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Analysis of FAN’s 65 brain-fluoride studies
Ken Perrott

Abstract
The article reviews all the studies the Fluoride Action Network (FAN) lists in its article
“FLUORIDE & IQ: THE 65 STUDIES.” FAN claims these studies prove community water
fluoridation (CWF) is bad for the human brain. However, my analysis of the studies shows
the exact opposite.
The studies can be classified into several groups.
1: Seventeen studies compared child IQ in areas designated as “high” fluoride (areas of
endemic fluorosis or contaminated by coal burning) and “low” fluoride (non-endemic
fluorosis or “normal” areas, healthy populations, etc). None of these studies provided data for
fluoride exposure (water or urinary fluoride concentrations). The results from the “low”
fluoride areas where the studies assume the population suffers no IQ effects are relevant to
CWF but not the data from the “high” fluoride areas.
2: Thirty studies provided details of drinking water fluoride concentrations from countries
with endemic fluorosis comparing child IQ in areas designated as “high” fluoride (2.0 to
17.01 mg/L) and “low” fluoride (0.03 to 2.1 mg/L). Again, the data from the “low” fluoride
areas where the studies assume the population suffers no IQ effects are relevant to CWF
(CWF usually aims to maintain a tap water fluoride concentration of about 0.75 mg/L) but
not the data from the “high” fluoride areas.
3: Two of the studies compared child IQ in fluoridated and non-fluoridated areas in Canada.
There were no statically significant differences in IQ which confirms the results of the New
Zealand study previously attacked by FAN and scientific opponents of CWF. This results
contrasts with the results for “high” and “low” fluoride areas in studies from countries with
endemic fluorosis where child IQ in the “high” fluoride areas was significantly low than in
the “low” fluoride areas.
4: Fourteen studies derived relationships between fluoride exposure and chid IQ with eleven
of these from areas of endemic fluorosis. Six of these eleven provided sufficient data to
enable independent statistical analysis. While the relationship of fluoride exposure with child
IQ was negative and statistically significant for the whole fluoride exposure range, none of
the relationships were statistically significant when data from a lower concentration range
comparable to that for CWF was used in the regression analyses. This suggests the
assumption that fluoride is not harmful to child IQ in the “low” fluoride areas is true.
5: Two studies from Canada, where CWF is used, and one from Mexico city where fluoride
exposure levels were assumed to be low and comparable to areas where CWF is used derived
relationships between IQ or other cognitive measures and various estimates of fluoride
exposure. Most of these relationships were not statistically significant. The few significant
relationships were statistically weak.

Far from supporting FAN’s claim that CWF is harmful to the IQ of children these 65 studies
reinforce the current understanding that fluoride exposure at the low level relevant to CW is
not harmful.

Introduction
The Fluoride Action Network makes a lot of a list of studies they claim show fluoride is bad
for the brain and specifically use this list – “FLUORIDE & IQ: THE 65 STUDIES” - in their
arguments against community water fluoridation. This list is especially used in the
promotions by FAN and their supporters on social media.
The studies in this list are not impressive and when examples are considered they certainly do
not support FANs case. However, they need to be analysed in detail, case by case, to show
this convincingly.
In this article I go through the whole list and show that none of the studies included support
FAN’s case against CWF. In fact, some of the studies contain data which supports the claim
that CWF is safe – that it has no effect of the brain.

Classification of studies
Most of the studies on FAN’s list are of poor quality. But each study can be classified on one
of the following ways to make their consideration easier:
•

•
•

•

Difference studies - simple comparison of cognitive measures in people living in “low
fluoride and “high fluoride” areas. Studies made in areas of endemic fluorosis – India,
China, Mexico, Sudan.
Difference studies relevant to CWF where populations in non-fluoridated and
fluoridated areas are compared
Studies which derive relationships of cognitive measurements with fluoride exposure
in areas of endemic fluorosis. A few of these studies include enough data for testing if
there is a statistically significant effect at concentrations relevant to CWF
Studies deriving relationships for cognitive measurements with fluoride exposure in
low fluoride areas where concentrations are relevant to CWF

