft report itself. Please note
that only those comments included on _ form will be considered part of NTP’s peer review
report.

D. General Comments

1. Please comment on whether the scientific information presented in the draft monograph,
including presentation of data in tables and figures, is technically correct, and clearly and
objectively presented. Please suggest any improvements.

_ Comments: In general the scientific information presented, including the data
in tables and figures, is technically correct and clearly and objectively presented. Specific
comments regarding the general evaluation of studies:

The use of the term “correlation” is confusing (. have marked this several times in the
document and tables, but there are also other occurrences). Correlation is generally used
to denote a correlation coefficient (either Pearson or Spearman); however, . believe it
has been used to denote the estimated regression coefficients (more on this below). .
would recommend changing the terminology for clarity.

Response: Agree (change made)

0 The term has been changed to “association” when a regression coefficient was
used, and we verified the accurate use of the term “correlation” in the text. We
use “correlation” when Pearson correlation coefficients were reported or when
discussing relationships between fluoride levels in various matrices (e.g.,
“correlations between urinary fluoride and fluoride in the drinking water”).

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

_ Comments: The term neurologic to refer to outcomes such as anxiety and
aggression (and other neurobehavioral outcomes) is not quite correct. Neurologic would
refer to outcomes such as tremor or other objective neurological signs. The more correct
term would be neurobehavioral. . have marked some of this in the text.

Response: Agree (change made)

0 The term “neurologic” has been changed to “neurobehavioral” (or other
appropriate text) in several places of the
Sup02_2022_Prepublication_NTP_Monograph to address _ feedback. In
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addition, footnotes 2, 5, and 6 were added to clarify changes to specific aims and
the PECO statement.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

H.3:

_ Comments: Use of the term “gender” to denote sex differences is not in line
with current usage. Gender refers to the socially constructed variable, while sex refers to
the biological variable. Please change.

Response: Agree (change made)

O The Sup02_2022_ Prepublication_NTP_Monograph has been revised to change
“gender” to “sex” in this context.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

H.4:

_ Comments: The estimated regression coefficients from the studies need to be
presented more clearly. For example, many times there is no reference, e.g. increase (or
decrease) in score per 1 mg/L F in urine. Further, for the presentation of odds ratios, it is
not clear what the dichotomous (or categorical) outcome variable is (e.g. |Q below 50).
These suggestions are for clarity as well as for correctness.

Response: Agree (change made)

0 We have reviewed the monograph and made changes, as needed, to ensure the
following: 1) all coefficients have the exposure unit associated with the change
(e.g., added “1 mg/L increase” of fluoride if it was not previously specified); 2) the
direction of change is clear (e.g., added a minus sign or language to indicate an
increase or decrease, as appropriate); and 3) for odds ratios, the occurrence of
the outcome relative to exposure is clear. In addition, we have updated units of
change in effect estimate per change in fluoride exposure or added cutoffs for
categorical outcomes in Tables 6, 7, and 8. We added similar clarifications to
figures in Appendix A by modifying figure titles to clearly reflect the type of effect
estimate presented (e.g., correlation coefficient) or adding figure notes to
highlight categorical cutoffs.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

H.5:

_ Comments: RE: confounding and covariates. Recent thinking regarding
confounding requires the use of directed acyclic graphs to define variables which are
theoretically confounders (based on previous literature). Thus, some clarification is
needed on how the set of three important confounders were selected, i.e. sex, child age
and a measure of socioeconomic status. Indeed, based on literature from other potential
neurotoxins (e.g. lead, polychlorinated biphenyls, phthalates) it seems as though child sex
would be an effect modifying variable, not a confounder (child sex would not be related,
for example to exposure status under any definition of confounding). Variables such as
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arsenic or lead exposure would be co-exposures, and might be considered, for example, in
an exposure mixtures analysis in future studies. Regarding the other variables that were
listed in the confounding section, a case would need to be made that they are true
potential confounders and not just covariates related to the outcome (e.g. maternal BMI).
It is possible that some of these variables are related to socioeconomic status, such as
HOME score, nutrition variables, but that would need to be documented.

Response: Agree (change made)

O We agree that there had been areas of the text where we had conflated the
meaning of the word “confounder” with “covariate.” _ gives the
example of sex, which could be a confounder or an effect measure modifier. To
address the comment, we have changed the word “confounder” to “covariate”
throughout the Sup02_2022_ Prepublication_NTP_Monograph where necessary.
An important covariate could be a potential confounder, a potential effect
modifier, or co-exposure. We continue to specify that arsenic and lead are
potential co-exposures and agree that future studies should consider conducting
exposure mixture analyses where appropriate.

0 Asdescribed in the protocol, age, sex, and socioeconomic status (SES) were
identified as key covariates in the confounding risk-of-bias domain as they are
potential confounders or effect modifiers in any human study of fluoride and
cognitive neurodevelopmental health effects, whereas the other important
covariates may be specific to the study population and/or outcome.

0 We disagree that biological sex is not a potential confounder for several reasons:
(1) sex has historically been considered an important potential confounder in the
literature (see Table 6 in the Sup02_2022_ Prepublication_NTP_Monograph) (Lash
et al. 2021; Gochfeld 2017); (2) sex is an important risk factor for
neurodevelopmental and cognitive outcomes (Cowell and Wright 2017); and (3)
potential sex-related ingestion and dietary differences are realistic in
observational studies (D’Amico et al. 2020; Keller et al. 2019).

0 In addition, the text in the Confounding methods discussion identifies the types of
covariates that are related to SES (e.g., maternal education, household income,
marital status, crowding). Figure 6 indicates which low risk-of-bias |Q-in-children
studies considered the caregiving environment (e.g., HOME score) as a measure of
SES. Additionally, a footnote has been added to Figure 6 in the
Sup02_2022_Prepublication_NTP_Monograph that lists all other measures
related to SES that were considered in the low risk-of-bias 1Q-in-children studies
(i.e., SES scaled scores, household/family income, child education,
caretaker/parental education, and occupation/employment). The notes column of
Figure 6 also documents which studies considered nutritional variables.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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H.6:

_ Comments: . commend the team immensely for all the work they did to
account for arsenic in drinking water, to determine whether it is an important co-
exposure.

Response: No change requested
O Noresponse necessary.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

H.7:

_ Comments: Dose response: The authors correctly point out that many of the
studies dealt with exposure levels considered relatively high, at least relative to the EPA
drinking water standard and secondary standard. Further, in the group of studies
considered to be low risk of bias, exposure was generally considered either on an
arithmetic — but sometimes on a logarithmic scale (if quantitative), or based on a
dichotomous variable of fluorosis, a manifestation of continuous high exposure, or
whether study participants lived in an area known to have high levels of exposure. Thus,
the conclusion of moderate confidence that fluoride is associated with deficits in 1Q scores
in children needs to be couched for these higher exposure levels, as there are few studies
that provide evidence of this for exposures in the low range. This is not to say that there is
no association at these lower levels, there may very well be an association; just that these
results cannot be generalized to lower levels of exposure. This is true with other
neurotoxins as well, for example, we know that the associations between lead and IQ
scores is even steeper at the lower levels of exposure, but early studies where exposure
was high were not able to discern those associations.

Response: Agree (change made)

0 With respect to contextualizing the exposure levels for which we are providing a
confidence rating, we had attempted to do this in a manner that satisfied requests
from some reviewers during earlier iterations of the monograph. We then
received comments from other reviewers asking what is meant by an exposure
that is characterized as “high.” A further complicating factor occurs when dealing
with group-level exposures based on, for example, drinking water concentrations
where both exposed and reference groups are comprised of individuals who have
fluoride exposures that are above and below the median level. At times, these
exposures from other sources can be substantial and result in overlap between
groups. As an illustration, Figure 2 in Green et al. (2019) compares maternal
urinary fluoride measurements during pregnancy from communities with or
without artificial water fluoridation. The urinary fluoride levels are generally
higher in artificially fluoridated communities compared with non-fluoridated
communities, but there is overlap. In this instance, we do not have sufficient
information to identify a level below which there is no potential for fluoride to
affect neurodevelopment or cognition; therefore, we have chosen to further
characterize the findings by incorporating the term “higher” only when its
meaning in the specific context is clear. For example, to clarify that our moderate
confidence conclusion is primarily based on studies with total fluoride exposure
that approximates or exceeds what is generally associated with consumption of
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optimally fluoridated water in the United States, the Abstract was revised as
follows:

“This review finds, with moderate confidence, that higher fluoride exposure (e.g.,
represented by populations whose total fluoride exposure approximates or exceeds the
World Health Organization Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride)
is consistently associated with lower 1Q in children.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends that the authors address issues of dose-response in the draft
SoS Monograph as suggested in other assessments of authors’ responses to reviewer
comments.

See Appendix |, page I-14.

H.8:

_ Comments: Cumulative exposure: The authors should make clear that
exposure during gestation likely implies that there is continuing exposure in the post natal
period. Further, these two exposure periods are likely highly correlated, making
conclusions regarding a critical period of exposure difficult. The converse is also true —i.e.
if exposure is measured in the post natal or childhood period, and especially if it is from
drinking water, then there was likely exposure in the prenatal period as well.

Response: Agree (change made)

0 We agree that prenatal and postnatal exposures are likely correlated; however,
there are not enough data available for us to evaluate cumulative exposure in
revisions to the monograph. We added the following Limitations of the Evidence
Base in the Discussion section:

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

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

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

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG recommends that the draft SoS Monograph contain more discussion about
what evidence is and is not available regarding dose/exposure-response between fluoride
and adverse neurodevelopmental outcomes, including the importance of both
dose/exposure and timing of exposure.

See Appendix |, page 1-93.
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Please identify any information that should be added or deleted.

H.9:

_ Comments: In general the report is comprehensive and includes all necessary
material. Hence, . have no major additions or deletions. . have one small addition,
which would be a discussion of the toxicokinetics of fluoride — this is necessary because
the half life is relatively short, and a spot measure (or even several spot measures) in urine
(or serum) would not entirely represent exposure history. Indeed, it may be the case here
that chronic exposure to drinking water with high levels of fluoride may be a better
marker of long term exposure.

Response: Agree (change made)

0 We have added a brief discussion on fluoride toxicokinetics at the beginning of
the Exposure section of the Risk-of-bias Considerations for Human Studies section
of the Sup02_2022_Prepublication_NTP_Monograph, as follows:

“Fluoride ion is rapidly absorbed from the gastrointestinal tract and is rapidly
cleared from serum by distribution into calcified tissues and urinary excretion (IPCS
2002). There is general consensus that the best measures of long-term fluoride
exposure are bone and/or tooth measurements, and other than measures of
dental fluorosis, these were not performed in any of the studies reviewed in this
document. Prolonged residence in an area with a given fluoride content in drinking
water has been considered in many studies as a proxy for long-term exposure.”

0 Invery general terms this may be a useful addition, although none of the studies
included measurements of fluoride concentrations in bone or teeth, which are
considered to be integrative measures of long-term exposures.

o] _ is correct that serum levels are not considered reliable reflections
of chronic fluoride exposures as serum fluoride is rapidly cleared to calcified
tissues at a rate that changes depending on the prior fluoride loading of the
particular tissue. As we note in the monograph, urinary volume-corrected spot or
24-hour collections are considered reasonably good measures of exposure,
although they represent a balance of recent intake, movement into and out of
calcified tissues, and excretion. Repeated urinary measures during pregnancy are
reported to have reasonable reproducibility over time, although in one study by
Thomas et al. (2018), urinary fluoride concentrations tended to increase until
about week 23 and then decline thereafter.

0 Although all of the exposure measures used in this series of studies have some
advantages and disadvantages, confidence in the association between measures
of higher fluoride exposure and lower IQ was increased by the consistency in
findings irrespective of the measure of fluoride exposure. See the Exposure
Measure and Study Population Factors section of the
Sup02_2022_Prepublication_NTP_Monograph where we describe the consistency
of the direction of effect in the children’s 1Q studies across exposure metrics.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate
but makes the following suggestion(s) to enhance the SoS Monograph:
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The BSC WG recommends that the authors refer to “exposure measures” as “exposure
assessment measures” because exposure can be assessed or evaluated indirectly via
biomarkers of exposure (e.g., urinary or blood fluoride) and/or drinking water
concentrations, but is seldom, if ever, directly measured.

See Appendix |, page I-31.

Human studies

a.

Fluoride exposure and children’s IQ

Comment on whether the approach described in the methods to search for and select
human studies on neurodevelopmental or cognitive function effects associated with
fluoride exposure was appropriate for evaluating potential effects of fluoride exposure on
measures of IQ in children.

H.10:

_ Comments: The approach used to select human studies on the associations
between exposure to fluoride and neurodevelopment is appropriate. . would, however,
like further details on how differences between reviewers were reconciled. For example,
what were the kappa statistics or intraclass correlation coefficients on the title/abstract
review prior to reconciliation? Did the degree of agreement warrant further training of the
reviewers? The same concerns regarding reliability can be made for the data extraction.

Response: Disagree (no change)

0 We have not found Kappa Statistics or other measures of inter-rater agreement to
be useful in obtaining agreement in the screening process. Instead, we have
implemented a process that emphasizes training, pilot testing, and group
discussion to assure consistency of approach. As described in the Methods
section, screening is conducted by two independent screeners at both the
title/abstract and full-text steps. When conflicts arise, they are resolved through
discussion between the two screeners and consultation with a senior team
member, if necessary, to reach consensus. Our protocol also describes that
training and pilot testing phases are conducted on small sets of studies to assure
consistency of approach in applying the PECO criteria and inclusion/exclusion
guidance. When questions arise, we address them as a group so that all screeners
develop a consistent approach. The process emphasizes inclusion of studies if
there is any uncertainty at the title/abstract stage. At the full-text stage, we
confirm that studies indeed have original data and meet the PECO criteria, so
there is little uncertainty at that step. Studies either have the relevant data or
they do not. In addition, while cross-screener agreement within a project team is
essential when each reference is screened by a single reviewer, the issue has a
much smaller potential impact when two screeners review each study in
duplicate, as in this systematic review.

0 The review process for data extraction involves a quality control (QC) review
rather than extraction in duplicate. Data extraction is conducted by a single
extractor followed by QC review because we have not found added value or
reliability with independent data extractions. The QC review is conducted for all
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data extracted into HAWC (https://hawcproject.org/assessment/405/), the web-
based content management system for our systematic reviews.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

H.11:
_ Comments: The use of the SWIFT-Active Screener is well described and
addresses the concerns in the prior review.

Response: No change requested
O No response necessary.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

H.12:

_ Comments: The supplemental search of the non-English language databases is
appropriate. However, what is the rationale for saying that they were used primarily to
identify null or no-effect studies? Does that mean that if a study was identified that
showed an association it was not abstracted? Please be a bit more clear on this.

Response: Agree (change made)

0 Although extraction of studies identified from the Chinese database searches was
previously focused on no-effect studies, we have taken steps to translate and
extract data from all non-English studies identified from the Chinese database
searches. Therefore, the statement about null or no-effect studies no longer
applies and has been deleted.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Comment on whether the approach used to assess risk of bias was clearly described and
appropriately applied to the set of studies designated as “low risk of bias.”

H.13:

_ Comments: The focus on confounding, exposure characterization and
outcome assessment are, as indicated, the key components of evaluating observational
research. The other parameter is whether the participants represent the population from
which they are recruited, i.e. selection bias. In prospective cohort studies this is not an
issue, as the population is really the combination of those exposed and non-exposed. For
cross sectional studies, this is a bit trickier, as the participants may reflect a select group
within the overall population. For studies based on national or regional registries, such as
the Canadian studies, this is less of a problem, but for others there is the possibility of
bias, and the direction of such bias is difficult to predict. As . looked at the studies, the
vast majority do not address this issue, but . believe that it is worth a discussion or at
least a mention that the possibility of selection bias is real.

Response: Agree (change made)

0 We agree with _ that selection bias is an important consideration in
risk-of-bias evaluations. We have edited the following text in the Methods section
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to clarify that, in addition to the three key risk-of-bias questions, the answers to
the other risk-of-bias questions were considered in assessing potential bias,
including selection bias.

“The other risk-of-bias questions, including selection of study participants, were also
considered and were used to identify any other risk-of-bias concerns that may indicate
serious issues with a study that could cause it to be considered high risk of bias."

0 Appendix E includes a detailed summary of the population selection and the basis
for the ratings for selection bias and exposure characterization. All 19 low risk-of-
bias 1Q-in-children studies and 9 other neurobehavioral studies in children were
rated either probably low risk of bias or definitely low risk of bias due to selection
bias. Generally speaking, these studies provide direct or indirect evidence that
exposure groups were similar and were recruited within the same timeframe
using the same methods with no differences in participation/response rates (i.e.,
either direct evidence of similar participation/response rates or no evidence of
differences in participation/response rates). Differences in the subjects across
exposure groups were noted and addressed in the analysis.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-29.

H.14:

_ Comments: For confounding, please see - remarks above. - do think that
biological sex needs to be considered an effect modifier as in other studies of neurotoxins
and neurodevelopmental outcomes. Further, as indicated later in the monograph, at times
the choice of confounders needs to be study and area specific, so this should also be
mentioned in this section. Finally, for the arsenic variable, as - indicated above -
really appreciate the efforts made in defining this. However, please justify the choice of
10pg/L as the cutpoint — while it is the WHO guideline it is quite possible that there are
neurodevelopmental effects with concentrations under this level.

