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Abstract

Objective: To assess the evidence presented in a set of articles that use the Canadian
Maternal-Infant Research on Environmental Chemicals (MIREC) study database to
claim that community water fluoridation (CWF) is associated with harm to foetal and
infant cognitive development.

Methods: Critical appraisal of measurements and processes in the MIREC database,
and articles derived therefrom. MIREC's cohort is approximately 2000 pregnant
women recruited in 10 centres across Canada, 2008-2011, leading to measuring 512
children aged 3-6years in six cities. Fluoride exposure was measured by city fluori-
dation status, self-reports and maternal spot urine samples. Intelligence Quotient
(1Q) was measured using the Wechsler Preschool and Primary Scale of Intelligence
(WPPSI-III) by different assessors in each city.

Results: MIREC's fluoride and IQ measurements are invalid and therefore cannot sup-
port the claim that CWF is associated with 1Q decline in children.

Conclusions: The MIREC fluoride-IQ articles' results should be considered unaccep-

table for legal and policy purposes; other water fluoridation studies and systematic
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1 | INTRODUCTION

Community water fluoridation (CWF) is a public health success
in reducing dental decay safely, economically and equitably.! Yet,
CWEF has continually faced opposition, mostly based on emotion,
and using tenuous links to evidence to attempt to justify such op-
position.2 Each alleged scientific reason for opposition has been
refuted, but another allegation often arises, like a zombie from the
grave.

A current false claim holds that even the recommended low

level of fluoride in water can affect the brains of a foetus and child.

reviews show no effect of fluoridation on cognition.

community water fluoridation, fluoride exposure, 1Q

That claim is made by fluoride opponents to cease CWF, and was
accepted by decision-makers who ceased CWF in 2022 in State
College, Pennsylvania.® The ‘harm to babies' brain’ claim is the basis
for litigation to end water fluoridation, potentially for the entire
United States, in litigation underway (as of this writing) in the United
States Federal District Court.* Therefore, it is essential to appraise
the quality of the evidence currently being used to oppose this valu-
able public health measure.

The claim that levels of fluoride associated with CWF are asso-
ciated with harm to cognition was made most prominently in 2019
in JAMA Pediatrics by Green et al.’> The Green et al. article, which
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has been previously criticized for failure to provide robust evidence

6

on exposure to fluoride and impaired intelligence,” is one of a series

of six articles,s’7’11

reporting similar analyses conducted by over-
lapping groups of researchers, using the Canadian Maternal-Infant
Research on Environmental Chemicals (MIREC) Study*? (Table 1).
The articles seek to determine whether foetal exposure to fluoride
in utero, and through early feeding and infancy, are causally linked
to intellectual impairment in childhood. To make such a determi-
nation, the MIREC fluoride-1Q authors must measure foetal fluo-
ride exposure and childhood Intelligence Quotient (IQ) accurately,
perform appropriate statistical analyses and interpret their results
appropriately. These authors have not done so. Therefore, the arti-
cles are of no utility. To demonstrate this fact, we first describe the
MIREC database and its methods, and then these authors' use of
measurements and their statistical analyses. We offer our analysis
to show the fatal flaws in these measurements that the authors have
not addressed.

2 | THE MIREC STUDY

The MIREC study aimed to create a research database to study the
effects of environmental chemicals on pregnant women and their
children.*? Funded by Health Canada, the Ontario Ministry of the
Environment and a grant from the Canadian Institutes of Health
Research,'? the study focused on the effects of prenatal exposure
to ‘priority environmental chemicals’. The chemicals of specific in-

terest®®

included heavy metals, phthalates, brominated flame re-
tardants and bisphenol A (BPA), but not fluoride. Consequently,
measurements of fluoride were not included in the original data set.
The MIREC database has since been used in secondary analyses by
the MIREC fluoride-1Q authors to study the effects of maternal and
infant exposure to fluoride on the 1Q of the resulting child.

The MIREC participants were women recruited from prenatal
clinics in cities across Canada. The recruitment sites, response rates
and participant characteristics differed between centres,? conse-
quently comparisons among them must be corrected for a variety of

social factors, such as parental education and social status.