Difference studies comparing low and high F areas
Forty seven of these 65 studies simply compare IQ or some other cognitive measure for two
areas. One “control” area defined as nonendemic with respect to fluorosis and one “high”
area or village defined as suffering endemic fluorosis. All the studies were from areas of
endemic fluorosis in China, Egypt, India, Iran, or Mexico. Most were of poor quality
scientifically and half of the Chinese studies were so obscure they had been translated by
FAN.
Seventeen of these studies do not provide data for fluoride intake or for drinking water
fluoride concentrations. Instead they simply describe the “high” areas as endemic fluorosis
areas or areas where people suffer severe dental or skeletal fluorosis. Several of the studies
used “control” groups from areas of “slight” fluorosis or dental fluorosis in contrast to
skeletal fluorosis.
Where drinking water concentrations are reported (30 of these studies) these range from 0.03
to 2.1 mg/L for the “normal” or control populations and 2.0 to 17.01 for the “high fluoride”
populations. (CWF usually aims to maintain a tap water fluoride concentration of about 0.75
mg/L) These studies are listed in Table 1.

Two exceptions where the “high fluoride” concentrations are lower are often mentioned by
FAN spokespersons like to Paul Connett.
Lin et al (1991) reported a value of 0.88 mg/L for their high fluoride population. This was
basically a study of Iodine deficient children and very few details are reported (the article is a
one-and a half page note in the Chinese Iodine Deficiency Disorder Newsletter). It is
basically an iodine deficiency study and the fluoride levels are irrelevant.
Table 1: Thirty studies containing drinking water fluoride information from the FAN
list which simply compared child IQ in “low” and “high” fluoride areas in countries
where endemic fluorosis is common.
Country
Study
China
Lin et al (1991)
China
Lu et al (2000)
China
Wang et al (2007)
China
Yang et al (2008)
China
Wang et al(2008)
China
Hong et al (2001)
China
Chen et al (2008)
China
Zhao et al (1996)
China
Qin et al (2008)
a
China
Zhang et al (1998)
a
China
Yao et al (1997)
a
China
Wang et al (2001)
a
China
Fan et al (2007)
Chinaa
An et al (1992)
Egypt
El Sehmawy et al (2018)
India
Khan et al (2015)
India
Eswar et al (2011)
India
Mondal et al (2015)
India
Sebastian et al (2015)
India
Nagarajappa et al (2013)
India
Razdan et al (2017)
India
Sudhir et al (2009)
India
Pratap et al (2013)
India
Trivedi et al (2007)
India
Shivaprakash et al (2011)
India
Trivedi et al (2012)
India
Aravind et al (2016)
Iran
Poureslami et al (2011)
b
Iran
Seraj at eal (2006)
Mexico
Rocha-Amador et al (2007)
a: Translated by FAN. b: Abstract only

Water fluoride concentration
range
Low
High
0.34
0.88
0.37
3.15
0.5
9.2
0.5
2.97
0.58
8.6
0.75
2.94
0.89
4.55
0.91
4.12
0.1 - 0.2
2.1-4
0.03
0.8
0.4
2
0.5
2.97
1.03
3.15
0.6 - 1.0
2.1
<1.5
>1.5
0.19
2.41
0.29
2.45
0.33
18.08
0.4
2
0.5
3.5
0.6
2.99
0.6
>4.1
1.03
6.8
2.01
5.55
<0.5
2.5-3.5
<1
>1.5
<1.2
>2
0.41
2.38
0.04
2.5
0.8
9.4