Response: Agree (change made)

0 We agree that biological sex should be considered a potential effect modifier in
addition to (not instead of) a potential confounder. Please see previous response
for details on our rationale and how text was revised to address
comments on confounding.

0 Regarding choice of important covariates being study- and area-specific, we
consider what we currently state in the Methods section to address _
suggestion:

“Additional covariates considered important for this evaluation, depending on the
study population and outcome, included...” and, “To be assigned a rating of
probably low risk of bias for the key risk-of-bias question regarding the
confounding domain, studies were not required to address every important
covariate listed; however, studies were required to address the three key
covariates for all studies, the potential for co-exposures, if applicable (e.g., arsenic
and lead, both of which could affect cognitive function), and any other potential
covariates considered important for the specific study population and outcome.”
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0 As for the choice of 10 pg/L as the cutoff point, _ is correct that we
chose this based on the WHO guideline (WHO 2017). We agree that it is possible
there may be neurodevelopmental effects at concentrations below 10 pg/L;
however, we have no basis on which to select a lower cutoff point. Note that we
had initially added a statement to the
Sup02_2022_Prepublication_NTP_Monograph stating that “arsenic may be
associated with neurodevelopment effects at concentrations below 10 ug/L” in
response to this reviewer’s comment; however, as we were unable to support this
statement with a reference, it has been removed.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-30.

H.15:

_ Comments: Exposure characterization: This is well described. As . mention
above, missing is a discussion regarding the toxicokinetics of fluoride, to allow the reader
to make decisions on how good the spot urine samples are in reflecting cumulative
exposure. . understand that there is a high correlation between the spot urine samples
and 24 hour collections (with and without correction for dilution) but this still does not
give day to day, week to week, or season to season variation.

Response: Agree (change made)

0 As described in a previous comment, we have added a brief discussion on fluoride
toxicokinetics at the beginning of the Exposure section of the Risk-of-bias
Considerations for Human Studies section.

0 With respect to variations in fluoride exposures over time, we agree that
additional study of these variations would be interesting; however, our
assumption is that individual exposure to fluoride is relatively consistent because
it reflects personal preferences and habits (e.g., daily water consumption, tea
consumption, dental product use).

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-31.

H.16:

_ Comments: A further concern with exposure assessment brought up in the
previous review concerns the issue of clustering with regard to exposure. The authors of
the monograph do a very nice job of addressing this issue as it was raised in the prior
review, but pointing to the sensitivity analyses. - only concern remaining is that this is
mentioned up front when the exposure characterization is discussed in the methods.
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Response: Agree (change made)

0 To address this suggestion, we have provided an additional sentence in the
Methods section where risk-of-bias considerations for exposure are discussed.

“Ideally, these studies would still need to consider and adjust for area-level clustering;
however, these concerns are captured in evaluations of other potential threats to
internal validity.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-32.

H.17:
_ Comments: Finally, some measure of agreement between the raters on their
bias assessment would be a good addition.

Response: Disagree (no change)

0 While we appreciate this comment, we have not found measures of inter-rater
agreement (e.g., kappa statistics) to be useful in this process and instead have
implemented a process that emphasizes pilot testing to develop a consistent
approach and group discussion when there are questions in the rating. In
addition, to further support consistency, a senior member of the team served as
one of the risk-of-bias assessors for all of the studies. In addition, while cross-
reviewer agreement within a project team is essential when each reference is
assessed by a single reviewer, the issue has a much smaller impact when two
screeners review each study in duplicate, as in the current systematic review. We
consider that the most important issue for consistency is to reach collective
agreement, and the final risk-of-bias ratings reflect that agreement.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Comment on assessment of the human studies with regard to:

a) How findings from individual studies designated as “low risk of bias” were interpreted.

H.18:

_ Comments: In general, studies designated as “low risk of bias” were
interpreted correctly. . have a few suggestions as to how to clarify many of the points
made.

While the results are generally consistent (table 6) it would be useful to present the
results based on the exposure metric used. For example, studies using fluoride
concentrations in “high” and “low” areas could be grouped together to illustrate the
change in IQ points. Additionally, the actual IQ test used could also be used to group
studies within exposure metric. There are clear differences in the scoring for the Raven
and the WASI/WPPSI, for example and these are hard to tell from the presentation.

Response: Disagree (edited for clarity)

0 We considered several ways to organize the table and each way has its benefits
and drawbacks. There are limitations to a static table, which is why we are
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increasing our use of interactive tools and platforms to visualize data. For the
purpose of this document, we consider the current organization to be most clear
and appropriate for providing a quick summary of study characteristics and key
findings per study. We have edited the paragraph that precedes Table 6 to clarify
that the Table 6 organization is by country and then by year.

0 Note that we considered _ suggestion to group studies using fluoride
concentrations in “low” and “high” areas together to illustrate the change in IQ
scores. While an association is consistently observed when comparing low to high
fluoride areas, comparing changes in IQ scores across these studies is challenging
due to the variability in the exposure levels that are considered “low” and “high.”
There are no consistent definitions of “low” and “high” that apply across all cases.
For this reason, we do not find this suggested organizational structure for Table 6
to be a more effective presentation of the data. We also considered _
suggestion to group studies by 1Q test; however, as the Raven’s tests were almost
exclusively conducted in China, India, and Iran, the current organization by
country, to a large extent, also organizes the studies by IQ test. Therefore, we find
the current structure accommodating for focusing on results by 1Q test.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment adequate
but makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors add text to the draft SoS Monograph that
addresses grouping studies using fluoride concentrations in “low” and “high” areas or by
IQ test such as is provided in their response to the reviewer’s comment. For example,
noting that “as the Raven’s tests were almost exclusively conducted in China, India, and
Iran, the organization of data in Table 6 by country, to a large extent, also organizes the
studies by 1Q test.”

H.19:

_ Comments: At times, associations are presented as different when other
covariates are controlled. . presume that these assessments were made by inspection of
the results in the studies, but should either be backed up with statistical testing or
admitted that they were made by inspection. For example, in table 6 the study by Rocha-
Amador, et al states that the estimated associations between fluoride and the full scale 1Q
(WISC) were smaller when arsenic was controlled, the estimated betas are given, but
there is no indication whether the differences are statistically different.

Response: Disagree (edited for clarity)

0 When study authors present associations between fluoride exposure and 1Q that
differ when other covariates are included, we reported the results as described by
the study authors. We did not perform additional testing to support the author’s
reporting of results as this is beyond the scope of the assessment.

O The statement that _ notes for Rocha-Amador et al. (2007) and the
association with arsenic was misinterpreted. The purpose of the statement was to
note that the association between arsenic exposure and children’s IQ was smaller
in magnitude than the association between fluoride exposure and children’s IQ,
not that the association with fluoride was smaller after controlling for arsenic. The
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revised text in Table 6 of the Sup02_2022_Prepublication_NTP_Monograph reads
as follows:

“Significant associations between log-transformed fluoride and 1Q scores (full-
scale 1Q adjusted Bs of -10.2 [water] and -16.9 [urine]; Cis not reported); arsenic
also present, but the association between log-transformed arsenic and 1Q scores
was smaller (full-scale 1Q adjusted 8s of -6.15 [water] and —5.72 [urine]; Cis not
reported)”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

H.20:

_ Comments: Please note when the result is not statistically significant and
likely due to small sample sizes (e.g. discussion of the Green et al paper on page 37). Also
for that paper, the results seem to be different by biological sex, an example of effect
modification that would be expected for a neurotoxin.

Response: Agree (change made)

0 We added the qualifier “not significant” for the results in girls. However, since the
scope of this section is to present the observed 1Q effects in children, we refrain
from suggesting reasons for non-significance, such as sample size. In each study,
there are a multitude of factors that could yield nonsignificant results, in addition
to lack of power. The study-specific risk-of-bias evaluations describe study details
(including sample size) and aspects that could impact the ability to detect an
association. With respect to biological sex as an effect modifier, we consider our
revised terminology in response to a previous comment to address _
concern.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page I-56.

H.21:

_ Comments: The results also need to be interpreted based on age of test
administration. Some higher order functions do not develop until later ages and thus
cannot be tested well in younger children. Also, as with other neurotoxins, deficits can
occur at a variety of ages, and either persist or not. So the age at assessment becomes an
important variable in the interpretation of findings and should be accounted for in the
discussion.

Response: Disagree (edited for clarity)

0 The available data are not provided in a way that allows for evaluating deficits
occurring at a variety of ages and whether the deficits persist or not. Although
some studies provide the results by specific ages, these are mainly high risk-of-
bias studies conducted in areas with high fluorosis rates, and the tests were
generally conducted in children 8-12 years old. The following text was added to
the Discussion section as a limitation of the evidence base:
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“The database does not allow for comparison of ages and possible changes at
different developmental stages in children to assess if there is a delay in
development or if associations persist.”

0 We have already considered age at test administration in the risk-of-bias
evaluation of individual studies in two different ways: (1) whether the test used to
measure neurodevelopment or cognition was age-appropriate and (2) when a
study included a range of ages, whether age was assessed as a potential

confounder (for the reasons noted by _).
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix I, page 1-93.

H.22:

_ Comments: When discussing the variations in associations by genetic
polymorphisms, it would be useful to discuss the function of the gene, especially the
function related to neurodevelopment or the developing brain.

Response: Disagree (no change)

0 Although information on the possible interaction of fluoride with genetic
polymorphisms is an active area of investigation, only two studies were available
as of the cutoff date for this systematic review. Our intent was to simply point this
out as an emerging area of research rather than speculate about potential
mechanisms of fluoride action, which would require much further study and a
deeper understanding.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

H.23:

_ Comments: As indicated above, please be very careful in discussing dose
response relationships, especially when these may be non-linear.

Response: Agree (no change)

0 We agree that discussion of dose-response relationships should be done carefully,
and we re-reviewed all of the dose-response text to address this concern. The
Sup02_2022_Prepublication_NTP_Monograph summarizes the findings of the
qualitative analysis of children’s IQ studies that evaluated lower fluoride
exposures without reporting on the evidence for dose response (available in full in
the 2019 draft NTP Monograph). The
Sup02_2022_ Prepublication_NTP_Monograph refers the reader to the revised
meta-analysis document as it provides a quantitative assessment of dose
response to further inform this discussion.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG notes that the Discussion section of the draft SoS Monograph does not
address the evidence regarding dose effect or threshold. The authors state that evidence
of an association is independent from dose response. Additionally, the BSC WG notes that

149



NTP BSC Working Group Report

authors did not consider the potential non-linearity of the exposure-outcome association.
For example, if there is a non-linear association between exposure and outcome it could
be masked in an analysis that does not examine dose response.

The authors' responses state that they left any consideration of dose response or
thresholds out of the draft SoS Monograph because that is the focus of the draft M-A
Manuscript, and the authors assume that it will be published. The BSC WG recommends
that the draft SoS Monograph contain more discussion about what evidence is and is not
available regarding dose/exposure-response between fluoride and adverse
neurodevelopmental outcomes, including the importance of both dose/exposure and
timing of exposure. The BSC WG considers that avoiding discussion of this important topic
in the draft SoS Monograph by referring to the yet-to-be published M-A Manuscript is
problematic. At a minimum, the authors should provide a summary of their dose-response
analysis from the draft M-A Manuscript in the draft SoS Monograph, with appropriate
discussion of uncertainties, especially at the ‘lower’ doses.

The BSC WG recommends that the draft SoS Monograph and the draft M-A Manuscript
should be complete, standalone documents and not reference each other for information
unless timing for publication can be coordinated, perhaps by NTP publishing both
documents.

b) How the overall set of confounders across the body of evidence from children’s IQ
studies was considered and presented.

H.24:

_ Comments: Please see the discussion of confounding above. . do appreciate
Figure 6 which describes the confounders measured in the low risk of bias studies,
stratified by rating for confounding. In the three studies in which the RoB rating for
confounding was high, however, it appears that such confounding may influence the
results to some degree. It would be useful to have an assessment of the direction and
magnitude of bias introduced by not clearly defining and controlling for key confounders,
even if that discussion is somewhat speculative.

Response: Agree (no change)

0 An assessment of the potential magnitude and direction of bias in the low risk-of-

bias studies, as requested by _, was included in Appendix E in the
Sup02_2022_ Prepublication_NTP_Monograph (previously Appendix 4 of the

Sup03_2021_draft NTP_Monograph, the version of the monograph reviewed by
-

BSC WG Assessment and Justification:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
c) How the confidence rating in the body of evidence was developed and supported.

H.25:

_ Comments: In general, the confidence rating in the body of evidence for this
outcome is supported. However, several concerns necessitate a refinement of this
confidence rating.

. agree with the prior review in that conclusions can only be made above the WHO
drinking water limit for fluoride. It seems as though there is a lack of dose response curve
estimation for lower levels of exposure, so an inference cannot be made over the entire
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range of exposure. Indeed, it is this lower dose range that is of interest for the US
population.

Response: Agree (change made)

0 As _ notes, earlier versions of this monograph examined the evidence
for dose response across the range of exposures represented in the human body
of evidence, both from a qualitative and quantitative perspective. The current
monograph intentionally does not dwell on this question, as the conclusions from
individual included studies about dose response for cognitive
neurodevelopmental associations at the lower fluoride exposure levels are
somewhat conflicting. The uncertainty of the evidence at these lower levels is
cited as one of the limitations of the evidence base. Given that the revised meta-
analysis specifically addresses this question and incorporates newer literature, we
have decided to revise these considerations in the
Sup02_2022_Prepublication_NTP_Monograph to focus on the data on which we
base our confidence statement, and to acknowledge the need for further studies
at lower exposure levels. The following text has been added to the abstract and
summary:

“This review finds, with moderate confidence, that higher fluoride exposure (e.qg.,
represented by populations whose total fluoride exposure approximates or
exceeds the World Health Organization Guidelines for Drinking-water Quality of
1.5 mg/L of fluoride) is consistently associated with lower IQ in children. More
studies are needed to fully understand the potential for lower fluoride exposure to
affect children’s 1Q.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The authors' state that they left any consideration of dose response out of the draft SoS
Monograph because that is the focus of the draft M-A Manuscript. The BSC WG
recommends that the draft SoS Monograph contain more discussion about what evidence
is and is not available regarding dose/exposure-response between fluoride and adverse
neurodevelopmental outcomes, including the importance of both dose/exposure and
timing of exposure. At a minimum, the authors should provide a summary of their dose-
response analysis from the draft M-A Manuscript in the draft SoS Monograph, with
appropriate discussion of uncertainties, especially at the ‘lower’ doses.

The BSC WG also recommends that the draft SoS Monograph and the draft M-A
Manuscript should be complete, standalone documents and not reference each other for
information unless timing for publication can be coordinated, perhaps by NTP publishing
both documents.

The BSC WG notes that if the draft M-A Manuscript is submitted to a journal for
publication consideration, the journal will likely ask the authors to update the literature
search. The BSC Working Group recommends that the timeframe for the literature search
be consistent between the Draft SoS Monograph and the Draft M-A Manuscript.

See Appendix I, page I-14.
See Appendix I, page 1-97.
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H.26:

_ Comments: Because the urine and serum biomarkers of fluoride represent
relatively recent exposure, it is difficult to infer that the associations are from cumulative
exposure without laying out the assumptions, i.e. long term residential history, similar
habits of toothpaste use, etc.

Response: Agree (change made)

0 Text was added to address the best measures for assessing long-term fluoride
exposure (see quote below). Although urine and serum reflect recent exposures,
they represent total fluoride exposure. The indicators and assumptions for long-
term exposure in the cross-sectional studies are laid out in the Overall Findings
section for IQ in children and the results are described in Results by Study Design —
Cross-sectional Studies section where we address the assumptions for prior
exposure, one of the factors that we considered in establishing the confidence
level as moderate.

“There is general consensus that the best measures of long-term fluoride exposure
are bone and/or tooth measurements, and other than measures of dental
fluorosis, these were not performed in any of the studies reviewed in this
document.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment adequate
but makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG recommends that the authors refer to “exposure measures” as “exposure
assessment measures” because exposure can be assessed or evaluated indirectly via
biomarkers of exposure (e.g., urinary or blood fluoride) and/or drinking water
concentrations, but is seldom, if ever, directly measured.

See Appendix I, page I-31.

H.27:
d. NTP concludes a rating of moderate confidence in the body of evidence for lower IQ in
children associated with fluoride exposure.

|:| Agree

X Agree in principle with the exception(s) listed below:

Please see point a above. The exception would be that there is low confidence of the
association for levels of exposure in the lower dose range.

[ ] Do not agree because:

Response: Agree (change made)

0 We provided our response to this point above.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

152



NTP BSC Working Group Report

Fluoride exposure and non-1Q neurodevelopmental or cognitive effects in children

H.28:

Comment on whether the approach described in the methods to search for and select human
studies on neurodevelopmental or cognitive function effects associated with fluoride exposure
was appropriate for evaluating potential effects of fluoride exposure on non-IQ
neurodevelopmental or cognitive effects in children.

H.29:

_ Comments: Please see - comments in section 1.1 above. The search terms
used are encompassing of neurodevelopmental outcomes in children.

Response: No change requested

0 No response necessary.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

2. Comment on whether the approach used to assess risk of bias for studies in children on non-1Q
neurodevelopmental or cognitive effects was clearly described and appropriately applied.

