




















Talking Points for Acting NIH Director Lawrence Tabak
Path to Excellence and Innovation (PEI) Initiative 2.0 Roundtable
with Historically Black Colleges & Universities Presidents
- 0 p.m., Tuesday, March 15, 2022
irtual event link will be in calendar
8 min welcoming remarks

. Thank you, vonne. Itis always a great pleasure to connect with you. or
those that do not know, when | became the acting principal deputy director in
2008, vonne served as an important mentor for me, as she had served in that
same role previously. | am now privileged to serve as the Acting Director of the
NIH, and | am honored to welcome you all to this event.
. Last August, | sent a letter to each of you congratulating you and your
institution for being chosen to oin the new cohort of NIH s Path to E cellence
and Innovation, or PEI, Initiative. This e pansion, referred to as PEI 2.0, builds
on the foundation of a successful pilot program.
. In my letter, | emphasi ed how essential it was for the leaders of NIH and
Historically Black Colleges niversities to engage regularly to discuss

o) strategies for improving perceived barriers for HBC s working with

federal agencies

o) acquisition models for building university contracting

infrastructures and

o) milestones for evaluating success in the acquisition arena.
. This roundtable begins that dialogue. The motto for PEI 2.0 is
Communication, Commitment, and Collaboration. Those are ideal concepts
to guide today s discussions we welcome your communication, your
commitment, and your collaboration.
. Let s begin with Commitment. NIH is the world s largest public supporter
of biomedical research. ur Institutes and Centers obligate about $8 billion
annually through contract awards to support the NIH mission. et less than
1% of NIH’s contract awards currently go to HBCUs.
. In 2016, Diane Frasier, NIH’s Head of the Contracting Activity and
Director of our Office of Acquisition and Logistics Management, established
the PEI Pilot Program to address inequities in contract awards to HBC s. The
mission was to empower HBC s with the knowledge, resources, and skills
needed to effectively compete for contracts and win partnership opportunities
within the NIH.
. PEI, which is directed by NIH Small Business Program Office Manager
Annette Owens-Scarboro, began with 6 HBC S Hampton niversity, Meharry
Medical College, Morehouse School of Medicine, the niversity of the irgin
Islands, Howard niversity, and ackson State niversity.

. During the pilot, each school was paired with at least one Business
Partner to pursue NIH funding opportunities.
. In the pilot’s final year, FY 2020, NIH engaged with the HBC

community in more than a dozen events.



« But equity isn t achieved by awarding contracts to a handful of HBC s.
Consequently, NIH has e panded PEI to build relationships with 21 colleges
and universities and 42 small businesses.

. But how do we go about increasing procurement partnerships with YOUR
INSTITUTION
. It starts with Communication. Today you will hear how the PEI has

increased engagement between NIH acquisition officials and contacts at the

HBC s that you lead. And we hope today s discussions will cataly e further
actions to enhance diversity in the biomedical enterprise in general and ma imi e
opportunities for HBC s in particular.

. There is real value for you, as leaders of HBC s, to be engaged in this
initiative.
. Without a doubt, federal contracts can provide a sustainable revenue

stream. They can also create more jobs on campus, providing employment
opportunities for students and stimulating local economies. Depending on the
type of contract awarded, additional student and faculty research opportunities
may help contribute to academic prestige.

. | ve mentioned the guiding concepts of Communication and
Commitment. Now, let s turn to Collaboration.
. NIH is the only federal agency to receive approval from the ffice of

Management and Budget to create a database designed specifically for
HBCUs. This pre-solicitation portal benefits HBC s by providing access to
consolidated data from different sources on one platform. This database
platform allows institutions in the cohort to view contract opportunities, share their
capabilities with each other, and even discuss partnership and collaboration.
How awesome is that

. Each President, Chancellor, and Provost at this roundtable has staff that
manage your relationship with NIH. But there is a very important role for you,
too.
o) our leadership can steer PEI to improve and sustain outcomes.
o) True, Diane rasier and Annette wens-Scarboro have designed

an e emplary initiative. But ust imagine what it could become if you
tailor it to better meet the needs of each of your institutions, as well as the
collective needs of all HBC s.
So, thanks to each of you for oining us here today. Now is indeed the time to take on
the hard, but rewarding, work of communication, commitment, and collaboration.
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Executive Summary

The Clinical Center Research Hospital Board (CCRHB) of the National Institutes of Health
(NIH) convened its 20th meeting via videoconference on April 1, 2022. The meeting was
webcast live and open to the public. A video recording of the meeting is available online.

Laura Forese, M.D., Executive Vice President and Chief Operating Officer, NewY ork—
Presbyterian Hospital, and Chair, CCRHB, called the meeting to order at 9:00 a.m. ET. Julie A.
Freischlag, M.D., Dean, Wake Forest University School of Medicine, was absent.

Dr. Forese acknowledged that this would be the final meeting for Ellen Berty, patient, special
education teacher, book author, and former NIH research participant. Dr. Forese also announced
that she, Ruth Brinkley, MSN, and Richard P. Shannon, M.D., Chief Quality Officer, Duke
Health, would be leaving the CCRHB later in 2022, and William Hait, M.D., Ph.D., Global Head
of External Innovation, Johnson & Johnson, could no longer serve on the Board due to other
commitments.

Lawrence A. Tabak, D.D.S., Ph.D., Acting Director, NIH, thanked Ms. Berty for her service to
the CCRHB. Dr. Tabak also welcomed several new ad hoc experts to the Board: David Baum,
patient, Clinical Center Patient Advisory Group, who was unable to attend; David C. Chin, M.D.,
M.B.A., Distinguished Scholar, Department of Health Policy and Management, Johns Hopkins
Bloomberg School of Public Health; Antoinette Royster, patient, Clinical Center Patient
Advisory Group; and Craig Samitt, M.D., M.B.A., Founder and Chief Executive Officer, ITO
Advisors.

Dr. Tabak acknowledged the departure of Francis Collins, M.D., Ph.D., as NIH Director. Dr.
Tabak will serve as Acting Director until a new NIH Director is nominated by the President and
confirmed by the Senate. In addition to the Acting Director, there are several other acting
leadership members. Tara A. Schwetz, Ph.D., is the Acting Principal Deputy Director; Courtney
F. Aklin, Ph.D., is the Acting Associate Deputy Director; and Lyric Jorgensen, Ph.D., is the
Acting Associate Director for Science Policy.

Dr. Tabak also shared updates about the NIH budget. The Fiscal Year (FY) 2022 Omnibus
Appropriations Bill was passed, and NIH received generous increases in funding for its overall
budget and other specific research areas. The FY 2022 Omnibus Appropriations Bill also
included $1 billion for the establishment of the Advanced Research Projects Agency for Health
(ARPA-H). Although ARPA-H is an autonomous organization, NIH will provide administrative
and operational support. Congressional hearings for the FY 2023 budget will be in May, and Dr.
Tabak was optimistic about continued strong funding for NIH research.

James Gilman, M.D., Chief Executive Officer, NIH Clinical Center, shared that the Clinical
Center Nursing Department won the 2021 Press Ganey Award for National Database of Nursing
Quality Indicators (NDNQI), which recognizes excellence in patient safety. The Clinical Center
is actively recruiting for several leadership vacancies, including a Chief Nursing Officer, Chief
Financial Officer, Chief of Pharmacy Department, and Chief of the Office of Clinical Research
Training and Medical Education.

Although other parts of the NIH campus are relaxing their coronavirus disease 2019 (COVID-
19)-related policies, Dr. Gilman said that the Clinical Center continues to focus on patient and



staff safety through mask mandates and testing. The average daily census for 2021 was well
below the 3-year average, but there have been increases in outpatient visits and new patients
visiting the Clinical Center. Dr. Gilman is hopeful that Clinical Center operations will continue
to increase over the course of the next few months.

Dr. Gilman shared updates on the Clinical Center’s efforts to focus on improving diversity,
equity, inclusion, and accessibility (DEIA). The Clinical Center has conducted listening sessions,
released surveys, and formed a DEIA advisory committee and continues to assess workforce
demographics. The Clinical Center also recently submitted its racial and ethnic equity plan to
NIH leadership.

David Lang, M.D., M.P.H., Director, NIH Clinical Center Office of Patient Safety and Clinical
Quality, presented metrics from the Clinical and Safety Performance Metrics Executive
Dashboard that indicate consistent strong performance in infection control, nursing care, and
employee safety.

H. Clifford Lane, M.D., Deputy Director of Clinical Research and Special Projects; Director,
Division of Clinical Research; and Clinical Director, National Institute of Allergy and Infectious
Diseases, provided a comprehensive update on the state of the COVID-19 pandemic, including
the latest research related to the disease’s pathogenesis, diagnosis, treatment, and prevention. Dr.
Lane highlighted several NIH-led efforts, including the Accelerating COVID-19 Therapeutic
Interventions and Vaccines (ACTIV) trials, the COVID-19 Treatment Guidelines, the OpenData
Portal on SARS-CoV-2 Variants and Therapeutics from the National Center for Advancing
Translational Sciences, and emerging research on the post-acute sequalae of COVID-19 being
conducted at the Clinical Center.

Marilyn Farinre, Pharm.D., M.B.A., Service Chief, Pharmacy Operations, Pharmacy
Department, Clinical Center, shared an update on the Permanent Pharmacy Placement Project.
The inpatient, unit dose, and intravenous admixture units of the pharmacy are being renovated
after an inspection by the U.S. Food and Drug Administration found the space to be
noncompliant. The new pharmacy space will feature increased capacity, automation, and
electronic documentation for safe and efficient workflows. All three units should be operating in
the new space by the end of 2022.

Dan Wheeland, PE, Director, NIH Office of Research Facilities, presented on Clinical Center
construction and renovation projects that are planned or underway, including the initial planning
stages for the long-awaited Surgery, Radiology, and Laboratory Medicine Building. All of these
construction projects will increase patient safety and expand research facilities.

W. Marston Linehan, M.D., Chief of Urologic Surgery and the Urologic Oncology Branch,
Center for Cancer Research, National Cancer Institute, closed the meeting with a historical
perspective of kidney cancer research at the Clinical Center. More than 30 years of research at
the Clinical Center has led to the identification of many sporadic and hereditary kidney cancer
genes and enhanced precision treatment and care of kidney cancers. Specifically, foundational
research on Von Hippel-Lindau (VHL) syndrome and its associated kidney cancer led to Nobel
Prize—winning research. Dr. Linehan’s group recently published clinical trial results about a
promising treatment option for people with VHL kidney cancer.

The next meeting of the Board will occur on July 15, 2022.



Meeting Summary
Friday, April 1, 2022

Welcome and Board Chair’s Overview

Laura Forese, M.D., M.P.H., Executive Vice President and Chief Operating Olfficer, NewYork—
Presbyterian Hospital, and Chair, Clinical Center Research Hospital Board (CCRHB)

Dr. Forese called the meeting to order at 9:00 a.m. ET and checked attendance, welcoming the
new members of the CCRHB.

Dr. Forese acknowledged that this was the last board meeting for Ellen Berty, who has served on
the CCRHB since its inception. Ms. Berty has been a critical voice for the patient and created joy
with her fabulous costumes. Ms. Berty said that she learned a great deal from this experience and
thanked the Board for their work on behalf of patients everywhere.

Dr. Forese announced that she, Ruth Brinkley, MSN, and Richard P. Shannon, M.D., would also
be leaving the board in 2022. Their departures will be staggered to facilitate a smooth transition,

but all plan to attend the July CCRHB meeting. Additionally, William Hait, M.D., Ph.D., had to

withdraw as an ad hoc Board member due to other commitments. Dr. Forese thanked him for his
service to the CCRHB.

National Institute of Health (NIH) Director’s Remarks

Lawrence A. Tabak, D.D.S., Ph.D., Acting Director, National Institutes of Health (NIH), and
Executive Director, CCRHB

Dr. Tabak thanked Ms. Berty for her contributions to the CCRHB. As a founding member of the
Board and a former NIH research participant, she has provided important insight over the years.
Dr. Tabak also shared the thanks of Francis S. Collins, M.D., Ph.D.

Dr. Tabak acknowledged the new CCRHB members. Craig Samitt, M.D., M.B.A., is the
managing director of ITO Advisors and a nationally recognized thought leader on industry
transformation, care delivery, and healthcare policy. David Chin, M.D., M.B.A., is the Director
of Executive Education and Co-Director of the M.P.H./M.B.A. Program at the John Hopkins
Bloomberg School of Public Health. Dr. Chin also serves as Chair of the Board of Directors for
the National Committee of Quality Assurance.

The CCRHB also welcomes two new patient representatives. Antoinette Royster is a civic-
minded activist who has participated in many studies at the Clinical Center and has served on the
NIH Clinical Center Patient Advisory Group since 2005. David M. Baum, PMP, was not able to
attend, but he is the Managing Director of QX Group, Ltd., and has extensive public- and
private-sector experience. The CCRHB is fortunate to have these new members serve on the
Board and share their unique insights.



Leadership Updates at NIH

Dr. Tabak said that Dr. Collins stepped down as NIH Director after serving 12 years under
multiple presidential administrations. Dr. Collins planned to focus on his laboratory research but
is now serving as the acting science adviser to the President.

Although the timing is uncertain, the President will nominate a new, permanent NIH Director,
who will then have to be confirmed by the Senate. NIH leadership is confident that the President
will nominate a spectacular candidate, and once that person is confirmed, leadership looks
forward to working with the new Director to implement their agenda.

During this interim period, Dr. Tabak is serving as Acting Director and is supported by three
leaders who have stepped into acting roles. Tara A. Schwetz, Ph.D., is the Acting Principal
Deputy Director, returning to NIH after serving in the White House Office of Science and
Technology Policy (OSTP) to manage early planning of the Advanced Research Projects Agency
for Health (ARPA-H). Courtney F. Aklin, Ph.D., took on Dr. Schwetz’s role as the Acting
Associate Deputy Director. Lyric Jorgensen, Ph.D., is now the Acting Associate Director for
Science Policy, since Carrie Wolinetz, Ph.D., is on detail at OSTP. Dr. Tabak expressed his
gratitude for these three leaders.

Also, on March 1, the Foundation for the National Institutes of Health (FNIH) announced the
appointment of Julie Louise Gerberding, M.D., M.P.H., as the Chief Executive Officer (CEO) of
FNIH. She is the former Director of the Centers for Disease Control and Prevention (CDC) and
current Chief Patient Officer and Executive Vice President, Population Health and Sustainability
at Merck. Dr. Gerberding currently sits on the Board of Directors and Governance at FNIH and
will begin her role as CEO on May 16.

Update on the NIH Budget

With the upcoming mid-term elections, there is some uncertainty related to the fiscal year (FY)
2023 budget. The FY 2022 Omnibus Appropriations Bill was passed recently, and NIH is
extremely grateful to Congress for their support. The total NIH budget for FY 2022 is

$45.18 billion, which is an increase of $2.24 billion (5.2%) from FY 2021. The general increase
for the Institutes and Centers (ICs) was 3.4%, and specific areas of research received generous
additional funding, including Alzheimer’s disease ($289 million), cancer ($150 million), opioid
use disorder ($75 million), health disparities ($50 million), and the Brain Research Through
Advancing Innovative Neurotechnologies® (BRAIN) initiative ($60 million).

The FY 2022 Omnibus Appropriations also included $1 billion to establish ARPA-H within the
Department of Health and Human Services (HHS). The secretary of HHS recently announced
that he would use his authority to transfer ARPA-H authorities and funds to NIH. Although
ARPA-H is an independent entity, NIH will provide administrative and operational support to
ensure a rapid and efficient startup of the agency. The ARPA-H Director will be appointed by
the President without Senate confirmation and will report to the Secretary of HHS, who is
expected to appoint an Interim Director to facilitate the launch of ARPA-H.

Soon after the FY 2022 Omnibus Appropriations Bill was passed, the President released his
proposed FY 2023 budget. Dr. Tabak and selected IC Directors will participate in appropriations
hearings for NIH at the House of Representatives on May 11 and the Senate on May 18.



Finally, Dr. Tabak congratulated the Clinical Center on its recent award for the new Surgery,
Radiology, and Laboratory Medicine (SRLM) Building. The work for this project predated the
CCRHB, so it has been in the works for a long time, and it is very exciting to see it come to
fruition. The build-out date is set for 2028.

Discussion
Dr. Forese echoed Dr. Tabak’s excitement for the SRLM Building.

Stephanie Reel, M.B.A., asked about the reasoning for ARPA-H being separate from NIH. Dr.
Tabak said that in listening sessions with stakeholders, there was a call for ARPA-H to be
unencumbered and independent; however, NIH can support a rapid and robust start for the
agency. Dr. Schwetz said that many operational and structural functionalities need to be built
when starting a new agency, and NIH’s scientific knowledge and expertise can be leveraged
during this process. One of the fundamental tenets of ARPA-H is autonomy, so its separation
from NIH but connection to the Secretary for HHS supports this tenet. This set-up is similar to
those of the Advanced Research Projects Agency—Energy, which is part of the Department of
Energy, and the Defense Advanced Research Projects Agency, which is part of the Department
of Defense.

NIH Clinical Center Chief Executive Officer Update
James Gilman, M.D., Chief Executive Officer, Clinical Center

Dr. Gilman welcomed NIH colleagues participating in the meeting via Zoom, including Clinical
Center leadership executives:

e (olleen M. Hadigan, M.D., M.P.H., Chief Medical Officer, Clinical Center
e Pius Aiyelawo, M.P.A., Chief Operating Officer, Clinical Center
e Barbara Jordan, D.N.P., RN, NEA-BC, Acting Chief Nursing Officer, Clinical Center

Dr. Gilman also acknowledged Natascha Pointer and Patricia Piringer for their work to
coordinate the CCRHB meeting.

CCRHB Transitions

Dr. Gilman welcomed Mr. Baum, Dr. Chin, Ms. Royster, and Dr. Samitt to the CCRHB as ad
hoc experts. Dr. Gilman thanked Dr. Chin for his help with recruiting Dr. Samitt to be considered
for the Board.

Although Ms. Berty is leaving the CCRHB, she will continue to serve on the Clinical Center
Patient Advisory Group.

Ruth Williams-Brinkley, M.S.N.-Adm., is leaving the Board in the next few months. Her
contributions to the board as a nurse remain invaluable and there are efforts to find a new Board
member with a nursing background. Dr. Gilman has been in contact with a nurse executive of a
hospital and hopes to announce this new Board member at the July meeting.



Awards

Dr. Gilman said that Ms. Williams-Brinkley and Dr. Forese were named as the Top Women
Leaders in Healthcare 2022 by Modern Healthcare.

The Clinical Center was one of six hospitals to win the 2021 Press Ganey Award for National
Database of Nursing Quality Indicators (NDNQI). The Clinical Center exceeded the mean in 17
indicators for patient safety and was acknowledged as the top teaching hospital. The award went
on tour throughout the Clinical Center so that the nurses and staff who contributed to this
achievement could celebrate.

The Clinical Center was well represented at the 2021 NIH Director’s Awards. There were 15
awards honoring 155 Clinical Center employees, including 5 individual awardees and 150 group
awardees.

The Annual Clinical Center CEO Awards Ceremony in December 2021 recognized more than
700 Clinical Center employees with 111 awards, 43 individual awards and 68 group awards.

The Part of Something Bigger Award, a new award developed by HHS, is given to HHS staff
members who contribute to the department’s goals outside the workplace. Two Clinical Center
employees were recognized for their volunteer work at mass vaccination sites for coronavirus
disease 2019 (COVID-19) COVID-19 vaccines.

Clinical Center Staffing Update
Dr. Gilman said that the Clinical Center is actively recruiting for several leadership vacancies:

e Chief Nurse Officer

e Chief Financial Officer

e Chief of Pharmacy Department

e Chief, Office of Clinical Research Training and Medical Education

The Chief of Materials Management and Environmental Services and the Designated
Institutional Official for the Accreditation Council Graduate Medical Education positions were
recently filled.

As more NIH staff return to campus, Clinical Center leadership is also working to update
teleworking policies for staff. Although most of the Clinical Center’s work occurs in person,
some staff have the option of working remotely.

Event Updates

Dr. Gilman hosted the quarterly Clinical Center Town Hall on January 25, 2022. The format of
this town hall, which was changed to include more members of executive leadership in the
presentations of length-of-service awards, CC overview and highlights, and Q&A, was received
well. The next town hall will focus on diversity, equity, inclusion, and accessibility (DEIA)
issues.

The Clinical Center co-hosted Rare Disease Day with the National Center for Advancing
Translational Sciences (NCATS) on February 28, 2022. Although the event was again held



virtually, it was a success. Several members of the Rare Disease Congressional Caucus attended
the event.

Updates: Office of Communications, Media Relations, and Patient Recruitment (OCMR)

Dr. Gilman showed examples of how OCMR is leveraging social media and other platforms to
advertise Clinical Center studies and find people who may be interested in participating in these
studies. OCMR is using targeted ads on Facebook, Instagram, and Nextdoor to reach people who
may benefit from these studies. These are low-cost efforts that can target both narrow
populations (e.g., specific wards in Washington, D.C.) or a broader group of people (e.g.,
multiple states and countries). There has been great engagement with the Facebook ads, and
OCMR is tracking people who contact the Clinical Center to participate in studies as a result of
these ads. Other outreach efforts have included printing information about the Clinical Center on
pharmacy bags at local pharmacies and on signs at local shopping centers. All of these efforts are
aimed at sharing the Clinical Center’s presence and efforts with the community.

Average Daily Census (ADC)

The Clinical Center has operated at much lower capacity during the course of the COVID-19
pandemic. The ADC for 2021 was well below the 3-year average, and the usual drop in the
number of patients in December was much lower due to the Omicron variant. There have been
some improvements: There was a 20% increase in outpatient visits and a 10% increase in new
patients between 2021 and 2022. Also, the cancer and bone marrow transplant units are very
busy. In March 2022, the operating rooms were the busiest they have been in many months, and
these increases are expected to continue in the summer months.

Before the COVID-19 pandemic, the Clinical Center did not use telehealth visits. In March 2020,
the Health Information Management Department and the Department of Clinical Research
Informatics collaborated to develop a telehealth platform and related policies. There were more
than 1,200 telehealth visits per month at some points, but now the average is 800 to 1,000
telehealth visits per month. This platform is an important way to continue research and serve
patients during the COVID-19 pandemic.

Current Clinical Center Response to COVID-19

Dr. Gilman explained that the Clinical Center still has more stringent COVID-19-related
restrictions than other places on campus, because many Clinical Center patients are
immunosuppressed or immunocompromised. Some restrictions have been eased, such as travel
restrictions and masking outside Building 10. Other restrictions, such wearing a mask in the
building and being screened for COVID-19, have not been lifted. By following the COVID-19
related restrictions, CC staff have been able to provide safe patient care while keeping
themselves and each other safe.

The Hospital Epidemiology Service at the Clinical Center and the Occupational Medical Service
within the Office of Research Services at NIH have worked to together to conduct careful
contact tracing throughout the COVID-19 pandemic. Dr. Gilman was proud to report that it had
been almost 2 years since the last documented case of patient-to-staff transmission of
COVID-19, and there have been no cases of staff-to-patient transmission at the Clinical Center.



The Clinical Center has screened almost 3 million people for COVID-19 and conducted more
than 165,000 asymptomatic tests. During the Omicron surge, there was 1 positive asymptomatic
case per every 20 tests; that has now fallen to 1 positive test per every 700 to 1,000
asymptomatic tests.

Diversity, Equity, Inclusion, and Accessibility Program

Dr. Gilman said that DEIA is an issue not limited to the Clinical Center; rather, DEIA is a major
focus throughout the NIH. The Clinical Center has launched a comprehensive DEIA program
that includes an advisory committee that reports to the Clinical Center CEO. All DEIA activities,
including recent Black History Month and Women’s History Month activities, are shared on a
dedicated page on the Clinical Center’s Intranet site.

As part of its DEIA efforts, Clinical Center leadership regularly assesses workforce
demographics and administered a survey to find areas where there are gaps in DEIA. The survey
was followed by listening sessions to gain more insights on perceptions versus reality on the
Clinical Center’s progress toward a more equitable workplace. The goal is to create initiatives to
address the biggest issues with DEIA at the Clinical Center.

Leadership has also submitted the Clinical Center’s racial and ethnic equity plan, which will be
reviewed by Lawrence A. Tabak, D.D.S., Ph.D., the NIH Acting Director, and Tara A. Schwetz,
Ph.D., the Acting NIH Principal Deputy Director. It is a living document that can be updated
over time based on specific DEIA needs. The CCRHB will hear more detailed updates on this
report and other DEIA efforts at the Clinical Center at a future meeting.

In 2019, the Clinical Center released The NIH Clinical Center at 65: Strategic Plan. The CCRHB
will review the strategic plan during the July meeting, which will be a great opportunity for the
new members to learn more about the Clinical Center’s activities and provide feedback on what
should be featured in the next iteration of the strategic plan.

Discussion

In response to Ms. Royster’s question about remote clinical studies, Dr. Gilman said that these
studies do not require the patient to come to the Clinical Center. These studies usually involve
surveys and might require bloodwork, which could be collected through a commercial provider.
All remote clinical study participants must undergo careful screening and complete a consent
process.

Dr. Shannon suggested that demographic assessments of the Clinical Center workforce should be
categorized by job level to understand any diversity issues for specific jobs, particularly senior
positions. Dr. Gilman agreed and said that Clinical Center leaders are assessing demographics
based on job level and series.

Dr. Shannon asked how pipeline programs (e.g., partnerships with Historically Black Colleges
and Universities [HBCUs]) have translated into workforce diversity at the Clinical Center. Dr.
Gilman said that although pipeline initiatives are important, they are not enough. NIH and the
Clinical Center need to focus on their relationship with HBCUs and other minority-serving
institutions and evaluate whether the outreach efforts lead to people applying and being accepted
for jobs at the Clinical Center. The Clinical Center has baseline data about demographics, but
more effort is needed to understand which actions lead to improved workforce diversity. The



answer is not to create more pipeline initiatives but instead to make sure existing initiatives are
working well. John I. Gallin, M.D., added that the focus on diversity spans across the intramural
research program at NIH. The Clinical Center has established regional partnerships with nine
institutions, including Howard University. Several ICs, including the National Cancer Institute,
the Eunice Kennedy Shriver National Institute of Child Health and Human Development, the
National Institute of Allergy and Infectious Diseases (NIAID), and the National Heart, Lung, and
Blood Institute (NHLBI), have established programs that are bringing a whole new spectrum of
researchers to NIH, ranging from undergraduate to medical students to tenure-track investigators.
The CCRHB will hear more about these efforts at a future meeting.

Dr. Samitt asked whether lower occupancy will be a new normal at the Clinical Center. Dr.
Gilman said that the Clinical Center never surged in patients during the pandemic, because it
never took on COVID-19 patients the way community hospitals did, except in December 2020
when Maryland hospitals were at capacity. The decrease in occupancy during the pandemic was
caused by limitations on travel. Half of the research protocols at the Clinical Center are natural
history protocols, and many patients travel to the Clinical Center from across the country and the
world. Many patients can delay their travel plans until the pandemic is over. The Clinical Center
occupancy rate is never more than 80% to 85% of beds, but the ADC should return to the 3-year
average over the course of the next year or so.

Clinical and Safety Performance Metrics

David Lang, M.D., M.P.H., Director, Olffice of Patient Safety and Clinical Quality, Clinical
Center

Dr. Lang thanked the Clinical Center staff for their efforts to reach the goal of zero harm.
Infection Control
Dr. Lang reported on several metrics related to infection control:

e The hand hygiene metric is consistently in the 90-95% range; it is based on observations,
not self-reports. Trained staff throughout the organization conduct “secret shopper”
observations.

e The rates of central-line—associated bloodstream infections (CLABSIs) are measured as
numbers per 1,000 line days. After there was a reduction in CLABSIs in the previous five
quarters, there was an increase in the most recent two quarters; however, the number of
events remains very low. For every CLABSI, the nursing and hospital epidemiology
service investigates the event, determines whether there are trends, and uses the
opportunity to remind staff about the best practices of line care.

e The rate of CLABSIs in the intensive care unit (ICU) is more variable, because the ICU
has a smaller patient population; however, the number remains low. The benchmark is
based on the National Healthcare Safety Network ICU benchmark, which will be updated
soon for 2022.

e (atheter-associated urinary tract infections (CAUTIs) in the ICU are at zero and have
remained at zero for two quarters. Surgical oncology CAUTIs have been at zero for the
past two quarters.



e Surgical site infections were compared to the average for the Clinical Center for 2018—
2019. The numbers remain low and have stayed around the comparison average.

Nursing Quality Metrics

Dr. Lang reviewed the nursing quality metrics and expressed his pride for the nursing department
for their work to win the National Database of Nursing Quality Indicators (NDNQI) award.

e Inpatient falls are measured per 1,000 patient days. The rates remain at or below the
NDNQI benchmark. The Clinical Center is implementing strategies to reduce inpatient
falls further, including using a bedside mobility assessment tool.

e Pressure injury prevalence has varied above and below the NDNQI benchmark. No stage
3 or 4 pressure injuries have occurred for many quarters.

e The barcoding system helps eliminate errors with medication administration. The goal is
to use barcoding 100% of the time, but the rate is usually around 99%. Barcoding is not
always feasible in a few parts of the Clinical Center, but extra care is taken to ensure
correct medication administration.

Emergency Response

Dr. Lang explained that “Code Blue” is called for all types of emergencies, including for visitors
and employees. The number of Code Blues called in 2021 was similar to the number called in
2019. Half were called for patients, a third were for outpatients, and the rest were for visitors and
employees. Most codes are for acute emergencies and stable events, such as falls. Only 15% of
these are for cardiac arrest events. After a Code Blue, most people stay on unit; approximately
25% are transferred to the ICU. Those transferred to an outside hospital are usually visitors or
employees who need additional care.

Rapid Response Team

Dr. Lang said that the Rapid Response Team (RRT) is called if the floor team or unit need
additional help. After a rapid response, most patients remain on unit. A smaller number are
admitted to an inpatient unit, and about 15% of patients are admitted to the ICU. Each Code Blue
and RRT call is reviewed by a multidisciplinary group to assess any trends or process issues.

Blood and Blood Product Use

Dr. Lang said that the goal crossmatch-to-transfusion ratio is 2 or less to ensure that blood is not
held unused in reserve when it can be used for another patient. The Clinical Center is
consistently below that goal ratio, and the ratio has remained stable over the course of the year.

The percentage of transfusions associated with transfusion reactions has consistently been 1% or
lower. A majority of these events are classified as fever without hemolytic reaction, and there are
no reports of severe reactions.

Blood bank specimens are used for crossmatching. The percentage of specimens that are deemed
unacceptable due to labeling problems or hemolysis is currently around 1.75%, well below the
threshold of 3%. Unacceptable blood samples are discarded, and new samples are drawn.

10



Clinical Documentation

Dr. Lang said that the Clinical Center’s patient record completion delinquency rate at greater
than 30 days post discharge is around 5% to 6%, much lower than the Joint Commission
benchmark of 50%.

“Agent for” orders countersignature compliance has been consistently around 95%.
“Do not use” abbreviation adherence is around 95%.

The Clinical Center goal for accuracy of record coding is above 90%, and the rate has remained
around 95%.

Employee Safety

Dr. Lang said that during the last CCRHB meeting, there was a request to present employee
safety data with benchmarks against other U.S. hospitals. The Clinical Center’s data were
compared against combined data over the past several years from the Bureau of Labor Statistics.
Dr. Lang shared several employee safety metrics:

e Total reportable cases and other reportable cases of occupational injuries or illnesses
were frequently below the national average for a hospital of the CC’s size.

e The days away, restricted, or transferred (DART) is a combined metric of the days of job
transfer, restriction and the days away from work. Most DART are related to
musculoskeletal injuries. One initiative to address this issue is the bedside mobility
assessment tool; another is the use of an air mattress system to move patients from bed to
bed, used as much as possible to keep patients and employees safe from injury.

Discussion

Dr. Forese said that Paul H. O’Neill was one of the original board members who was very
focused on team member safety, so it is great to see a focus on these data.

Ms. Royster remarked on how impressive it is that the Clinical Center has consistently
maintained a 0% CAUTI rate. Dr. Lang said that this rate was low thanks to certain nursing
practices.

Dr. Forese mentioned the recent news story about a nurse who was convicted for a medication
error at Vanderbilt University and asked how the Clinical Center is supporting its nurses during
this time. Dr. Jordan said that statements of support for nurses from the Maryland Nurses
Association, the American Nursing Association, and the leadership at the Clinical Center were
shared with nursing staff. Although staff responded positively to these statements, there is still
concern that nurses will not report mistakes due to fear of retaliation. The Clinical Center is
focused on a culture of safety, fairness, and open discussion so that reports can be handled
properly while staff are still supported. Steven I. Goldstein, M.H.A., shared that his institution
has created a nursing group that reviews events in such a way that nurses still feel supported. In
the chat, Dr. Shannon, M.D., shared an article by David Marx that unpacks the legal and just-
culture issues in the Vanderbilt case.

Ms. Reel highlighted how the increased levels of fatigue among all healthcare workers could
have safety implications and asked whether the Clinical Center staff is experiencing this fatigue.
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Dr. Jordan said that fatigue is an issue for staff, and the Clinical Center is making every effort to
monitor issues related to fatigue and provide support or solutions (e.g., monitoring shift lengths
and frequency). Additionally, the crisis hotline for staff was recently reopened. Dr. Lang added
that there are many processes in place to help staff avoid errors, but any errors that occur are
closely assessed for any process problems, compliance issues, or staff issues, such as the
perceived need for rushing or feelings of fatigue.

Dr. Shannon asked whether the Clinical Center has been affected by staff turnover or shortages,
which can also lead to safety issues. Dr. Jordan said that like many U.S. hospitals, the Clinical
Center is experiencing greater staff turnover. Additionally, the Clinical Center has had difficulty
hiring contract staff, because they are being offered higher pay at hospitals in areas hit hard by
the pandemic. Another issue is that patients who come to the Clinical Center have very high
acuity and complex issues, which can lead to fatigue. But there should also be considerations of
COVID-19-related stressors outside of work, such as homeschooling. Dr. Lang added that
COVID-19 policies at the Clinical Center, such as staff not being allowed to eat together or
patients not being allowed to have visitors, could also be causing stress. Dr. Gilman said that the
federal healthcare system makes it easy for staff to leave quickly; getting staff onboarded takes
longer. There is also stress among researchers who are anxious to restart their clinical trials and
are feeling the pressure of performing for their tenure-track positions. The Clinical Center is
doing its best to balance taking care of as many patients as possible and maintaining safety and
continues to emphasize that seeking help is a sign of strength.

Novel COVID-19 Update

H. Clifford Lane, M.D., Deputy Director of Clinical Research and Special Projects, Director,
Division of Clinical Research; Clinical Director, National Institute of Allergy and Infectious
Diseases

Organizational Structure

Dr. Lane highlighted staffing changes on the COVID-19 response team at the White House.
Andy Slavitt, M.B.A., recently left his position as the White House Senior Advisor on the
COVID-19 response. White House Coronavirus Response Coordinator Jeff Zients will be
leaving soon and will be replaced by Ashish Jha, M.D., M.P.H., the current Dean of Brown
University’s School of Public Health. His appointment was scheduled to begin April 5.

Operation Warp Speed was established under a memorandum of understanding (MOU) between
the Department of Health and Human Services (HHS) and the Department of Defense. The
MOU expired on December 31, 2021. On January 1, 2022, Operation Warp Speed became the
HHS Coordination Operations and Response Element, which is led by Dawn O’Connell, J.D., at
the Office of the Assistant Secretary for Preparedness and Response and with Jason Roos, Ph.D.,
as Chief Operating Officer. David Kessler, M.D., remains a key player as the HHS Chief Science
Officer for COVID-19.

On March 2, the White House released the National COVID-19 Preparedness Plan. The plan
features four main elements: Protect against and treat COVID-19, prepare for any new variants,
prevent economic and educational shutdowns, and continue to lead the effort to vaccinate the
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world and save lives. The funding outlined in this plan did not pass in Congress, so it is uncertain
which elements of this plan will come to fruition.

Pathogenesis

Dr. Lane explained that the conventional wisdom about the course of COVID-19 is that the early
phase of infection is driven by the virus and is best treated by antivirals. Later phases are driven
by the immune response to the virus, leading to inflammation. This part of the disease course is
treated with immunomodulatory strategies. Additionally, anti-coagulation treatments are needed
throughout the disease course.

Emerging data suggest that the virus plays a role throughout the course of infection. Researchers
collected serum from hospitalized COVID-19 patients who were part of the Accelerating
COVID-19 Therapeutic Interventions and Vaccines (ACTIV)-3 trial. They measured the amount
of circulating virus in the serum using a nanotechnology developed by Quanterix Technology
that uses small magnetic beads with antibodies for the core protein of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). As disease severity increases (e.g., with progressive
levels of oxygen support required), the plasma levels of antigen increase. Although it is unclear
how this increased level of virus relates to viral replication, these data suggest that antiviral
therapies may be needed throughout the disease course, especially as immunosuppression is
needed to treat inflammation.

The most recent SARS-CoV-2 variant is the Omicron variant. Although it has many different
changes from the Delta variant, Omicron does not appear to be as pathogenic. The CDC has a
website that shows the most dominant SARS-CoV-2 variants in the U.S. population over time
and projections for the next 2 weeks. The end of 2021 had a mixture of Delta and Omicron, but
Omicron became the most prevalent variant within a month. Now, the BA.2 Omicron variant is
quickly becoming the dominant variant. These data are important because they help us
understand which monoclonal antibodies will be the most effective against new variants.
NCATS supports a website that compiles data on the efficacy of various treatments, including
vaccines, antibody treatments, antivirals, and convalescent plasma and serum, against different
variants. Sotrovimab, the antibody with the best efficacy against the Omicron variant, does not
appear to have efficacy against the BA.2 variant. Bebtelovimab is the only antibody available
with efficacy against the BA.2 variant.

In France, COVID-19 cases are increasing due to the BA.2 variant; however, there is no
evidence that a similar surge in cases will occur in the United States, likely due to differing
epidemiology and susceptibility between the French and U.S. populations.

Diagnostics

Dr. Lane said that reverse transcription polymerase chain reaction (RT-PCR) test remains the
most sensitive tool for diagnosing COVID-19, but a person can test positive for COVID-19 by
RT-PCR for a long time after infection. RT-PCR has also been used to identify SARS-CoV-2
variants and subvariants through amplification of the S-gene. Antigen testing is less sensitive,
but it is easily done at home. Both diagnostic methods are available under Emergency Use
Authorization (EUA), but they need approval from the U.S. Food and Drug Administration
(FDA) to continue to be used after the public health emergency is lifted.
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Therapeutics and Treatment Guidelines

Dr. Lang explained that the NIH established the ACTIV clinical trial infrastructure to test
therapeutic strategies for ambulatory and hospitalized patients. There are several ACTIV trials
with different treatment focuses:

e ACTIV-1, -3, -4a, and -5: host-directed therapies and antivirals in hospitalized patients
e ACTIV-2: antiviral therapies in ambulatory patients
e ACTIV-6: repurposed drugs in ambulatory patients (e.g., ivermectin, fluvoxamine)

There are extensive, rapidly changing guidelines for COVID-19 treatments. It is extremely
difficult for anyone to remain current with the latest knowledge, so NIH has created a website
that shares the latest information for treating COVID-19. This website was created as a directive
from HHS on March 20, 2020, and the first guideline release occurred on April 21, 2020. Since
then, there have been 48 updates and more than 34 million page views.

The guidelines provide two types of rating: strength of recommendation (strong, moderate, or
weak) and strength of the evidence (data from robust, randomized controlled trials; data from
other trials or observational studies; or expert opinion). There are different guidelines for
ambulatory and hospitalized patients, and each set of guidelines is further divided based on
patient disposition. Dr. Lang shared some treatment guideline examples:

e Ambulatory patients with mild to moderate COVID-19 who are at risk for severe disease
progression should be treated with Paxlovid (a combination of nirmatrelvir and ritonavir).

e Bebtelovimab is the most affective monoclonal antibody therapy for the BA.2 variant.

e Ambulatory and hospitalized patients should not be treated with corticosteroids if they do
not require oxygen.

e Hospitalized patients who require supplemental oxygen can be treated with a
combination of remdesivir, baricitinib, interleukin 6 inhibitors (e.g., tocilizumab,
sarilumab), and corticosteroids (e.g., dexamethasone).

Prevention

Dr. Lane highlighted the six COVID-19 vaccines developed in the United States and their
approval status.

e Moderna (mRNA): FDA-approved for age 18 and older

e BioNTech—Pfizer (mRNA): FDA-approved for age 16 and older, EUA for ages 5 to 15
e Johnson & Johnson (adenovirus): EUA for age 18 and older

e AstraZeneca (adenovirus): EUA request has not been submitted

e Sanofi-GSK (recombinant protein and adjuvant): EUA request submitted February 2022
e Novavax (recombinant protein and adjuvant): EUA request submitted January 2022

Dr. Lane noted that the two recombinant protein and adjuvant vaccines will likely be used in
booster regimens if their EUAs are approved.
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There are also 10 vaccines approved by the World Health Organization: two protein subunit
vaccines, two mRNA vaccines, three adenovirus-based vaccines, and three inactivated virus
vaccines.

There is compelling data showing the efficacy of the vaccines at preventing hospitalizations.
According to the CDC, when looking at age-adjusted rates of COVID-19-associated
hospitalizations by vaccination status in U.S. adults age 18 and older between October 2021 and
January 2022, there were 9.8 per 100,000 hospitalizations among fully vaccinated (i.e., one
Johnson & Johnson shot or two mRNA shots) with an additional or booster dose and 35.2 per
100,000 for fully vaccinated without an additional or booster dose. Among the unvaccinated, the
hospitalization rate was 145.1 per 100,000.

Data from a randomized controlled trial conducted by BioNTech—Pfizer show the efficacy of a
booster shot at reducing the rate of COVID-19 infection; however, these data were generated
prior to the Omicron variant’s emergence. Recent data suggest that although it is created toward
the ancestral strain of COVID-19, the booster shot does improve immunity against the Omicron
variant. Data show increased neutralizing antibody titers 1 and 6 months after the booster. Data
on neutralizing antibody titers also show that any combination of BioNTech—Pfizer, Moderna,
and Johnson & Johnson vaccines as the primary vaccine and the booster vaccine will create a
strong immune response.

Although data clearly support that COVID-19 vaccines are safe and effective, there are several
unanswered questions, such as the duration of protection from infection, symptoms,
hospitalizations, and death. It is also unclear what the best regimen is for children under 5 years
old, but those data are still being reviewed.

On March 29, FDA authorized a fourth mRNA dose (a second booster) for individuals who are
50 and older at least four months after their first booster dose. This authorization also covers
immunocompromised people who are 12 and older and want to receive the BioNTech—Pfizer
booster and immunocompromised people who are 18 and older who want to receive the Moderna
booster. The supporting safety evidence on the BioNTech—Pfizer second booster is from 700,000
people, whereas the Moderna safety data are from 120 people; however, the data clearly show
that neutralizing antibody titers increase after the second booster.

A nonrandomized study from Israel was conducted over a 40-day period and followed 500,000
individuals ages 60 to 100 after they did or did not receive a fourth Pfizer vaccine. The study
measured rates of death, but there were many confounders to this study. For example, people
who came for a fourth dose had health-seeking behaviors and also took measures to avoid getting
infected with COVID-19. Despite these caveats, there were 232 deaths in those who did not
receive a fourth dose, with the number at risk ranging from 12,000 to 328,000, and 92 deaths
among those who did receive a fourth dose, with the number at risk ranging from 233,000 to
550,000. The adjusted hazard ratio for death was 0.22, which is a remarkable reduction in death
based on getting the fourth dose.

Post-Acute Sequelae of COVID-19 (PASC)

Dr. Lane said that PASC is being studied at NIH through the Researching COVID to Enhance
Recovery (RECOVER) initiative, co-led by NHLBI and the National Institute of Neurological
Disorders and Stroke (NINDS). RECOVER seeks to understand, prevent, and treat PASC,
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including long COVID. PASC is also being studied through three protocols at the Clinical Center
and supported by NIAID, NINDS, and the Clinical Center.

Dr. Lane highlighted a study supported at the Clinical Center that is being led by Michael C.
Sneller, M.D., from NIAID. The study focuses on three cohorts of adults: individuals with a
history of COVID-19 and persistent symptoms, those with a history of COVID-19 and no
persistent symptoms, and those with no history of COVID-19 but close contact with a COVID-
19 survivor. The data collected for this study include individual history and physical, routine
labs, markers of inflammation and coagulation, SARS-CoV-2 immunology and virology, mental
health evaluation, electrocardiography, echocardiogram, pulmonary function test, and a 6-minute
walking test.

Compared with a control group, the symptoms that are most prevalent in COVID-19 survivors
are fatigue, dyspnea, anosmia, parosmia, trouble concentrating, headache, memory impairment,
trouble sleeping, chest pain or discomfort, and anxiety. Among all COVID-19 survivors, the only
differences currently noted between those who develop long-term symptoms and those who do
not are female gender and history of an anxiety disorder. Abnormal findings on physical exam or
laboratory evaluations were uncommon and were not associated with PASC.

When analyzing the neutralizing antibody titers of these groups, there were large variations in
the level of antibodies among unvaccinated COVID-19 survivors, with many not reaching a
positive antibody response. Vaccinated COVID-19 survivors had the highest antibody titers. The
rate of antibody decline over time after COVID-19 infection was quite variable, so the
magnitude and duration of immune response after COVID-19 infection needs to be better
studied.

Discussion

Dr. Samitt asked where there is any evidence of any new, emerging COVID-19 variants and
whether there is a surveillance mechanism for monitoring new variants. Dr. Lane said that he
was not aware of any new variants of concern that are emerging. For example, there was concern
about a Delta—Omicron hybrid variant, but that seems to be a RT-PCR artifact and not an actual
variant. Omicron is so different from the Delta variant that the hypothesis is that Omicron was
mutating within someone for many weeks and then was introduced into the population. As far as
surveillance, the NCATS website pulls data from CDC and other groups who are interested in
tracking SARS-CoV-2 variants.

Ms. Reel asked whether the United States and the world will be better prepared for the next
pandemic after this experience with COVID-19. Dr. Lane said that people are much more aware
of how difficult it is to deal with this type of pandemic. There are many efforts to understand the
best practices learned during the pandemic, but the actual steps needed to apply these best
practices are still in the future.
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Permanent Pharmacy Placement Project (P4)—Relocation of the Qutpatient
and Inpatient Pharmacies

Marilyn Farinre, Pharm.D., M.B.A., Service Chief, Pharmacy Operations, Pharmacy
Department, NIH Clinical Center

Dr. Farinre said that in May 2015, for-cause inspection by the FDA led to suspension of
activities in the pharmaceutical development section of the Clinical Center pharmacy. In April
2016, the Advisory Committee to the Director and the Clinical Center Working Group released
the Red Team report, which found that the Clinical Center pharmacy facilities that were
producing sterile products were outdated, and full remediation was recommended. All the
pharmacies had to move to temporary spaces: The intravenous admixture unit (IVAU) moved
into a temporary space in 2017; the outpatient and unit dose pharmacies moved in 2019.
Renovations began in 2021 and are almost complete. The outpatient pharmacy will begin
operating out of the newly renovated space on May 2, the unit dose pharmacy will begin
operations on May 24, and the IVAU will start operation in fall 2022.

Despite these changes, the pharmacy staff have held true to their mission “to support and conduct
clinical research by providing safe, high-quality care, one patient, one medication at a time.”
P4’s goals are to safely continue operations with uninterrupted pharmaceutical care, successfully
implement and integrate the pharmacy automation, relocate all supplies and medications as
efficiently as possible, and ensure all staff are trained and remain fully engaged.

The renovated pharmacy is more than 10,000 square feet, with separate areas for the outpatient,
unit dose, and IVAU pharmacies. Dr. Farinre shared pictures of each of these pharmacies and
demonstrated the layout and workflow of each space.

The renovations are compliant with all regulations. Some features of the new pharmacies
include:

e A bank-grade vault for controlled medications

e Increased capacity, automation, and electronic documentation for safe and efficient
workflows

e Segregated compounding areas

e Engineering controls for processing hazardous and nonhazardous medications

e Carousels for storing medications with barcoding system (one for the outpatient
pharmacy, two for the unit dose pharmacy, and two for the IVAU)

e A lounge for pharmacy staff

The outpatient pharmacy is approximately 1,426 square feet and includes many new features,
including an automated storage and retrieval system that allows for accurate retrieval, enhanced
security, and fulfillment of chain-of-custody requirements for controlled and investigational
medications. The outpatient pharmacy also has a robotic dispensing system that automates the
filling process and allows pharmacists to spend more time on their clinical duties.

The unit dose pharmacy is approximately 2,300 square feet. It features designated workstations,
a preparation area for oral solutions and suspensions, and a staging area for medications awaiting
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delivery to nursing units. There are automated processes for filling, packaging, and labeling of
medications for a safer and more efficient workflow.

The IVAU is the largest part of the new pharmacy at more than 5,000 square feet. Dr. Farinre
demonstrated the unidirectional flow of people and materials through the facility. There are
separate areas for the compounding of nonhazardous and hazardous products, but each has
similar workflows moving from the setup room to the compounding rooms through delivery to
patient care units.

The IVAU has significant updates to make it safer and more efficient, including:

e 12 compounding rooms (compared with 3 in the old pharmacy)

e 10 biological safety cabinets (compared with 3 in the old pharmacy)

e 38 pass-through chambers equipped with high-efficiency particulate air (HEPA) filters

e 100% automated workflow supported by Omnicell IVX with remote product verification

Discussion

Dr. Forese commended the renovations and was particularly impressed with the efficiency and
safety measures. She asked about the pharmacy staff’s involvement with the renovation plans.
Dr. Farinre said that she was not involved in the original design, since she only joined the
Clinical Center in 2019; however, once she joined, pharmacy leadership made recommendations
to update the design to accommodate the needs of the staff. Dr. Gilman added that there have
been two complete turnovers of pharmacy leadership since the FDA visit in 2015. Although Dr.
Farinre’s team made some changes to the original design, these were necessary and important for
supporting the pharmacy staff.

Update: Clinical Center Facilities Projects
Dan Wheeland, P.E., Director, NIH Office of Research Facilities

Mr. Wheeland announced that the quarterly meeting with Congressional Appropriations
Committee staff resulted in increases in funding. The buildings and facilities appropriation was
increased from $200 million to $250 million, which is a 25% increase. This is the largest
percentage increase of all NIH appropriations and now represents the base for future year
appropriations. There was also an increase in Special Authority funding, which is also known as
General Provision 216. The increase was from $3.5 million per project to $5 million per project.
The aggregate amount for Special Authority funding increased from $40 million to $100 million.
This funding increase will enable NIH ICs to use more of their funding for repairs and
improvements.

These increases in funding are likely the consequence of the National Academies of Sciences,
Engineering, and Medicine consensus study about the backlog of maintenance and repair. Also,
the President’s FY 2023 budget proposes an increase in buildings and facilities funding from
$250 million to $300 million, so hopefully this proposed budget is enacted.
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Projects Recently Awarded: C103157 Surgery, Radiology, and Laboratory Medicine (SRLM)
Building, Including Catheterization Lab and Interventional Radiology

Mr. Wheeland showed a rendering of the new SRLM building. The design-build team will be led
by Hensel Phelps. ZGF was the architect of record for the Mark O. Hatfield Clinical Research
Center and is familiar with the existing building. RMF, which is doing the mechanical and
plumbing engineering, has worked with NIH before. The award amount for this project is $638
million.

Mr. Wheeland thanked the Board for their support for this project. The CCRHB wrote an
important letter that helped secure the support for the SRLM building.

Projects That Have Achieved Substantial Completion of Construction
Mr. Wheeland reviewed projects that are were recently completed:

e A combination positron emission tomography—magnetic resonance scanner that promotes
simultaneous imaging was recently completed and will benefit the patients and the staff.

e A quarter-mile of piping in the Clinical Center was recently replaced. The previous
piping was oversized, which made the water velocity slower and led to creation of
sediment and biofilm. Also, the old piping was made of galvanized pipe, which had some
corrosion. The new piping is smaller and made of copper. Mr. Wheeland recognized the
exceptional planning and patience of the Clinical Center staff, who had to deal with a
20-hour water outage for the pipes to be replaced.

e A sterility laboratory for the Department of Laboratory Medicine was completed. This
new facility dramatically enhances the Clinical Center’s ability to ensure items are
properly sterilized.

e A cell processing facility for the Center for Cellular Engineering was recently completed.
The commissioning, qualification, and validation will be completed in April 2022, and
the environmental monitoring and performance qualification is scheduled for June 2022.

Projects Under Construction
Mr. Wheeland highlighted projects that are currently underway:

e Improvements are being made to the sterile processing areas in B1 and level 2 to improve
safety, production, and workflow regulatory compliance. These steps will also be
implemented in the new SRLM Building.

e The E Wing of the Clinical Center is still being renovated. These updates will improve
the capabilities of the Department of Transfusion Medicine, including cell processing and
blood banking. This project should be completed in May 2023.

e Black Start generators will be installed to generate steam and chilled water for the
Clinical Center. Given the impacts of climate change, the team is aware of the need to
develop a resilient infrastructure for this project, which should be completed by
June 2023.

e There are plans to build a new utility vault for all electrical equipment that serves the
entire Building 10 complex.
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e The current underground patient parking garage at the Clinical Center has deteriorating
concrete and poses a security risk due to the need to inspect all vehicles. This parking
garage will be closed, and a new patient parking garage will be built.

e The additional protective isolation patient care unit in the pediatrics inpatient ward is
halfway done. This ward currently has 16 standard patient rooms, 4 protective equipment
rooms, and 4 airborne infection isolation rooms. This project involves converting four
patient rooms into protective equipment rooms with HEPA filtration and positive
pressurization. One airborne infection isolation room will turn into a dual-purpose room
by adding HEPA filtration.

Discussion

Dr. Forese said that the CCRHB was able to tour the Clinical Center a few years ago and hopes
that members would be able to tour the facilities again soon.

Dr. Shannon commented that the facilities projects have made extraordinary progress. He added
that the new SRLM and renovations to the pediatric inpatient ward reflect the direction of the
Clinical Center’s research portfolio, which is focused on cell-based therapies and genetics.

Many Board members shared their praise of these facilities projects in the chat.

Identification of the VHL Clear Cell Kidney Cancer Gene: Molecular
Diagnosis, Precision Surgery, Oxygen Sensing, Precision Therapy

W. Marston Linehan, M.D., Chief of Urologic Surgery and the Urologic Oncology Branch,
Center for Cancer Research, National Cancer Institute

Dr. Linehan said that in the 1980s, kidney cancer was thought to be a single disease and was
treated with the same surgery and the same drug treatments. But there is a growing
understanding that kidney cancer is composed of many different diseases. Each has a different
histology, shows different disease courses, responds differently to treatments, and is caused by
different genes. For example, 18 genes that cause kidney cancer have been identified, and there
are 14 genetically defined types of hereditary kidney cancer.

Most of what is known about the genetic basis of kidney cancer is based on data from studies of
families. At the Clinical Center, more than 3,000 patients from 1,500 families are being studied
to understand more about various types of kidney cancer, including clear cell, papillary,
chromophobe, and oncocytic renal cell carcinomas.

Over the past 38 years, research at the Clinical Center has led to definition of eight novel kidney
cancers and identification of nine disease genes. This research would not have been possible
anywhere else but the Clinical Center. Dr. Linehan’s research team published a paper in Nature
that showed consistent loss of chromosome 3 in tumors from patients with sporadic clear cell
kidney cancer. This work was published 17 years before the human genome was sequenced, so
the team decided to study hereditary kidney cancer genes to discover the genes for non-
hereditary, sporadic kidney cancer. The goal of this research was to find precision approaches for
diagnosis, surgery, and therapy.
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Patients affected with von Hippel-Lindau (VHL) syndrome, the first hereditary kidney cancer
syndrome that Linehan and his colleagues studied, are at risk for the development of tumors in
several organs, including the kidneys. VHL syndrome increases the risk for early onset, bilateral,
multifocal clear cell kidney cancer, which can lead to kidney tumors that can spread and
metastasize. Over the course of this research at the Clinical Center, 53 VHL patients developed
metastatic cancer, and more than 800 kidney surgeries to treat VHL kidney cancer patients have
been done. VHL patients are also at risk for pancreatic neuroendocrine tumors, VHL syndrome—
associated cerebellar and spinal hemangioblastomas, and retinal angiomas.

The current approach at the Clinical Center is to use precision clinical management for each type
of genetically defined kidney cancer. For VHL syndrome, the team uses an active surveillance
approach to monitor the tumors instead of immediately removing the entire kidney. Once the
largest tumor reaches 3 centimeters in size, a robot-assisted partial nephrectomy is performed by
enucleating and removing the tumors. Since adopting this approach for managing VHL
syndrome, no patients have developed metastatic disease.

To better understand the genetic basis of VHL syndrome, Dr. Linehan and his colleagues studied
families with VHL syndrome and traced the VAL gene to the short arm of chromosome 3, the
same region identified as the genetic basis for sporadic clear cell kidney cancer. Using genetic
linkage analysis and physical mapping, the team was able to identify the VHL gene in 1993,
nearly 10 years after starting the project. This was one of the earliest human cancer genes
identified and led to a blood test that helps identify VHL carriers.

Next, Dr. Linehan’s team tested tumors from patients with sporadic, nonfamilial clear cell kidney
cancer. They found either the VHL mutation or methylation silencing of the VHL gene in 91% of
the tumors tested. The VHL mutation was not found in other types of kidney cancer, indicating
its role specifically in clear cell kidney cancer.

Once VHL was identified, the next steps were to understand the molecular mechanism of the
disease. First, the group, along with William G. Kaelin, Jr., M.D., from the Dana—Farber Cancer
Institute, found that the VHL protein forms a complex with the elongin B and elongin C proteins.
Subsequent research found that VHL regulates genes that are oxygen-sensitive. In normoxia,
VHL forms a degradation complex with elongin B, elongin C, and Cullin 2 that targets hypoxia-
inducing factor (HIF) for degradation. During hypoxia, the VHL complex cannot mark HIF for
degradation and HIF accumulates, which can lead to cancer.

In 2019, the Nobel Prize in Physiology or Medicine was awarded to Dr. Kaelin, Sir Peter J.
Ratcliffe, M.D., and Gregg L. Semenza, M.D., Ph.D., for their work on how cells sense and
adapt to oxygen availability. The Nobel Prize assembly cited research conducted at the Clinical
Center as being vital for this discovery.

This research was the foundation for the development of therapeutic agents that targeted the
VHL/HIF pathway. Subsequent research found that HIF2 was critical for kidney cancer
tumorigenesis, and belzutifan, an agent which targets HIF2, was identified by scientists in Texas.
The Clinical Center led the multicenter clinical trial to test belzutifan in VHL patients. In this
trial, there was a 98% partial or stable response to treatment, in which 92% of target lesions in
the kidneys decreased in size. For patients with cerebellar and spinal hemangioblastomas, 6%
showed a complete response and 86% showed a stable or partial response to treatment. For
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patients with pancreatic neuroendocrine tumors, 91% had an objective response rate, with 14%
showing a complete response to treatment. The most impressive result was that belzutifan led to
improvement or stable disease in 100% of VHL patients with retinal angiomas. Importantly, 2.5
years before these VHL patients were started on this trial, there were 53 surgical procedures to
deal with tumors. In the 2.5 years after the trial, only three surgical procedures have been
performed.

Dr. Linehan thanked the many researchers who have been involved in this work and the brave
patients who participated in the trials.

Discussion

Ms. Berty congratulated Dr. Linehan on this wonderful research and thanked him for making the
story easy to understand. Dr. Forese agreed that the story was relatable and action-packed.

Dr. Shannon said that renal cell cancers have a higher incidence among Black men and suggested
that response rates to treatment could be analyzed based on a person’s race or ethnicity. Dr.
Linehan agreed that this type of analysis would be important. Both Black men and women have
higher incidence of kidney cancer, but they are more often affected by papillary versus clear cell
kidney cancer than are non-Black patients. The group wants to expand their efforts and
understand racial and ethnic differences in kidney cancer and treatment response.

Dr. Gallin said that this story is an example of how partnerships between the basic science and
clinical science communities leads to monumental discoveries and achievements, including a
Nobel Prize. NIH and the Clinical Center are key factors in this accomplishment.

Ms. Royster shared her personal story of dealing with kidney disease and said that attentive
doctors and novel therapies have helped her feel better. She was excited by this important work
to help improve the lives of people with kidney cancer.