3 | MEASUREMENT QUALITY
3.1 | Measurement of exposure: fluoride

For a foetus to be exposed to fluoride, fluoride must reach the foetus
via the bloodstream. Because foetal blood samples are not available,
measuring fluoride exposure of the foetus is necessarily indirect.
The researchers presumed that maternal intakes and blood levels
of fluoride correspondingly affected the foetus. The MIREC data-
base used three methods to attempt to determine fluoride expo-
sure of the pregnant woman as a proxy measure of foetal exposure:
(1) Maternal exposure through community water fluoridation; (2)
Analysis of self-reports by the pregnant woman of what the woman

drank; and (3) Measurement of fluoride in three untimed spot urine
samples from the pregnant woman.

The first measure is uncontroversial;, community water fluori-
dation was a practice in three of the six cities that were studied—
Hamilton, Toronto and Halifax, and not in Vancouver, Kingston and
Montreal. The concentrations of fluoride in the water are publicly
available information. This is a measure of fluoride exposure expe-
rienced by the whole community. But these authors wished to un-
dertake individual intake analyses to provide greater precision in
determining effects, so they analysed two other exposure measures.

The second exposure measure—self-reports of intake—is weak.
The self-reports provide estimates of how many ‘cups’ of tap water
and water-based beverages were usually consumed daily, during
the pregnancy at trimesters one and three. Yet, neither the MIREC
beverage questionnaire nor the estimates of fluoride intake from
those data has been validated, as stated by some of these authors
themselves.® Such estimates are subject to recall error. Self-reports
of usual energy intake by dietary questionnaire are unreliable.**
Reports of fluid intake based on people's estimates of what they
usually drink are similarly uncertain.

The third fluoride measurement—measuring fluoride in maternal
urine—is an attempted proxy measure of maternal blood levels. The
MIREC database contains only spot urine samples from the pregnant
women collected in each trimester of the pregnancy, at delivery and
in the early postnatal period (up to 10 weeks). (These ‘spot’ samples
had no limits or requirements on time of day, or recent intake of
fluoride.) The researchers detail how the fluoride levels in the urine
samples were chemically assayed, with checks for validity. However,
there are at least two problems with this third measure of chronic
(i.e. duration of pregnancy) fluoride exposure to the foetus.

First, spot urine tests are inadequate to measure chronic (i.e. du-
ration of pregnancy) fluoride exposure accurately in an individual,
let alone in the foetus of a pregnant woman, because they measure
fluoride concentration in urine at only one point in the day. Fluoride
levels vary throughout the day with a short half-life, depending upon
whether a person has been recently exposed to fluoride; these lev-
els also vary from day to day. For example, if the individual had just
brushed her teeth with fluoridated toothpaste or had just drunk
black tea (which has high fluoride levels), then the spot urine test
would misrepresent her average fluoride exposure in a day; current
or concurrent exposure measurements are not useful because they
are so variable. Indeed, some of the MIREC fluoride-1Q authors, who
assert that maternal fluoride exposure is associated with decreased
IQ, have conceded that spot urine tests are not useful in estimating

the duration and persistence of fluoride exposure, such as here:'®

[Ulse of one spot urine sample may have introduced
error given the short half-life of fluoride and the im-
pact of consuming tea or inadvertent ingestion of flu-

oridated dental products prior to urine sampling. [...]

Taken together, urinary fluoride level varies substan-
tially depending on participant behaviour prior to
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sampling and may not be representative of long-term

fluoride exposure.

Elsewhere, some of the MIREC fluoride-IQ authors also have con-
ceded that spot urine tests are not a valid method to determine chronic

exposure:*¢

[...] overnight fasting or 24-h urine samples are con-
sidered to be the optimal dosimeter for measuring
chronic fluoride exposure (WHO 2014). In contrast,
the present study measured the concentration of flu-
oride in a spot urine sample that did not control for

recent fluoride ingestion.

But later, some of these authors have confusingly argued that spot
urine samples are reliable to assess chronic fluoride exposure in indi-

viduals. They write!”

Urinary fluoride is not a perfect measure of fluoride
intake, but it is reliable, and it is the optimal biomarker
of concurrent fluoride exposure (Rugg-Gunn et al.,
2011)"® [emphasis added].