_ Comments: Please see - points in Il 2 above. Further, for these outcomes,
one would definitely need to stratify the results based on age of the child, as some of
these skills develop differently. For example, children age 6-8 years are very different from
neonates. Also, please note that the thinking regarding assessment of confounding would
be outcome specific as some variables, e.g. SES, may not be applicable to some skills.

Response: Agree (change made)

O See our previous response to _ comment on selection bias. In short, we
have added clarifying language in the Methods section to indicate that selection
bias was consider in determining the overall risk-of-bias status of each study
(response above includes a quote of the revised monograph text).

0 Furthermore, we agree that confounding is outcome-specific, but SES along with
sex and age were identified as key covariates for all studies. This means that SES
would need to be considered in any human study of fluoride and cognitive
neurodevelopmental health effects; however, if there was reason to believe that
SES (or age or sex) was not a potential confounder or risk-of-bias concern for a
given study, then that would have been taken into consideration when
determining the risk-of-bias rating for confounding. The risk-of-bias rating
rationale would have described the reason that SES was not considered a concern
for a particular study.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

3. Comment on assessment of the human studies with regard to:

H.30:

0 How findings from individual “low risk of bias” studies were interpreted.
_ Comments: Many of- comments in section Il 3a are also applicable here.
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As noted above, please note that the assessment of confounding needs to be outcome
(and likely age) specific. For example, measures of socioeconomic status may not be
confounders for outcomes measured in neonates (the Li study did not control for
anything) but may be proxy measures for variables such as maternal smoking, that was
not measured or controlled and which could be a confounder.

Response: Agree (change made)

0 See section Al where we addressed this comment when it was previously raised.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

_ Comments: For the studies that measured multiple outcomes, there would
need to be some adjustment for multiple testing, using either a conservative Bonferroni
correction or some other method. This is particularly important here as the behavioral
outcomes, for example, are correlated.

Response: Disagree (no change)

0 Appendix E in the Sup02_2022_Prepublication_NTP_Monograph (previously
Appendix 4 of the Sup03_2021_draft_ NTP_Monograph) includes considerations of
adjustment methods (including use of the Benjamini—-Hochberg false discovery
rate) when information was provided by the study authors. We disagree that
adjustment for multiple testing is necessary in our risk-of-bias assessment where
studies are estimating an effect of exposure on an outcome. Adjustment for
multiple comparisons is only necessary when a study is doing strict hypothesis
testing (Rothman 1990).

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page 1-189.

_ Comments: (minor) Please note that often the GCl on the MSCA is considered
a measure of 1Q, so perhaps the study of Bashash et al (2017) could be considered in the
1Q studies.

Response: Disagree (no change)

0 The MSCA measures developmental abilities in children using tasks that assess
verbal, quantitative, perceptual, memory and motor skills. Children can earn an
IQ-like score (the General Cognitive Index; GCl) based on summed performance
across tasks. We agree that the GCl can be considered as a measure of I1Q;
however, we considered it appropriate to categorize this test with other tests of
cognitive function in the Other Neurodevelopmental or Cognitive Effects in
Children section. Moreover, the /Q in Children section includes Bashash et al.
(2017) for its results from the Wechsler Abbreviated Scale of Intelligence, which is
typically considered an 1Q test. Categorizing the MSCA results in the Other
Neurodevelopmental or Cognitive Effects in Children section allowed us to avoid
double-counting the Bashash et al. (2017) study in the IQ in Children section.
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Note that adding GCI to the /Q in Children section rather than the section on other
neurodevelopmental outcomes may add to the strength of evidence, but it would
not change the moderate confidence determination in the monograph.
Furthermore, the revised meta-analysis includes sensitivity analyses with GCI
scores from Bashash et al. (2017) and a second study that reported findings from
the GClI portion of the MSCA.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

H.33:

_ Comments: Some of the associations are really quite large, e.g. adjusted betas
of -19 in the study of Valedez Jimenez et al 2017, especially for the Bayley Scale. Such
associations are either suspect or are not adjusted for the concentration of fluoride
appropriately (maybe it is a log unit change). This needs to be clarified.

Response: Agree (change made)

(0]

We have clarified in the tables and text that the associations are per logl0-mg/L
increase in fluoride exposure. The revised text in Results in Infants section of the
Sup02_2022_Prepublication_NTP_Monograph reads as follows:

“In infants 3 to 15 months of age, the Mental Development Index (MDI)—which
measures functions including hand-eye coordination, manipulation, understanding
of object relations, imitation, and early language development—was significantly
inversely associated with maternal urinary fluoride in both the first and second
trimesters (adjusted 8s per log10-mg/L increase = —19.05 with standard error of
8.9 for first trimester [p-value = 0.04] and -19.34 with standard error of 7.46 for
second trimester [p-value = 0.013]) (Valdez Jimenez et al. 2017).”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix I, page I-76.

H.34:

_ Comments: Please clarify what a construction task is (page 56). Do you mean
a fine motor copy task?

Response: Agree (change made)

(0]

We revised the text to characterize the task more accurately as a
visuoconstructional score from the Rey-Osterrieth Complex Figure Test. The
revised sentence reads as follows:

“Another study using visuoconstructional and memory scores from the Rey-
Osterrieth Complex Figure Test in children 6—11 years old observed significantly
lower scores with increasing concurrent child single spot urinary fluoride even
after adjusting for age (partial correlation coefficients, per log-mg/L increase =
-0.29 and -0.27 for copy [p-value <0.001] and immediate recall [p-value <0.001],
respectively [Cls not reported]) (Rocha-Amador et al. 2009).”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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See Appendix |, page I-77.

H.35:
_ Comments: Also on page 56 and highlighted in blue: this is unclear. Even
though urinary arsenic is not associated with scores on these tasks, it could still very well
be a confounder of the relationships between fluoride and the test scores.

Response: Agree (change made)

0 As we discuss in Appendix E in the Sup02_2022 Prepublication_NTP_Monograph
(previously Appendix 4 of the Sup03_2021_draft_ NTP_Monograph), although the
model in Rocha-Amador et al. (2009) did not adjust for arsenic, arsenic in the F-As
group was not associated with either outcome; therefore, arsenic as a co-
exposure is not considered a major concern in this study. We revised text to
mention the results adjusted for both fluoride and arsenic, as follows:

“Another study using visuoconstructional and memory scores from the Rey-
Osterrieth Complex Figure Test in children 6—11 years old observed significantly
lower scores with increasing concurrent child single spot urinary fluoride even
after adjusting for age (partial correlation coefficients, per log-mg/L increase =
-0.29 and -0.27 for copy [p-value <0.001] and immediate recall [p-value <0.001],
respectively [Cls not reported]) (Rocha-Amador et al. 2009). Although these
children were also exposed to arsenic, the presence of arsenic could not explain
the changes because, in the area with natural contamination by fluoride and
arsenic (F-As), the test scores were not significantly associated with urinary
arsenic levels (partial correlation coefficients, per log-mg/L increase = —0.05 and
0.02 for copy and immediate recall, respectively [Cls not reported]). The test scores
were only marginally increased from fluoride alone when both fluoride and arsenic
were included simultaneously in the model (partial correlation coefficients, per
log-mg/L increase = -0.32 and -0.34 for copy and immediate recall, respectively
[ClIs not reported]) (Rocha-Amador et al. 2009).”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-77.

H.36:
_ Comments: Also please address the issue that children with behavior
problems may be more apt to, for example, drink excessive amounts of water or swallow
toothpaste. This would be indicative of reverse causation.

Response: Disagree (no change)

0 While polydipsia has been associated with clinical psychoses, we have failed to
find reports of excessive consumption of water or toothpaste associated with the
types of behaviors addressed in the studies examining fluoride exposure and
other cognitive or neurodevelopmental conditions.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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0 How the confidence rating in the body of evidence was developed and supported.

_ Comments: i fully agree with the low confidence rating for this body of
evidence. The issues that il have highlighted above would only lend more support to the

low confidence.

Response: No change requested
0 No response necessary.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

4. The NTP concludes a rating of low confidence in the body of evidence for decreases in
measures of other neurodevelopmental or cognitive effects in children associated with fluoride

exposure.

X Agree
|:| Agree in principle with the exception(s) listed below:

[ ] Do not agree because:

Response: No change requested

o] _ agreed with the low confidence rating.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

. Fluoride exposure and cognitive effects in adults

1. Comment on whether the approach described in the methods to search for and select human
studies on neurodevelopmental or cognitive function effects associated with fluoride exposure was
appropriate for evaluating potential effects of fluoride exposure on cognitive effects in adults.

_ Comments: Please see the comments above.

Response: No response necessary
0 Comments were addressed where previously made by _
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

2. Comment on whether the approach used to assess risk of bias for studies in adults on cognitive
effects was clearly described and appropriately applied.

_ Comments: Please see the comments above. . one additional comment here
is that the results from China (Li et al 2016) perhaps indicate that the critical time of
exposure is at earlier ages, since the exposure was residing in low and high fluorosis-

endemic areas of China.

157



NTP BSC Working Group Report

Response: Agree (no change)

0 While we agree with _ that earlier exposures could be an important
factor in this study, there is insufficient information provided in the study to
assess critical timing of exposure for cognitive impairments in adults.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

3. Comment on assessment of the human studies with regard to:

H.41:

H.42:

H.43:

a) How findings from individual studies were interpreted.
_ Comments: The studies were interpreted appropriately.

Response: No change requested

O No response necessary.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

b) How the confidence rating in the body of evidence was developed and supported.

_ Comments: . fully support the confidence rating of low for this body of
evidence.

Response: No change requested
0 No response necessary.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

4. The NTP concludes a rating of low confidence in the body of evidence for changes in cognitive

effects in

adults with fluoride exposure.

X Agree
[ ] Agree in principle with the exception(s) listed below:
[ ] Do not agree because:

Response: No change requested

o] _ agreed with the low confidence rating.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

B. Studies in non-human animals

H.44:

The NTP agrees with the comments of the NASEM committee (NASEM 2020, 2021) concerning
the overall poor quality of the experimental animal database on fluoride exposure and
neurodevelopmental effects, with many studies suffering from major reporting deficiencies. As
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indicated above, the monograph focuses on the large human epidemiology database because it
directly addresses the question of whether fluoride affects human neurodevelopment.
Therefore, based on the recommendations of the NASEM committee, the experimental animal
section and risk of bias details have been removed from this monograph and the NTP concludes
that the scientific evidence from experimental animal data are inadequate to inform whether
fluoride exposure is associated with cognitive effects (including cognitive neurodevelopmental
effects) in humans.

X Agree

[ ] Agree in principle with the exception(s) listed below:

[ ] Do not agree because:

Response: No change requested
o] _ agreed with the inadequate designation.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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Docl_Monograph

In November 2021, _ received: 1) the 2021 Draft NTP Monograph on

the State of the Science concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health
Effects: A Systematic Review, 2) a copy of the NASEM Committee’s comments on the 2020 draft NTP
Monograph with NIEHS/DNTP responses (draft version of Sup01_Monograph), and 3) the _
instructions. The instructions consisted of a preface, charge, instructions for the review, and a series of
specific peer-review questions grouped by the following three topics: General Comments, Human
Studies, and Studies in Non-Human Animals.

_ were asked to provide their substantive scientific and technical comments and suggestions
within the _ form. In addition, they were asked whether they “Agree”, “Agree in principle”, or
“Do not agree” with each NTP conclusion on confidence in a body of evidence.

The _ instructions and specific peer-review questions are reproduced in the pages that follow
in black text. _ comments and responses to each question are also provided in black text
starting with the words ”_ comments” in bold font. The NIEHS/DNTP responses have been
inserted in blue text following each of the comments beginning with the word “Response” in bold font.
Formatting has been applied to aid in reading.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022.

The prepublication 2022 NTP Monograph was subsequently sent to _ for additional
comments. A revised “track changes” version of the monograph was developed in September 2022
titled the “DocMon_Track_Changes 2022 NTP_Monograph.” The following bullets describe how edits

are documented in the track changes version of the monograph in response to _

I corments and [N comments:

° _ For comments related to DocG_Monograph, DocH_Monograph, Docl_Monograph,
DocJ_Monograph, and DocK_Monograph:

0 Edits are marked with a comment bubble in the
DocMon_Track_Changes_2022_NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the _ Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
this _ would be marked “see Docl_Monograph for detailed response”).

° _ For comments DocAl_Monograph, DocA2_Monograph, DocB1_Monograph;
DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

0 Edits are marked in track changes format in the
DocMon_Track_Changes_2022_NTP_Monograph.

0 Acomment bubble has been added to the text in question containing the exact text of

the [N corment.
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0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.

Preliminary comments on the draft NTP monograph prepared by the peer review _ are noted
below.

These preliminary comments are not binding and should not be construed to represent NTP
determination or policy.

National Toxicology Program
NTP Monograph Letter Peer-Review Panel

Draft NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review

National Institute of Environmental Health Sciences
Research Triangle Park, NC

January 18, 2022

Fluoride State of the Science Document Review Form

Preface:

The objective of this evaluation was to conduct a systematic review of the published literature regarding
the potential for exposure to fluoride to affect neurodevelopment and cognition in humans. The
evaluation presented in the draft NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopmental and Cognitive Health Effects represents a comprehensive and
current assessment. The methods used are from the Handbook for Conducting a Literature-Based Health
Assessment Using OHAT Approach for Systematic Review and Evidence Integration, which presents a
seven-step framework for systematic review and evidence integration. Please note: this evaluation stops
at step 5 of the systematic review process and does not proceed to step 6 to translate the confidence
rating for the body of evidence into a level of evidence for health effects (see Figure 2 from the
handbook).
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Charge:
(1) Comment on the technical accuracy and whether the draft NTP Monograph on State of the
Science Concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects is
clearly stated, and objectively presented.

(2) Determine whether the scientific evidence supports the NTP’s confidence ratings for the bodies
of evidence regarding neurodevelopmental and cognitive health effects associated with
exposure to fluoride.

Instructions for Review:

All materials for this review are available in the Electronic Council Book (ECB). You will receive the
specific URL and a password for accessing the ECB.

This evaluation identified 159 human studies relevant for assessing neurological health effects of
exposure to fluoride; however, many studies included only secondary outcomes (e.g., 55 studies of
thyroid hormones that were investigated as a potential mechanism). The scientific evidence in children
and adults was evaluated separately to address potential differences in the health impact of fluoride
exposure during development versus adulthood. Several studies evaluated learning and memory (n =8
studies) or other cognitive developmental effects (e.g., total neurobehavioral scores and total mental
capacity index in children, cognitive impairment in adults; n = 14 studies). Sixty-six human studies
investigated 1Q in children. Nineteen of the 66 1Q studies were determined to have low potential for bias
and therefore, were categorized as “low risk of bias”. Please give special attention to our assessment of
these 19 studies.

e The 19 studies are available as PDFs and organized alphabetically in a folder on the ECB.

e All other studies are provided in the Health Assessment Workspace Collaborative, or HAWC
database under the “studies list” tab, also organized alphabetically. You will also be provided a
username and password for HAWC that will give you _ permissions to access the PDFs
in HAWC along with visualizations and other study information for this project at the following
link (https://hawcproject.org/study/assessment/405/).
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Please provide your substantive scientific and technical comments and suggestions within this
_ form. Identify and provide the rationale or scientific support for proposed changes or
suggestions where possible.

If necessary, you can also provide additional editorial comments and recommendations for improving
the report outside your specific charge questions (this form) within the draft report itself. Please note
that only those comments included on the _ form will be considered part of NTP’s peer review
report.

A. General Comments

1. Please comment on whether the scientific information presented in the draft monograph,
including presentation of data in tables and figures, is technically correct, and clearly and
objectively presented. Please suggest any improvements.

1.1: _ Comments: The scientific information presented appears technically
correct and objectively presented. A few suggestions are noted below to improve clarity.
The background section could be reorganized for clarity and flow. It might be beneficial to
begin the abstract and background with the pervasive use of fluoride in drinking water
followed by a brief statement of the benefits. The benefits of fluoride in water has not
been articulated. The benefits only need a sentence or two. The background appears to
be more of a justification for the report rather than a true background of the evidence
leading to the study/report.

Response: Agree (change made)

0 We agree with the suggestion to reorganize the Introduction section. In response,
we have moved text from the first paragraph of the Introduction closer to the end
of the section. As such, the uses of and exposure sources to fluoride are now the
first topics covered. We briefly discuss the benefits of fluoride but have not
emphasized it or mentioned it in the Objective or Specific Aims as this topic is not
the focus of the monograph. There is also no attempt in the monograph to
compare hazards with benefits.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-16.

1.2: _ Comments: Might consider beginning the background with the PHS
recommendations.

Response: Disagree (no change)

0 We have chosen not to highlight fluoridation of drinking water as the monograph
focuses on the question of whether fluoride from all sources can affect
neurodevelopmental outcomes and is written to avoid giving the mistaken
impression that this systematic review is focused only on drinking water. While
drinking water provides the majority of fluoride exposure in many of the
studies, total exposure can vary widely even in optimally fluoridated areas
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based on personal habits in the use of dental products and consumption of
beverages such as black tea that can contain fluoride.

BSC WG Assessment and Justification:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG notes that the authors’ statement provided above in response to the
comment (bolded above) is an important statement of background information and
should be included in the introductory material. The BSC WG recommends that adding
this statement to the description of the ‘purpose/objectives’ of the draft SoS Monograph
will help to avoid misunderstanding by other readers.