Adjournment

Dr. Forese thanked the presenters, NIH Clinical Center staff, and Board members. The next
Board meeting is scheduled for July 15, 2022, and will be a hybrid meeting of in person and
virtual.

Dr. Forese adjourned the meeting at 12:42 p.m.
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Abbreviations and Acronyms

ACTIV Accelerating COVID-19 Therapeutic Interventions and Vaccines
ADC average daily census

ARPA-H Advanced Research Projects Agency for Health
CAUTI catheter-associated urinary tract infection
CCRHB Clinical Center Research Hospital Board

CDC Centers for Disease Control and Prevention
CEO chief executive officer

CLABSI central-line—associated bloodstream infection
COVID-19 coronavirus disease 2019

DART days away, restricted, or transferred

DEIA diversity, equity, inclusion, and accessibility
EUA Emergency Use Authorization

FDA U.S. Food and Drug Administration

FNIH Foundation for the National Institutes of Health
FY fiscal year

HBCU Historically Black Colleges and Universities
HHS Department of Health and Human Services

HIF hypoxia inducing factor

ICs Institutes and Centers
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ICU

IVAU

MOU

NCATS

NDNQI

NHLBI

NHSN

NIAID

NINDS

NIH

OCMR

OSTP

P4

PASC

RECOVER

RT-PCR

SARS-CoV-2

SRLM

VHL

intensive care unit

intravenous admixture unit

memorandum of understanding

National Center for Advancing Translational Sciences
National Database of Nursing Quality Indicators
National Heart, Lung, and Blood Institute

National Healthcare Safety Network

National Institute of Allergy and Infectious Diseases
National Institute of Neurological Disorders and Stroke
National Institutes of Health

Office of Communications, Media Relations, and Patient Recruitment
Office of Science and Technology Policy

Permanent Pharmacy Placement Project

post-acute sequelae of COVID-19

Researching COVID to Enhance Recovery

reverse transcription polymerase chain reaction

severe acute respiratory syndrome coronavirus 2
Surgery, Radiology, and Laboratory Medicine Building

Von Hippel-Lindau
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From: Tabak. Lawrence (NIH/OD) [E]

To: Chao, _rittany (NIH/OD) [E]; LAT-Homework Meeting
c: Aklin, Courtney (NIH/OD) [E]; _urrus-Shaw, Cyndi (NIH/OD) [E]; Dzokoto-Pomenya, Caroline (NIH/OD) [E];

Landis. Erica (NIH/OD) [E]; McManus. Ayanna (NIH/OD) [E]; Simon. Dina (NIH/OD) [C]; _urklow, John
(NIH/OD) [E]; Walsh, Elizabeth (NIH/OD) [E]; Schwetz, Tara (NIH/OD) [E]

Subject: Re: LAT homework May 2
Date: Saturday, May 2 , 2022 3:03:13 PM
ttac me t : CCRH 2022 0 01 Meeting Summar dated 05 2 22[1] pdf
H C TPsdoc

H C funding trends ppt

Thanks for assembling this. Comments in red.
Hope you are all enjoying the holiday weekend.
Larry

From: "Chao, Brittany (NIH/OD) [E]" _

Date: Friday, May 27, 2022 at 5:58 PM

To: LAT-Homework Meeting _ "Tabak, Lawrence
(NIH/D) [E]" <N
Cc: "Aklin, Courtney (NIH/OD) [E]" _ "Burrus-Shaw, Cyndi (NIH/OD)
[E]" _ "Dzokoto-Pomenya, Caroline (NIH/OD) [E]"

S OB "Landis, Erica (NIH/OD) (€)' <R @G
"McManus, Ayanna (NIH/OD) [E]" _ "Simon, Dina (NIH/OD) [C]"
< ®®  "Burklow,John (NIH/OD)[E]"<  ®® " "walsh,
Elizabeth (NIH/OD) [E]"< ®(®) " "Chao, Brittany (NIH/OD) [E]"
SOOI Schwetz, Tara (NIH/OD) [£]" SOOI

Subject: LAT homework May 27
Hi Larry — please find your HW attachments/references enclosed (hyperlinked from the Sharepoint
folder):

Staff Meeting Agenda

e Topics for our meeting with DepSec (5/31)
o March In
o Timing on WIV termination//reinstatement
o Royalties
o Fluoride —is this still needed?
e |sthe ASH briefing on Fluoride on 6/1 — Tara, should | join or do you prefer that | do not since
you have been working directly with Rick?
e What am | doing at OD Return to Work Town Hall?
e Wednesday 6/8 — Nina Schor is certainly welcome to join when the Taiwan delegation visits.
Brittany will also join.
e Unless the new NIH director has just arrived (not likely given the timing) | plan to be on annual

leave from August 23rd through Friday August 26t (but will be reachable throughout —we will
be driving to Cleveland to visit the Melvins)
o No ICD/SC meeting on Thur August 25t (most people will be on leave)
e TFC would like to plan a 30-minute virtual meeting to further discuss T42(f) workforce
diversity positions. Who should participate? LAT or TAS?



Sorry, who/what is TFC?

e Ok to schedule the NIH-Gates Foundation annual joint workshop on December 6 or 7°?
ACD is December 8 — 9. Recognizing that LAT (or the next Director) would need time to
prepare for ACD, December 7 seems problematic. Are you comfortable with scheduling
the workshop for December 67

Please proceed with scheduling this on the 6t — | assume this is virtual.

The Gates Foundation has proposed these dates (12/6 — 12/9) based on Bill’s limited
availability. From Rob Eiss: if we did offer December 6, it could be with the caveat that
Dr. Tabak would only be available for the morning part of the meeting, and he would
delegate a senior NIH colleague to take his place in the afternoon (for example, if Dr.
Fauci might be available).

Let’s decide if we need someone to pinch hitin PM, as we get closer to the date
SC/ICD Meeting At a glance

e Let’s discuss at catch up please

COVID-19 Updates
For Review/Action

e Preliminary slide proposal for the June 14 APLU Council of 1890s Universities talk (also

attached)—Review

o These will revised for format, but Speeches would like to get your feedback on what
content to include

e We should include a few slides on the HBCU contract effort (see TPs attached
from event that | did in March).
e Also could we update the slide deck in the third attachment so | can use some of
these slides? We receive very few applications for RO1s from HBCUs — this is a
vicious cycle —if you don’t apply you don’t get the great. Also, persistence
matters and they are not taking advantage of that- in part due to under
resourcing, and so faculty don’t have the chance to reapply. | need a slide about
second submissions versus first (HBCUs versus other organizations).
e AcademyHealth briefer—Review
o The organizers wanted to know if you will you need parking? And would you like
to bring along someone to staff you? | will take Metro — need to know closest
metro stop please. There is no need for anyone else to disrupt their weekend.
o The organizers are going to send a framing question and some topics the week of
5/30. Speeches and | will work on some TPs once we receive those. It sounds like
the major focus will be around DEIA and recruiting/maintaining a diverse
workforce.
e (CCRHB minutes (also attached)—Review/Edit. — approved/attached.
o If no edits, signh on page 23 digitally.
o Drs. Schwetz and Gilman have already approved
FYI/Admin

e N/A



Have a nice long weekend!
Best,
Team Tabak
























Talking Points for Acting NIH Director Lawrence Tabak
Path to Excellence and Innovation (PEI) Initiative 2.0 Roundtable
with Historically Black Colleges & Universities Presidents
- 0 p.m., Tuesday, March 15, 2022
irtual event link will be in calendar
8 min welcoming remarks

. Thank you, vonne. Itis always a great pleasure to connect with you. or
those that do not know, when | became the acting principal deputy director in
2008, vonne served as an important mentor for me, as she had served in that
same role previously. | am now privileged to serve as the Acting Director of the
NIH, and | am honored to welcome you all to this event.
. Last August, | sent a letter to each of you congratulating you and your
institution for being chosen to oin the new cohort of NIH s Path to E cellence
and Innovation, or PEI, Initiative. This e pansion, referred to as PEI 2.0, builds
on the foundation of a successful pilot program.
. In my letter, | emphasi ed how essential it was for the leaders of NIH and
Historically Black Colleges niversities to engage regularly to discuss

o) strategies for improving perceived barriers for HBC s working with

federal agencies

o) acquisition models for building university contracting

infrastructures and

o) milestones for evaluating success in the acquisition arena.
. This roundtable begins that dialogue. The motto for PEI 2.0 is
Communication, Commitment, and Collaboration. Those are ideal concepts
to guide today s discussions we welcome your communication, your
commitment, and your collaboration.
. Let s begin with Commitment. NIH is the world s largest public supporter
of biomedical research. ur Institutes and Centers obligate about $8 billion
annually through contract awards to support the NIH mission. et less than
1% of NIH’s contract awards currently go to HBCUs.
. In 2016, Diane Frasier, NIH’s Head of the Contracting Activity and
Director of our Office of Acquisition and Logistics Management, established
the PEI Pilot Program to address inequities in contract awards to HBC s. The
mission was to empower HBC s with the knowledge, resources, and skills
needed to effectively compete for contracts and win partnership opportunities
within the NIH.
. PEI, which is directed by NIH Small Business Program Office Manager
Annette Owens-Scarboro, began with 6 HBC S Hampton niversity, Meharry
Medical College, Morehouse School of Medicine, the niversity of the irgin
Islands, Howard niversity, and ackson State niversity.

. During the pilot, each school was paired with at least one Business
Partner to pursue NIH funding opportunities.
. In the pilot’s final year, FY 2020, NIH engaged with the HBC

community in more than a dozen events.



« But equity isn t achieved by awarding contracts to a handful of HBC s.
Consequently, NIH has e panded PEI to build relationships with 21 colleges
and universities and 42 small businesses.

. But how do we go about increasing procurement partnerships with YOUR
INSTITUTION
. It starts with Communication. Today you will hear how the PEI has

increased engagement between NIH acquisition officials and contacts at the

HBC s that you lead. And we hope today s discussions will cataly e further
actions to enhance diversity in the biomedical enterprise in general and ma imi e
opportunities for HBC s in particular.

. There is real value for you, as leaders of HBC s, to be engaged in this
initiative.
. Without a doubt, federal contracts can provide a sustainable revenue

stream. They can also create more jobs on campus, providing employment
opportunities for students and stimulating local economies. Depending on the
type of contract awarded, additional student and faculty research opportunities
may help contribute to academic prestige.

. | ve mentioned the guiding concepts of Communication and
Commitment. Now, let s turn to Collaboration.
. NIH is the only federal agency to receive approval from the ffice of

Management and Budget to create a database designed specifically for
HBCUs. This pre-solicitation portal benefits HBC s by providing access to
consolidated data from different sources on one platform. This database
platform allows institutions in the cohort to view contract opportunities, share their
capabilities with each other, and even discuss partnership and collaboration.
How awesome is that

. Each President, Chancellor, and Provost at this roundtable has staff that
manage your relationship with NIH. But there is a very important role for you,
too.
o) our leadership can steer PEI to improve and sustain outcomes.
o) True, Diane rasier and Annette wens-Scarboro have designed

an e emplary initiative. But ust imagine what it could become if you
tailor it to better meet the needs of each of your institutions, as well as the
collective needs of all HBC s.
So, thanks to each of you for oining us here today. Now is indeed the time to take on
the hard, but rewarding, work of communication, commitment, and collaboration.
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Executive Summary

The Clinical Center Research Hospital Board (CCRHB) of the National Institutes of Health
(NIH) convened its 20th meeting via videoconference on April 1, 2022. The meeting was
webcast live and open to the public. A video recording of the meeting is available online.

Laura Forese, M.D., Executive Vice President and Chief Operating Officer, NewY ork—
Presbyterian Hospital, and Chair, CCRHB, called the meeting to order at 9:00 a.m. ET. Julie A.
Freischlag, M.D., Dean, Wake Forest University School of Medicine, was absent.

Dr. Forese acknowledged that this would be the final meeting for Ellen Berty, patient, special
education teacher, book author, and former NIH research participant. Dr. Forese also announced
that she, Ruth Brinkley, MSN, and Richard P. Shannon, M.D., Chief Quality Officer, Duke
Health, would be leaving the CCRHB later in 2022, and William Hait, M.D., Ph.D., Global Head
of External Innovation, Johnson & Johnson, could no longer serve on the Board due to other
commitments.

Lawrence A. Tabak, D.D.S., Ph.D., Acting Director, NIH, thanked Ms. Berty for her service to
the CCRHB. Dr. Tabak also welcomed several new ad hoc experts to the Board: David Baum,
patient, Clinical Center Patient Advisory Group, who was unable to attend; David C. Chin, M.D.,
M.B.A., Distinguished Scholar, Department of Health Policy and Management, Johns Hopkins
Bloomberg School of Public Health; Antoinette Royster, patient, Clinical Center Patient
Advisory Group; and Craig Samitt, M.D., M.B.A., Founder and Chief Executive Officer, ITO
Advisors.

Dr. Tabak acknowledged the departure of Francis Collins, M.D., Ph.D., as NIH Director. Dr.
Tabak will serve as Acting Director until a new NIH Director is nominated by the President and
confirmed by the Senate. In addition to the Acting Director, there are several other acting
leadership members. Tara A. Schwetz, Ph.D., is the Acting Principal Deputy Director; Courtney
F. Aklin, Ph.D., is the Acting Associate Deputy Director; and Lyric Jorgensen, Ph.D., is the
Acting Associate Director for Science Policy.

Dr. Tabak also shared updates about the NIH budget. The Fiscal Year (FY) 2022 Omnibus
Appropriations Bill was passed, and NIH received generous increases in funding for its overall
budget and other specific research areas. The FY 2022 Omnibus Appropriations Bill also
included $1 billion for the establishment of the Advanced Research Projects Agency for Health
(ARPA-H). Although ARPA-H is an autonomous organization, NIH will provide administrative
and operational support. Congressional hearings for the FY 2023 budget will be in May, and Dr.
Tabak was optimistic about continued strong funding for NIH research.

James Gilman, M.D., Chief Executive Officer, NIH Clinical Center, shared that the Clinical
Center Nursing Department won the 2021 Press Ganey Award for National Database of Nursing
Quality Indicators (NDNQI), which recognizes excellence in patient safety. The Clinical Center
is actively recruiting for several leadership vacancies, including a Chief Nursing Officer, Chief
Financial Officer, Chief of Pharmacy Department, and Chief of the Office of Clinical Research
Training and Medical Education.

Although other parts of the NIH campus are relaxing their coronavirus disease 2019 (COVID-
19)-related policies, Dr. Gilman said that the Clinical Center continues to focus on patient and



staff safety through mask mandates and testing. The average daily census for 2021 was well
below the 3-year average, but there have been increases in outpatient visits and new patients
visiting the Clinical Center. Dr. Gilman is hopeful that Clinical Center operations will continue
to increase over the course of the next few months.

Dr. Gilman shared updates on the Clinical Center’s efforts to focus on improving diversity,
equity, inclusion, and accessibility (DEIA). The Clinical Center has conducted listening sessions,
released surveys, and formed a DEIA advisory committee and continues to assess workforce
demographics. The Clinical Center also recently submitted its racial and ethnic equity plan to
NIH leadership.

David Lang, M.D., M.P.H., Director, NIH Clinical Center Office of Patient Safety and Clinical
Quality, presented metrics from the Clinical and Safety Performance Metrics Executive
Dashboard that indicate consistent strong performance in infection control, nursing care, and
employee safety.

H. Clifford Lane, M.D., Deputy Director of Clinical Research and Special Projects; Director,
Division of Clinical Research; and Clinical Director, National Institute of Allergy and Infectious
Diseases, provided a comprehensive update on the state of the COVID-19 pandemic, including
the latest research related to the disease’s pathogenesis, diagnosis, treatment, and prevention. Dr.
Lane highlighted several NIH-led efforts, including the Accelerating COVID-19 Therapeutic
Interventions and Vaccines (ACTIV) trials, the COVID-19 Treatment Guidelines, the OpenData
Portal on SARS-CoV-2 Variants and Therapeutics from the National Center for Advancing
Translational Sciences, and emerging research on the post-acute sequalae of COVID-19 being
conducted at the Clinical Center.

Marilyn Farinre, Pharm.D., M.B.A., Service Chief, Pharmacy Operations, Pharmacy
Department, Clinical Center, shared an update on the Permanent Pharmacy Placement Project.
The inpatient, unit dose, and intravenous admixture units of the pharmacy are being renovated
after an inspection by the U.S. Food and Drug Administration found the space to be
noncompliant. The new pharmacy space will feature increased capacity, automation, and
electronic documentation for safe and efficient workflows. All three units should be operating in
the new space by the end of 2022.

Dan Wheeland, PE, Director, NIH Office of Research Facilities, presented on Clinical Center
construction and renovation projects that are planned or underway, including the initial planning
stages for the long-awaited Surgery, Radiology, and Laboratory Medicine Building. All of these
construction projects will increase patient safety and expand research facilities.

W. Marston Linehan, M.D., Chief of Urologic Surgery and the Urologic Oncology Branch,
Center for Cancer Research, National Cancer Institute, closed the meeting with a historical
perspective of kidney cancer research at the Clinical Center. More than 30 years of research at
the Clinical Center has led to the identification of many sporadic and hereditary kidney cancer
genes and enhanced precision treatment and care of kidney cancers. Specifically, foundational
research on Von Hippel-Lindau (VHL) syndrome and its associated kidney cancer led to Nobel
Prize—winning research. Dr. Linehan’s group recently published clinical trial results about a
promising treatment option for people with VHL kidney cancer.

The next meeting of the Board will occur on July 15, 2022.



Meeting Summary
Friday, April 1, 2022

Welcome and Board Chair’s Overview

Laura Forese, M.D., M.P.H., Executive Vice President and Chief Operating Olfficer, NewYork—
Presbyterian Hospital, and Chair, Clinical Center Research Hospital Board (CCRHB)

Dr. Forese called the meeting to order at 9:00 a.m. ET and checked attendance, welcoming the
new members of the CCRHB.

Dr. Forese acknowledged that this was the last board meeting for Ellen Berty, who has served on
the CCRHB since its inception. Ms. Berty has been a critical voice for the patient and created joy
with her fabulous costumes. Ms. Berty said that she learned a great deal from this experience and
thanked the Board for their work on behalf of patients everywhere.

Dr. Forese announced that she, Ruth Brinkley, MSN, and Richard P. Shannon, M.D., would also
be leaving the board in 2022. Their departures will be staggered to facilitate a smooth transition,

but all plan to attend the July CCRHB meeting. Additionally, William Hait, M.D., Ph.D., had to

withdraw as an ad hoc Board member due to other commitments. Dr. Forese thanked him for his
service to the CCRHB.

National Institute of Health (NIH) Director’s Remarks

Lawrence A. Tabak, D.D.S., Ph.D., Acting Director, National Institutes of Health (NIH), and
Executive Director, CCRHB

Dr. Tabak thanked Ms. Berty for her contributions to the CCRHB. As a founding member of the
Board and a former NIH research participant, she has provided important insight over the years.
Dr. Tabak also shared the thanks of Francis S. Collins, M.D., Ph.D.

Dr. Tabak acknowledged the new CCRHB members. Craig Samitt, M.D., M.B.A., is the
managing director of ITO Advisors and a nationally recognized thought leader on industry
transformation, care delivery, and healthcare policy. David Chin, M.D., M.B.A., is the Director
of Executive Education and Co-Director of the M.P.H./M.B.A. Program at the John Hopkins
Bloomberg School of Public Health. Dr. Chin also serves as Chair of the Board of Directors for
the National Committee of Quality Assurance.

The CCRHB also welcomes two new patient representatives. Antoinette Royster is a civic-
minded activist who has participated in many studies at the Clinical Center and has served on the
NIH Clinical Center Patient Advisory Group since 2005. David M. Baum, PMP, was not able to
attend, but he is the Managing Director of QX Group, Ltd., and has extensive public- and
private-sector experience. The CCRHB is fortunate to have these new members serve on the
Board and share their unique insights.



Leadership Updates at NIH

Dr. Tabak said that Dr. Collins stepped down as NIH Director after serving 12 years under
multiple presidential administrations. Dr. Collins planned to focus on his laboratory research but
is now serving as the acting science adviser to the President.

Although the timing is uncertain, the President will nominate a new, permanent NIH Director,
who will then have to be confirmed by the Senate. NIH leadership is confident that the President
will nominate a spectacular candidate, and once that person is confirmed, leadership looks
forward to working with the new Director to implement their agenda.

During this interim period, Dr. Tabak is serving as Acting Director and is supported by three
leaders who have stepped into acting roles. Tara A. Schwetz, Ph.D., is the Acting Principal
Deputy Director, returning to NIH after serving in the White House Office of Science and
Technology Policy (OSTP) to manage early planning of the Advanced Research Projects Agency
for Health (ARPA-H). Courtney F. Aklin, Ph.D., took on Dr. Schwetz’s role as the Acting
Associate Deputy Director. Lyric Jorgensen, Ph.D., is now the Acting Associate Director for
Science Policy, since Carrie Wolinetz, Ph.D., is on detail at OSTP. Dr. Tabak expressed his
gratitude for these three leaders.

Also, on March 1, the Foundation for the National Institutes of Health (FNIH) announced the
appointment of Julie Louise Gerberding, M.D., M.P.H., as the Chief Executive Officer (CEO) of
FNIH. She is the former Director of the Centers for Disease Control and Prevention (CDC) and
current Chief Patient Officer and Executive Vice President, Population Health and Sustainability
at Merck. Dr. Gerberding currently sits on the Board of Directors and Governance at FNIH and
will begin her role as CEO on May 16.

Update on the NIH Budget

With the upcoming mid-term elections, there is some uncertainty related to the fiscal year (FY)
2023 budget. The FY 2022 Omnibus Appropriations Bill was passed recently, and NIH is
extremely grateful to Congress for their support. The total NIH budget for FY 2022 is

$45.18 billion, which is an increase of $2.24 billion (5.2%) from FY 2021. The general increase
for the Institutes and Centers (ICs) was 3.4%, and specific areas of research received generous
additional funding, including Alzheimer’s disease ($289 million), cancer ($150 million), opioid
use disorder ($75 million), health disparities ($50 million), and the Brain Research Through
Advancing Innovative Neurotechnologies® (BRAIN) initiative ($60 million).

The FY 2022 Omnibus Appropriations also included $1 billion to establish ARPA-H within the
Department of Health and Human Services (HHS). The secretary of HHS recently announced
that he would use his authority to transfer ARPA-H authorities and funds to NIH. Although
ARPA-H is an independent entity, NIH will provide administrative and operational support to
ensure a rapid and efficient startup of the agency. The ARPA-H Director will be appointed by
the President without Senate confirmation and will report to the Secretary of HHS, who is
expected to appoint an Interim Director to facilitate the launch of ARPA-H.

Soon after the FY 2022 Omnibus Appropriations Bill was passed, the President released his
proposed FY 2023 budget. Dr. Tabak and selected IC Directors will participate in appropriations
hearings for NIH at the House of Representatives on May 11 and the Senate on May 18.



Finally, Dr. Tabak congratulated the Clinical Center on its recent award for the new Surgery,
Radiology, and Laboratory Medicine (SRLM) Building. The work for this project predated the
CCRHB, so it has been in the works for a long time, and it is very exciting to see it come to
fruition. The build-out date is set for 2028.

Discussion
Dr. Forese echoed Dr. Tabak’s excitement for the SRLM Building.

Stephanie Reel, M.B.A., asked about the reasoning for ARPA-H being separate from NIH. Dr.
Tabak said that in listening sessions with stakeholders, there was a call for ARPA-H to be
unencumbered and independent; however, NIH can support a rapid and robust start for the
agency. Dr. Schwetz said that many operational and structural functionalities need to be built
when starting a new agency, and NIH’s scientific knowledge and expertise can be leveraged
during this process. One of the fundamental tenets of ARPA-H is autonomy, so its separation
from NIH but connection to the Secretary for HHS supports this tenet. This set-up is similar to
those of the Advanced Research Projects Agency—Energy, which is part of the Department of
Energy, and the Defense Advanced Research Projects Agency, which is part of the Department
of Defense.

NIH Clinical Center Chief Executive Officer Update
James Gilman, M.D., Chief Executive Officer, Clinical Center

Dr. Gilman welcomed NIH colleagues participating in the meeting via Zoom, including Clinical
Center leadership executives:

e (olleen M. Hadigan, M.D., M.P.H., Chief Medical Officer, Clinical Center
e Pius Aiyelawo, M.P.A., Chief Operating Officer, Clinical Center
e Barbara Jordan, D.N.P., RN, NEA-BC, Acting Chief Nursing Officer, Clinical Center

Dr. Gilman also acknowledged Natascha Pointer and Patricia Piringer for their work to
coordinate the CCRHB meeting.

CCRHB Transitions

Dr. Gilman welcomed Mr. Baum, Dr. Chin, Ms. Royster, and Dr. Samitt to the CCRHB as ad
hoc experts. Dr. Gilman thanked Dr. Chin for his help with recruiting Dr. Samitt to be considered
for the Board.

Although Ms. Berty is leaving the CCRHB, she will continue to serve on the Clinical Center
Patient Advisory Group.

Ruth Williams-Brinkley, M.S.N.-Adm., is leaving the Board in the next few months. Her
contributions to the board as a nurse remain invaluable and there are efforts to find a new Board
member with a nursing background. Dr. Gilman has been in contact with a nurse executive of a
hospital and hopes to announce this new Board member at the July meeting.



Awards

Dr. Gilman said that Ms. Williams-Brinkley and Dr. Forese were named as the Top Women
Leaders in Healthcare 2022 by Modern Healthcare.

The Clinical Center was one of six hospitals to win the 2021 Press Ganey Award for National
Database of Nursing Quality Indicators (NDNQI). The Clinical Center exceeded the mean in 17
indicators for patient safety and was acknowledged as the top teaching hospital. The award went
on tour throughout the Clinical Center so that the nurses and staff who contributed to this
achievement could celebrate.

The Clinical Center was well represented at the 2021 NIH Director’s Awards. There were 15
awards honoring 155 Clinical Center employees, including 5 individual awardees and 150 group
awardees.

The Annual Clinical Center CEO Awards Ceremony in December 2021 recognized more than
700 Clinical Center employees with 111 awards, 43 individual awards and 68 group awards.

The Part of Something Bigger Award, a new award developed by HHS, is given to HHS staff
members who contribute to the department’s goals outside the workplace. Two Clinical Center
employees were recognized for their volunteer work at mass vaccination sites for coronavirus
disease 2019 (COVID-19) COVID-19 vaccines.

Clinical Center Staffing Update
Dr. Gilman said that the Clinical Center is actively recruiting for several leadership vacancies:

e Chief Nurse Officer

e Chief Financial Officer

e Chief of Pharmacy Department

e Chief, Office of Clinical Research Training and Medical Education

The Chief of Materials Management and Environmental Services and the Designated
Institutional Official for the Accreditation Council Graduate Medical Education positions were
recently filled.

As more NIH staff return to campus, Clinical Center leadership is also working to update
teleworking policies for staff. Although most of the Clinical Center’s work occurs in person,
some staff have the option of working remotely.

Event Updates

Dr. Gilman hosted the quarterly Clinical Center Town Hall on January 25, 2022. The format of
this town hall, which was changed to include more members of executive leadership in the
presentations of length-of-service awards, CC overview and highlights, and Q&A, was received
well. The next town hall will focus on diversity, equity, inclusion, and accessibility (DEIA)
issues.

The Clinical Center co-hosted Rare Disease Day with the National Center for Advancing
Translational Sciences (NCATS) on February 28, 2022. Although the event was again held



virtually, it was a success. Several members of the Rare Disease Congressional Caucus attended
the event.

Updates: Office of Communications, Media Relations, and Patient Recruitment (OCMR)

Dr. Gilman showed examples of how OCMR is leveraging social media and other platforms to
advertise Clinical Center studies and find people who may be interested in participating in these
studies. OCMR is using targeted ads on Facebook, Instagram, and Nextdoor to reach people who
may benefit from these studies. These are low-cost efforts that can target both narrow
populations (e.g., specific wards in Washington, D.C.) or a broader group of people (e.g.,
multiple states and countries). There has been great engagement with the Facebook ads, and
OCMR is tracking people who contact the Clinical Center to participate in studies as a result of
these ads. Other outreach efforts have included printing information about the Clinical Center on
pharmacy bags at local pharmacies and on signs at local shopping centers. All of these efforts are
aimed at sharing the Clinical Center’s presence and efforts with the community.

Average Daily Census (ADC)

The Clinical Center has operated at much lower capacity during the course of the COVID-19
pandemic. The ADC for 2021 was well below the 3-year average, and the usual drop in the
number of patients in December was much lower due to the Omicron variant. There have been
some improvements: There was a 20% increase in outpatient visits and a 10% increase in new
patients between 2021 and 2022. Also, the cancer and bone marrow transplant units are very
busy. In March 2022, the operating rooms were the busiest they have been in many months, and
these increases are expected to continue in the summer months.

Before the COVID-19 pandemic, the Clinical Center did not use telehealth visits. In March 2020,
the Health Information Management Department and the Department of Clinical Research
Informatics collaborated to develop a telehealth platform and related policies. There were more
than 1,200 telehealth visits per month at some points, but now the average is 800 to 1,000
telehealth visits per month. This platform is an important way to continue research and serve
patients during the COVID-19 pandemic.

Current Clinical Center Response to COVID-19

Dr. Gilman explained that the Clinical Center still has more stringent COVID-19-related
restrictions than other places on campus, because many Clinical Center patients are
immunosuppressed or immunocompromised. Some restrictions have been eased, such as travel
restrictions and masking outside Building 10. Other restrictions, such wearing a mask in the
building and being screened for COVID-19, have not been lifted. By following the COVID-19
related restrictions, CC staff have been able to provide safe patient care while keeping
themselves and each other safe.

The Hospital Epidemiology Service at the Clinical Center and the Occupational Medical Service
within the Office of Research Services at NIH have worked to together to conduct careful
contact tracing throughout the COVID-19 pandemic. Dr. Gilman was proud to report that it had
been almost 2 years since the last documented case of patient-to-staff transmission of
COVID-19, and there have been no cases of staff-to-patient transmission at the Clinical Center.



The Clinical Center has screened almost 3 million people for COVID-19 and conducted more
than 165,000 asymptomatic tests. During the Omicron surge, there was 1 positive asymptomatic
case per every 20 tests; that has now fallen to 1 positive test per every 700 to 1,000
asymptomatic tests.

Diversity, Equity, Inclusion, and Accessibility Program

Dr. Gilman said that DEIA is an issue not limited to the Clinical Center; rather, DEIA is a major
focus throughout the NIH. The Clinical Center has launched a comprehensive DEIA program
that includes an advisory committee that reports to the Clinical Center CEO. All DEIA activities,
including recent Black History Month and Women’s History Month activities, are shared on a
dedicated page on the Clinical Center’s Intranet site.

As part of its DEIA efforts, Clinical Center leadership regularly assesses workforce
demographics and administered a survey to find areas where there are gaps in DEIA. The survey
was followed by listening sessions to gain more insights on perceptions versus reality on the
Clinical Center’s progress toward a more equitable workplace. The goal is to create initiatives to
address the biggest issues with DEIA at the Clinical Center.

Leadership has also submitted the Clinical Center’s racial and ethnic equity plan, which will be
reviewed by Lawrence A. Tabak, D.D.S., Ph.D., the NIH Acting Director, and Tara A. Schwetz,
Ph.D., the Acting NIH Principal Deputy Director. It is a living document that can be updated
over time based on specific DEIA needs. The CCRHB will hear more detailed updates on this
report and other DEIA efforts at the Clinical Center at a future meeting.

In 2019, the Clinical Center released The NIH Clinical Center at 65: Strategic Plan. The CCRHB
will review the strategic plan during the July meeting, which will be a great opportunity for the
new members to learn more about the Clinical Center’s activities and provide feedback on what
should be featured in the next iteration of the strategic plan.

Discussion

In response to Ms. Royster’s question about remote clinical studies, Dr. Gilman said that these
studies do not require the patient to come to the Clinical Center. These studies usually involve
surveys and might require bloodwork, which could be collected through a commercial provider.
All remote clinical study participants must undergo careful screening and complete a consent
process.

Dr. Shannon suggested that demographic assessments of the Clinical Center workforce should be
categorized by job level to understand any diversity issues for specific jobs, particularly senior
positions. Dr. Gilman agreed and said that Clinical Center leaders are assessing demographics
based on job level and series.

Dr. Shannon asked how pipeline programs (e.g., partnerships with Historically Black Colleges
and Universities [HBCUs]) have translated into workforce diversity at the Clinical Center. Dr.
Gilman said that although pipeline initiatives are important, they are not enough. NIH and the
Clinical Center need to focus on their relationship with HBCUs and other minority-serving
institutions and evaluate whether the outreach efforts lead to people applying and being accepted
for jobs at the Clinical Center. The Clinical Center has baseline data about demographics, but
more effort is needed to understand which actions lead to improved workforce diversity. The



answer is not to create more pipeline initiatives but instead to make sure existing initiatives are
working well. John I. Gallin, M.D., added that the focus on diversity spans across the intramural
research program at NIH. The Clinical Center has established regional partnerships with nine
institutions, including Howard University. Several ICs, including the National Cancer Institute,
the Eunice Kennedy Shriver National Institute of Child Health and Human Development, the
National Institute of Allergy and Infectious Diseases (NIAID), and the National Heart, Lung, and
Blood Institute (NHLBI), have established programs that are bringing a whole new spectrum of
researchers to NIH, ranging from undergraduate to medical students to tenure-track investigators.
The CCRHB will hear more about these efforts at a future meeting.

Dr. Samitt asked whether lower occupancy will be a new normal at the Clinical Center. Dr.
Gilman said that the Clinical Center never surged in patients during the pandemic, because it
never took on COVID-19 patients the way community hospitals did, except in December 2020
when Maryland hospitals were at capacity. The decrease in occupancy during the pandemic was
caused by limitations on travel. Half of the research protocols at the Clinical Center are natural
history protocols, and many patients travel to the Clinical Center from across the country and the
world. Many patients can delay their travel plans until the pandemic is over. The Clinical Center
occupancy rate is never more than 80% to 85% of beds, but the ADC should return to the 3-year
average over the course of the next year or so.

Clinical and Safety Performance Metrics

David Lang, M.D., M.P.H., Director, Olffice of Patient Safety and Clinical Quality, Clinical
Center

Dr. Lang thanked the Clinical Center staff for their efforts to reach the goal of zero harm.
Infection Control
Dr. Lang reported on several metrics related to infection control:

e The hand hygiene metric is consistently in the 90-95% range; it is based on observations,
not self-reports. Trained staff throughout the organization conduct “secret shopper”
observations.

e The rates of central-line—associated bloodstream infections (CLABSIs) are measured as
numbers per 1,000 line days. After there was a reduction in CLABSIs in the previous five
quarters, there was an increase in the most recent two quarters; however, the number of
events remains very low. For every CLABSI, the nursing and hospital epidemiology
service investigates the event, determines whether there are trends, and uses the
opportunity to remind staff about the best practices of line care.

e The rate of CLABSIs in the intensive care unit (ICU) is more variable, because the ICU
has a smaller patient population; however, the number remains low. The benchmark is
based on the National Healthcare Safety Network ICU benchmark, which will be updated
soon for 2022.

e (atheter-associated urinary tract infections (CAUTIs) in the ICU are at zero and have
remained at zero for two quarters. Surgical oncology CAUTIs have been at zero for the
past two quarters.



e Surgical site infections were compared to the average for the Clinical Center for 2018—
2019. The numbers remain low and have stayed around the comparison average.

Nursing Quality Metrics

Dr. Lang reviewed the nursing quality metrics and expressed his pride for the nursing department
for their work to win the National Database of Nursing Quality Indicators (NDNQI) award.

e Inpatient falls are measured per 1,000 patient days. The rates remain at or below the
NDNQI benchmark. The Clinical Center is implementing strategies to reduce inpatient
falls further, including using a bedside mobility assessment tool.

e Pressure injury prevalence has varied above and below the NDNQI benchmark. No stage
3 or 4 pressure injuries have occurred for many quarters.

e The barcoding system helps eliminate errors with medication administration. The goal is
to use barcoding 100% of the time, but the rate is usually around 99%. Barcoding is not
always feasible in a few parts of the Clinical Center, but extra care is taken to ensure
correct medication administration.

Emergency Response

Dr. Lang explained that “Code Blue” is called for all types of emergencies, including for visitors
and employees. The number of Code Blues called in 2021 was similar to the number called in
2019. Half were called for patients, a third were for outpatients, and the rest were for visitors and
employees. Most codes are for acute emergencies and stable events, such as falls. Only 15% of
these are for cardiac arrest events. After a Code Blue, most people stay on unit; approximately
25% are transferred to the ICU. Those transferred to an outside hospital are usually visitors or
employees who need additional care.

Rapid Response Team

Dr. Lang said that the Rapid Response Team (RRT) is called if the floor team or unit need
additional help. After a rapid response, most patients remain on unit. A smaller number are
admitted to an inpatient unit, and about 15% of patients are admitted to the ICU. Each Code Blue
and RRT call is reviewed by a multidisciplinary group to assess any trends or process issues.

Blood and Blood Product Use

Dr. Lang said that the goal crossmatch-to-transfusion ratio is 2 or less to ensure that blood is not
held unused in reserve when it can be used for another patient. The Clinical Center is
consistently below that goal ratio, and the ratio has remained stable over the course of the year.

The percentage of transfusions associated with transfusion reactions has consistently been 1% or
lower. A majority of these events are classified as fever without hemolytic reaction, and there are
no reports of severe reactions.

Blood bank specimens are used for crossmatching. The percentage of specimens that are deemed
unacceptable due to labeling problems or hemolysis is currently around 1.75%, well below the
threshold of 3%. Unacceptable blood samples are discarded, and new samples are drawn.
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Clinical Documentation

Dr. Lang said that the Clinical Center’s patient record completion delinquency rate at greater
than 30 days post discharge is around 5% to 6%, much lower than the Joint Commission
benchmark of 50%.

“Agent for” orders countersignature compliance has been consistently around 95%.
“Do not use” abbreviation adherence is around 95%.

The Clinical Center goal for accuracy of record coding is above 90%, and the rate has remained
around 95%.

Employee Safety

Dr. Lang said that during the last CCRHB meeting, there was a request to present employee
safety data with benchmarks against other U.S. hospitals. The Clinical Center’s data were
compared against combined data over the past several years from the Bureau of Labor Statistics.
Dr. Lang shared several employee safety metrics:

e Total reportable cases and other reportable cases of occupational injuries or illnesses
were frequently below the national average for a hospital of the CC’s size.

e The days away, restricted, or transferred (DART) is a combined metric of the days of job
transfer, restriction and the days away from work. Most DART are related to
musculoskeletal injuries. One initiative to address this issue is the bedside mobility
assessment tool; another is the use of an air mattress system to move patients from bed to
bed, used as much as possible to keep patients and employees safe from injury.

Discussion

Dr. Forese said that Paul H. O’Neill was one of the original board members who was very
focused on team member safety, so it is great to see a focus on these data.

Ms. Royster remarked on how impressive it is that the Clinical Center has consistently
maintained a 0% CAUTI rate. Dr. Lang said that this rate was low thanks to certain nursing
practices.

Dr. Forese mentioned the recent news story about a nurse who was convicted for a medication
error at Vanderbilt University and asked how the Clinical Center is supporting its nurses during
this time. Dr. Jordan said that statements of support for nurses from the Maryland Nurses
Association, the American Nursing Association, and the leadership at the Clinical Center were
shared with nursing staff. Although staff responded positively to these statements, there is still
concern that nurses will not report mistakes due to fear of retaliation. The Clinical Center is
focused on a culture of safety, fairness, and open discussion so that reports can be handled
properly while staff are still supported. Steven I. Goldstein, M.H.A., shared that his institution
has created a nursing group that reviews events in such a way that nurses still feel supported. In
the chat, Dr. Shannon, M.D., shared an article by David Marx that unpacks the legal and just-
culture issues in the Vanderbilt case.

Ms. Reel highlighted how the increased levels of fatigue among all healthcare workers could
have safety implications and asked whether the Clinical Center staff is experiencing this fatigue.
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Dr. Jordan said that fatigue is an issue for staff, and the Clinical Center is making every effort to
monitor issues related to fatigue and provide support or solutions (e.g., monitoring shift lengths
and frequency). Additionally, the crisis hotline for staff was recently reopened. Dr. Lang added
that there are many processes in place to help staff avoid errors, but any errors that occur are
closely assessed for any process problems, compliance issues, or staff issues, such as the
perceived need for rushing or feelings of fatigue.

Dr. Shannon asked whether the Clinical Center has been affected by staff turnover or shortages,
which can also lead to safety issues. Dr. Jordan said that like many U.S. hospitals, the Clinical
Center is experiencing greater staff turnover. Additionally, the Clinical Center has had difficulty
hiring contract staff, because they are being offered higher pay at hospitals in areas hit hard by
the pandemic. Another issue is that patients who come to the Clinical Center have very high
acuity and complex issues, which can lead to fatigue. But there should also be considerations of
COVID-19-related stressors outside of work, such as homeschooling. Dr. Lang added that
COVID-19 policies at the Clinical Center, such as staff not being allowed to eat together or
patients not being allowed to have visitors, could also be causing stress. Dr. Gilman said that the
federal healthcare system makes it easy for staff to leave quickly; getting staff onboarded takes
longer. There is also stress among researchers who are anxious to restart their clinical trials and
are feeling the pressure of performing for their tenure-track positions. The Clinical Center is
doing its best to balance taking care of as many patients as possible and maintaining safety and
continues to emphasize that seeking help is a sign of strength.

Novel COVID-19 Update

H. Clifford Lane, M.D., Deputy Director of Clinical Research and Special Projects, Director,
Division of Clinical Research; Clinical Director, National Institute of Allergy and Infectious
Diseases

Organizational Structure

Dr. Lane highlighted staffing changes on the COVID-19 response team at the White House.
Andy Slavitt, M.B.A., recently left his position as the White House Senior Advisor on the
COVID-19 response. White House Coronavirus Response Coordinator Jeff Zients will be
leaving soon and will be replaced by Ashish Jha, M.D., M.P.H., the current Dean of Brown
University’s School of Public Health. His appointment was scheduled to begin April 5.

Operation Warp Speed was established under a memorandum of understanding (MOU) between
the Department of Health and Human Services (HHS) and the Department of Defense. The
MOU expired on December 31, 2021. On January 1, 2022, Operation Warp Speed became the
HHS Coordination Operations and Response Element, which is led by Dawn O’Connell, J.D., at
the Office of the Assistant Secretary for Preparedness and Response and with Jason Roos, Ph.D.,
as Chief Operating Officer. David Kessler, M.D., remains a key player as the HHS Chief Science
Officer for COVID-19.

On March 2, the White House released the National COVID-19 Preparedness Plan. The plan
features four main elements: Protect against and treat COVID-19, prepare for any new variants,
prevent economic and educational shutdowns, and continue to lead the effort to vaccinate the
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world and save lives. The funding outlined in this plan did not pass in Congress, so it is uncertain
which elements of this plan will come to fruition.

Pathogenesis

Dr. Lane explained that the conventional wisdom about the course of COVID-19 is that the early
phase of infection is driven by the virus and is best treated by antivirals. Later phases are driven
by the immune response to the virus, leading to inflammation. This part of the disease course is
treated with immunomodulatory strategies. Additionally, anti-coagulation treatments are needed
throughout the disease course.

Emerging data suggest that the virus plays a role throughout the course of infection. Researchers
collected serum from hospitalized COVID-19 patients who were part of the Accelerating
COVID-19 Therapeutic Interventions and Vaccines (ACTIV)-3 trial. They measured the amount
of circulating virus in the serum using a nanotechnology developed by Quanterix Technology
that uses small magnetic beads with antibodies for the core protein of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). As disease severity increases (e.g., with progressive
levels of oxygen support required), the plasma levels of antigen increase. Although it is unclear
how this increased level of virus relates to viral replication, these data suggest that antiviral
therapies may be needed throughout the disease course, especially as immunosuppression is
needed to treat inflammation.

The most recent SARS-CoV-2 variant is the Omicron variant. Although it has many different
changes from the Delta variant, Omicron does not appear to be as pathogenic. The CDC has a
website that shows the most dominant SARS-CoV-2 variants in the U.S. population over time
and projections for the next 2 weeks. The end of 2021 had a mixture of Delta and Omicron, but
Omicron became the most prevalent variant within a month. Now, the BA.2 Omicron variant is
quickly becoming the dominant variant. These data are important because they help us
understand which monoclonal antibodies will be the most effective against new variants.
NCATS supports a website that compiles data on the efficacy of various treatments, including
vaccines, antibody treatments, antivirals, and convalescent plasma and serum, against different
variants. Sotrovimab, the antibody with the best efficacy against the Omicron variant, does not
appear to have efficacy against the BA.2 variant. Bebtelovimab is the only antibody available
with efficacy against the BA.2 variant.

In France, COVID-19 cases are increasing due to the BA.2 variant; however, there is no
evidence that a similar surge in cases will occur in the United States, likely due to differing
epidemiology and susceptibility between the French and U.S. populations.

Diagnostics

Dr. Lane said that reverse transcription polymerase chain reaction (RT-PCR) test remains the
most sensitive tool for diagnosing COVID-19, but a person can test positive for COVID-19 by
RT-PCR for a long time after infection. RT-PCR has also been used to identify SARS-CoV-2
variants and subvariants through amplification of the S-gene. Antigen testing is less sensitive,
but it is easily done at home. Both diagnostic methods are available under Emergency Use
Authorization (EUA), but they need approval from the U.S. Food and Drug Administration
(FDA) to continue to be used after the public health emergency is lifted.
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Therapeutics and Treatment Guidelines

Dr. Lang explained that the NIH established the ACTIV clinical trial infrastructure to test
therapeutic strategies for ambulatory and hospitalized patients. There are several ACTIV trials
with different treatment focuses:

e ACTIV-1, -3, -4a, and -5: host-directed therapies and antivirals in hospitalized patients
e ACTIV-2: antiviral therapies in ambulatory patients
e ACTIV-6: repurposed drugs in ambulatory patients (e.g., ivermectin, fluvoxamine)

There are extensive, rapidly changing guidelines for COVID-19 treatments. It is extremely
difficult for anyone to remain current with the latest knowledge, so NIH has created a website
that shares the latest information for treating COVID-19. This website was created as a directive
from HHS on March 20, 2020, and the first guideline release occurred on April 21, 2020. Since
then, there have been 48 updates and more than 34 million page views.

The guidelines provide two types of rating: strength of recommendation (strong, moderate, or
weak) and strength of the evidence (data from robust, randomized controlled trials; data from
other trials or observational studies; or expert opinion). There are different guidelines for
ambulatory and hospitalized patients, and each set of guidelines is further divided based on
patient disposition. Dr. Lang shared some treatment guideline examples:

e Ambulatory patients with mild to moderate COVID-19 who are at risk for severe disease
progression should be treated with Paxlovid (a combination of nirmatrelvir and ritonavir).

e Bebtelovimab is the most affective monoclonal antibody therapy for the BA.2 variant.

e Ambulatory and hospitalized patients should not be treated with corticosteroids if they do
not require oxygen.

e Hospitalized patients who require supplemental oxygen can be treated with a
combination of remdesivir, baricitinib, interleukin 6 inhibitors (e.g., tocilizumab,
sarilumab), and corticosteroids (e.g., dexamethasone).

Prevention

Dr. Lane highlighted the six COVID-19 vaccines developed in the United States and their
approval status.

e Moderna (mRNA): FDA-approved for age 18 and older

e BioNTech—Pfizer (mRNA): FDA-approved for age 16 and older, EUA for ages 5 to 15
e Johnson & Johnson (adenovirus): EUA for age 18 and older

e AstraZeneca (adenovirus): EUA request has not been submitted

e Sanofi-GSK (recombinant protein and adjuvant): EUA request submitted February 2022
e Novavax (recombinant protein and adjuvant): EUA request submitted January 2022

Dr. Lane noted that the two recombinant protein and adjuvant vaccines will likely be used in
booster regimens if their EUAs are approved.
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There are also 10 vaccines approved by the World Health Organization: two protein subunit
vaccines, two mRNA vaccines, three adenovirus-based vaccines, and three inactivated virus
vaccines.

There is compelling data showing the efficacy of the vaccines at preventing hospitalizations.
According to the CDC, when looking at age-adjusted rates of COVID-19-associated
hospitalizations by vaccination status in U.S. adults age 18 and older between October 2021 and
January 2022, there were 9.8 per 100,000 hospitalizations among fully vaccinated (i.e., one
Johnson & Johnson shot or two mRNA shots) with an additional or booster dose and 35.2 per
100,000 for fully vaccinated without an additional or booster dose. Among the unvaccinated, the
hospitalization rate was 145.1 per 100,000.

Data from a randomized controlled trial conducted by BioNTech—Pfizer show the efficacy of a
booster shot at reducing the rate of COVID-19 infection; however, these data were generated
prior to the Omicron variant’s emergence. Recent data suggest that although it is created toward
the ancestral strain of COVID-19, the booster shot does improve immunity against the Omicron
variant. Data show increased neutralizing antibody titers 1 and 6 months after the booster. Data
on neutralizing antibody titers also show that any combination of BioNTech—Pfizer, Moderna,
and Johnson & Johnson vaccines as the primary vaccine and the booster vaccine will create a
strong immune response.

Although data clearly support that COVID-19 vaccines are safe and effective, there are several
unanswered questions, such as the duration of protection from infection, symptoms,
hospitalizations, and death. It is also unclear what the best regimen is for children under 5 years
old, but those data are still being reviewed.

On March 29, FDA authorized a fourth mRNA dose (a second booster) for individuals who are
50 and older at least four months after their first booster dose. This authorization also covers
immunocompromised people who are 12 and older and want to receive the BioNTech—Pfizer
booster and immunocompromised people who are 18 and older who want to receive the Moderna
booster. The supporting safety evidence on the BioNTech—Pfizer second booster is from 700,000
people, whereas the Moderna safety data are from 120 people; however, the data clearly show
that neutralizing antibody titers increase after the second booster.

A nonrandomized study from Israel was conducted over a 40-day period and followed 500,000
individuals ages 60 to 100 after they did or did not receive a fourth Pfizer vaccine. The study
measured rates of death, but there were many confounders to this study. For example, people
who came for a fourth dose had health-seeking behaviors and also took measures to avoid getting
infected with COVID-19. Despite these caveats, there were 232 deaths in those who did not
receive a fourth dose, with the number at risk ranging from 12,000 to 328,000, and 92 deaths
among those who did receive a fourth dose, with the number at risk ranging from 233,000 to
550,000. The adjusted hazard ratio for death was 0.22, which is a remarkable reduction in death
based on getting the fourth dose.

Post-Acute Sequelae of COVID-19 (PASC)

Dr. Lane said that PASC is being studied at NIH through the Researching COVID to Enhance
Recovery (RECOVER) initiative, co-led by NHLBI and the National Institute of Neurological
Disorders and Stroke (NINDS). RECOVER seeks to understand, prevent, and treat PASC,
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including long COVID. PASC is also being studied through three protocols at the Clinical Center
and supported by NIAID, NINDS, and the Clinical Center.

Dr. Lane highlighted a study supported at the Clinical Center that is being led by Michael C.
Sneller, M.D., from NIAID. The study focuses on three cohorts of adults: individuals with a
history of COVID-19 and persistent symptoms, those with a history of COVID-19 and no
persistent symptoms, and those with no history of COVID-19 but close contact with a COVID-
19 survivor. The data collected for this study include individual history and physical, routine
labs, markers of inflammation and coagulation, SARS-CoV-2 immunology and virology, mental
health evaluation, electrocardiography, echocardiogram, pulmonary function test, and a 6-minute
walking test.

Compared with a control group, the symptoms that are most prevalent in COVID-19 survivors
are fatigue, dyspnea, anosmia, parosmia, trouble concentrating, headache, memory impairment,
trouble sleeping, chest pain or discomfort, and anxiety. Among all COVID-19 survivors, the only
differences currently noted between those who develop long-term symptoms and those who do
not are female gender and history of an anxiety disorder. Abnormal findings on physical exam or
laboratory evaluations were uncommon and were not associated with PASC.

When analyzing the neutralizing antibody titers of these groups, there were large variations in
the level of antibodies among unvaccinated COVID-19 survivors, with many not reaching a
positive antibody response. Vaccinated COVID-19 survivors had the highest antibody titers. The
rate of antibody decline over time after COVID-19 infection was quite variable, so the
magnitude and duration of immune response after COVID-19 infection needs to be better
studied.

Discussion

Dr. Samitt asked where there is any evidence of any new, emerging COVID-19 variants and
whether there is a surveillance mechanism for monitoring new variants. Dr. Lane said that he
was not aware of any new variants of concern that are emerging. For example, there was concern
about a Delta—Omicron hybrid variant, but that seems to be a RT-PCR artifact and not an actual
variant. Omicron is so different from the Delta variant that the hypothesis is that Omicron was
mutating within someone for many weeks and then was introduced into the population. As far as
surveillance, the NCATS website pulls data from CDC and other groups who are interested in
tracking SARS-CoV-2 variants.

Ms. Reel asked whether the United States and the world will be better prepared for the next
pandemic after this experience with COVID-19. Dr. Lane said that people are much more aware
of how difficult it is to deal with this type of pandemic. There are many efforts to understand the
best practices learned during the pandemic, but the actual steps needed to apply these best
practices are still in the future.
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Permanent Pharmacy Placement Project (P4)—Relocation of the Qutpatient
and Inpatient Pharmacies

Marilyn Farinre, Pharm.D., M.B.A., Service Chief, Pharmacy Operations, Pharmacy
Department, NIH Clinical Center

Dr. Farinre said that in May 2015, for-cause inspection by the FDA led to suspension of
activities in the pharmaceutical development section of the Clinical Center pharmacy. In April
2016, the Advisory Committee to the Director and the Clinical Center Working Group released
the Red Team report, which found that the Clinical Center pharmacy facilities that were
producing sterile products were outdated, and full remediation was recommended. All the
pharmacies had to move to temporary spaces: The intravenous admixture unit (IVAU) moved
into a temporary space in 2017; the outpatient and unit dose pharmacies moved in 2019.
Renovations began in 2021 and are almost complete. The outpatient pharmacy will begin
operating out of the newly renovated space on May 2, the unit dose pharmacy will begin
operations on May 24, and the IVAU will start operation in fall 2022.

Despite these changes, the pharmacy staff have held true to their mission “to support and conduct
clinical research by providing safe, high-quality care, one patient, one medication at a time.”
P4’s goals are to safely continue operations with uninterrupted pharmaceutical care, successfully
implement and integrate the pharmacy automation, relocate all supplies and medications as
efficiently as possible, and ensure all staff are trained and remain fully engaged.

The renovated pharmacy is more than 10,000 square feet, with separate areas for the outpatient,
unit dose, and IVAU pharmacies. Dr. Farinre shared pictures of each of these pharmacies and
demonstrated the layout and workflow of each space.

The renovations are compliant with all regulations. Some features of the new pharmacies
include:

e A bank-grade vault for controlled medications

e Increased capacity, automation, and electronic documentation for safe and efficient
workflows

e Segregated compounding areas

e Engineering controls for processing hazardous and nonhazardous medications

e Carousels for storing medications with barcoding system (one for the outpatient
pharmacy, two for the unit dose pharmacy, and two for the IVAU)

e A lounge for pharmacy staff

The outpatient pharmacy is approximately 1,426 square feet and includes many new features,
including an automated storage and retrieval system that allows for accurate retrieval, enhanced
security, and fulfillment of chain-of-custody requirements for controlled and investigational
medications. The outpatient pharmacy also has a robotic dispensing system that automates the
filling process and allows pharmacists to spend more time on their clinical duties.

The unit dose pharmacy is approximately 2,300 square feet. It features designated workstations,
a preparation area for oral solutions and suspensions, and a staging area for medications awaiting
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delivery to nursing units. There are automated processes for filling, packaging, and labeling of
medications for a safer and more efficient workflow.

The IVAU is the largest part of the new pharmacy at more than 5,000 square feet. Dr. Farinre
demonstrated the unidirectional flow of people and materials through the facility. There are
separate areas for the compounding of nonhazardous and hazardous products, but each has
similar workflows moving from the setup room to the compounding rooms through delivery to
patient care units.

The IVAU has significant updates to make it safer and more efficient, including:

e 12 compounding rooms (compared with 3 in the old pharmacy)

e 10 biological safety cabinets (compared with 3 in the old pharmacy)

e 38 pass-through chambers equipped with high-efficiency particulate air (HEPA) filters

e 100% automated workflow supported by Omnicell IVX with remote product verification

Discussion

Dr. Forese commended the renovations and was particularly impressed with the efficiency and
safety measures. She asked about the pharmacy staff’s involvement with the renovation plans.
Dr. Farinre said that she was not involved in the original design, since she only joined the
Clinical Center in 2019; however, once she joined, pharmacy leadership made recommendations
to update the design to accommodate the needs of the staff. Dr. Gilman added that there have
been two complete turnovers of pharmacy leadership since the FDA visit in 2015. Although Dr.
Farinre’s team made some changes to the original design, these were necessary and important for
supporting the pharmacy staff.

Update: Clinical Center Facilities Projects
Dan Wheeland, P.E., Director, NIH Office of Research Facilities

Mr. Wheeland announced that the quarterly meeting with Congressional Appropriations
Committee staff resulted in increases in funding. The buildings and facilities appropriation was
increased from $200 million to $250 million, which is a 25% increase. This is the largest
percentage increase of all NIH appropriations and now represents the base for future year
appropriations. There was also an increase in Special Authority funding, which is also known as
General Provision 216. The increase was from $3.5 million per project to $5 million per project.
The aggregate amount for Special Authority funding increased from $40 million to $100 million.
This funding increase will enable NIH ICs to use more of their funding for repairs and
improvements.

These increases in funding are likely the consequence of the National Academies of Sciences,
Engineering, and Medicine consensus study about the backlog of maintenance and repair. Also,
the President’s FY 2023 budget proposes an increase in buildings and facilities funding from
$250 million to $300 million, so hopefully this proposed budget is enacted.
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Projects Recently Awarded: C103157 Surgery, Radiology, and Laboratory Medicine (SRLM)
Building, Including Catheterization Lab and Interventional Radiology

Mr. Wheeland showed a rendering of the new SRLM building. The design-build team will be led
by Hensel Phelps. ZGF was the architect of record for the Mark O. Hatfield Clinical Research
Center and is familiar with the existing building. RMF, which is doing the mechanical and
plumbing engineering, has worked with NIH before. The award amount for this project is $638
million.

Mr. Wheeland thanked the Board for their support for this project. The CCRHB wrote an
important letter that helped secure the support for the SRLM building.

Projects That Have Achieved Substantial Completion of Construction
Mr. Wheeland reviewed projects that are were recently completed:

e A combination positron emission tomography—magnetic resonance scanner that promotes
simultaneous imaging was recently completed and will benefit the patients and the staff.

e A quarter-mile of piping in the Clinical Center was recently replaced. The previous
piping was oversized, which made the water velocity slower and led to creation of
sediment and biofilm. Also, the old piping was made of galvanized pipe, which had some
corrosion. The new piping is smaller and made of copper. Mr. Wheeland recognized the
exceptional planning and patience of the Clinical Center staff, who had to deal with a
20-hour water outage for the pipes to be replaced.

e A sterility laboratory for the Department of Laboratory Medicine was completed. This
new facility dramatically enhances the Clinical Center’s ability to ensure items are
properly sterilized.

e A cell processing facility for the Center for Cellular Engineering was recently completed.
The commissioning, qualification, and validation will be completed in April 2022, and
the environmental monitoring and performance qualification is scheduled for June 2022.

Projects Under Construction
Mr. Wheeland highlighted projects that are currently underway:

e Improvements are being made to the sterile processing areas in B1 and level 2 to improve
safety, production, and workflow regulatory compliance. These steps will also be
implemented in the new SRLM Building.

e The E Wing of the Clinical Center is still being renovated. These updates will improve
the capabilities of the Department of Transfusion Medicine, including cell processing and
blood banking. This project should be completed in May 2023.

e Black Start generators will be installed to generate steam and chilled water for the
Clinical Center. Given the impacts of climate change, the team is aware of the need to
develop a resilient infrastructure for this project, which should be completed by
June 2023.

e There are plans to build a new utility vault for all electrical equipment that serves the
entire Building 10 complex.
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e The current underground patient parking garage at the Clinical Center has deteriorating
concrete and poses a security risk due to the need to inspect all vehicles. This parking
garage will be closed, and a new patient parking garage will be built.

e The additional protective isolation patient care unit in the pediatrics inpatient ward is
halfway done. This ward currently has 16 standard patient rooms, 4 protective equipment
rooms, and 4 airborne infection isolation rooms. This project involves converting four
patient rooms into protective equipment rooms with HEPA filtration and positive
pressurization. One airborne infection isolation room will turn into a dual-purpose room
by adding HEPA filtration.