Zhang et al (1998) is a study published in the Chinese Journal of Public Health which was
translated by FAN. It considered children from a high fluoride, high arsenic area. Details in
the translated text are rather confusing but it appears the drinking water fluoride
concentrations of the high arsenic/high fluoride group was about 0.81 mg/L and that of the
“comparative” group 0.53 mg/L. Seven age groups (ages 4 to 10) were considered and IQ
differences were statistically significant only for the age 9 and age 10 groups.
Figure 1 summarises the data for the 30
studies where drinking water
concentrations are reported. As we can
see the “high fluoride” groups are just
not relevant to CWF. In fact, only the
“low fluoride” or control groups are
comparable to areas where CWF is
used. All the studies (and FAN by
implication) assume that these control
groups do not suffer any reduction of
IQ and therefore they support the
proposition that CWF has no effect on
child IQ. This is the correct
interpretation of all these difference
studies that FAN has been promoting.
For completeness, the remaining
seventeen difference studies from areas
of endemic fluorosis are listed in Table
2. These did not contain information on
water fluoride concentration ranges and
often simply described the “high”
fluoride regions as endemic, coal burning or
study group, and the low fluoride areas as
the “control” group.

Figure 1: Comparison of water fluoride
levels in "high" and "low" fluoride areas of
29 of the FAN studies and in areas where
CWF is used.

Table 2: Seventeen studies from the FAN list comparing children from “low” and
“high” fluoride area where no information on drinking water fluoride concentration is
given.
Country
China
China
China
China
China
China
Chinaa
Chinaa
Chinaa
a: Translated by FAN.

Study
Wang et al (2008)
Guo et al (2008)
Li et al (2008)
Li et al (1995)
Wei et al (2014)
Lou et al (2020)
Shao et al (2003)
Li et al (2008)
Ren et al (2008)

Country
Chinaa
Chinaa
Chinaa
Chinaa
Chinaa
Chinaa
India
Iran

Study
Jiadong et al (1955)
Yao et al (1996)
Sun et al (1991)
Pang et al (2018)
Li et al (2009)
Bai et al (2014)
Kundu et al (2015)
Seraj et al (2102)

Difference studies in areas relevant to CWF
All the studies in the previous section were from areas of endemic fluorosis. FAN has argued
that the results should be extended to areas of CWF – despise the fact that the controls in
these studies, where there is no IQ effect, are more relevant.
FAN includes in their list a few recent studies made in areas of CWF. I will consider these in
more detail below but at this stage it is worth noting that in the two studies [Green et al
(2019) and Till et al (2020)] reporting mean IQ values for child living in fluoridated and
unfluoridated areas (or where their mothers lived in fluoridated or unfluoridated areas during
pregnancy) there were no statistically significant differences in child IQ. I illustrate this in a
figure from a recent paper of mine where I also include the data from Broadbent et al (2015)
which is not included in FAN’s list – see Figure 2:
Figure 2: Comparison of IQ results in fluoridated and unfluoridated areas

There were no significant differences between fluoridated and unfluoridated areas for IQ. The
only statistically significant differences reported were for sub score measurements of verbal
IQ (VIQ) where children breastfed as babies in fluoridated areas had high VIQ values and
performance IQ (PIQ) where children formula fed as babies in fluoridated areas had lower
PIQ values. These sub scores should not be equated to IQ or FSIQ. Ganivez (2012), for
example, reported that: “Subtest and profile interpretation methods are not consistent with
Standards for Educational and Psychological Testing (AERA, APA, NCME, 1999) and should
not be used in clinical decision-making until psychometric support for them is provided.”
Neither Green et al (2019) or Till et al (2020) discussed these differences, concentrating
instead on their regression analyses.

Studies reporting correlation relationships
Fourteen of the studies in FAN’s list reported relationships obtained from regression
analyses. These are listed in Table 3.

Three [Green et al (2019), Till et al (2020) and Bashash et al (2017)] of these were from areas
where water fluoride concentrations are relevant to CW and I will discuss these further
below. However, all the other studies were from areas of endemic fluorosis in China, India,
Sudan, or Mexico.
Two of the remaining 11 studies [Choi et al (2015) and Valdez Jiménez et al (2017)] reported
summaries of statistical relationships but did not include any data allowing independent
analysis. Choi et al (2015) considered children where the water fluoride concentration ranged
from 1.0–4.07 mg/L and urine F concentrations of 0.22 to 5.84 mg/L. The water fluoride
concentration in the Valdez Jiménez et al (2017) study ranged from 0.5 to 12.5 mg/L.
Another 3 studies [Zhang et al (2015), Yu et al (2018), and Wang M et al (2020)] provided
limited data. In the case of the remaining 6 studies [Xiang et al (2003), Ding et al (2011),
Saxena et al (2012), Das et al (2016), Mustafa et al (2018), and Cui et al (2018)] it was
possible to extract data from tables or digitally from figures. I will consider these individually
below.
Table 3: Fourteen studies on the FAN list which determined relationships between child
IQ and fluoride exposure
Country
Canada
Canada
China
China
China
China
China
China
China
India
India
Mexico
Mexico
Sudan