1.3: _ Comments: The abstract and background also need to be consistent in
terms of presentation of human and animal studies. This consistent ordering of the
studies (human, animal, mechanistic — for example) descriptions would improve flow and
readability. Given the final conclusion of the animal studies section, is it possible to omit
the non-human studies component?

Response: Disagree (no change)

0 The ordering of topics in the various monograph sections has been determined
after considering options and feedback from all reviewers. As a whole, we
consider the current organization of topics in the monograph as appropriate to
best support the ultimate rating of moderate confidence for effects of fluoride on
children’s 1Q.

0 With respect to the inclusion of the animal section, we consider it to be a valuable
addition to the monograph even though the details have been largely relegated to
earlier drafts that were reviewed by the NASEM Committee. The animal section
provides an update to the 2016 NTP animal systematic review, identifies the
studies that were conducted by the DNTP to address deficiencies in the 2016 NTP
animal systematic review, and reiterates the lack of consistent evidence from this
body of literature to support human findings.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

1.4: _ Comments: The term ‘neurodevelopment’ includes cognition, so if you
would like to focus on cognition, you could simply state ‘neurocognition.’
Neurodevelopment is typically used as an umbrella term for all neurodevelopment,
including cognition and motor function.

Response: Disagree (no change)

0 We chose to use the terms “neurodevelopment” and “cognition” because the
children’s literature includes studies on both cognition and behavior.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment adequate
but makes the following suggestion(s) to enhance the SoS Monograph:
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The BSC WG suggests that the draft SoS Monograph clearly defines the terms
“neurodevelopment” and “cognition” so that the reader understands the relationship of
these terms to this assessment.

1.5: _ Comments: As currently written, the objective is not clearly stated.
Potential rewrite: The objective of this report to assess the relationship between fluoride
exposure and neurocognitive effects in humans and animals. To accomplish this objective,
a systematic review of the literature was undertaken and mechanistic data was
considered.

Response: Disagree (no change)

0 We understand that the suggested refined objective may better reflect the
ultimate emphasis of the monograph based on the data that were found;
however, the systematic review was more comprehensive in scope and we
consider it to be better represented by the current wording. Furthermore, the
current wording is consistent with the published protocol.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-13.

1.6: _ Comments: Why is the meta-analysis not included?

Response: No change requested

= The decision to pursue a narrative evidence synthesis rather than a meta-analysis
was made while preparing the 2019 draft NTP Monograph because our goal of
generating a document to support a hazard assessment did not require a
quantitative estimate of hazard (e.g., numeric estimate of IQ points lost per mg
F/L of drinking water or urine). However, as outlined in a new table that provides
a timeline of draft monographs and important decision points (Table B-1 in
Appendix B of the Sup02_2022_Prepublication_NTP_Monograph), comments
received from the NASEM Committee that reviewed the 2019 draft NTP
Monograph (NTP, 2019) recommended that we perform a meta-analysis and
indicated that the outcome would be critical to reaching a hazard conclusion. We
therefore performed a meta-analysis, which included a dose-response meta-
analysis, and included the meta-analysis in the revised
Sup04_2020_draft NTP_Monograph (NTP, 2020). In its review of that
Sup04 2020 _draft NTP_Monograph, the NASEM Committee again stated that the
document fell short of supporting our hazard call, and the Committee also had
additional recommendations to improve the meta-analysis.

0 After reflecting on the NASEM Committee comments on the
Sup04_2020_draft_NTP_Monograph, we decided to remove the evidence
integration step from the systematic review of the literature and instead issue the
report (after further independent peer review) as a document outlining the state
of the science on the association between fluoride exposure and deficits in
neurodevelopment and cognition. We then decided to revise and submit the
meta-analysis as a separate peer-reviewed publication because it was no longer
required to support the “presumed” hazard call which was reached in the 2019
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monograph and Sup04_2020_draft NTP_Monograph. The meta-analysis,
including the dose-response meta-analysis, was performed only on the studies
addressing fluoride exposure in relation to deficits in children’s IQ. The separate
meta-analysis considers comments from the NASEM Committee in its revisions.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment adequate
but makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the draft SoS Monograph and the draft M-A Manuscript should
be complete, standalone documents and not reference each other for information unless
timing for publication can be coordinated, perhaps by NTP publishing both documents.

1.7: _ Comments: Why limit to thyroid function as an effect/mechanism?

Response: No change requested

0 Hypothyroidism and prematurity are among the few well-established risk factors
for delayed or deficient neurodevelopment in children (for example, see review by
Prezioso et al. [2018]). Many of the better-quality human studies controlled for
gestational age at birth, and there is a growing body of literature on the
interaction between fluoride exposure and low iodine levels in relation to
children’s 1Q. This is why iodine was considered an important co-exposure in our
risk-of-bias assessments (e.g., Goodman et al., 2022).

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

1.8: _ Comments: Figure 1: . don’t see where confounding or co-exposure is
included.

Response: No change requested

0 Confounding and co-exposures are part of the risk-of-bias assessment so are not
individually listed in Figure 1. Details on confounding and co-exposures first
appear in the Quality Assessment of Individual Studies section.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-37.

2. Please identify any information that should be added or deleted.

1.9: _ Comments: Thyroid function isn’t mentioned until the specific aims. It
should be included in background along with other possible mechanisms, if known. It is
unclear why thyroid function is being evaluated as the only mechanistic pathway. A figure
or illustration depicting the theoretical pathway would be helpful.

Response: Agree (change made)

0 We have added a footnote to the Introduction section of the
Sup02_2022_ Prepublication_NTP_Monograph to explain the focus on potential
thyroid effects. The footnote reads:
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“The current review has evaluated the fluoride literature with an eye toward
potential thyroid effects because a large literature base has accumulated
examining the interaction of fluoride with iodine uptake by the thyroid gland and
consequential effects on synthesis of thyroid hormones, which are recognized to
play significant roles in neurodevelopment in utero and during early childhood.
This literature, along with a detailed proposed mechanism of action, was recently
reviewed by Waugh (2019).”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-17.

1.10: _ Comments: A brief discussion of serum fluoride needs to be included -
similar to the urinary fluoride description (page 16).

Response: Agree (change made)

0 Weincluded a statement concerning serum fluoride in the Exposure section of the
Sup02_2022_Prepublication_NTP_Monograph to explain why serum fluoride
levels are considered a poor measure of long-term fluoride exposure. The new
statement reads, “Fluoride ion is rapidly absorbed from the gastrointestinal tract
and is rapidly cleared from serum by distribution into calcified tissues and urinary
excretion (IPCS 2002).”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

1.11: _ Comments: Table 6 could include the following: 1) statistical methods; 2)
confounders, particularly exposure to other known neurotoxicants, and how they were
measured; 3) might rename ‘Assessment timing’ to age of participants or just combine the
information with the location/subject’s column

Response: Agree (edited for clarity)

0 Although additional information could be added to Table 6, the information
requested by _ is already in Appendix E in the
Sup02_2022 Prepublication_NTP_Monograph (previously Appendix 4 of the
Sup03_2021_draft_NTP_Monograph) for all the studies presented in Tables 6 and
7. Therefore, to address this comment, text has been added to the paragraphs
that introduce Tables 6 and 7 to point to Appendix E for this additional
information by study. We considered _ suggestion to rename the
‘assessment timing’ column to ‘age of participants’; however, we have retained
the current column header as the information provided in this column is the age
of participants at which outcome was assessed. The current header is the most
concise way to communicate this.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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A. Human studies

a.

1.

Fluoride exposure and children’s IQ

Comment on whether the approach described in the methods to search for and select
human studies on neurodevelopmental or cognitive function effects associated with
fluoride exposure was appropriate for evaluating potential effects of fluoride exposure on
measures of IQ in children.

1.12: _ Comments: The approach described was appropriate. It is not clear when
child and adult studies were separated from the main search or if each search was done
independently (child and adult). It appears that it was only ‘human studies.’ . wonder
how the search would change, if at all, if search terms for the target population was
included? It should be clearly stated how and each population (child and adult) were
separated.

Response: No change requested

0 All life stages were relevant to the assessment according to our PECO statement
(Population: “Humans without restriction as to age or sex, geographic location, or
life stage at exposure or outcome assessment”). The same search was designed to
identify child and adult studies, and the search did not include terms related to
life stage (see response under B.III.1 for further explanation as to why this
approach is thought to effectively capture relevant studies from all life stages).
Although the process for deciding which bodies of evidence to synthesize and
whether to separate groups of studies by health effects or age was described in
the protocol, specific decisions were made based on the results of the literature
search and selection. The groupings by age and the separation of child and adult
studies were done after study selection and during the initial evaluation of the
studies to determine what information was available. The initial evaluation sorted
studies into children and adult studies to see if there was enough information to
group the literature in a similar way as had been done for the 2016 NTP animal
systematic review. As there was determined to be sufficient data, the decision
was made to evaluate children separately from adults. The monograph explains
that children and adults were evaluated separately to address potential
differences in the health impact of fluoride exposure during development versus
adulthood.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

1.13: _ Comments: The rationale for date selection needs to be more clearly
articulated. The specific dates are included in the appendix, perhaps they could be
included in the main text for clarity in the methods.

Response: Agree (change made)

0 In an effort to provide further clarity on the progression of this multiyear
assessment, we have developed a new table (Table B-1 in Appendix B) that
provides a timeline of key activities contributing to the
Sup02_2022_Prepublication_NTP_Monograph, including information relevant to
the timing of the literature searches. For example, the expanded literature search
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to include non-English databases took place in May 2020 in response to the
NASEM Committee’s peer review report on the 2019 draft NTP Monograph.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

3. Comment on whether the approach used to assess risk of bias was clearly described and
appropriately applied to the set of studies designated as “low risk of bias.”

1.14: _ Comments: The approach to assess risk of bias was clearly described. A
brief discussion is needed about critical confounders, including a biological exposure
measure for tobacco use or exposure, such as serum cotinine, and parental IQ for the
child studies If there are unique confounders for child and adult studies, this needs to be
articulated. It currently appears that there are no unique confounders for child and adult.

Response: Agree (change made)

o] _ is correct that there are no unique confounders for children and
adults. As noted in the monograph, the potential confounders that were
considered important for all studies, populations, and outcomes were age, sex,
and socioeconomic status regardless of whether the subjects were children or
adults. However, we realize that, as written in the
Sup03_2021_draft_ NTP_Monograph, it may be interpreted that age and sex
confounders were only applied to children. Text has been updated in the
Sup02_2022_Prepublication_NTP_Monograph to clarify that age and sex are
important potential confounders regardless of life stage. For all other potential
confounders considered in the evaluation, their importance was dependent on
the study population and outcome being evaluated, and no specific potential
confounder was unique to either children or adults.

0 Smoking was considered an important confounder in adult studies evaluating
Alzheimer’s disease, but smoking was only considered a major concern if there
were reasons to believe that it would be a source of bias.

0 We agree with _ that parental 1Q is an important potential confounder
in the studies of children. Because parental 1Q, educational attainment, and other
measures of socioeconomic status (SES) all likely share a common cause, the latter
two covariates were considered to be potential proxy measures of parental 1Q.
Therefore, parental IQ was considered indirectly addressed if a study accounted
for parental education and/or socioeconomic status. For clarification, we added a
footnote to Figure 6 that lists all measures related to SES that were considered in
the low risk-of-bias 1Q-in-children studies.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

1. Comment on assessment of the human studies with regard to:

a) How findings from individual studies designated as “low risk of bias” were
interpreted.

1.15: _ Comments: Findings from low-risk studies were interpreted well. They
were interpreted objectively.
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Response: No change requested

0 No response necessary.
BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
b) How the overall set of confounders across the body of evidence from children’s IQ

studies was considered and presented.

1.16: _ Comments: The overall set of confounders has been thoughtfully
considered and presented. Figure 6 is very comprehensive. Are there any unique
confounders for the age groups (child and adult)?

Response: Agree (change made)
0 This repeats a more extensive comment made previously on question B.1.2; see
above for a more detailed response.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

c) How the confidence rating in the body of evidence was developed and supported.

_ Comments: NTP used the GRADE system for rating confidence in the body of
evidence. GRADE is a published method for reaching confidence. NTP also elaborated on
factors they considered for potential downgrading and upgrading of research. Figure 1
outlines the process. It might be beneficial to include a ‘scale’ of factors that resultin a
score of high, moderate, low or very low in Figure 1, if applicable.

Response: Disagree (no change)

o] As-_ points out, Figure 1 outlines the GRADE-based method, and the
accompanying text elaborates on the factors considered for potential upgrading
or downgrading of the confidence in the bodies of evidence. Given the complexity
of the possible upgrade and downgrade decisions across the nine factors, we
outline the process in Figure 1 rather than trying to predict all the combinations of
factors that might result in different ratings of high, moderate, or low.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

See Appendix |, page I-37.

NTP concludes a rating of moderate confidence in the body of evidence for lower IQ in
children associated with fluoride exposure.

|X| Agree
[ ] Agree in principle with the exception(s) listed below:
[ ] Do not agree because:
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Response: No change requested
0 Reviewer agreed with the moderate confidence rating.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

C. Fluoride exposure and non-1Q neurodevelopmental or cognitive effects in children

1.

Comment on whether the approach described in the methods to search for and select
human studies on neurodevelopmental or cognitive function effects associated with
fluoride exposure was appropriate for evaluating potential effects of fluoride exposure on
non-lQ neurodevelopmental or cognitive effects in children.

|.19:_ Comments: The approach described to search and select human studies
on neurodevelopmental or cognitive function effects potentially associated with fluoride
exposure was well-designed and executed. It should be stated if there were any literature
review or data extraction methods for child and adult populations.

Response: Agree (no change)

0 We agree that if literature review or data extraction methods had differed for
child and adult populations, they would need to be clearly stated; however, in the
case of this systematic review, the methods were not different. The systematic
review protocol and monograph thoroughly describe the methods for screening
(literature review) and data extraction and neither document indicates that
methods would differ for children and adults. Study selection and data extraction
methods were applied consistently across studies of both child and adult
populations. Table 2 of the systematic review provides the inclusion and exclusion
criteria used to determine study eligibility and states that there are no restrictions
on age or life stage at exposure or outcome assessment, while not drawing any
distinctions between child and adult studies. Appendix 2 of the systematic review
protocol lists data extraction elements and also does not draw any distinctions for
studies in children versus adults.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

1.20: _ Comments: Page 13: Should consider adding team member initials to
their roles in the review.

Response: Agree (change made)

0 Afront matter section titled About This Review has been added to the
Sup02_2022_Prepublication_NTP_Monograph that lists the names of all team
members along with a description of tasks to which they contributed (e.g.,
conducted literature screening, conducted data extraction).

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

I.21:_ Comments: Page 13: there is a statement about studies ‘evaluating only
goiters or thyroid size were not extracted.” If so, shouldn’t they be part of the exclusion
criteria? Similarly, data was not extracted from in vitro studies. This clarification is needed
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only because it appears that this report includes methods on data extraction for the meta-
analysis that is in progress. For a reader, this description isn’t necessary to understand the
current report, but understand if these methods are needed.

Response: Disagree (edited for clarity)

0 We have taken steps to increase clarity in the
Sup02_2022_Prepublication_NTP_Monograph regarding the exclusion of topics
for full evaluation. For example, details have been added to the Data Extraction
methods discussion to further clarify why data on specific endpoints were not
considered informative to the systematic review and did not undergo full data
extraction or study quality evaluation (see below).

“Data for primary and secondary outcomes, as well as thyroid hormone level data,
were extracted from human studies. Studies evaluating only goiters or thyroid size
were not extracted because they do not provide specific information on thyroid
hormone levels that would inform whether a thyroid-mediated mechanism was
involved in fluoride-associated changes in neurodevelopment.”

“Thyroid data were not extracted for animal studies due to inconsistency in the
available data in humans.”

“In vitro studies were evaluated, although data were not extracted from these
studies as none of the findings were considered informative with respect to
biological plausibility."

0 Note that the decision not to extract data on goiters was reached after studies
went through the study selection process (where we apply inclusion and exclusion
criteria to studies identified from the literature search). When this happens, it is
standard practice to explain the reasoning in the systematic review methods, not
to amend the protocol with this level of detail.

0 The decision on thyroid data was reached by technical experts during the review
because changes in thyroid size would not inform whether a thyroid-mediated
mechanism was involved in fluoride-associated changes in neurodevelopment.
The protocol did not include a level of detail on thyroid-related studies to specify
preferred or less informative thyroid-related data. _ makes a valid point
that, in hindsight, the protocol could have specified that studies only reporting
thyroid size or goiters would be excluded. Similarly, the consideration of
mechanistic studies followed a tiered or phased approach to identify pockets of
data that might support critical analysis with preference given to fluoride
exposures of 20 ppm or less (deemed by technical experts to be most relevant to
human exposures) and also to identify commonly reported thyroid-mediated
mechanisms. The decision was also reached by technical experts during the
review that full data extraction of in vitro studies was not necessary to assess the
biological plausibility of the human and animal results.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

172



NTP BSC Working Group Report

Comment on whether the approach used to assess risk of bias for studies in children on
non-lQ neurodevelopmental or cognitive effects was clearly described and appropriately
applied.

1.22: _ Comments: Add a brief section on serum fluoride levels. Urinary fluoride
levels is fully described, but serum has been omitted.