Those authors appear to be suggesting that Rugg-Gunn and col-
leagues claim that spot urine tests validly and reliably measure in-
dividuals' chronic fluoride exposure (duration of pregnancy - the
meaningful measure). However, Rugg-Gunn et al. explicitly stated
the opposite, noting that even 24-h urine samples (daily excretion)
cannot measure chronic fluoride exposure in individuals. Rugg-Gunn

et al. write:'8

Plots of daily urinary fluoride excretion against total
daily fluoride intake suggest that daily urinary fluo-
ride excretion is suitable for predicting fluoride intake
for groups of people, but not for individuals. While
fluoride concentrations in [blood] plasma, saliva and
urine have some ability to predict fluoride exposure,
present data are insufficient to recommend utilizing
fluoride concentrations in these body fluids as bio-
markers of contemporary fluoride exposure for indi-
viduals. Daily [24 h] fluoride excretion in urine can be
considered a useful biomarker of contemporary fluo-
ride exposure for groups of people, and normal values
have been published. [emphasis added)].

|19

Aylward et al.”” also reinforce the point that spot urine tests do not

reliably measure chronic fluoride exposure in individuals, noting,

Because of substantial within- and between-
individual variation in urinary flow and creatinine ex-
cretion rates, as well as the rapid urinary elimination
pharmacokinetics of fluoride, concentrations of fluo-
ride in individual spot samples may vary substantially

Wi LEYM

ORALEPIDEDMIOLOGY_

even when underlying exposures rates are consistent

and within the exposure guidance values.

In other words, even though 24-h urine tests cannot tell us an individ-
ual's chronic exposure to fluoride, the MIREC fluoride-1Q authors who
use the MIREC data attempt to claim that three maternal spot urine
tests can reliably reveal the chronic fluoride exposure of a foetus to

fluoride. These authors write,*¢

To enhance our measurement, we therefore mea-
sured urinary fluoride at three time points, provid-
ing a more sensitive measurement of MUF [maternal
urinary fluoride] concentration than if only one mea-
surement were used. We only included participants
who had valid fluoride measurements at each trimes-

ter in the analysis [...]

This measurement ‘enhancement’ is, in fact, minimal. Pooling three
samples reduces the random variation of single measurements, but
does not make the measurement ‘more sensitive’, which would imply
being able to detect smaller quantities. (Perhaps, the authors mean
‘consistent’, i.e. with lower variation). But even averaging three spot
urine samples of the pregnant woman cannot reliably tell us the wom-
an's chronic fluoride levels or intake. Further, by excluding women who
did not supply three samples, the authors have limited the study pop-
ulation even further, with the possibility of selection bias (e.g. those
who provided three urine samples might be more consistent in other
behaviours compared to those who did not). That bias might confound
any relationships with child 1Q.

Even though Rugg-Gunn et al. and Alyward have made clear that
neither spot urine nor 24-h urine can tell us how much fluoride an
individual was exposed to, some MIREC fluoride-1Q authors surpris-
ingly claim that spot maternal urine tests can be used to estimate
foetal exposure to fluoride. This claim raises the second problem
regarding the authors' third attempted measure of fluoride: The
authors incorrectly claim that fluoride in urine is correlated to flu-
oride in blood. These authors reference a study by Thomas et al.?°
claiming, ‘the Thomas (2016) study did find a moderate correlation
(r=.29) between the two biomarkers [urine and blood] during early
stages of pregnancy’!” But actually, Thomas et al. concluded that
there is almost no correlation between fluoride measures in urine
and in blood. Thomas et al. stated:2°

In general, there was a lack of correlation between
these two biomarkers [urine and blood], though a
significant correlation was found in fluoride levels
between urine and [blood] plasma of mothers sam-
pled during early stages of pregnancy. Across the
three stages of pregnancy, maternal urinary fluoride
and plasma values (Figure 2) were not different and
remained fairly stable as pregnancy progressed. As a
summary measure of consistency in fluoride concen-

trations across the three stages of pregnancy from
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which we sampled biomarkers, the ICC [Intra-class
correlation coefficient] for urine was 0.25 and for

plasma was 0.39. [emphasis added].

In their 2016 article, Thomas et al.?° report that the correlation
coefficients do not show a correlation between the amount of flu-
oride in a pregnant woman's urine and in her blood. They assessed
correlation coefficients relating fluoride levels in the woman's
urine (creatinine-adjusted) and her blood plasma at two different
stages of pregnancy. Among the participants, the correlations
were 0.29 and -0.24 during early and late pregnancy respectively.
These values are below 0.5—the recommended standard to indi-
cate ‘moderate’ effects.?! Furthermore, a multiple regression anal-
ysis did not show an association between the fluoride biomarkers
of the pregnant woman's urine and blood plasma. In other words,
the 2016 Thomas article describes low and variable, sometimes
negative correlation of creatine-adjusted maternal urine fluoride
with blood plasma fluoride, at least in Mexico City where fluo-
ride supplementation occurs through fluoridated salt rather than
water. It is unclear why the authors assert the opposite of what
Thomas et al. state.