Study
Till et al (2020)
Green et al (2019)
Wang et al (2020)
Cui et al (2018)
Yu et al (2018)
Choi et al (2015)
Zhang et al (2015)
Ding et al (2011)
Xiang et al (2003)
Saxena et al (2012)
Das et al (2016)
Bashash et al (2017)
Valdez Jiménez et al (2017)
Mustafa et al (2018)

Comments
Data
Data
Limited data
Data
Limited
No data
Limited data
Limited data
Data
Data
Data
Data
No data
Data

Xiang et al (2003)
While Xiang et al (2003) reported a
statistically significant correlation of
child IQ with water-F no data was
provided. They did, however, provide
figures (Figure 2 & Figure 3)
demonstrating the statistically
significant relationships of child IQ
with child urinary F up to 8.5 mg/L and
creatinine corrected urinary F up to 3.7
mg F/mmol Cre.
Data from these figures were digitally
extracted and analysed statistically on
two sets. The full data and urinary F
concentrations less than 2 mg/L or
creatinine corrected urinary F less than 0.6

Figure 3A: Data from Xiang et al (2003). Red
data points for urinary F concentrations <
2mg/L
mg F/mmol Cre are illustrated in Figures
3A & 3B.These concentrations were
chosen as being roughly equivalent to a
water-F value of 1 as indicated by Table 9
in Xiang et al (2003).
While the relationships of child IQ with
urinary F or creatine corrected urinary F
are statistically significant for the full data
sets (up to 8.5 mg/L for urinary F and up
to 3.7 mg F/mmol Cre for creatinine
corrected urinary F) they are not
significant at the lower concentrations
more relevant to CWF

Figure 3B: Data from Xiang et al (2003). Red
data points for creatinine corrected urinary F
concentrations <0.6 mg F/mmol Cre

The lack of significant relationship at
these lower concentrations indicate that
there are no harmful effects of CWF on
child IQ.

Ding et al (2011)
Unfortunately, the full data set
was not provided. Instead the
children were ordered by their
urine fluoride concentration and
put into ten groups of about 33
each. The IQ difference from
mean values for each group was
plotted against the urine fluoride
concentrations.”
With such manipulation of the
data it hardly seems worthwhile to
consider the lower concentration
range separately but that is all we
have to work with.

Figure 4: Data from Ding et al (2011). Red data
points for urinary F concentrations < 1 mg/L.

Figure 4 illustrates the relationships
obtained using linear regression of the data digitally extracted from their Figure 2. While the
relationship is statistically significant using all 10 of their data points (up to a urinary F value
of 3.0 mg/L for the highest group), the relationship of urinary fluoride values less than 1.0
mg/L is not statistically significant.
Again, the lack of significant relationship at these lower concentrations indicate that there are
no harmful effects of CWF on child IQ.

Saxena et al (2012)
The data in this study are unusual. Instead of using IQ the authors used an IQ grade score
with only 4 levels. Consequently, the data is not sufficiently random for a proper application
of linear regression analysis. However, working with what data is available extracted from
their Figures 3 (water F) and 4 (urinary F) there are statistically significant relationship for
water fluoride up to about 7 mg/L and urinary fluoride up to about 8.4 mg/L. However, using
the data more relevant to CWF the relationships are not significant for water F less than 1
mg/L or urinary F less than about
2.5 mg/L.