Response: Agree (change made)

0 This repeats a more extensive comment made previously on question A.ll.; see
above for a more detailed response.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

1.23: _ Comments: One key feature for confidence rating is ‘comparison group
used.’ This needs to be discussed further since fluoride exposure may be pervasive in
water supplies. If so, in studies including a comparison group, include the comparison and
how it was determined. Cross-sectional studies using biomarkers as continuous variables
can be very strong.

Response: Disagree (edited for clarity)

0 Tables 6, 7, and 8 already include data on exposure levels in comparison groups.
Additionally, Appendix E in the Sup02_2022_Prepublication_NTP_Monograph
(previously Appendix 4 of the Sup03_2021_draft_NTP_Monograph) discusses in
detail each low risk-of-bias study and indicates when biomarker measures were
used.

0 The comparisons in the epidemiological studies are between populations that had
a range of fluoride exposures that could be compared with similar populations
with lower or no fluoride exposures. To further distinguish between the
comparison group and the group(s) exposed to higher levels of fluoride, we have
added the word “higher” to specify “higher fluoride exposure,” as appropriate, in
several places throughout the Sup02_2022 Prepublication_NTP_Monograph. For
example, we added the word “higher” to the sentence below from the Results by
Study Design — Cross-sectional Study Variations section.

“Overall, the cross-sectional studies consistently provide evidence that higher
fluoride exposure is associated with lower 1Q scores in children.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment adequate
but makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the authors should use “relatively high” or “high” instead of
“higher” when referring to fluoride exposure unless the comparator is stated.

Comment on assessment of the human studies with regard to:

1.24:
d) How findings from individual “low risk of bias” studies were interpreted.

_Comments: Well done!

173



NTP BSC Working Group Report

Response: No change requested

0 No response necessary.
BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

e) How the confidence rating in the body of evidence was developed and supported.

1.25: _ Comments: Has the OHAT been published? If so, it should be referenced.
Since it’s a critical tool in this review, it needs to be further described. What other QA
tools are available and why weren’t they used? Were the Cochrane Review
recommendations for assessment of the risk of bias in research studies followed?

Response: Agree (edited for clarity)

0 We agree that the OHAT risk-of-bias tool should be referenced, and we have
added this reference to both the protocol and the
Sup02_2022_Prepublication_NTP_Monograph as
https://ntp.niehs.nih.gov/go/riskbias. The risk-of-bias tool was reviewed by an
expert panel as part of the development of the OHAT methods and is publicly
posted on the NTP web pages.

0 We disagree that the tool needs to be further described in the
Sup02_2022_ Prepublication_NTP_Monograph because it is described in detail in
the protocol, which is appropriately referenced in the Methods section.

0 The OHAT risk-of-bias tool was selected for this systematic review because it uses
a parallel approach to assessing study quality across different study designs for
both human and animal research, thus enabling synthesis and development of the
confidence ratings to meet the objectives. It is the only tool that is designed to
assess studies of environmental exposures, studies of varying study designs that
were necessary for this systematic review, and studies in both humans and
experimental animals. As described in the tool and the protocol for this systematic
review, the OHAT risk-of-bias tool is based on Cochrane and AHRQ methods;
therefore, the Cochrane Review recommendations for assessment of risk of bias
of human studies were followed.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

1.26:

The NTP concludes a rating of low confidence in the body of evidence for decreases in
measures of other neurodevelopmental or cognitive effects in children associated with
fluoride exposure.

|E Agree

[ ] Agree in principle with the exception(s) listed below:

[ ] Do not agree because:

Response: No change requested
o] _ agreed with the low confidence rating.
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BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Fluoride exposure and cognitive effects in adults

1.27:
1.

1.28:

Comment on whether the approach described in the methods to search for and select
human studies on neurodevelopmental or cognitive function effects associated with
fluoride exposure was appropriate for evaluating potential effects of fluoride exposure on
cognitive effects in adults.

_ Comments: Well described — since it appears to be the same for the child
studies. Search terms does not include “child,” “pediatrics,” or “adult,” or other terms to
separate out the child and adult studies. When were these terms added or were they
added in the search?

Response: No change requested

0 The search terms “child”, “pediatrics”, and “adult” were not included in the
literature search. It was unnecessary to include these or other terms related to life
stage because relevant studies of all life stages were captured with the existing
search strategy. The search strategy included a set of exposure terms (e.g.,
“fluoride”) and a set of health outcome terms (e.g., “neurodevelopment”) as
detailed in the appendices to the monograph. All life stages were relevant to the
assessment according to our PECO statement (Population: “Humans without
restriction as to age or sex, geographic location, or life stage at exposure or
outcome assessment”), and we are confident that all relevant child and adult
studies were identified by searching for relevant exposure and outcome terms
only (i.e., all fluoride and neurodevelopmental studies would be identified across
all life stages). Moreover, we are confident that the absence of search terms
related to life stage would not result in missing studies with relevant exposures
and relevant outcomes.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Comment on whether the approach used to assess risk of bias for studies in adults on
cognitive effects was clearly described and appropriately applied.

_ Comments: Since it is similar to the methods used for child studies.

Response: No change requested

O Noresponse necessary; _ only notes that similar methods were used for
studies in children.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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3. Comment on assessment of the human studies with regard to:

f) How findings from individual studies were interpreted.

_ Comments: Not sure of this question — how is it different from the question in
the ‘child section’? Adult studies were interpreted well.

Response: No change requested

0 Noresponse necessary.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

g) How the confidence rating in the body of evidence was developed and supported.

_ Comments: Similar response to the ‘child section’ above. The confidence in
the adult studies was interpreted well.

Response: No change requested

0 Noresponse necessary.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

The NTP concludes a rating of low confidence in the body of evidence for changes in cognitive
effects in adults with fluoride exposure.

|X| Agree
[ ] Agree in principle with the exception(s) listed below:
[ ] Do not agree because:

Response: No change requested

o] _ agreed with the low confidence rating.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Studies in non-human animals

The NTP agrees with the comments of the NASEM committee (NASEM 2020, 2021) concerning
the overall poor quality of the experimental animal database on fluoride exposure and
neurodevelopmental effects, with many studies suffering from major reporting deficiencies. As
indicated above, the monograph focuses on the large human epidemiology database because it
directly addresses the question of whether fluoride affects human neurodevelopment.
Therefore, based on the recommendations of the NASEM committee, the experimental animal
section and risk of bias details have been removed from this monograph and the NTP concludes
that the scientific evidence from experimental animal data are inadequate to inform whether
fluoride exposure is associated with cognitive effects (including cognitive neurodevelopmental
effects) in humans.

|X| Agree
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[ ] Agree in principle with the exception(s) listed below:
[ ] Do not agree because:

Response: No change requested

o] _ agreed with the inadequate designation.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

1.33:
_ Comments: If this is the conclusion of the review, . question the inclusion of
non-human studies in this monograph.

Response: Disagree (no change)

0 Asdiscussed earlier, we contend that the animal studies section is a valuable part
of the review because it provides a brief update to the 2016 NTP animal
systematic review, identifies studies conducted by the DNTP to address
deficiencies noted in the 2016 NTP animal systematic review, and reiterates the
lack of consistent evidence from this body of literature to support human findings.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Goodman CV, Hall M, Green R, Cheuvrier J, Ayotte P, Matinez-Mier EA, McGuckin T, Krzeczkowski J, Flora
D, Hornung R, Lanphear B, Till C. (2022). lodine Status Modifies the Association between
Fluoride Exposure in Pregnancy and Preschool Boys’ Intelligence. Nutrients: 14(14):2920.
https://doi.org/10.3390/nu14142920.

Prezioso G., Giannini C., and Chiarelli F. (2018). Effect of thyroid hormones on neurons and
neurodevelopment. Horm Res Paediatr: 90:73-81. https://doi.org/10.1159/000492129.

177


https://doi.org/10.1159/000492129

NTP BSC Working Group Report

DocJ_Monograph

In November 2021, _ received: 1) the 2021 Draft NTP Monograph on

the State of the Science concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health
Effects: A Systematic Review, 2) a copy of the NASEM Committee’s comments on the 2020 draft NTP
Monograph with NIEHS/DNTP responses (draft version of Sup01_Monograph), and 3) the _
instructions. The instructions consisted of a preface, charge, instructions for the review, and a series of
specific peer-review questions grouped by the following three topics: General Comments, Human
Studies, and Studies in Non-Human Animals.

_ were asked to provide their substantive scientific and technical comments and suggestions
within the _ form. In addition, they were asked whether they “Agree”, “Agree in principle”, or
“Do not agree” with each NTP conclusion on confidence in a body of evidence.

The _ instructions and specific peer-review questions are reproduced in the pages that follow
in black text. _ comments and responses to each question are also provided in black text
starting with the words ”_ comments” in bold font. The NIEHS/DNTP responses have been
inserted in blue text following each of the comments beginning with the word “Response” in bold font.
Formatting has been applied to aid in reading.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022. The

prepublication 2022 NTP Monograph was subsequently sent to _ for additional comments. A
revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes_2022 NTP_Monograph.” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _

comments and _ comments:
° _ For comments related to DocG_Monograph, DocH_Monograph,

Docl_Monograph, Doc)_Monograph, and DocK_Monograph:

0 Edits are marked with a comment bubble in the
DocMon_Track_Changes_2022_NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the _ Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
this _ would be marked “see DocJ_Monograph for detailed response”).

o _ For comments DocAl_Monograph, DocA2_Monograph, DocB1_Monograph;
DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

0 Edits are marked in track changes format in the
DocMon_Track_Changes_2022_NTP_Monograph.

0 Acomment bubble has been added to the text in question containing the exact text of

the [N corment.
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0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.

Preliminary comments on the draft NTP monograph prepared by the peer review _ are noted
below.

These preliminary comments are not binding and should not be construed to represent NTP
determination or policy.

National Toxicology Program
NTP Monograph Letter Peer-Review Panel

Draft NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review

National Institute of Environmental Health Sciences
Research Triangle Park, NC

December 22, 2021

Fluoride State of the Science Document Review Form

Preface:

The objective of this evaluation was to conduct a systematic review of the published literature regarding
the potential for exposure to fluoride to affect neurodevelopment and cognition in humans. The
evaluation presented in the draft NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopmental and Cognitive Health Effects represents a comprehensive and
current assessment. The methods used are from the Handbook for Conducting a Literature-Based Health
Assessment Using OHAT Approach for Systematic Review and Evidence Integration, which presents a
seven-step framework for systematic review and evidence integration. Please note: this evaluation stops
at step 5 of the systematic review process and does not proceed to step 6 to translate the confidence
rating for the body of evidence into a level of evidence for health effects (see Figure 2 from the
handbook).
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Charge:

(3) Comment on the technical accuracy and whether the draft NTP Monograph on State of the
Science Concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects is
clearly stated, and objectively presented.

(4) Determine whether the scientific evidence supports the NTP’s confidence ratings for the bodies
of evidence regarding neurodevelopmental and cognitive health effects associated with
exposure to fluoride.

Instructions for Review:

All materials for this review are available in the Electronic Council Book (ECB). You will receive the
specific URL and a password for accessing the ECB.

This evaluation identified 159 human studies relevant for assessing neurological health effects of
exposure to fluoride; however, many studies included only secondary outcomes (e.g., 55 studies of
thyroid hormones that were investigated as a potential mechanism). The scientific evidence in children
and adults was evaluated separately to address potential differences in the health impact of fluoride
exposure during development versus adulthood. Several studies evaluated learning and memory (n =8
studies) or other cognitive developmental effects (e.g., total neurobehavioral scores and total mental
capacity index in children, cognitive impairment in adults; n = 14 studies). Sixty-six human studies
investigated IQ in children. Nineteen of the 66 1Q studies were determined to have low potential for bias
and therefore, were categorized as “low risk of bias”. Please give special attention to our assessment of
these 19 studies.

e The 19 studies are available as PDFs and organized alphabetically in a folder on the ECB.

o All other studies are provided in the Health Assessment Workspace Collaborative, or HAWC
database under the “studies list” tab, also organized alphabetically. You will also be provided a
username and password for HAWC that will give you _ permissions to access the PDFs
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in HAWC along with visualizations and other study information for this project at the following
link (https://hawcproject.org/study/assessment/405/).

Please provide your substantive scientific and technical comments and suggestions within this
_ form. Identify and provide the rationale or scientific support for proposed changes or
suggestions where possible.

If necessary, you can also provide additional editorial comments and recommendations for improving
the report outside your specific charge questions (this form) within the draft report itself. Please note
that only those comments included on the _ form will be considered part of NTP’s peer review
report.

A. General Comments

1. Please comment on whether the scientific information presented in the draft monograph,
including presentation of data in tables and figures, is technically correct, and clearly and
objectively presented. Please suggest any improvements.

2. Please identify any information that should be added or deleted.

_ Comments: Congratulations on a thorough and comprehensive systematic review — not
only is the review itself impressive, but the HAWK system, your online portal, and all of your processes
for assessing COl and training _ were equally impressive.

Overall, the review is well organized, clearly written, and transparently documented. Below are a series
of comments and questions, that if considered, may improve the review.

Response: provided below

0 We appreciate _ feedback and have provided responses to the series of comments in
_ table below where the issues were raised.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Section, page # Comment

Objective and Because this review has an extensive history that could be difficult for a
Specific Aims; reader to follow (i.e., the original 2016 review, and drafts from 2019, 2020, and
page 5 the current draft), it would be helpful to develop a table or flowchart that

documents that history. For example, you may consider noting the
purpose/research question, findings, and noteworthy differences from
previous/subsequent versions.

See comments below, but the literature search section, in particular, was a little
difficult to follow - and having the “big picture” of the review in a table or
flowchart to refer to, would better allow the reader to follow all of the searches
conducted, and how the differ, yet fit together to contribute to the present
document.
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Section, page #

Comment

Response: Agree (change made)

0 Inan effort to provide further clarity on the progression of this multiyear
assessment, we have developed a new table (Table B-1 in Appendix B of
the Sup02_2022 Prepublication_NTP_Monograph) that provides a
timeline of key activities contributing to the
Sup02_2022_ Prepublication_NTP_Monograph, including literature
searches that were utilized for the various drafts that underwent
different peer reviews.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate.

Objective and
Specific Aims;
page 5

J.3: It is not clear why the “hazard assessment step” was removed from the
methodology. Is it because the authors deemed the step not possible based on
available evidence? Or is it because the hazard assessment step will occur
separately, taking into consideration both the review and the results of meta-
analysis?

Response: Agree (edited for clarity)

0 The Preface of the monograph clearly describes why the hazard
assessment step was removed from the
Sup02_2022_Prepublication_NTP_Monograph. Additionally, we
developed a new table (Table B-1 in Appendix B of the
Sup02_2022_ Prepublication_NTP_Monograph) that provides a timeline
of key activities contributing to the
Sup02_2022_ Prepublication_NTP_Monograph, including when the
hazard assessment step was removed and that it was removed in
response to the NASEM Committee’s review report of the
Sup04_2020_draft_NTP_Monograph.

0 In brief, the NASEM Committee’s comments indicated they did not
believe that the Sup04_2020_draft NTP_Monograph presented a clear
and convincing assessment to support its hazard conclusions. Although
many of the comments offered by the NASEM Committee are addressed
in the current document, we chose to delete the hazard assessment step
and instead express our level of confidence in the evidence of an
association between fluoride exposure and effects on cognitive
neurodevelopment as our contribution to the larger ongoing discussion
on the safe use of fluoride for oral health.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate.

Methods, page 7

J.4: Would it be possible to define what is meant by “Categories focused on were
those with more robust data at levels of fluoride more relevant to human
exposure”? Should this information be documented as part of the PECO? Was
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Section, page #

Comment

this an inclusion criteria, or just used in prioritizing or weighting the evidence in
drawing conclusions?

Response: Agree (edited for clarity)

0 The sentence describing the use of categories with more robust data is a
description of the approach used to collect, prioritize, and consider the
available mechanistic data following the organization of the PECO
statements. These were not inclusion criteria or an additional factor that
could have been added to the PECO. Although the process for deciding
which groupings of health effects to synthesize and whether to
synthesize all groupings of health effects was described in the protocol,
the specific decisions were made based on the results of the literature
search and selection. This approach is specifically outlined in the PECO
Statements section to describe how the in vitro/mechanistic data were
evaluated and considered because it often differs from how human or
animal data are assessed. We have edited the cited text for clarity and it
now reads as follows:

“To prioritize and consider available mechanistic data, the categories
focused on were those with more robust data at levels of fluoride more
relevant to human exposure.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment
adequate.

See Appendix |, page I-21.

Methods, page 8

J.5: The literature search section was somewhat confusing to follow, though,
given the complexity of updating reviews, etc it is understandable why multiple
searches were conducted. See previous comment regarding the various
iterations of this review, historically, and how a table or flowchart may help the
reader understand the progression of this review, and thus, better follow the
searches that were carried out.

For example, you may consider adding sub-headings within this section to
distinguish which searches were run to capture which types of studies.

Response: Agree (edited for clarity)

O Inresponse to _ earlier comment on organization, and in an
effort to provide further clarity on the progression of this multiyear
assessment, we have developed a new table (Table B-1 in Appendix B of
the Sup02_2022_Prepublication_NTP_Monograph) that provides a
timeline of key activities contributing to the
Sup02_ 2022 Prepublication_NTP_Monograph, including information
relevant to the timing of the literature searches. For example, the
expanded literature search to include non-English databases took place
in May 2020 in response to the NASEM Committee’s peer review report
on the 2019 draft NTP Monograph.
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Section, page #

Comment

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate.