To summarize concerns about measuring foetal exposure to flu-
oride using spot maternal urine samples, there is a consensus in the
scientific community that a spot maternal urine sample is not a valid
biomarker of an individual's chronic exposure to fluoride.?? Spot
urine tests are not valid to quantify fluoride exposure in a pregnant
woman or her foetus, no matter how precisely the researchers mea-
sured fluoride in the spot urine samples. Because the researchers re-
port accessing only spot maternal urine tests in the MIREC database
to assess foetal exposure (three in total) and there is low correlation
of fluoride levels in urine and blood plasma, users of that database
simply cannot reliably measure the pregnant woman's or the foetus'

exposure to fluoride.

3.2 | Measurement of the outcome: IQ of children

The MIREC data claim to report the IQ of children using the
Wechsler Preschool and Primary Scale of Intelligence, Third Edition,
(WPPSI-III). But the 1Q testing of the children in the MIREC sample
is unreliable.

To measure the 1Q of children in a comparable way, one must
use standardized test administration. This testing approach is im-
portant especially because of the young age of the children—aged
3 to 4years at the time of the 1Q test. (A small subset of the chil-
dren were aged 5-6years when tested.) |Q testing of young children
is notoriously difficult because the test must be administered and
scored by an interviewing examiner, unlike the more straightforward
written ‘tests’ that older children can complete on paper. Moreover,
assessing such young children challenges even experienced exam-
iners.? Little is published about sex differences in attention in pre-
school children, but they are found in slightly older children, so sex
differences might affect test scoring.?* In addition and irrespective

of the age of the research subject, major sources of errors can occur
in 1Q testing. When different people administer the test, they in-
troduce the possibility of differences in administration, scoring and
interpretation across the population being studied. These issues of
variability are well known. The National Institute of Environmental
Health Sciences report, Evaluating Features and Application of
Neurodevelopmental Tests in Epidemiological Studies, provides exam-
ples of factors that could present problems and introduce bias in
the test results.?” As Styck and Walsh report, ‘examiner errors occur
frequently and impactindex and FSIQ [full scale IQ] scores’, conclud-
ing that ‘current estimates for the standard error of measurement of
popular IQ tests may not adequately capture the variance due to the
examiner’.2

So, for young children, it is vital to assess |Q using a consistent
and reliable approach: Ideally, the same test administrator, with
quality checks. Yet, the MIREC 1Q data were created by a ‘single
staff person from each study site’ according to Etzel et al.?7; in other
words, there were different MIREC 1Q assessors in each of six cities.
If examiners differed in the way in which they coded the children's
behaviours into 1Q, then this difference could lead to an apparent
effect of fluoridation even if none existed. Thus, systematic varia-
tions among the six examiners might be a confounding variable. The
examiners' backgrounds are described only as being ‘research as-
sistants’, not formally trained psychometricians. According to Etzel
et al., ‘Study staff from each participating study site completed a
3-day training session that was led by a PhD-level psychologist (E.O.)

and focused on specialized training of these assessment tools’.?’

According to some MIREC fluoride-1Q researchers,'’

regular site
visits were made to observe these examiners, and test protocols
were double scored. However, none of the MIREC fluoride-1Q ar-
ticles describes the training process. A doctoral degree does not, of
itself, provide the specialized training necessary to administer the
WPPSI-III and it is not stated whether the psychologist who trained
the administrators was an accredited, formally trained administra-
tor of the WPPSI-III, as is desirable for test validity. Even the best
testers will differ within themselves (if they retested the same sub-
ject) and between one another. Their accuracy may ‘drift’ over time.
Analysis of accuracy would enable us to understand the variation,
so we can understand how much difference in test score is mean-
ingful. Therefore, validation of the IQ test scores would normally be
expected in a research study. But none of MIREC fluoride-IQ articles
present quality assurance statistics of the results, comparisons over
time or among the study centres. For all these reasons, the MIREC
IQ data do not permit anyone to know whether comparisons of 1Q in
fluoridated and non-fluoridated cities are meaningful.