Figure 5A: Data from Saxena et al
(2012). Red data points for water
concentrations <1 mg/L

Figure 5B: Data from Saxena et al
(2012). Red data points for urinary
F concentrations <2.5 mg/L mg/L

Das et al (2016)
Figure 6 illustrates the relationship of child IQ with urinary F reported by Das et al (2016)
where the urine fluoride concentration was as high as 17 mg/L. However, the relationship of
child IQ with urinary fluoride values less than 1.6 is not statistically significant.
The lack of significant relationship at
these lower concentrations indicate that
there are no harmful effects of CWF on
child IQ.
Figure 6: Data from Das et al
(2016). Red data points for urinary
F concentrations <1.6 mg/L mg/L

Mustafa et al (2018)
This study did not measure child IQ but considered school achievement by students (primary
school children, aged 6–14 yrs) in 16 villages of Khartoum state, Sudan. The water fluoride
concentrations were determined for samples from the 16 wells and the concentration range
was 0.08 to 1.71 mg/L
Figure 7A illustrates the results of mean achievement scores at each for subjects, Islam I,
Islam II, Arabic, English, Mathematics, Science, History, Technology, and overall score, for
each school using the data extracted from their Tables 1 and 2. Effectively only 16 data
points, although expanded to 27 as boys and girls were considered separately. Using all the
data points there were statistically significant negative relationship sof “Average score
schooling performances (%)” with water fluoride for the subjects Islam I, Islam II, English,

Science, History and Overall Score. But the relationships for the water fluoride concentration
range < 0.8 mg/L were statistically significant only for history.
Figure 7A: Mustafa et al (2018) - Average score schooling performances (%)

Coefficients
-70
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-30
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0

10

0 to 1.7 mg/L
< 0.8 mg/L

Islam II

0 to 1.7 mg/L
< 0.8 mg/L

Arabic

0 to 1.7 mg/L
< 0.8 mg/L

English

0 to 1.7 mg/L
< 0.8 mg/L

Mathematics 0 to 1.7 mg/L
< 0.8 mg/L
Science

0 to 1.7 mg/L
< 0.8 mg/L

History

0 to 1.7 mg/L
< 0.8 mg/L

Technology

0 to 1.7 mg/L
< 0.8 mg/L

Overall
score

0 to 1.7 mg/L
< 0.8 mg/L

Red triangle – statistically significant (p < 0.05). Green circles – not statistically significant
So once again -even with this poor data the results suggest that fluoride at intake levels
relevant to CWF has none, or very little, effect on child performance.
Figure 7B illustrates the results for “High score prevalence schooling performances (%)” the percentages of number of students who scored more than 70% - using the data extracted
from their Tables 1 and 3

Figure 7B: Mustafa et al (2018) - High score prevalence schooling performances (%)

Coefficients
-160-140-120-100-80 -60 -40 -20 0 20 40 60 80
Islam I

0 to 1.7 mg/L
< 0.8 mg/L

Islam II

0 to 1.7 mg/L
< 0.8 mg/L

Arabic

0 to 1.7 mg/L
< 0.8 mg/L

English

0 to 1.7 mg/L
< 0.8 mg/L

Mathematics 0 to 1.7 mg/L
< 0.8 mg/L
Science

0 to 1.7 mg/L
< 0.8 mg/L

History

0 to 1.7 mg/L
< 0.8 mg/L

Technology

0 to 1.7 mg/L
< 0.8 mg/L

Overall
score

0 to 1.7 mg/L
< 0.8 mg/L

Red triangles – statistically significant (p < 0.05). Green circles – not statistically significant
There were statistically significant negative relationships of “High score prevalence
schooling performances (%)” with water fluoride concentration for Islam I, Arabic, English,
Mathematics, Science, History and Overall Score. The relationships for the water fluoride
concentration range < 0.8 mg/L were statistically significant only for English, Science and
History.
I guess anti-fluoride propagandists may clutch at the few straws offered by these significant
relationships at the lower water fluoride concentration But. it is hard to make much sense of
this poor-quality study, Children came from different villages and there was no attempt to
determine other possible factors influencing performance. According to the authors, the
schooling performance in these rural areas was poor compared to urban areas and there were
also significant dropout rates in these rural areas which could reflect even lower schooling
performances .The concentration range was relatively small but, as the authors point out, in
that region water consumption is high for climatic reasons (“temperature in summer ranges
from 30