Methods, page 9

J.6: Is there any plan to update the literature search run on May 1, 2020? Given
that the search is now 1.5 years old, and this seems to be a topic with emerging
evidence, it would be beneficial to update the search to ensure all relevant
studies have been captured.

Response: Agree (No change)

0 We performed an updated literature search in November 2021. There
were a number of newer relevant publications identified, including
several in Chinese journals. These newer publications (n = 7) are
included as part of the meta-analysis, which is being prepared as a
separate report for publication. We determined that, while the newer
publications may slightly affect the quantitative results of the meta-
analysis and dose-response meta-analysis, their findings are largely
consistent with the literature reviewed in the current monograph and do
not materially affect the level of confidence we have in the database.
Because inclusion of these new studies in the monograph would
necessitate further peer review, we have chosen not to include them.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate but makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG suggests that the timeframe for the literature search for the draft
SoS Monograph be consistent with that of the draft M-A Manuscript. Any eligible
studies should be included in the draft SoS Monograph. The BSC WG notes that if
the draft M-A Manuscript is submitted to a journal for publication consideration,
the journal will likely ask the authors to update the literature search.

Methods, page 10

J.7: This is the first time the “Flouride Action” website is mentioned (and the
actual hyperlink appears in the subsequent section). It may be helpful to the
reader to provide some rationale for why this website was specifically targeted.

Response: Agree (change made)

0 We added new text to introduce the Fluoride Action Network and to
clarify that the site was used as another resource because it is known to
index fluoride publications. The new text appears as follows:

“Fluoride Action Network website (http://fluoridealert.org/)—a site used
as another resource to identify potentially relevant studies because it is
known to index fluoride publications...”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate.
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Section, page #

Comment

See Appendix I, page I-24.

J.8: In addition, can it be assumed that any non-English paper that met criteria,
regardless of outcome, would have been included? While it is understandable
why the confirmatory search was done, it could be perceived as biased to only
search for and include papers with null findings.

Response: Agree (change made)

0 Interms of Chinese databases, we conducted the literature search
independent of study findings, but we initially gave translation priority
to studies that appeared to show no association. Although this was done
to address potential publication bias, we agree that this was not
appropriate and therefore have taken additional steps to translate and
extract data from all relevant non-English studies identified from the
Chinese database searches, including those that were not previously
translated. Furthermore, the statements about null or no-effect studies
have been deleted from the
Sup02_2022_Prepublication_NTP_Monograph.

0 Inaddition, we updated the text in the Literature Search section to
reflect that the search of Chinese databases was conducted to identify
studies that may have been missed in previous searches because non-
English language studies are not always indexed in the main databases
used for this systematic review.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment
adequate.

Methods, page 11

J.9: _ can appreciate the use of machine-learning software to prioritize
articles for screening. And the authors have done a nice job in describing and
evaluating the algorithm employed when stopping at 98% - estimating that 2-4
studies may have been missed.

However, given the high-profile nature of this review, and some level of
uncertainty in the prediction algorithms of the tool, it may have been beneficial
to manually screen the entire set of search results (2-4 studies is not an
insignificant number when considering the total # of included articles). Use of
machine-learning is helpful in that it can prioritize and identify sooner most
included articles; however, when conducting systematic reviews used in large
scale public health decision-making, it may be worth screening 100% of search
results to ensure that all potentially relevant studies have been included.

Response: Disagree (no change)

0 By using SWIFT Active Screener software to screen the initial literature
search results, we avoided the need to manually screen over 13,000
abstracts. As outlined in the
Sup02_2022_ Prepublication_NTP_Monograph and systematic review
protocol (https://ntp.niehs.nih.gov/go/785076), in addition to the
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Section, page #

Comment

screening of bibliographical databases, several additional methods to
identify relevant literature were also employed. These included publicly
posting the literature search results and asking peer reviewers at each
stage whether they were aware of any additional relevant articles,
screening the reference lists of reviews and included papers for possible
articles, and conducting updated literature searches as outlined in
response to a previous comment by the reviewer. The use of SWIFT
Active Screener was estimated to result in the potential to miss one or
two relevant human studies with primary neurodevelopmental or
cognitive outcomes. The savings in time and impact were weighed
against the potential impact of missing 1 or 2 studies relative to the
nearly 100 human epidemiological studies identified with primary
neurodevelopmental or cognitive outcomes, and this tradeoff was
deemed to be acceptable.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
inadequate.

The BSC WG recommends adding the use of the electronic screening tool to the
list of limitations as this approach may have missed a handful of relevant studies.

Methods, page 13

J.10: If studies evaluating only goiters or thyroid size were not extracted, then
why include them in the review altogether. Would it be more accurate to have
amended the protocol to exclude these as outcomes of interest?

Response: Disagree (no change)

0 The decision not to extract data on goiters was reached by technical
experts during the review because changes in thyroid size would not
inform whether a thyroid-mediated mechanism was involved in fluoride-
associated changes in neurodevelopment. The protocol did not specify
preferred or less informative thyroid-related data. _ makes a
valid point that, in hindsight, the protocol could have specified that
studies only reporting thyroid size or goiters could have been excluded.
Given that this decision was reached during the assessment, it is
common practice to provide reasoning in the systematic review for
these types of decisions, not to amend the protocol with these details.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate.

Methods, page 15

J.11: Given that all included study designs were observational in nature, risk of
bias due to confounding is a serious consideration. This _ appreciates
the thorough discussion of key confounders considered in risk of bias
assessments but has concerns that even in studies rated as “low risk of bias,”
there remain serious concerns about the potential for confounding. This is
especially important when considering an outcome like 1Q, for which concerns
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Section, page #

Comment

are often raised about the specificity of the outcome, and its relationship with
other constructs, such as SES, education, and race.

Response: Disagree (no change)

e We agree that risk of bias due to confounding is a serious consideration
in any risk-of-bias assessment of observational studies but, due to both
the comprehensive risk-of-bias assessment of each individual study and
the assessment of potential confounding across studies, we disagree
that there remain serious concerns about potential confounding among
the low risk-of-bias studies. As described in the protocol, for a study to
be considered low risk of bias for confounding, there had to be direct or
indirect evidence that the key covariates (age, sex, and SES) and any
other covariates considered important for the study’s specific study
population and/or outcome were sufficiently considered in terms of
confounding. For example, studies of populations in China, India, and
Mexico, where there is concern about exposures to high fluoride and
high arsenic, were required to address arsenic. Figure 6 shows that 16 of
19 low risk-of-bias studies addressed each of the three key covariates
and other important covariates, meeting the requirements for low risk
of bias due to confounding. Looking across the body of literature, we
observed considerable variation in covariates addressed across the 19
low risk-of-bias studies. When considering the impact of potential
confounding on the consistency of results, no trends were discernable
that would suggest that bias due to confounding has impacted or would
explain the consistency in findings across the body of evidence that
higher fluoride exposure is associated with lower IQ in children.

e If a key covariate or other important covariate was not addressed in a
study, we would also consider the most likely direction and magnitude
of the potential bias. If the bias was likely to be toward the null, that
may increase our confidence in the reported direction of the association.
Appendix E (Details for Low Risk-of-bias Studies) includes detailed
assessments of and justifications for each risk-of-bias rating, including
considerations for the direction and magnitude of potential bias.

o _ identifies SES, education, and race. SES was a key covariate,
education was considered as a measure or proxy of SES (see footnote to
Figure 6), and race/ethnicity is listed in the protocol as a potentially
important confounder; however, every study was conducted outside of
the United States and there was no direct or indirect evidence to
indicate that confounding by race/ethnicity was a concern.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate.

J.12: Is child sex a true confounder, in that its related both to the exposure and
the outcome? (i.e., is there data to suggest that fluoride exposure differs based
on sex?)
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Section, page #

Comment

Response: No change requested

e We consider biological sex to be an important covariate and potential
confounder for several reasons: (1) sex has historically been considered
an important potential confounder in the literature (see Table 6 in
Sup02_2022_Prepublication_NTP_Monograph) (Lash et al. 2021;
Gochfeld 2017); (2) sex is an important risk factor for
neurodevelopmental and cognitive outcomes (Cowell and Wright 2017);
and (3) sex-related dietary ingestion and dietary differences are realistic
in observational studies (D’Amico et al. 2020; Keller et al. 2019).

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment
adequate.

Methods, page 17

J.13: The paragraph describing RoB procedures could be moved up (prior to the
PECO sections; as currently placed it gets a little lost and/or could be
misperceived as relating only to outcome assessment).

Response: Disagree (no change)

0 The systematic review process involves several steps and stages, and
there is a general order by which these stages take place. The risk-of-
bias discussion is located in an area of the Methods section that
corresponds to the appropriate stage of the systematic review process,
as is standard in publications of these types of reviews. Moving the risk-
of-bias methods before the PECO (and therefore the literature search
and screening methods) would create a misperception that the literature
screening was influenced by study quality.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate.

Methods, page 19

J.14: It is not clear why the meta-analysis portion of this review is being
prepared as a separate report.

Response: Agree (edited for clarity)

0 The decision to pursue a narrative evidence synthesis rather than a
meta-analysis was made while preparing the 2019 draft NTP Monograph
because our goal of generating a document to support a hazard
assessment did not require a quantitative estimate of hazard (e.g.,
numeric estimate of 1Q points lost per mg F/L of drinking water or urine).
However, as outlined in a new table that provides a timeline of draft
monographs and important decision points (Table B-1 in Appendix B of
the Sup02_2022_Prepublication_NTP_Monograph), comments received
from the NASEM Committee that reviewed the 2019 draft NTP
Monograph (NTP, 2019) recommended that we perform a meta-analysis
and indicated that the outcome would be critical to reaching a hazard
conclusion. We therefore prepared a meta-analysis and included both
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Section, page #

Comment

the meta-analysis and dose-response meta-analysis in the revised
Sup04_2020_draft NTP_Monograph (NTP, 2020). In its review of that
2020 draft NTP Monograph, the NASEM Committee again stated that
the document fell short of supporting our hazard call, and the
Committee also had additional recommendations to improve the meta-
analysis.

After reflecting on the NASEM Committee comments on the
Sup04_2020_draft_NTP_Monograph, we decided to remove the
evidence integration step from the systematic review of the literature
and instead issue the report (after further independent peer review) as a
document outlining the state of the science on the association between
fluoride exposure and deficits in neurodevelopment and cognition. This
change is outlined in the Preface to the
Sup02_2022_Prepublication_NTP_Monograph. Removing the evidence
integration step from the systematic review precluded a determination
of an overall hazard call. We then decided to revise and submit the
meta-analysis as a separate peer-reviewed publication because it was no
longer needed in an evaluation of confidence in the database of human
evidence. An additional consideration was that the meta-analysis and
dose-response analysis were performed only on the studies addressing
fluoride exposure in relation to deficits in children’s 1Q, rather than on
other neurological outcomes in children or cognition in adults. The
separate meta-analysis considers comments from the NASEM
Committee in its revisions.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment
adequate.

Methods, page 20

J.15: _ does not agree with the premise that all human studies are
direct; it seems that certain measures of fluoride exposure have concerns with
directness (i.e., endemic geographical region, job title).

Response: Disagree (no change)

o _ cites two examples of fluoride exposure “endemic
geographical region” and “job title” as potential concerns with
directness. However, these examples are both direct evidence for this
systematic review as defined in Table 1 the human PECO (Population,
Exposure, Comparator and Outcome) Statement. Direct evidence comes
from research that directly assesses exposures that are the focus of a
given systematic review when described in populations that are also
within the focus of a systematic review. As listed below, the PECO
Statement in Table 1 specifies the population of interest as “humans
without restriction” and exposure includes “job title” and “water levels”
that cover groundwater exposure from endemic geographical regions.
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Section, page #

Comment

“Population: Humans without restriction as to age or sex, geographic
location, or life stage at exposure or outcome assessment

Exposure: Exposure to fluoride based on administered dose or
concentration, biomonitoring data (e.g., urine, blood, other specimens),
environmental measures (e.g., air, water levels), or job title or
residence...”

o _ is using a definition of the population and exposures of
interest that differ from the PECO statement for this review.
example would only apply when the specific question of a review is
directed toward a narrow subpopulation and that would be stated in an
alternate PECO. For example, if the review had been to evaluate the
evidence on the association between occupational exposures to fluoride
through mining and cognitive effects, then there would be direct and
indirect human evidence. Direct evidence would include studies of
miners with inhalation exposure or other occupational exposures
determined by “job title” or other metrics); indirect evidence might
include studies of oral exposures through water or dietary sources. The
objective of this systematic review is to evaluate the evidence
concerning the association between any fluoride exposure and
neurodevelopmental and cognitive effects; therefore, all human studies
are direct evidence.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate.

Results, Figure 2,
page 23

J.16: Identifying 15 references through other sources seems somewhat high.
Was there a need to adjust the original search strategy to capture those
references?

Response: Agree (change made)

0 We have added text to clarify why the references identified by other
sources were not captured in the database searches. In brief, 11 of the
15 references identified through other sources were not indexed in the
bibliographic databases searched and therefore were not captured by
the database searches. Many of the studies initially identified by other
sources were non-English-language studies, and we recognized that
additional targeted search strategies were required to identify non-
English-language studies for this review. The supplemental search of
Chinese databases was designed and conducted to address these
challenges. Upon further review, we have clarified that four of the
references in question were captured in the Chinese database searches,
and we have made this correction to the text and study flow diagram.
We were unable to identify the remaining 11 studies in any database
searches. Regarding the impact of these 11 studies on the systematic
review, only 1 of the 11 studies was a low risk-of-bias 1Q study in
children, and this study was included in the 19 low risk-of-bias studies on
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Section, page #

Comment

which the moderate confidence in the 1Q-in-children body of evidence is
based. The omission of this single study would not impact the moderate
confidence rating. Of the remaining 10 studies, 7 were high risk-of-bias
IQ-in-children studies and 1 was a high risk-of-bias adult study. The
omission of the 7 (out of 53) high risk-of-bias |Q-in-children studies or
the 1 (out of 8) high risk-of-bias adult studies would not impact any
confidence conclusions in the monograph. Similarly, the two
experimental animal studies would not impact the evaluation as the
animal evidence was considered inadequate.

The following new text appears as a footnote in the Literature Search
Results section of the monograph:

“These 11 studies (9 human and 2 animal studies) were not identified
through the electronic database searches, as they were not indexed in
any of the electronic databases searched. Note that the supplemental
search of non-English-language databases was designed in part to
identify non-English-language studies that are not indexed in traditional
bibliographic databases such as PubMed. It was successful in this goal,
as multiple studies that were initially only identified through “other
sources” were subsequently captured in the supplemental Chinese
database search, leaving only 11 as identified through other sources.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate.

See Appendix I, page I-38.

Results

J.17: In general, it would be helpful to the reader to describe the included study
designs earlier in the respective results sections (i.e., along with the total #s of
included articles, describing the # of cross-sectional, prospective cohort, etc is
important).

Response: Agree (change made)

(o}

We have added descriptions of the cohort, case-control, cross-sectional,
and case report/case series study designs based on the NRC Report on
Environmental Epidemiology (NRC 1997) as footnotes to Table 4 in the
prepublication 2022 NTP Monograph, as follows:

“Cohort studies are observational, studies in humans that examine a
cohort prospectively or retrospectively over time.

dCase-control studies are observational studies in humans that compare
exposures of individuals who have a specific health effect or disease with
exposures of controls who do not have the effect or disease. Controls
generally come from the same population from which the cases were
derived.

€Cross-sectional studies are observational studies in humans that
examine the relationship between exposures and outcomes or health
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Section, page #

Comment

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

TA case report (or case study) is a descriptive study of a single individual
or small group in which the study of an association between an observed
effect and a specific environmental exposure is based on clinical
evaluations and histories of the individual(s). A case series study in
environmental epidemiology is designed to share health-related events
on a collection of case reports on subjects with the same or similar health
outcome(s) and environmental exposure(s).”

0 We also added information on counts of studies per study design to the
Overview of Studies subsections of the /Q in Children, Other
Neurodevelopmental or Cognitive Effects in Children, and Cognitive
Effects in Adults sections as indicated below.

“Nineteen studies (3 longitudinal prospective cohort and 16 cross-
sectional studies) with low potential for bias evaluated the association
between fluoride exposure and 1Q in children (see Quality Assessment of
Individual Studies section for methods on determining which studies pose
low risk of bias).”

“Nine low risk-of-bias studies (three prospective cohort and six cross-
sectional studies) evaluated the association between fluoride exposure
and cognitive neurodevelopmental effects other than 1Q in children.”

“Two low risk-of-bias cross-sectional studies evaluated the association
between fluoride exposure and cognitive effect in adults (Jacgmin et al.
1994; Liet al. 2016).”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate.

See Appendix |, page I-33.
See Appendix |, page 1-42.
See Appendix I, page I-70.
See Appendix I, page 1-82.

J.18: It would also be of interest to expand Fig 3, or create a similar figure, to
capture the ages at which fluoride exposure was measured.