Such failure to assure that the 1Q assessments are valid is con-
cerning. It appears that either the MIREC fluoride-1Q researchers are
oblivious to the issues that cause variability in test results, or they
have chosen not to address these issues—either in their articles or in
their response to expressed concerns.?®2? The issues of variability
and therefore potential bias created by using different assessors of
1Q in each city make it difficult to accept any claim of a small IQ dec-
rement in children associated with fluoride exposure.
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Indeed, if foetal fluoride exposure at fluoridation levels really
did affect 1Q, then the mean IQ of children in fluoridated cities
should be systematically different from that in non-fluoridated cit-
ies. In the total sample of children, the mean 1Q scores were 108.07
(SD=13.31) and 108.21 (SD=13.72) in non-fluoridated and fluori-
dated communities respectively. Yet, the children's |IQ scores var-
ied by 4-8 points among the six cities regardless of the fluoridation
status.?83° This anomaly suggests that differences among cities in
measurement or other factors such as maternal 1Q are at least as
large or larger than the effects of water fluoridation.

In the MIREC Green et al. article,® the authors reported in a table
that average 1Q was the same in fluoridated and unfluoridated cities
but did not discuss the null finding. They engaged in post hoc analysis
claiming differences between boys and girls, reporting this second-
ary analysis as the main effect. They allege that there is a 4-point
difference between boys and girls, but given the measurement vari-
ation in scores for |Q testing, 4 points is not a large or even medium-
sized effect.®! Indeed, according to Ferguson?! an 1Q difference of
over six points is required for the ‘recommended minimum effect
size representing a “practically” significant effect for social science
data’.

Figure 3A in Green et al.> shows the relationship between the
(disputed) estimate of maternal fluoride concentration and 1Q for
boys and girls. The figure reveals a very wide dispersion of flu-
oride levels, with most children being exposed to low levels of
fluoride. The scores of the 10 or so boys exposed to the highest
values of fluoride will have an undue influence on the regression
coefficient. In other words, the presence of a few boys who were
exposed to high levels of fluoride will lead to the relationship be-
tween fluoride concentration and 1Q being overestimated for the
group as a whole.

The Green et al.® article claims an association between fluo-
ride exposure and 1Q and purports to find only a 4-point differ-
ence in boys but not in girls. The random variance and bias due to
variation in test administrators can account for far more than that
difference.

By reporting an 1Q point difference that was assessed using
different IQ test administrators in different cities without careful
validation, that is less than a third of the standard deviation of the
test, and that varies independently of the city's fluoridation status,
the MIREC database does not offer high-quality, reliable data about
the children's Q. Therefore, finding a decrease of four points in an
1Q score only in boys (but not in girls) for every 1 mg/L increase in
alleged fluoride concentration in urine is almost certainly a spurious
finding.3234

Measurement error has often been incorrectly considered to re-
sult only in a ‘bias toward the null’. That is, errors in measurement
make it less likely that one can observe a true association. However,
in other situations, measurement error can result in a spurious over-
estimate of the true association.®®> That may be the case here. Other
biases, such as measurement errors of outcome and covariates, con-
founding and selection bias, are also present in these MIREC fluo-
ride-1Q articles.

ORALEPIDEMIOLOGY

3.3 | Lack of an appropriate conceptual model to
assess causation

Addressing the complex question of the causal effect of fluoride
on children's 1Q requires models that incorporate knowledge and
understanding of the causal mechanisms.*® The MIREC fluoride-1Q
articles apparently disregard several prenatal and postnatal fac-
tors that may influence children's IQ, such as maternal 1Q, paternal
1Q, gestational age, birth weight, breastfeeding, disease infections,
traumatic events, exposure to environmental pollutants and social
factors (e.g. attendance at daycare and kindergarten, and other so-
cial interactions). Conducting data analysis without an operational
model that translates abstract concepts into measurable variables
can oversimplify a complex problem.%”

A conceptual model such as a directed acyclic graph can guide
variable selection as well as indicate scenarios that might give rise to
unanticipated ‘backdoor pathways’®® In other MIREC articles, some
of the MIREC fluoride-1Q authors used a simple version of a directed
acyclic graph,®”*° suggesting that the MIREC fluoride-1Q authors
are aware of the value of the organizational tool but chose not to use
it in all the articles they created.