Discussion

Dr. Forese said that the CCRHB was able to tour the Clinical Center a few years ago and hopes
that members would be able to tour the facilities again soon.

Dr. Shannon commented that the facilities projects have made extraordinary progress. He added
that the new SRLM and renovations to the pediatric inpatient ward reflect the direction of the
Clinical Center’s research portfolio, which is focused on cell-based therapies and genetics.

Many Board members shared their praise of these facilities projects in the chat.

Identification of the VHL Clear Cell Kidney Cancer Gene: Molecular
Diagnosis, Precision Surgery, Oxygen Sensing, Precision Therapy

W. Marston Linehan, M.D., Chief of Urologic Surgery and the Urologic Oncology Branch,
Center for Cancer Research, National Cancer Institute

Dr. Linehan said that in the 1980s, kidney cancer was thought to be a single disease and was
treated with the same surgery and the same drug treatments. But there is a growing
understanding that kidney cancer is composed of many different diseases. Each has a different
histology, shows different disease courses, responds differently to treatments, and is caused by
different genes. For example, 18 genes that cause kidney cancer have been identified, and there
are 14 genetically defined types of hereditary kidney cancer.

Most of what is known about the genetic basis of kidney cancer is based on data from studies of
families. At the Clinical Center, more than 3,000 patients from 1,500 families are being studied
to understand more about various types of kidney cancer, including clear cell, papillary,
chromophobe, and oncocytic renal cell carcinomas.

Over the past 38 years, research at the Clinical Center has led to definition of eight novel kidney
cancers and identification of nine disease genes. This research would not have been possible
anywhere else but the Clinical Center. Dr. Linehan’s research team published a paper in Nature
that showed consistent loss of chromosome 3 in tumors from patients with sporadic clear cell
kidney cancer. This work was published 17 years before the human genome was sequenced, so
the team decided to study hereditary kidney cancer genes to discover the genes for non-
hereditary, sporadic kidney cancer. The goal of this research was to find precision approaches for
diagnosis, surgery, and therapy.
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Patients affected with von Hippel-Lindau (VHL) syndrome, the first hereditary kidney cancer
syndrome that Linehan and his colleagues studied, are at risk for the development of tumors in
several organs, including the kidneys. VHL syndrome increases the risk for early onset, bilateral,
multifocal clear cell kidney cancer, which can lead to kidney tumors that can spread and
metastasize. Over the course of this research at the Clinical Center, 53 VHL patients developed
metastatic cancer, and more than 800 kidney surgeries to treat VHL kidney cancer patients have
been done. VHL patients are also at risk for pancreatic neuroendocrine tumors, VHL syndrome—
associated cerebellar and spinal hemangioblastomas, and retinal angiomas.

The current approach at the Clinical Center is to use precision clinical management for each type
of genetically defined kidney cancer. For VHL syndrome, the team uses an active surveillance
approach to monitor the tumors instead of immediately removing the entire kidney. Once the
largest tumor reaches 3 centimeters in size, a robot-assisted partial nephrectomy is performed by
enucleating and removing the tumors. Since adopting this approach for managing VHL
syndrome, no patients have developed metastatic disease.

To better understand the genetic basis of VHL syndrome, Dr. Linehan and his colleagues studied
families with VHL syndrome and traced the VAL gene to the short arm of chromosome 3, the
same region identified as the genetic basis for sporadic clear cell kidney cancer. Using genetic
linkage analysis and physical mapping, the team was able to identify the VHL gene in 1993,
nearly 10 years after starting the project. This was one of the earliest human cancer genes
identified and led to a blood test that helps identify VHL carriers.

Next, Dr. Linehan’s team tested tumors from patients with sporadic, nonfamilial clear cell kidney
cancer. They found either the VHL mutation or methylation silencing of the VHL gene in 91% of
the tumors tested. The VHL mutation was not found in other types of kidney cancer, indicating
its role specifically in clear cell kidney cancer.

Once VHL was identified, the next steps were to understand the molecular mechanism of the
disease. First, the group, along with William G. Kaelin, Jr., M.D., from the Dana—Farber Cancer
Institute, found that the VHL protein forms a complex with the elongin B and elongin C proteins.
Subsequent research found that VHL regulates genes that are oxygen-sensitive. In normoxia,
VHL forms a degradation complex with elongin B, elongin C, and Cullin 2 that targets hypoxia-
inducing factor (HIF) for degradation. During hypoxia, the VHL complex cannot mark HIF for
degradation and HIF accumulates, which can lead to cancer.

In 2019, the Nobel Prize in Physiology or Medicine was awarded to Dr. Kaelin, Sir Peter J.
Ratcliffe, M.D., and Gregg L. Semenza, M.D., Ph.D., for their work on how cells sense and
adapt to oxygen availability. The Nobel Prize assembly cited research conducted at the Clinical
Center as being vital for this discovery.

This research was the foundation for the development of therapeutic agents that targeted the
VHL/HIF pathway. Subsequent research found that HIF2 was critical for kidney cancer
tumorigenesis, and belzutifan, an agent which targets HIF2, was identified by scientists in Texas.
The Clinical Center led the multicenter clinical trial to test belzutifan in VHL patients. In this
trial, there was a 98% partial or stable response to treatment, in which 92% of target lesions in
the kidneys decreased in size. For patients with cerebellar and spinal hemangioblastomas, 6%
showed a complete response and 86% showed a stable or partial response to treatment. For
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patients with pancreatic neuroendocrine tumors, 91% had an objective response rate, with 14%
showing a complete response to treatment. The most impressive result was that belzutifan led to
improvement or stable disease in 100% of VHL patients with retinal angiomas. Importantly, 2.5
years before these VHL patients were started on this trial, there were 53 surgical procedures to
deal with tumors. In the 2.5 years after the trial, only three surgical procedures have been
performed.

Dr. Linehan thanked the many researchers who have been involved in this work and the brave
patients who participated in the trials.

Discussion

Ms. Berty congratulated Dr. Linehan on this wonderful research and thanked him for making the
story easy to understand. Dr. Forese agreed that the story was relatable and action-packed.

Dr. Shannon said that renal cell cancers have a higher incidence among Black men and suggested
that response rates to treatment could be analyzed based on a person’s race or ethnicity. Dr.
Linehan agreed that this type of analysis would be important. Both Black men and women have
higher incidence of kidney cancer, but they are more often affected by papillary versus clear cell
kidney cancer than are non-Black patients. The group wants to expand their efforts and
understand racial and ethnic differences in kidney cancer and treatment response.

Dr. Gallin said that this story is an example of how partnerships between the basic science and
clinical science communities leads to monumental discoveries and achievements, including a
Nobel Prize. NIH and the Clinical Center are key factors in this accomplishment.

Ms. Royster shared her personal story of dealing with kidney disease and said that attentive
doctors and novel therapies have helped her feel better. She was excited by this important work
to help improve the lives of people with kidney cancer.

Adjournment

Dr. Forese thanked the presenters, NIH Clinical Center staff, and Board members. The next
Board meeting is scheduled for July 15, 2022, and will be a hybrid meeting of in person and
virtual.

Dr. Forese adjourned the meeting at 12:42 p.m.
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Abbreviations and Acronyms

ACTIV Accelerating COVID-19 Therapeutic Interventions and Vaccines
ADC average daily census

ARPA-H Advanced Research Projects Agency for Health
CAUTI catheter-associated urinary tract infection
CCRHB Clinical Center Research Hospital Board

CDC Centers for Disease Control and Prevention
CEO chief executive officer

CLABSI central-line—associated bloodstream infection
COVID-19 coronavirus disease 2019

DART days away, restricted, or transferred

DEIA diversity, equity, inclusion, and accessibility
EUA Emergency Use Authorization

FDA U.S. Food and Drug Administration

FNIH Foundation for the National Institutes of Health
FY fiscal year

HBCU Historically Black Colleges and Universities
HHS Department of Health and Human Services

HIF hypoxia inducing factor

ICs Institutes and Centers
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ICU

IVAU

MOU

NCATS

NDNQI

NHLBI

NHSN

NIAID

NINDS

NIH

OCMR

OSTP

P4

PASC

RECOVER

RT-PCR

SARS-CoV-2

SRLM

VHL

intensive care unit

intravenous admixture unit

memorandum of understanding

National Center for Advancing Translational Sciences
National Database of Nursing Quality Indicators
National Heart, Lung, and Blood Institute

National Healthcare Safety Network

National Institute of Allergy and Infectious Diseases
National Institute of Neurological Disorders and Stroke
National Institutes of Health

Office of Communications, Media Relations, and Patient Recruitment
Office of Science and Technology Policy

Permanent Pharmacy Placement Project

post-acute sequelae of COVID-19

Researching COVID to Enhance Recovery

reverse transcription polymerase chain reaction

severe acute respiratory syndrome coronavirus 2
Surgery, Radiology, and Laboratory Medicine Building

Von Hippel-Lindau
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Dr. Tabak, we in Speeches received the attached material from Dr. D’Souza to help prepare for your
address to the NIDCR Advisory Council. We'll have a rough framework of slides for you to consider at
our weekly meeting. Meanwhile, it would be very helpful if you would look over the examples of
science advances the folks at NIDCR rounded up and let us know if there are a small number (2-4)
that you’d like to feature in your talk.

Best,

Karine

Speechwriter

From: D'Souza, Rena (NIH/NIDCR) [E] < (b) (6)

Sent: Tuesday, May 3, 2022 12:15 AM

To: Jegalian, Karine (NIH/OD) [C] < (b) (6) Shum, Lillian (NIH/NIDCR) [E]
< (b) (6)

Cc: New, Suzanne (NIH/NIDCR) [E] < (b) (6)

Subject: Fwd: Acting Director Request-NADCR talk

Hi Karine - Here is background material that you can refer to when preparing Dr. Tabak’s address to
our council.

Dr. Lillian Shum kindly assembled this reference info so we hope it is useful.

In addition, it would be interesting if Dr. Tabak would discuss key issues being addressed by the ACD
as well as the advancing fronts in science at NIH.

| will be also preparing the director’s report for Council later this week so would appreciate you
sharing Dr. Tabak’s ppt with me when you have a draft.... This way | can make sure we do not overlap
too much.

Many thanks, Rena

Sent from my iPad

Begin forwarded message:

From: "Shum, Lillian (NIH/NIDCR) [E]" < (b) (6)
Date: May 2, 2022 at 19:54:09 CDT
To: "D'Souza, Rena (NIH/NIDCR) [E]" < (b) (6)

Subject: RE: Acting Director Request-NADCR talk

Rena,

Attached document is ready to be sent to Karine, LT’s speech writer. It has slides from
your collection related to Strategic Plan and Oral Health in America Report. It also has
additional recent science advances as specific examples that Karine asked for.

Please send forward, or let me know if you would rather have me close this request for
you as you are on the road (I think).

Best,
Lillian

From: D'Souza, Rena (NIH/NIDCR) [E] < (b) (6)



Sent: Monday, April 25, 2022 10:50 AM

To: Shum, Lillian (NIH/NIDCR) [E] < (®)(6)

Subject: FW: Acting Director Request-NADCR talk

Hii Lillian — can you help with this? | was hoping that LT would provide a high level view
and vision for the dental profession but perhaps he needs more specifics.... My slides
are in Teams under the OD files/presentations for 2022

Thanks

Rena N. D’Souza, D.D.S., M.S., Ph.D,,

Director,

National Institute of Dental and Craniofacial Research
31 Center Drive, MSC 2290, Building 31C, Suite 2C39

Chief, Section on Therapies for Craniofacial Disorders
National Institute of Child Health and Human Development

National Institutes of Health
Bethesda, Maryland 20892

Ernal: 0D () o SO
Phone: [ (B)(6)
cell S BIE)

From: Jegalian, Karine (NIH/OD) [C]

Date: Monday, April 25, 2022 at 10:28 AM

To: D'Souza, Rena (NIH/NIDCR) [E] < (®)(®)

Ce: 0D Specches < IINBN (B maiio [ G
Bliss, Donny (NIH/OD) [E] < (®)(6) ~ mailto] (B (6)  Kolberg,
Rebecca (NIH/OD) [£] < O)B) 0 maiio BB
Webster-Cyriaque, Jennifer (NIH/NIDCR) [E] < (0)(6)
] <l S I S (B) S King, Lynn
(NIH/NIDCR) [E] < (®)(®)  mailto
Vicki (NIH/NIDCR) [E] < (®)(6)  mailto
Mary (NIH/NIDCR) [E]

Subject: RE: Acting Director Request-NADCR talk

Dr. D’Souza, thank you very much for your quick response. Thank you also for offering
additional information for Dr. Tabak’s talk to this very important audience. In particular,
Dr. Tabak would like suggestions from you or other NIDCR experts of specific examples
in which the oral health profession and the practice of dentistry can benefit from
science and technology advances. NIDCR is welcome to send these examples, along

Contie,
Daum,



with any other NIDCR-supported advances or opportunities that you’d like him to
highlight for your Council, either as slides or as bulleted information that we can help
Dr. Tabak turn into slides.

Best,
Karine
Speechwriter, NIH OD

From: D'Souza, Rena (NIH/NIDCR) [E]< () (®)

Sent: Saturday, April 23, 2022 8:25 PM
To: Jegalian, Karine (NIH/OD) [C]

Cc: 0D Specches < MBI il | IO) O
Bliss, Donny (NIH/OD) [E] < (0)(6) " mailto] () (6)  Kolberg,
rebecca (NIH/0D) F) S8 BB maiiof N
Webster-Cyriaque, Jennifer (NIH/NIDCR) [E] < (0)(6)
B o [ BB King Ly
INIH/NIDCR) (6] BB maliol BB

Subject: Re: Acting Director Request-NADCR talk

Hi Karine.... | do hope that the details provided in the attached form suffice. If you need
more info, do let me know...

Thanks

Rena N. D’Souza, D.D.S., M.S., Ph.D.,

Director,

National Institute of Dental and Craniofacial Research/NIH
31 Center Drive, MSC 2290 Building 31C, Suite 2C39

Chief,
Section on Molecules & Therapies for Craniofacial & Dental Disorders
National Institute of Child Health and Human Development

National Institutes of Health
Bethesda, Maryland 20892

Ernal: O it SO
Phone: [ (B)(6)
cell L OIE)

From: Jegalian, Karine (NIH/OD) [C]

S BN et

Date: Friday, April 22, 2022 at 3:22 PM

To: D'Souza, Rena (NIH/NIDCR) [E] < (®)(®)



Cc: Ventura, Jeff (NIH/NIDCR) [E]

O oo NG 00 Specches
SO maital o B Biss, bonny

(NIH/OD) [E]< () (6)  |mailtol ()  Kolberg, Rebecca
(NIH/0D) 6] 4 BB maio o))

Subject: Acting Director Request-NADCR talk
Dear Dr. D’Souza,

As you know, Acting NIH Directory Larry Tabak is scheduled to speak at the NIDCR
Council meeting on May 18. Dr. Tabak would like guidance on specific topics you’d like
covered, including any slides you’d like to feature. To accommodate Dr. Tabak’s
schedule, we’'d appreciate receiving topics, slides, and any specific talking points by
NOON, Tuesday, May 3.

Thank you for your help!
Best,
Karine

Karine Jegalian, Ph.D.

Lead Speechwriter

NIH Director’s Presentations Branch

Office of Communications & Public Liaison

Office of the Director, National Institutes of Health

6 (mobile)

























































































































































From: Jegalian, arine (NIH/OD) [C

To: Tabak. Lawrence (NIH/OD) [E]

c: Chao, rittany (NIH/OD) [E]; _olberg, Rebecca (NIH/OD) [E]; _liss, Donny (NIH/OD) [E
Subject: FW: Acting Director Request-NADCR talk
Date: Tuesday, May 3, 2022 2: 3:0 PM

ttac me t : Suggestions for Topics and Science Advances for Dr Tabak - 5-2-2022 doc

Dr. Tabak, we in Speeches received the attached material from Dr. D’Souza to help prepare for your
address to the NIDCR Advisory Council. We'll have a rough framework of slides for you to consider at
our weekly meeting. Meanwhile, it would be very helpful if you would look over the examples of
science advances the folks at NIDCR rounded up and let us know if there are a small number (2-4)
that you’d like to feature in your talk.

Best,

Karine

Speechwriter

From: D'Souza, Rena (NIH/NIDCR) [E] < (b) (6) >

Sent: Tuesday, May 3, 2022 12:15 AM

To: Jegalian, Karine (NIH/OD) [C] < (b) (6) Shum, Lillian (NIH/NIDCR) [E]
< (b) (6)

Cc: New, Suzanne (NIH/NIDCR) [E] < (b) (6)

Subject: Fwd: Acting Director Request-NADCR talk

Hi Karine - Here is background material that you can refer to when preparing Dr. Tabak’s address to
our council.

Dr. Lillian Shum kindly assembled this reference info so we hope it is useful.

In addition, it would be interesting if Dr. Tabak would discuss key issues being addressed by the ACD
as well as the advancing fronts in science at NIH.

| will be also preparing the director’s report for Council later this week so would appreciate you
sharing Dr. Tabak’s ppt with me when you have a draft.... This way | can make sure we do not overlap
too much.

Many thanks, Rena

Sent from my iPad

Begin forwarded message:

From: "Shum, Lillian (NIH/NIDCR) [E]" < (b) (6)
Date: May 2, 2022 at 19:54:09 CDT
To: "D'Souza, Rena (NIH/NIDCR) [E]" < (b) (6) >

Subject: RE: Acting Director Request-NADCR talk

Rena,
Attached document is ready to be sent to Karine, LT’s speech writer. It has slides from
your collection related to Strategic Plan and Oral Health in America Report. It also has

additional recent science advances as specific examples that Karine asked for.

Please send forward, or let me know if you would rather have me close this request for



you as you are on the road (I think).

Best,
Lillian

From: D'Souza, Rena (NIH/NIDCR) [E] < (B)(®) >

Sent: Monday, April 25, 2022 10:50 AM

To: Shum, Lillian (NIH/NIDCR) [E] < (®)(6)

Subject: FW: Acting Director Request-NADCR talk

Hii Lillian — can you help with this? | was hoping that LT would provide a high level view
and vision for the dental profession but perhaps he needs more specifics.... My slides
are in Teams under the OD files/presentations for 2022

Thanks

Rena N. D’Souza, D.D.S., M.S., Ph.D,,

Director,

National Institute of Dental and Craniofacial Research
31 Center Drive, MSC 2290, Building 31C, Suite 2C39

Chief, Section on Therapies for Craniofacial Disorders
National Institute of Child Health and Human Development

National Institutes of Health
Bethesda, Maryland 20892

Ernal: BB it SOOI
Phone: [ BB
cell )

From: Jegalian, Karine (NIH/OD) [C]

Date: Monday, April 25, 2022 at 10:28 AM

To: D'Souza, Rena (NIH/NIDCR) [E] < (®)(®) >
Ce: 0D Speeches <IN IIINENE) i mailto 1 O )
Bliss, Donny (NIH/OD) [E] < (®(6)  mailto  ®)(®)  Kolberg,
Rebecca (NIH/OD) ] S ) B maiito o O))

Webster-Cyriaque, Jennifer (NIH/NIDCR) [E] < (B)(6)
<t S ) )l ing, Ly
(NIH/NIDCR) [E] < (®)(®)  mailto
Vicki (NIH/NIDCR) [E] < () (6)  mailto

Mary (NIH/NIDCR) [E]

S it

Contie,
Daum,



Subject: RE: Acting Director Request-NADCR talk

Dr. D’Souza, thank you very much for your quick response. Thank you also for offering
additional information for Dr. Tabak’s talk to this very important audience. In particular,
Dr. Tabak would like suggestions from you or other NIDCR experts of specific examples
in which the oral health profession and the practice of dentistry can benefit from
science and technology advances. NIDCR is welcome to send these examples, along
with any other NIDCR-supported advances or opportunities that you’d like him to
highlight for your Council, either as slides or as bulleted information that we can help
Dr. Tabak turn into slides.

Best,
Karine
Speechwriter, NIH OD

From: D'Souza, Rena (NIH/NIDCR) [E]< (®)(®) >

Sent: Saturday, April 23, 2022 8:25 PM
To: Jegalian, Karine (NIH/OD) [C]

Cc: 0D Specches < AB)E) - maitol OIS
Bliss, Donny (NIH/OD) [E] < () mailtol  ®)®)  Kolberg,
Rebecca (NH/0D) (€] 0 OUBL | maitol YO

Webster-Cyriaque, Jennifer (NIH/NIDCR) [E]| () (6)
] o [ OUE, S King Ly
(NIH/NIDGR) (6] OB malio o OO

Subject: Re: Acting Director Request-NADCR talk

Hi Karine.... | do hope that the details provided in the attached form suffice. If you need
more info, do let me know...

Thanks

Rena N. D’Souza, D.D.S., M.S., Ph.D.,

Director,

National Institute of Dental and Craniofacial Research/NIH
31 Center Drive, MSC 2290 Building 31C, Suite 2C39

Chief,
Section on Molecules & Therapies for Craniofacial & Dental Disorders
National Institute of Child Health and Human Development

National Institutes of Health
Bethesda, Maryland 20892

Ernal: [ BB it SOOI
Phone: [ BB
Cell )



From: Jegalian, Karine (NIH/OD) [C]

S OO ailto

Date: Friday, April 22, 2022 at 3:22 PM

To: D'Souza, Rena (NIH/NIDCR) [E] < (®)(®) >

Cc: Ventura, Jeff (NIH/NIDCR) [E]

OO oo SOOI 00 Specches
SO maiio [ )E  biss, bonny
(NIH/OD) [E]< () (®)  |mailtol ()  Kolberg, Rebecca
(NIHIOD) 6] 4 B maio @)

Subject: Acting Director Request-NADCR talk
Dear Dr. D’Souza,

As you know, Acting NIH Directory Larry Tabak is scheduled to speak at the NIDCR
Council meeting on May 18. Dr. Tabak would like guidance on specific topics you’d like
covered, including any slides you’d like to feature. To accommodate Dr. Tabak’s
schedule, we’'d appreciate receiving topics, slides, and any specific talking points by
NOON, Tuesday, May 3.

Thank you for your help!
Best,
Karine

Karine Jegalian, Ph.D.

Lead Speechwriter

NIH Director’s Presentations Branch

Office of Communications & Public Liaison

Office of the Director, National Institutes of Health

LB (mobil)



Suggestions for Topics and Science Advances for Dr. Tabak’s presentation to NIDCR May Council

Instructions from Karine Jegalian; 4/25 email to Dr. D’Souza:

In particular, Dr. Tabak would like suggestions from you or other NIDCR experts of specific examples in
which the oral health profession and the practice of dentistry can benefit from science and technology
advances. NIDCR is welcome to send these examples, along with any other NIDCR-supported advances or
opportunities that you’d like him to highlight for your Council, either as slides or as bulleted information
that we can help Dr. Tabak turn into slides.
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Topics:

NIDCR Funded Winners of 2021 Nobel Prize in Physiology or Medicine (NIDCR News)
e David Julius, PhD; Dept. Physiology, UCSF
O NIDCR support, 1997-2005
= P01, Genetic Analysis of Nociceptor Function
e Ardem Patapoutian, PhD; Scripps Research Institute
O NIDCR support, 2006-2020
= RO1, Nociceptive lon Channels: mechanisms of activation (5yr)
= R21, A metabolomic search for endogenous chemical agonists of nociceptive
TRP channels
= RO1, Identification of novel somatosensory receptors (4yr)
= RO1, Role of mechanically activated ion channels in somatosensation (10yr)
= R21, Role of STIM1 in Somatosensation
e Link to Nobel
e Link to Nature
e Link to Science

Boldly Forward: NIDCR Charts Five-Year Course
Selected slides from Dr. D’Souza’s collection

Q]

NIDCR Strategic
Plan - D'Souza's slid

NIH/NIDCR Releases Oral Health in America: Advances and Challenges
Selected slides from Dr. D’Souza’s collection

@

Oral Health in
America Report - D'¢

NIH-wide funding opportunities



e While dental, oral, and craniofacial science researchers might naturally pay attention to NIDCR-
specific funding opportunities, there are many trans-NIH opportunities that could offer
additional sources of funding. Examples -

e HEAL

e Common Fund

0 High-Risk, High-Reward Research (HRHR)
= NIH Director's Early Independence Award (EIA)
= NIH Director's New Innovator Award (DIA)
= NIH Director's Pioneer Award (PA)
= NIH Director's Transformative Research Awards (TRA)

Somatic Cell Genome Editing (SCGE)

Somatic Mosaicism Across Human Tissues (SMaHT)

[lluminating the Druggable Genome (IDG)

Faculty Institutional Recruitment for Sustainable Transformation (FIRST)

O O O O
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Science Advances with NIDCR Science Brief:

Your Mouth on a Chip (NIDCR Science Brief)
e NCAT’s Tissue/Organ Chip Program that NIDCR participates in.
e Salivary Gland — UH3, Engineered salivary gland tissue chips (Benoit, DeLouise, Ovitt)
0 Development of a functional salivary gland tissue chip with potential for high-content
drug screening. Song Y, Uchida H, Sharipol A, Piraino L, Mereness JA, Ingalls MH,
Rebhahn J, Newlands SD, DeLouise LA, Ovitt CE, Benoit DSW. Commun Biol. 2021 Mar
19;4(1):361. Erratum in: Commun Biol. 2021 Apr 30;4(1):533. Erratum in: Commun Biol.
2022 Mar 30;5(1):315.
e  Multiple tissues (heart, liver, skin, bone and vasculature), UH3, Multi-tissue platform for
modeling systemic pathologies (NIDCR co-funds; Vunjak-Novakovic)
0 A multi-organ chip with matured tissue niches linked by vascular flow. Ronaldson-
Bouchard K, Teles D, Yeager K, Tavakol DN, Zhao Y, Chramiec A, Tagore S, Summers M,
Stylianos S, Tamargo M, Lee BM, Halligan SP, Abaci EH, Guo Z, Jackéw J, Pappalardo A,
Shih J, Soni RK, Sonar S, German C, Christiano AM, Califano A, Hirschi KK, Chen CS,
Przekwas A, Vunjak-Novakovic G. Nat Biomed Eng. 2022 Apr;6(4):351-371.
e Dental Pulp — R0O1, Microengineering the Dental Pulp Vascular Microenvironment (Bertassoni)
0 Biomaterial and Biofilm Interactions with the Pulp-Dentin Complex-on-a-Chip.
Rodrigues NS, Franca CM, Tahayeri A, Ren Z, Saboia VPA, Smith AJ, Ferracane JL, Koo H,
Bertassoni LE. J Dent Res. 2021 Sep;100(10):1136-1143.

Developing a Smart Mask to Surveil Coronavirus (NIDCR Science Brief)
e RADx-Rad funded.
e Grant: RO1 - Validation of Smart Masks for Surveillance of COVID-19 (Jokerst)
e Several related papers —

0 Mapping Aerosolized Saliva on Face Coverings for Biosensing Applications, Anal Chem.
2021 Aug 10;93(31):11025-11032.




=  Standard face coverings are viable media for collecting aerosolized saliva
droplets.
=  The concentration and distribution of aerosolized saliva is dependent on the
morphologies of face coverings and coherence to the face curvature, wear-time,
and activity
0 Activatable Carbocyanine Dimers for Photoacoustic and Fluorescent Detection of
Protease Activity, ACS Sens. 2021 Jun 25;6(6):2356-2365.
0 Dual-Color Fluorescent Probe Allows Simultaneous Imaging of Main and Papain-like
Proteases of SARS-CoV-2-Infected Cells for Accurate Detection and Rapid Inhibitor
Screening. Angew Chem Int Ed Engl. 2022 Feb 21;61(9):€202113617.

Equalizing Access to Dental Care (NIDCR Science Brief)

Grant: R03, The Impact of the Recent Medicaid Expansions on Dental Services (Wehby)

Racial And Ethnic Disparities In Dental Services Use Declined After Medicaid Adult Dental
Coverage Expansionsv. Wehby GL, Lyu W, Shane D. Health Aff (Millwood). 2022 Jan;41(1):44-
52.

Study examined how Affordable Care Act Medicaid expansions that included coverage of dental
services for adults affected racial and ethnic disparities in dental services use.

Disparities were diminished, but not eliminated, after expansions in public dental coverage,
indicating that insurance coverage is one of multiple factors that could improve access to care.

The Gut’s Role in Oral Bone Health (NIDCR Science Brief)

Grant: KO8, Impact of the Microbiome on Osteoimmunology and Skeletal Development
(Novince)

Grant: T32, T-COHR: Training in Craniofacial and Oral Health Research (Yao)

Grant: R01, Mechanistic probes to study the immune response in periodontal disease (Woster)
Grant: RO1, Role of Periodontitis in Osteonecrosis of the Jaw Pathophysiology in Rice Rats
(Aguirre)

Commensal gut bacterium critically regulates alveolar bone homeostasis. Hathaway-Schrader
JD, Carson MD, Gerasco JE, Warner AJ, Swanson BA, Aguirre JI, Westwater C, Liu B, Novince CM.
Lab Invest. 2022 Apr;102(4):363-375.

Study purpose was to elucidate whether commensal gut microbes regulate osteoimmune
mechanisms and skeletal homeostasis in alveolar bone — answer is yes.

Findings challenge the current paradigm that alveolar bone health and homeostasis is strictly
regulated by oral microbes.
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Additional Science Advances:

Microneedle patch for the ultrasensitive quantification of protein biomarkers in interstitial fluid

Wang Z, Luan J, Seth A, Liu L, You M, Gupta P, Rathi P, Wang Y, Cao S, Jiang Q, Zhang X, Gupta R, Zhou Q,
Morrissey JJ, Scheller EL, Rudra JS, Singamaneni S.
Nature Biomedical Engineering 5:64—76, January 2021.



Grant: R01, Development of a Wireless Biosensor to Track Bone Resorption In Periodontitis
(Scheller, Chakrabartty, Singamaneni)

Interstitial fluid is a source of valuable and unique biomarkers, but is difficult to sample from the
body.

Study used sampling of the calvarial periosteum as an example.

This study demonstrated an ultrasensitive and quantitative measurement approach for target
protein biomarkers in interstitial fluid through microneedle-based in vivo sampling and
subsequent on-needle analysis.

The approach offers potential for enabling minimally invasive collection and analysis of
biomarkers in interstitial fluid for point-of-care diagnostics and longitudinal monitoring.

GABA Administration Ameliorates Sjogren's Syndrome in Two Different Mouse Models

Song M, Tian J, Middleton B, Nguyen CQ, Kaufman DL.
Biomedicines. 2022 Jan 7;10(1):129. doi: 10.3390/biomedicines10010129

Grant: R21 - Oral GABA treatment as a novel and safe therapy to ameliorate Sjégren’s syndrome
(Kaufman)

Currently no therapies that slow the progression of SS.

Immune cells possess receptors for the neurotransmitter GABA and their activation has
immunoregulatory actions.

GABA-treated mice had greater saliva and tear production, as well as quicker times to saliva
flow, in SS mouse models (NOD.B10-H2° and C57BL/6.NOD-Aec1Aec2).

GABA is an FDA-approved supplement considered safe for consumption, that has been recently
showed to have an immunomodulatory role in various autoimmune conditions including typel
diabetes, multiple sclerosis and rheumatoid arthritis.

Current study provides proof-of-concept for prophylactic and interventional potential of GABA
treatment to restore exocrine gland functions in SS.

The developing mouse coronal suture at single-cell resolution

Farmer DT, Mlcochova H, Zhou Y, Koelling N, Wang G, Ashley N, Bugacov H, Chen HJ, Parvez R, Tseng KC,
Merrill AE, Maxson RE Jr, Wilkie AOM, Crump JG, Twigg SRF.
Nat Commun. 2021 Aug 10;12(1):4797.

Grant: RO1, Molecular and Cellular Basis of Craniosynostosis (Crump, Chai, Maxson)

This study profiles gene expression and creates a single cell atlas of of all cells in the embryonic
coronal suture, a region of significance due to its role in craniosynostosis.

In addition to identifying several cell types that have not been previously described, the authors
characterize a distinct marker expressed in progenitors of the postnatal suture mesenchyme,
Six2, that is likely to be of key importance in maintaining the suture space between the bones to
prevent aberrant fusion.

Amplifying STING activation by cyclic dinucleotide—manganese particles for local and systemic cancer

metalloimmunotherapy

Sun X, Zhang Y, Li J, Park KS, Han K, Zhou X, Xu Y, Nam J, Xu J, Shi X, Wei L, Lei YL & Moon JJ.
Nature Nanotechnology, 16, p1260-1270. September, 2021.

Grant: R01, Develop a Therapeutic Nano-vaccine against Head and Neck Cancer (Lei)




e This work presents the concept of “metalloimmunotherapy” and demonstrates the powerful
novel coupling of nanomedicine and immunotherapy for treating cancer.

e Through screening various nutritional metal ions, this study discovered that Mn?* could
significantly augment type | interferon activity of stimulator of interferon genes (STING)
agonists.

e Mn? self-assembles with cyclic dinucleotide STING agonists to form a nanoparticles that elicits
robust anti-tumor immunity after local or systemic administration.

A Formative Assessment of Social Determinants of Health Related to Early Childhood Caries in Two
American Indian Communities
Elwell K, Camplain C, Kirby C, Sanderson K, Grover G, Morrison G, Gelatt A, Baldwin JA.
Int J Environ Res Public Health. 2021 Sep 18;18(18):9838.
e Grant: UO1, Great Beginnings for Healthy Native Smiles (Baldwin)
e Despite the efforts focused on decreasing early childhood caries in American Indian (Al)
populations, these children have the highest incidence of dental caries of any racial group.
e This qualitative formative assessment was conducted in two Al communities, one Southwestern
tribe and one Plains tribe.
e The key social determinants of pediatric oral health relevant to the study communities included
limited access to: oral health promoting nutritious foods, transportation for oral health
appointments, and pediatric specialty care.

Observational Study of Dental Outcomes in Head and Neck Cancer Patients (ORARAD)
e Grant: U01, Long-term Oral Complications of an Established Head and Neck Cancer Cohort-
Clinical Registry of Dental Outcomes in Head and Neck Cancer Patients: OraRad (Brennan)
e 575 participants
e 4recent (2022) papers:
0 Exposed bone in patients with head and neck cancer treated with radiation therapy: An
analysis of the Observational Study of Dental Outcomes in Head and Neck Cancer
Patients (OraRad), Cancer. 2022 Feb 1;128(3):487-496.
= The 2-year incidence of exposed bone in the OraRad cohort was 6.1%; the
incidence of confirmed osteoradionecrosis was 3.1%.
0 The impact of head and neck radiotherapy on salivary flow and quality of life: Results of
the ORARAD study, Oral Oncol. 2022 Apr;127:105783.
= Salivary flow and patient-reported outcomes decreased (diminished flow to 37%
at 6 months) as a result of RT, but demonstrated partial recovery (to 59% at 18
months) during follow-up.
= Continued efforts are needed to improve post-RT salivary function to support
quality of life.
0 Dental Caries Postradiotherapy in Head and Neck Cancer, JDR Clin Trans Res. 2022 Apr
11;23800844221086563.
= Increased caries is a complication soon after RT in HNC.
=  Fluoride, oral hygiene, dental insurance, and education level had the strongest
association with caries increment




0 Exposed bone after RT for HNC is relatively uncommon and, in most cases, is a Radiation
therapy for head and neck cancer leads to gingival recession associated with dental
caries, Oral Surg Oral Med Oral Pathol Oral Radiol. 2022 May;133(5):539-546.

= RT for HNC leads to mandibular gingival recession in a dose-dependent manner.

= This gingival recession may contribute to increased risk for cervical caries seen
in these patients.

=  short-term complication, not a recurring or persistent one.

Disrupting biological sensors of force promotes tissue regeneration in large organisms
Chen K, Kwon SH, Henn D, Kuehlmann BA, Tevlin R, Bonham CA, Griffin M, Trotsyuk AA, Borrelli MR,
Noishiki C, Padmanabhan J, Barrera JA, Maan ZN, Dohi T, Mays CJ, Greco AH, Sivaraj D, Lin JQ, Fehlmann
T, Mermin-Bunnell AM, Mittal S, Hu MS, Zamaleeva Al, Keller A, Rajadas J, Longaker MT, Januszyk M,
Gurtner GC.
Nat Commun. 2021 Sep 6;12(1):5256.
e Dental, Oral, and Craniofacial Tissue Regeneration Consortium (DOCTRC) study
e Additional info: Prevention of scar formation in the skin using a topical FAK inhibitor
e Achieving scarless tissue regeneration in humans and other large organisms remains the holy
grail of biomedical research.
e Manipulating mechanical forces modulates fibrotic behavior.
e Study showed that blocking mechanotransduction signaling through the focal adhesion kinase
pathway in large animals significantly accelerates wound healing and enhances regeneration of
skin with secondary structures such as hair follicles.

Factors that affect dentists’ use of antibiotic prophylaxis: findings from a National Dental Practice-Based
Research Network questionnaire
Lockhart PB, Thornhill MH, Zhao J, Baddour LM, Gilbert GH, McKnight PE, Stephens C, Mougeot JL;
National Dental PBRN Collaborative Group.
J Am Dent Assoc. 2022 Mar 5:50002-8177(21)00743-1.
e National Dental Practice Based Research Network (PBRN) study
e The objective of this study was to determine factors that influence dentists' antibiotic
prophylaxis prescribing habits in patients at risk of developing infective endocarditis and
prosthetic joint infections.
e Questionnaire study of 3,584 dentists in the PBRN.
e Dentists' antibiotic prophylaxis decision making seems most influenced by official guidelines,
scientific literature, and advice from a physician or medical specialist.
e These results suggest that one of the most effective means for promoting concordance of
dentists clinical practice with the scientific basis for antibiotic prophylaxis is to emphasize the
importance and clarity of AHA and ADA recommendations.

Comparison of aerosol mitigation strategies and aerosol persistence in dental environments
Choudhary S, Durkin MJ, Stoeckel DC, Steinkamp HM, Thornhill MH, Lockhart PB, Babcock HM, Kwon JH,
Liang SY, Biswas P.
Infect Control Hosp Epidemiol. 2022 Apr 20:1-6.
e National Dental Practice Based Research Network (PBRN) study




To determine the impact of various aerosol mitigation interventions and to establish duration of
aerosol persistence in a variety of dental clinic configurations.

Study performed aerosol measurement studies in endodontic, orthodontic, periodontic,
pediatric, and general dentistry clinics.

Conical and ISOVAC HVE were superior to standard-tip evacuation for aerosol-generating
procedures. Few aerosols were detected in dental clinics, regardless of configuration, when
conical and ISOVAC HVE were used.

Assessment of an innovative Mobile Dentistry eHygiene model amid the COVID-19 pandemic in the

National Dental Practice-Based Research Network: protocol for design, implementation, and usability

testing

Xiao J, Meyerowitz C, Ragusa P, Funkhouser K, Lischka TR, Mendez Chagoya LA, Al Jallad N, Wu TT,
Fiscella K, lvie E, Strange M, Collins J, Kopycka-Kedzierawski DT; National Dental Practice-Based Research
Network Collaborative Group.

JMIR Res Protoc. 2021 Oct 26;10(10):e32345.

National Dental Practice Based Research Network (PBRN) study

The goal is to develop an innovative mobile dentistry (mDent) model

This model supplements the traditional dental practice with virtual visits, supported by mobile
devices such as mobile telephones, tablets, and wireless infrastructure.

Piloted mDent model: virtual hygiene examination (eHygiene) and patient self-taken intraoral
photos (SELFIE).

Study aims to (1) assess the acceptance and barriers of mDent eHygiene among patients and
DHCP, (2) assess the economic impact of mDent eHygiene, and (3) assess the patient's capability
to generate intraoral photos using mHealth tools.




From: Evans. Sharon L (NIH/NIEHS) [E

To: (b) (6)

Subject: Sent on behalf of Dr Richard Woychik, Director, National Institute of Environmental Health Sciences and National
To icology Program re: [EXTERNAL] CON ENTIONAL POISON CONTROL CENTER

Date: Monday, April 25, 2022 : :00 PM

April 25, 2022

Email: (b) (6)

Dear Mr. Perrin:

I am responding to your email on behalf of Dr. Lawrence Tabak, Acting Director of the National
Institutes of Health (NIH). We are sorry to hear about your health issues and wish you the best
toward their resolution. Your letter contains much information about the toxicology of heavy metals.
We appreciate your awareness about the important role of the environment in our health. At the
National Institute of Environmental Health Sciences, which is part of the National Institutes of
Health, we share that awareness and support research to expand and accelerate scientific knowledge
on human health and the environment. We have information about a number of environmental health
topics on our website that you might find of interest.

Sincerely,

Richard P. Woychik, Ph.D.

Director,

National Institute of Environmental Health Sciences
and National Toxicology Program

From: Julien PERRIN < (b) (6)

Sent: Tuesday, April 12, 2022 7:49 AM

To: Tabak, Lawrence (NIH/OD) [E] < (b) (6)

Subject: [EXTERNAL] CONVENTIONAL POISON CONTROL CENTER

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and are confident the content is safe.

To : Mr. Lawrence A Tabak
National Institutes of Health
Principal Deputy Director, NIH

Dear Mr. Tabak,

Concerning the chronic intoxications not recognized and not treated, | share a copy of
the complaint that | filed in France.



Best regards,

Julien PERRIN

Following my medical consultation, the Poison Control Center informed me that the validated
medical analyses on which the entire scientific community relies are inoperative to express a reliable
representation of the body's heavy metal load. With the validated medical tests (blood, urine, hair,
nails and strictly untreated), which the Poison Control Center confirms it relies on exclusively, a high
load of mercury stored in the organs, including the brain, goes unnoticed. Despite the fact that
mercury treatment partially treats the brain, the Poison Control Centers confirm that they never
treat people with severe symptoms characteristic of mercury poisoning and who have very worrying
post-treatment biological analyses because these analyses are not validated. Despite the fact that
treatments exist, it is because of the failure of validated medical tests (without treatment) that the
Poison Control Center informs me that they will not treat me.

Note, for all scientific information mentioned in this text, a detailed and justified argumentation is
placed in appendix la: "Observations on validated but unreliable medical analyses".

I remind you that the symptoms of heavy metal poisoning are permanent until the heavy metals
have been excreted by the treatment. Here is the list of typical symptoms: fatigue, insomnia, muscle
weakness, joint pain, skin rashes, intestinal disturbances, headaches, memory problems,
concentration difficulties. | am currently experiencing these symptoms.

Moreover, in 2015, despite the fact that city doctors in border countries treat heavy metals in their
offices, French poison centers made public threats to hospital doctors who treated mercury body
poisoning suggested by post-treatment biological analyses. As a result of these threats, the only
conventional service that treated people with heavy metals on the French territory closed. It is
therefore impossible to treat the brain and other organs by conventional means on French territory.
Moreover, in 2015, following the alert of the National Assembly (Question 26233 of the 14th
Legislature - Appendix Aa), the French Government asked the toxicology society domiciled at the
Paris Poison Control Center (STC - Appendix Ab) to propose a treatment to take care of people
heavily impregnated with mercury. Unbeknownst to the Government, the Poison Control Centers
have thus imposed on the French people medical practices that carefully avoid treating 90% of the
body. At the Poison Control Centers, only the blood is treated. This is the case, for example, for
people who have ingested large quantities of arsenic. However, for workers who work permanently
in lead recycling factories, the lead that gradually settles in the body is never treated despite the
premature death of these workers and despite their very alarming symptoms at the end of their
lives.

| have reported my very alarming condition to the Poison Control Center every year since 2014. The
Poison Center hung up on me every time | called. Only after threatening to file a lawsuit in 2020 was
I able to get a medical consultation. It was after this consultation that the Poison Control Center



provided me with a scientific article largely ignored by health professionals in which these broad
treatment restrictions are recorded (Appendix Ge). In 2020, | filed a complaint for endangerment,
but the investigation by the Public Prosecutor resulted in the absence of any offence (Appendix D).

| alerted the Elysée and numerous French, European, American and UN health agencies to this public
health problem. In response, the Elysee Palace informed me that it was looking into the matter. The
Director Generals of the three U.S. Public Health Agencies, which establish the medical references
that the rest of the world retrieves, also thanked me for alerting them. The U.S. Centers for Disease
Control and Prevention (CDC) explicitly acknowledged the public health problem in its response. The
Director of the National Institute of Health (20,000 employees) expressed his thanks on letterhead.
In addition, the head of the UN agency in charge of environmental mercury remediation (UNEP)
informed me that they were forwarding this alert to the WHO and the ILO. Finally, many European
Health Agencies have also acknowledged this public health problem. The responses are placed in
Annex Ib.

For more than a year, | have been alerting the French Institutions of this major public health
problem, which would concern one million French people suffering from Alzheimer's and related
diseases, because the metals stored in excess are found at the autopsy of the brain and because the
validated biological analyses (without treatment) are inoperative to detect them during the patient's
lifetime. Since March 2021, when the Elysée informed me that the Ministry of Health would inform
me of the possible follow-up to the alert, | have not yet received a response. Of the ten thousand
responsible people to whom | submitted the alert, | have certainly received about one hundred
acknowledgements from the highest governmental and international institutions and organizations,
but, to date, | have not received any confirmation that this problem of unreliable validated biological
analyses and body burdens has been taken into account.

For lack of a better way to get social aid, | turned to the Medical and Psychological Center. But the
psychiatrist of the Medical and Psychological Center informed me that a shrink was forbidden to
take care of an intoxicated person. As for the intoxication, | move heaven and earth so that | am
treated. Forced to self-medicate, | keep a blog (Forum Mélodie, Pseudo : Sophocle) of personal
treatments whose length amounts to 500.000 words because the current medical proposals were
insufficient to achieve a satisfactory destocking of organic and inorganic heavy metals. | estimate the
number of my inorganic metal treatments at 100 standard monthly doses before | reach a symptom
threshold. | state this to give an illustration of the depth of my intoxication. Remember: common
biological diagnoses are made after a monthly standard dose is administered. 50% of these 100
doses were administered by myself orally and 50% by a therapist intravenously. This therapist does
not wish to reveal his activity, so | will respect his wish by not citing him as a witness. This therapist
also officially practices in a border country. However, there is a small underground network of
therapists in France with products imported from Germany because these products are free and
conventional there.

With repeated complications during the last 5 years, self-medication treatments of organic mercury
by traditional medicines (Cupping, Ayurveda) have succeeded in reducing my headaches. As French
general practitioners are not trained in intoxications, | do not have a general practitioner. | get a

prescription by going to the emergency room and informing the staff that | am going to Germany to



have the heavy metals removed (Appendix B). This indicates that the entire hospital chain is aware
of this public health problem.

To date, only 300,000 intoxicated U.S. soldiers have been successful in obtaining conventional
treatments. By lesion imaging, these soldiers obtained these treatments after 25 years of legal and
political battles. This supports the fact that Western conventional toxicology is totally incapable of
detecting severe mass intoxications whose native cause can be attributed to validated and unreliable
biological tests and for which the French Poison Control Centers are justified in not treating me
without the knowledge of the Government. Validated and unreliable medical tests are a medical flaw
with substantial consequences.

In spite of my reports to doctors, without any help, | have necessarily been fighting alone on a daily
basis against my heavy symptoms for ten years. Because these medical deficiencies are ignored by
general practitioners, | have been unaware that | was a carrier of heavy intoxication for six years. |
ignored this intoxication because the failure of validated diagnoses (without treatment) was masked
to the entire medical profession by the Poison Control Centers. During these six years, the
intoxication kept growing and infusing into the recesses of the body. In 2012, Professor of Medicine
Dominique BELPOMMIE, a specialist in electrosensitivity of which | am a carrier (see certificate
appendix Ca), informed me that my clinical picture was heading towards Alzheimer. This was
confirmed by the 2018 report of the French National Agency for Food Safety (ANSES) on people
declaring themselves electrosensitive (Appendix Cb). This report also adds that the clinical picture of
people declaring themselves electrosensitive is very close to that of heavy metal poisoning.
However, in the absence of reliable diagnoses, the experts necessarily declared that they did not
know the native causes of electrosensitivity. The absence of research of heavy metals in the body by
the whole scientific community is the direct result of the concealment of the failure of the diagnoses
validated by the Poison Control Centers. | remind you that this failure has already been the subject
of an international polemic in 1994 called "BBC polemic" following a scientific article called "Urinary
mercury after administration of 2,3 dimercaptopropane-1-sulfonic acid: correlation with dental
amalgam score" (see bibliographical references attached to the text of the Observations, appendix
la).

I have known for 5 years that | am mercury poisoned by a series of biological diagnoses after
treatments spread over four years and all positive for mercury (Appendix F). But the heavy and
tedious treatments have not yet been able to overcome my characteristic symptoms. In spite of
significant improvements, | am currently suffering from, among other things, fibromyalgia, difficulty
concentrating, and difficulty in immediately understanding the world and the intentions of others.
This sounds like a moderate autistic disorder. However, my apparent facade of normality is a
remnant of the pre-poisoning period. In other words, even with very understanding people, | have
become poorly able to initiate or maintain social interaction. Emotions and the expression of
emotions are also very much diminished by intoxication or by the after-effects of intoxication. This
leads to endless annoyances and complications with the few people | interact with. For ten years, |
have been unable to work because of my symptoms. In order to try to obtain social aid, which is
currently being examined, the psychiatrist who established the medical file informed me that it was
necessary for me to definitively withdraw my certificate of electrosensitivity as well as my worrying
diagnoses of mercury from the submission file, because these documents cancel the procedure of



attribution of the social aid.

Concerning Poison Control Centers,
e they are expected to take a full interest in the body burden,
e it is shocking that they denied the body burden
- without the knowledge of the scientific community,
- without the knowledge of the Government,

- and without the knowledge of the National Assembly, which points out the
permanent lack of treatment of chronic intoxication,

e it is shocking that they have been hunting down hospitals that treat mercury body burden,

e |t is shocking that they preferred to leave the intoxicated people in medical wandering with
heavy symptoms and worrying biological analyses instead of alerting the public authorities. It
is to be noted that the people left in wandering by the Poison Control Centers are the very
ones that the National Assembly had wished to take out of it in 2013. It is also to be noted
that it is with the official practices established by the Society of Clinical Toxicology at the
request of the Government to take people out of medical wandering that the Poison Control
Centers are justified without the knowledge of the Government to leave these people in
medical wandering. The Poison Control Centers have thus had the Government validate their
practices of care which are diametrically opposed to the intentions of the Government,

e it is shocking that they let the intoxicated ones pass for affabulators,

e and it is disgusting that they have hindered the treatment of possible co-factors of
neurodegenerative diseases.

By confiscating the diagnosis, by confiscating the treatment, and by confiscating the prevention of
intoxication, these Poison Control Centers have inflicted on me a very heavy sentence with a
definitive allure.

By inviting me to approach a general practitioner who could usefully direct me towards a structure
adapted to my pathology, the Public Prosecutor who investigated my complaint of endangerment in
2020 reveals that he is unaware that the Poison Control Centers have obtained that the treatment of
heavy metals on the French territory is totally confiscated. In February 2021, | did submit the alert to
this Prosecutor (Annexes E), but | have not received a response. As things stand, | feel that the
Poison Control Centers may be sacrificing my health and that of the French people. | also have the
impression that these Poison Control Centers can prohibit treatment on the territory without the
repeated efforts of the institutions; all under the eyes of Justice.



As German doctors and therapists (naturopaths, ...) treat heavy metals in their practices (see
https://www.metallausleitung.de), | urge you to take up the issue of the zeal of the Poison Control
Centers and the unreliable validated medical analyses, because the denial of the body burden of
heavy metals by conventional toxicology is eligible for the most disastrous consequences in the
history of humanity.

It is the offence provided for by article 223-1 of the Penal Code. This is why | am filing a complaint
against "X" for the facts of endangering the life of others at an immediate risk of death or injury
likely to result in permanent mutilation or disability through the deliberate violation of a particular
obligation of care or safety imposed by law or regulation. | hereby file a civil suit against you. In
accordance with article 88 of the Code of Criminal Procedure, given my limited resources (I have
been unable to work since 2012 and therefore have no professional resources - see certificate of
electrosensitivity in appendix Ca and my biological diagnoses in appendix F), and given the
importance of the case, | ask that you be exempted from paying a deposit to be paid to the clerk's
office. As for legal aid, | plan to submit it soon.

Appendices:
A. Archives of the Institutions

a. Question-Response from the National Assembly of May 7, 2013 and October 11,
2016 (1 sheet with 2 pages on the front)

b. Excerpt from the 2015 NESP3 (1 sheet with the front page and 1 sheet with Action
21 on 2 pages)

B. Emergency Room CR (City Prescription Issued)- November 2019
C. Electrosensitivity

a. Certificate of electrosensitivity issued by Professor Dominique BELPOMME -
November 2012

b. Extract from the ANSES report on electrosensitivity (chap. Heavy metals; p202 to
204) - March 2018

D. Notice of dismissal by the Prosecutor (Feb 3, 2021) & complaint and complements (from
Feb 4, 2020)

E. Correspondence to the Prosecutor

a. in which it is expressed that the Observations on the validated but unreliable medical
analyses are submitted to him (12 Feb 2021) (1 sheet with 2 pages on the front)

b. SAUJ stamp (12 Feb 2021) (1 sheet with 1 page)
F. Post-treatment biological diagnostics

a. Summary with excesses in number of times the base



b. Post-treatment biological diagnostics - September 2014
c. Post-treatment biological diagnosis - October 2015
d. Post-treatment biological diagnosis - April 2016
e. Post-treatment biological diagnosis - December 2018
G. Poison Control Center Consultation Record
a. Transmission of German diagnoses to the Poison Control Center (May 2019).
b. Confirmation of appointment - (March 2020 - rescheduled to June due to covid)
c. List of calls 2014 to 2020
7 alert attempts:
July 2014 - aborted upon call
August 2014 - aborted on call
April 2016 - aborted on call
November 2018 - aborted on call

May 2019 - cursory phone consultation that aborted as soon as |
mentioned dental amalgam as a cause.

October 2019 - aborted as soon as | called

January 2020 - | started the discussion with threats of a complaint, the
consultation was granted on the spot

d. CR of consultation (handwritten notes in doctor's hand)
e. STC Good Practice article cited in consultation note

H. 2018, 2019, 2020 tax notices

I. General scientific observations

a. Text of Observations (VALID BUT UNRELATED MEDICAL ANALYSES (12pages) +
Bibliographic References (31 pages)

b. Responses to the Observations (110 responses - 49 pages)

J. Identity card
(The appendices are placed on my blog: https://www.forum-




melodie.fr/phpBB3/viewtopic.php?f=56&t=6410&start=435#p120136)



From: Fine. Amanda (NIH/OD) [E]

To: Flowers, Christine (NIH/NIEHS) [E
c: Myles. Renate (NIH/OD) [E]; Wo towicz, Emma (NIH/OD) [E]; Ritter, Emily (NIH/OD) [E]; Fritz, Craig (NIH/OD)
[E]
Subject: RE: NTP monograph on the state of the science
Date: Tuesday, May 10, 2022 11:2 :1 AM
ttac me t : image001 png
Hi Christine-

Sorry for missing this yesterday. We'll review now and let you know if there are any concerns.
Thanks,

Amanda

From: Flowers, Christine B (NIH/NIEHS) [E] < (b) (6)

Sent: Tuesday, May 10, 2022 11:15 AM

To: Myles, Renate (NIH/OD) [E] < (b) (6) Fine, Amanda (NIH/OD) [E]
< (b) (6) Fritz, Craig (NIH/OD) [E] < (b) (6)

Subject: FW: NTP monograph on the state of the science

Importance: High

Good Morning,

Circling back on this email since we need to share the comms plan with our partner agencies today.
Hopefully, now that Dr. Schwetz has reviewed and commented, we are good to go??? if you have
any concerns with the comms plan, please let me know as soon as possible.

Many thanks

Christine

Christine Bruske Flowers

Director, Office of Communications and Public Liaison

National Institute of Environmental Health Sciences

National Institutes of Health

U.S. Department of Health and Human Services

(b) (6)

From: Flowers, Christine B (NIH/NIEHS) [E]

Sent: Monday, May 9, 2022 4:43 PM

To: Myles, Renate (NIH/OD) [E] < (b) (6) Fritz, Craig (NIH/OD) [E]

< (b) (6) Fine, Amanda (NIH/OD) [E] < (b) (6)

Subject: FW: NTP monograph on the state of the science

Importance: High

Renate, Amanda, and Craig —

We received some minor revisions to the fluoride report communications plan from Dr. Schwetz,
which | am attaching for you. Once we make these changes, can we go ahead share the
communications plan with the CDC, FDA and NIDCR?

Christine Bruske Flowers

Director, Office of Communications and Public Liaison

National Institute of Environmental Health Sciences

National Institutes of Health

U.S. Department of Health and Human Services

(b) (6)




From: Schwetz, Tara (NIH/OD) [E] < (b) (6)
Sent: Monday, May 9, 2022 2:27 AM

To: Woychik, Rick (NIH/NIEHS) [E] < (b) (6) Tabak, Lawrence (NIH/OD) [E]
< (b) (6)

Cc: Berridge, Brian (NIH/NIEHS) [E] < (b) (6) Wolfe, Mary (NIH/NIEHS) [E]
< (b) (6)

Subject: Re: NTP monograph on the state of the science

Rick,

Thanks for sending. Please find attached a few suggested edits/comments on the comms plan. I am
still going through the other two documents and will follow up soon.

Thanks for your patience—this past week was a bit more chaotic than usual.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p: (b))

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)

Scheduler: Dina Simon (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Date: Thursday, May 5, 2022 at 10:10 AM

To: Larry Tabak < (b) (6) Tara Schwetz < (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary (NIH/NIEHS)
[E]" < (b) (6) "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Subject: NTP monograph on the state of the science

Dear Tara and Larry,

| writing to share with you the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects, and to let you know that we plan to
post this report to the NTP public website on May 18.

As you may remember, following the NASEM committee's peer review of the draft NTP monograph
on fluoride, information was added to create a revised NTP monograph on fluoride (Sept 2020).
Following the NASEM review of the revised monograph, NTP decided to separate it and publish the
information in two parts, (1) the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects and (2) the meta-analysis. We have
removed the hazard classification from the NTP Monograph on the Science Concerning Fluoride and
instead provide a comprehensive compilation of the literature, including the strengths and
limitations of the evidence, for interested readers to review and reach their own conclusions. You
will notice that the last sentence of the abstract indicates that “More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q,” which reflects that
fact that the effects on 1Q of children that the NTP group is documenting relate to higher levels of
fluoride consumption. For the meta-analysis, we are currently setting up an NTP BSC Working
Group that will peer review our response to comments we've received on it prior to submission of



the meta-analysis manuscript to a journal for publication—we are planning a stakeholder (including
the two of you) meeting to kick-off this effort as soon as we can find time on everyone’s calendar.
The documents that | am sharing with you in this email include:

e Prepublication NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopment and Cognitive Health Effects

e The communications plan (we will not issue a press release, but will be prepared to respond
to inquiries). You will notice that the answer to the first question is: “The NTP review could
not determine if the low level of fluoride (0.7 mg/L) recommended for fluoridated U.S.
water supplies has adverse cognitive or neurodevelopmental effects. More studies are
needed to fully understand if fluoride levels typically found in public water supplies in the
United States affects cognition or neurodevelopment.”

e The NASEM committee's comments from peer review on the revised NTP monograph on
fluoride (Sept 2020) with the NTP’s response to those comments. This document does not
include NTP's response to comments on the meta-analysis. Those comments and NTP's
response will be part of the BSC Working Group project, which, as | indicated, is in its planning
stage.

We have shared the prepublication NTP Monograph on the State of the Science Concerning Fluoride
Exposure with NIDCR, CDC, FDA, and NIOSH. After your review, we will also share the
communications plan with them, per their specific request.

Please let me know if you have questions or need other information. | look forward to receiving your
feedback.

Rick



From: Fine. Amanda (NIH/OD) [E]

To: Flowers, Christine (NIH/NIEHS) [E
c: Myles. Renate (NIH/OD) [E]; Wo towicz, Emma (NIH/OD) [E]; Ritter, Emily (NIH/OD) [E]; Fritz, Craig (NIH/OD)
[E]
Subject: RE: NTP monograph on the state of the science
Date: Tuesday, May 10, 2022 2:3 :0 PM
ttac me t : image001 png

Eluoride Comms May 3-2022 clean v2 tas af doc

Hi Christine-

Thanks for the opportunity to review. Attaching with some comments/edits from me. | think it’s
really important that the reactive statement provide detailed context for the moderate finding. Also,
our preference is to say associated when it’s an association rather than linked or may, so that in no
way are we implying causation without evidence of it.