Response: Disagree (no change)

0 Although we agree that an expansion of Figure 3 could be interesting,
the purpose of Figure 3 was to visualize the number of relevant studies
identified in order to evaluate the outcome categories for pockets of
data. For Figure 3, the studies were labeled as child or adult in order to
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Section, page # Comment

evaluate if there were sufficient data to evaluate child and adult studies
separately, as was done for the 2016 NTP animal evaluation.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
adequate.

See Appendix |, page 1-40.

B. Human studies

Fluoride exposure and children’s IQ

Comment on whether the approach described in the methods to search for and select
human studies on neurodevelopmental or cognitive function effects associated with fluoride
exposure was appropriate for evaluating potential effects of fluoride exposure on measures
of IQ in children.

_ Comments: Yes, the approach used to search for and select studies was
appropriate.

Response: No change requested
0 No response necessary.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

2. Comment on whether the approach used to assess risk of bias was clearly described and

appropriately applied to the set of studies designated as “low risk of bias.”

_ Comments: In general, it is difficult to understand how cross-sectional studies
that adjusted for few, or no, confounders, employed somewhat indirect measures of
fluoride exposure (or did not fully capture all sources of exposures to fluoride), or had
concerns related to selection bias, were designated as “low risk of bias.” If, for example,
some confounders were accounted for in the design or analysis, other than statistical
adjustment, it may be worth noting that on Table 6 (otherwise, it appears that many
papers accounted for no confounders).

For example, Xiang, 2003a did not statistically adjust for any confounders. They did report
some findings in relation to some of the confounders, but not to the extent that . would
perceive them to have been fully accounted for.

For Xiang, 2011, the paper is published in a somewhat abbreviated format, appearing
almost as a conference report or short correspondence. The journal does appear to be
peer-reviewed currently, but it may be worth confirming that papers from 2011 were in
fact peer-reviewed.

For Till, 2020, it does not appear that the authors applied inclusion/exclusion criteria
related to the length of time subjects lived in the geographical areas tested. Therefore, it
is difficult to know if exposure was accurately estimated. In addition, the authors did not
confirm that formula preparation was done with tap or bottled water, but rather they
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used a proxy (maternal report of drinking tap/bottled); and it is unclear whether maternal
drinking behaviors match formula preparation methods. Finally, the study measured
exposure from 0-6mo, and did not account of fluoride exposure that occurred over the
course of follow-up to age 3-4y (i.e., teeth brushing, supplemental intake, dietary intake).
Therefore, it seems that there are some serious concerns related to potential exposure
misclassification in this study.

Response: Disagree (edited for clarity)

(0]

We appreciate _ concern regarding cross-sectional studies; however,
we disagree with the assertion that the low risk-of-bias cross-sectional IQ studies
have serious concerns related to confounding, exposure assessment, or selection
bias that would preclude them from their designation as “low risk of bias.” As
described below and in detail in Appendix E, using the criteria in our protocol, we
determined that these are well-conducted studies with minimal risk-of-bias
concerns. The subsequent bullets in this response detail the strengths of these
studies regarding their study design and low potential for bias due to
confounding, exposure misclassification, and selection bias. In addition, we
address the study-specific concerns raised by

Confounding: Due to both the comprehensive risk-of-bias assessment of each
individual study and the assessment of potential confounding across studies, we
disagree that there remain serious concerns about potential confounding among
the low risk-of-bias studies. _ is correct that Table 6 reports only the
covariates that were adjusted for statistically. However, as is recommended by
_, Figure 6 does indicate when a covariate was adjusted for statistically
and/or was not a concern for confounding in a particular study. As described in
the protocol, for a study to be considered low risk of bias for confounding, there
had to be direct or indirect evidence that the key covariates (age, sex, and SES),
and any other covariates considered important for the specific study population
and/or outcome, were sufficiently considered in terms of confounding. Examples
of what it means for a covariate to be sufficiently considered in terms of
confounding are described in a revised footnote to Figure 6 and include: it (the
covariate) was statistically adjusted for in the final model, it was included in the
model but not the final model because it did not substantially change the effect
estimate, it was reported to have the same distribution in both the exposed and
unexposed groups, and it was reported to not be associated with the exposure or
outcome in that specific study population (thereby eliminating it as a potential
confounder). Figure 6 shows that 14 of 16 low risk-of-bias cross-sectional studies
addressed each of the three key covariates and other important covariates,
meeting the requirements for low risk of bias due to confounding. Looking across
the body of literature, we observed considerable variation in the covariates
addressed across the 19 low risk of bias studies (16 cross-sectional and 3
prospective cohort studies). When considering the impact of potential
confounding on the consistency of results, no trends were discernable that would
suggest that bias due to confounding has impacted or would explain the
consistency in findings across the body of evidence that higher fluoride exposure
is associated with lower IQ in children.
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If a key covariate was not addressed in a study, we would also consider the most
likely direction and magnitude of the potential bias. If the bias was likely to be
toward the null, it may increase our confidence in the reported direction of the
association (Xiang et al. [2003] is an example of this because it did not directly
address potential co-exposure to arsenic; see further discussion of this study
below). Detailed assessments of and justifications for risk-of-bias ratings for the
low risk-of-bias studies, including considerations for likely direction and
magnitude of bias, are provided in Appendix E (Details for Low Risk-of-bias
Studies).

Exposure (characterization and considering potential misclassification): Fifteen
of the 16 low risk-of-bias cross-sectional studies that assessed the association
between fluoride exposure and IQ provide direct or indirect evidence that
exposure was consistently assessed using acceptable methods and used
individual, direct exposure data based on urine or water measures with
appropriate analyses. For each study, a detailed summary of the exposure
characterization, the risk-of-bias rating, and the basis for the rating for exposure
characterization are provided in Appendix E, which includes discussion of any
potential exposure misclassification and the potential impact on direction and
magnitude of effect size. As we detail in Appendix E and summarize in the
Exposure Characterization in 1Q Studies section, there were few, if any, risk-of-bias
concerns regarding exposure characterization in these studies. Thirteen of the 16
cross-sectional studies utilized an exposure measure (i.e., urine or serum) that
would capture all sources of exposure to fluoride. Only one of the 16 cross-
sectional studies had potential for bias due to exposure misclassification, which is
discussed in detail in the Exposure Characterization in 1Q Studies section and
Appendix E. In this study (Seraj et al. 2012), a statistically significant association
between water fluoride and IQ was reported. We determined that the potential
exposure misclassification would bias the results toward the null, indicating that
the true association may be greater than what was observed in this study.

Exposure (whether exposure preceded outcome): Note that we acknowledge in
the Results by Study Design — Cross-sectional Studies section that, as a general
study design, cross-sectional studies often do not provide sufficient information to
ensure that exposure preceded outcome. However, we do not judge studies
simply by study type. Each study is assessed individually for multiple factors,
including if the research design and conduct inform whether exposure preceded
outcome assessment, as is the case for the low risk-of-bias cross-sectional IQ
studies (see below):

“In some cases, cross-sectional studies do provide indicators of prior exposure
(e.q., prevalence of dental fluorosis, limiting study populations to subjects who
lived in the same area for long periods of time). Evidence that exposure occurred
prior to the outcome of interest increases the confidence in results and any
potential association reported in these studies. Of the 16 low risk-of-bias cross-
sectional studies, 12 established that exposure preceded the outcome
assessment...”

Selection: _ also raised the concern about potential selection bias for
cross-sectional studies. We agree with _ that selection bias is an
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important consideration in risk-of-bias evaluations. As described previously,
Appendix E includes a detailed summary of population selection for each low risk-
of-bias studies and the basis for the ratings for selection bias and exposure
characterization. All 16 low risk-of-bias cross-sectional IQ studies were rated
either definitely low risk of bias or probably low risk of bias due to selection bias.
In addition, we edited the following text in the Methods section to clarify that, in
addition to the three key risk-of-bias questions, the answers to the other risk-of-
bias questions were considered in assessing potential bias, including selection
bias.

“The other risk-of-bias questions, including selection of study participants, were
also considered and were used to identify any other risk-of-bias concerns that may
indicate serious issues with a study that could cause it to be considered high risk of
bias."

Individual studies cited by _:

0 Xiang et al. (2003): This study was considered low risk of bias for
confounding. _ is correct that the study did not statistically
adjust for the three key covariates; however, as described in Appendix E,
the key covariates were considered not a concern for confounding
because authors noted that these factors were similar between the two
compared villages. We did note that there was potential co-exposure to
arsenic, which would likely bias the observed association toward the null
due to the reporting of higher arsenic levels in the control area.

0 Xiangetal. (2011): The journal Fluoride says it “contains peer-reviewed
scientific reports on agricultural, analytical, biochemical, biological,
chemical, clinical, dental, ecological, environmental, industrial, medical,
metabolic, pharmacological, synergistic, toxicological, and veterinary
aspects of inorganic and organic fluorides.” Therefore, we do not have
reason to believe that the manuscript was not peer-reviewed.

o Tilletal. (2020): _ concerns for this study fall under potential
exposure misclassification. We agree that this analysis was not designed
to account for fluoride exposure postweaning. We also agree with the
possibility of exposure misclassification. However, there is no evidence to
suggest that the potential exposure misclassification is differential based
on whether a participant lived in a fluoridated or non-fluoridated area.
Therefore, as described in Appendix E, the possibility of exposure
misclassification is non-differential and is likely similar in all participants,
which would likely bias the association toward the null.

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment inadequate.

The BSC WG finds the authors’ response long and hard to follow. The BSC WG
recommends that the authors simplify their response to only address the noted changes
to Table 6 and the three papers specifically mentioned. Regarding the response to Till et
al., the BSC WG recommends that the authors provide justification for the statement
regarding the impact of exposure misclassification because the paper relies on estimates
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of slope (unit changes in 1Q). Non-differential exposure misclassification does not always
bias toward null. See Am J Epidemiol 1990, Oct;132(4):746-8.
doi:10.1093/oxfordjournals.aje.al115716.

See Appendix |, page 1-29, 1-44, |-57.
3. Comment on assessment of the human studies with regard to:

h) How findings from individual studies designated as “low risk of bias” were interpreted.

i) How the overall set of confounders across the body of evidence from children’s IQ
studies was considered and presented.

i)  How the confidence rating in the body of evidence was developed and supported.

J.21: _ Comments: See above for comments on risk of bias ratings, and concerns
related to confounding and/or residual confounding.

Page 39, last full paragraph includes the sentence, “Despite these few variations, the
overall evidence of an effect on IQ is apparent.” This _ suggests editing the
word “effect” to “association” or “correlation,” given that the included studies are all
observational.

Response: Agree (change made)

0 Edits have been made throughout the
Sup02_2022_Prepublication_NTP_Monograph to use the terms 'effect,’
'association,' and 'correlation' consistently and most appropriately. For example,
the sentence referenced by_ has been revised and reads as follows:

“Despite these few variations, the overall evidence of an association with lower I1Q
is apparent.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

J.22: Page 40, “Gender considerations”: Is there some biological plausibility that there
would be sex differences in the relationship between fluoride exposure and
neurocognitive outcomes. The term “susceptibility” is used several times, but it is unclear
what that means. It seems to imply a biological reason, but it is unclear whether
mechanistic evidence is supportive of that (or if gender differences actually represent
some sort of residual confounding).

Response: Agree (change made)

0 Note that this response refers to sex considerations because we updated the
language from “gender” to “sex” in the monograph in response to a comment
from _ There are several reasons we considered potential sex
differences in this systematic review: (1) sex has historically been considered an
important potential confounder in the literature (see Table 6 in
Sup02_2022_ Prepublication_NTP_Monograph) (Lash et al. 2021; Gochfeld 2017);
(2) sex is an important risk factor for neurodevelopmental and cognitive outcomes
(Cowell and Wright 2017); and (3) potential sex-related ingestion and dietary
differences are realistic in cross-sectional studies (D’Amico et al. 2020; Keller et al.
2019).
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0 We have added the following text to the Sex Considerations section to address
_ comment, as follows:

“Recent literature suggests that adverse neurodevelopmental effects of early-life
exposure to fluoride may differ depending on timing of exposure and sex of the
exposed. In a review of the human and animal literature, Green et al. (2020)
concluded that, compared with females, male offspring appear to be more
sensitive to prenatal but not postnatal exposure to fluoride, with several potential
sex-specific mechanisms.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page 1-60.

J.23: Page 48-49, Assessment of Risk of Bias: While the studies noted as “low risk of bias”
are certainly lower risk than the studies noted as “high risk of bias,” it appears that the
evidence base is still subject to a number of important risks, particularly related to
confounding and exposure classification (i.e., are they “low risk” or “lower risk”?).

Response: Agree (edited for clarity)

o] _ raises a valid point on clear terminology and word choice for the
terms “low” and “lower” as well as “high” and “higher” to describe risk of bias.
Word choice was carefully considered and reflects input from technical experts
and _ In particular, use of the term “lower” risk of bias may raise the
qguestion, “lower than what?” Given this input, the decision was made to use a
clear definition of “low risk-of-bias studies” and “high risk-of-bias studies” and to
describe in detail how these terms are used early on in the document in the
Quality Assessment of Individual Studies and Risk-of-bias Considerations for
Human Studies sections. To clarify the definition of “high risk-of-bias studies,” the
quoted text below was added to the Risk-of-bias Considerations for Human
Studies section. In addition, the detailed assessments of and justifications for risk-
of-bias ratings for the key studies are provided in Appendix E (Details for Low Risk-
of-bias Studies). It is also important to note that the confidence rating of
moderate for the association between higher fluoride exposures and lower
children’s 1Q reflects assessment of risk of bias across the body of evidence as one
of multiple specific factors evaluated in determining the confidence rating.

“Studies could also be considered high risk of bias if rated probably high risk of
bias for one key risk-of-bias question along with other concerns, including
potential for selection bias and concerns with statistical methods.”

BSC WG Assessment:
The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
See Appendix |, page I-30.

1.24: Page 48-49, Assessment of Unexplained Inconsistencies: While there is some
consistency in findings suggesting that increased exposure to fluoride is associated with
lower 1Q, many studies reported mixed results (generally reporting a mix of inverse
associations and null findings). How were these mixed findings taken into consideration
when evaluating unexplained inconsistencies?
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Response: Agree (change made)
1) We revised the text in the Confidence Assessment of Findings on 1Q in Children

section regarding unexplained inconsistencies. The ‘Unexplained inconsistencies’
bullet now reads as follows:

“Unexplained inconsistencies: The direction of the association is consistent in the
majority of studies, and there was no downgrade for this factor. Eighteen of the 19
low risk-of-bias studies reported associations between higher fluoride levels and
lower 1Q scores in children. These studies were conducted in 5 different countries
on more than 7,000 children from 15 different study populations. There is
consistency in the direction of the association across prospective and cross-
sectional study designs. There is also consistency in the direction of the association
across studies using different fluoride exposure measures, including urinary and
drinking water fluoride. The one study that did not observe an association did not
provide results in a comparable manner and therefore this body of evidence is not
considered to have unexplained inconsistencies.”

As we further explain in the Summary of Key Findings for Low Risk-of-bias
Children’s 1Q Studies section of the Sup02_2022_Prepublication_NTP_Monograph,
“Although some studies that conducted multiple analyses observed within-study
variations in results (e.g., differences between subsets of IQ tests), these variations
were unique to individual studies and did not detract from the overall consistency
in the findings that higher fluoride is associated with lower 1Q scores.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment
inadequate.

The BSC WG recommends that the authors in the Results section of the draft SoS
Monograph address their assessment of “unexplained inconsistencies” in the
“Unexplained inconsistencies” bullet under “Confidence Assessment of Finding on IQ in
Children” instead of discussing “consistency” in the evidence.

The BSC WG recommends that the authors should use “relatively high” or “high” instead
of “higher” when referring to fluoride exposure unless the comparator is stated.

See Appendix I, page 1-69.

NTP concludes a rating of moderate confidence in the body of evidence for lower IQ in children
associated with fluoride exposure.

|:| Agree:

X Agree in principle with the exception(s) listed below: . agree in principle with the
direction of association concluded by NTP, but am uncertain that a rating of
moderate is appropriate for a body of evidence comprised of mostly cross-sectional
studies, that have not considered the full range of key confounders, or may have
some concerns with exposure classification.

[ ] Do not agree because:
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Response: Disagree (no change)

0 Study type (e.g., cross-sectional, cohort, case-control) should not serve as a proxy

for assessing level of confidence in a body of evidence. Instead, NTP’s framework
for developing a confidence rating for a body of evidence starts with an initial
confidence rating that is determined by the ability of the studies to address
causality as reflected in the confidence that exposure preceded and was
associated with the outcome (Rooney et al. 2014). This ability, in turn, is based on
four key study design features (controlled exposure, exposure prior to outcome,
individual outcome data, and comparison group)
(https://ntp.niehs.nih.gov/go/ohathandbook). To meet the criteria for an initial
confidence rating of moderate, studies must have three of the four key features.
Among the 19 low risk-of-bias studies that form the basis of this body of evidence,
15 studies (3 prospective cohort studies and 12 cross-sectional studies) have 3 of
the 4 features (individual outcome data, comparison group, and exposure prior to
outcome) and so support an initial confidence rating of moderate. More
specifically, the 12 cross-sectional studies provide sufficient details to establish
that exposure preceded the outcome assessment (e.g., by providing prevalence of
dental fluorosis, limiting study populations to subjects who lived in the same
fluorosis area for long periods of time), in addition to having individual outcome
data and a comparison group. Although cross-sectional studies can have
limitations in ensuring that exposure preceded outcome, that is not the case with
the cross-sectional studies that contributed to the determination of moderate
confidence in an association between fluoride exposure and lower IQ in children.
The three prospective cohort studies also provide individual outcome data,
include a comparison group, and demonstrate that exposure preceded outcome,
and so support initial confidence rating of moderate. Finally, the consistency of
results across the body of evidence, including both study designs, and after
consideration of all of the GRADE-based factors that may increase or decrease
confidence, support the final confidence rating of moderate.