Another major issue that raises questions about the validity of
this set of articles is the absence of an operational model. The MIREC
fluoride-1Q authors are not explicit about the question they are ask-
ing and the assumptions guiding their data analysis. Their analytical
strategy relies on the selection of confounders based on p-values, a
method widely acknowledged as not providing a reliable measure of
evidence regarding a model or hypothesis.*! This modelling strategy
aligns more with prediction models rather than a causal inference
model that specifies the role of each variable, including exposures,
mediators, effect modifiers and confounders, which specification is
necessary to address a causal question.

We did not undertake a formal quality assessment of these ar-
ticles because we are not conducting a systematic review. Instead,
we discuss the severe limitations that the MIREC fluoride-IQ authors
have not addressed in their articles. Kumar et al. rated the Green

et al. article as having a high risk of bias.*? Kumar et al. stated,*?

Uncritical acceptance of fluoride-1Q studies, includ-
ing non-probability sampling, inadequate attention to
accurate measurement of exposure, covariates and
outcomes, and inappropriate statistical procedures,
has hindered methodological progress. Therefore,
the authors urge a more scientifically robust effort to
develop valid prenatal and postnatal exposure mea-
sures and to use interventional studies to investigate
the fluoride-1Q hypothesis in populations with high
fluoride (endemic) exposure.

As mentioned, the Green et al.”> MIREC fluoride-1Q article reported in
a table that the main overall effect was null. The question arises as
to why the authors emphasize their post hoc analysis that claims to
show a 4-point reduction for boys. This isolated secondary finding
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lacks empirical corroboration, which is necessary for it to be regarded
as causative. The authors themselves rightly note that such a finding
‘requires more investigation’.

Several post-publication letters with respect to the Green et al.
article specifically®?** and reviews of the MIREC fluoride-1Q articles

334244 raise concerns regarding the overinterpretation of

generally
the findings resulting from their analytical approach. These concerns
include inappropriate regression modelling based on a convenience
sample of clusters of individuals and correlated observations, and in-
adequate attention to influential outlying observations. The MIREC
fluoride-1Q articles in Table 1 show improper focus on subgroup
analysis, and the failure to adjust significance levels given that the
authors engaged in multiple testing. This ‘data-dredging’ approach
ensures that at least some of the p-values will be ‘significant’ by
chance. Such approaches might assist in exploratory analyses, but
need replication before being accepted as evidence of an associa-
tion - let alone cited as proof of causation, as some of the MIREC
fluoride-1Q authors assert.*>#%

3.4 | Other studies

Other published studies have addressed the same question: whether
fluoridation affects foetal and child 1Q. One replication study in
Spain, which also used spot maternal urine as a proxy for foetal
fluoride exposure, but different standard IQ tests, showed opposite
effects: Fluoride led to a slight increase in boys' cognition, but not
girls'®’ Long-term cohort studies with larger samples and with 1Q

d*8 and of military con-

measurements at older ages, in New Zealan
scripts in Sweden® have shown no effect of fluoridation on cog-
nitive development. A national cohort study of Australian children
reported no impact of exposure to water fluoridation throughout
life on measures of school-age executive functioning, emotional and
behavioural development.50

Our critique is important because, among other reasons, mem-
bers of the MIREC fluoride-IQ research group have self-cited their
MIREC-based fluoride-1Q studies. For example, a recent report?
of an alleged association between fluoride and cognition combined
Danish data with data from two other studies, one of which was
the MIREC study. The Danish data alone showed no association be-
tween fluoride and cognitive performance and, as our analysis has
shown, the MIREC data cannot be used to claim an association be-
tween maternal fluoride exposure and diminished 1Q. Consequently,

this recent article!! is also invalid.

4 | CONCLUSION

Researchers using the MIREC database claim that raised maternal
fluoride exposure reduces children's 1Q. They used what was avail-
able to them: spot urine tests of the pregnant women and 1Q tests
conducted on very young children by different assessors in six dif-
ferent cities. Although future studies might be designed to measure

cognition in the MIREC cohort accurately, the flawed assessment of
exposure to fluoride is insurmountable. Because the MIREC database
offers neither valid data on maternal or foetal fluoride exposure, nor
reliable measures of the 1Q of the resulting children, the database
cannot be used to make claims that fluoride exposure affects IQ.
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