We will flag for HHS to make sure it’s on their radar this is happening. If you do get media inquiries
on this once the report posts, please be sure to clear them through the normal process (StEP).
Thanks,

Amanda

From: Fine, Amanda (NIH/OD) [E]
Sent: Tuesday, May 10, 2022 11:24 AM

To: Flowers, Christine B (NIH/NIEHS) [E] < (b) (6)
Cc: Myles, Renate (NIH/OD) [E] < (b) (6) Wojtowicz, Emma (NIH/OD) [E]
< (b) (6) Ritter, Emily (NIH/OD) [E] < (b) (6) Fritz, Craig (NIH/OD)

[E] < (b) (6)

Subject: RE: NTP monograph on the state of the science

Hi Christine-

Sorry for missing this yesterday. We'll review now and let you know if there are any concerns.
Thanks,

Amanda

From: Flowers, Christine B (NIH/NIEHS) [E] < (b) (6)

Sent: Tuesday, May 10, 2022 11:15 AM

To: Myles, Renate (NIH/OD) [E] < (b) (6) Fine, Amanda (NIH/OD) [E]
< (b) (6) Fritz, Craig (NIH/OD) [E] < (b) (6)

Subject: FW: NTP monograph on the state of the science

Importance: High

Good Morning,

Circling back on this email since we need to share the comms plan with our partner agencies today.
Hopefully, now that Dr. Schwetz has reviewed and commented, we are good to go??? if you have
any concerns with the comms plan, please let me know as soon as possible.

Many thanks

Christine

Christine Bruske Flowers

Director, Office of Communications and Public Liaison

National Institute of Environmental Health Sciences

National Institutes of Health

U.S. Department of Health and Human Services

(b) (6)




From: Flowers, Christine B (NIH/NIEHS) [E]

Sent: Monday, May 9, 2022 4:43 PM

To: Myles, Renate (NIH/OD) [E] < (b) (6) Fritz, Craig (NIH/OD) [E]

< (b) (6) Fine, Amanda (NIH/OD) [E] < (b) (6)

Subject: FW: NTP monograph on the state of the science

Importance: High

Renate, Amanda, and Craig —

We received some minor revisions to the fluoride report communications plan from Dr. Schwetz,
which | am attaching for you. Once we make these changes, can we go ahead share the
communications plan with the CDC, FDA and NIDCR?

Christine Bruske Flowers

Director, Office of Communications and Public Liaison

National Institute of Environmental Health Sciences

National Institutes of Health

U.S. Department of Health and Human Services

(b) (6)
From: Schwetz, Tara (NIH/OD) [E] < (b) (6)
Sent: Monday, May 9, 2022 2:27 AM
To: Woychik, Rick (NIH/NIEHS) [E] < (b) (6) Tabak, Lawrence (NIH/OD) [E]
< (b) (6)
Cc: Berridge, Brian (NIH/NIEHS) [E] < (b) (6) Wolfe, Mary (NIH/NIEHS) [E]
< (b) (6)
Subject: Re: NTP monograph on the state of the science
Rick,

Thanks for sending. Please find attached a few suggested edits/comments on the comms plan. | am
still going through the other two documents and will follow up soon.

Thanks for your patience—this past week was a bit more chaotic than usual.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p: (b))

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)

Scheduler: Dina Simon (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Date: Thursday, May 5, 2022 at 10:10 AM

To: Larry Tabak < (b) (6) Tara Schwetz < (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary (NIH/NIEHS)
[E]" < (b) (6) "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Subject: NTP monograph on the state of the science
Dear Tara and Larry,



| writing to share with you the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects, and to let you know that we plan to
post this report to the NTP public website on May 18.

As you may remember, following the NASEM committee's peer review of the draft NTP monograph
on fluoride, information was added to create a revised NTP monograph on fluoride (Sept 2020).
Following the NASEM review of the revised monograph, NTP decided to separate it and publish the
information in two parts, (1) the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects and (2) the meta-analysis. We have
removed the hazard classification from the NTP Monograph on the Science Concerning Fluoride and
instead provide a comprehensive compilation of the literature, including the strengths and
limitations of the evidence, for interested readers to review and reach their own conclusions. You
will notice that the last sentence of the abstract indicates that “More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q,” which reflects that
fact that the effects on 1Q of children that the NTP group is documenting relate to higher levels of
fluoride consumption. For the meta-analysis, we are currently setting up an NTP BSC Working
Group that will peer review our response to comments we've received on it prior to submission of
the meta-analysis manuscript to a journal for publication—we are planning a stakeholder (including
the two of you) meeting to kick-off this effort as soon as we can find time on everyone’s calendar.
The documents that | am sharing with you in this email include:

e Prepublication NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopment and Cognitive Health Effects

e The communications plan (we will not issue a press release, but will be prepared to respond
to inquiries). You will notice that the answer to the first question is: “The NTP review could
not determine if the low level of fluoride (0.7 mg/L) recommended for fluoridated U.S.
water supplies has adverse cognitive or neurodevelopmental effects. More studies are
needed to fully understand if fluoride levels typically found in public water supplies in the
United States affects cognition or neurodevelopment.”

e The NASEM committee's comments from peer review on the revised NTP monograph on
fluoride (Sept 2020) with the NTP’s response to those comments. This document does not
include NTP's response to comments on the meta-analysis. Those comments and NTP's
response will be part of the BSC Working Group project, which, as | indicated, is in its planning
stage.

We have shared the prepublication NTP Monograph on the State of the Science Concerning Fluoride
Exposure with NIDCR, CDC, FDA, and NIOSH. After your review, we will also share the
communications plan with them, per their specific request.

Please let me know if you have questions or need other information. | look forward to receiving your
feedback.

Rick












NOT FOR DISTRIBUTION INTERNAL DELIBERATIVE DOCUMENT—May 3, 2022, Draft

prevent dental caries (tooth decay). The new ruling will require that fluoride be listed on the
nutrition label if fluoride is added to bottled water. The final rule does not impact bottled water
that contains only naturally occurring fluoride.

Q6: How many studies were included in the NTP systematic review and informed the
conclusions?

A6: The “NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects: A Systematic Review” is a comprehensive
review of published scientific literature on fluoride exposure and brain development and
cognition. This review included 167 human studies, 339 animal studies, and 60 studies in
human cells. The conclusions in the 2022 Monograph were based on the human studies.

Q7: Why did NTP seek input from the National Academies for its evaluation of fluoride?

A7: Because of high public interest in fluoride’s benefits and potential risks, the National
Academies of Science, Engineering, and Medicine (NASEM) was asked to conduct a rigorous
scientific evaluation of the systematic review and conclusions presented in a draft NTP
Monograph.

Q8: What did NASEM say about the NTP monograph?
A8: NASEM committee reviewed two earlier drafts of the current monograph, first in November

2019, with a second round of comments on a revised draft reviewed in October 2020. The
committee’s peer review made suggestions for strengthening and focusing the document.

Specifically:
e Expand the literature review to additional databases, including non-English language
databases.

e Clarify risk of bias (study quality) methods, present rationales for upgrading and
downgrading of bodies of evidence, provide greater detail on methods in the protocol,
address inconsistencies, and clarify that the evidence cannot be used to reach
conclusions for low fluoride exposures.

e Provide better justification for not reanalyzing the animal data.

e Conduct a meta-analysis of the human studies.

Q9: How was the NTP monograph changed in response to the two peer reviews done by
NASEM?

A9: In response to the reviews, we modified the NTP monograph in several ways:
e Performed additional updated literature searches.

e Addressed comments to clarify animal and human risk of bias (study quality)
assessments; clarified methods, quality ratings, and justifications.



NOT FOR DISTRIBUTION INTERNAL DELIBERATIVE DOCUMENT—May 3, 2022, Draft

e Provided additional rationale for the decision that experimental animal evidence was
not informative for reaching a confidence level determination for the human
epidemiology evidence.

e Responded to the NASEM committee’s request in 2020, by conducting a meta-analysis
of the body of evidence associating fluoride exposures with children’s 1Q.

Q10: Is the meta-analysis included in the state of the science report? If not, why not?

A10. No. The meta-analysis only applied to a subset of the studies looking at fluoride exposure
and children’s 1Q, and it went beyond the initial scope of the project. Therefore, the meta-
analysis was removed from the monograph and is being expanded and submitted for
publication in a peer-reviewed journal.

Q11: Why was the hazard conclusion removed from the final assessment?

A11: The NASEM committee said that the monograph fell short of providing a clear and
convincing argument to support the NTP’s hazard conclusion, so the hazard conclusion was
removed.

Q12: Then why is the NTP publishing the monograph?

A12: It is a rigorous scientific evaluation of the research published on fluoride and its effects on
neurodevelopment and cognition. It provides information to agencies that set public health
standards. The NTP conducted multiple exhaustive literature searches across many English and
foreign language databases and looked at many other sources of studies as well. More than 500
studies were thoroughly examined for information of relevance to the question the NTP was
addressing related to fluoride.

Q13: What is the process for a systematic review?

A13: A systematic review is a predefined, multi-step process to identify, select, critically assess,
and synthesize evidence to answer a specific question. Step one is to develop a protocol; step
two is to conduct a comprehensive literature search and pick out the studies relevant to the
review’s questions; step three is to extract the published data and assess the individual study
quality. The final step is to assess the studies to reach a confidence level.

Q14: What types of studies were included in the NTP systematic review for this assessment?

A14: As outlined in the protocol, the NTP systematic review evaluated human, experimental
animal, and mechanistic studies. However, the confidence conclusions are based on the human
epidemiological studies. The animal studies did not inform our evaluation, as the overall quality
of those studies was poor and had greater concerns for risk of bias (e.g., lack of randomization,
blinding, etc.).






From: Fine. Amanda (NIH/OD) [E]

To: Elowers, Christine NIH/NIEHS) [E
c: Myles. Renate (NIH/OD) [E]; Wo towicz, Emma (NIH/OD) [E]; Ritter, Emily (NIH/OD) [E]; Fritz, Craig (NIH/OD)
[E]
Subject: RE: NTP monograph on the state of the science
Date: Tuesday, May 10, 2022 3:5 :2 PM
ttac me t : image001 png
Great thanks!
From: Flowers, Christine B (NIH/NIEHS) [E] < (b) (6)
Sent: Tuesday, May 10, 2022 3:52 PM
To: Fine, Amanda (NIH/OD) [E] < (b) (6)
Cc: Myles, Renate (NIH/OD) [E] < (b) (6) Wojtowicz, Emma (NIH/OD) [E]
< (b) (6) Ritter, Emily (NIH/OD) [E] < (b) (6) Fritz, Craig (NIH/OD)

[E] < (b) (6)

Subject: RE: NTP monograph on the state of the science
Amanda —

We met quickly with our SMEs to review your suggested edits and the revised version is attached
here. NIDCR will get this in the morning.

Thanks again for the review.

Christine Bruske Flowers

Director, Office of Communications and Public Liaison
National Institute of Environmental Health Sciences
National Institutes of Health

U.S. Department of Health and Human Services

(b) (6)
From: Fine, Amanda (NIH/OD) [E] < (b) (6)
Sent: Tuesday, May 10, 2022 3:44 PM
To: Flowers, Christine B (NIH/NIEHS) [E] < (b) (6)
Cc: Myles, Renate (NIH/OD) [E] < (b) (6) Wojtowicz, Emma (NIH/OD) [E]
< (b) (6) Ritter, Emily (NIH/OD) [E] < (b) (6) Fritz, Craig (NIH/OD)

[E] < (b) (6)

Subject: RE: NTP monograph on the state of the science

Hi Christine-

I have not shared this with NIDCR, but you should definitely share. | would send to Vicki Contie. Dr.
Woychik may want to give Dr. D’Souza a heads up similar to how he did for Dr. Schwetz.

Thanks,

Amanda

From: Flowers, Christine B (NIH/NIEHS) [E] < (b) (6)

Sent: Tuesday, May 10, 2022 3:07 PM

To: Fine, Amanda (NIH/OD) [E] < (b) (6)

Cc: Myles, Renate (NIH/OD) [E] < (b) (6) Wojtowicz, Emma (NIH/OD) [E]

< (b) (6) Ritter, Emily (NIH/OD) [E] < (b) (6) Fritz, Craig (NIH/OD)

[E] < (b) (6)
Subject: RE: NTP monograph on the state of the science
I’'m guessing that NIDCR or Jeff Ventura also weighed in...is that correct?



Christine Bruske Flowers

Director, Office of Communications and Public Liaison
National Institute of Environmental Health Sciences
National Institutes of Health

U.S. Department of Health and Human Services

(b) (6)

From: Flowers, Christine B (NIH/NIEHS) [E]
Sent: Tuesday, May 10, 2022 2:51 PM

To: Fine, Amanda (NIH/OD) [E] < (b) (6)
Cc: Myles, Renate (NIH/OD) [E] < (b) (6) Wojtowicz, Emma (NIH/OD) [E]
< (b) (6) Ritter, Emily (NIH/OD) [E] < (b) (6) Fritz, Craig (NIH/OD)

[E] < (b) (6)

Subject: RE: NTP monograph on the state of the science

Hi Amanda — thanks for reviewing. In fact, it has been our experience that the general public thinks
“associated with” means cause-effect, and that “may be linked to” was a better way of describing
the scientific meaning of “associated with”. We'll review your other comments and try to provide
some additional clarification.

Christine Bruske Flowers

Director, Office of Communications and Public Liaison

National Institute of Environmental Health Sciences

National Institutes of Health

U.S. Department of Health and Human Services

(b) (6)
From: Fine, Amanda (NIH/OD) [E] < (b) (6)
Sent: Tuesday, May 10, 2022 2:38 PM
To: Flowers, Christine B (NIH/NIEHS) [E] < (b) (6)
Cc: Myles, Renate (NIH/OD) [E] < (b) (6) Wojtowicz, Emma (NIH/OD) [E]
< (b) (6) Ritter, Emily (NIH/OD) [E] < (b) (6) Fritz, Craig (NIH/OD)

[E] < (b) (6)

Subject: RE: NTP monograph on the state of the science

Hi Christine-

Thanks for the opportunity to review. Attaching with some comments/edits from me. | think it’s
really important that the reactive statement provide detailed context for the moderate finding. Also,
our preference is to say associated when it’s an association rather than linked or may, so that in no
way are we implying causation without evidence of it.

We will flag for HHS to make sure it’s on their radar this is happening. If you do get media inquiries
on this once the report posts, please be sure to clear them through the normal process (StEP).
Thanks,

Amanda

From: Fine, Amanda (NIH/OD) [E]

Sent: Tuesday, May 10, 2022 11:24 AM

To: Flowers, Christine B (NIH/NIEHS) [E] < (b) (6)

Cc: Myles, Renate (NIH/OD) [E] < (b) (6) Wojtowicz, Emma (NIH/OD) [E]

< (b) (6) Ritter, Emily (NIH/OD) [E] < (b) (6) Fritz, Craig (NIH/OD)



[E] < (b) (6)

Subject: RE: NTP monograph on the state of the science

Hi Christine-

Sorry for missing this yesterday. We'll review now and let you know if there are any concerns.
Thanks,

Amanda

From: Flowers, Christine B (NIH/NIEHS) [E] < (b) (6)

Sent: Tuesday, May 10, 2022 11:15 AM

To: Myles, Renate (NIH/OD) [E] < (b) (6) Fine, Amanda (NIH/OD) [E]
< (b) (6) Fritz, Craig (NIH/OD) [E] < (b) (6)

Subject: FW: NTP monograph on the state of the science

Importance: High

Good Morning,

Circling back on this email since we need to share the comms plan with our partner agencies today.
Hopefully, now that Dr. Schwetz has reviewed and commented, we are good to go??? if you have
any concerns with the comms plan, please let me know as soon as possible.

Many thanks

Christine

Christine Bruske Flowers

Director, Office of Communications and Public Liaison

National Institute of Environmental Health Sciences
National Institutes of Health
U.S. Department of Health and Human Services

(b) (6)

From: Flowers, Christine B (NIH/NIEHS) [E]

Sent: Monday, May 9, 2022 4:43 PM

To: Myles, Renate (NIH/OD) [E] < (b) (6) Fritz, Craig (NIH/OD) [E]

< (b) (6) Fine, Amanda (NIH/OD) [E] < (b) (6)

Subject: FW: NTP monograph on the state of the science

Importance: High

Renate, Amanda, and Craig —

We received some minor revisions to the fluoride report communications plan from Dr. Schwetz,
which I am attaching for you. Once we make these changes, can we go ahead share the
communications plan with the CDC, FDA and NIDCR?

Christine Bruske Flowers

Director, Office of Communications and Public Liaison

National Institute of Environmental Health Sciences

National Institutes of Health

U.S. Department of Health and Human Services

(b) (6)
From: Schwetz, Tara (NIH/OD) [E] < (b) (6)
Sent: Monday, May 9, 2022 2:27 AM
To: Woychik, Rick (NIH/NIEHS) [E] < (b) (6) Tabak, Lawrence (NIH/OD) [E]

< (b) (6)



Cc: Berridge, Brian (NIH/NIEHS) [E] < (b) (6) Wolfe, Mary (NIH/NIEHS) [E]
< (b) (6)

Subject: Re: NTP monograph on the state of the science

Rick,

Thanks for sending. Please find attached a few suggested edits/comments on the comms plan. I am
still going through the other two documents and will follow up soon.

Thanks for your patience—this past week was a bit more chaotic than usual.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p: (b))

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)

Scheduler: Dina Simon (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Date: Thursday, May 5, 2022 at 10:10 AM

To: Larry Tabak < (b) (6) Tara Schwetz < (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary (NIH/NIEHS)
[E]" < (b) (6) "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Subject: NTP monograph on the state of the science
Dear Tara and Larry,
| writing to share with you the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects, and to let you know that we plan to
post this report to the NTP public website on May 18.
As you may remember, following the NASEM committee's peer review of the draft NTP monograph
on fluoride, information was added to create a revised NTP monograph on fluoride (Sept 2020).
Following the NASEM review of the revised monograph, NTP decided to separate it and publish the
information in two parts, (1) the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects and (2) the meta-analysis. We have
removed the hazard classification from the NTP Monograph on the Science Concerning Fluoride and
instead provide a comprehensive compilation of the literature, including the strengths and
limitations of the evidence, for interested readers to review and reach their own conclusions. You
will notice that the last sentence of the abstract indicates that “More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q,” which reflects that
fact that the effects on 1Q of children that the NTP group is documenting relate to higher levels of
fluoride consumption. For the meta-analysis, we are currently setting up an NTP BSC Working
Group that will peer review our response to comments we've received on it prior to submission of
the meta-analysis manuscript to a journal for publication—we are planning a stakeholder (including
the two of you) meeting to kick-off this effort as soon as we can find time on everyone’s calendar.
The documents that | am sharing with you in this email include:

e Prepublication NTP Monograph on the State of the Science Concerning Fluoride Exposure and



Neurodevelopment and Cognitive Health Effects

e The communications plan (we will not issue a press release, but will be prepared to respond
to inquiries). You will notice that the answer to the first question is: “The NTP review could
not determine if the low level of fluoride (0.7 mg/L) recommended for fluoridated U.S.
water supplies has adverse cognitive or neurodevelopmental effects. More studies are
needed to fully understand if fluoride levels typically found in public water supplies in the
United States affects cognition or neurodevelopment.”

e The NASEM committee's comments from peer review on the revised NTP monograph on
fluoride (Sept 2020) with the NTP’s response to those comments. This document does not
include NTP's response to comments on the meta-analysis. Those comments and NTP's
response will be part of the BSC Working Group project, which, as | indicated, is in its planning
stage.

We have shared the prepublication NTP Monograph on the State of the Science Concerning Fluoride
Exposure with NIDCR, CDC, FDA, and NIOSH. After your review, we will also share the
communications plan with them, per their specific request.

Please let me know if you have questions or need other information. | look forward to receiving your
feedback.

Rick



From: Woychik, Rick (NIH/NIEHS) [E]

To: Schwetz, Tara (NIH/OD) [E
Subject: RE: NTP monograph on the state of the science
Date: Thursday, May 12, 2022 :52:25 AM
ttac me t : image001 png
image002 png
Tara,

This gives you a flavor of the nature of the communications here over the past several months, and
which followed from my email last night to Brian and Mary Wolfe. My suggestion is that we keep the
discussion this morning focused on the topic of the upcoming BSC review of the comments back
from the proposed submission of the Meta analysis paper that they are proposing to submit to JAMA
Pediatrics. Once we get through that, and everyone has a chance to weigh-in on the process (the
Chair of the BSC will be a the meeting), then perhaps we can bring up the issue of the SoS
monograph. My suggestion is that we focus on the accuracy of the toxicology science that is being
summarized, i.e. does the SoS truly represent an unbiased presentation of the facts that are
published within the literature. If we don’t get to the latter point this morning, then perhaps a
follow-up meeting including the OASH representation would be in order.

Does this work for you?

Thanks,

Rick

From: Schwetz, Tara (NIH/OD) [E] < (b) (6)
Sent: Thursday, May 12, 2022 9:41 AM

To: Woychik, Rick (NIH/NIEHS) [E] < (b) (6)

Subject: FW: NTP monograph on the state of the science

Not sure this bodes well for the 10 am...

Btw, my comments (which were not major) mostly focused on providing some clarity and context
behind the statements.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p: (b))

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)
Scheduler: Dina Simon (b) (6)

From: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6)

Date: Thursday, May 12, 2022 at 8:51 AM

To: Tara Schwetz < (b) (6) "Woychik, Rick (NIH/NIEHS) [E]"
< (b) (6) Larry Tabak < (b) (6)

Cc: "Wolfe, Mary (NIH/NIEHS) [E]" < (b) (6)

Subject: Re: NTP monograph on the state of the science

Hi Tara,



Thanks for your input and I’'m sorry that you had to take your time to review these documents. I've
looked very briefly at your input and am not seeing anything that we haven’t considered and
adjudicated previously (with no intent to undermine the value of your input).

I will confess that | inherited this work and have no real skin in the game other than supporting the
scientists in my Division who have produced it including ensuring that they are adhering to all
relevant policies and standards of practice but also have the freedom to operate as independent
scientists.

| have significant concerns that the level of engagement on this scientific product has crossed the
line from rigorous peer review to ensure balance and accuracy to one that could be construed as
attempting to influence the outcomes. No doubt that this is a sensitive issue but | would like to think
that much of what NIH produces has the potential for significant public health impact or we should
be questioning why we’re doing it. We don’t put all our products through this level of review. After
17 years in industry, I've seen efforts to modify messages to fit commercial interests. | wasn’t party
to that there and I’'m not game to do that here.

I would like for a few key principals to get together and have a frank conversation about this. | would
like to feel more comfortable that we’re still within the bounds of protecting scientific integrity with
this. It could be the discussion that Tara suggests below.

Brian

Brian R. Berridge, DVM, PhD, DACVP

Scientific Director, National Toxicology Program Division

Associate Director, NTP

National Institute of Environmental Health Sciences

National Institutes of Health

Research Triangle Park, NC

Office:| (b) (6)

Mobile:| (D) (6)

From: "Schwetz, Tara (NIH/OD) [E]" < (b) (6)

Date: Thursday, May 12, 2022 at 8:01 AM

To: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6) "Tabak, Lawrence (NIH/OD) [E]"
< (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary (NIH/NIEHS)
[E]" < (b) (6)

Subject: Re: NTP monograph on the state of the science

Rick,

| went through the state of the science and made several comments/questions throughout (the first
81 pages anyway). | also re-reviewed the background information on the comms document and
provided some additional edits/comments (note: | did not re-review the QA).

Also, | don’t think a release date of May 18 is feasible—there are too many folks interested in this,
and it needs to be further refined, the communication needs to be carefully thought through, and
we will need to brief the ASH on this. There is the possibility of using some time at an NTP meeting
with her on Monday, but that timing may not work.

Happy to discuss this further later this morning. Thanks.

Best,

Tara A. Schwetz, PhD (she/her)



Acting Principal Deputy Director, NIH
A: Building 1, Room 109

p: (b))

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)

Scheduler: Dina Simon (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Date: Thursday, May 5, 2022 at 10:10 AM

To: Larry Tabak < (b) (6) Tara Schwetz < (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary (NIH/NIEHS)
[E]" < () (6) "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Subject: NTP monograph on the state of the science
Dear Tara and Larry,
| writing to share with you the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects, and to let you know that we plan to
post this report to the NTP public website on May 18.
As you may remember, following the NASEM committee's peer review of the draft NTP monograph
on fluoride, information was added to create a revised NTP monograph on fluoride (Sept 2020).
Following the NASEM review of the revised monograph, NTP decided to separate it and publish the
information in two parts, (1) the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects and (2) the meta-analysis. We have
removed the hazard classification from the NTP Monograph on the Science Concerning Fluoride and
instead provide a comprehensive compilation of the literature, including the strengths and
limitations of the evidence, for interested readers to review and reach their own conclusions. You
will notice that the last sentence of the abstract indicates that “More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q,” which reflects that
fact that the effects on 1Q of children that the NTP group is documenting relate to higher levels of
fluoride consumption. For the meta-analysis, we are currently setting up an NTP BSC Working
Group that will peer review our response to comments we've received on it prior to submission of
the meta-analysis manuscript to a journal for publication—we are planning a stakeholder (including
the two of you) meeting to kick-off this effort as soon as we can find time on everyone’s calendar.
The documents that | am sharing with you in this email include:
e Prepublication NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopment and Cognitive Health Effects
e The communications plan (we will not issue a press release, but will be prepared to respond
to inquiries). You will notice that the answer to the first question is: “The NTP review could
not determine if the low level of fluoride (0.7 mg/L) recommended for fluoridated U.S.
water supplies has adverse cognitive or neurodevelopmental effects. More studies are
needed to fully understand if fluoride levels typically found in public water supplies in the
United States affects cognition or neurodevelopment.”
e The NASEM committee's comments from peer review on the revised NTP monograph on
fluoride (Sept 2020) with the NTP’s response to those comments. This document does not



include NTP's response to comments on the meta-analysis. Those comments and NTP's
response will be part of the BSC Working Group project, which, as | indicated, is in its planning
stage.

We have shared the prepublication NTP Monograph on the State of the Science Concerning Fluoride
Exposure with NIDCR, CDC, FDA, and NIOSH. After your review, we will also share the
communications plan with them, per their specific request.

Please let me know if you have questions or need other information. | look forward to receiving your
feedback.

Rick



From: urklow, John (NIH/OD) [E]

To: Schwetz, Tara (NIH/OD) [E
c: Fine, Amanda (NIH/OD) [E]
Subject: Re: Fluoride Follow-up
Date: Wednesday, May 11, 2022 10:2 :2 PM
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Thanks!
John

Sent from my iPhone

On May 11, 2022, at 10:05 PM, Schwetz, Tara (NIH/OD) [E]
< (0) (6) wrote:

Yes, and the findings aren’t that it’s bad for the environment—more complicated than
that. Michael lademarco reached out earlier today, and they are going to get looped in
better. Also, there is no way this is going out on May 18.

We’'re meeting tomorrow and will discuss more. I’'m going through the report now, and
plan to join a meeting with NTP tomorrow where | will echo concerns. Before it goes
out, we will need to clear it and brief the ASH.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p:  (b)(6)

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)
Scheduler: Dina Simon (b) (6)

From: "Burklow, John (NIH/OD) [E]" < (b) (6)

Date: Wednesday, May 11, 2022 at 8:42 PM

To: Tara Schwetz < (b) (6)

Cc: "Fine, Amanda (NIH/OD) [E]" < (b) (6)

Subject: Fwd: Fluoride Follow-up

Hi, Tara-

Please see below. Amanda suggested looping you in. Looks OASH needs an update on
what’s happening? Amanda and | will raise it with Bill tomorrow through the usual
ASPA channels.

Thanks,

John



Sent from my iPhone

Begin forwarded message:

From: "Seigfreid, Kimberly (HHS/OASH)" < (b) (6)
Date: May 11, 2022 at 5:53:56 PM EDT

To: "Burklow, John (NIH/OD) [E]" < (b) (6)

Cc: "lademarco, Michael (HHS/OASH)" < (b) (6)

Subject: Fwd: Fluoride Follow-up

Hi John,

Have you been tracking this fluoride issue? NIEHS is preparing to rollout
findings that fluoride is bad for the environment, contradicting NIDCR and
NICHD recommendations for fluoride in the water for tooth health. | know
there have been a lot of debates with Dr. Tabak and others on this. It
looks like NIEHS is moving forward with the announcement without
consensus and without clearance. It looks like some people at NIH are
setting up a meeting to discuss but | wanted to flag this for you as well,
given that NIEHS is planning on rolling it out, | believe next week.

Kim

Get Outlook for i0OS

From: Joskow, Renee (NIH/NIDCR) [E] < (b) (6)

Sent: Wednesday, May 11, 2022 1:50:16 PM

To: lademarco, Michael (HHS/OASH) < (b) (6)

Cc: Stevenson, Monica L (HHS/OASH) < (b) (6)

Seigfreid, Kimberly (HHS/OASH) < (b) (6) Calsyn,
Maura (HHS/OASH) < (b) (6) States, Leith (HHS/OASH)
< (b) (6)

Subject: Re: Fluoride Follow-up

My current understanding is that there will not be any trans NIH
clearance. | believe that NIEHS is going to directly publish / post on their
webpages.

On May 11, 2022, at 1:44 PM, lademarco, Michael (HHS/OASH)

< (b) (6) wrote:

Thanks. As best as you know, what is the clearance plan for NIH itself? Is
your center in official cross clearance? NIH OD? Who is in charge of such

clearance?

From: Joskow, Renee (NIH/NIDCR) [E] < (b) (6)
Sent: Wednesday, May 11, 2022 1:38 PM

To: lademarco, Michael (HHS/OASH) < (b) (6)
Cc: Stevenson, Monica L (HHS/OASH) < (b) (6)

Seigfreid, Kimberly (HHS/OASH) < (b) (6) Calsyn,



Maura (HHS/OASH) < (b) (6) States, Leith (HHS/OASH)
< (b) (6)

Subject: Re: Fluoride Follow-up

GREAT questions ...

see below

V/r,

-r

On May 11, 2022, at 12:27 PM, lademarco, Michael (HHS/OASH)
< (b) (6) wrote:

Renee, Thanks for the alert and update.

1. Have you seen and read the report? Received draft but have not
read through completely- my colleagues who received it earlier
said ithis version is much the same as previous versions and they
expressed concerns that conclusions and statements are far
reaching/ unsupported and do not reflect rigorous science, data
nor feedback from HHS colleagues and NASEM. | plan to reread
carefully.

2. If so, what is your view? Will weigh in but have significant concerns
regarding previous versions and in sufficient response to feedback.

3. Has or would have the report come through clearance in HHS? not
that i have seen- | do not believe it was nor intended to be
submitted for NIH or Department Clearance

4. If so, was OASH and CDC included to your knowledge? N/a

5. Same 1-4 questions apply to the web-posting? dnk- will try to
gather more detail re: web

V/r, Michael

From: Joskow, Renee (NIH/NIDCR) [E] < (b) (6)

Sent: Wednesday, May 11, 2022 11:57 AM

To: lademarco, Michael (HHS/OASH) < (b) (6)

Calsyn, Maura (HHS/OASH) < (b) (6) Seigfreid, Kimberly
(HHS/OASH) < (b) (6)

Cc: Stevenson, Monica L (HHS/OASH) < (b) (6)

Subject: RE: Fluoride Follow-up

FYI- | just learned that the NTP report is scheduled for release on May 18
—next week and will be posted on the NTP website, and email posting
announcement to NTP listserv.

From: Stevenson, Monica L (HHS/OASH) < (b) (6)

On Behalf Of lademarco, Michael (HHS/OASH)

Sent: Wednesday, May 11, 2022 11:11 AM

To: Joskow, Renee (NIH/NIDCR) [E]; Calsyn, Maura (HHS/OASH); Seigfreid,
Kimberly (HHS/OASH)



Cc: Stevenson, Monica L (HHS/OASH)

Subject: Fluoride Follow-up

When: Friday, May 13, 2022 11:30 AM-12:00 PM (UTC-05:00) Eastern
Time (US & Canada).

Where:

Thant you for scheduling.

Monica Stevenson is inviting you to a scheduled ZoomGov meeting.
Join ZoomGov Meeting

Meeting ID:[ - (B)(B ]
Passcode:-

One tap mobile

(San Jose)

U
US (New York)

S
S

Dial by your location

- ®(® | us(sanlose)
_ US (New York)
S CIORE
_ US (San Jose)
. ®®  UsToll-free
Meeting ID:_

Find your local number: | O O

Join by SIP

Join by H.323

EENE (US West)
SN (U East
Meeting ID:| (©)(6)
Passcode:-



From: D"Souza, Rena (NIH/NIDCR) [E]
To: Schwetz, Tara (NIH/OD) [E
c: Tabak, Lawrence (NIH/OD) [E]
Subject: Re: Communications plan for NTP SoS monograph -- internal deliberative communication
Date: Wednesday, May 11, 2022 10: 3:1 PM
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Agree Tara - [ misread the approval part...we should be able to discuss with Rick... I will
attend the session he has called to discuss the BSC review tomorrow... I just plan to Isiten.

Sent from my iPad

On May 11, 2022, at 22:34, Schwetz, Tara (NIH/OD) [E]
< (b) (6) wrote:

To be clear, it wasn’t approved by me. | offered some preliminary comments on the
commes plan, but indicated to Rick that | had not yet reviewed the docs and wanted to
do so before this went out.

Also, there really should be consistent NIH TPs. And for awareness, this will not be
going out on May 18.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p: (b))

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)
Scheduler: Dina Simon (b) (6)

From: "D'Souza, Rena (NIH/NIDCR) [E]" < (b) (6)

Date: Wednesday, May 11, 2022 at 7:46 PM

To: Tara Schwetz < (b) (6)

Cc: Larry Tabak < (b) (6)

Subject: Re: Communications plan for NTP SoS monograph -- internal deliberative
communication

Sure — what is unclear is what the talking points for NIDCR should
be if anyone contacts us for comments/response?
The NIEHS Comms plan was approved by you, prior to me seeing



its content, so [ wonder if the Q&A material they include 1s NIH’s
official position. As you can imagine, this remains a highly sensitive
issue for NIDCR.

Please do clarify if you can. Thanks for your work on this.

Best, Rena

Rena N. D’Souza, D.D.S., M.S., Ph.D.,

Director,

National Institute of Dental and Craniofacial Research/NIH

31 Center Drive, MSC 2290 Building 31C, Suite 2C39

Chief,

Section on Molecules & Therapies for Craniofacial & Dental Disorders

National Institute of Child Health and Human Development

National Institutes of Health

Bethesda, Maryland 20892

Email: (b) (6)

Phone: (b) (6)

Cell: (b) (6)

From: Schwetz, Tara (NIH/OD) [E] < (b) (6)

Date: Wednesday, May 11, 2022 at 6:19 PM

To: D'Souza, Rena (NIH/NIDCR) [E] < (b) (6)
Cc: Tabak, Lawrence (NIH/OD) [E] < (b) (6)

Subject: Re: Communications plan for NTP SoS monograph -- internal deliberative
communication

Rena,

I think we might need a meeting with Rick to discuss further. Stay tuned...
Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p: (b))

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)
Scheduler: Dina Simon (b) (6)

From: "D'Souza, Rena (NIH/NIDCR) [E]" < (b) (6)

Date: Wednesday, May 11, 2022 at 4:17 PM

To: Tara Schwetz < (b) (6)

Cc: Larry Tabak < (b) (6) "Myles, Renate (NIH/OD) [E]"
< (b) (6) "Fine, Amanda (NIH/OD) [E]" < (b) (6)

Subject: Re: Communications plan for NTP SoS monograph -- internal deliberative



communication

Of course

| can summarize objectively if you wish Tara
Yes, will run by OD- Comms

Thanks

Sent from my iPhone

On May 11, 2022, at 4:03 PM, Schwetz, Tara (NIH/OD) [E] < (b) (6)
wrote:

Rena,

I’'m still reviewing the documents myself—they are not quick reads!
Also, I'd ask that you run the comms TPs by Renate and Amanda.
Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p: (b)(6)

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)
)

Scheduler: Dina Simon (b) (6)

From: "D'Souza, Rena (NIH/NIDCR) [E]" < (b) (6)

Date: Wednesday, May 11, 2022 at 12:03 PM

To: Tara Schwetz < (b) (6) Larry Tabak

< (b) (6)

Subject: FW: Communications plan for NTP SoS monograph --
internal deliberative communication

Hi Tara and Larry —

Just to keep you informed.... There will be a public/media
response in reaction to the NTP monograph release....
NIDCR will handle questions judiciously... Renee Joskow
and I are also now preparing our talking points.

Larry my travels have allowed me to measure the pulse of
NIDCR’s extramural world.... Now returning from an
enlightened visit to UTHSC — San Antonio where there is
a high level of commitment to advancing the health of
Hispanics in South Texas.....the level of early childhood
caries remains rampant. Truly, we need a systems



approach connecting all these dots that have flailed around
for years!

Everywhere, your colleagues, mentees and grantees
express pride and gratitude for all that you have meant to
the oral health sciences and profession.... Just wanted you
to know this!

Best, Rena

Rena N. D’Souza, D.D.S., M.S., Ph.D.,
Director,

National Institute of Dental and Craniofacial Research/NIH

31 Center Drive, MSC 2290 Building 31C, Suite 2C39

Chief,

Section on Molecules & Therapies for Craniofacial & Dental Disorders
National Institute of Child Health and Human Development

National Institutes of Health

Bethesda, Maryland 20892

Email: (b) (6)

Phone: (b) (6)

Cell: (b) (6)

From: Wolfe, Mary (NIH/NIEHS) [E] < (b) (6)

Date: Wednesday, May 11, 2022 at 10:10 AM

To: D'Souza, Rena (NIH/NIDCR) [E] < (b) (6)

Cc: Berridge, Brian (NIH/NIEHS) [E] < (b) (6)

Woychik, Rick (NIH/NIEHS) [E] < (b) (6) Flowers,
Christine B (NIH/NIEHS) [E] < (b) (6) Mackar, Robin
(NIH/NIEHS) [E] < (b) (6)

Subject: Communications plan for NTP SoS monograph -- internal
deliberative communication

Good morning,

On April 28, | shared the prepublication draft of the NTP Monograph on
the State of the Science on Fluoride. We have set May 18, 2022, for
publication of the monograph. The monograph will be posted to the NTP
website, and we will email a notice of the posting to NTP listserv
subscribers.

Attached is our communications plan that includes both the NTP
Statement that will use to respond via email to inquiries from media or
the public along with some Q&As that we'll use to prep for agency
briefings and select media follow-up. Please note that the
communications plan is not public and should be kept confidential.
Please send us the name of NIDCR's contact for media inquiries. Christine
Flowers ( (b) (6) and Robin Mackar



( (b) (6) from our NIEHS Office of Communications and
Public Liaison will handle any media or public inquiries that we receive.
Please let us know if you have any questions,

Mary

Mary S. Wolfe, Ph.D.

Acting Deputy Division Director for Policy and Communication
Director, Office of Policy, Review, and Outreach

Division of the National Toxicology Program

National Institute of Environmental Health Sciences

111 T.W. Alexander Drive

Research Triangle Park, NC 27709

Phone: (b) (6)

Email: (b) (6)



From: D"Souza, Rena (NIH/NIDCR) [E]

To: Schwetz, Tara (NIH/OD) [E]; Woychik, Rick (NIH/NIEHS) [E
Subject: Re: NTP monograph on the state of the science

Date: Wednesday, May 1 , 2022 :2 :13 PM
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It will be nice to have NIDCR on the ‘informed’ list... we favor the unbiased approach that Rick aims for...
thanks!

a 0O a
Director,

National Institute of Dental and Craniofacial Research

31 Center Drive, MSC 2290, Building 31C, Suite 2C39

Chief, Section on Therapies for Craniofacial Disorders
National Institute of Child Health and Human Development
National Institutes of Health

Bethesda, Maryland 20892

Email: (b) (6)

Phone: (b) (6)

Cell:! (b)(6)

From: Schwetz, Tara (NIH/OD) [E] < (b) (6)
Date: Wednesday, May 18, 2022 at 1:26 PM

To: Woychik, Rick (NIH/NIEHS) [E] < (b) (6)
Cc: D'Souza, Rena (NIH/NIDCR) [E] < (b) (6)

Subject: Re: NTP monograph on the state of the science

Rick,

| think there’s been a miscommunication somewhere along the line. You absolutely can have influence
over and can develop the list of folks on the WG. It should be a partnership with the chair. Normally, we
pull the names together, discuss with the chair, add/remove people as appropriate and as everyone
agrees, and then finalize the list. NIEHS—and in this case, | think we would all like to see it too—needs to
be comfortable with the list. To be sure, | checked with OFACP. See below.

From the Director of Office of Federal Advisory Committee Policy:

“NIEHS and the BSC Chair should work together to come up with potential names.”

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p:  (b)(6)
Executive Assistant: Caroline Dzokoto-Pomenya (b) (6)
Scheduler: Dina Simon ( (b) (6)



From: "Woychik, Rick (NIH/NIEHS) [E]"< (®)(®)
Date: Tuesday, May 17, 2022 at 8:16 PM

To: Tara Schwetz _

Cc: "D'Souza, Rena (NIH/NIDCR) [E]"< (®)(€®)

Subject: Re: NTP monograph on the state of the science

Tara,

Let me check to see if they have identified these individuals yet. As you probably know, according to FACA rules, we
cannot tell the Chair of the BSC who these people can be (unless you know otherwise), although | have expressed to the
Chair that these should be world renowned epidemiologists.

Rick

On May 17, 2022, at 6:40 PM, Schwetz, Tara (NIH/0D) [E] </ (B) (6) | wrote:

Rick,

Going into this meeting on Friday, it would be helpful to see the list of individuals who are
going to be on the BSC WG/conducting the review.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

G

Executive Assistant: Caroline Dzokoto-Pomenya ([ (B) (6)
Scheduler: Dina Simon (R (B)(6)

From: "D'Souza, Rena (NIH/NIDCR) [E]"< (®)(©®)

Date: Tuesday, May 17, 2022 at 6:00 PM

To: "Woychik, Rick (NIH/NIEHS) [E]" < (®)(6) " Tara Schwetz

Subject: Re: NTP monograph on the state of the science







was very thoroughly and widely vetted and based on scientific data. Will be happy to
discuss further. At 0.7 ppm or mg/L there are no adverse physiologic consequences
noted.
Best, Rena
a 0 a
Director,
National Institute of Dental and Craniofacial Research
31 Center Drive, MSC 2290, Building 31C, Suite 2C39
Chief, Section on Therapies for Craniofacial Disorders
National Institute of Child Health and Human Development
National Institutes of Health

Bethesda, Maryland 20892

Email: (b) (6)

Phone:[  (b)(6)

Cell:; () (6)

From: Woychik, Rick (NIH/NIEHS) [E] < (b) (6)

Date: Tuesday, May 17, 2022 at 5:44 PM

To: Schwetz, Tara (NIH/OD) [E] < (b) (6) D'Souza, Rena (NIH/NIDCR)
[E] < (b) (6)

Subject: RE: NTP monograph on the state of the science

Tara,

You are correct, the effects they are seeing at the high levels. Rick

From: Schwetz, Tara (NIH/OD) [E] < (b) (6)

Sent: Tuesday, May 17, 2022 2:24 PM

To: Woychik, Rick (NIH/NIEHS) [E] < (b) (6) D'Souza, Rena (NIH/NIDCR) [E]
< (b) (6)

Subject: Re: NTP monograph on the state of the science

Rick,

Data quality aside for a moment, from what | read, even their analysis suggests that any
effect may be at higher levels=>1.5 mg/L.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

P: (b) (6)

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)
Scheduler: Dina Simon ( (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Date: Tuesday, May 17, 2022 at 9:40 AM

To: Tara Schwetz < (b) (6) "D'Souza, Rena (NIH/NIDCR) [E]"

< (b) (6)



Cc: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)
Subject: FW: NTP monograph on the state of the science
Dear Rena,

Just noticed that Brian did not cc you on this message that he sent to Larry and Tara last
week. In preparation for the meeting on Friday, just wanted you to be aware of this. In
brief, their sense is that the SoS article has been peered reviewed through the official
channels that typical NTP monographs are reviewed. But, they are increasingly concerned,
as you can see from Brian’s note, that “this scientific product has crossed the line from
rigorous peer review to ensure balance and accuracy to one that could be construed as
attempting to influence the outcomes.” | have maintained from the beginning that this
should be about rigorously evaluating the quality of the science, and it’s not a purposeful
attempt to suppress the dissemination of information. What | am hearing is that there are
serious concerns that have been raised about the quality of science in the SoS article and
the interpretation of the results. My suggestion is that we focus on this in the discussion
with Brian and Mary on Friday, and in the discussion with the ASH and her colleagues.
Specifically, is there any data to suggest that 0.7 ppm of fluoride has any documented
adverse health effects.

Happy to discuss this more by phone prior to the meeting on Friday.
All the best,
Rick

Begin forwarded message:

From: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6)

Date: May 12, 2022 at 08:44:03 EDT

To: "Schwetz, Tara (NIH/OD) [E]" < (b) (6) "Woychik, Rick
(NIH/NIEHS) [E]" < (b) (6) "Tabak, Lawrence (NIH/OD) [E]"
< (b) (6)

Cc: "Wolfe, Mary (NIH/NIEHS) [E]" < (b) (6)

Subject: Re: NTP monograph on the state of the science

Hi Tara,

Thanks for your input and I'm sorry that you had to take your time to review
these documents. I've looked very briefly at your input and am not seeing
anything that we haven’t considered and adjudicated previously (with no
intent to undermine the value of your input).

I will confess that | inherited this work and have no real skin in the game other
than supporting the scientists in my Division who have produced it including
ensuring that they are adhering to all relevant policies and standards of
practice but also have the freedom to operate as independent scientists.

| have significant concerns that the level of engagement on this scientific
product has crossed the line from rigorous peer review to ensure balance and
accuracy to one that could be construed as attempting to influence the
outcomes. No doubt that this is a sensitive issue but | would like to think that



much of what NIH produces has the potential for significant public health
impact or we should be questioning why we’re doing it. We don’t put all our
products through this level of review. After 17 years in industry, I've seen
efforts to modify messages to fit commercial interests. | wasn’t party to that
there and I’'m not game to do that here.

I would like for a few key principals to get together and have a frank
conversation about this. | would like to feel more comfortable that we’re still
within the bounds of protecting scientific integrity with this. It could be the
discussion that Tara suggests below.

Brian

Brian R. Berridge, DVM, PhD, DACVP

Scientific Director, National Toxicology Program Division

Associate Director, NTP

National Institute of Environmental Health Sciences

National Institutes of Health

Research Triangle Park, NC

Office:. (b) (6)

Mobile: (b) (6)

From: "Schwetz, Tara (NIH/OD) [E]" < (b) (6)

Date: Thursday, May 12, 2022 at 8:01 AM

To: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6) "Tabak,
Lawrence (NIH/OD) [E]" < (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe,
Mary (NIH/NIEHS) [E]" < (b) (6)

Subject: Re: NTP monograph on the state of the science

Rick,

| went through the state of the science and made several
comments/questions throughout (the first 81 pages anyway). | also re-
reviewed the background information on the comms document and provided
some additional edits/comments (note: | did not re-review the QA).

Also, | don’t think a release date of May 18 is feasible—there are too many
folks interested in this, and it needs to be further refined, the communication
needs to be carefully thought through, and we will need to brief the ASH on
this. There is the possibility of using some time at an NTP meeting with her on
Monday, but that timing may not work.

Happy to discuss this further later this morning. Thanks.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p:  (b)(6)

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)

)
Scheduler: Dina Simon ( (b) (6)






e The NASEM committee's comments from peer review on the revised
NTP monograph on fluoride (Sept 2020) with the NTP’s response to
those comments. This document does not include NTP's response to
comments on the meta-analysis. Those comments and NTP's response
will be part of the BSC Working Group project, which, as | indicated, is
in its planning stage.

We have shared the prepublication NTP Monograph on the State of the
Science Concerning Fluoride Exposure with NIDCR, CDC, FDA, and NIOSH. After
your review, we will also share the communications plan with them, per their
specific request.

Please let me know if you have questions or need other information. | look
forward to receiving your feedback.

Rick



From: Woychik, Rick (NIH/NIEHS) [E
To: Schwetz, Tara (NIH/OD) [E
c: D"Souza, Rena (NIH/NIDCR) [E]
Subject: RE: NTP monograph on the state of the science
Date: Wednesday, May 1 , 2022 1:2 : 2 PM
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Thanks Tara, this is encouraging. I'll pass this along to Mary and Brian. See you on Friday.
Rick

From: Schwetz, Tara (NIH/OD) [E] < (b) (6)

Sent: Wednesday, May 18, 2022 1:26 PM

To: Woychik, Rick (NIH/NIEHS) [E] < (b) (6)

Cc: D'Souza, Rena (NIH/NIDCR) [E] < (b) (6)
Subject: Re: NTP monograph on the state of the science
Rick,

| think there’s been a miscommunication somewhere along the line. You absolutely can have influence
over and can develop the list of folks on the WG. It should be a partnership with the chair. Normally, we
pull the names together, discuss with the chair, add/remove people as appropriate and as everyone
agrees, and then finalize the list. NIEHS—and in this case, | think we would all like to see it too—needs to
be comfortable with the list. To be sure, | checked with OFACP. See below.

From the Director of Office of Federal Advisory Committee Policy:

“NIEHS and the BSC Chair should work together to come up with potential names.”

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p: () (6)

Executive Assistant: Caroline Dzokoto-Pomenya (b) (6)
Scheduler: Dina Simon ( (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)
Date: Tuesday, May 17, 2022 at 8:16 PM

To: Tara Schwetz < (b) (6)

Cc: "D'Souza, Rena (NIH/NIDCR) [E]" < (b) (6)

Subject: Re: NTP monograph on the state of the science

Tara,

Let me check to see if they have identified these individuals yet. As you probably know, according to FACA rules, we
cannot tell the Chair of the BSC who these people can be (unless you know otherwise), although | have expressed to the
Chair that these should be world renowned epidemiologists.

Rick

On May 17, 2022, at 6:40 PM, Schwetz, Tara (NIH/OD) [E] < (b) (6) wrote:



Rick,

Going into this meeting on Friday, it would be helpful to see the list of individuals who are
going to be on the BSC WG/conducting the review.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

SNCION

Executive Assistant: Caroline Dzokoto-Pomenya _
Scheduler: Dina Simon _

From: "D'Souza, Rena (NIH/NIDCR) [E]"< (®)(®)

Date: Tuesday, May 17, 2022 at 6:00 PM

To: "Woychik, Rick (NIH/NIEHS) [E]" < (®(6)  Tara Schwetz

Subject: Re: NTP monograph on the state of the science







You are correct, the effects they are seeing at the high levels. Rick

From: Schwetz, Tara (NIH/OD) [E] < (b) (6)

Sent: Tuesday, May 17, 2022 2:24 PM

To: Woychik, Rick (NIH/NIEHS) [E] < (b) (6) D'Souza, Rena (NIH/NIDCR) [E]
< (b) (6)

Subject: Re: NTP monograph on the state of the science

Rick,

Data quality aside for a moment, from what | read, even their analysis suggests that any
effect may be at higher levels>1.5 mg/L.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p:  (b)(6)

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)
Scheduler: Dina Simon ( (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Date: Tuesday, May 17, 2022 at 9:40 AM

To: Tara Schwetz < (b) (6) "D'Souza, Rena (NIH/NIDCR) [E]"
< (b) (6)

Cc: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Subject: FW: NTP monograph on the state of the science

Dear Rena,

Just noticed that Brian did not cc you on this message that he sent to Larry and Tara last
week. In preparation for the meeting on Friday, just wanted you to be aware of this. In
brief, their sense is that the SoS article has been peered reviewed through the official
channels that typical NTP monographs are reviewed. But, they are increasingly concerned,
as you can see from Brian’s note, that “this scientific product has crossed the line from
rigorous peer review to ensure balance and accuracy to one that could be construed as
attempting to influence the outcomes.” | have maintained from the beginning that this
should be about rigorously evaluating the quality of the science, and it’s not a purposeful
attempt to suppress the dissemination of information. What | am hearing is that there are
serious concerns that have been raised about the quality of science in the SoS article and
the interpretation of the results. My suggestion is that we focus on this in the discussion
with Brian and Mary on Friday, and in the discussion with the ASH and her colleagues.
Specifically, is there any data to suggest that 0.7 ppm of fluoride has any documented
adverse health effects.

Happy to discuss this more by phone prior to the meeting on Friday.

All the best,



Rick

Begin forwarded message:

From: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6)

Date: May 12, 2022 at 08:44:03 EDT

To: "Schwetz, Tara (NIH/OD) [E]" < (b) (6) "Woychik, Rick
(NIH/NIEHS) [E]" < (b) (6) "Tabak, Lawrence (NIH/OD) [E]"
< (b) (6)

Cc: "Wolfe, Mary (NIH/NIEHS) [E]" < (b) (6)

Subject: Re: NTP monograph on the state of the science

Hi Tara,

Thanks for your input and I'm sorry that you had to take your time to review
these documents. I've looked very briefly at your input and am not seeing
anything that we haven’t considered and adjudicated previously (with no
intent to undermine the value of your input).

I will confess that | inherited this work and have no real skin in the game other
than supporting the scientists in my Division who have produced it including
ensuring that they are adhering to all relevant policies and standards of
practice but also have the freedom to operate as independent scientists.

| have significant concerns that the level of engagement on this scientific
product has crossed the line from rigorous peer review to ensure balance and
accuracy to one that could be construed as attempting to influence the
outcomes. No doubt that this is a sensitive issue but | would like to think that
much of what NIH produces has the potential for significant public health
impact or we should be questioning why we’re doing it. We don’t put all our
products through this level of review. After 17 years in industry, I've seen
efforts to modify messages to fit commercial interests. | wasn’t party to that
there and I’'m not game to do that here.

I would like for a few key principals to get together and have a frank
conversation about this. | would like to feel more comfortable that we’re still
within the bounds of protecting scientific integrity with this. It could be the
discussion that Tara suggests below.

Brian

Brian R. Berridge, DVM, PhD, DACVP

Scientific Director, National Toxicology Program Division

Associate Director, NTP

National Institute of Environmental Health Sciences

National Institutes of Health

Research Triangle Park, NC

Office:. (b) (6)

Mobile:|  (0) (6)

From: "Schwetz, Tara (NIH/OD) [E]" < (b) (6)
Date: Thursday, May 12, 2022 at 8:01 AM
To: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6) "Tabak,

Lawrence (NIH/OD) [E]" < (b) (6)



Cc: "Berridge, Brian (NIH/NIEHS) [E]" < () (©) "Wolfe,

Mary (NIH/NIEHS) [E]" < (b) (6)
Subject: Re: NTP monograph on the state of the science
Rick,

| went through the state of the science and made several
comments/questions throughout (the first 81 pages anyway). | also re-
reviewed the background information on the comms document and provided
some additional edits/comments (note: | did not re-review the QA).

Also, | don’t think a release date of May 18 is feasible—there are too many
folks interested in this, and it needs to be further refined, the communication
needs to be carefully thought through, and we will need to brief the ASH on
this. There is the possibility of using some time at an NTP meeting with her on
Monday, but that timing may not work.

Happy to discuss this further later this morning. Thanks.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p:  (b)(6)
Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)
)
Scheduler: Dina Simon ( (b) (6)
From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)
Date: Thursday, May 5, 2022 at 10:10 AM
To: Larry Tabak < (b) (6) Tara Schwetz
< (b) (6)
Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe,
Mary (NIH/NIEHS) [E]" < (b) (6) "Woychik, Rick
(NIH/NIEHS) [E]" < (b) (6)

Subject: NTP monograph on the state of the science

Dear Tara and Larry,

| writing to share with you the NTP Monograph on the State of the Science
Concerning Fluoride Exposure and Neurodevelopment and Cognitive Health
Effects, and to let you know that we plan to post this report to the NTP public
website on May 18.

As you may remember, following the NASEM committee's peer review of the
draft NTP monograph on fluoride, information was added to create a revised
NTP monograph on fluoride (Sept 2020). Following the NASEM review of the
revised monograph, NTP decided to separate it and publish the information in
two parts, (1) the NTP Monograph on the State of the Science Concerning
Fluoride Exposure and Neurodevelopment and Cognitive Health Effects and (2)
the meta-analysis. We have removed the hazard classification from the NTP



Monograph on the Science Concerning Fluoride and instead provide a
comprehensive compilation of the literature, including the strengths and
limitations of the evidence, for interested readers to review and reach their
own conclusions. You will notice that the last sentence of the abstract
indicates that “More studies are needed to fully understand the potential
for lower fluoride exposure to affect children’s 1Q,” which reflects that fact
that the effects on 1Q of children that the NTP group is documenting relate
to higher levels of fluoride consumption. For the meta-analysis, we are
currently setting up an NTP BSC Working Group that will peer review our
response to comments we've received on it prior to submission of the meta-
analysis manuscript to a journal for publication—we are planning a
stakeholder (including the two of you) meeting to kick-off this effort as soon
as we can find time on everyone’s calendar.

The documents that | am sharing with you in this email include:

e Prepublication NTP Monograph on the State of the Science Concerning
Fluoride Exposure and Neurodevelopment and Cognitive Health Effects

e The communications plan (we will not issue a press release, but will be
prepared to respond to inquiries). You will notice that the answer to
the first question is: “The NTP review could not determine if the low
level of fluoride (0.7 mg/L) recommended for fluoridated U.S. water
supplies has adverse cognitive or neurodevelopmental effects. More
studies are needed to fully understand if fluoride levels typically
found in public water supplies in the United States affects cognition
or neurodevelopment.”

e The NASEM committee's comments from peer review on the revised
NTP monograph on fluoride (Sept 2020) with the NTP’s response to
those comments. This document does not include NTP's response to
comments on the meta-analysis. Those comments and NTP's response
will be part of the BSC Working Group project, which, as | indicated, is
in its planning stage.

We have shared the prepublication NTP Monograph on the State of the
Science Concerning Fluoride Exposure with NIDCR, CDC, FDA, and NIOSH. After
your review, we will also share the communications plan with them, per their
specific request.

Please let me know if you have questions or need other information. | look
forward to receiving your feedback.

Rick



From: Woychik, Rick (NIH/NIEHS) [E]

To: Schwetz, Tara (NIH/OD) [E]; D"Souza, Rena (NIH/NIDCR) [E
Subject: RE: NTP monograph on the state of the science
Date: Tuesday, May 1 , 2022 5: :52 PM
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Tara,
You are correct, the effects they are seeing at the high levels. Rick
From: Schwetz, Tara (NIH/OD) [E] < (b) (6)
Sent: Tuesday, May 17, 2022 2:24 PM
To: Woychik, Rick (NIH/NIEHS) [E] < (b) (6) D'Souza, Rena (NIH/NIDCR) [E]
< (b) (6)
Subject: Re: NTP monograph on the state of the science
Rick,

Data quality aside for a moment, from what | read, even their analysis suggests that any effect may
be at higher levels>1.5 mg/L.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p: (b)(6)

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)
Scheduler: Dina Simon (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Date: Tuesday, May 17, 2022 at 9:40 AM

To: Tara Schwetz < (b) (6) "D'Souza, Rena (NIH/NIDCR) [E]"
< (b) (6)

Cc: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Subject: FW: NTP monograph on the state of the science

Dear Rena,

Just noticed that Brian did not cc you on this message that he sent to Larry and Tara last week. In
preparation for the meeting on Friday, just wanted you to be aware of this. In brief, their sense is
that the SoS article has been peered reviewed through the official channels that typical NTP
monographs are reviewed. But, they are increasingly concerned, as you can see from Brian’s note,
that “this scientific product has crossed the line from rigorous peer review to ensure balance and
accuracy to one that could be construed as attempting to influence the outcomes.” | have
maintained from the beginning that this should be about rigorously evaluating the quality of the
science, and it’s not a purposeful attempt to suppress the dissemination of information. What I am
hearing is that there are serious concerns that have been raised about the quality of science in the
SoS article and the interpretation of the results. My suggestion is that we focus on this in the



discussion with Brian and Mary on Friday, and in the discussion with the ASH and her colleagues.
Specifically, is there any data to suggest that 0.7 ppm of fluoride has any documented adverse health
effects.