Please see previous responses in Sections A and B.l.2.of this document that
explain why we disagree that serious concerns remain about potential
confounding and exposure misclassification among the low risk-of-bias studies
that would impact our confidence in the literature.

BSC WG Assessment and Justification:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Fluoride exposure and non-IQ neurodevelopmental or cognitive effects in children

J.26:
1.

Comment on whether the approach described in the methods to search for and select
human studies on neurodevelopmental or cognitive function effects associated with
fluoride exposure was appropriate for evaluating potential effects of fluoride exposure on
non-lQ neurodevelopmental or cognitive effects in children.

_ Comments: Yes, the approach used to search for and select studies was
appropriate.

Response: No change requested
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0 No response necessary.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

J.27:

2.  Comment on whether the approach used to assess risk of bias for studies in children on
non-lQ neurodevelopmental or cognitive effects was clearly described and appropriately
applied.

_ Comments: In general, this body of evidence has fewer apparent concerns
with confounding or residual confounding. However, there are likely some concerns with
exposure assessment/classification, given that some of the longitudinal studies assessed
maternal fluoride status and neurocognitive outcomes later in childhood, without
accounting for fluoride exposure of the child during the period of follow-up.

Response: Disagree (no change)

0 We agree that, ideally, studies would account for a child’s lifetime exposure;
however, when considering risk of bias for exposure misclassification, in order for
timing of exposure to impact the risk-of-bias rating, the exposure assessment
would have to take place at a time that would not be appropriate for the outcome
assessed (e.g., measurement of exposure after outcome). Evaluating exposure
during a specific life stage prior to the outcome assessment does not indicate any
misclassification for that specific life stage.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

J.28:
3. Comment on assessment of the human studies with regard to:

k) How findings from individual “low risk of bias” studies were interpreted.
I) How the confidence rating in the body of evidence was developed and supported.

_ Comments: The findings were interpreted correcting and a confidence rating
of low seems an appropriate assessment.

Response: No change requested

0 No response necessary.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

J.29:

4. The NTP concludes a rating of low confidence in the body of evidence for decreases in
measures of other neurodevelopmental or cognitive effects in children associated with
fluoride exposure.

X Agree

|:| Agree in principle with the exception(s) listed below:
[ ] Do not agree because:

Response: No change requested
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o] _ agreed with the low confidence rating.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

IV. Fluoride exposure and cognitive effects in adults

J.30:
1.

J.31:

Comment on whether the approach described in the methods to search for and select
human studies on neurodevelopmental or cognitive function effects associated with
fluoride exposure was appropriate for evaluating potential effects of fluoride exposure on
cognitive effects in adults.

_ Comments: Yes, the approach used to search for and select studies was
appropriate.

Response: No change requested

0 Noresponse necessary.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

Comment on whether the approach used to assess risk of bias for studies in adults on
cognitive effects was clearly described and appropriately applied.

_ Comments: Yes, the approach used to assess risk of bias was clearly described
and generally appropriate.

Though, it is unclear whether these studies adequately captured a critical fluoride
exposure window likely to impact neurocognitive health (i.e., does fluoride exposure in
older adulthood impact neurocognitive health?) For example, lifelong fluoride exposure,
and/or fluoride exposure at different lifestages that may be more critical to
neurocognitive development, were not captured in these cross-sectional studies. Thus, it
raises questions as to whether these cross-sectional studies are truly “low risk of bias,” or
are “lower” risk of bias than others.

Response: Agree (edited for clarity)

0 We agree with _ that none of the studies evaluated differential fluoride
exposures in adults with adequate adjustment for earlier life exposures. The
available body of evidence does not provide sufficient information to draw a
conclusion on the critical period of exposure assessment/classification. While we
agree that questions about critical periods of exposure and duration of exposure
are important to understanding relative hazards from fluoride to neurocognitive
health, these would not be addressed in the risk-of-bias evaluation of individual
studies and are instead a limitation of the evidence base. If there had been more
data and greater confidence in the body of evidence for studies in adults, the
ability of the studies to address questions of lifelong exposure or critical exposure
windows would have been added to the Discussion section. We consider the
approach for the risk-of-bias evaluation to be appropriate for assessing the quality
of the studies and conclude that an overall assessment of low confidence in an
association between higher fluoride exposures and cognitive effects in adults is
appropriate based on the body of evidence. In addition, the following text was
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added to the Limitations of the Evidence Base subsection of the Discussion of the
Sup02_2022_Prepublication_NTP_Monograph to acknowledge the lack of studies
to inform these questions.

“No studies are available to evaluate lifelong exposure in adults, or fluoride
exposure over a child’s lifetime and neurodevelopmental or cognitive changes over
time.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment adequate
but makes the following suggestion(s) to enhance the SoS Monograph:

The BSC WG notes that critical window of exposure — especially during developmental
exposure — is an important issue, but it gets little attention in the draft SoS Monograph. If
there are any prospective studies that assessed prenatal exposure included in the draft
SoS Monograph, the BSC WG suggests including discussion around prenatal vs. postnatal
exposure to fluoride and neurodevelopment.

See Appendix I, page 1-93.

Comment on assessment of the human studies with regard to:
m) How findings from individual studies were interpreted.

n) How the confidence rating in the body of evidence was developed and supported.

_ Comments: The findings were interpreted correcting and a confidence rating
of low and that the evidence is inadequate seems an appropriate assessment.

Response: No change requested

0 No response necessary.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

The NTP concludes a rating of low confidence in the body of evidence for changes in
cognitive effects in adults with fluoride exposure.

X Agree
[ ] Agree in principle with the exception(s) listed below:
[ ] Do not agree because:

Response: No change requested

o] _ agreed with the low confidence rating.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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V. Studies in non-human animals

J.34:
The NTP agrees with the comments of the NASEM committee (NASEM 2020, 2021) concerning
the overall poor quality of the experimental animal database on fluoride exposure and
neurodevelopmental effects, with many studies suffering from major reporting deficiencies. As
indicated above, the monograph focuses on the large human epidemiology database because it
directly addresses the question of whether fluoride affects human neurodevelopment.
Therefore, based on the recommendations of the NASEM committee, the experimental animal
section and risk of bias details have been removed from this monograph and the NTP concludes
that the scientific evidence from experimental animal data are inadequate to inform whether
fluoride exposure is associated with cognitive effects (including cognitive neurodevelopmental
effects) in humans.
X Agree
[ ] Agree in principle with the exception(s) listed below:
[ ] Do not agree because:

Response: No change requested

o] _ agreed with the inadequate designation.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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DocK_Monograph

In November 2021, _ received: 1) the 2021 Draft NTP Monograph on the

State of the Science concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects:
A Systematic Review, 2) a copy of the NASEM Committee’s comments on the 2020 draft NTP Monograph
with NIEHS/DNTP responses (draft version of Sup01_Monograph), and 3) the _ instructions.
The instructions consisted of a preface, charge, instructions for the review, and a series of specific peer-
review questions grouped by the following three topics: General Comments, Human Studies, and
Studies in Non-Human Animals.

_ were asked to provide their substantive scientific and technical comments and suggestions
within the _ form. In addition, they were asked whether they “Agree”, “Agree in principle”, or
“Do not agree” with each NTP conclusion on confidence in a body of evidence.

The _ instructions and specific peer-review questions are reproduced in the pages that follow
in black text. _ comments and responses to each question are also provided in black text
starting with the words ”_ comments” in bold font. The NIEHS/DNTP responses have been
inserted in blue text following each of the comments beginning with the word “Response” in bold font.
Formatting has been applied to aid in reading.

The prepublication 2022 NTP Monograph reflects changes made after consideration of the comments

from the _ along with all other input received through April of 2022. The

prepublication 2022 NTP Monograph was subsequently sent to _ for additional comments. A
revised “track changes” version of the monograph was developed in September 2022 titled the
“DocMon_Track_Changes_2022 NTP_Monograph.” The following bullets describe how edits are

documented in the track changes version of the monograph in response to _
comments and _ comments:

° _ For comments related to DocG_Monograph, DocH_Monograph, Docl_Monograph,
Doc)_Monograph, and DocK_Monograph:

0 Edits are marked with a comment bubble in the
DocMon_Track_Changes_2022_NTP_Monograph that identifies the text in question and
briefly describes any revisions.

0 The comment bubble contains the exact text of the _ Comment.

0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response (e.g., comments made in response to
this _ would be marked “see DocK_Monograph for detailed response”).

° _ For comments DocAl_Monograph, DocA2_Monograph, DocB1_Monograph;
DocB2_Monograph, and DocC_Monograph through DocF_Monograph:

0 Edits are marked in track changes format in the
DocMon_Track_Changes_2022_NTP_Monograph.

0 Acomment bubble has been added to the text in question containing the exact text of

the [N corment.
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0 The comment bubble also provides a reference to the specific response to comments
document with the detailed NIEHS/DNTP response.

Preliminary comments on the draft NTP monograph prepared by the peer revie _ are noted
below.

These preliminary comments are not binding and should not be construed to represent NTP
determination or policy.

National Toxicology Program
NTP Monograph Letter Peer-Review Panel

Draft NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review

National Institute of Environmental Health Sciences
Research Triangle Park, NC

February 11, 2022

Fluoride State of the Science Document Review Form

Preface:

The objective of this evaluation was to conduct a systematic review of the published literature regarding
the potential for exposure to fluoride to affect neurodevelopment and cognition in humans. The
evaluation presented in the draft NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopmental and Cognitive Health Effects represents a comprehensive and
current assessment. The methods used are from the Handbook for Conducting a Literature-Based Health
Assessment Using OHAT Approach for Systematic Review and Evidence Integration, which presents a
seven-step framework for systematic review and evidence integration. Please note: this evaluation stops
at step 5 of the systematic review process and does not proceed to step 6 to translate the confidence
rating for the body of evidence into a level of evidence for health effects (see Figure 2 from the
handbook).
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Charge:
(1) Comment on the technical accuracy and whether the draft NTP Monograph on State of the
Science Concerning Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects is
clearly stated, and objectively presented.

(2) Determine whether the scientific evidence supports the NTP’s confidence ratings for the bodies
of evidence regarding neurodevelopmental and cognitive health effects associated with
exposure to fluoride.

Instructions for Review:
All materials for this review are available in the Electronic Council Book (ECB). You will receive the
specific URL and a password for accessing the ECB.

This evaluation identified 159 human studies relevant for assessing neurological health effects of
exposure to fluoride; however, many studies included only secondary outcomes (e.g., 55 studies of
thyroid hormones that were investigated as a potential mechanism). The scientific evidence in children
and adults was evaluated separately to address potential differences in the health impact of fluoride
exposure during development versus adulthood. Several studies evaluated learning and memory (n =8
studies) or other cognitive developmental effects (e.g., total neurobehavioral scores and total mental
capacity index in children, cognitive impairment in adults; n = 14 studies). Sixty-six human studies
investigated 1Q in children. Nineteen of the 66 1Q studies were determined to have low potential for bias
and therefore, were categorized as “low risk of bias”. Please give special attention to our assessment of
these 19 studies.

e The 19 studies are available as PDFs and organized alphabetically in a folder on the ECB.

o All other studies are provided in the Health Assessment Workspace Collaborative, or HAWC
database under the “studies list” tab, also organized alphabetically. You will also be provided a
username and password for HAWC that will give you _ permissions to access the PDFs
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in HAWC along with visualizations and other study information for this project at the following
link (https://hawcproject.org/study/assessment/405/).

Please provide your substantive scientific and technical comments and suggestions within this
_ form. Identify and provide the rationale or scientific support for proposed changes or
suggestions where possible.

If necessary, you can also provide additional editorial comments and recommendations for improving
the report outside your specific charge questions (this form) within the draft report itself. Please note
that only those comments included on the _ form will be considered part of NTP’s peer review

report.

A. General Comments

K.1:

1.

Please comment on whether the scientific information presented in the draft monograph,
including presentation of data in tables and figures, is technically correct, and clearly and
objectively presented. Please suggest any improvements.

_ Comments: The data was clearly presented and put together. In particular, the
tables and figures are helpful. A few particular suggestions for the tables are mentioned in
sections below.

Response: No change requested

0 Noresponse necessary because _ feedback on tables is addressed where
detailed suggestions are presented below.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

2.Please identify any information that should be added or deleted.

K.2: _ Comments: It might be useful to have reminder, or reference back to the section
in the text where the risk of bias information for human and animal studies is described in the
methods (page 18), prior to presentation of the low risk of bias results for humans (page 28) and
animals (page 67).

Response: Agree (change made)

0 At the beginning of the Low Risk-of-bias 1Q Studies section, we added the parenthetical
text in the quote below to refer readers back to the Methods section that describes the
risk-of-bias assessment for human studies; however, we determined that a similar
reference back to risk-of-bias methods would be less helpful for the Animal Learning
and Memory Data section, as the animal section does not discuss animal studies in
terms of risk-of-bias status.

“Nineteen studies (3 longitudinal prospective cohort and 16 cross-sectional studies) with
low potential for bias evaluated the association between fluoride exposure and 1Q in
children (see Quality Assessment of Individual Studies section for methods on
determining which studies pose low risk of bias).”
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BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment inadequate.

The BSC WG agrees with the reviewer and recommends that the authors include more about
risk-of-bias assessment in the Methods section of the draft SoS Monograph.

See Appendix |, page 1-42.

K.3: _ Comments: Additionally, it might be helpful to identify a limited set of
confounder as required for evaluation. For example, those included in Figure 6 do not include
all described in Table 6, and in fact - not present an important one: parental educational
attainment.

Response: Agree (edited for clarity)

(0]

Age, sex, and socioeconomic status (SES) are identified as the limited set of key
covariates/potential confounders in the Risk-of-bias Considerations for Human Studies
section. Each of these covariates had to be addressed in any human study of fluoride
and cognitive neurodevelopmental health effects to be considered as low risk of bias for
confounding. Other covariates may be considered important potential confounders
depending on the specific study population and/or outcome assessed. We note that
maternal education is listed in this section as a measure of SES. To provide further
clarity that parental education is captured under SES in Figure 6, we added a footnote to
Figure 6 that states, “Covariates considered measures of SES include SES scaled scores,
household/family income, child education, caretaker/parental education, and
occupation/employment.”

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’'s comment adequate.

See Appendix |, page I-66.

Human studies

1. Fluoride exposure and children’s 1Q

K.4:
1.

Comment on whether the approach described in the methods to search for and select
human studies on neurodevelopmental or cognitive function effects associated with
fluoride exposure was appropriate for evaluating potential effects of fluoride exposure on
measures of 1Q in children.

_ Comments: This monograph is clearly written and nicely uses tables and
figures to display the search criteria and key information points. Furthermore, the level of
detail in the methods provides an excellent path forward for understanding exact terms
and criteria implemented.

Response: No change requested
O Noresponse necessary.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.
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2.  Comment on whether the approach used to assess risk of bias was clearly described and
appropriately applied to the set of studies designated as “low risk of bias.”

_ Comments: As stated above, the methods section for this monograph is
exemplary. Application of the criteria was clear and appropriate.

Response: No change requested

0 Noresponse necessary.
BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

3.  Comment on assessment of the human studies with regard to: How findings from
individual studies designated as “low risk of bias” were interpreted. How the overall set of
confounders across the body of evidence from children’s 1Q studies was considered and
presented.

_ Comments: See comment below on parental 1Q

Response: No change requested

0 No response necessary because the question of parental IQ is addressed under
comment for question 4 below.

BSC WG Assessment:

The BSC WG considers the NTP authors’ response to the reviewer’s comment adequate.

How the confidence rating in the body of evidence was developed and supported.

2. NTP concludes a rating of moderate confidence in the body of evidence for lower IQ in
children associated with fluoride exposure.
|:| Agree
|X| Agree in principle with the exception(s) listed below:
[ ] Do not agree because:

_ Comments: . am concerned that only one study in the low risk of bias
category included parent IQ as a potential confounder. Given the known heritability of 1Q,
and established connections between socio-economic status (SES) and performance
testing, and SES and educational attainment, substantial confounding may be present. Of
note, Figure 6 does not include parental educational attainment, which may be a proxy for
an 1Q related measure (or those via inherited variation) when a direct measure of IQ was
not collected, though is mentioned in Table 6. Additionally, it is notable that many of the
low risk of bias studies are cross-sectional and provide limited information regarding
temporality and timing of exposure.

Response: Agree (edited for clarity)

o] _ made several comments related to this question, and for the first, we
agree that parental IQ is important. We also agree that educational attainment
(and SES) may be proxy measures of parental IQ. Therefore, parental IQ was
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considered indirectly addressed if a study accounted for parental educational
attainment and/or SES. Figure 6 does not specifically include parental educational
attainment because it was considered as a measure of SES. For clarification, we
added a footnote to Figure 6 of the Sup02_2022_Prepublication_NTP_Monograph
that lists the covariates identified in the s