Happy to discuss this more by phone prior to the meeting on Friday.
All the best,
Rick

Begin forwarded message:

From: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6)

Date: May 12, 2022 at 08:44:03 EDT

To: "Schwetz, Tara (NIH/OD) [E]" < (b) (6) "Woychik, Rick (NIH/NIEHS)
[E]" < (b) (6) "Tabak, Lawrence (NIH/OD) [E]"

< (b) (6)

Cc: "Wolfe, Mary (NIH/NIEHS) [E]" < (b) (6)

Subject: Re: NTP monograph on the state of the science

Hi Tara,

Thanks for your input and I’'m sorry that you had to take your time to review these
documents. I've looked very briefly at your input and am not seeing anything that we
haven’t considered and adjudicated previously (with no intent to undermine the value
of your input).

| will confess that | inherited this work and have no real skin in the game other than
supporting the scientists in my Division who have produced it including ensuring that
they are adhering to all relevant policies and standards of practice but also have the
freedom to operate as independent scientists.

| have significant concerns that the level of engagement on this scientific product has
crossed the line from rigorous peer review to ensure balance and accuracy to one that
could be construed as attempting to influence the outcomes. No doubt that this is a
sensitive issue but | would like to think that much of what NIH produces has the
potential for significant public health impact or we should be questioning why we’re
doing it. We don’t put all our products through this level of review. After 17 years in
industry, I've seen efforts to modify messages to fit commercial interests. | wasn’t party
to that there and I’'m not game to do that here.

I would like for a few key principals to get together and have a frank conversation
about this. | would like to feel more comfortable that we’re still within the bounds of
protecting scientific integrity with this. It could be the discussion that Tara suggests
below.

Brian

Brian R. Berridge, DVM, PhD, DACVP

Scientific Director, National Toxicology Program Division

Associate Director, NTP

National Institute of Environmental Health Sciences



National Institutes of Health
Research Triangle Park, NC
Office: (b) (6)

Mobile:| (b) (6)

From: "Schwetz, Tara (NIH/OD) [E]" < (b) (6)

Date: Thursday, May 12, 2022 at 8:01 AM

To: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6) "Tabak, Lawrence
(NIH/OD) [E]" < (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary
(NIH/NIEHS) [E]" < (b) (6)

Subject: Re: NTP monograph on the state of the science

Rick,

| went through the state of the science and made several comments/questions
throughout (the first 81 pages anyway). | also re-reviewed the background information
on the comms document and provided some additional edits/comments (note: | did
not re-review the QA).

Also, | don’t think a release date of May 18 is feasible—there are too many folks
interested in this, and it needs to be further refined, the communication needs to be
carefully thought through, and we will need to brief the ASH on this. There is the
possibility of using some time at an NTP meeting with her on Monday, but that timing
may not work.

Happy to discuss this further later this morning. Thanks.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

P: (b) (6)

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)

Scheduler: Dina Simon (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Date: Thursday, May 5, 2022 at 10:10 AM

To: Larry Tabak < (b) (6) Tara Schwetz

< (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary
(NIH/NIEHS) [E]" < (b) (6) "Woychik, Rick (NIH/NIEHS) [E]"

< (b) (6)

Subject: NTP monograph on the state of the science

Dear Tara and Larry,

| writing to share with you the NTP Monograph on the State of the Science Concerning
Fluoride Exposure and Neurodevelopment and Cognitive Health Effects, and to let you



know that we plan to post this report to the NTP public website on May 18.
As you may remember, following the NASEM committee's peer review of the draft NTP
monograph on fluoride, information was added to create a revised NTP monograph on
fluoride (Sept 2020). Following the NASEM review of the revised monograph, NTP
decided to separate it and publish the information in two parts, (1) the NTP Monograph
on the State of the Science Concerning Fluoride Exposure and Neurodevelopment and
Cognitive Health Effects and (2) the meta-analysis. We have removed the hazard
classification from the NTP Monograph on the Science Concerning Fluoride and instead
provide a comprehensive compilation of the literature, including the strengths and
limitations of the evidence, for interested readers to review and reach their own
conclusions. You will notice that the last sentence of the abstract indicates that
“More studies are needed to fully understand the potential for lower fluoride
exposure to affect children’s 1Q,” which reflects that fact that the effects on IQ of
children that the NTP group is documenting relate to higher levels of fluoride
consumption. For the meta-analysis, we are currently setting up an NTP BSC Working
Group that will peer review our response to comments we've received on it prior to
submission of the meta-analysis manuscript to a journal for publication—we are
planning a stakeholder (including the two of you) meeting to kick-off this effort as soon
as we can find time on everyone’s calendar.
The documents that | am sharing with you in this email include:
e Prepublication NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects
e The communications plan (we will not issue a press release, but will be prepared
to respond to inquiries). You will notice that the answer to the first question is:
“The NTP review could not determine if the low level of fluoride (0.7 mg/L)
recommended for fluoridated U.S. water supplies has adverse cognitive or
neurodevelopmental effects. More studies are needed to fully understand if
fluoride levels typically found in public water supplies in the United States
affects cognition or neurodevelopment.”
e The NASEM committee's comments from peer review on the revised NTP
monograph on fluoride (Sept 2020) with the NTP’s response to those comments.
This document does not include NTP's response to comments on the meta-
analysis. Those comments and NTP's response will be part of the BSC Working
Group project, which, as | indicated, is in its planning stage.

We have shared the prepublication NTP Monograph on the State of the Science
Concerning Fluoride Exposure with NIDCR, CDC, FDA, and NIOSH. After your review, we
will also share the communications plan with them, per their specific request.

Please let me know if you have questions or need other information. | look forward to
receiving your feedback.

Rick



From: Tabak. Lawrence (NIH/OD) [E]
To: Schwetz, Tara (NIH/OD) [E
Subject: Re: Fluoride Follow-up
Date: Thursday, May 12, 2022 :50:00 AM
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The NAS, a completely independent group, appropriately criticized the antecedent document. And,
they have not addressed the significant issues raised —a meta-analysis can only be as good as
primary studies used for the analysis. Most of the studies employed are deeply flawed and certainly
not representative. And it is because NIH reports influence public health, that they are obligated to
make clear what the benefits have been. One sentence about balance versus the remainder of the
report does not reach balance.

From: "Schwetz, Tara (NIH/OD) [E]" < (b) (6)
Date: Thursday, May 12, 2022 at 9:26 AM
To: "Tabak, Lawrence (NIH/OD) [E]" < (b) (6)

Subject: Re: Fluoride Follow-up

There’s an NIH group that is meeting right after SC. | will let you know how that goes...seems like
Brian is going to be defensive.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p:  (b)(6)

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)
Scheduler: Dina Simon (b) (6)

From: Larry Tabak < (b) (6)

Date: Thursday, May 12, 2022 at 9:25 AM

To: Tara Schwetz < (b) (6)

Subject: Re: Fluoride Follow-up
Thanks for taking this on.

From: "Schwetz, Tara (NIH/OD) [E]" < (b) (6)
Date: Thursday, May 12, 2022 at 9:24 AM
To: "Tabak, Lawrence (NIH/OD) [E]" < (b) (6)

Subject: FW: Fluoride Follow-up

FYI...I talked to Rick following a quick conversation with Michael yesterday. We talked about me
emphasizing a few points, including the balance issue.

Also, most of my comments on the document, which | stayed up really late last night reviewing, were
to add context and clarity. It is unsettling that comments to clarify and request context are being
considered as influencing the science.

Best,



Tara A. Schwetz, PhD (she/her)
Acting Principal Deputy Director, NIH
A: Building 1, Room 109

P: [ ONE®

Executive Assistant: Caroline Dzokoto-Pomenya (1 (B) (6) s
Scheduler: Dina Simon [ (b) ()

From: "lademarco, Michael (HHS/OASH)" _

Date: Thursday, May 12, 2022 at 9:15 AM

To: Tara Schwetz< ()®

Cc: "Calsyn, Maura (HHS/OASH)" _ "Franco, Celinda (HHS/OASH)"
S OO *Fisher, Megan (HHS/0ASH)" < GO

Subject: RE: Fluoride Follow-up

All sounds good. | think a touch base with ADM Levine on Monday at 11:00, regardless of the status
would be helpful. Megan is following through. Thanks, Michael

From: Schwetz, Tara (NIH/OD) [E]< (®)(®)

Sent: Wednesday, May 11, 2022 11:05 PM

To: lademarco, Michael (HHS/OASH)<— (®)(€©)

Cc: Calsyn, Maura (HHS/OASH) < (0)(6)  Franco, Celinda (HHS/OASH)
A Fisher, Megan (H5/0ASH) <IN B

Subject: Re: Fluoride Follow-up

Michael,

I’'m meeting with NIEHS/NTP tomorrow to discuss. I'm hoping we’ll be in better alignment on the
NIH side then, but | can’t guarantee it. I'll know more after that meeting though. Defer to you on
whether a preliminary update discussion would be useful or if we should wait until we have
everything worked through on our end before raising it with ADM Levine. I'll make myself available
at 11 am on Monday though.

| did touch base with Rick Woychik (NIEHS director), and he recognizes that the proposed May 18
date is not likely and that it will need to run through clearance, which will include OASH.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

P: [ ONE®)

Executive Assistant: Caroline Dzokoto-Pomenya ({0 (b) (6)
Scheduler: Dina Simon [ (b) (6)

From: "lademarco, Michael (HHS/OASH)" _

Date: Wednesday, May 11, 2022 at 5:23 PM



To: Tara Schwetz < (b) (6)

Cc: "Calsyn, Maura (HHS/OASH)" < (b) (6) "Franco, Celinda (HHS/OASH)"
< (b) (6) "Fisher, Megan (HHS/OASH)" < (b) (6)

Subject: Fluoride Follow-up

Tara,

Great to catch up.

Apparently, there is an NTP meeting for ADM Levine on Monday at 11:00-12:00. We could use 30
minutes for an update for NIH to provide an update. Could that work? Megan can assist getting that
coordinated.

Thanks for adding in OASH into the clearance process of the various products. Celinda, OASH
ExecSec can help us connect the dots.

Best, Michael



From: Tabak. Lawrence (NIH/OD) [E]

To: Schwetz, Tara (NIH/OD) [E
Subject: FW: NTP monograph on the state of the science
Date: Thursday, May 12, 2022 5 : AM
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| am concerned about this.

From: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6)

Date: Thursday, May 12, 2022 at 8:44 AM

To: "Schwetz, Tara (NIH/OD) [E]" < (b) (6) "Woychik, Rick (NIH/NIEHS) [E]"
< (b) (6) "Tabak, Lawrence (NIH/OD) [E]" < (b) (6)

Cc: "Wolfe, Mary (NIH/NIEHS) [E]" < (b) (6)

Subject: Re: NTP monograph on the state of the science

Hi Tara,

Thanks for your input and I’'m sorry that you had to take your time to review these documents. I've
looked very briefly at your input and am not seeing anything that we haven’t considered and
adjudicated previously (with no intent to undermine the value of your input).

I will confess that | inherited this work and have no real skin in the game other than supporting the
scientists in my Division who have produced it including ensuring that they are adhering to all
relevant policies and standards of practice but also have the freedom to operate as independent
scientists.

| have significant concerns that the level of engagement on this scientific product has crossed the
line from rigorous peer review to ensure balance and accuracy to one that could be construed as
attempting to influence the outcomes. No doubt that this is a sensitive issue but | would like to think
that much of what NIH produces has the potential for significant public health impact or we should
be questioning why we’re doing it. We don’t put all our products through this level of review. After
17 years in industry, I've seen efforts to modify messages to fit commercial interests. | wasn’t party
to that there and I’'m not game to do that here.

I would like for a few key principals to get together and have a frank conversation about this. | would
like to feel more comfortable that we’re still within the bounds of protecting scientific integrity with
this. It could be the discussion that Tara suggests below.

Brian

Brian R. Berridge, DVM, PhD, DACVP

Scientific Director, National Toxicology Program Division

Associate Director, NTP

National Institute of Environmental Health Sciences

National Institutes of Health

Research Triangle Park, NC

Office:|  (b) (6)

Mobile:| (D) (6)

From: "Schwetz, Tara (NIH/OD) [E]" < (b) (6)

Date: Thursday, May 12, 2022 at 8:01 AM

To: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6) "Tabak, Lawrence (NIH/OD) [E]"
< (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary (NIH/NIEHS)



[E]" < (b) (6)

Subject: Re: NTP monograph on the state of the science

Rick,

| went through the state of the science and made several comments/questions throughout (the first
81 pages anyway). | also re-reviewed the background information on the comms document and
provided some additional edits/comments (note: | did not re-review the QA).

Also, | don’t think a release date of May 18 is feasible—there are too many folks interested in this,
and it needs to be further refined, the communication needs to be carefully thought through, and
we will need to brief the ASH on this. There is the possibility of using some time at an NTP meeting
with her on Monday, but that timing may not work.

Happy to discuss this further later this morning. Thanks.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p:  (b)(6)

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)

Scheduler: Dina Simon (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Date: Thursday, May 5, 2022 at 10:10 AM

To: Larry Tabak < (b) (6) Tara Schwetz < (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary (NIH/NIEHS)
[E]" < (b) (6) "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Subject: NTP monograph on the state of the science

Dear Tara and Larry,

| writing to share with you the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects, and to let you know that we plan to
post this report to the NTP public website on May 18.

As you may remember, following the NASEM committee's peer review of the draft NTP monograph
on fluoride, information was added to create a revised NTP monograph on fluoride (Sept 2020).
Following the NASEM review of the revised monograph, NTP decided to separate it and publish the
information in two parts, (1) the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects and (2) the meta-analysis. We have
removed the hazard classification from the NTP Monograph on the Science Concerning Fluoride and
instead provide a comprehensive compilation of the literature, including the strengths and
limitations of the evidence, for interested readers to review and reach their own conclusions. You
will notice that the last sentence of the abstract indicates that “More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q,” which reflects that
fact that the effects on 1Q of children that the NTP group is documenting relate to higher levels of
fluoride consumption. For the meta-analysis, we are currently setting up an NTP BSC Working
Group that will peer review our response to comments we've received on it prior to submission of



the meta-analysis manuscript to a journal for publication—we are planning a stakeholder (including
the two of you) meeting to kick-off this effort as soon as we can find time on everyone’s calendar.
The documents that | am sharing with you in this email include:

e Prepublication NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopment and Cognitive Health Effects

e The communications plan (we will not issue a press release, but will be prepared to respond
to inquiries). You will notice that the answer to the first question is: “The NTP review could
not determine if the low level of fluoride (0.7 mg/L) recommended for fluoridated U.S.
water supplies has adverse cognitive or neurodevelopmental effects. More studies are
needed to fully understand if fluoride levels typically found in public water supplies in the
United States affects cognition or neurodevelopment.”

e The NASEM committee's comments from peer review on the revised NTP monograph on
fluoride (Sept 2020) with the NTP’s response to those comments. This document does not
include NTP's response to comments on the meta-analysis. Those comments and NTP's
response will be part of the BSC Working Group project, which, as | indicated, is in its planning
stage.

We have shared the prepublication NTP Monograph on the State of the Science Concerning Fluoride
Exposure with NIDCR, CDC, FDA, and NIOSH. After your review, we will also share the
communications plan with them, per their specific request.

Please let me know if you have questions or need other information. | look forward to receiving your
feedback.

Rick
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Subject: Re: NTP monograph on the state of the science

Date: Thursday, May 12, 2022 : :03 AM
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Hi Tara,

Thanks for your input and I’'m sorry that you had to take your time to review these documents. I've
looked very briefly at your input and am not seeing anything that we haven’t considered and
adjudicated previously (with no intent to undermine the value of your input).

I will confess that | inherited this work and have no real skin in the game other than supporting the
scientists in my Division who have produced it including ensuring that they are adhering to all
relevant policies and standards of practice but also have the freedom to operate as independent
scientists.

I have significant concerns that the level of engagement on this scientific product has crossed the
line from rigorous peer review to ensure balance and accuracy to one that could be construed as
attempting to influence the outcomes. No doubt that this is a sensitive issue but | would like to think
that much of what NIH produces has the potential for significant public health impact or we should
be questioning why we’re doing it. We don’t put all our products through this level of review. After
17 years in industry, I've seen efforts to modify messages to fit commercial interests. | wasn’t party
to that there and I’'m not game to do that here.

I would like for a few key principals to get together and have a frank conversation about this. | would
like to feel more comfortable that we’re still within the bounds of protecting scientific integrity with
this. It could be the discussion that Tara suggests below.

Brian

Brian R. Berridge, DVM, PhD, DACVP

Scientific Director, National Toxicology Program Division

Associate Director, NTP

National Institute of Environmental Health Sciences

National Institutes of Health

Research Triangle Park, NC

Office:|  (B) (6)

Mobile:| (D) (6)

From: "Schwetz, Tara (NIH/OD) [E]" < (b) (6)

Date: Thursday, May 12, 2022 at 8:01 AM

To: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6) "Tabak, Lawrence (NIH/OD) [E]"
< (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary (NIH/NIEHS)
[E]" < (b) (6)

Subject: Re: NTP monograph on the state of the science

Rick,

| went through the state of the science and made several comments/questions throughout (the first
81 pages anyway). | also re-reviewed the background information on the comms document and
provided some additional edits/comments (note: | did not re-review the QA).

Also, | don’t think a release date of May 18 is feasible—there are too many folks interested in this,



and it needs to be further refined, the communication needs to be carefully thought through, and
we will need to brief the ASH on this. There is the possibility of using some time at an NTP meeting
with her on Monday, but that timing may not work.

Happy to discuss this further later this morning. Thanks.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p:  (b)(6)

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)

Scheduler: Dina Simon (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Date: Thursday, May 5, 2022 at 10:10 AM

To: Larry Tabak < (b) (6) Tara Schwetz < (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary (NIH/NIEHS)
[E]" < (b) (6) "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Subject: NTP monograph on the state of the science
Dear Tara and Larry,
| writing to share with you the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects, and to let you know that we plan to
post this report to the NTP public website on May 18.
As you may remember, following the NASEM committee's peer review of the draft NTP monograph
on fluoride, information was added to create a revised NTP monograph on fluoride (Sept 2020).
Following the NASEM review of the revised monograph, NTP decided to separate it and publish the
information in two parts, (1) the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects and (2) the meta-analysis. We have
removed the hazard classification from the NTP Monograph on the Science Concerning Fluoride and
instead provide a comprehensive compilation of the literature, including the strengths and
limitations of the evidence, for interested readers to review and reach their own conclusions. You
will notice that the last sentence of the abstract indicates that “More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q,” which reflects that
fact that the effects on 1Q of children that the NTP group is documenting relate to higher levels of
fluoride consumption. For the meta-analysis, we are currently setting up an NTP BSC Working
Group that will peer review our response to comments we've received on it prior to submission of
the meta-analysis manuscript to a journal for publication—we are planning a stakeholder (including
the two of you) meeting to kick-off this effort as soon as we can find time on everyone’s calendar.
The documents that | am sharing with you in this email include:

e Prepublication NTP Monograph on the State of the Science Concerning Fluoride Exposure and

Neurodevelopment and Cognitive Health Effects
e The communications plan (we will not issue a press release, but will be prepared to respond
to inquiries). You will notice that the answer to the first question is: “The NTP review could



not determine if the low level of fluoride (0.7 mg/L) recommended for fluoridated U.S.
water supplies has adverse cognitive or neurodevelopmental effects. More studies are
needed to fully understand if fluoride levels typically found in public water supplies in the
United States affects cognition or neurodevelopment.”

e The NASEM committee's comments from peer review on the revised NTP monograph on
fluoride (Sept 2020) with the NTP’s response to those comments. This document does not
include NTP's response to comments on the meta-analysis. Those comments and NTP's
response will be part of the BSC Working Group project, which, as | indicated, is in its planning
stage.

We have shared the prepublication NTP Monograph on the State of the Science Concerning Fluoride
Exposure with NIDCR, CDC, FDA, and NIOSH. After your review, we will also share the
communications plan with them, per their specific request.

Please let me know if you have questions or need other information. | look forward to receiving your
feedback.

Rick
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To: Woychik, Rick (NIH/NIEHS) [E]; Tabak. Lawrence (NIH/OD) [E]
c: erridge, rian (NIH/NIEHS) [E]; Wolfe, Mary (NIH/NIEHS) [E
Subject: Re: NTP monograph on the state of the science
Date: Thursday, May 12, 2022 :01:0 AM
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Rick,

| went through the state of the science and made several comments/questions throughout (the first
81 pages anyway). | also re-reviewed the background information on the comms document and
provided some additional edits/comments (note: | did not re-review the QA).

Also, I don’t think a release date of May 18 is feasible—there are too many folks interested in this,
and it needs to be further refined, the communication needs to be carefully thought through, and
we will need to brief the ASH on this. There is the possibility of using some time at an NTP meeting
with her on Monday, but that timing may not work.

Happy to discuss this further later this morning. Thanks.

Best,

Tara A. Schwetz, PhD (she/her)

Acting Principal Deputy Director, NIH

A: Building 1, Room 109

p:  (b)(6)

Executive Assistant: Caroline Dzokoto-Pomenya ( (b) (6)

Scheduler: Dina Simon (b) (6)

From: "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Date: Thursday, May 5, 2022 at 10:10 AM

To: Larry Tabak < (b) (6) Tara Schwetz < (b) (6)

Cc: "Berridge, Brian (NIH/NIEHS) [E]" < (b) (6) "Wolfe, Mary (NIH/NIEHS)
[E]" < (b) (6) "Woychik, Rick (NIH/NIEHS) [E]" < (b) (6)

Subject: NTP monograph on the state of the science

Dear Tara and Larry,

| writing to share with you the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects, and to let you know that we plan to
post this report to the NTP public website on May 18.

As you may remember, following the NASEM committee's peer review of the draft NTP monograph
on fluoride, information was added to create a revised NTP monograph on fluoride (Sept 2020).
Following the NASEM review of the revised monograph, NTP decided to separate it and publish the
information in two parts, (1) the NTP Monograph on the State of the Science Concerning Fluoride
Exposure and Neurodevelopment and Cognitive Health Effects and (2) the meta-analysis. We have
removed the hazard classification from the NTP Monograph on the Science Concerning Fluoride and
instead provide a comprehensive compilation of the literature, including the strengths and
limitations of the evidence, for interested readers to review and reach their own conclusions. You



will notice that the last sentence of the abstract indicates that “More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q,” which reflects that
fact that the effects on 1Q of children that the NTP group is documenting relate to higher levels of
fluoride consumption. For the meta-analysis, we are currently setting up an NTP BSC Working
Group that will peer review our response to comments we've received on it prior to submission of
the meta-analysis manuscript to a journal for publication—we are planning a stakeholder (including
the two of you) meeting to kick-off this effort as soon as we can find time on everyone’s calendar.
The documents that | am sharing with you in this email include:

e Prepublication NTP Monograph on the State of the Science Concerning Fluoride Exposure and
Neurodevelopment and Cognitive Health Effects

e The communications plan (we will not issue a press release, but will be prepared to respond
to inquiries). You will notice that the answer to the first question is: “The NTP review could
not determine if the low level of fluoride (0.7 mg/L) recommended for fluoridated U.S.
water supplies has adverse cognitive or neurodevelopmental effects. More studies are
needed to fully understand if fluoride levels typically found in public water supplies in the
United States affects cognition or neurodevelopment.”

e The NASEM committee's comments from peer review on the revised NTP monograph on
fluoride (Sept 2020) with the NTP’s response to those comments. This document does not
include NTP's response to comments on the meta-analysis. Those comments and NTP's
response will be part of the BSC Working Group project, which, as | indicated, is in its planning
stage.

We have shared the prepublication NTP Monograph on the State of the Science Concerning Fluoride
Exposure with NIDCR, CDC, FDA, and NIOSH. After your review, we will also share the
communications plan with them, per their specific request.

Please let me know if you have questions or need other information. | look forward to receiving your
feedback.

Rick
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Foreword

The National Toxicology Program (NTP), established in 1978, is an interagency collaboration
within the Public Health Service of the U.S. Department of Health and Human Services. Its
activities are executed through a partnership of the National Institute for Occupational Safety and
Health (part of the Centers for Disease Control and Prevention), the Food and Drug
Administration (primarily at the National Center for Toxicological Research), and the National
Institute of Environmental Health Sciences (part of the National Institutes of Health), where this
virtual program is administratively located. NTP’s work focuses on the testing, research, and
analysis of agents of concern to identify toxic and biological effects, provide information that
strengthens the science base, and inform decisions by health regulatory and research agencies to
safeguard public health. NTP also works to develop and apply new and improved methods and
approaches that advance toxicology and better assess health effects from environmental
exposures.

Literature-based evaluations are one means by which NTP assesses whether exposure to
environmental substances (e.g., chemicals, physical agents, and mixtures) may be associated
with adverse health effects. These evaluations result in hazard conclusions or characterize the
extent of the evidence and are published in the NTP Monograph series, which began in 2011.
NTP monographs serve as an environmental health resource to provide information that can be
used to make informed decisions about whether exposure to a substance may be of concern for
human health.

These health effects evaluations follow prespecified protocols that apply the general methods
outlined in the “Handbook for Conducting a Literature-Based Health Assessment Using the
OHAT Approach for Systematic Review and Evidence Integration.”" The protocol describes
project-specific procedures tailored to each systematic review in a process that facilitates
evaluation and integration of scientific evidence from published human, experimental animal,
and mechanistic studies.

Systematic review procedures are not algorithms, and the methods require scientific judgments.
The key feature of the systematic review approach is the application of a transparent framework
to document the evaluation methods and the basis for scientific judgments. This process includes
steps to comprehensively search for studies, select relevant evidence, assess individual study
quality, rate confidence in bodies of evidence across studies, and then integrate evidence to
develop conclusions for the specific research question. Draft monographs undergo external peer
review prior to being finalized and published.

NTP monographs are available free of charge on the NTP website and cataloged in PubMed, a
free resource developed and maintained by the National Library of Medicine (part of the
National Institutes of Health). Data for these evaluations are included in the Health Assessment
and Workspace Collaborative.

For questions about the monographs, please email NTP or call 984-287-3211.

fOHAT is the abbreviation for Office of Health Assessment and Translation, which has become the Health
Assessment and Translation group in the Integrative Health Assessment Branch of the Division of the National
Toxicology Program at the National Institute of Environmental Health Sciences.
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Abstract

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

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

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

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

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

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

Discussion: Existing animal studies provide little insight into the question of whether fluoride
exposure affects IQ. In addition, studies that evaluated fluoride exposure and mechanistic data in
humans were too heterogenous and limited in number to make any determination on biological
plausibility. The body of evidence from studies in adults is also limited and provides low

xii
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confidence that fluoride exposure is associated with adverse effects on adult cognition. There is,
however, a large body of evidence on IQ effects in children. There is also some evidence that
fluoride exposure is associated with other neurodevelopmental and cognitive effects in children;
although, because of the heterogeneity of the outcomes, there is low confidence in the literature
for these other effects. This review finds, with moderate confidence, that higher fluoride
exposure (e.g., represented by populations whose total fluoride exposure approximates or
exceeds the World Health Organization Guidelines for Drinking-water Quality of 1.5 mg/L of
fluoride) is consistently associated with lower IQ in children. More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q.

Xiil
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Preface

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

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

NTP has responded to the NASEM committee’s comments on the revised draft (September 16,
2020) in a separate document (placeholder for URL) and revised relevant sections of this
monograph.

Xiv
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Introduction

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. Approximately 67% of the U.S.
population receives fluoridated water through a community water system (CDC 2013). In other
countries, fluoride supplementation has been achieved by fluoridating food products such as salt
or milk. Fluoride supplementation has been recommended to prevent bone fractures (Jones et al.
2005). Fluoride also can occur naturally in drinking water. Other sources of human exposure
include other foods and beverages, industrial emissions, pharmaceuticals, and pesticides (e.g.,
cryolite, sulfuryl fluoride). Soil ingestion is another source of fluoride exposure in young
children (US EPA 2010).

The U.S. Public Health Service (PHS) first recommended that communities add fluoride to
drinking water in 1962. PHS guidance is advisory, not regulatory, which means that while PHS
recommends community water fluoridation as a public health intervention, the decision to
fluoridate water systems is made by state and local governments. For many years, most
fluoridated community water systems used fluoride concentrations ranging from 0.8 to 1.2
milligrams/liter (mg/L) (US DHHS 2015). For community water systems that add fluoride, PHS
now recommends a fluoride concentration of 0.7 mg/L (equal to 0.7 parts per million [ppm]).
Under the Safe Drinking Water Act, the U.S. Environmental Protection Agency (EPA) sets
maximum exposure level standards for drinking water quality. The current enforceable drinking
water standard for fluoride, or the maximum contaminant level (MCL), is 4.0 mg/L. This level is
the maximum amount of fluoride contamination (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. EPA also has a non-enforceable secondary drinking water standard of 2.0 mg/L of
fluoride, which is recommended to protect children against the tooth discoloration and/or pitting
that can be caused by severe dental fluorosis during the formative period prior to eruption of
teeth. Although the secondary standard is not enforceable, EPA requires that public water
systems notify the public if and when average fluoride levels exceed 2.0 mg/L (NRC 2006). The
World Health Organization (WHO) set a safe water guideline of 1.5 mg/L of fluoride in drinking
water (first established in 1984 and reaffirmed in 1993 and 2011), which is recommended to
protect against increasing risk of dental and skeletal fluorosis (WHO 2017).

As of April 2020, 1.08% of persons living in the United States (~3.5 million people) were served
by community water systems (CWS) containing >1.1 mg/L naturally occurring fluoride. CWS
supplying water with >1.5 mg/L naturally occurring fluoride served 0.59% of the U.S.
population (~1.9 million people), and systems supplying water with >2 mg/L naturally occurring
fluoride served 0.31% of the U.S. population (~1 million people) (CDC Division of Oral Health
2020).

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.
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Effects on neurological function, endocrine function (e.g., thyroid,! parathyroid, pineal),
metabolic function (e.g., glucose metabolism), and carcinogenicity were assessed in the 2006
NRC report, Fluoride in Drinking Water: A Scientific Review of EPA’s Standards (NRC 2006).
The NRC review considered adverse effects of water fluoride, focusing on a range of
concentrations (2—4 mg/L) above the current 0.7-mg/L recommendation for community water
fluoridation. The NRC report concluded that the Maximum Contaminant Level Goal (MCLG),

4 mg/L, should be lowered to protect against severe enamel fluorosis and reduce the risk of bone
fractures associated with skeletal fluorosis (NRC 2006). Other than severe fluorosis, NRC did
not find sufficient evidence of negative health effects at fluoride levels below 4 mg/L; however,
it concluded that the consistency of the results of IQ deficits in children exposed to fluoride at
2.5 to 4 mg/L in drinking water from a few epidemiological studies of Chinese populations
appeared significant enough to warrant additional research on the effects of fluoride on
intelligence. The NRC report noted several challenges to evaluating the literature, including
deficiencies in reporting quality, lack of consideration of all sources of fluoride exposure,
incomplete consideration of potential confounding, selection of inappropriate control subject
populations in epidemiological studies, absence of demonstrated clinical significance of reported
endocrine effects, and incomplete understanding of the biological relationship between
histological, biochemical, and molecular alterations with behavioral effects.

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.
Given these findings, NTP decided to conduct additional animal studies before carrying out this
full systematic review and integrate human, animal, and potentially relevant mechanistic
evidence in order to reach human health hazard identification conclusions for fluoride and
learning and memory effects. 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). The evaluation of experimental animal studies in this monograph has been
conducted separately from the 2016 experimental animal assessment; however, like the 2016
assessment, it assessed mainly learning and memory effects in experimental animal studies to
determine whether the findings inform the assessment of cognitive neurodevelopmental effects
in children and cognitive effects in adults.

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). The current document incorporates changes stemming from those
reviews, and responses to the 2020 review are available at (placeholder to cite NTP 2021

IThe 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).
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Response to NASEM comments). See Appendix B, Table B-1 for a timeline of key activities
contributing to this 2022 NTP monograph, including document review activities that have
occurred since 2016.

Objective and Specific Aims

Objective

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. 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”). In
addition, a meta-analysis of the epidemiological studies examining children’s IQ 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.

Therefore, the objective of this monograph is to undertake a systematic review of the literature
concerning the association between fluoride exposure and neurodevelopmental and cognitive
effects and to determine the level of confidence in that evidence. The assessment was based on
evidence from human and non-human animal studies with consideration of mechanistic
information.

Specific Aims

e 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.

e Extract data on potential neurodevelopmental and cognitive health effects from
relevant studies.

e Assess the internal validity (risk of bias) of individual studies using pre-defined
criteria.

e Assess effects on thyroid function to help evaluate potential mechanisms of impaired
neurobehavioral® function.

e Summarize the extent and types of health effects evidence available.

The specific aim in the protocol refers to “impaired neurological function”; however, it was changed to “impaired
neurobehavior function” in this document to use more precise terminology. The overall aim from the protocol
remained the same for this evaluation.
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e Describe limitations of the systematic review, strengths and limitations of the
evidence base, identify areas of uncertainty, as well as data gaps and research needs
for neurodevelopmental and cognitive health effects of fluoride.

Depending on the extent and nature of the available evidence:

e Synthesize the evidence using a narrative approach.

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

Available.
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Methods

Problem Formulation and Protocol Development

The research question and specific aims stated above were developed and refined through a
series of problem formulation steps, including:

(1) receipt of a nomination from the public in June 2015 to conduct analyses of fluoride
and developmental neurobehavioral toxicity;

(2) analysis of the extent of evidence available and the merit of pursuing systematic
reviews, given factors such as the extent of new research published since previous
evaluations and whether these new reports address or correct the deficiencies noted in
the literature (OEHHA 2011; NRC 2006; SCHER 2011);

(3) request for information in a Federal Register notice (dated October 7, 2015);

(4) consideration of comments providing a list of studies to review through Federal
Register notice and public comment period from October 7, 2015, to November 6,
2015;

(5) release of draft concept titled Proposed NTP Evaluation on Fluoride Exposure and
Potential for Developmental Neurobehavioral Effects in November 2015;

(6) presentation of draft concept at the NTP Board of Scientific Counselors (BSC)
meeting on December 1-2, 2015;

(7) consideration of comments on NTP’s draft concept from the NTP BSC meeting in
December 2015; and

(8) consideration of input on the draft protocol from review by technical advisors.

The protocol used to conduct this systematic review was posted in June 2017 with updates
posted in May 2019 and September 2020 (https:/ntp.niehs.nih.gov/g0/785076).% 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.

A brief summary of the methods is presented below. Although the methods were revised to
remove the hazard assessment step and meta-analysis from this document, the protocol was not
further revised.

PECO Statements

PECO (Population, Exposure, Comparators and Qutcomes) statements were developed as an aid
to identify search terms and appropriate inclusion/exclusion criteria for addressing the overall
research question (effects on neurodevelopmental or cognitive function and thyroid associated

3NTP 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.
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with fluoride exposure) for the systematic review (Higgins and Green 2011). The PECO
statements are listed below for human, animal, and in vitro/mechanistic studies (see Table 1,
Table 2, and Table 3).

Using the PECO statements, the evaluation searched human studies, controlled exposure animal
studies, and mechanistic/in vitro studies for evidence of neurodevelopmental or cognitive
function and thyroid effects associated with fluoride exposure. Mechanistic data can come from a
wide variety of studies that are not intended to identify a disease phenotype. This source of
experimental data includes in vitro and in vivo laboratory studies directed at cellular,
biochemical, and molecular mechanisms and attempt to explain how a substance produces
particular adverse health effects. The mechanistic data were first organized by general categories
(e.g., biochemical effects in the brain and neurons, neurotransmitters, oxidative stress) to
evaluate the available information. Categories focused on were those with more robust data at
levels of fluoride more relevant to human exposure. The intent was not to develop a mechanism
for fluoride induction of effects on learning and memory but to evaluate whether a plausible
series of mechanistic events exists to support effects observed in the low-dose region (below
approximate drinking-water-equivalent concentrations of 20 ppm for animal studies) that may
strengthen a hazard conclusion if one is derived.

Table 1. Human PECO (Population, Exposure, Comparator and Qutcome) Statement
PECO Element Evidence

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. Relevant forms are those used as additives for water fluoridation:

e  Fluorosilicic acid (also called hydrofluorosilicate; Chemical Abstracts Service
Registry Number [CASRN] 16961-83-4)

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

e  Sodium fluoride (CASRN 7681-49-4)

e Other forms of fluoride that readily dissociate into free fluoride ions (e.g., potassium
fluoride, calcium fluoride, ammonium fluoride)

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

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

Table 2. Animal PECO Statement

4The human PECO statement in the protocol refers to “neurological outcomes”; however, it was changed to
“neurological/neurobehavioral outcomes” in this document to use more precise terminology for the outcomes
included.
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PECO Element Evidence
Population Non-human mammalian animal species (whole organism)
Exposure Exposure to fluoride based on administered dose or concentration and biomonitoring data
(e.g., urine, blood, other specimens). Relevant forms are those used as additives for water
fluoridation:

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

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

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

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

Table 3. In Vitro/Mechanistic PECO Statement

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

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

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

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

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

Literature Search

Main Literature Search

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

5The animal PECO statement in the protocol refers to “neurological outcomes”; however, it was changed to
“neurological/neurobehavioral outcomes” in this document to use more precise terminology for the outcomes
included.
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and thyroid-related terms and by extracting key neurobehavioral and thyroid-related health
effects and developmental neurobehavioral terminology from reviews and a sample of relevant
studies.® Combinations of relevant subject headings and keywords were subsequently identified.
A test set of relevant studies was used to ensure the search terms retrieved 100% of the test set.
Six electronic databases were searched (see Main Literature Database Search) using a search
strategy tailored for each database (specific search terms used for the PubMed search are
presented in Appendix B; the search strategy for other databases are available in the protocol
(https://ntp.niehs.nih.gov/go/785076). A search of PubChem indicated that sodium fluoride was
not found in either the Tox21 or ToxCast databases; therefore, these databases were not included
in the search. No language restrictions or publication-year limits were imposed. These six
databases were searched in December 2016, and the search was regularly updated during the
review process through April 1, 2019.

An additional search was conducted on May 1, 2020, where human epidemiological studies with
primary neurodevelopmental or cognitive outcomes (learning, memory, and intelligence) were
prioritized during screening. The review of the 2020 search results focused only on the human
studies because they formed the basis of the confidence ratings (see Figure 1 for framework to
assess confidence) and conclusions in the September 6, 2019, draft. A supplemental literature
search of Chinese-language databases (described below) was also conducted. See Appendix B,
Table B-1 for a timeline of key activities contributing to this 2022 NTP monograph, including
information relevant to the timing of multiple literature searches.

Publications identified in these searches are categorized as “references identified through
database searches” in Figure 2. Studies identified from other sources or manual review that
might impact conclusions are considered under “references identified through other sources” in
Figure 2. Literature searches for this systematic review were conducted independently from the
literature search conducted for NTP (2016). The current literature search strategy was based on
the search terms used for NTP (2016) and refined for the current evaluation, including the
addition of search terms to identify human studies. Although the review process identified
experimental animal studies prior to 2015, the current assessment did not evaluate these studies
and relied on the NTP (2016) assessment. The focus of the literature searches for this systematic
review was to identify and evaluate relevant animal studies that were published since completion
of the literature searches for the NTP (2016) assessment in addition to the human and
mechanistic data that were not previously evaluated.

Supplemental Chinese Database Literature Search

In order to identify non-English-language studies that might not appear in databases for the main
literature search, additional searches were developed for non-English-language databases. No
definitive guidance was found on the most comprehensive, highest quality, or otherwise most
appropriate non-English-language databases for health studies of fluoride. Therefore, databases
were chosen that identified non-English-language studies that were not captured in searches of
databases from the main literature search—those previously identified from other resources (see
the Searching Other Resources section below). Multiple non-English-language databases were
explored before two were identified, CNKI and Wanfang, that covered studies previously

®The terms “study” and “publication” are used interchangeably in this document to refer to a published work drawn
from an original body of research conducted on a defined population.
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identified from other sources. These two Chinese electronic databases were searched in May
2020 with no language restrictions or publication year limits. Search terms from the main
literature search were refined to focus on human epidemiological studies. The CNKI and
Wanfang databases have character limits in the search strings; therefore, key terms were
prioritized using text analytics to identify the most prevalent terms from neurodevelopmental or
cognitive human epidemiological studies previously identified as relevant. Search strings were
designed to capture known relevant studies that were previously identified from searching other
resources without identifying large numbers of non-relevant studies (the search strategy for both
databases is available in the protocol [https://ntp.niehs.nih.gov/go/785076]). Publications
retrieved were compared with publications retrieved from the main literature search, and
duplicates were removed. The remaining relevant publications are categorized as “references
identified through database searches” in Figure 2.

New animal and mechanistic references retrieved were scanned for evidence that might extend
the information currently in the September 6, 2019, draft. Although additional studies were
identified, data that would materially advance the animal and mechanistic findings were not
identified; therefore, these studies were not extracted nor were they added to the draft. A primary
goal of the screening of the newly retrieved human references in the supplemental search of
Chinese databases was to identify studies that evaluated primary neurodevelopmental or
cognitive outcomes (i.e., learning, memory, and intelligence) that may have been missed in
previous searches that did not include the Chinese databases. 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. Newly retrieved human references were reviewed to identify
studies that may have been missed using previous approaches. Studies identified that evaluated
primary neurodevelopmental or cognitive outcomes were included and either translated or
reviewed by an epidemiologist fluent in Chinese.

Databases Searched

Main Literature Database Search
e BIOSIS (Thomson Reuters)

e EMBASE

e PsycINFO (APA PsycNet)
e PubMed (NLM)

e Scopus (Elsevier)

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

Supplemental Chinese Database Literature Search
e C(NKI

e Wanfang
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Searching Other Resources

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

Unpublished Data

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 for more details: https://ntp.niehs.nih.gov/go/785076).

Study Selection

Evidence Selection Criteria

In order to be eligible for inclusion, studies had to satisfy eligibility criteria that reflect the PECO
statements in Table 1, Table 2, and Table 3.

The following additional exclusion criteria were applied (see protocol for additional details:
https://ntp.niehs.nih.gov/20/785076):

(1) Case studies and case reports. 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.

(2) Articles without original data (e.g., reviews, editorials, or commentaries). Reference
lists from these materials, however, were reviewed to identify potentially relevant
studies not identified from the database searches. New studies identified were
assessed for eligibility for inclusion.

(3) Conference abstracts, theses, dissertations, and other non-peer-reviewed reports.

Screening Process

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. Screening procedures following the evidence-selection criteria in the protocol
were pilot tested with experienced contract staff overseen by NTP. For citations with no abstract
or non-English abstracts, articles were screened based on title relevance (the title would need to
indicate clear relevance); number of pages (articles <2 pages were assumed to be conference
reports, editorials, or letters unlikely to contain original data); and/or PubMed Medical Subject
Headings (MeSH). Using this approach, literature was manually screened for relevance and
eligibility against the evidence selection criteria using a structured form in SWIFT-Active
Screener (Sciome) (Howard et al. 2020). While the human screeners review studies, SWIFT-
Active Screener aids in this process by employing a machine-learning software program to
priority-rank studies for screening (Howard et al. 2020). SWIFT-Active Screener also refines a
statistical model that continually ranks the remaining studies according to their likelihood for
inclusion. In addition, SWIFT-Active Screener employs active learning to continually
incorporate user feedback during title and abstract screening to predict the total number of
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included studies, thus providing a statistical basis for a decision about when to stop screening
(Miller et al. 2016). Title and abstract screening was stopped once the statistical algorithm in
SWIFT-Active Screener estimated that 98% of the predicted number of relevant studies were
identified.

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 using DistillerSR® (Evidence
Partners), a web-based, systematic-review software program with structured forms and
procedures to ensure standardization of the process. Screening conflicts were resolved through
discussion and consultation with technical advisor(s), if necessary. During full-text review,
studies that were considered relevant were tagged to the appropriate evidence streams (i.e.,
human, animal, and/or in vitro). Studies tagged to human or animal evidence streams were also
categorized by outcome as primary neurodevelopmental or cognitive outcomes (learning,
memory, and intelligence); secondary neurobehavioral outcomes (anxiety, aggression, motor
activity, or biochemical); or related to thyroid effects. In vitro data were tagged as being related
to neurological effects or thyroid effects. Translation assistance was sought to assess the
relevance of non-English studies. Following full-text review, the remaining studies were
“included” and used for the evaluation.

Evaluation of SWIFT-Active Screener Results

During the initial title and abstract screening of 20,883 references using SWIFT-Active Screener,
approximately 38%’ of the studies were manually screened in duplicate to identify an estimated
98.6% of the predicted number of relevant studies using the software’s statistical algorithm
(13,023 references were not screened). SWIFT-Active Screener predicted that there were 739
relevant studies during the initial title and abstract screening, of which 729 were identified and
moved to full-text review. The SWIFT-Active Screener statistical algorithm predicted that 10
relevant studies at the title and abstract level (10 represents 1.4% X 739 predicted relevant
studies; or 739 predicted relevant studies minus 729 identified relevant studies during screening)
were not identified by not screening the remaining 13,023 studies.

To further consider the impact of using SWIFT-Active Screener for this systematic review, the
evaluation team assessed the SWIFT-Active screening results to gain a better understanding of
the relevance of the last group of studies that was screened before 98% predicted recall (i.e., 98%
of the predicted number of relevant studies were identified). The goal was to determine the
likelihood of having missed important studies by not screening all of the literature. To do this,
the evaluation team examined subsets of studies screened in SWIFT-Active Screener for trends
and followed those studies through to full-text review for a final determination of relevance and
potential impact (i.e., whether the studies had data on primary outcomes). Based on this
evaluation, it was estimated that the use of SWIFT-Active Screener may have resulted in missing
one to two relevant human studies and one to two relevant animal studies with primary
neurodevelopmental or cognitive outcomes. Therefore, the use of SWIFT-Active Screener saved

"Howard et al. (2020) evaluated the performance of the SWIFT-Active Screener methods for estimating total
number of relevant studies using 26 diverse systematic review datasets that were previously screened manually by
reviewers. The authors found that on average, 95% of the relevant articles were identified after screening 40% of the
total reference list when using SWIFT-Active Screener. In the document sets with 5,000 or more references, 95% of
the relevant articles were identified after screening 34% of the available references, on average, using SWIFT-
Active Screener.
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considerable time and resources and is expected to miss very few potentially relevant
publications.

Screening of the May 2020 Literature Search Update

For the May 1, 2020, literature search, only primary human epidemiological studies were
identified for data extraction. The study screening and selection process was focused on the
human studies with primary outcomes for the evaluation because they form the basis of the
confidence ratings and conclusions. Animal in vivo, human secondary outcome-only, and human
and animal mechanistic references were identified as part of the screening process. These studies
were then scanned for evidence that might extend the information in the September 6, 2019,
draft. All included studies from the May 2020 literature search update appear in Appendix C;
however, other than the primary human epidemiological studies, data from the new studies were
not extracted unless they would materially advance the findings.

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.®

Supplemental Chinese Database Searches and Human Epidemiological
Studies

Supplemental searches were conducted in non-English-language databases (CNKI and
Wanfang). Of the 910 references that were identified in the supplemental Chinese database
searches, 13 relevant studies published in Chinese with primary neurobehavioral or cognitive
outcomes were identified during title and abstract screening (which were not identified through
the main literature searches). Full texts were not found for four studies after an extensive search.
The remaining nine studies for which full texts were retrieved were included and were either
professionally translated or evaluated by an epidemiologist fluent in Chinese for the data
extraction and quality assessment steps described below. If necessary, author inquiries were
conducted in Chinese to obtain missing information relevant to the assessment of the key risk-of-
bias questions described below.

SNTP 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 (GCI) of the
McCarthy Scales of Children’s Abilities (MSCA). The study will be examined as part of the NTP meta-analysis,
which is being prepared as a separate report for publication.
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Data Extraction

Extraction Process

Data were collected (i.e., extracted) from included studies by one member of the evaluation team
and checked by a second member for completeness and accuracy. Any discrepancies in data
extraction were resolved by discussion or consultation with a third member of the evaluation
team.

Data Availability

Data extraction was completed using the Health Assessment Workspace Collaborative (HAWC),
an open-source and freely available web-based application.” Data extraction elements are listed
separately for human, animal, and in vitro studies in the protocol
(https://ntp.niehs.nih.gov/go/785076). 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. All primary outcomes and functional
neurological secondary outcomes (e.g., motor activity) were extracted from animal studies
identified since the NTP (2016) report. For animal mechanistic data, studies were tiered based on
exposure dose (with preference given to fluoride drinking-water-equivalent exposures, which
were calculated using the method described in the NTP (2016) report, of 20 ppm or less as
deemed most relevant to exposures in humans), exposure duration or relevant time window (i.e.,
developmental), exposure route (with preference given to oral exposures over injection
exposures), and commonality of mechanism (e.g., inflammation, oxidative stress, changes in
neurotransmitters, and histopathological changes) were considered pockets of mechanistic data.
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. The data
extraction results for included studies are publicly available and can be downloaded in Excel
format through HAWC (https://hawcproject.org/assessment/405/). Methods for transforming and
standardizing dose levels and results from behavioral tests in experimental animals are detailed
in the protocol (https://ntp.niehs.nih.gov/go/785076).

In 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). The literature
searches for the current assessment identified and evaluated relevant animal studies published
since the 2016 assessment and also included human and mechanistic data that were not
previously evaluated. 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.

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

Risk of bias was assessed for individual studies using the OHAT risk-of-bias tool
(https://ntp.niehs.nih.gov/go/riskbias) that outlines a parallel approach to evaluating risk of bias
from human, animal, and mechanistic studies to facilitate consideration of risk of bias across
evidence streams with common terms and categories. The risk-of-bias tool is comprised of a
common set of 11 questions that are answered based on the specific details of individual studies
to develop risk-of-bias ratings for each question. Study design determines the subset of questions
used to assess risk of bias for an individual study (see Table 4). When evaluating the risk of bias
for an individual study, the direction and magnitude of association for any specific bias is
considered.

Assessors were trained with an initial pilot phase undertaken to improve clarity of rating criteria
and to improve consistency among assessors. Studies were independently evaluated by two
trained assessors who answered all applicable risk-of-bias questions with one of four options in
Table 5 following prespecified criteria detailed in the protocol
(https://ntp.niehs.nih.gov/go/785076). The criteria describe aspects of study design, conduct, and
reporting required to reach risk-of-bias ratings for each question and specify factors that can
distinguish among ratings (e.g., what separates “definitely low” from “probably low” risk of
bias).

Key Risk-of-bias Questions

In the OHAT approach, some risk-of-bias questions or elements are considered potentially more
important when assessing studies because these issues are generally considered to have a greater
impact on estimates of the effect size or on the credibility of study results in environmental
health studies. There are three Key Questions for observational human studies: confounding,
exposure characterization, and outcome assessment. Based on the complexity of the possible
responses to these questions in epidemiological studies, considerations made and methods used
for evaluating the Key Questions are provided below. There are also three Key Questions for
experimental animal studies: randomization, exposure characterization, and outcome assessment.
In addition, for animal developmental studies, failure to consider the litter as the unit of analysis
was also a key risk-of-bias concern. When there was not enough information to assess the
potential bias for a risk-of-bias question and authors did not respond to an inquiry for further
information, a conservative approach was followed, and the studies were rated probably high risk
of bias for that question.

Risk-of-bias Considerations for Human Studies

The risk of bias of individual studies in the body of evidence was considered in developing
confidence ratings. The key risk-of-bias questions (i.e., confounding, exposure characterization,
and outcome assessment for human studies) are discussed in the consideration of the body of
evidence. For this assessment, the key risk-of-bias questions, if not addressed appropriately, are
considered to have the greatest potential impact on the results. 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. No study was excluded based on concerns for risk of bias; however,
the low risk-of-bias studies generally drive the ratings on confidence in the results across the
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body of evidence. Human evidence was evaluated with and without high risk-of-bias studies to
assess the impact of these studies on confidence in the association.

High risk-of-bias studies: Studies rated probably high risk of bias for at least two key risk-of-
bias questions or definitely high for any single question are considered studies with higher
potential for bias (i.e., high risk-of-bias studies) and to be of low quality. 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.

Low risk-of-bias studies: 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.
Appendix E describes strengths and limitations of the low risk-of-bias/high-quality studies
identified during the assessment and clarifies why they are considered to pose low risk of bias.
Details on the statistical analyses are provided in the “Other potential threats” domain in order to
evaluate the adequacy of the statistical approach for individual studies.

Given the number of non-English-language studies in this assessment, the potential for the
translation to introduce bias was examined as described below, and it was determined that
translation of non-English-language studies did not impact evaluation of risk of bias. Thirty-two
of 100 studies included in the entire human body of evidence on neurodevelopmental and
cognitive effects were initially published in a foreign language (Chinese) and were either
translated and published in volume 41 of the journal Fluoride (n = 19) or were translated by the
Fluoride Action Network (n = 13)
(http://fluoridealert.org/researchers/translations/complete _archive/). Most of these studies were
considered to have high potential for bias due to lack of information across the key risk-of-bias
questions. 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 fluent in Chinese to determine
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 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.

Confounding

Covariates were determined a priori based on factors that are associated with neurodevelopment
or cognition and could be related to fluoride exposure. Covariates that were considered key for
all studies, populations, and outcomes included age, sex, and socioeconomic status (e.g.,
maternal education, household income, marital status, crowding). 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 1Q; and quantity and quality of caregiving environment
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(e.g., Home Observation Measurement of the Environment [HOME] score). 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. For
example, studies of populations in China, India, and Mexico, where there is concern about co-
exposures to high fluoride and high arsenic, were required to address arsenic. If the authors did
not directly specify that arsenic exposures were evaluated, groundwater quality maps were
evaluated (https:// www.gapmaps.org/Home/Public) in order to identify areas of China, India, and
Mexico where arsenic is a concern (Podgorski and Berg 2020). If no arsenic measurements were
available for the area, the arsenic groundwater quality predictions from the global arsenic 2020
map were used (Podgorski and Berg 2020). If an area had less than 50% probability of having
arsenic levels greater than 10 pg/L (the WHO guideline concentration), the area was considered
not to have an issue with arsenic that needed to be addressed by the study authors; however, it
should be noted that arsenic may be associated with neurodevelopmental effects at
concentrations below 10 pg/L.

Exposure

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.

Exposure was assessed using a variety of methods in the human body of evidence. Studies
provided varying levels of details on the methods used and employed different exposure
characterization methods to group study subjects into exposed and reference groups. Exposure
metrics included spot urine (from children or mothers during at least one trimester of gestation),
serum, individual drinking water, intake from infant formula, estimated total exposure dose,
municipal drinking water (with residence information), evidence of dental or skeletal fluorosis,
area of residence (endemic versus a non-endemic fluorosis area, with or without individual
validation of exposure), burning coal (with or without fluoride), and occupation type.

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); however, the type and timing of urinary sample collection are important
to consider. Urinary fluoride is thought to reflect recent exposure but can be influenced by the
timing of exposure (e.g., when water was last consumed, when teeth were last brushed). When
compared with 24-hour urine samples, spot urine samples are more prone to the influence of
timing of exposure and can also be affected by differences in dilution; however, many studies
attempted to account for dilution either by using urinary creatinine or specific gravity. Good
correlations between 24-hour samples and urinary fluoride concentrations from spot samples
adjusted for urinary dilution have been described (Zohouri et al. 2006). Despite potential issues
with spot urine samples, if authors made appropriate efforts to reduce the concern for bias (e.g.,

16



Prepublication Draft - Interagency Deliberative Communication

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

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

Outcome

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

Any discrepancies in ratings between assessors were resolved by a senior technical specialist and
through discussion when necessary to reach the final recorded risk-of-bias rating for each
question along with a statement of the basis for that rating. Members of the evaluation team were
consulted for assistance if additional expertise was necessary to reach final risk-of-bias ratings
based on specific aspects of study design or performance reported for individual studies. Study
procedures that were not reported were assumed not to have been conducted, resulting in an
assessment of “probably high” risk of bias. Authors were queried by email to obtain missing
information, and responses received were used to update risk-of-bias ratings.
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Table 4. OHAT Risk-of-bias Questions and Applicability by Study Design
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1. Was administered dose or exposure level adequately randomized? X
2. Was allocation to study groups adequately concealed? X
3. Did selection of study participants result in the appropriate comparison groups? X X X
4. Did study design or analysis account for important confounding and modifying variables? X X X X
5. Were experimental conditions identical across study groups? X
6. Were research personnel blinded to the study group during the study? X X
7. Were outcome data complete without attrition or exclusion from analysis? X X X X X
8. Can we be confident in the exposure characterization? X X X X X X
9. Can we be confident in the outcome assessment (including blinding of outcome assessors)? X X X X X X
10. Were all measured outcomes reported? X X X X X X
11. Were there no other potential threats to internal validity? X X X X X X

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

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

Cross-sectional studies include population surveys with individual data (e.g., NHANES) and surveys with aggregate data (i.e., ecological studies).
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Answers to the risk-of-bias questions result in one of the following four risk-of-bias ratings:

Table 5. The Four Risk-of-bias Rating Options

Symbol Description
‘ Definitely Low risk of bias:

There is direct evidence of low risk-of-bias practices.

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.

Probably High risk of bias:

There is indirect evidence of high risk-of-bias practices (indicated with “—""), OR there is insufficient
information provided about relevant risk-of-bias practices (indicated with “NR” for not reported).
Both symbols indicate probably high risk of bias.

a Definitely High risk of bias:

There is direct evidence of high risk-of-bias practices.

+

Organizing and Rating Confidence in Bodies of Evidence

Health Outcome Categories for Neurodevelopmental and Cognitive Effects

After data were extracted from all studies, the health effects results within the category of
neurodevelopmental or cognitive effects were grouped across studies to develop bodies of
evidence or collections of studies with data on the same or related outcomes. The grouping of
health effect results was not planned a priori. The vast majority of the human studies evaluated
IQ in children as the single outcome; therefore, the discussion of cognitive neurodevelopmental
effects in children focuses on IQ studies with supporting information from data on other
endpoints. Cognitive function in adults was evaluated separately. Consistent with the NTP
(2016) assessment, the primary focus within the animal study body of evidence was on animal
studies with endpoints related to learning and memory.

Considerations for Pursuing a Narrative or Quantitative Evidence
Synthesis

This evaluation provides only a narrative review of the data; however, heterogeneity within the
available evidence was evaluated to determine whether a quantitative synthesis (i.e., meta-
analysis) would be appropriate. Choi et al. (2012) and Duan et al. (2018) conducted meta-
analyses and found that high fluoride exposure was associated with lower IQ scores. Choi et al.
(2012) was able to determine a risk ratio for living in an endemic fluorosis area but was unable to
develop a dose-response relationship. 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. Duan et al.
(2018) found similar results as Choi et al. (2012) for the standardized mean difference; however,
the majority of the available studies in both analyses compare populations with high fluoride
exposure to those with lower fluoride exposure (with the lower exposure levels frequently in the
range of drinking water fluoridation in the United States). The meta-analysis conducted in
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association with this systematic review further informs this issue and will be published
separately.

Confidence Rating: Assessment of Body of Evidence

The quality of evidence for neurodevelopmental and cognitive function outcomes was evaluated
using the GRADE system for rating the confidence in the body of evidence (Guyatt et al. 2011;
Rooney et al. 2014). More detailed guidance on reaching confidence ratings in the body of
evidence as “high,” “moderate,” “low,” or “very low” is provided in the protocol
(https://ntp.niehs.nih.gov/go/785076). In brief, available human and animal studies on a
particular health outcome were initially grouped by key study design features, and each grouping
of studies was given an initial confidence rating by those features. Starting at this initial rating
(see column 1 of Figure 1), potential downgrading of the confidence rating was considered for
factors that decrease confidence in the results (see column 2 of Figure 1). Potential upgrading of
the confidence rating was considered for factors that increase confidence in the results (see
column 3 of Figure 1). Short descriptions of the factors that can decrease or increase confidence
in the body of evidence for human studies are provided below (see protocol
[https://ntp.niehs.nih.gov/go/785076] for additional details related to the human body of
evidence, as well as considerations for experimental animal studies).

Factors to Consider for Potential Downgrading

e Risk of bias: Addresses whether the body of evidence did not account for critical
factors in study quality or design, including confounding bias, selection bias,
exposure assessment, and outcome assessment. Consideration for downgrading the
confidence rating is based on the entire body of evidence, and the evidence is
downgraded when there is substantial bias across most studies that could lead to
decreased confidence in the results and when the studies without substantial bias
could not support the confidence rating. Individual studies are evaluated for risk of
bias based on a set of criteria (as discussed above); magnitude and direction of the
bias are also considered.

e Unexplained inconsistency: Addresses inconsistencies in results across studies of
similar populations and design that can be determined by assessing similarity of point
estimates and extent of overlap between confidence intervals or more formally
through statistical tests of heterogeneity. Sensitivity analysis can be used to assess the
impact of specific variables on the outcome. Inconsistencies that can be plausibly
explained by characteristics of the studies (e.g., sex-associated differences) are
typically not used to support a downgrade. A downgrade would only be applied when
there is an inconsistency that cannot be explained and results in reduced confidence in
the body of evidence.

e Indirectness: Addresses generalizability and relevance to the objective of the
assessment. As outlined in the Objective and consistent with the population specified
in the PECO statement, this systematic review evaluated the extent and quality of the
evidence linking fluoride exposure to neurodevelopmental and cognitive effects in
humans without restriction as to age, sex, geographic location, or life stage at
exposure or outcome assessment. Furthermore, the review did not exclude subjects
exposed in occupational settings. All exposure levels and scenarios encountered in
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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.

Imprecision: Addresses confidence associated with variability in quantitative
measures such as effect sizes. Typically, 95% confidence intervals are used as the
primary method to assess imprecision, but considerations can also be made on
whether studies were adequately powered. Meta-analyses can also be used to
determine whether the data are imprecise. When a meta-analysis is not appropriate or
feasible, imprecision can be based on variability around the effect estimate. A
downgrade would occur if the body of evidence was considered to be imprecise based
on a meta-analysis, or if serious or very serious imprecision was consistently present
in the body of evidence. A downgrade is especially likely if imprecision raised
questions as to whether an overall effect was significant.

Publication bias: Addresses evidence of biased publication practices. Downgrade if
one strongly detects publication bias. Publication bias is difficult to detect but may be
evident if major sections of the research community are not publishing (e.g., absence
of industry, academic, or government studies) on a topic or if there are multiple
instances wherein data from conference abstracts are never published in peer-
reviewed journals. In addition, there are methods included in conducting a meta-
analysis to detect whether there is potential for publication bias, including the use of
fit-and-trim models, which help identify how publication bias may affect the results
of the meta-analysis. Although a meta-analysis is not included in this systematic
review, there are two published meta-analyses (Choi et al. 2012; Duan et al. 2018) in
addition to the one associated with this systematic review (manuscript in progress)
that can be used to address publication bias.

Factors to Consider for Potential Upgrading

Large magnitude of effect: Factors to consider include the outcome being measured
and the dose or exposure range assessed. The confidence can be upgraded if the body
of evidence is suggestive of a large magnitude of effect. GRADE provides guidance
on what can be considered a large magnitude of effect based on relative risk (i.e.,
suggests one upgrade in confidence if relative risk is greater than 2 and two upgrades
in confidence if greater than 5). However, not all studies provide data as a risk
estimate, and smaller changes, such as increases in blood pressure, may have greater
impact on health at the population level. Consideration for an upgrade is not based on
a single study, and what constitutes a large magnitude of effect will depend on the
outcome and the potential public health impact.

Dose response: Patterns of dose response are evaluated within and across studies.
Confidence in the body of evidence can be increased when there is sufficient
evidence of a dose-response pattern across multiple studies.

Consistency: Does not apply in this evaluation. The consideration of a potential
upgrade for consistency is primarily for non-human animal evidence in which it
would be applied to address increased confidence based on an observation of
consistent effects across multiple non-human animal species. For human evidence,
this factor would generally not be applied. Human studies are instead evaluated for
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issues of consistency that could result in downgrading confidence for unexplained
inconsistency (see “Factors to Consider for Potential Downgrading” above).

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

Figure 1. Assessing Confidence in the Body of Evidence

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

outcome.
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Results

Literature Search Results

The electronic database searches retrieved 25,450 unique references with 11 additional
references'’ 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. During title and abstract screening, 1,036 references were moved to full-text review and
24,425 were excluded (11,402 by manual screening for not satisfying the PECO criteria and
13,023 based on the SWIFT-Active Screener algorithm). Among the 1,036 references that
underwent full-text review, 547 studies were considered PECO-relevant (see Appendix C for list
of included studies). A few studies assessed data for more than one evidence stream (human,
non-human mammal, and/or in vitro), and several studies assessed more than one type of
outcome (e.g., primary and secondary outcomes). Included studies break down as follows:

e 167 human studies (84 primary only; 13 secondary only; 5 primary and secondary; 8
primary and thyroid; 2 secondary and thyroid; and 55 thyroid only);

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

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

Additional details on the screening results are provided in Appendix C. These screening results
are outlined in a study selection diagram that reports numbers of studies excluded at each stage
and documents the reason for exclusion at the full-text review stage (see Figure 2) [using
reporting practices outlined in Moher et al. (2009)].

0These 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.
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Figure 2. Study Selection Diagram?

3An interactive reference flow diagram is available here: https://hawcproject.org/summary/visual/assessment/405/Figure-2/.
*Includes studies from all literature searches conducted during the review; see the Methods section for extraction and search
update information. Studies may have been excluded for more than one reason; the first reason identified was recorded.
**Includes all studies from all 2020 literature searches not otherwise excluded for pre-established criteria; see the Methods
section for extraction and search update information.

*#*Publications may contain more than one evidence stream, so the numbers will not total the 547 included studies.

Human Neurodevelopmental and Cognitive Data

The body of literature that evaluates the association between fluoride exposure and
neurodevelopmental and cognitive effects in humans is relatively robust with a large number of
studies (n = 100) that cover a wide array of endpoints (see Figure 3). Seventy-two human studies
investigated 1Q in children. Additional studies evaluated learning and memory (n = 9 studies) or
other cognitive developmental effects (e.g., total neurobehavioral scores and total mental
capacity index in children, cognitive impairment in adults; n = 15 studies).!! For this review, the
evidence in children and adults was evaluated separately to address potential differences in the
health impact of fluoride exposure during development versus adulthood.

""Some studies are included in more than one endpoint category (e.g., IQ and other cognitive developmental effects);
therefore, these counts are not mutually exclusive.
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Figure 3. Number of Epidemiological Studies by Outcome and Age Categories”

a[nteractive figure and additional study details in Tableau®.

(https://public.tableau.com/app/profile/ntp.visuals/viz/Fluoride Epi_2022Update/Figure3?publish=yes)

Choi et al. (2015) used subtests of the omnibus IQ test reported by the authors as Wechsler Intelligence Scale for Children-
Revised (WISC-IV) to evaluate visuospatial abilities (using block design) and executive function (using digit span). These
endpoints are included in the intelligence (IQ) outcome category as they are subsets of the IQ tests.

Three additional publications based on subsamples (i.e., 50—-60 children) of the larger Yu et al. (2018) cohort were identified
(Zhao et al. 2019; Zhao et al. 2020; Zhou et al. 2019) and are not included in the counts of this figure.

Because the majority of studies evaluated intelligence, the following section focuses on 1Q
effects in children followed by separate discussions on other measures of cognitive function and
neurobehavioral effects in children and cognitive effects in adults. Studies that evaluated
mechanistic data in humans, including effects on the thyroid, are discussed in the Mechanistic
Data in Humans section. Note that a few studies were identified on congenital neurological
malformations and neurological complications of fluorosis; however, they are not considered
further due to the limited number of studies and the heterogeneity of outcomes evaluated in those
studies.

IQ in Children

Seventy-two epidemiological studies were identified that evaluated the association between
fluoride exposure and children’s IQ. Nineteen of the 72 1Q studies were determined to have low
potential for bias (i.e., were of high quality). Looking across the literature, there has been a
progression over the years in the quality of studies conducted to assess the association between
fluoride exposure and IQ in children, with more recent studies including better study designs,
larger sample sizes, and more sophisticated statistical analysis. Older studies often had
limitations related to study design or methods, and most of the high risk-of-bias studies (i.e.,
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studies of low quality) were published prior to the 2006 NRC evaluation of fluoride in drinking
water. In contrast, 18 of the low risk-of-bias studies were published after the 2006 NRC
evaluation of fluoride in drinking water, and over half of those were published between 2015 and

2020 (Figure 4).
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Figure 4. Number of High- and Low-quality Studies of Fluoride Exposure and IQ in Children by
Year of Publication

Several characteristics of recent studies contribute to higher study quality in the overall body of
literature on children’s IQ and fluoride, including:

Demonstration that exposure occurred prior to outcome assessment (an important
factor when considering confidence in study results; see Figure 1) either by study
design (e.g., for prospective cohort studies) 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).

Improved reporting of key study details that are necessary to evaluate study quality
and allow for a more precise analysis of risk of bias.

Increased consideration of key covariates (e.g., socioeconomic status) including
potential co-exposures (e.g., arsenic or lead intake).

Increased use of individual-level exposure measures (urine or water) as well as
prenatal fluoride exposure to assess either individual-level fluoride exposure or—if
still using group-level data—to confirm that regions being compared had differences
in fluoride exposure.

Utilization of more sophisticated sampling techniques for the study populations (e.g.,
stratified multistage random sampling).

Application of more sophisticated regression approaches (e.g., piecewise linear
regression models, multi-level regression with random effects, or generalized additive
models for longitudinal measurements of fluoride).
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e For studies using individual-level exposure measures, application of more
sophisticated regression techniques to account for clustering at the cohort level by
using cohort as a fixed or random effect and by accounting for numerous covariates
that capture the cohort effect.

In addition, newer studies represent more diverse study populations across several countries
(Figure 5), whereas all identified peer-reviewed studies that were published prior to 2006 took
place in a single country (China). The majority of high-quality, low risk-of-bias studies exhibit
these important study design and analysis characteristics, as discussed further in subsequent
sections.

Figure 5. Number of Studies of Fluoride Exposure and IQ in Children by Country and Year of
Publication

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 IQ. 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.

Low Risk-of-bias IQ Studies

Overview of Studies

Nineteen studies (3 longitudinal prospective cohort and 16 cross-sectional studies) with low
potential for bias evaluated the association between fluoride exposure and IQ in children (see
Quality Assessment of Individual Studies section for methods on determining which studies pose
low risk of bias). These 1Q studies were conducted in 15 study populations across 5 countries
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and included more than 7,000 children. Specifically, of the 19 low risk-of-bias studies of IQ in
children:

e ten were conducted in four areas of China on seven study populations,'?

e three were conducted in three areas of Mexico on three study populations,

e two were conducted in Canada using the same study population,

e three were conducted in three areas of India on three study populations, and
e one was conducted in Iran.

Most studies measured fluoride in drinking water (n = 15) and/or urine (child or maternal)
(n=15). Two studies measured fluoride in serum. The 1Q studies used a variety of tests to
measure [Q. 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 1Q tests were used to study similar populations. Overall,
these studies used 1Q tests that were population- and age-appropriate.

Table 6 provides a summary of study characteristics and key I1Q and fluoride findings for the 19
low risk-of-bias studies. Several of these studies conducted multiple analyses and reported
results on multiple endpoints. The purpose of the table is to summarize key findings
(independent of whether an association is indicated) from each study and is not meant to be a
comprehensive summary of all results from each study. For each study, results are summarized
for each exposure measure assessed, but results from multiple analyses using the same exposure
measure may not be presented for all studies unless multiple analyses yielded conflicting results.
See Appendix E for additional information on each study in Table 6, including strengths and
limitations, clarifications for why studies are considered to pose low risk of bias, and information
regarding statistical analyses, important covariates, exposure assessment, and outcome
assessment.

In this document, “study population” refers to a defined population on which an original body of research was
conducted. The published work drawn from that original body of research is often referred to as a “study.” IQ
studies that report on the same study populations are identified in Table 6.
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Table 6. Studies on IQ in Children®

Study Design
. 2 Exposure Measures and Assessment  Outcome and bee
Study (LocatloFli]Sub]ects) Summary Statistics Timing Methods Summary of IQ Results'
China
Xiang et al. Cross-sectional Drinking water Children 1Q: Combined Significant dose-related association of
(2003a)¢ Wamiao and Xinhuai Mean (SD): 0.36 (0.15) (control) (ages 8-13 Raven's Test for  fluoride on IQ score based on drinking water
villages (Sihong 2.47 (0.79) (high fluoride) mg/L " years) Rural China quintile levels with significantly lower IQ
County)/school children il dren’s urine scores obseweq at water ﬂuori_de ]eve_ls of
[512] 1.53 mg/L or higher; % of subjects with IQ
Mean (SD): 1.11 (0.39) (control), <80 was significantly increased at water
3.47 (1.95) (high fluoride) mg/L levels 2.46 mg/L or higher; significant
Village of residence (non-endemic inverse correlation between 1Q and urinary
vs. endemic fluorosis) fluoride (Pearson correlation coefficient of
’ —0.164); mean IQ scores for children in non-
endemic region (100.41 + 13.21) significantly
higher than endemic region (92.02 + 13.00)
No statistical adjustment for covariates
Ding et al. Cross-sectional Children’s urine Children 1Q: Combined Significant association between urinary
(2011) ; 01— (ages 7-14 Raven’s Test for fluoride and IQ score (each 1-mg/L increase
Inner Mongolia Range: 0.1-3.55 mg/L
(Hulunbuir Drinki fer ( vedd but not years) Rural China was associated with a decrease in 1Q score of
rinking water (reported but no S . _
City)/elementary school .1+ agnalyses) p 0.59 points; 95% CI: —1.09, —0.08)
children Adjusted for age
[331] Mean (SD): 1.31 (1.05) mg/L
Xiang et al. Cross-sectional Children’s serum Children 1Q: Combined Significant linear trend across quartiles of
(2011)¢ Wamiao and Xinhuai Mean (SD): 0.041 (0.009) (ages 8-13 Raven’s Test for serum fluoride and children’s IQ score <80
villages (Sihong (control), 0.081 (0.019) (high years) Rural China (adjusted ORs for Q1 a1‘1d Q2; QI and Qz;
County)/school children  fluoride) mg/L and Q1 and Q4, respectively: 1; 2.22 [95%
[512] CI: 1.42, 3.47]; and 2.48 [95% CI: 1.85,

3.32]); significant associations at >0.05 mg/L
serum fluoride

Adjusted for age and sex
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Study Design
. 7 Exposure Measures and Assessment  Outcome and bie
Study (Locatlo?li]SubJects) Summary Statistics Timing Methods Summary of IQ Results
Wang et al. Cross-sectional Children’s total fluoride intake Children 1Q: Combined Significantly lower mean IQ in the endemic
(2012)¢ Wamiao and Xinhuai Mean (SD): 0.78 (0.13) (control), (ages 8-13 Raven’s Test for versus non-endemic regions,‘as reported in
villages (Sihong 3.05 (0.99) (high fluoride) mg/day years) Rural China Xiang et alb(2203§);twlf16n high-exposure
County)/school children - . ; group was broken into four exposure groups
[526] y) Village of residence (non-endemic based on fluoride intake, a dose-dependent
vs. endemic fluorosis) decrease in IQ and increase in % with low IQ
Drinking water (reported for observed; significant correlation between
villages but not used in analyses) total fluoride intake and IQ (r = —0.332); for
Mean (SD): 0.36 (0.11) (control) 1Q <80, adjusted OR of total fluoride intake
2.45 (0.80) (high fluorid L per 1-mg/(person/day) was 1.106 (95% CI:
(0-80) (high fluoride) mg 1.052, 1.163)
Adjusted for age and sex
Choi et al. Cross-sectional Drinking water Children 1Q: WISC-IV Compared to normal/questionable fluorosis,
(2015) Mianning County/1st GM: 2.20 mg/L (ages 6-8 (block design presence of moderate/severe fluorosis
grade children . L years) and digit span)  significantly associated with lower total
[51] Children’s urine (adjusted p = —4.28; 95% CI: —8.22, -0.33)

GM: 1.64 mg/L

Severity of fluorosis (Dean Index)

and backward (adjusted p = —2.13; 95% CI:
—4.24, —0.02) digit span scores; linear
associations between total digit span and log-
transformed urinary fluoride (adjusted
B=-1.67;95% CI: —5.46, 2.12) and log-
transformed drinking water fluoride (adjusted
B=-1.39;95% CI: —6.76, 3.98) observed but
not significant; forward digit span had similar
results as backward and total but was not
statistically significant; block design (square
root transformed) not significantly associated
with any measure of fluoride exposure

Adjusted for age and sex, parity, illness
before 3 years old, household income last
year, and caretaker’s age and education
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Study Design
. 7 Exposure Measures and Assessment  Outcome and bie
Study (Locatlo?li]SubJects) Summary Statistics Timing Methods Summary of IQ Results
Zhang et al. Cross-sectional Drinking water Children 1Q: Combined Significant correlation between IQ score and
(2015b) Tianjin City (Jinnan Mean: 0.63 (control), 1.40 (ages 10-12  Raven’s Test for ch_ildren’s serum ﬂforide (r :.—0:47) and
District)/school children (endemic fluorosis) mg/L (SD not ~ Years) Rural China urinary fluoride (r = —0.45); significant
[180] reported) difference in mean IQ score for high-fluoride
. L area (defined as >1 mg/L in drinking water;
Children’s urine 102.33 + 13.46) compared with control area
Mean (SD): 1.1 (0.67) (control), (109.42 £ 13.30); % of subjects with IQ <90
2.4 (1.01) (endemic fluorosis) significantly increased in high-fluoride area
mg/L (28.7%) vs. low-fluoride area (8.33%); not
Children’s serum significantly correlated with water fluoride
Mean (SD): 0.06 (0.03) (control), Adjusted for age and sex, if applicable
0.18 (0.11) (endemic fluorosis)
mg/L
Cui et al. Cross-sectional Children’s urine Children 1Q: Combined Significant association between IQ score and
(2018) Tianjin City (districts ~ Median (Q1-Q3): 1.3 (0.9-1.7) (ages 7-12 Raven’s Test for lo§-transff)rm§d ur.inary fluoride (adjusted
Jinghai and mg/L (boys), 1.2 (0.9-1.6) mg/L years) Rural China B =-2.47;95% CI: —4.93, —0.01)
Dagang)/school (girls) Adjusted for age, mother’s education, family
children member smoking, stress, and anger
[323]
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Study Design
Study (Locatio?li]Subjects) Exg:i:’[;ixe; ;ut:;si;nd As,ls,;s;il:;nt Olll\t/[c;l;ll: dasnd Summary of IQ Results"*
Yu et al. Cross-sectional Drinking water Children 1Q: Combined Significant difference in mean IQ scores in
(2018)f Tianjin City (7 Mean (SD): 0.50 (0.27) (normal), (ages 7-13 Raven’s Test for high water fluoride areas (>1.0 mg/L;
towns)/children 2.00 (0.75) (high) mg/L years) Rural China 106.4 + 12“3 1Q) compared to the normal
[2,886] . L water fluoride areas (51_.0 mg/L;
Children’s urine 107.4 + 13.0); distribution of the IQ scores
Mean (SD): 0.41 (0.49) (normal), also significantly different (p = 0.003); every
1.37 (1.08) (high) mg/L 0.5-mg/L increase in water fluoride was
associated with a decrease of 4.29 in IQ score
(95% CI: —8.09, —0.48) when exposure was
between 3.40 and 3.90 mg/L; no significant
association between 0.2 and 3.40 mg/L; every
0.5-mg/L increase in urinary fluoride was
associated with a decrease of 2.67 in 1Q score
(95% CI: —4.67, —0.68) between 1.60 and
2.50 mg/L but not at levels of 0.01—
1.60 mg/L or 2.50-5.54 mg/L.
Adjusted for age and sex, maternal education,
paternal education, and low birth weight
Cui et al. Cross-sectional Children’s urine Children 1Q: Combined Decreasing mean (+ SD) IQ score with
(2020) Tianjin City (all <1.6->2.5 mg/L (ages 7-12 Raven’s Test ir}cr@asing urinary fluoride levels (statistical
years) significance not reached based on a one-way

districts)/school
children (potentially
some overlap with Cui
et al. (2018))

[498]

ANOVA)

<l.6 mg/L: 112.16 + 11.50
1.6-2.5 mg/L: 112.05 + 12.01
>2.5mg/L: 110 + 14.92

No statistical adjustment for covariates
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Study Design
. 7 Exposure Measures and Assessment  Outcome and bie
Study (Locatlo?li]SubJects) Summary Statistics Timing Methods Summary of IQ Results
Wang et al. Cross-sectional Drinking water Children 1Q: Combined Significant associations between 1Q and
(2020b)° Tianjin City (villages Mean (SD): 1.39 (1.01) mg/L (ages 7-13 Raven’s Test for water and 1_1rinary ﬂqoride concentrations in
; . . years) Rural China boys and girls combined based on both
not specified)/school Children’s urine ‘ !
children quartiles and continuous measures (water:
[571] Mean (SD): 1.28 (1.30) mg/L 1.587 decrease in IQ score per 1-mg/L
increase; urine: 1.214 decrease in 1Q score
per 1-mg/L increase); no significant effect
modification of sex
Adjusted for age and sex, BMI, maternal
education, paternal education, household
income, and low birth weight
Mexico
Rocha- Cross-sectional Drinking water Children 1Q: WISC- Significant associations between log-

Amador et al.

(2007)

Moctezuma and Salitral
in San Luis Potosi State
and 5 de Febrero of
Durango State
/elementary school
children

[132]

Mean (SD): 0.8 (1.4), 5.3 (0.9), 9.4 (ages 6-10

(0.9) mg/L (3 rural areas)

Children’s urine

Mean (SD): 1.8 (1.5), 6.0 (1.6), 5.5

(3.3) mg/L (3 rural areas)

years)

Revised Mexican
Version

transformed fluoride and IQ scores (full IQ
adjusted s of —10.2 [water] and —16.9
[urine]; Cls not reported); arsenic also
present, but the association with arsenic was
smaller (full-scale 1Q adjusted Bs of —6.15
[water] and —5.72 [urine]; Cls not reported)

Adjusted for blood lead, mother’s education,
SES, height-for-age z-scores, and transferrin
saturation
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Study Design
. 7 Exposure Measures and Assessment  Outcome and bie
Study (Locatlo?li]SubJects) Summary Statistics Timing Methods Summary of IQ Results
Bashash etal.  Cohort (prospective) Maternal urine during pregnancy  Children 1Q: WASI- Significantly lower child IQ score per 0.5-
(2017) Mexico City/Early Life Mean (SD): 0.90 (0.35) mg/L (ages 6-12 Spanish Version mg{L increase in maternal urinary fluoride
Exposures in Mexico to . L years) (adjusted B =—2.50; 95% CI: —4.12, —0.59);
Environmental Children’s urine no significant association with children’s
Toxicants (ELEMENT) Mean (SD)Z 0.82 (038) mg/L urime
participants [299] Adjusted for sex, gestational age; weight at
1Q analysis [211] birth; parity (being the first child); age at
outcome measurement; and maternal
characteristics, including smoking history
(ever smoked during the pregnancy vs.
nonsmoker), marital status (married vs. not
married), age at delivery, education, 1Q, and
cohort
Soto-Barreras  Cross-sectional Children’s urine Children 1Q: Raven’s No significant difference in urinary fluoride,
etal. (2019) Chihuahua/school Range: 0.11-2.10 mg/L (ages 9-10 Colored ' drinking water ﬂugride, .ﬂuori(_ie exposure
children T years) Progressive dose, or fluorosis index in subjects across
[161] Drinking water Matrices different 1Q grades

Range: 0.05-2.93 mg/L

Fluoride exposure dose (summary

statistics not reported)

Fluorosis index (summary statistics

not reported)

No statistical adjustment for covariates
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Study Design
. 7 Exposure Measures and Assessment  Outcome and bie
Study (Locatlo?li]SubJects) Summary Statistics Timing Methods Summary of IQ Results
Canada
Green et al. Cohort (prospective) Maternal urine during pregnancy  Children 1Q: full-scale, Significantly lower full-scale IQ (adjusted
(2019)8 10 cities/Maternal- Mean (SD): 0.51 (0.36) mg/L (0.40 (ages 34 performance, and  =—4.49; 95% CI: —8.38, —0.60) and

Infant Research on
Environmental
Chemicals (MIREC)
[512]

Non-fluoridated [238]
Fluoridated [162]
Boys [248]

Girls [264]

[0.27] mg/L in non-fluoridated years)

areas and 0.69 [0.42] mg/L in
fluoridated areas)

Maternal fluoride intake during
pregnancy

Mean (SD): 0.54 (0.44) mg/day
(0.30[0.26] and 0.93

[0.43] mg/day, respectively)
Drinking water

Mean (SD): 0.31 (0.23) mg/L (0.13
[0.06] and 0.59 [0.08] mg/L,
respectively)

verbal using
Wechsler
Preschool and
Primary Scale of
Intelligence,
Third Edition
(WPPSI-III)

performance IQ (adjusted p =—4.63; 95% CI:
—9.01, —0.25) per 1-mg/L increase in
maternal urinary fluoride in boys but not girls
(adjusted B = 2.40; 95% CI: —2.53, 7.33 and
adjusted B =4.51; 95% CI: —1.02, 10.05,
respectively) or boys and girls combined
(adjusted B =—1.95; 95% CI: —5.19, 1.28 and
adjusted B =—1.24; 95% CI: —4.88, 2.40,
respectively); significantly lower full-scale
1Q (adjusted B = —3.66; 95% CI: —7.16,
—0.15) per 1-mg increase in maternal fluoride
intake (no sex interaction); significantly
lower full-scale IQ (adjusted B =—5.29; 95%
CI: —10.39, —0.19) per 1-mg/L increase in
water fluoride concentration (no sex
interaction); no significant associations
observed between measures of fluoride and
verbal 1Q

Adjusted for sex, city, HOME score, maternal
education, race, and prenatal secondhand
smoke exposure
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Study Design
. 7 Exposure Measures and Assessment  Outcome and bie
Study (Locatlo?li]SubJects) Summary Statistics Timing Methods Summary of IQ Results
Till et al. Cohort (prospective) Drinking water Children 1Q: full-scale, Drinking water
(2020 10 cities/ MIREC [398] Mean (SD) (ages3-4  performance, and g oysifed infants: Lower (not significant)
years) verbal using

Non-fluoridated [247]
Fluoridated [151]

Breastfed as infants
[200]

Formula-fed as infants
[198]

For breastfed infants: 0.13
(0.06) mg/L in non-fluoridated
areas and 0.58 (0.08) mg/L in
fluoridated areas

For formula-fed infants: 0.13
(0.05) mg/day in non-fluoridated
areas and 0.59 (0.07) mg/L in
fluoridated areas

Infant fluoride intake

Mean (SD)

For breastfed infants: 0.02
(0.02) mg/day in non-fluoridated
areas and 0.12 (0.07) mg/day in
fluoridated areas

For formula-fed infants: 0.08
(0.04) mg/day in non-fluoridated
areas and 0.34 (0.12) mg/day in
fluoridated areas

Maternal urine during pregnancy

Wechsler
Preschool and
Primary Scale of
Intelligence,
Third Edition
(WPPSI-III)

full-scale IQ (adjusted  =—1.34, 95% CI:
—5.04, 2.38) per 0.5-mg/L increase in water
fluoride concentration; significantly lower
performance IQ (adjusted p =—6.19, 95% CI:
—10.45, -1.94)

Formula-fed infants: Significantly lower full-
scale IQ (adjusted = —4.40, 95% CI: —8.34,
—0.46) per 0.5-mg/L increase in water
fluoride concentration; significantly lower
performance IQ (adjusted p =—9.26, 95% CI:
—13.77,-4.76)

Infant fluoride intake
Breastfed: No results reported

Formula-fed: Lower (not significant) full-
scale IQ (adjusted = —2.69, 95% CI: =709,
3.21) per 0.5-mg/L increase in fluoride intake
from formula; significantly lower
performance IQ (adjusted p =—8.76, 95% CI:
—14.18, -3.34)

Maternal urine during pregnancy+
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Study

Study Design
(Location/Subjects)
[n]

Exposure Measures and
Summary Statistics

Assessment

Timing

Outcome and
Methods

Summary of IQ Results"*

Mean (SD)

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

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

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

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

No association between verbal IQ scores and
any measure of fluoride exposure

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

++After additional adjustment for drinking
water and breastfeeding status

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

All models adjusted for maternal education,
maternal race, age at IQ testing, sex, HOME
total score, and secondhand smoke status in
the child’s home (separate analysis also
adjusted for mother’s urinary fluoride)
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Study Design
. 7 Exposure Measures and Assessment  Outcome and bie
Study (Locatlo?li]SubJects) Summary Statistics Timing Methods Summary of IQ Results
India
Sudhir et al. Cross-sectional Drinking water Children 1Q: Raven’s Significant increase in mean and distributions
(2009) Nalgonda District Level 1: <0.7 mg/L (ages 13—15  Standard of IQ grades (i.e., increase in proportion of
(Andhra years) Progressive children with intellectual impairment) with
Pradesh)/school Level 2: 0.7-1.2 mg/L Matrices increasing drinking water fluoride levels
children Level 3: 1.3-4.0 mg/L No statistical adjustment for covariates
[1,000] Level 4: >4.0 mg/L
Saxenaetal.  Cross-sectional Drinking water Children (age 1Q: Raven’s Significant correlations between 1Q grade and
(2012) Madhya Pradesh/school >1.5 mg/L (high fluoride group) 12 Years) Standard water (r =0.534) and urinary (r = 0.542)
children . L Progressive fluoride levels; in adjusted analyses,
[170] Children’s urine Matrices significant increase in mean IQ grade (i.c.,
Range: 1.7-8.4 mg/L increase in proportion of children with
intellectual impairment) with increasing
urinary fluoride; no significant differences in
the levels of urinary lead or arsenic in
children with the different water fluoride
exposure levels
Covariates included in the analysis were not
reported
Trivedietal.  Cross-sectional Mean (SE) Children 1Q: questionnaire Significantly lower mean IQ score in high
(2012) Kachchh Low-fluoride villages: drinkin (ages 12-13  prepared by fluoride villages (92.53 + 3.13) compared to
chchh, ow-fluoride ges: d g ; .
Gujarat/school children water: 0.84 (0.38) mg/L years) Professor JH the low-fluoride villages (97.17 + 2.54);
(6th and 7th grades) . L Shah (97% differences significant for boys and girls
[84] Children’s urine: 0.42 (0.23) mg/L reliability rating) combined, as well as separately

High fluoride villages: drinking
water: 2.3 (0.87) mg/L

Children’s urine: 2.69 (0.92) mg/L

No statistical adjustment for covariates
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Study Design
. 7 Exposure Measures and Assessment  Outcome and bie
Study (Locatlo?li]SubJects) Summary Statistics Timing Methods Summary of IQ Results
Iran
Seraj et al. Cross-sectional Drinking water Children 1Q: Raven’s Significant association between water
(2012) Makoo/school children  Mean (SD): 0.8 (0.3) (normal), 3.1 (ages 6-11 Colored ' fluoride and' 1Q score (adjusted B = —3.865
[293] (0.9) (medium), 5.2 (1.1) years) Progressive per 1-mg/L increase in water fluoride); CIs
(high) mg/L ’ Matrices not reported); significantly higher mean 1Q

score in normal area (97.77 = 18.91)
compared with medium (89.03 + 12.99) and
high (88.58 £ 16.01) areas

Adjusted for age, sex, child’s education level,
mother’s education level, father’s education
level, and fluorosis intensity

ANOVA = analysis of variance; GM = geometric mean; HOME = Home Observation Measurement of the Environment; 1Q = intelligence quotient; Q1, Q3 = first and third
quartiles; SD = standard deviations; WASI = Wechsler Abbreviated Scale of Intelligence (Spanish version); WISC-IV = Wechsler Intelligence Scale for Children-Revised (as
reported by Choi et al. 2015).

“Includes low risk-of-bias studies.

bAssociations between 1Q and fluoride levels were reported quantitatively, when possible. For studies with multiple analyses and results, the table summarizes key findings and is
not a comprehensive summary of all findings. Results also indicate when a study reported no association between 1Q and fluoride, provided as a qualitative statement of no
association.

See Figure A-1 through Figure A-8 for additional study results.

dXiang et al. (2003a), Xiang et al. (2011), and Wang et al. (2012) are based on the same study population.

“Yu et al. (2018) and Wang et al. (2020b) are based on the same study population.

Three additional publications based on a subsample (i.e., 50-60 children) of the larger Yu et al. (2018) cohort were identified (Zhao et al. 2019; Zhao et al. 2020; Zhou et al.
2019); however, these publications focused on mechanistic considerations and are not included in the study totals for IQ because the main study by Yu et al. (2018) is considered a
better representation of the 1Q results.

¢Green et al. (2019) and Till et al. (2020) are based on the same study population.
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Summary of Results

Overall Findings

The results from 18 of the 19 high-quality (low risk-of-bias) studies (3 longitudinal prospective
cohort studies from 2 different study populations and 15 cross-sectional studies from 13 different
study populations) that evaluated IQ in children provide consistent evidence that higher fluoride
exposure is associated with lower IQ scores (see “Summary of IQ Results” in Table 6) (Bashash
et al. 2017; Choi et al. 2015; Cui et al. 2018; Ding et al. 2011; Green et al. 2019; Rocha-Amador
et al. 2007; Saxena et al. 2012; Seraj et al. 2012; Sudhir et al. 2009; Till et al. 2020; Trivedi et al.
2012; Wang et al. 2012; Wang et al. 2020b; Xiang et al. 2003a; Xiang et al. 2011; Yu et al. 2018;
Zhang et al. 2015b). Only one study (Soto-Barreras et al. 2019) did not observe 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 (see Appendix E for details). A
strength of the findings across 18 of 19 low risk-of-bias studies was the consistent association
between higher fluoride exposure [e.g., represented by populations whose total fluoride exposure
approximated or exceeded the WHO Guidelines for Drinking-water Quality of 1.5 mg/L of
fluoride (WHO 2017)] and lower IQ scores among studies of varying study designs, exposure
measures, and study populations. In studies that analyzed the sexes separately (n = 5 studies with
2 studies reporting on the same study population), consistent findings of lower 1Q associated
with fluoride exposure were generally reported for both sexes. There is some indication of
differential susceptibility between sexes, but ultimately, due to too few high-quality studies that
analyzed exposure and outcome by sex separately and a lack of consistent findings that one sex
is more susceptible, it is unclear whether one sex is more susceptible to the effects of fluoride
exposure than the other. The body of evidence from the 19 low risk-of-bias studies is described
in further detail below. Prospective cohort studies are discussed first, as this study design can
establish a temporal relationship between exposure and outcome, which would contribute to
demonstrating causality and, therefore, providing the strongest evidence for an association
between fluoride exposure during development and IQ in children.

Results by Study Design — Prospective Cohort Studies

As noted above, three longitudinal prospective cohort studies, conducted in Mexico and Canada,
were identified and considered to reflect a low risk for bias. 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. 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. Multiple analyses were conducted in each prospective
study, and results by analysis for the three prospective studies are discussed below. In summary,
although not every analysis found a statistically significant association, together the three studies
provided consistent evidence that increasing maternal fluoride levels were associated with lower
IQ scores in the children.

In the Early Life Exposures in Mexico to Environmental Toxicants cohort, Bashash et al. (2017)
observed a statistically significant association (p-value = 0.01) between lower 1Q scores in
children and prenatal fluoride exposure measured by maternal urinary fluoride (measured during
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all three trimesters and included if at least one measurement was available). An increase of

0.5 mg/L of maternal urinary fluoride was associated with a 2.5-point decrease in 1Q score [95%
CI: —4.12, —0.59] in boys and girls combined (see Figure A-8). This study also reported an
inverse association between IQ level and children’s urinary fluoride levels (single spot urine
sample); however, this specific result did not achieve statistical significance (a 0.5-mg/L increase
of child urinary fluoride was associated with a 0.89-point decrease in 1Q score [95% CI: —2.63,
0.85]) (Bashash et al. 2017).

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 IQ for boys associated with maternal urinary fluoride averaged across
trimesters (4.49-point decrease in 1Q score [95% CI: —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% CI: —5.19, 1.28]) and were positive but not significant
in girls (2.40-point increase in I1Q [95% CI: —2.53, 7.33]). Other measures of prenatal exposure
(maternal fluoride intake or water fluoride concentrations) were associated with lower 1Q scores
in boys and girls combined; the authors found no significant effect measure modification
between child sex and fluoride exposure in these analyses so they did not report boys and girls
separately (Green et al. 2019). Specifically, when evaluating the association between estimated
maternal fluoride intake based on maternal water and beverage consumption during pregnancy
and IQ in children, a 1-mg increase in daily maternal consumption of fluoride during pregnancy
was associated with a significantly decrease in IQ score of 3.66 points in boys and girls
combined (95% CI: —=7.16, —0.15; p-value = 0.04). 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% CI: —10.39, —0.19; p-value <0.05) (Green et al.
2019).

In a study of the same study population as Green et al. (2019) that used fluoride intake from
formula or water concentrations in formula-fed versus breastfed infants, Till et al. (2020)
observed significantly lower performance 1Q scores with higher fluoride regardless of the
comparison used (p-values <0.004). They did not observe any association with verbal IQ, and
full-scale 1Q was only significantly lower in formula-fed infants using water fluoride
concentrations as the exposure measure (p-value = 0.03). Breastfed infants and fluoride intake
from formula also showed inverse associations but were not significant.

Taken together, the three prospective cohort studies (based on two North American study
populations) indicate consistency in results across different types of analysis and across two
study populations that higher fluoride exposure during development is associated with lower IQ
scores.

Results by Study Design — Cross-sectional Studies

As with the prospective cohort studies, the cross-sectional studies reported a consistent
association between fluoride exposure and lower 1Q scores in children. Fifteen of the 16 low
risk-of-bias cross-sectional studies [i.e., all with the exception of Soto-Barreras et al. (2019)]
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consistently demonstrate that exposure to fluoride is associated with lower IQ scores. Fourteen of
these 15 studies [with the exception of Cui et al. (2020)] reported significant associations.

Cross-sectional studies can have limitations, as the study design often cannot ensure that
exposure preceded outcome. This uncertainty reduces confidence in study findings compared
with prospective cohort studies—which, by design, establish that exposure occurred prior to
outcome—and is captured in the outcome assessment. In some cases, cross-sectional studies do
provide indicators of prior exposure (e.g., 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 (Choi et al. 2015; Ding et al.
2011; Rocha-Amador et al. 2007; Saxena et al. 2012; Seraj et al. 2012; Soto-Barreras et al. 2019;
Sudhir et al. 2009; Wang et al. 2012; Wang et al. 2020b; Xiang et al. 2003a; Xiang et al. 2011;
Yu et al. 2018). Five studies from different study populations indicated that a large portion of the
exposed children had dental fluorosis (ranging from 43% to 100%) at the time of assessment
(Choi et al. 2015; Ding et al. 2011; Seraj et al. 2012; Sudhir et al. 2009; Yu et al. 2018). Because
dental fluorosis occurs when fluoride is consumed during enamel formation (usually during the
first 68 years of life), the presence of dental fluorosis suggests that exposures to fluoride
occurred prior to the outcome assessment. Nine studies from six study populations (including Yu
et al. (2018) and Sudhir et al. (2009) listed above) excluded subjects who had not lived in the
study area for a specified period of time, sometimes since birth (Rocha-Amador et al. 2007,
Saxena et al. 2012; Soto-Barreras et al. 2019; Sudhir et al. 2009; Wang et al. 2012; Wang et al.
2020b; Xiang et al. 2003a; Xiang et al. 2011; Yu et al. 2018). Because these areas were generally
known to be fluoride-endemic for long periods of time, it can generally be assumed that in these
nine studies, exposure occurred prior to the outcome. Taken together, 12 cross-sectional studies
from 9 study populations provide indicators of prior exposure.

Results by Study Design — Cross-sectional Study Variations

Overall, the cross-sectional studies consistently provide evidence that fluoride exposure is
associated with lower IQ scores in children. Several cross-sectional studies conducted multiple
analyses (e.g., reported results for multiple exposure metrics, endpoints, subpopulations).
Although some of these variations are heterogeneous and are not comparable across studies, the
consistency of the results across multiple metrics contributes to the confidence in the data.

Table 6 summarizes key results for each of the low risk-of-bias cross-sectional studies, and a few
examples of the within-study variations in results are provided below.

Nine cross-sectional studies (from six study populations) assessed the association between IQ
and multiple exposure measures (Choi et al. 2015; Rocha-Amador et al. 2007; Saxena et al.
2012; Wang et al. 2012; Wang et al. 2020b; Xiang et al. 2003a; Xiang et al. 2011; Yu et al. 2018;
Zhang et al. 2015b). Lower IQ was consistently observed across exposure measures in these
studies; however, Choi et al. (2015), a small pilot study (n = 51), did not achieve statistical
significance in all results by exposure measure. Specifically, the authors reported a consistent
association between all fluoride exposure measures assessed (drinking water, children’s urine,
and severity of fluorosis) and digit span measures (subtest of the WISC-IV omnibus IQ test);
however, results were only statistically significant when fluoride exposure was based on
moderate or severe dental fluorosis in children (see Figure A-7). Choi et al. (2015) also observed
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some variation in results by outcome assessed (i.e., square root transformed block design and
digit span [forward, backward, and total]). It was the only cross-sectional study that did not
provide a full IQ score but instead provided results by specific subtests. The study authors
consistently observed an inverse association between fluoride exposure and results from the digit
span subtest (which specifically assesses executive function); however, results from the block
design (square root transformed), a subtest of the WISC-IV omnibus IQ test that specifically
assesses visuospatial function, was not associated with fluoride exposure. Note that Rocha-
Amador et al. (2009) also assessed visuospatial function, and the authors reported a significant
association (p-value <0.001) between fluoride exposure and decreased visuospatial
constructional ability using the Rey-Osterrieth Complex Figure (ROCF) Test. Ultimately, too
few studies were identified that reported results by subtest of omnibus IQ tests or assessed
domains other than 1Q (e.g., visuospatial function) to examine or explain the variation by
outcome observed in Choi et al. (2015). The only other studies that provided a breakdown of the
full 1Q score were the prospective cohort studies by Green et al. (2019) and Till et al. (2020),
which provided results for full-scale IQ as well as results for performance and verbal 1Q. In both
of these studies, lower verbal IQ was not associated with fluoride exposure, but lower
performance and full-scale 1Q were associated with fluoride exposure. There are too few studies
to evaluate whether there is a specific aspect of IQ testing that is affected by exposure to
fluoride, but the studies nonetheless consistently provide evidence that fluoride exposure is
associated with lower 1Q.

Yu et al. (2018) reported an overall association between lower IQ and higher fluoride exposure
across multiple analyses but observed some variation in 1Q results by urinary exposure level. The
authors reported inverse associations between 1Q and children’s medium- and high-range urinary
fluoride levels (1.60-2.50 mg/L and 2.50-5.54 mg/L, respectively), although change in 1Q score
was greater in the medium-range group (2.67 points decrease [95% CI: —4.67, —0.68]) for every
0.5-mg/L increase of urinary fluoride than in the high-range group (0.84 points decrease [95%
CI: —2.18, 0.50]) (see Figure A-7). No association was reported at low-range urinary fluoride
levels (0.01-1.60 mg/L). Note that Yu et al. (2018) also reported an inverse association between
IQ and drinking water fluoride levels at 3.40—3.90 mg/L (4.29-point decrease in IQ score [95%
CI: —8.09, —0.48]) for every 0.5-mg/L increase in water fluoride; a 0.04-point decrease in 1Q
score [95% CI: —0.33, 0.24] was observed for 0.5-mg/L increase in water fluoride at levels of
0.20-3.40 mg/L). The variation by exposure level in urine could not be verified in the analysis of
drinking water exposures because there were only two water exposure groups (low and high). In
a second study (Wang et al. 2020b), authors conducted a categorical analysis using urinary
fluoride quartiles with reported betas per quartile. As observed in Yu et al. (2018), there were
decreasing trends in 1Q within each quartile; however, unlike Yu et al. (2018), Wang et al.
(2020b) observed a larger decrease in IQ with each increasing urinary quartile and observed
similar results using water fluoride quartiles (Wang et al. 2020b). Note that Wang et al. (2020b)
cannot be compared directly to Yu et al. (2018) for evaluation at the higher exposure levels
because the two studies do not use the same categorical exposure ranges. Although additional
studies may have looked at different exposure levels, none of these studies provided results in the
same manner as Yu et al. (2018) and Wang et al. (2020b) (i.e., betas by exposure category).
Instead, these other studies provided an overall beta or mean IQ scores by exposure level.
Despite the noted variations among these studies, the overall results still consistently support an
association between fluoride exposure and lower 1Q.
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Two studies (Cui et al. 2018; Zhang et al. 2015b) observed associations between lower 1Q in
children and exposure to fluoride, with variations in results in subpopulations of children with
different polymorphisms (see Figure A-7). These were the only two studies that considered
polymorphism as a sub-analysis. Cui et al. (2018) observed a significant association between
log-transformed children’s single spot urinary fluoride and lower 1Q scores (2.47-point decrease
in 1Q scores [95% CI: —4.93, —0.01; p-value = 0.049] per In-mg/L increase in urinary fluoride),
and the association was strongest in subjects with a TT polymorphism (compared with children
with a CC or CT polymorphism) in the dopamine receptor D2 (DRD2) gene (12.31-point
decrease in 1Q score [95% CI: —18.69, —5.94; p-value <0.001] per In-mg/L increase in urinary
fluoride), which, according to the authors, probably resulted in a reduced D2 receptor density
(Cui et al. 2018). Similarly, Zhang et al. (2015b) observed a significant association between
lower 1Q scores and children’s single spot urinary fluoride (2.42-point decrease in 1Q scores
[95% CI: —4.59, —0.24; p-value = 0.030] per 1-mg/L increase in urinary fluoride), and the
association was strongest in subjects with a val/val polymorphism (compared with children who
carried the heterozygous or homozygous variant genotypes [met/val or met/met]) in the catechol-
O-methyltransferase (COMT) gene (9.67-point decrease in 1Q score [95% CI: —16.80, —2.55; p-
value = 0.003] per 1-mg/L increase in urinary fluoride).

Overall, the cross-sectional studies consistently support a pattern of findings that higher fluoride
exposure is associated with lower IQ scores in children. Slight within-study variations occur that
may be associated with study variables such as IQ domains or subsets of IQ tests in a few studies
that conducted multiple analyses, but these variations are heterogenous and cannot be further
explored with the available studies. Despite these few variations, the overall evidence of an
association with lower 1Q is apparent.

Exposure Measure and Study Population Factors

Low risk-of-bias studies provide consistent evidence that higher fluoride exposure is associated
with lower IQ scores across studies using different exposure measures. In addition to water
fluoride levels, studies measured fluoride exposure using single serum samples in children
(Xiang et al. 2011; Zhang et al. 2015b), single spot urine samples in children (Cui et al. 2018;
Ding et al. 2011; Rocha-Amador et al. 2007; Saxena et al. 2012; Wang et al. 2020b; Xiang et al.
2003a; Yu et al. 2018; Zhang et al. 2015b), and prenatal maternal urinary measures (Bashash et
al. 2017; Green et al. 2019), all of which were demonstrated to be consistently associated with
lower 1Q scores (see Figure A-6, Figure A-7, and Figure A-8). Urine levels encompass all
sources of fluoride exposure and provide a better measure of the totality of exposure. As noted
previously, even though some studies measured single spot samples, which may not be
representative of peak exposure, these studies generally provided evidence that fluoride exposure
had been occurring for some time. The consistency in the results across studies that used
different measures of fluoride exposure and different life stages at which fluoride was measured
strengthens the body of evidence.

The low risk-of-bias studies consistently provide evidence that higher fluoride exposure is
associated with lower IQ scores across studies of different study populations. These 19 high-
quality studies represent diverse populations (n = 15 study populations) across 5 countries.
Eighteen of the 19 studies conducted in Canada (n = 2), China (n = 10), India (n = 3), Iran
(n=1), and Mexico (n = 2) provide evidence that exposure to fluoride is associated with lower
1Q scores; 1 study conducted in Mexico did not observe an association but reported results in a
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manner that did not allow for a direct comparison with the other studies (see Appendix E for
details). The overall consistency in the study results across study populations adds strength to the
body of evidence.

Exposure Levels

As described in this section, the body of evidence for studies assessing the association between
fluoride exposure and IQ 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. In the September 6, 2019, draft of
this monograph, NTP conducted a qualitative analysis of children’s IQ studies that 1) evaluated
lower fluoride exposures (<1.5 mg/L) in drinking water and/or urine and 2) provided information
to evaluate dose response (i.e., provided three or more fluoride exposure groups or a dose-
response curve in their publication) in the lower fluoride exposure range. Nine low risk-of-bias
studies met these criteria, which includes the three prospective cohort studies discussed in this
section. 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.

A draft quantitative dose-response meta-analysis was prepared and included in the September 16,
2020, draft monograph (NTP 2020). This meta-analysis is undergoing further refinement in
preparation for separate publication and may further inform a discussion on the association
between fluoride exposure levels and IQ in children.

Sex Considerations

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 subject. 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.

Sex differences were examined in five of the low risk-of-bias studies (in four study populations)
(Green et al. 2019; Trivedi et al. 2012; Wang et al. 2012; Wang et al. 2020b; Xiang et al. 2003a).
In general, sex differences were difficult to assess for trends within different study populations
because few studies in the body of evidence analyzed exposure and stratified results by sex.
Although these five studies reported 1Q scores separately for boys and girls, only two of these
studies analyzed fluoride exposure for boys and girls separately (Green et al. 2019; Wang et al.
2020b), which is essential for evaluating whether a differential change in IQ by sex may be
related to higher susceptibility in one sex or higher exposure in that sex. The remaining three
studies stratified results by sex (Trivedi et al. 2012; Wang et al. 2012; Xiang et al. 2003a), but
the analyses were based on area-level exposure data (e.g., low-fluoride village compared with
high fluoride village) and not drinking water or urinary fluoride concentrations. 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. There was some variation in the results
between sexes across study populations and exposure measures, but there is insufficient evidence
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to determine whether one sex is more susceptible to the effects of fluoride exposure than the
other.

Green et al. (2019) observed a significant inverse association between maternal urinary fluoride
levels and 1Q scores in boys (p-values <0.04) but not girls in a Canadian population. Green et al.
(2019) did not find any sex differences in the association between 1Q and water fluoride
concentrations. Wang et al. (2020b) evaluated Chinese boys and girls separately and combined
and observed statistically significant decreasing trends in 1Q in all groups by urinary fluoride
quartiles (p-values for trend <0.035) (see Figure A-7). Similarly, when evaluated as a continuous
variable, spot urinary fluoride levels (per 1-mg/L increase) were significantly associated with
lower IQ scores in girls (—1.379 [95% CI: —2.628, —0.129; p-value = 0.031]), boys (—1.037 [95%
CI: —2.040, —0.035; p-value = 0.043]), and in the sexes combined (—1.214 [95% CI: —1.987,
—0.442; p-value = 0.002]). According to water fluoride quartiles, Wang et al. (2020b) found that
there was a significant trend in the sexes combined, although the decreasing trend in boys and
girls separately did not achieve statistical significance (p-values = 0.077 and 0.055, respectively).
When water fluoride levels were evaluated as a continuous variable (per 1-mg/L increase), there
were significant associations with lower 1Q scores in girls (—1.649 [95% CI: —3.201, —0.097]; p-
value = 0.037), boys (—1.422 [95% CI: —2.792, —0.053; p-value = 0.042]), and the sexes
combined (—1.587 [95% CI: —2.607, —0.568]; p-value = 0.002).

The remaining three studies that reported results by sex-based comparisons of areas of high and
low urinary or water fluoride did not report exposure levels separately for boys and girls, which
decreases the utility of the data to evaluate differential susceptibility by sex. Trivedi et al. (2012)
observed significantly lower IQ in children in high fluoride Indian villages compared with low-
fluoride villages with decreases observed in boys and girls separately or combined (p-values
<0.05) (see Figure A-2). Xiang et al. (2003a) and Wang et al. (2012) provide data on the same
study population in China. There was a significantly lower 1Q in the high fluoride area compared
with the low-fluoride area in boys and girls separately and in the sexes combined (p-values
<0.01), although the difference was greater in girls. Because fluoride exposure was not analyzed
for boys and girls separately, it is unclear whether the greater change in 1Q scores in girls could
be attributed to higher susceptibility to fluoride exposure or differences in fluoride exposure by
sex.

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. Green et al.
(2019) did not observe an association between maternal urinary fluoride levels and 1Q scores in
girls but did observe a significant association in boys. Although this is an indication of higher
sensitivity in boys in this analysis, the authors did not detect this sex difference using other
measures of prenatal exposure (maternal fluoride intake or water fluoride concentrations). Wang
et al. (2020b) and Trivedi et al. (2012) reported statistically significant associations in both boys
and girls without indication that one sex may be more susceptible. Although Xiang et al. (2003a)
and Wang et al. (2012) reported a greater change in 1Q in girls than boys, the studies used area-
level exposure data, and the authors did not determine whether fluoride exposure differed in boys
versus girls. Therefore, it is unclear whether this differential result by sex is an indication of
higher susceptibility in girls or whether it could be explained by a difference in exposure by sex.
Overall, there are too few studies that analyzed exposure and outcome by sex separately to
properly evaluate whether there is differential susceptibility to fluoride exposure by sex, and
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results from the five low risk-of-bias studies that do evaluate sex differences indicate that there is
no consistent difference by sex across the different study populations.

Summary of Key Findings for Low Risk-of-bias Children’s IQ Studies

In summary, the high-quality studies (i.e., studies with low potential for bias) consistently
demonstrate lower 1Q scores with 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)]. The consistency in association is observed among
studies of varying study designs, exposure measures, and study populations. 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.

High Risk-of-bias 1Q Studies

The results from 53 studies with high potential for bias that evaluated 1Q in children also
consistently provide supporting evidence of decrements in IQ associated with exposures to
fluoride. Forty-six of the 53 studies reported an association between high fluoride exposure and
lower 1Q scores in children.

Risk of Bias for IQ Studies in Children

The confidence in the human body of evidence was based on studies with the lowest potential for
bias. A total of 19 studies on IQ in children had little or no risk-of-bias concerns, representing a
relatively large body of evidence for low risk-of-bias studies (i.e., 15 study populations across 5
countries evaluating more than 7,000 children). These 19 studies are considered low risk of bias
because they were rated probably low or definitely low risk of bias for at least two of the three
key risk-of-bias questions and did not have any other risk-of-bias concerns that would indicate
serious issues with the studies. Thirteen of the 19 studies were rated definitely low or probably
low risk of bias for all risk-of-bias questions, and the remaining 6 studies were rated probably
high risk of bias for a single question that was judged to have minimal impact on overall
potential for bias. None of the 19 studies had a rating of definitely high risk of bias for any
question. Risk-of-bias ratings for individual studies for all questions are available in Figure D-1
through Figure D-4, with risk-of-bias ratings for I1Q studies in children available in Figure D-5
through Figure D-8 and Appendix E. Although the low risk-of-bias studies had minimal or no
concerns, the studies with high overall potential for bias had a number of risk-of-bias concerns,
including potential confounding, poor exposure characterization, poor outcome assessment, and,
in many cases, potential concern with participant selection. The key risk-of-bias questions are
discussed below.

Confounding for IQ Studies in Children

Low Risk-of-bias Studies

As discussed above, there are 19 studies considered to have low risk of bias when assessed
across all risk-of-bias domains. Sixteen of the 19 low risk-of-bias studies [i.e., all with the
exception of Cui et al. (2020), Ding et al. (2011), and Soto-Barreras et al. (2019)] were
considered to have low potential for bias due to confounding because the authors addressed the
three key covariates for all studies (i.e., age, sex, and socioeconomic status) through study design
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or analysis. Other important covariates, including health factors, smoking, and parental
characteristics, were also addressed in many of the low risk-of-bias studies (see Figure 6).

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. Fifteen of 19 low risk-of-bias
studies either addressed potential bias related to co-exposure to arsenic through study design or
analysis or co-exposure to arsenic was unlikely in the study area. All 15 studies observed an
association between lower 1Q and fluoride exposure. Co-exposure to arsenic was not accounted
for in the remaining four low risk-of-bias studies and was the main potential concern in these
studies; however, three of these studies (Wang et al. 2012; Xiang et al. 2003a; Xiang et al. 2011)
were still considered low risk of bias for confounding because although arsenic was observed in
the water in the low-fluoride (and not the high-fluoride) comparison areas, which would bias the
association toward the null, an association was still observed. In this case, the lack of adjustment
for arsenic strengthens the evidence for an association and does not represent a potential concern.
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 1Q and fluoride
exposure (see Appendix E for further discussion of the risk-of-bias concern regarding arsenic for
this study). Although Soto-Barreras et al. (2019) did not discuss arsenic, there is no direct
evidence that arsenic was present in the study area. Fourteen studies accounted for co-exposure
to lead through study design or analysis, and all observed an association between lower IQ and
fluoride exposure. Five studies did not consider co-exposure to lead; however, for all of these
studies, co-exposure to lead was considered unlikely to have an impact in these study
populations as there was no evidence that lead was prevalent or occurring in relation to fluoride
(Cui et al. 2018; Cui et al. 2020; Soto-Barreras et al. 2019; Till et al. 2020; Trivedi et al. 2012).

There is considerable variation in the specific covariates considered across the 19 low risk-of-
bias studies. The consistency of results across these studies suggests that confounding is not a
concern in this body of evidence. Each of the 18 low risk-of-bias studies that observed an
association between fluoride and I1Q (see Summary of Results section above) considered a
unique combination of covariates. The findings of these studies consistently provide evidence of
an association between lower 1Q in children and exposure to fluoride regardless of the inclusion
or absence of consideration of any one or combination of covariates of interest. For example,
maternal or family member smoking was addressed in 7 of the 19 low risk-of-bias studies, and
this did not appear to affect the conclusions. All 7 studies that accounted for smoking found
evidence of an association between fluoride exposure and lower 1Q scores as did 11 of the 12
studies that did not account for smoking. Similarly, all 16 studies that addressed the three key
covariates (age, sex, SES) (16 of 16 studies) and two of the three studies that did not fully
account for them also found evidence of an association between fluoride exposure and lower 1Q
scores. In summary, when considering the impact of each covariate (or combinations of
covariates) on the consistency of results, no trends are discernable that would suggest that bias
due to confounding has impacted or would explain the consistency in findings across the body of
evidence that fluoride exposure is associated with lower IQ in children.

Five of the low risk-of-bias studies confirmed the robustness of the results by conducting
sensitivity analyses (Bashash et al. 2017; Green et al. 2019; Till et al. 2020; Wang et al. 2020b;
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Yu et al. 2018), and none of the sensitivity analyses adjusting for additional covariates found
meaningful shifts in the association between fluoride exposure and 1Q or other measures of
cognitive function. Bashash et al. (2017) found that adjusting for HOME score increased the
association between maternal urinary fluoride and children’s 1Q. Green et al. (2019) reported that
adjusting for lead, mercury, manganese, perfluorooctanoic acid, and arsenic concentrations did
not substantially alter the associations with Q. Sensitivity analyses by Yu et al. (2018) that
adjusted for covariates (including age, sex, and socioeconomic status) did not find differences in
the results compared with the primary analyses. Wang et al. (2020b) found the results of the
sensitivity analysis to be the same as the results from the primary analysis. Till et al. (2020)
observed that adjusting for maternal urinary fluoride levels, as a way to consider postnatal
exposure, had little impact on the results.

Among the 19 low risk-of-bias studies, three were identified that have potential for bias due to
confounding (Cui et al. 2020; Ding et al. 2011; Soto-Barreras et al. 2019). This was mainly due
to a lack of details on covariates considered key for all studies (i.e., age, sex, and SES). See
Appendix E for further discussion of the risk-of-bias concerns regarding confounding for
individual studies. Although these three studies have some potential for bias due to confounding,
they are considered to be low risk of bias overall because they have low potential for bias for the
other two key risk-of-bias questions (exposure characterization and outcome assessment), and no
other major concerns for bias were identified. Consistent with the 16 studies that adequately
addressed confounding, two of these three studies also provide evidence of an association
between fluoride exposure and lower 1Q scores in children.

Taken together and considering the consistency in the results despite the variability across
studies in which covariates were accounted for, bias due to confounding is not considered to be a
concern in the body of evidence. The potential for the consistency in results to be attributable to
bias due to confounding in the 19 low risk-of-bias studies is considered low.
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Figure 6. Important Covariates Considered in Low Risk-of-bias IQ Studies Conducted in Children

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

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

Factors outlined in blue are key covariates for all studies (subject age, subject sex, SES) and arsenic (which is of particular importance to some
study populations).
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A+ indicates that a covariate was considered. Examples of what it means for a covariate to be “considered”: it was adjusted for in the final
model, it was considered in the model but not included in the final model because it did not change the effect estimate, it was reported to have the
same distribution in both the exposed and unexposed groups, it was reported to not be associated with the exposure or outcome in that specific
study population. For arsenic, a ¥ might also be used when arsenic was not expected to be an issue because there is no evidence to indicate that
the co-exposure was prevalent or occurring in relation to fluoride. See risk-of-bias explanations in Appendix E (or HAWC) for details. A hyphen
(-) indicates that the factor was not considered.

“See the “Notes” column for additional details.

dCovariates considered measures of SES include SES scaled scores, household/family income, child education, caretaker/parental education, and
occupation/employment.

°Extent of reported associations varies by study. “Yes” indicates that study authors provided evidence of an association between lower I1Q scores
and fluoride exposure.

fStudy reported lower 1Q scores with increasing fluoride exposure, but the results did not achieve statistical significance.

High Risk-of-bias Studies

Most high risk-of-bias studies (n = 53) considered important covariates to some degree through
study design or analysis; however, when considering the full scale of potential concerns of bias
due to confounding, all but three of these studies were rated probably or definitely high risk of
bias. The majority of high risk-of-bias studies accounted for one or two of the three covariates
considered key for all studies (age, sex, SES) but did not address all three and did not address
other covariates considered important for the specific study population and outcome. Potential
confounding related to important co-exposures (e.g., arsenic) was often not addressed in high
risk-of-bias studies. In studies in which there was high exposure to fluoride via drinking water
with high naturally occurring fluoride or from the use of coal-containing fluoride, most
researchers did not account for potential exposures to arsenic, which is commonly found in coal
and drinking water in fluoride-endemic areas of China and Mexico.

Despite the lack of adequate consideration of key covariates in the vast majority of high risk-of-
bias studies, the results across most of these studies (46 of 53) consistently provide evidence of
an association between fluoride exposure and IQ, supporting the results observed in the low risk-
of-bias studies. This finding suggests that confounding is likely less of a concern for the body of
evidence as a whole than for any individual study. Although the high risk-of-bias studies may
have more potential for bias due to confounding compared with the low risk-of-bias studies, the
consistent 1Q findings across high and low risk-of-bias studies indicate that the results cannot be
explained solely by potential bias due to confounding.

Exposure Characterization in 1Q Studies

Low Risk-of-bias Studies

In general, there were few, if any, risk-of-bias concerns regarding exposure characterization in
the low risk-of-bias studies. These studies mainly had individual exposure data based on urine or
water measures with appropriate analyses. Although there are concerns related to using urine
samples (see the Risk-of-bias Considerations for Human Studies section for details), the
evidence suggests that urinary fluoride is a reasonable measure of exposure (Villa et al. 2010;
Watanabe et al. 1995). Using three methods to account for urine dilution, Till et al. (2018)
reported that adjusted risk estimates did not differ from unadjusted estimates. Analyzing the
same study population as Till et al. (2018), Green et al. (2019) found that adjusting for time of
urine collection or time of collection since last void during pregnancy did not substantially affect
associations with 1Q results in either boys or girls. In addition, adjusting maternal urinary
fluoride for creatinine did not substantially alter the observed association (Green et al. 2019). To
provide a more accurate and sensitive measurement of maternal urinary fluoride than a single
measurement provides, Green et al. (2019) included only participants with valid fluoride
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measurements at all trimesters in their analysis. Other studies also measured urinary fluoride
multiple times throughout pregnancy (Bashash et al. 2017). Some studies demonstrated
correlations between urinary fluoride and fluoride in drinking water, fluorosis, or estimated dose
based on drinking water concentrations and consumption (Choi et al. 2015; Ding et al. 2011;
Green et al. 2019; Saxena et al. 2012; Yu et al. 2018; Zhang et al. 2015b). Till et al. (2018)
demonstrated that there was a linear association between urinary fluoride concentrations in
pregnant women and drinking water fluoride concentrations regardless of method used to correct
for urine dilution or whether adjustments were made for dilution. Bashash et al. (2017) excluded
exposure outliers and found that doing so did not substantively change the results. Taken
together, these studies suggest that urinary fluoride is a reasonable measure of exposure despite
some potential issues.

All but one low risk-of-bias study was rated probably or definitely low risk of bias for exposure
assessment. Seraj et al. (2012) had potential exposure misclassification and was rated probably
high risk of bias for exposure assessment. Villages were categorized as normal (0.5—1 ppm),
medium (3.1 £ 0.9 ppm), or high (5.2 + 1.1 ppm) based on average fluoride content in drinking
water in varying seasons over a 12-year period. Mild fluorosis observed in children in the normal
fluoride level group indicates that there may have been higher exposure in this group at some
point in the past; however, this would bias the results toward the null, and the children in the
normal fluoride group had a significantly higher 1Q score compared with the medium and high
fluoride groups (p-value = 0.001). There were also significant associations between lower 1Q
scores and fluorosis intensity (p-value = 0.014) and water fluoride concentration when evaluated
as a continuous variable (p-values <0.001). Although there is potential for exposure bias, the
apparent exposure misclassification and inclusion of children with higher fluoride exposure in
the normal group indicate that the association may be greater than what was observed in this
study.

High Risk-of-bias Studies

A frequent, critical limitation among the high risk-of-bias studies was lack of information
regarding exposure or poor exposure characterization. Many of the high risk-of-bias studies
compared only subjects living in two regions with differing levels of fluoride exposure, and
although most of them did provide some differentiation in levels of fluoride between the areas,
limited or no individual exposure information was reported. Among studies that provided
drinking water levels of fluoride in two areas being compared, sufficient information to
determine whether the individual study subjects were exposed to these levels was often not
reported. Some studies also lacked information on fluoride analysis methods and timing of the
exposure measurements. In some cases (n = 3), study areas that were considered endemic for
dental and/or skeletal fluorosis were compared with non-endemic areas, or high-fluoride areas
were compared with low-fluoride areas, with no other information provided on fluoride levels in
the areas (Li et al. 2003 [translated in Li et al. 2008c]; Ren et al. 1989 [translated in Ren et al.
2008]; Sun et al. 1991). Although living in an area endemic for fluorosis could be an indicator of
exposure, these studies did not specify whether the study subjects themselves had fluorosis.
Another study used only dental fluorosis as a measure of fluoride exposure in subjects who were
all from an endemic area with similar drinking water fluoride levels (Li et al. 2010). In one case,
multiple sources of fluoride exposure were assessed separately without properly controlling for
the other sources of exposure, which could bias the results (Broadbent et al. 2015). Broadbent et
al. (2015) assessed fluoride exposure in three ways: use of community water in a fluoridated area
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versus a non-fluoridated area, use of fluoride toothpaste (never, sometimes, always), or use of
fluoride tablets prior to age 5 (ever, never). The same children were used for each analysis
without accounting for fluoride exposure through other sources. For example, there were 99
children included in the non-fluoridated area for the community water evaluation, but there is no
indication that these 99 children were not some of the 139 children that had ever used
supplemental fluoride tablets or the 634 children that had always used fluoride toothpaste.
Therefore, comparing fluoridated areas to non-fluoridated areas without accounting for other
sources of exposure that might occur in these non-fluoridated areas would bias the results toward
the null.

Outcome Assessment for IQ Studies

Low Risk-of-bias Studies

The low risk-of-bias studies have few concerns regarding outcome assessment. All 19 low risk-
of-bias studies used appropriate methods for measuring IQ 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)]. Fourteen of these 18 studies reported
blinding of the outcome assessors, or correspondence with the study authors confirmed that it
was not likely an issue. For the remaining 4 of the 18 studies, it was assumed that the outcome
assessors were most likely blind because exposure was assessed via urine or drinking water
obtained at the same time as the outcome assessment in the general population studies. One 1Q
study (Sudhir et al. 2009) had concerns for potential bias in the outcome assessment due to lack
of information to determine whether blinding at the time of the outcome assessment was a
concern (see Appendix E for details).

High Risk-of-bias Studies

Among the studies with high risk of bias, the main limitation in the outcome assessment was the
lack of reporting on blinding of the outcome assessor (i.e., whether the outcome was assessed
without knowledge of exposure). Although there is little concern that the children’s knowledge
of their own exposure would bias the way they took the IQ tests, there is potential for bias if the
tests were administered by an interviewer, or if the scoring of results could be subjective (e.g.,
drawing tests), and the interviewer or scorer had knowledge of the children’s exposure. Most of
the studies did not provide sufficient information on the person scoring or administering the tests
or other information on the assessment methods to alleviate concerns for potential interviewer or
reviewer bias.

High risk-of-bias studies were mainly carried out in two separate populations without
information provided that the tests were conducted in a central location. In many cases, the
methods indicated that the tests were conducted at the schools in the study area (indicating that
there was likely knowledge of exposure). In some cases, the outcomes were not considered
sensitive measures (e.g., Seguin Form Board Test to test for 1Q), or the test was not considered
appropriate for the study population (e.g., a test validated in a western population was used on a
rural Chinese population).

Confidence Assessment of Findings on IQ in Children

We conclude that there is moderate confidence in the body of evidence that higher fluoride
exposure is associated with lower IQ in children. This confidence rating was reached by starting
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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 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). Three of these
studies were prospective cohort studies, and 12 were cross-sectional studies that provided
evidence of long-term, chronic fluoride exposure prior to outcome measurement.

There are nine factors to consider for increasing or decreasing the confidence in the body of
evidence (provided in Figure 1). Discussion of each of these factors in the body of evidence on
fluoride exposure and IQ in children is presented below.

Risk of bias: Only studies that were considered to have low risk of bias were
included in the moderate confidence rating; therefore, there was no downgrade for
risk-of-bias concerns.

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 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 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.

Indirectness: 1Q in humans is a direct measure of the association of interest;
therefore, no adjustment in confidence is warranted.

Imprecision: 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.

Publication bias: There is no strong evidence of publication bias; therefore, no
downgrade was applied for publication bias. Two published meta-analyses (Choi et
al. 2012; Duan et al. 2018) did not indicate strong evidence of publication bias. The
draft meta-analysis conducted by NTP in the September 16, 2020, draft monograph
found no publication bias among the low risk-of-bias studies (NTP 2020). Among
high risk-of-bias studies, adjusting for publication bias using the trim-and-fill analysis
estimated that, in the absence of publication bias, the inverse direction of association
and statistical significance remained, thus indicating that there was no need to
downgrade for publication bias.

Large magnitude of effect size: Although some individual studies indicated a large
magnitude of effect size, the magnitude of effect was not the same across all studies.
Therefore, the overall data would not support an upgrade due to a large magnitude of
effect size.

Dose response: Evidence of an exposure-response relationship that could justify an
upgrade to the confidence in the body of evidence is not presented in this monograph.
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While the overall findings qualitatively appear less clear in the lower exposure range,
many of the studies that provide data to evaluate exposure response were judged to be
high risk of bias. The meta-analysis conducted in association with this systematic
review further informs this issue and will be published separately.

¢ Residual confounding: Xiang et al. (2003a), Xiang et al. (2011), and Wang et al.
(2012) studied the same population where arsenic occurred in the area with low
fluoride but did not occur in the area with high fluoride. This would have biased the
results toward the null, but there were significantly lower IQ scores in the area with
high fluoride. The remaining studies do not provide enough information to consider
whether residual confounding occurred for the body of evidence. Note that parental
1Q has the potential to be an important factor when considering residual confounding
based on likely correlations between parental IQ and children’s IQ; however, there is
not sufficient evidence that parental IQ is associated with water fluoride content.
Taken together, the overall data would not support an upgrade due to residual
confounding.

e 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.

As described above, there are no changes in confidence rating based on any of the possible
upgrade or downgrade factors. 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). Note that additional, well-designed prospective
cohort studies with individual-level exposure data and outcome measures could provide
increased confidence in the association between fluoride exposure and lower IQ in children.

Other Neurodevelopmental or Cognitive Effects in Children
Low Risk-of-bias Studies

Overview of Studies
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
IQ in children. These nine studies were conducted in multiple study populations in three
countries, specifically:

e three were conducted in three areas of China on three study populations,

e four were conducted in two areas of Mexico on three study populations, and

e two were conducted in Canada using the same study population.

There is considerable heterogeneity across studies, particularly in the different health outcomes
evaluated and ages assessed. Most studies measured fluoride in the drinking water or urine (child
or maternal) with one study using severity of dental fluorosis as an exposure measure in addition
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to drinking water and children’s urine. Two of the studies were conducted on infants, with one
evaluating effects within 72 hours of birth (Li et al. 2004 [translated in Li et al. 2008a]) and the
other evaluating effects at 3 to 15 months of age (Valdez Jimenez et al. 2017). The remaining
studies were conducted in children of varying ages, ranging from 4 to 17 years. Other cognitive
neurodevelopmental outcomes assessed include neurobehavioral effects in infants, learning and
memory impairment, and learning disabilities such as attention deficit hyperactivity disorder
(ADHD). Few studies measured the same health outcomes, used the same outcome assessment
methods, or evaluated the same age groups.

Table 7 provides a summary of study characteristics and key findings related to other cognitive
neurodevelopmental outcomes and fluoride exposure for the nine low risk-of-bias studies. The
different tests conducted and the populations on which the tests were conducted are also
indicated in Table 7. Several of these studies conducted multiple analyses and reported results on
multiple endpoints. The purpose of the table is to summarize key findings (independent of
whether an association was found) from each study and is not meant to be a comprehensive
summary of all results. For each study, results are summarized for each exposure measure
assessed. Results from multiple analyses using the same exposure measure may not all be
presented unless conflicting results were reported. See Appendix E for additional information on
studies in Table 7, including strengths and limitations, clarifications for why they are considered
to pose low risk of bias, and information regarding statistical analyses, covariates, exposure
assessment, and outcome assessment.
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Table 7. Studies on Other Neurodevelopmental and Cognitive Function in Children®

Study

Study Design

(Location/Subjects) [n]

Exposure Measures
and Summary
Statistics

Assessment Timing

Outcome and Methods

Neurobehavioral Outcome Summary®

China

Li et al. (2004)
[translated in Li et al.
2008a]

Choi et al. (2015)

Wang et al. (2020a)

Cross-sectional

Zhaozhou County,

Drinking water
Range: 0.5-1.0 mg/L

Neonates (24—
72 hours after

Heilongjiang Province/neonates (control); 1.7-6.0 mg/L delivery)

[91]

Cross-sectional

Mianning County/1st grade
children

[51]

Cross-sectional

Tongxu County/school children Mean (SD): 1.54

[325]

(high)
Maternal urine during
pregnancy

Mean (SD): 1.74
(0.96) mg/L (control);
3.58 (1.47) mg/L (high)

Drinking water

GM: 2.20 mg/L
Children’s urine
GM: 1.64 mg/L

Severity of fluorosis
(Dean Index)

Children (ages 6—
8 years)

Children’s urine Children (ages 7-13
years)

(0.89) mg/L

Neurodevelopmental:
Neonatal behavioral
neurological assessment
(NBNA)

Learning and memory:
Neuropsychological tests
including WRAML

Visual motor ability:
WRAVMA

Motor ability: Finger tapping
task

Manual dexterity: Grooved
pegboard test

ADHD and behavior
measures: Conners’ Parent
Rating Scale-Revised

Significant differences in neurobehavioral
assessment total scores between high-
fluoride (36.48 + 1.09) and control groups
(38.28 = 1.10) (subjects divided into high
fluoride group and control group based on
drinking water fluoride levels in place of
residence); significant differences in total
score of behavioral capability that includes
measures of non-biological visual
orientation reaction and biological visual
and auditory orientation reaction between
the two groups (11.34 + 0.56 in controls
compared to 10.05 + 0.94 in high-fluoride
group)

No statistical adjustment for covariates

Outcomes unrelated to the 1Q test not
significantly associated with any fluoride
exposure measure

Adjusted for age, sex, parity, illness before
3 years old, household income last year, and
caretaker’s age and education

Significant association between
psychosomatic problems and urinary
fluoride level (per 1-mg/L increase;

(Chinese version) (CPRS-48) = 4.01; 95% CI: 2.74, 5.28; OR for T-

score >70 =1.97; 95% CI: 1.19, 3.27); no
associations between urinary fluoride level
and ADHD index or other behavioral
measures

Adjusted for age, sex, child’s BMI, urinary
creatinine, mother migrated, and father
migrated
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Study

Study Design
(Location/Subjects) [n]

Exposure Measures
and Summary
Statistics

Assessment Timing

Outcome and Methods

Neurobehavioral Outcome Summary®

Mexico
Rocha-Amador et al.
(2009)

Valdez Jimenez et al.
(2017)

Bashash et al. (2017)°

Cross-sectional
Durango/elementary school
children

[80]

Cohort (Prospective)

Durango City and Lagos de
Moreno/infants
[65]

Cohort (prospective)

Mexico City/Early Life
Exposures in Mexico to
Environmental Toxicants

Children’s urine
GM (SD): 5.6
(1.7) mg/L

Children (ages 6-11
years)

Maternal urine

Range: 0.16-8.2 mg/L
(all trimesters)

Infants (ages 3—15
months)

Drinking water

Range: 0.5-12.5 mg/L
(all trimesters)

Maternal urine during
pregnancy

Mean (SD): 0.90
(0.35) mg/L

(ELEMENT) participants [299] Children’s urine

GCI analysis [287]

Mean (SD): 0.82
(0.38) mg/L

Visuospatial organization
and visual memory: Rey-
Osterrieth Complex Figure
Test, children’s version

Mental development index
(MDI): Bayley Scales of
Infant Development IT
(BSDI-II)

Psychomotor developmental

index (PDI): Bayley Scales
of Infant Development 11
(BSDI-II)

Children (age 4 years) General cognitive index

(GCI): McCarthy Scales of

Significant correlation between urinary
fluoride and visuospatial organization
(r=-0.29) and visual memory scores
(r=-0.27); no significant correlation with
arsenic

Adjusted for age

Significant association between log10-mg/L
maternal urinary fluoride and MDI score
during first trimester (adjusted p =—19.05;
SE = 8.9) and second trimester (adjusted

B =—19.34; SE = 7.46); no significant
associations between maternal urinary
fluoride and PDI score; analyses of
outcomes using drinking water fluoride not
performed

Adjusted for age, gestational age,
marginality index, and type of drinking
water

Significant association between maternal
urinary fluoride and offspring GCI score

Children’s Abilities (MSCA) (per 0.5-mg/L increase adjusted p =—3.15;

95% CI: —5.42, —0.87); associations with
children’s urine not significant

Adjusted for gestational age; weight at
birth; sex; parity (being the first child); age
at outcome measurement; and maternal
characteristics, including smoking history
(ever smoked during the pregnancy vs.
nonsmoker), marital status (married vs. not
married), age at delivery, 1Q, education, and
cohort
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Exposure Measures

Study St.udy Des_lgn and Summary Assessment Timing ~ Outcome and Methods Neurobehavioral Outcome Summary®
(Location/Subjects) [n] Statistics
Bashash et al. (2018)¢ Cohort (prospective) Maternal urine during  Children (ages 6-12 ADHD: Conners’ Rating Significant associations between maternal
Mexico City/Early Life pregnancy years) Scales-Revised (CRS-R) urinary ﬂuoride_ (per Q.S—mg/L 'il?crease) and
Exposures in Mexico to Mean 0.85 (95% CI: CRS-R scores, 1nclqd1ng Cognmye
Environmental Toxicants 0.81, 0.90) mg/L Problems + Inattention Index (adjusted
(ELEMENT) participants B= 2.54; 95% CI: 0.4}4, 4.63), DSM-IV
[210] Inattention Index (adjusted B = 2.84; 95%
CI: 0.84, 4.84), DSM-IV ADHD Total
Index (adjusted p = 2.38; 95% CI: 0.42,
4.34), and ADHD Index (adjusted p = 2.47;
95% CI: 0.43, 4.50)
Adjusted for gestational age; birth weight;
sex; parity; age at outcome measurement;
and maternal characteristics, including
smoking history (ever smoked vs.
nonsmoker), marital status (married vs. not
married), education, socioeconomic status,
and cohort
Canada
Barberio et al. Cross-sectional Children’s urine Children (ages 3—12  Learning disability, ADHD  Significant increase in adjusted OR for
(2017b)¢ General population/Canadian ~ Mean Cycle 2: 32.06 years) (Cycle 2 only): Parent or learning disability (adjusted OR = 1.02;
Health Measures Survey (95% CI: 29.65, child self-report 95% CI: 1.00, 1.03) per 1-umol/L increase
(Cycles 2 and 3) 34.46) umol/L in unadjusted urinary fluoride when Cycle 2
[2,221] Mean Cycle 3: 26.17 and 3 were combined; no significant
(95% CI: 22.57, associations found between urinary fluoride
29.76) umol/L and ADHD (only evaluated in Cycle 2); no

significant associations found when using
creatinine- or specific gravity-adjusted
urinary fluoride

Adjusted for age and sex, household income
adequacy, and highest attained education in
the household
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Exposure Measures

Study (Locastti‘(l)zysgle)s':egcltls) [n] and Summary Assessment Timing ~ Outcome and Methods Neurobehavioral Outcome Summary®
) Statistics
Riddell et al. (2019)¢  Cross-sectional Drinking water Children (ages 6-17 Hyperactivity/inattention: Significantly increased risk of ADHD with
General population/Canadian  Mean (SD): 0.23 years) Strengths and Difficulties fluoride in tap water (adjusted OR = 6.10
Health Measures Survey (0.24) mg/L [non- Questionnaire (SDQ) per 1-mg/L increase; 95% CI: 1.60, 22.8) or
(Cycles 2 and 3) fluoridated water: 0.04 ADHD: parent or self- coznmul.uty water ﬂuorldatlon'sI:atug (1.21;
[3,745] (0.06) mg/L; fluoridated reported physician diagnosis 95% CI' 11033 1.42) but not wit urinary
water: 0.49 (0.22)] fluoride; similar results observed with
attention symptoms based on the SDQ

Community water
fluoridation status (yes

scores

Adjusted for age and sex, child’s BMI,

o ]?O) L ethnicity, parental education, household
Children’s urine income, blood lead, and smoking in the
Mean (SD): 0.61 home

(0.39) mg/L [non-
fluoridated water: 0.46
(0.32) mg/L; fluoridated
water: 0.82 (0.54)]

ADHD = attention-deficit/hyperactivity disorder; BMI = body mass index; GCI = General Cognitive Index; GM = geometric mean; HOME = Home Observation Measurement of
the Environment; IQ = intelligence quotient; MSCA = McCarthy Scales of Children’s Abilities; SD = standard deviation; WASI = Wechsler Abbreviated Scale of Intelligence
(Spanish version); WISC-IV = Wechsler Intelligence Scale for Children-Revised (as reported by Choi et al. 2015); WRAML = Wide Range Assessment of Memory and Learning;
WRAVMA = Wide Range Assessment of Visual Motor Ability.

“Includes low risk-of-bias studies.

bAssociations between other cognitive neurodevelopmental outcomes in children and fluoride levels were reported quantitatively, when possible. For studies with multiple analyses
and results, the table summarizes key findings and is not a comprehensive summary of all findings. Results also indicated when a study reported no association, provided as a
qualitative statement of no association.

“Bashash et al. (2017) and Bashash et al. (2018) are based on the same study population.

dBarberio et al. (2017b) and Riddell et al. (2019) are based on the same study population.
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Summary of Results

Overall Findings

Although discussed together in this section, various health outcomes were assessed in the nine
low risk-of-bias studies of other neurodevelopmental outcomes, including neurobehavioral
scores in infants (two studies), cognitive tests in children other than IQ (three studies), and
ADHD or learning disabilities (four studies) in children. 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 IQ (see Figure A-9 through Figure A-11) (Barberio et al. 2017b; Bashash et al. 2017; Bashash
etal. 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). Only one cross-sectional study did not
find a significant association between fluoride exposure and a measure of cognitive
neurodevelopment (Choi et al. 2015).

Although there is heterogeneity in the outcomes assessed and a limited number of directly
comparable studies, the data provide additional evidence (beyond the consistent evidence of an
association between fluoride exposure and 1Q) of an association between higher fluoride
exposure and cognitive or neurodevelopmental effects. The body of evidence from the nine low
risk-of-bias studies is described in further detail below and is grouped into outcome categories of
studies that are most comparable.

Results in Infants

Two studies evaluated neurobehavioral effects in infants either shortly after birth or at 3 to

15 months of age (Li et al. 2004 [translated in Li et al. 2008a]; Valdez Jimenez et al. 2017). Both
studies observed a significant association between higher fluoride exposure and lower
neurobehavioral scores. In neonates (1-3 days old), the high fluoride group (3.58 + 1.47 mg/L
fluoride based on spot maternal urine collected just prior to birth) had significantly lower total
neurobehavioral assessment scores (36.48 + 1.09 versus 38.28 + 1.10 in controls; p-value <0.05)
and total behavioral capacity scores (10.05 + 0.94 versus 11.34 & 0.56 in controls; p-value <0.05)
compared to the control group (1.74 + 0.96 mg/L fluoride) as measured by a standard neonatal
behavioral neurological assessment (NBNA) method (Li et al. 2004 [translated in Li et al.
2008a]). 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 Bs 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). Note
that this study did not find an association between maternal fluoride during any trimester and the
Psychomotor Developmental Index (PDI), which measures gross motor development (adjusted
Bs = 6.28 and 5.33 for first and second trimesters, respectively; no standard errors provided)
(Valdez Jimenez et al. 2017).

Results for Cognitive Tests Other Than IQ in Children

Three studies conducted tests on cognitive function in children that were not part of an IQ test
(Bashash et al. 2017; Choi et al. 2015; Rocha-Amador et al. 2009). None of the studies
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conducted the same tests, but two of the three studies (Bashash et al. 2017; Rocha-Amador et al.
2009) observed associations between fluoride exposure and lower test scores. The General
Cognitive Index (GCI) of the McCarthy Scales of Children’s Abilities (MSCA) in 4-year-old
children was significantly inversely associated with maternal creatinine-adjusted urinary fluoride
levels during pregnancy (collected during each trimester) (adjusted 3 per 0.5-mg/L

increase = —3.15 [95% CI: —5.42, —0.87; p-value = 0.01] in a model adjusting for main
covariates including gestational age, weight at birth, sex, maternal smoking, and indicators of
socioeconomic status). The association remained even after adjusting for maternal bone lead
(adjusted B per 0.5-mg/L increase = —5.63 [95% CI: —8.53, —2.72; p-value <0.01]) (Bashash et
al. 2017) (see Figure A-11). Choi et al. (2015), however, evaluated cognitive function endpoints
in addition to IQ and found no significant associations between concurrent log-transformed water
or urinary fluoride levels and Wide Range Assessment of Visual Motor Ability (WRAVMA)
scores, finger tapping test scores, and grooved pegboard test scores, although there were some
significant associations based on degree of fluorosis (see Figure A-11). Another study using
visuoconstructional and memory scores from the Rey-Osterrieth Complex Figure Test in
children 611 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 [CIs 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 [CIs 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 [Cls not reported])
(Rocha-Amador et al. 2009) (see Figure A-10).

Attention-related Disorders Including ADHD and Learning Disabilities in Children

Four studies evaluated attention-related disorders or learning disabilities (Barberio et al. 2017b;
Bashash et al. 2018; Riddell et al. 2019; Wang et al. 2020a). All four studies found an
association between increased fluoride and increased ADHD or learning disability; however,
studies varied in the exposure metrics and outcomes measure. Bashash et al. (2018) evaluated
behaviors associated with ADHD in children ages 6—12 years using the Conners Rating Scales-
Revised (CRS-R) and observed significant associations between maternal urinary fluoride
(measured during each trimester) and ADHD-like symptoms, particularly those related to
inattention (an increase in 0.5 mg/L of maternal urinary fluoride was significantly associated
with a 2.84-point increase [95% CI: 0.84, 4.84; p-value = 0.0054] in the DSM-IV Inattention
Index and a 2.54-point increase [95% CI: 0.44, 4.63; p-value = 0.0178] in the Cognitive
Problems and Inattention Index). These two scales contributed to the global ADHD Index and
the DSM-IV ADHD Total Index, which were also significantly associated with higher levels of
prenatal fluoride exposure (an increase of 0.5 mg/L in maternal urinary fluoride was associated
with a 2.38-point increase [95% CI: 0.42, 4.34; p-value = 0.0176] in the DSM-IV ADHD Total
Index and a 2.47-point increase [95% CI: 0.43, 4.50; p-value = 0.0175] in the ADHD Index) (see
Figure A-11). Significant associations were not observed between maternal urinary fluoride
concentrations during pregnancy and child performance on measures of hyperactivity, nor were
there any significant results in children using Conners’ Continuous Performance Test (CPT-II,
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2nd Edition), a computerized test of sustained attention and inhibitory control (Bashash et al.
2018). Wang et al. (2020a) also used Conners’ Parent Rating Scale (Chinese version) to assess
behavioral outcomes in children ages 7—13 years but found only a significant association
between spot urinary fluoride concentrations in children (model adjusted for creatinine) and
psychosomatic problems (adjusted OR for T-score >70 per 1-mg/L increase = 1.97 [95% CI:
1.19, 3.27; p-value = 0.009] and adjusted B per 1-mg/L increase =4.01 [95% CI: 2.74, 5.28; p-
value <0.001]). No associations were found between spot urinary fluoride and the ADHD index
or other behavioral measures.

Barberio et al. (2017b) evaluated learning disabilities in children 3—12 years of age, including
ADHD, attention deficit disorder (ADD), and dyslexia, as part of the Canadian Health Measures
Survey and found a small but significantly increased risk in self-reported (children 12 years of
age) or parent- or guardian-reported (children 3—11 years of age) learning disabilities associated
with higher spot urinary fluoride levels in children (adjusted OR per 1-umol/L increase = 1.02;
95% CI: 1.00, 1.03; p-value <0.05) (see Figure A-12); however, significant associations were not
observed in analyses using creatinine- or specific gravity-adjusted urinary fluoride (Barberio et
al. 2017b). Barberio et al. (2017b) also reported no associations between single spot urinary
fluoride and ADHD in children ages 3 to 12 years. Riddell et al. (2019) used the same Canadian
Health Measured Survey but evaluated children 617 years old. Riddell et al. (2019) found a
significantly increased risk for ADHD diagnosis with both tap water fluoride (adjusted OR per 1-
mg/L increase = 6.10; 95% CI: 1.60, 22.8; p-value <0.05) and community water fluoridation
status (adjusted OR per 1-mg/L increase = 1.21; 95% CI: 1.03, 1.42; p-value <0.05). A similar
increase in the hyperactivity-inattention symptoms score based on the Strengths and Difficulties
Questionnaire was observed with both tap water fluoride (adjusted B per 1-mg/L increase = 0.31;
95% CI: 0.04, 0.58; p-value <0.05) and community fluoridation status (adjusted  per 1-mg/L
increase = 0.11; 95% CI: 0.02, 0.20; p-value <0.05). As was observed with Barberio et al.
(2017b), Riddell et al. (2019) did not observe associations between specific gravity-adjusted spot
urinary fluoride concentrations and either ADHD diagnosis (adjusted OR per 1-mg/L

increase = 0.96; 95% CI: 0.63, 1.46) or hyperactivity-inattention symptoms (adjusted 3 per 1-
mg/L increase = 0.31; 95% CI: —0.04, 0.66).

Summary of Key Findings for Low Risk-of-bias Studies of Other Neurodevelopmental and
Cognitive Effects in Children

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. Across these outcomes, eight of nine
studies reported a significant association between fluoride exposure and a measure of
neurodevelopment or cognition other than 1Q, which provides support for the consistency in
evidence based on children’s IQ studies of an association between fluoride exposure and adverse
effects on cognitive neurodevelopment.

High Risk-of-bias Studies

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 IQ, but
the results are inconsistent and address different outcomes (Jin et al. 2016; Li et al. 1994
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[translated in Li et al. 2008b]; Malin and Till 2015; Morgan et al. 1998; Mustafa et al. 2018;
Shannon et al. 1986).

Risk of Bias for Neurodevelopmental or Cognitive Effect Studies in Children

The confidence in the human body of evidence was based on studies with the lowest potential for
bias (i.e., studies that rated probably low or definitely low risk of bias for at least two of the three
key risk-of-bias questions and did not have any other risk-of-bias concerns that would indicate
serious issues with the studies). Each of the nine low risk-of-bias studies on other
neurodevelopmental effects in children had little or no risk-of-bias concerns. Four of the nine
studies were rated definitely low or probably low risk of bias for all risk-of-bias questions, and
the remaining five studies were rated probably high risk of bias for a single question that was
judged to have minimal impact on overall potential bias. None of the nine studies had a rating of
definitely high risk of bias for any question. Although the nine low risk-of-bias studies had
minimal or no concerns, the six studies with high overall potential for bias had several risk-of-
bias concerns related to one or more of the three key risk-of-bias questions (confounding,
exposure characterization, and outcome assessment). The key risk-of-bias questions are
discussed below. Risk-of-bias ratings for other neurodevelopmental effect studies in children are
available in Figure D-9 through Figure D-12 and Appendix E for the low and high risk-of-bias
studies.

Confounding for Other Neurodevelopmental Studies in Children

Low Risk-of-bias Studies

As discussed above, there are nine studies considered to have low risk of bias when assessed
across all risk-of-bias domains. Seven of nine low risk-of-bias studies were considered to have
low potential for bias due to confounding because the authors addressed the three key covariates
for all studies (age, sex, and socioeconomic status) and also addressed arsenic as a potential co-
exposure of concern through study design or analysis. Other important covariates, including
health factors, smoking, and parental characteristics, were also addressed in many of the low
risk-of-bias studies. One of the studies (Bashash et al. 2018) examined several covariates in
sensitivity analyses involving subsets of participants, including HOME scores, child
contemporaneous fluoride exposure measured by child urinary fluoride adjusted for specific
gravity, and maternal lead and mercury exposures. The authors reported that none of the
sensitivity analyses indicated appreciable changes in the fluoride-related association with
behaviors related to ADHD, nor was there evidence of effect modification between maternal
urinary fluoride and sex.

Among the nine low risk-of-bias studies, two studies were identified that have potential for bias
due to confounding (Rocha-Amador et al. 2009; Valdez Jimenez et al. 2017). Although both of
these studies adjusted for several covariates through analysis or study design, Valdez Jimenez et
al. (2017) did not address a potential concern for co-exposure to arsenic, and Rocha-Amador et
al. (2009) does not appear to adjust for SES or address why it would not be a concern in the
study population (see Appendix E for further details). Although these two studies have some
potential for bias due to confounding, they are considered to have low potential for bias overall
because they have low potential for bias for the other two key risk-of-bias questions (exposure
characterization and outcome assessment), and no other major concerns for bias were identified.
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Consistent with the IQ studies, bias due to confounding is not likely a concern for the low risk-
of-bias studies.

High Risk-of-bias Studies

The six high risk-of-bias studies in the human body of evidence did not adequately address
important covariates through study design or analysis. The same concerns due to potential
confounding noted previously for the high risk-of-bias children’s IQ studies were also present in
the other neurodevelopmental high risk-of-bias studies, including not addressing the three key
covariates for all studies (age, sex, SES) and/or not addressing potential co-exposures (e.g.,
arsenic) in areas of potential concern.

Exposure Characterization in Other Neurodevelopmental Studies in Children

Low Risk-of-bias Studies

There were no risk-of-bias concerns regarding exposure assessment in the low risk-of-bias
studies. All of the low risk-of-bias studies had individual exposure data based on urine or water
measures with appropriate analyses, and most of the urinary fluoride studies accounted for
urinary dilution when appropriate. Although there are concerns related to the timing of urine
samples (see the Risk-of-bias Considerations for Human Studies section for details), the studies
that used maternal urine measured urinary fluoride multiple times throughout pregnancy
(Bashash et al. 2017; Bashash et al. 2018; Valdez Jimenez et al. 2017). Another study
demonstrated correlations between urinary fluoride and fluoride in the drinking water, fluorosis,
or estimated dose based on water (Choi et al. 2015). Bashash et al. (2017) excluded exposure
measurement outliers but found that doing so did not change the results in a meaningful way.

High Risk-of-bias Studies

A frequent critical limitation among the high risk-of-bias studies was lack of information
regarding exposure or poor exposure characterization. In the high risk-of-bias studies that
assessed the association between fluoride exposure and other neurodevelopmental and cognitive
effects in children, fluoride exposure assessment was based on dental fluorosis, municipality-
level water fluoridation prevalence data, number of years living in an area with fluorinated water,
or group-level water samples. See the Exposure Characterization in 1Q Studies section for further
discussion on the limitations of exposure assessments in high risk-of-bias studies.

Outcome Assessment in Other Neurodevelopmental Studies in Children

Low Risk-of-bias Studies

The low risk-of-bias studies have few concerns regarding outcome assessment. 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)].

Among the nine low risk-of-bias studies, three were identified that have a potential for bias due
to outcome assessment. One of the studies (Wang et al. 2020a) had potential concern for bias due
to lack of information regarding the blinding of outcome assessors. Two of the studies (Barberio
et al. 2017b; Riddell et al. 2019) were based on the same study population in Canada, where
different questions were asked in Cycles 2 (2009-2011) and 3 (2012-2013) of the Canadian
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Health Measures Survey (CHMS) to ascertain learning disabilities including ADHD. In Cycle 2,
subjects were asked whether they had a learning disability diagnosed by a health professional
and, if yes, were asked what kind. In Cycle 3, CHMS did not ask what kind of learning disability
was diagnosed nor was a reason for the question omission provided. Because no reason was
provided for the removal of the question, and because a question on learning disability without
the specific diagnosis may be more prone to bias, this change in questioning from Cycles 2 to 3
is a potential concern. Blinding was not considered an issue in these two studies, but the methods
for obtaining the information are considered to be less than ideal for measuring learning
disabilities including ADHD. Although the questionnaire asked about a doctor’s diagnosis of a
learning disability, there was no confirmation with medical records. Moreover, these
questionnaires were not validated like Conners’ Rating Scales, which would have been a better
method for assessing ADHD. Although the outcome assessment methods are less than ideal,
there was no direct evidence that they were conducted incorrectly or that the methods would
have biased the results in any specific direction. Because this was the only concern in these
studies, they were considered to have low risk of bias overall.

High Risk-of-bias Studies

Among the studies on other neurodevelopmental effects with high potential for bias, there were
several reasons for studies to be considered probably or definitely high risk of bias for outcome
assessment. One study (Shannon et al. 1986) was considered to have probably high risk of bias
based on lack of information regarding blinding of outcome assessors. One study was considered
definitely high risk of bias because outcome was assessed based on a parent-completed
questionnaire, and the study authors noted that the parents were informed of the study’s intent
and were requested to provide information on fluoride history. Other studies used outcome
assessment methods that were not validated or utilized group-level measurements (i.e., school
performance, working memory scores).

Confidence Assessment of Findings on Other Neurodevelopmental Effects in Children
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. 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. Due to these
limitations, the confidence assessment is not described in the same manner as the 1Q in Children
section or as outlined in Figure 1. Although there are limitations in the body of evidence, the low
risk-of-bias studies demonstrate a relationship between higher fluoride exposure and
neurodevelopmental effects, even in very young children, which supports the consistency in
evidence shown in children’s IQ studies of an association between fluoride exposure and adverse
effects on cognitive neurodevelopment.
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Cognitive Effects in Adults
Low Risk-of-bias Studies

Overview of Studies

Two low risk-of-bias cross-sectional studies evaluated the association between fluoride exposure
and cognitive effect in adults (Jacqmin et al. 1994; Li et al. 2016). These two studies used the
same test for cognitive function (i.e., Mini-Mental State or MMS Examination) and used
drinking water fluoride levels to assess fluoride exposure. Li et al. (2016) also measured urinary
fluoride. Both studies were cross-sectional in design. One was conducted in France (Jacqmin et
al. 1994) and the other in China (Li et al. 2016). Both studies were conducted in older
populations (i.e., over 60 or 65 years of age).

Table 8 provides a summary of study characteristics and key findings related to fluoride
exposure and cognitive effects in adults for the two low risk-of-bias studies. The purpose of the
table is to summarize key findings (independent of whether an association was found) from each
study and is not meant to be a comprehensive summary of all results. For each study, results are
summarized for each exposure measure assessed. Results from multiple analyses using the same
exposure measure may not all be presented unless conflicting results were reported.
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Table 8. Studies on Cognitive Function in Adults®

Exposure Measures

Study St‘udy Des'lgn and Summary Ass?ss.ment Outcome and Methods Neurobehavioral ?utcome
(Location/Subjects) [n] . e Timing Summary'
Statistics
Jacqmin et al. Cross-sectional Drinking water Adults (ages >65 Cognitive function: MMS  No significant increase in the
(1994) France (Gironde and Range: 0.03-2.03 mg years) Examination prevatlence of ‘cog‘nitive )
Dordogne)/elderly adults impairment with increasing
[3,490] fluoride quartiles
No statistical adjustment for
covariates for prevalence rates
Lietal. (2016) Cross-sectional Drinking water daily ~ Adults (ages >60 Cognitive function: MMS  Subjects with cognitive
China (Inner fluoride intake years) Examination impairment had a significantly
Mongolia)/adults Mean (SD): 2.23 higher skeletal fluorosis score
[511] (2.23) (normal group), and urinary fluoride
3.62 (6.71) (cognitive concentrations; odds of
impairment group) mg increasing severity of cognitive
. impairment increased with
Urine urinary fluoride concentrations
Mean (SD): 1.46 but were not statistically
(1.04) (normal group), significant; no significant
2.47 (2.88) (cognitive association with total daily water
impairment group) fluoride intake
mg/L Adjusted for sex, age, education,
Fluorosis score marital status (married vs. not
Mean (SD): 0.74 married), alcohol consumption
(0.98) ((nor)mal group) (non-drinkers, light drinkers,
129 (1.01) (cognitive, moderate to heavy drinkers),

smoking history (never smoker,
ex-smoker, light smoker, heavy
smoker), and serum
homocysteine levels

impairment group)

GM = geometric mean; MMS = Mini-Mental State.

Includes low risk-of-bias studies.

bAssociations between cognitive effects in adults and fluoride levels were reported quantitatively, when possible. For studies with multiple analyses and results, the table
summarizes key findings and is not a comprehensive summary of all findings. Results also indicate when a study reported no association, provided as a qualitative statement of no
association.
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Summary of Results

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) (Jacqmin et al. 1994; Li et al. 2016).
Jacqmin et al. (1994) did not find an association between drinking water fluoride and cognitive
impairment in populations in France (n = 3,490) and found prevalence rates of cognitive
impairment to be the same regardless of fluoride exposure (see Figure A-13). In contrast, Li et al.
(2016) did find significantly higher urinary fluoride levels and skeletal fluorosis scores in the
cognitively impaired group compared with the control group in an analysis of 38 cognitively
impaired cases and 38 controls matched for several covariates, including age, sex, education,
alcohol consumption, and smoking (p-value <0.05). However, the authors found no significant
association between cognitive impairment and total daily water fluoride intake (adjusted ORs per
I-mg/day increase = 0.94 [95% CI: 0.85, 1.04] and 0.86 [95% CI: 0.69, 1.06] in the moderate
and severe cognitive impairment groups, respectively) or urinary fluoride levels (adjusted ORs
per 1-mgL increase = 1.12 [95% CI: 0.89, 1.42] and 1.25 [95% CI: 0.87, 1.81] in the moderate
and severe cognitive impairment groups, respectively) in subjects from fluorosis-endemic areas
of China (n=511).

High Risk-of-bias Studies

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). Due to the limited number of low risk-of-bias
studies identified that assess cognitive impairment in adults, the results from the high risk-of-bias
studies are summarized in greater detail below than had been done in this document for bodies of
evidence for IQ in children and other neurodevelopmental and cognitive effects in children.

In aluminum factory workers (exposed to gaseous and particular fluoride emissions during the
production of aluminum metal), significant decreases in 1Q (Duan et al. 1995), diminished
performance on several neurobehavioral core battery tests (NCTBs) (Guo et al. 2001 [translated
in Guo et al. 2008b]), and impaired psychomotor performance and memory were observed
(Yazdi et al. 2011). One study conducted on adult subjects with fluorosis (dental and skeletal)
from a fluorosis-endemic area compared with healthy subjects from a non-endemic area
observed significant differences for some cognitive function tests (i.e., tests of speech fluency,
recognition, and working memory) but not others and generally did not observe a significant
change in I1Q except in the operation scores (Shao 2003). One prospective cohort study evaluated
exposure to fluoride in children at 5 years of age, based on whether the children resided in areas
with community water fluoridation or used fluoride toothpaste or fluoride tablets, and found no
clear differences in IQ scores of the subjects at 38 years of age (Broadbent et al. 2015). One
additional study suggested that populations living in areas with higher drinking water fluoride
had lower levels of dementia (Still and Kelley 1980); however, the study was not focused on
effects of fluoride but on whether fluoride was able to reduce the risk associated with aluminum
by competing with aluminum and reducing its bioavailability. Therefore, the study was
considered inadequate to evaluate the association between fluoride and dementia (Still and
Kelley 1980). A more recent study in Scotland evaluated dementia rates associated with
aluminum and fluoride drinking water concentrations and observed a significant increased risk of
dementia per standard deviation increase in fluoride (p-value <0.001) with the risk of dementia
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more than double in the highest quartile of fluoride exposure (56.3 pg/L) compared to the lowest
quartile (<44.4 ng/L). The authors also found a significantly increased risk of dementia
associated with increased aluminum levels at all quartiles compared with the reference group (p-
values <0.05) but found no statistical interaction between aluminum and fluoride levels in
relation to dementia (Russ et al. 2019). Conversely, a study in China did not find a significant
association between fluoride concentrations in the drinking water and risk for dementia (Liang et
al. 2003). In addition to studies that reported on cognitive impairment and exposure to fluoride,
two high risk-of-bias studies were identified that reported impaired motor and sensory function
(Rotton et al. 1982) and a higher prevalence of self-reported headaches, insomnia, and lethargy
(Sharma et al. 2009) associated with fluoride exposure.

Risk of Bias for Cognitive Effect Studies in Adults

Due to the small number of studies with a low potential for bias (see Figure D-13 and

Figure D-14), the key risk-of-bias domains (confounding, exposure characterization, outcome
assessment) are not discussed separately in respective subsections, as was done for the IQ in
Children and Other Neurodevelopmental and Cognitive Effects in Children bodies of evidence.
The high risk-of-bias studies had concerns across several domains (see Figure D-15 and

Figure D-16), but there were still relatively few studies. Therefore, the discussion for high risk-
of-bias studies is also not separated into subsections by key domain.

Low Risk-of-bias Studies

Both low risk-of-bias studies on cognitive effects in adults had little or no risk-of-bias concerns.
One study was rated definitely low or probably low risk of bias for all risk-of-bias questions (Li
et al. 2016), and the other study was rated probably high risk of bias for a single question that
was judged to have minimal impact on overall potential bias (Jacqmin et al. 1994). Jacqmin et al.
(1994) had potential concern for bias due to confounding because smoking was not addressed,
which has the potential to impact risk for Alzheimer’s disease and rates could vary by parish (the
target population consisted of men and women from 75 civil parishes in southwestern France).

High Risk-of-bias Studies

There were several issues in the eight studies in adults considered to have high potential for bias.
Four of the eight studies had potential concern for bias due to lack of information on the
comparison groups, or the comparison groups were considered inappropriate. All eight studies
had potential concern for bias regarding covariates not being addressed, including possible co-
exposures in occupational studies (e.g., aluminum) and smoking. Five of the eight studies had
potential concern for bias due to lack of information regarding exposure characterization or poor
exposure characterization with the most utilized exposure measure in these studies being a
comparison between exposed and unexposed areas. In one case (Broadbent et al. 2015), multiple
sources of fluoride exposure were assessed separately without properly controlling for the other
sources of exposure, which could bias the results (see Exposure Characterization in IQ Studies
for further details). Five studies also had potential for bias based on limitations in the outcome
assessment, which was mainly due to lack of blinding of outcome assessors, lack of validation of
the methods, or lack of sufficient details on how the outcomes were assessed.

Confidence Assessment of Findings on Cognitive Effects in Adults

The body of evidence available to examine the association between exposure to fluoride and
cognitive effects in adults is limited to two low risk-of-bias cross-sectional studies. Due to the
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limited number of studies and a lack of evidence of an effect, there is low confidence based on
this body of evidence that fluoride exposure is associated with cognitive effects in adults.

Mechanistic Data in Humans

Eight low risk-of-bias studies that evaluated fluoride exposure and mechanistic data in humans
were considered potentially relevant to neurological effects. Effects on the thyroid were
specifically evaluated because the NRC 2006 report identified this as a possible effect of fluoride
(NRC 2006), and changes in thyroid hormones have been identified as a mechanism for
neurodevelopmental effects (Haschek and Rousseaux 1991). These included effects on thyroid
hormones in children (Kheradpisheh et al. 2018a; Kheradpisheh et al. 2018b; Malin et al. 2018),
adults (Kheradpisheh et al. 2018a; Kheradpisheh et al. 2018b; Malin et al. 2018), or children and
adults combined (Barberio et al. 2017a). In addition, some studies evaluated self-reported thyroid
conditions in children and adults combined (Barberio et al. 2017a) and thyroid diseases in adults
(Kheradpisheh et al. 2018b; Peckham et al. 2015) (see Figure D-17 and Figure D-18). Although
the low risk-of-bias studies provide some evidence of mechanistic effects (primarily changes in
thyroid stimulating hormone [TSH] levels in children), the studies were too heterogeneous or
limited in number to make any determination on mechanism (see Figure 7).

Among the seven low risk-of-bias studies that reported on changes in thyroid hormones, three
studies were conducted in children (Kumar et al. 2018; Singh et al. 2014; Zhang et al. 2015b)
and reported increases in TSH levels. Zhang et al. (2015b) reported significant increases in TSH
in children from a fluorosis-endemic area (median fluoride drinking water

concentration = 1.40 mg/L; interquartile range = 1.23—1.57 mg/L) compared with a non-
fluorosis-endemic area (median fluoride drinking water concentration = 0.63 mg/L; interquartile
range = 0.58-0.68 mg/L), whereas 3,5,3’-triiodothyronine (T3) or thyroxine (T4) were not
significantly different between the two groups. Similarly, Singh et al. (2014) observed
significantly higher TSH levels in children without dental fluorosis who lived in a fluorosis-
endemic area (fluoride drinking water concentrations of 1.6-5.5 mg/L) compared with children
without dental fluorosis who lived in a non-fluorosis-endemic area (fluoride drinking water
concentrations of 0.98—1.00 mg/L). When all children (with and without dental fluorosis) in the
endemic area were compared with children from the non-endemic area, the TSH levels were
higher in children from the fluorosis-endemic area, although results did not reach statistical
significance (p = 0.057). Significant differences in T4 or T3 were not observed between groups
(Singh et al. 2014). Kumar et al. (2018) also observed a significant increase in TSH levels in
children from a fluorosis-endemic area (1.5-5.8 mg/L fluoride) compared with a control area
(0.94-1.08 mg/L fluoride). There were also decreases in T3 and T4, but results were not
statistically significant.

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. In the one study that evaluated thyroid hormone levels in adults but not
children, Kheradpisheh et al. (2018b) found a significant increase in TSH associated with higher
fluoride concentrations in drinking water in both adults with and without thyroid diseases such as
hypothyroidism, hyperthyroidism, thyroid nodules, or thyroid cancer. Significant increases in T3
were associated with higher fluoride in drinking water in adults without thyroid diseases, but
increases in T3 were not significant in adults with thyroid diseases. A significant association
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between T4 and higher fluoride in drinking water was not observed in adults with or without
thyroid diseases (Kheradpisheh et al. 2018b).

Other than changes in hormone levels, there is limited evidence of fluoride-related mechanistic
effects in the three low risk-of-bias studies that evaluated thyroid-related effects. Barberio et al.
(2017a) found no relationship between fluoride exposure and self-reported thyroid conditions in
children and adults (children were older than 12). Kheradpisheh et al. (2018b) also found no
association between fluoride exposure and hypothyroidism in an adult population in Iran. One
study found a significantly higher prevalence of hypothyroidism in areas with higher fluoride
concentrations in drinking water (>0.7 mg/L) compared with areas with lower fluoride drinking
water concentrations (<0.7 mg/L) (Peckham et al. 2015).

Sixteen high risk-of-bias studies were available that evaluated mechanistic data in humans
associated with fluoride exposure, including effects on thyroid hormones in children (n =9
studies), thyroid hormones in adults (Michael et al. 1996; Yasmin et al. 2013), catecholamines in
adults (Michael et al. 1996) or in subjects of unknown ages (Chinoy and Narayana 1992),
acetylcholinesterase (AChE) or serotonin levels in children (Lu et al. 2019; Singh et al. 2013),
brain histopathology or biochemistry in aborted fetuses (Du et al. 1992 [translated in Du et al.
2008]; Yu et al. 1996 [translated in Yu et al. 2008]), and mitochondrial fission/fusion molecules
in children (Zhao et al. 2019). Similar to the low risk-of-bias studies, the high risk-of-bias studies
provide some evidence of mechanistic effects (primarily changes in TSH levels in children);
however, the data are insufficient to identify a clear mechanism by which fluoride causes
neurodevelopmental or cognitive effects in humans.

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. When considering fluoride effects on each of the hormones individually, similar to results
from low risk-of-bias studies, the most consistent evidence of fluoride-associated effects on a
thyroid hormone was reported as changes in TSH levels in children, although there was some
variation in the direction of association. Six of the nine high risk-of-bias studies that evaluated
changes in TSH levels in children reported increases in TSH levels with higher fluoride (Lin et
al. 1991; Susheela et al. 2005; Wang et al. 2001; Yang et al. 1994 [translated in Yang et al.
2008]; Yao et al. 1996; Yasmin et al. 2013). Two of the nine high risk-of-bias studies reported
decreases in TSH levels in children with higher fluoride (Khandare et al. 2017; Khandare et al.
2018). One of the nine studies found no significant alterations in TSH levels in children from
fluorosis-endemic areas (Hosur et al. 2012) (see Figure 8).

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). Studies also displayed variation by
age in the associations between fluoride and TSH, T3, and T4. Due to the dynamic relationship
between the thyroid gland, the pituitary gland, and the production and clearance of TSH, T3, and
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Ta, the variations in results are not unexpected and do not eliminate the possibility of a
mechanistic link between thyroid effects and neurodevelopmental or cognitive effects; however,
the data do not support a clear indication that thyroid effects are a mechanism by which fluoride
causes these effects in humans.

Figure 7. Number of Low Risk-of-bias Studies that Evaluated Thyroid Hormones in Children and
Adults by Endpoint and Direction of Association

Interactive figure and additional study details in Tableau®

(https://public.tableau.com/app/profile/ntp.visuals/viz/Fluoride EpiThyroid UPDATE/Figures7and8?publish=yes). This figure
displays study counts for low risk-of-bias studies in both children and adults, as these counts are most relevant to the summary of
fluoride-related mechanistic effects in low risk-of-bias studies. Counts for high risk-of bias studies and studies by age (i.e.,
children, adults, or children/adults combined) can also be accessed in the interactive figure in Tableau®. Study counts are
tabulated by significance (unless study footnotes in Tableau indicate that statistical significance was not tested)—statistically
significant increase (1), statistically significant decrease (|), or not significant (NS). For example, the “1” column displays
numbers of unique studies with significantly increased results.

Figure 8. Number of High Risk-of-bias Studies that Evaluated Thyroid Hormones in Children by
Endpoint and Direction of Association

Interactive figure and additional study details in Tableau®

(https://public.tableau.com/app/profile/ntp.visuals/viz/Fluoride EpiThyroid UPDATE/Figures7and8.). This figure displays study
counts for high risk-of-bias studies in children, as these counts are most relevant to the summary of associations between fluoride
and thyroid hormones in high risk-of-bias studies. Counts for low risk-of bias studies, studies in adults, or all studies combined,
can also be accessed in the interactive figure in Tableau®. Study counts are tabulated by significance (unless study footnotes in
Tableau indicate that statistical significance was not tested)—statistically significant increase (1), statistically significant decrease
(}), or not significant (NS). For example, the “1” column displays numbers of unique studies with significantly increased results.

In addition to evaluating thyroid hormone levels, a few high risk-of-bias studies evaluated other
mechanistic data associated with fluoride exposure; however, the data are insufficient to identify
a clear mechanism by which fluoride might cause neurodevelopmental or cognitive effects in
humans. 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
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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). Serum AChE was significantly reduced in children from a
high fluoride region compared with a lower fluoride region (Singh et al. 2013). Serum serotonin
was significantly increased in children from Turkey who were drinking water containing

2.5 mg/L of fluoride compared with children drinking bottled water or water containing

<0.5 mg/L of fluoride (Lu et al. 2019). 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]).

There are also two more recent low risk-of-bias studies that evaluated polymorphisms in
dopamine-related genes; however, a determination on mechanism cannot be made at this time
due to the limited number of studies. For children (10—12 years old) with a Vall58Met
polymorphism in the COMT gene (i.e., catechol-O-methyltransferase), which results in slower
degradation and greater availability of dopamine within the brain, a stronger association between
increasing urinary fluoride levels and decreasing IQ was reported (Zhang et al. 2015b). For
children (7-12 years old) with a dopamine receptor-2 (DRD2) Taq 1A polymorphism (which is
involved in reduced D2 receptor density and availability) and the TT (variant) genotype, a
significant inverse association between log urinary fluoride and 1Q was observed; however, this
significant relationship was not observed in children with the CC (wild-type) or CT (hybrid)
genotypes (Cui et al. 2018).

Animal Learning and Memory Data

NTP provided a review of the experimental animal evidence in the earlier draft monographs
(NTP 2020) and agrees with the NASEM committee’s comments (NASEM 2020; 2021)
(placeholder to cite NTP 2021 Response to NASEM comments) that the experimental animal
database is of poor quality, with many studies suffering from major reporting deficiencies. NTP
acknowledges that further efforts to disentangle the potential for motor activity deficits to
influence tests of learning and memory in the fluoride literature are warranted. Overall, these
general issues and deficiencies with the experimental animal database led to NTP’s conclusion
that the animal studies are currently inadequate to inform the question of an association between
fluoride exposure and neurodevelopmental and cognitive effects in humans. Therefore, this
systematic review does not include an experimental animal section.

Mechanistic Data in Animals

There are a wide variety of studies in animals that evaluate mechanistic effects potentially related
to neurological changes following oral fluoride exposure (see Appendix F); however, the
mechanisms underlying fluoride-associated cognitive neurodevelopmental effects are not well
characterized, and review of the data did not identify a mode of action for fluoride effects on 1Q
in children. Categories of mechanistic endpoints with the largest amount of available data
include changes in biochemical components of the brain or neurons, neurotransmitters, oxidative
stress, histopathology, and thyroid function. Limiting the data to studies with at least one
exposure at or below 20 ppm fluoride drinking water equivalents (gavage and dietary exposures
were backcalculated into equivalent drinking water concentrations for comparison) still provided
a sufficient number of studies for evaluation of these mechanistic endpoints. This evaluation is
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provided in Appendix F. Neurotransmitter and biochemical changes in the brain and neurons
were considered the mechanistic areas with the greatest potential to demonstrate effects of
fluoride on the brain of animals in the lower dose range and provide evidence of changes in the
brain that may relate to lower 1Q in children (see Appendix F). Histological data can be useful in
determining whether effects are occurring in the brain at lower fluoride concentrations; however,
author descriptions of these effects may be limited, thereby making it difficult to directly link
histological changes in the brain to learning and memory effects. Oxidative stress is considered a
general mechanistic endpoint that cannot be specifically linked to neurodevelopmental or
cognitive effects in humans; however, like histopathology, it may help in identifying changes in
the brain occurring at lower concentrations of fluoride. Although any effects in the brain or
neurological tissue at lower concentrations of fluoride may support reduced IQ 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.

In Vitro Data on Neurodevelopmental or Cognitive Effects

Although in vitro studies were identified as part of the systematic review process, NTP
determined that the information on neurological effects from these studies is too general, and
results cannot necessarily be attributed to effects on learning and memory or other cognitive
functions at this time. The in vitro data may help support specific mechanisms identified from in
vivo mechanistic data; however, as described above, no specific mechanism has been determined
for fluoride effects on learning and memory or other neurodevelopmental or cognitive outcomes.
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Discussion

This systematic review evaluated the available animal and human literature concerning the
association between fluoride exposure and cognitive neurodevelopment. The available data on
potential mechanisms to evaluate biological plausibility were also assessed. The potential health
benefits of fluoride with respect to oral health are acknowledged but are not the focus of this
review.

This review extended NTP’s previous evaluation of the experimental animal data (NTP 2016).
Although the animal data provide some evidence of effects of fluoride on neurodevelopment,
they give little insight into the question of whether fluoride influences 1Q. This is due to
deficiencies identified in the animal body of evidence. 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.

The literature on adults is also limited; therefore, it was determined that there is low confidence
in the body of evidence from studies that evaluate fluoride exposure and adult cognition.
Compared to the literature in adults, there is a much more extensive literature in children.

The literature in children was separated into studies assessing IQ 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. 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.

Most of the epidemiological studies (n = 72) assessed the association between fluoride exposure
and IQ in children. Although all studies, both high- and low-quality, were considered, this
evaluation focuses on the high-quality, low risk-of-bias studies in children for two reasons. 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 IQ.

This review finds, with moderate confidence, that fluoride exposure is associated with lower 1Q
in children. The association between higher fluoride exposure and lower 1Q 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). 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. Of these 19 studies, 18
reported an association between higher fluoride exposure [e.g., represented by populations whose
total fluoride exposure approximated or exceeded the WHO Guidelines for Drinking-water
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Quality of 1.5 mg/L of fluoride (WHO 2017)] and lower 1Q. These include 3 prospective cohort
studies and 15 cross-sectional studies (12 of which indicated that exposure likely preceded the
outcome). Forty-six of 53 low-quality studies in children also reported an association between
higher fluoride exposure and lower 1Q.

Many studies in this assessment relied on drinking-water fluoride levels (both group-level
measures and individual-level measures), rather than measures of total fluoride exposure, to
establish exposed versus “unexposed” or reference groups. Although fluoride in water is a major
source of exposure [comprising 40% to 70% of total exposure (US EPA 2010)], other sources of
fluoride provide variable amounts that depend on personal preferences and habits. The use of
dental products containing fluoride and consuming foods and beverages prepared with
fluoridated water can also result in measurable exposures (US EPA 2010). Green et al. (2019)
suggested that significant exposures occur from black tea consumption. 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. In addition, this
limitation is less of a concern in areas where fluoride in the drinking water is high because
drinking water likely contributes a large proportion of the total fluoride intake in those areas as
compared with areas where fluoride in the drinking water 1s lower.

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 IQ and other cognitive neurodevelopmental effects. Studies using different
types of exposure measures reported similar findings of an association, which strengthens
confidence in earlier studies that reported IQ deficits with increasing group-level fluoride
exposure. However, there is less certainty in the quantitative estimates of the magnitude of 1Q
deficits from earlier studies that used group-level exposure measures than the estimates from
more recent studies that used individual-level exposure measures.

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). 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). 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.
Differential exposures to fluoride and genetic susceptibilities of children to fluoride may
represent special situations that would appear to warrant further research.

The following section briefly recaps the strength of the epidemiological evidence for an
association between fluoride exposure and cognitive neurodevelopmental deficits. This is
followed by a more detailed listing of limitations of the evidence base and limitations of the
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systematic review, with some suggestions of areas where further research may be most

beneficial.

Strengths of the Evidence Base

Strengths in the epidemiological evidence base include:

There are 72 studies directly addressing the relationship between fluoride exposure
and children’s 1Q.

There are 12 high-quality cross-sectional studies with low risk of bias providing
evidence that exposure occurred prior to outcome assessment in those studies.

Studies are from diverse geographic locations that included data for more than 7,000
children.

There are 19 high-quality studies evaluating the same outcome (i.e., IQ) and 9
evaluating other neurodevelopmental outcomes.

Reported responses to fluoride exposure are consistent in studies of both low and high
quality.

Reported responses to fluoride exposure are consistent across different study
populations, study designs, and exposure measures.

Findings of studies with group- and individual-level information on exposure and
outcomes are similar.

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.

Limitations of the Evidence Base

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

Few studies are available that assessed the association between fluoride exposure and
cognitive function (particularly 1Q) in adults and attention-related disorders including
ADHD in children and adults.

Heterogeneity in outcomes was assessed for other neurobehavioral outcomes, limiting
the assessment of other possible effects in children.

Studies rarely separated the results by sex or provided information to indicate that sex
was not a modifying factor.

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

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.

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

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

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

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

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

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

e 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.

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

Limitations in the animal and mechanistic evidence base include:

e The overall quality of the experimental animal studies is poor, and there are relatively
few well-designed and well-performed studies at lower fluoride exposure levels (i.e.,
<20 ppm, which is roughly equivalent to human exposure of <4 ppm).
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e The understanding of the specific molecular events responsible for fluoride’s adverse
effects on neurobehavioral function is poor.

A key data gap in the human and animal bodies of evidence includes the need for mechanistic
insight into fluoride-related neurodevelopmental or cognitive changes.

Limitations of the Systematic Review

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. The systematic review was designed to cover
reports on all potential mechanistic data including effects on the thyroid. After review of the
studies evaluating thyroid effects, studies that only evaluated goiters and other effects on thyroid
size were not considered in this review. 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. In addition, review of the mechanistic data was
limited to in vivo studies with at least one concentration below 20 ppm. This is not considered a
limitation for the systematic review because the mechanistic body of evidence was used to
evaluate biological plausibility for the effects observed in humans; therefore, data were limited to
concentrations that would be more reflective of human exposures. The decision to not more
closely evaluate the in vitro data is not considered a limitation because there were sufficient in
vivo data, and no key events were identified where in vitro data would provide additional insight.

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, 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. Following the recommendation of the NASEM committee in its
review of the September 16, 2020, draft monograph, the experimental animal section has been
removed and is not included in this monograph. Although the deficiencies identified in the
animal body of evidence support this removal (see Animal Learning and Memory Data for
further explanation), NTP acknowledges that the absence of the experimental animal data is a
limitation of this systematic review. For the purpose of this review, NTP considers the
experimental animal data to be inadequate to inform whether fluoride exposure is associated
with cognitive effects (including cognitive neurodevelopmental effects) in humans.
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Summary

This systematic review evaluated the available animal and human literature concerning the
association between fluoride exposure and cognitive neurodevelopment. The available data on
potential mechanisms to evaluate biological plausibility were also assessed. Existing animal
studies provide little insight into the question of whether fluoride exposure affects [Q. Human
mechanistic studies were too heterogenous and limited in number to make any determination on
biological plausibility. The body of evidence from studies on adults is also limited and provides
low confidence that fluoride exposure is associated with adverse effects on adult cognition.
There is, however, a large body of evidence on 1Q effects in children. There is also some
evidence that fluoride exposure is associated with other neurodevelopmental and cognitive
effects; although, because of the heterogeneity of the outcomes, there is low confidence in the
literature for these other effects. This review finds, with moderate confidence, that higher
fluoride exposure [e.g., represented by populations whose total fluoride exposure approximates
or exceeds the WHO Guidelines for Drinking-water Quality of 1.5 mg/L of fluoride (WHO
2017)] 1s consistently associated with lower 1Q in children. More studies are needed to fully
understand the potential for lower fluoride exposure to affect children’s 1Q.
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Figure A-1. Distribution of IQ in Children by Fluoride Exposure (Low Risk-of-bias Studies;
Presented as % in Area or % of Total Group)

Reference group indicated by blue bars; other bars represent response estimates with red indicating statistical significance
compared with the reference group.

An interactive version of Figure A-1 and additional study details in HAWC here. “F” represents fluoride. For IQ distribution
results by drinking water fluoride level provided in Xiang et al. (2003a), Trivedi et al. (2012), Sudhir et al. (2009), and Seraj et al.
(2012) and rate of low 1Q scores by fluoride intake provided in Wang et al. (2012), statistical significance was not evaluated.
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Figure A-2. Mean IQ in Children by Fluoride Exposure (Low Risk-of-bias Studies)

Reference group indicated by blue triangles; circles represent response estimates with red indicating statistical significance.

An interactive version of Figure A-2 and additional study details in HAWC here. “F” represents fluoride. Three additional
publications based on subsample of the larger Yu et al. (2018) cohort were identified (Zhao et al. 2019; Zhao et al. 2020; Zhou et
al. 2019); however, results from these studies are not presented here. The main study by Yu et al. (2018) is considered a better
representation of the IQ results. For all studies, SDs are available and can be viewed in HAWC by clicking the data points within
the plot area; however, 95% Cls could not be calculated for Seraj et al. (2012) because Ns are not available for exposure groups.
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Figure A-3. Intelligence Grade in Children by Fluoride Exposure (Low Risk-of-bias Studies;
Presented as Mean)

Reference group indicated by blue triangles; circles represent response estimates with red indicating statistical significance.

An interactive version of Figure A-3 and additional study details in HAWC here. For Saxena et al. (2012), children’s intelligence
was measured using Raven’s Standard Progressive Matrices. Children’s scores were converted to percentile, and specific grades
were allotted based on the percentiles. Grades ranged from intellectually superior (Grade I) to intellectually impaired (Grade V).
Results for Soto-Barreras et al. (2019) are not presented here. Outcomes in the study were presented as levels of fluoride
exposure associated with each intelligence grade. Results reported were not significant.

Figure A-4. Mean Change in 1Q in Children by Fluoride Exposure (Low Risk-of-bias Studies)

Reference group indicated by blue triangles; circles represent response estimates with red indicating statistical significance.

An interactive version of Figure A-4 and additional study details in HAWC here. For Ding et al. (2011), SDs are available and
can be viewed in HAWC by clicking the data points within the plot area; however, 95% Cls could not be calculated because Ns
for each exposure group are not available.

A-4
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Figure A-5. Associations between Fluoride Exposure and IQ Scores in Children (Low Risk-of-bias
Studies; Presented as Adjusted OR)

Reference group indicated by blue triangles; circles represent response estimates with red indicating statistical significance.
Cutoffs for the dichotomous outcome are listed in the Endpoint column.

An interactive version of Figure A-5 and additional study details in HAWC here. For Xiang et al. (2011), there was a significant
linear trend across different levels of serum fluoride for IQ score <80 (p < 0.001). For Yu et al. (2018), significance levels by 1Q
score were not reported.
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Figure A-6. Correlations between Fluoride Exposure and IQ Score in Children (Low Risk-of-bias
Studies; Presented as Correlation Coefficient)

Circles represent response estimates with red indicating statistical significance.

An interactive version of Figure A-6 and additional study details in HAWC here. “F” represents fluoride. For Saxena et al.
(2012), a significant relationship between water fluoride level and intelligence grade was observed. Increasing intelligence grades
reflected increasing levels of impairment (reduced intelligence) in children.
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Figure A-7. Associations between Fluoride Exposure and IQ Score in Children (Low Risk-of-bias
Studies; Presented as Adjusted Beta)—China

Circles represent response estimates with red indicating statistical significance.

An interactive version of Figure A-7 and additional study details in HAWC here. “F” represents fluoride. For Yu et al. (2018),
authors note an obvious decrease in the 1Q score at water fluoride exposure levels between 3.40 mg/L and 3.90 mg/L and a
similar adverse effect on 1Q scores at urinary fluoride exposure levels from 1.60 mg/L to 2.50 mg/L, and so the changes in 1Q
score are indicated as significant; however, significance levels for change in IQ score were not reported.
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Figure A-8. Associations between Fluoride Exposure and IQ Score in Children (Low Risk-of-bias
Studies; Presented as Adjusted Beta)—Areas Other Than China

Circles represent response estimates with red indicating statistical significance.
An interactive version of Figure A-8 and additional study details in HAWC here. “F” represents fluoride.
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Figure A-9. Mean Motor/Sensory Scores in Children by Fluoride Exposure (Low Risk-of-bias
Studies)

Reference group indicated by blue triangles; circles represent response estimates with red indicating statistical significance.

An interactive version of Figure A-9 and additional study details in HAWC here. “F” represents fluoride. 95% Cls are small and
are within figure symbols and may be difficult to see. Values for SDs and 95% ClIs can be viewed in HAWC by clicking the data
points within the plot area. Total neonatal behavioral neurological assessment (NBNA) score was also significantly reduced in
the endemic F region versus reference region (not shown).

Figure A-10. Correlations between Fluoride Exposure and Other Cognitive Effects in Children
(Low Risk-of-bias Studies; Presented as Correlation Coefficient)

Circles represent response estimates with red indicating statistical significance.
An interactive version of Figure A-10 and additional study details in HAWC here. “F” represents fluoride.
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Figure A-11. Associations between Fluoride Exposure and Other Neurodevelopmental Effects in
Children (Low Risk-of-bias Studies; Presented as Adjusted Beta)

Reference group indicated by blue triangles; circles represent response estimates with red indicating statistical significance.

An interactive version of Figure A-11 and additional study details in HAWC here. “F” represents fluoride. Bashash et al. (2018)
observed significant associations between maternal urinary fluoride and ADHD-like symptoms related to inattention (an increase
in 0.5 mg/L of maternal urinary fluoride was associated with a 2.84-point increase in the DSM-IV Inattention Index and a 2.54-
point increase in Cognitive Problems and Inattention Index). These two scales contributed to the global ADHD Index and the
DSM-1V ADHD Total Index shown here.
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Figure A-12. Associations between Fluoride Exposure and Other Neurodevelopmental Effects in
Children (Low Risk-of-bias Studies; Presented as Adjusted OR)

Circles represent response estimates with red indicating statistical significance.

An interactive version of Figure A-12 and additional study details in HAWC here. “F” represents fluoride. Drinking water results
for Barberio et al. (2017b) have a large confidence interval and are not completely visible in the figure. 95% ClIs are 0.068—11.33
and can be viewed in HAWC by clicking the OR within the plot area.

Figure A-13. Cognitive Impairment in Adults by Fluoride Exposure (Low Risk-of-bias Studies;
Presented as % of Total Group)

Reference group indicated by blue triangles; circles represent response estimates with red indicating statistical significance.
An interactive version of Figure A-13 and additional study details in HAWC here. Results from Li et al. (2016) suggested that
fluoride exposure may be a risk factor for cognitive impairment in elderly subjects; however, results from the study were not
conducive to presentation in this visualization.
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Appendix B. Literature Search and Document Review Details
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NTP initially published a systematic review of the experimental animal literature in 2016 that
was subsequently expanded to include human epidemiological studies, mechanistic studies, and
newer experimental animal literature. Table B-1 provides a timeline of key activities contributing
to the 2022 NTP monograph including the multiple literature searches, draft monographs, and
document review activities that have occurred since 2016.

Table B-2 is a summary of the specific search terms used for the PubMed database. In order to
ensure inclusion of relevant papers, the strategy for this search was broad for the consideration of
neurodevelopmental or cognitive endpoints and comprehensive for fluoride as an exposure or
treatment. The specific search strategies for other databases are available in the protocol

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

Table B-1. Literature Search and Document Review Timeline

Date Action
July 2016 Published 2016 NTP monograph of the systematic literature review on the
effects of fluoride on learning and memory in animals only
June 2017 Published protocol for a new NTP monograph on systematic review on effects
of fluoride on neurodevelopment and cognition from evidence in human,
experimental animal, and mechanistic data
April 2019 Completed final literature search for 2019 draft NTP monograph on human,
experimental animal, and mechanistic data (i.e., updated through April 2019)
May 2019 Published 2019 revised protocol for 2019 draft NTP monograph
September 2019 Sent 2019 draft NTP monograph for review by NASEM committee
February 2020 Received NASEM committee’s review report of 2019 draft NTP monograph;
began the following key changes in response to NASEM report:
e  Expanded literature search to non-English-language databases
e  Conducted meta-analysis on children’s IQ and fluoride exposure
e Revised protocol for monograph to include additional information.
May 2020 Completed final literature search for 2020 draft NTP monograph on human
experimental animal and mechanistic data (i.e., updated through May 2020
and expanded to include non-English-language databases)
September 2020 Published 2020 revised protocol for 2020 draft NTP monograph
September 2020 Sent 2020 draft NTP monograph for second review by NASEM committee
February 2021 Received NASEM committee’s review report of revised 2020 draft NTP
monograph; made the following key changes in response to NASEM report:
e Removed hazard step and hazard conclusions
e Removed meta-analysis to publish separately.
December 2021 Sent 2021 draft NTP monograph on the state of the science for external peer
review
April 2022 Published final 2022 NTP monograph on the state of the science

Table B-2. PubMed Search Terms
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Database Search Terms

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

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

OR anxiety[tiab] OR anxious[tiab] OR asperger*[tiab] OR attention deficit[tiab] OR autism[tiab] OR
autistic[tiab] OR behavioral[tiab] OR behaviors[tiab] OR behavioural[tiab] OR behaviours[tiab] OR
bipolar[tiab] OR cerebellum[tiab] OR cognition[tiab] OR cognitive[tiab] OR communication-
disorder*[tiab] OR comprehension[tiab] OR cranial[tiab] OR dementia[tiab] OR dendrit*[tiab] OR
dentate-gyrus[tiab] OR depression[tiab] OR dextrothyroxine[tiab] OR diiodothyronine*[tiab] OR
diiodotyrosine[tiab] OR down syndrome[tiab] OR dyslexia[tiab] OR entorhinal cortex[tiab] OR
epilep*[tiab] OR gangli*[tiab] OR goiter[tiab] OR graves-disecase[tiab] OR hearing[tiab] OR
hippocamp*[tiab] OR human development[tiab] OR hyperthyroid*[tiab] OR hypothalam*[tiab] OR
hypothyroid*[tiab] OR impulsiv*[tiab] OR Intellectual disability[tiab] OR intelligence[tiab] OR
language[tiab] OR learning[tiab] OR lewy bod*[tiab] OR long-term potentiation[tiab] OR long-term
synaptic depression[tiab] OR memory[tiab] OR mental disorder*[tiab] OR mental recall[tiab] OR
monoiodotyrosine[tiab] OR Motor activity[tiab] OR motor skill*[tiab] OR multiple sclerosis[tiab] OR
myxedema[tiab] OR Nervous system[tiab] OR nervous-system[tiab] OR neurit*[tiab] OR optic[tiab]
OR palsy([tiab] OR panic[tiab] OR parahippocamp*[tiab] OR paranoia[tiab] OR paranoid[tiab] OR
parkinson*[tiab] OR perception[tiab] OR perforant*[tiab] OR personality[tiab] OR phobia[tiab] OR
problem solving[tiab] OR proprioception[tiab] OR psychomotor[tiab] OR reflex[tiab] OR risk
taking[tiab] OR schizophrenia[tiab] OR seizure*[tiab] OR sensation*[tiab] OR sleep[tiab] OR
smell[tiab] OR spatial behavior[tiab] OR stroke[tiab] OR substantia-nigra[tiab] OR taste[tiab] OR
thyroiditis[tiab] OR thyrotoxicosis[tiab] OR Thyrotropin[tiab] OR thyroxine[tiab] OR
tritodothyronine[tiab] OR vision[tiab]) NOT medline[sb]))
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C.1. Detailed Literature Search Results

C.1.1. Literature Search Results Counts and Title and Abstract Screening

The electronic database searches retrieved 25,450 unique references in total (20,883 references
during the initial search conducted in December 2016, 3,657 references during the literature
search updates [including the final updated search conducted for the primary epidemiological
studies on May 1, 2020], and 910 references from the supplemental Chinese database searches);
11 additional references were identified by technical advisors or from reviewing reference lists in
published reviews and included studies. As a result of title and abstract screening, 1,036
references were moved to full-text review, and 24,425 references were excluded (11,402 by
manual screening for not satisfying the PECO criteria and 13,023 based on the SWIFT-Active
Screener algorithm).

C.1.2. Full-text Review

Among the 1,036 references that underwent full-text review, 489 were excluded at that stage
with reasons for exclusion documented; 333 references were excluded for not satisfying the
PECO criteria; and 156 references from the May 2020 searches (main literature search update
and supplemental Chinese database searches) were excluded for not including information that
would materially advance the human, animal in vivo, or mechanistic findings (see the Main
Literature Search section for a description of the methodology). These screening results are
outlined in a study selection diagram that reports numbers of studies excluded for each reason at
the full-text review stage (see Figure 2) [using reporting practices outlined in Moher et al.
(2009)]. After full-text review, 547 studies were considered relevant with primary
neurodevelopmental or cognitive outcomes, secondary neurobehavioral outcomes, and/or
outcomes related to thyroid function. A few studies assessed data for more than one evidence
stream (human, non-human mammal, and/or in vitro), and several human and animal studies
assessed more than one type of outcome (e.g., primary and secondary outcomes). The number of
included studies is summarized below:

e 167 human studies (84 primary only; 13 secondary only; 5 primary and secondary; 8
primary and thyroid; 2 secondary and thyroid; and 55 thyroid only);

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

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

One publication contained human, experimental non-human mammal, and in vitro data. Three
publications contained both human and experimental non-human mammal data. Fourteen
publications contained data relevant to both experimental non-human mammal studies and in
vitro studies.
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C.2. List of Included Studies

C.2.1. Studies in Humans

As described in Figure 2, 167 human studies were included; however, full data extraction was
conducted only on studies with neurological outcomes or thyroid hormone data. Data extraction
was completed using HAWC. Data were extracted from a subset of included studies in humans
(n = 124) and are available in HAWC based on outcome. The following lists of references are
organized as studies that are available in HAWC followed by studies that are not available in
HAWC. Specifically, data for primary neurodevelopmental or cognitive outcomes (learning,
memory, and intelligence) and secondary neurobehavioral outcomes (anxiety, aggression, motor
activity, or biochemical changes), as well as thyroid hormone level data, were extracted from
included human studies and are available in HAWC. Data for included studies identified through
the 2020 literature search update were extracted only for primary neurodevelopmental or
cognitive outcomes; a subset of these studies (n = 7) also included secondary neurobehavioral
outcomes and/or thyroid hormone level data that were not extracted because those data would
not materially advance the human or mechanistic findings. Included human studies that
evaluated only other thyroid-related effects such as goiters or thyroid size (n = 43) were not
extracted and are not available in HAWC. The list below presents the 167 human studies that
were included in the review. An overview of the screening results is outlined in the study
selection diagram (Figure 2) that reports numbers of included studies as well as numbers of
studies excluded for each reason at the full-text review stage.

C.2.1.1. Studies Available in HAWC

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

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

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

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

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

Bashash M, Thomas D, Hu H, Martinez-Mier EA, Sanchez BN, Basu N, Peterson KE, Ettinger
AS, Wright R, Zhang Z, Liu Y, Schnaas L, Mercado-Garcia A, Tellez-Rojo MM, Hernandez-
Avila M. 2017. Prenatal fluoride exposure and cognitive outcomes in children at 4 and 6-12
years of age in Mexico. Environ Health Perspect 125(9): 1-12.
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Bashash M, Marchand M, Hu H, Till C, Martinez-Mier EA, Sanchez BN, Basu N, Peterson KE,
Green R, Schnaas L, Mercado-Garcia A, Hernandez-Avila M, Tellez-Rojo MM. 2018. Prenatal

fluoride exposure and attention deficit hyperactivity disorder (ADHD) symptoms in children at

6-12 years of age in Mexico City. Environ Int 121(Pt 1): 658-666.

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

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

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

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

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

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

Cui Y, YuJ, Zhang B, Guo B, Gao T, Liu H. 2020. The relationships between thyroid-
stimulating hormone and/or dopamine levels in peripheral blood and 1Q in children with
different urinary iodine concentrations. Neurosci Lett 729: 134981.

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

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

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

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

Duan J, Zhao M, Wang L, Fang D, Wang Y, Wang W. 1995. A comparative analysis of the
results of multiple tests in patients with chronic industrial fluorosis. Guizhou Med J 18(3): 179-

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

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

Eswar P, Nagesh L, Devaraj CG. 2011. Intelligent quotients of 12-14 year old school children in
a high and low fluoride village in India. Fluoride 44: 168-172.

Fan Z, Dai H, Bai A, Li P, Li T, Li G. 2007. Effect of high fluoride exposure in children’s
intelligence. J Environ Health 24(10): 802-803.

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

Guo XC, Wang RY, Cheng CF, Wei WS, Tang LM, Wang QS, Tang DX, Liu GW, He GD, Li
SL. 1991. [A preliminary investigation of the 1Qs of 7-13 year-old children from an area with
coal burning-related fluoride poisoning]. Chin J Epidemiol 10(2): 98-100.

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

Guo 7Y, He YH, Zhu QX. 2001. [Research on the neurobehavioral function of workers
occupationally exposed to fluoride]. Ind Hith & Occup Dis 27(6): 346-348.

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

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

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

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

Hong F, Wang H, Yang D, Zhang Z. 2001. [Investigation on the intelligence and metabolism of
iodine and fluoride in children with high iodine and fluoride]. Chin J Control Endem Dis 12-14.

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

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

Hosur MB, Puranik RS, Vanaki S, Puranik SR. 2012. Study of thyroid hormones free
triiodothyronine (FT3), free thyroxine (FT4) and thyroid stimulating hormone (TSH) in subjects
with dental fluorosis. Eur J Dent 6: 184-190.
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Jacqmin H, Commenges D, Letenneur L, Barberger-Gateau P, Dartigues JF. 1994. Components
of drinking water and risk of cognitive impairment in the elderly. Am J Epidemiol 139: 48-57.

Jin T, Han T, Wei Y, Wu Y, Wang Z, Zhang, H. 2016. [Investigation on working memory level
of children aged 8-12 years in coal-burning fluorosis area]. J Environ Health 33(5): 409-411.

Jin T, Wang Z, Wei Y, Wu Y, Han T, Zhang H. 2017. [Investigation on intelligence level of
children aged 8-12 years old in coal-burning fluorosis area]. J Environ Health 34(3): 229-231.

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

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

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

Khandare AL, Gourineni SR, Validandi V. 2017. Dental fluorosis, nutritional status, kidney
damage, and thyroid function along with bone metabolic indicators in school-going children

living in fluoride-affected hilly areas of Doda District, Jammu and Kashmir, India. Environ
Monit Assess 189: 579.

Khandare AL, Validandi V, Gourineni SR, Gopalan V, Nagalla B. 2018. Dose-dependent effect
of fluoride on clinical and subclinical indices of fluorosis in school going children and its

mitigation by supply of safe drinking water for 5 years: An Indian study. Environ Monit Assess
190: 110.

Kheradpisheh Z, Mahvi AH, Mirzaei M, Mokhtari M, Azizi R, Fallahzadeh H, Ehrampoush MH.
2018. Correlation between drinking water fluoride and TSH hormone by ANNs and ANFIS. J
Environ Health Sci Eng 16(1): 11-18.

Kheradpisheh Z, Mirzaei M, Mahvi AH, Mokhtari M, Azizi R, Fallahzadeh H, Ehrampoush MH.
2018. Impact of drinking water fluoride on human thyroid hormones: A case-control study. Sci
Rep 8:2674.

Kumar V, Chahar P, Kajjari S, Rahman F, Bansal DK, Kapadia JM. 2018. Fluoride, thyroid
hormone derangements and its correlation with tooth eruption pattern among the pediatric

population from endemic and non-endemic fluorosis areas. J Contemp Dent Pract 19(12): 1512-
1516.

Kundu H, Basavaraj P, Singla A, Gupta R, Singh K, Jain S. 2015. Effect of fluoride in drinking
water on children's intelligence in high and low fluoride areas of Delhi. J Indian Assoc Public
Health Dent 13(2): 116-121.

Lamberg M, Hausen H, Vartiainen T. 1997. Symptoms experienced during periods of actual and
supposed water fluoridation. Community Dent Oral Epidemiol 25: 291-295.
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Li F, Chen X, Huang R, Xie Y. 2009. The impact of endemic fluorosis caused by the burning of
coal on the development of intelligence in children. J Environ Health 26(4): 838-840.

LiJ, Yao L, Shao QL, Wu CY. 2004. [Effects of high fluoride level on neonatal neurobehavioral
development]. Chin J Endemiol 23(5): 463-465.

LiJ, Yao L, Shao QL, Wu CY. 2008. Effects of high fluoride level on neonatal neurobehavioral
development. Fluoride 41: 165-170.

LiM,GaoY,CuiJ,LiY,LiB, Liu Y, Sun J, Liu X, Liu H, Zhao L, Sun D. 2016. Cognitive
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C.2.2. Studies in Non-human Animals

As described in Figure 2, 339 non-human mammal studies were included; however, full data
extraction was conducted only on studies with primary neurological outcomes and/or secondary
functional neurological outcomes (e.g., motor activity). Data extraction was completed using
HAWC. Data were extracted from a subset of included studies in animals (n = 123) and are
available in HAWC based on outcome. The following lists of references are organized as studies
that are available in HAWC followed by studies that are not available in HAWC. Specifically, all
primary outcomes and functional neurological secondary outcomes (e.g., motor activity) were
extracted from animal studies and are available in HAWC, including studies from the NTP
(2016) assessment. Studies are also available in HAWC that evaluated mechanistic effects
related to oral fluoride exposure at or below 20 ppm fluoride drinking water equivalents for
categories of mechanistic endpoints with the largest amount of available data (i.e., biochemistry
of the brain or neurons, neurotransmission, oxidative stress, and histopathology [n = 70]);
however, these mechanistic data were generally not extracted. Several animal studies assessed
primary neurological outcomes and/or functional neurological secondary outcomes and
mechanistic effects in the four mechanistic categories listed above (n = 56). In total, 140 animal
studies are available in HAWC (70 with primary neurological outcomes and/or secondary
functional neurological outcomes without relevant mechanistic data; 15 with relevant
mechanistic data only; and 55 with primary and/or secondary functional neurological outcomes
with relevant mechanistic data). Studies that evaluated other mechanistic endpoints, as well as
studies that assessed only mechanistic effects at fluoride levels above 20 ppm fluoride drinking
water equivalents, are not available in HAWC (n = 199). The list below presents the 339 non-
human animal studies that were included in the review. An overview of the screening results is
outlined in the study selection diagram (Figure 2) that reports numbers of included studies as
well as numbers of studies excluded for each reason at the full-text review stage.

C.2.2.1. Studies Available in HAWC
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Neuroprotective influence of taurine on fluoride-induced biochemical and behavioral deficits in
rats. Chem Biol Interact 261: 1-10.
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C.2.3. In Vitro Experimental Studies

As described in Figure 2, 60 in vitro experimental studies were included; however, data
extraction was not conducted on in vitro studies. Therefore, in vitro experimental studies are not
available in HAWC with the exception of in vitro studies that also reported in vivo non-human
animal data that met the relevant criteria for being made available in HAWC. The following lists
of references are organized as studies that are available in HAWC (n = 6) followed by studies
that are not available in HAWC (n = 54).
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D.1. Studies in Humans

Figure D-1. Risk-of-bias Heatmap for Low Risk-of-bias Human Neurodevelopmental or Cognitive
Studies Following Fluoride Exposure

An interactive version of Figure D-1 and additional study details in HAWC here.

Figure D-2. Risk-of-bias Bar Chart for Low Risk-of-bias Human Neurodevelopmental or Cognitive
Studies Following Fluoride Exposure

An interactive version of Figure D-2 and additional study details in HAWC here.

Figure D-3. Risk-of-bias Heatmap for High Risk-of-bias Human Neurodevelopmental or Cognitive
Studies Following Fluoride Exposure

An interactive version of Figure D-3 and additional study details in HAWC here.
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Figure D-4. Risk-of-bias Bar Chart for High Risk-of-bias Human Neurodevelopmental or Cognitive
Studies Following Fluoride Exposure

An interactive version of Figure D-4 and additional study details in HAWC here.

Figure D-5. Risk-of-bias Heatmap for Low Risk-of-bias Children’s IQ Studies Following Fluoride
Exposure

An interactive version of Figure D-5 and additional study details in HAWC here.

Figure D-6. Risk-of-bias Bar Chart for Low Risk-of-bias Children’s IQ Studies Following Fluoride
Exposure

An interactive version of Figure D-6 and additional study details in HAWC here.
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Figure D-7. Risk-of-bias Heatmap for High Risk-of-bias Children’s 1Q Studies Following Fluoride
Exposure

An interactive version of Figure D-7 and additional study details in HAWC here.

Figure D-8. Risk-of-bias Bar Chart for High Risk-of-bias Children’s IQ Studies Following Fluoride
Exposure

An interactive version of Figure D-8 and additional study details in HAWC here.

Figure D-9. Risk-of-bias Heatmap for Low Risk-of-bias Children’s Other Neurodevelopmental
Effect Studies Following Fluoride Exposure

An interactive version of Figure D-9 and additional study details in HAWC here.
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Figure D-10. Risk-of-bias Bar Chart for Low Risk-of-bias Children’s Other Neurodevelopmental
Effect Studies Following Fluoride Exposure

An interactive version of Figure D-10 and additional study details in HAWC here.

Figure D-11. Risk-of-bias Heatmap for High Risk-of-bias Children’s Other Neurodevelopmental
Effect Studies Following Fluoride Exposure

An interactive version of Figure D-11 and additional study details in HAWC here.
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Figure D-12. Risk-of-bias Bar Chart for High Risk-of-bias Children’s Other Neurodevelopmental
Effect Studies Following Fluoride Exposure

An interactive version of Figure D-12 and additional study details in HAWC here.

Figure D-13. Risk-of-bias Heatmap for Low Risk-of-bias Adult Cognitive Studies Following
Fluoride Exposure

An interactive version of Figure D-13 and additional study details in HAWC here.
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Figure D-14. Risk-of-bias Bar Chart for Low Risk-of-bias Adult Cognitive Studies Following
Fluoride Exposure

An interactive version of Figure D-14 and additional study details in HAWC here.

Figure D-15. Risk-of-bias Heatmap for High Risk-of-bias Adult Cognitive Studies Following
Fluoride Exposure

An interactive version of Figure D-15 and additional study details in HAWC here.
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Figure D-16. Risk-of-bias Bar Chart for High Risk-of-bias Adult Cognitive Studies Following
Fluoride Exposure

An interactive version of Figure D-16 and additional study details in HAWC here.

Figure D-17. Risk-of-bias Heatmap for Low Risk-of-bias Human Mechanistic Studies Following
Fluoride Exposure

An interactive version of Figure D-17 and additional study details in HAWC here.
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Figure D-18. Risk-of-bias Bar Chart for Low Risk-of-bias Human Mechanistic Studies Following
Fluoride Exposure

An interactive version of Figure D-18 and additional study details in HAWC here.

Figure D-19. Risk-of-bias Heatmap for High Risk-of-bias Human Mechanistic Studies Following
Fluoride Exposure

An interactive version of Figure D-19 and additional study details in HAWC here.

Figure D-20. Risk-of-bias Bar Chart for High Risk-of-bias Human Mechanistic Studies Following
Fluoride Exposure

An interactive version of Figure D-20 and additional study details in HAWC here.
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D.2. Studies in Non-human Animals

Figure D-21. Risk-of-bias Heatmap for New Developmental Animal Learning and Memory Studies
Following Fluoride Exposure

An interactive version of Figure D-21 and additional study details in HAWC here.

Figure D-22. Risk-of-bias Bar Chart for New Developmental Animal Learning and Memory Studies
Following Fluoride Exposure

An interactive version of Figure D-22 and additional study details in HAWC here.
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Figure D-23. Risk-of-bias Heatmap for New Adult Animal Learning and Memory Studies
Following Fluoride Exposure

An interactive version of Figure D-23 and additional study details in HAWC here.

Figure D-24. Risk-of-bias Bar Chart for New Adult Animal Learning and Memory Studies
Following Fluoride Exposure

An interactive version of Figure D-24 and additional study details in HAWC here.
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Figure D-25. Risk-of-bias Heatmap for Low Risk-of-bias Animal Biochemical Studies Following
Fluoride Exposure

An interactive version of Figure D-25 and additional study details in HAWC here.

Figure D-26. Risk-of-bias Bar Chart for Low Risk-of-bias Animal Biochemical Studies Following
Fluoride Exposure

An interactive version of Figure D-26 and additional study details in HAWC here.
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Figure D-27. Risk-of-bias Heatmap for High Risk-of-bias Animal Biochemical Studies Following
Fluoride Exposure

An interactive version of Figure D-27 and additional study details in HAWC here.

Figure D-28. Risk-of-bias Bar Chart for High Risk-of-bias Animal Biochemical Studies Following
Fluoride Exposure

An interactive version of Figure D-28 and additional study details in HAWC here.
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Figure D-29. Risk-of-bias Heatmap for Low Risk-of-bias Animal Neurotransmission Studies
Following Fluoride Exposure

An interactive version of Figure D-29 and additional study details in HAWC here.

Figure D-30. Risk-of-bias Bar Chart for Low Risk-of-bias Animal Neurotransmission Studies
Following Fluoride Exposure

An interactive version of Figure D-30 and additional study details in HAWC here.
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Figure D-31. Risk-of-bias Heatmap for High Risk-of-bias Animal Neurotransmission Studies
Following Fluoride Exposure

An interactive version of Figure D-31 and additional study details in HAWC here.

Figure D-32. Risk-of-bias Bar Chart for High Risk-of-bias Animal Neurotransmission Studies
Following Fluoride Exposure

An interactive version of Figure D-32 and additional study details in HAWC here.
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Figure D-33. Risk-of-bias Heatmap for Low Risk-of-bias Animal Oxidative Stress Studies
Following Fluoride Exposure

An interactive version of Figure D-33 and additional study details in HAWC here.

Figure D-34. Risk-of-bias Bar Chart for Low Risk-of-bias Animal Oxidative Stress Studies
Following Fluoride Exposure

An interactive version of Figure D-34 and additional study details in HAWC here.
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Figure D-35. Risk-of-bias Heatmap for High Risk-of-bias Animal Oxidative Stress Studies
Following Fluoride Exposure

An interactive version of Figure D-35 and additional study details in HAWC here.

Figure D-36. Risk-of-bias Bar Chart for High Risk-of-bias Animal Oxidative Stress Studies
Following Fluoride Exposure

An interactive version of Figure D-36 and additional study details in HAWC here.
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Figure D-37. Risk-of-bias Heatmap for Low Risk-of-bias Animal Histopathology Studies Following
Fluoride Exposure

An interactive version of Figure D-37 and additional study details in HAWC here.

Figure D-38. Risk-of-bias Bar Chart for Low Risk-of-bias Animal Histopathology Studies
Following Fluoride Exposure

An interactive version of Figure D-38 and additional study details in HAWC here.
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Figure D-39. Risk-of-bias Heatmap for High Risk-of-bias Animal Histopathology Studies Following
Fluoride Exposure

An interactive version of Figure D-39 and additional study details in HAWC here.

Figure D-40. Risk-of-bias Bar Chart for High Risk-of-bias Animal Histopathology Studies
Following Fluoride Exposure

An interactive version of Figure D-40 and additional study details in HAWC here.
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Appendix E. Details for Low Risk-of-bias Studies
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E.1. 1Q Studies

E.1.1. Bashash et al. (2017)
E.1.1.1. Study Details

e Study design: Prospective cohort

e Population: Early Life Exposures in Mexico to Environmental Toxicants
(ELEMENT) participants (pregnant mothers and their children aged 4 or 612 years).

e Study area: Mexico City, Mexico
e Sample size: 299 mother-child pairs, of whom 211 had data for the 1Q analyses.

e Data relevant to the review: Adjusted and unadjusted associations between IQ scores
and maternal or child’s urinary fluoride concentrations.

e Reported association with fluoride exposure: Yes: Significant association between
maternal urinary fluoride and 1Q score (adjusted = —2.50 per 0.5 mg/L increase;
95% CI: —4.12, —0.59). No significant associations with children’s urinary fluoride.

E.1.1.2. Risk of Bias

e Author contacts:

0 Authors were contacted for additional information on whether clustering was
addressed. The authors provided results from additional models with cohort as a
random effect.

e Population selection:
O Rating: Probably low risk of bias (+)

0 Summary: Study participants were selected from two different cohorts from three
hospitals in Mexico City that serve low-to-moderate income populations. One
cohort was from an observational study of prenatal lead exposure and
neurodevelopment outcomes, and the other was from a randomized trial of the
effect of calcium on maternal blood lead levels. The authors state that participants
had no history of psychiatric disorders, high-risk pregnancies, gestational
diabetes, illegal drug use, or continuous prescription drugs, but no information on
smoking habits was considered. Study populations appear to be similar, but there
may be some differences because subjects were selected from two different
cohorts that were recruited from slightly different time periods.

O Basis for rating: Probably low risk of bias based on indirect evidence that the
exposure groups were similar despite the subjects coming from different original
study populations wherein different methods were used for recruitment.

e Confounding:
O Rating: Probably low risk of bias (+)

0 Summary: Data were collected via questionnaire on maternal age, education,
marital status at first prenatal visit, birth order, birth weight, gestational age at
delivery, maternal smoking, maternal IQ, and HOME scores. All models were
adjusted for gestational age at birth, sex, birth weight, birth order, age at testing,



o

(0}
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maternal marital status, smoking history, age at delivery, maternal IQ, education,
and cohort, with additional testing for children’s urinary fluoride, mercury, lead,
and calcium. Sensitivity analyses additionally adjusted for HOME score.
Important covariates not considered included BMI, iodine deficiency, arsenic, and
maternal mental health and nutrition. Arsenic is assumed not to be a potential co-
exposure in this population because the study authors did not discuss it as an
issue, but did consider other co-exposures. Arsenic is included in the water quality
control program in Mexico City and is not considered a concern in this
population.

Potentially important study-specific covariates: All key covariates were
addressed.

= Direction/magnitude of effect size: Not applicable.

Basis for rating: Probably low risk of bias based on direct evidence that key
covariates, including other potential co-exposures, were addressed and indirect
evidence that the methods used to collect the information were valid and reliable
and that arsenic is not likely to be an issue in this study population.

Attrition:

o
o

Rating: Probably low risk of bias (+)

Summary: Although there was a large amount of attrition, the study authors
clearly describe all reasons for attrition and also provide characteristics to
compare those participants included to those excluded. There were some slight
differences between those included and those excluded, but there is nothing to
indicate that the attrition would potentially bias the results.

Basis for rating: Probably low risk of bias based on indirect evidence that
exclusion of subjects from analyses was adequately addressed, and reasons were
documented when subjects were removed from the study or excluded from
analyses.

EXxposure:

o
o

Rating: Definitely low risk of bias (++)

Summary: Urinary fluoride concentrations were determined in spot urine samples
(2nd morning void) collected from mothers (during at least one trimester) and
children ages 6—12 years. Fluoride content was measured using ion-selective
electrode-based assays. QC methods were described including between laboratory
correlations. All samples were measured in duplicate. Extreme outliers were
excluded. Urinary dilution was addressed by using creatinine-adjusted levels.

» Direction/magnitude of effect size: Not applicable.

Basis for rating: Definitely low risk of bias based on direct evidence that
exposure was consistently assessed using well-established methods that directly
measured exposure.

Outcome:

(0]

Ruting: Definitely low risk of bias (++)
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Summary: Outcome was assessed using the McCarthy Scales of Children’s
Abilities (MSCA) in 4-year-old children (translated into Spanish) and the
Wechsler Abbreviated Scale of Intelligence (WASI) in 6—12-year-olds. The
WASI is a well-established test, and the validity of both tests is well documented
by the authors. Inter-examiner reliability was evaluated and reported with a
correlation of 0.99 (++ for methods). The study report stated that psychologists
were blind to the children’s fluoride exposure (++ for blinding). Overall rating for
methods and blinding = ++.

Basis for rating: Definitely low risk of bias based on direct evidence that the
outcome was assessed using instruments that were valid and reliable in the study
population, and that the outcome assessor was blind to participants’ fluoride
exposure.

e Selective Reporting:

o
o

(0}

Rating: Definitely low risk of bias (++)

Summary: All outcomes outlined in the abstract, introduction, and methods are
reported in sufficient detail.

Basis for rating: Definitely low risk of bias based on direct evidence that all
measured outcomes were reported.

e Other potential threats:

o
o

(0]

Rating: Definitely low risk of bias (++)

Summary:

= Statistical analyses: Statistical analyses used were appropriate for the study.
Statistical tests of bivariate associations (using Chi-square tests for categorical
variables and analysis of variance [ANOVA]) were used to compare the
means of the outcomes or exposure within groups based on the distribution of
each covariate. Generalized additive models (GAMs) were used to estimate
the adjusted association between fluoride exposure and measures of children’s
intelligence. Residual diagnostics were used to examine model assumptions
and identify any potentially influential observations. Results are reported as
adjusted effects and 95% Cls. In sensitivity analyses, regression models
accounted for clustering at the cohort level by using cohort as a fixed effect in
the models. Although using cohort as a random effect would be more
appropriate, using individual-level exposure data and accounting for
numerous important covariates in the models likely captured the cohort effect.
Additional models with cohort as a random effect were also subsequently
made available via personal communication with the study authors and
showed similar results to the main model.

= Other potential concerns: None identified.

Basis for rating: Definitely low risk if bias is based on direct evidence that the
statistical analyses were appropriate and there were no other potential threats of
risk of bias identified.

e Basis for classification as low risk-of-bias study overall: Definitely or probably low
risk-of-bias ratings in confounding, exposure, and outcome. Study strengths include
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individual exposure measurements, blinding of outcome assessor to participants’
fluoride exposure, and the prospective cohort study design.

E.1.2. Choi et al. (2015)

E.1.2.1. Study Details

Study design: Cross-sectional

Population: First-grade children (ages 6—8 years)

Study area: Mianning County in southern Sichuan, China
Sample size: 51 first-grade children

Data relevant to the review: Associations between IQ (digit span for auditory span
and working memory and block design for visual organization and reasoning
components of WISC-IV only) with continuous urine or drinking water fluoride
levels. Study also had information based on dental fluorosis score.

Reported association with fluoride exposure: Yes: Compared to the
normal/questionable dental fluorosis, the moderate/severe dental fluorosis group was
associated with significantly lower total (adjusted p =—4.28; 95% CI: —8.22, —0.33)
and backward (adjusted = —2.13; 95% CI: —4.24, —0.02) digit span scores. Linear
associations between total digit span and log-transformed fluoride in urine (adjusted
B=-1.67;95% CI: —=5.46, 2.12) and in drinking water (adjusted p = —1.39; 95% CI:
—6.76, 3.98) were observed but not significant. Other outcomes not significantly
associated with fluoride exposure.

E.1.2.2. Risk of Bias

Author contacts:

0 Authors were not contacted for additional information because it was not
necessary.

Population selection:

O Rating: DEHRNCINNONISONDIASIEES

0 Summary: Subjects were selected during the same time frame using the same
methods. Fifty-one first-grade children residing in Mianning County in southern
Sichuan, China were included in this pilot study. It is not specified whether the 51
children represented all the first-grade children from this area or whether some
refused to participate. Children who did not speak Chinese, were not students at
the Primary School of Sunshui Village in Mianning County, or those with chronic
or acute disease that might affect neurobehavioral function tests were excluded.
Demographic characteristics are presented in Table 1 of the study, which indicates
that subjects were similar. Important covariates are adjusted for in the statistical
analyses.

O Basis for Rating: Definitely low risk of bias based on direct evidence that the
exposure groups were similar and were recruited within the same time frame
using the same methods with no evidence of differences in participation/response
rates.
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e Confounding:

o
(0}

(0]

(0]

Rating: Probably low risk of bias (+)

Summary: The parents or guardians completed a questionnaire on demographic
and personal characteristics of the children (sex, age at testing, parity, illnesses
before age 3, and past medical history) and caretakers (age, parity, education and
occupational histories, residential history, and household income). A 20-uL.
capillary blood sample was collected at the school by a Mianning County Center
for Disease Control (CDC) health practitioner and tested for possible iron
deficiency, which could have been used as a covariate of neurodevelopmental
performance. Important covariates that were not assessed include maternal BMI,
parental mental health, maternal smoking status, maternal reproductive factors,
parental IQ, and HOME score. However, the study authors noted that
confounding bias appeared to be limited due to the minimal diversity in the social
characteristics of the subjects. The study authors indicated that CDC records
documented that levels of other contaminants, including arsenic and lead, were
very low in the area. lodine differences were not specifically addressed, but there
is no indication from the information provided that this might have been a
concern.

Potentially important study-specific covariates: All key covariates were
considered in this study.

= Direction/magnitude of effect size: Not applicable.

Basis for rating: Probably low risk of bias because there is direct evidence that
the key covariates were considered and indirect evidence that co-exposure to
arsenic was likely not an issue in this area and that methods used for collecting
the information were valid and reliable.

e Attrition:

(0}
(0}

Rating: Probably low risk of bias (+)

Summary.: The majority of results were reported for the 51 children stated to be
included in the pilot study. In Table 5 of the study, the N for each dental fluorosis
category totals only 43, but the text indicates 8 children did not have a Dean Index
because permanent teeth had not erupted.

Basis for rating: Probably low risk of bias based on indirect evidence that
exclusion of subjects from analyses was adequately addressed, and reasons were
documented when subjects were removed from the study or excluded from
analyses.

e Exposure:

(6}
o

Rating: Probably low risk of bias (+)

Summary: The study used three different measurements of fluoride exposure: well
water fluoride concentrations from the residence during pregnancy and onwards,
fluoride concentrations from children’s first morning urine samples, and degree of
children’s dental fluorosis. Fluoride concentrations in community well water were
measured and recorded by Mianning County CDC; specific analytic methods
were not reported, but it is likely that standard methods were used because the
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analyses were conducted by the CDC and were likely the same as those used to
measure the fluoride in urine. Migration of subjects was noted to be limited. Well
water fluoride concentrations of the mother’s residence during pregnancy and
onward were used to characterize a child’s lifetime exposure. To provide a
measure of the accumulated body burden, each child was given a 330-mL (11.2-
0z) bottle of Robust© distilled water (free from fluoride and other contaminants)
to drink the night before the clinical examinations, after emptying the bladder and
before bedtime. The first urine sample the following morning was collected at
home, and the fluoride concentration was determined on a 5-mL sample using an
ion-specific electrode at the Mianning CDC. There is no indication that urinary
fluoride levels accounted for dilution, nor was it clear that the method of
administering water to the children and collection methods sufficiently controlled
for differences in dilution. One of the investigators, a dentist, performed a blinded
dental examination on each child’s permanent teeth to rate the degree of dental
fluorosis using the Dean Index. The Dean Index is a commonly used index in
epidemiological studies and remains the gold standard in the dentistry
armamentarium. The Index has the following classifications: normal,
questionable, very mild, mild, moderate, and severe. Quality control (QC)
procedures are not reported but were likely appropriate.

= Direction/magnitude of effect size: Current levels were used to assess lifetime
exposure. This is likely to be a non-differential exposure misclassification,
and direction of bias is unknown. Because subject migration appears to be
limited, it is likely that the current fluoride levels are adequate reflections of
past exposure. Dental fluorosis would be an indicator that exposure occurred
in the past, and there was a fair correlation between degree of dental fluorosis
and current urine and water fluoride levels, with both increasing with
increasing levels of dental fluorosis.

Basis for rating: Probably low risk of bias based on indirect evidence that
exposure was consistently assessed using well-established methods that directly
measure exposure.

e Qutcome:

o
o

Rating: Probably low risk of bias (+)

Summary: The study authors adopted culture-independent tests considered
feasible for children aged 6 to 8 years. The Wide Range Assessment of Memory
and Learning (WRAML) was used for the assessment of memory and learning.
Three subtests were also used. The Finger Windows subtest assesses sequential
visual memory. The Design Memory subtest assesses the ability to reproduce
designs from memory following a brief exposure. The Visual Learning subtest
assesses the ability to learn the locations of pictured objects over repeated
exposures. The Wechsler Intelligence Scale for Children-Revised (WISC-IV)
includes digit span for auditory span and working memory and block design for
visual organization and reasoning. The grooved pegboard test assesses manual
dexterity. The tests used have been validated on a Western population. Although
there is no information provided to indicate that the tests were validated on the
study population, the study authors indicated that the tests were culture-
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independent (+ for methods). Blinding of the outcome assessors to participants’
fluoride exposure, or steps to minimize potential bias were not reported. However,
it is unlikely that the assessors had knowledge of the individual exposure as
children all came from the same area, and water and urine levels were tested at the
CDC. (+ for blinding). Overall = +.

O Basis for rating: Probably low risk of bias based on indirect evidence that all
outcomes were assessed using instruments that were valid and reliable in the
study population, and that the outcome assessors were blind to participants’
fluoride exposure.

e Selective Reporting:
O Rating: DENRICINOWISRIONDIGSIEES

0 Summary: All outcomes outlined in the abstract, introduction, and methods are
reported in sufficient detail.

O Basis for rating: Definitely low risk of bias based on direct evidence that all
measured outcomes were reported.

e Other potential threats:

O Rating: Probably low risk of bias (+)

0 Summary:

= Statistical analyses: Statistical analyses are appropriate. Multiple regression
models evaluate the associations between exposure indicators and test scores
after adjusting for covariates. Specific regression models are not described or
refenced, just stated to be “standard regression analysis with confounder
adjustment.” The distributions of fluoride concentrations in urine and water
are skewed and logl10-transformed to approximate a Gaussian distribution
(test not specified). Results are reported as adjusted effects and 95% Cls.
There is no evidence that residual diagnostics were used to examine model
assumptions; however, the impact on the effect estimates is expected to be
minimal.

= Other potential concerns: It should be noted that this study was a pilot study
and, therefore, had a relatively small sample size (i.e., 51 children).

O Basis for rating: Probably low risk if bias based on indirect evidence that the
statistical analyses were appropriate and there were no other potential threats of
risk of bias identified.

e Basis for classification as low risk-of-bias study overall: Probably low risk-of-bias
ratings in the confounding, exposure, and outcome domains. Study strengths include
individual fluoride measurements with blinding at outcome assessment likely. All key
covariates and many other important covariates were considered in the study design
or analysis.

E.1.3. Cui et al. (2018)
E.1.3.1. Study Details

e Study design: Cross-sectional
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e Population: School children aged 7—12 years from four schools in two districts in
China with different fluoride levels

e Study area: Jinghai and Dagang in Tianjin City, China
e Sample size: 323 school children

e Data relevant to the review: IQ scores by urine fluoride levels.

e Reported association with fluoride exposure: Yes: Significant association between
1Q score and log-transformed urinary fluoride (adjusted f =—2.47; 95% CI: —4.93,
—0.01).

E.1.3.2. Risk of Bias

e Author contacts:

(0}

Authors were contacted in June 2019 to obtain additional information for risk-of-
bias evaluation.

e Population selection:

o
(6}

o

Rating: Probably low risk of bias (+)

Summary: Four schools were selected from the same district in China. The
schools were selected based on levels of fluoride in the local drinking water and
the degree of school cooperation. No details were provided on the number of
schools in given areas or the difficulty in getting school cooperation. It was noted
that the residents in the four areas had similar living habits, economic situations,
and educational standards. Although authors do not provide the specific data to
support this, fluoride levels and IQ scores were provided by different subject
characteristics. The areas were classified as historically endemic fluorosis and
non-fluorosis. Cluster sampling was used to select the grades in each school
according to previously set child ages, and classroom was randomly selected with
all students within a selected classroom included. Reasons for exclusion do not
appear to be related to exposure or outcome.

Basis for rating: Probably low risk of bias based on indirect evidence that the
exposure groups were similar and recruited within the same time frame using the
same methods, with no evidence of differences in participation/response rates.

e Confounding:

(0}
(0}

Rating: Probably low risk of bias (+)

Summary: The measurements of all covariates were obtained by structured
questionnaires that were completed by children with the help of their parents.
Covariates that were assessed include: sex, age, child’s ethnicity, child’s BMI,
birth (normal vs. abnormal), mother’s age at delivery, mother’s education, income
per family member, mother’s smoking/alcohol during pregnancy, family member
smoking, environmental noise, iodine region (non-endemic vs. iodine-excess-
endemic area), factory within 30 m of residence, iodine salt, diet supplements,
seafood/pickled food/tea consumption, surface water consumption, physical
activity, stress, anger, anxiety/depression, trauma, having a cold 5 times a year,
thyroid disease in relatives, mental retardation in relatives, and cancer in relatives.
Covariates not considered include parity, maternal and paternal 1Q, and quantity
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and quality of caregiving environment (e.g., HOME score). The authors report
that there were no other environmentally toxic substances that might have
affected intelligence, such as high arsenic or iodine deficiency according to the
Tianjin Centers for Disease Prevention and Control.

Potentially important study-specific covariates: All key covariates were
considered in this study.

= Direction/magnitude of effect size: Not applicable.

Basis for rating: Probably low risk of bias because there is indirect evidence that
the key covariates were considered, methods for collecting the information were
valid and reliable, and co-exposure to arsenic was likely not an issue in this area.

Attrition:

o
o

Rating: Probably low risk of bias (+)

Summary: Of the 400 children enrolled, 35 were excluded because they did not
have informed consent signed by a guardian or they moved out of the area. Forty-
two children were excluded because they did not have a DRD2 genotyping
measurement. It is unclear whether these children were from the same schools or
whether they were evenly distributed throughout the study area. It is also unclear
whether the excluded subjects were similar to those included in the study. In the
study, some analyses had fewer than the 323 subjects, but this seems reasonable
given the subgroups that were being evaluated.

Basis for rating: Probably low risk of bias based on indirect evidence that
exclusion of subjects from analyses was adequately addressed, and reasons were
documented when subjects were removed from the study or excluded from
analyses.

Exposure:

(0]
(0]

Rating: Probably low risk of bias (+)

Summary: Although children were selected based on area fluoride levels, fluoride
in the urine was used in the analysis. Urine was collected from each child during
the morning of enrollment and analyzed within a week. Fluoride levels were
measured using an ion-selective electrode according to the China standard. A
brief description of the method was provided, but no QC methods were reported.
The study authors did not account for urinary dilution in the spot samples.

= Direction/magnitude of effect size: Not accounting for dilution could cause
some exposure misclassification. The direction and magnitude would depend
on where the differences occurred.

Basis for rating: Probably low risk of bias based on indirect evidence that
exposure was consistently assessed using acceptable methods that provide
individual levels of exposure.

Outcome:

(6]
o

Rating: Probably low risk of bias (+)

Summary: 1Q was measured by professionals using the Combined Raven’s Test—
The Rural in China method, which is the appropriate test for the study population

E-10



o

Prepublication Draft - Interagency Deliberative Communication

(++ for methods). Blinding or other methods to reduce bias were not reported.
Although it was unlikely that the outcome assessor would have knowledge of the
child’s urine fluoride levels, there was potential that they would know whether the
child was from an endemic or non-endemic area if the IQ tests were conducted at
the child’s school, and there was no information provided on how the 1Q tests
were administered. Correspondence with the study author noted the cross-
sectional nature of the study with outcome and exposure assessed at the same
time, making the outcome assessors blind to the exposure status of participants.
However, there was still potential for knowledge of the area (+ for blinding).

Basis for rating: Probably low risk of bias based on indirect evidence that the
outcome was assessed using instruments that were valid and reliable in the study
population, and that the outcome assessors were blind to participants’ fluoride
exposure.

e Selective Reporting:

(6}
(0}

(0]

Rating: Definitely low risk of bias (++)

Summary.: All outcomes in the abstract, introduction, and methods are reported in
sufficient detail.

Basis for rating: Definitely low risk of bias based on direct evidence that all
measured outcomes were reported.

e Other potential threats:

(6}
(0}

(0]

Rating: Probably low risk of bias (+)

Summary:

= Statistical analyses: Statistical analyses were appropriate. Multiple linear
regression models were applied to evaluate the relationship between urine
fluoride levels and 1Q scores, accounting for numerous important covariates.
The urinary fluoride levels were log-transformed due to a skewed distribution.
Residual diagnostics were used to examine model assumptions. Model
robustness was tested through bootstrap, sensitivity analysis after excluding
potential outliers, and cross-validation techniques. Results are reported as
adjusted effects and 95% Cls. The analysis did not account for clustering at
the school level or at the grade level (students were from four schools in
grades selected via a clustered sampling method). There is no evidence that
the sampling strategy was otherwise accounted for via sampling weights. The
impact of these factors on the effect estimates is expected to be minimal given
the use of individual-level data and adjustment for several important
covariates.

= QOther potential concerns: None identified.

Basis for rating: Probably low risk of bias based on indirect evidence that the
statistical analyses were appropriate, and there were no other potential threats of
risk of bias identified.

Basis for classification as low risk-of-bias study overall: Probably low risk-of-bias

ratings in confounding, exposure, and outcome. Study strengths include individual
exposure measurements but is limited by the cross-sectional study design and lack of
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accounting for urine dilution. All key covariates were considered in the study design
or analysis.

E.1.4. Cui et al. (2020)

E.1.4.1. Study Details

Study design: Cross-sectional
Population: School children aged 7-12 years

Study area: Tianjin City, China (one randomly selected school from each district
based on iodine levels in the water), presumably was an expansion of the Cui et al.
(2018) study

Sample size: 498 school children
Data relevant to the review: 1Q scores by urine fluoride levels.

Reported association with fluoride exposure: Yes: A 2-point decrease in IQ was
observed in the highest urinary fluoride group compared to the lowest urinary fluoride
group (i.e., 110.00 in >2.5-mg/L group versus 112.16 in <1.6-mg/L group); however,
the results did not achieve statistical significance based on a one-way ANOVA
comparing the three different urinary fluoride categories only.

E.1.4.2. Risk of Bias

Author contacts:

0 Authors were not contacted for the 2020 publication. Authors were contacted in
June 2019 for additional information on the Cui et al. (2018) publication.
Information obtained from that correspondence may have been used for additional
information in the 2020 publication.

Population selection:
O Rati