to 45ºC from April to June, and from 20 to 35ºC in the months of July to October). This area
of Africa suffers from endemic fluorosis even at relatively low drinking water concentrations
and the upper permissible F level is set at 0.33 ppm for Khartoum state, Sudan.
It is hard to know what water F concentration should be used as a cut-off between normal and
endemic fluorosis concentrations and probably almost all the villages in this study are in
areas of endemic fluorosis. However, this analysis does show that negative effects on school
performance are reduced, or disappear, at more “normal” fluoride concentrations relevant to
CWF.

Cui et al (2018)
This study used school children (7 to
12 years old) from the districts of
Jinghai and Dagang in Tianjin of
China. The endemic fluorosis area
had drinking water fluoride
concentrations of 1.52–2.49 mg/L
and the nonendemic fluorosis area
had drinking water fluoride
concentrations of 0.20–1.00 mg/L.
So, only the data form the nonendemic area have any relevance for
CWF.
Figure 8: Data from Cui et al (2018). Red data
The children were tested for the
points for urinary F concentrations <1.6 mg/L
presence of three different genes and
urinary fluoride was used as a measure of fluoride exposure. No statistically significant
relationships of IQ with urinary fluoride were found for two of the genotypes (designated CC
& CT) but there was a significant relationship for the genotype designated TT. Less than 14%
of the children had this gene.
Figure 8 illustrates the data extracted from their Figure 1. Because it was skewed a linear
regression with log(UF) was used. However, data at urinary concentrations below 2.0 were
not skewed so simple linear regression was used.
Once again there is no statistically significant relations of child IQ with urinary F at these low
concentrations which are more relevant to CWF.

Summary for high concentration studies
The following figure displays the regression coefficients of the relationships of child IQ with
urinary fluoride or water fluoride for studies containing sufficient data. We can see that in all
cases the relationships are not statistically significant for ranges relevant to CWF.

Figure 9: Summary of relationship for high fluoride studies – regression coefficients for
concentration relevant to CWF compared with coefficients for the whole concentration
range studied

Coefficient
-50 -40 -30 -20 -10 0

10 20 30

Xiang et al (2003)
UF up to 9 mg/L
Relationship of child IQ
UF up to 2 mg/L
with urinary F
Das et al (2016)
UF up to 17 mg/L
Relationship of child IQ
UF up to 1.6 mg/L
with urinary F
Cui et al (2018)
UF up to 4.2 mg/L
Relationship of child IQ
UF up to 2 mg/L
with urinary F
Wang, A et al (2020)
Relationships of child
psychosomatic
problems with urinary F
Wang, M et al (2020)
Relationship of child IQ
with water F and
urinary F

UF up to 4.4 mg/L
UF up to 2 mg/L
Water F > 1.90 mg/L
Water 0.7 -1.00 mg/l
UF > 2.28 mg/L
UF 0.15 to 0.41 mg/L

Although FAN has used these studies to argue against CWF, a critical examination of the
data in the papers show that the studies could be used to argue in favour of CWF. Or to argue
that there is no evidence that fluoride has any effect on child IQ at concentrations relevant to
CWF. This goes one step further than pointing out that the simple difference studies in areas
of endemic fluorosis have the implicit assumption that there is no effect of fluoride on child
IQ at the low concentrations used for the control groups. In this case the regression analyses
did not find any effect of fluoride at low concentrations which suggests this assumption is
true.

Recent studies at concentrations relevant to CWF
I have made a thorough analysis of these studies separately because anti-fluoride campaigners
have been concentrating on them and misrepresenting them. My analysis has been submitted
for publication as the paper Perrott (2020): “Community Water Fluoridation and Cognitive
Outcomes: A State-of-the-Science Review.”
Here I will simply summarise the results of my analyses.

As mentioned in an earlier section, none of these studies found a statistically significant
difference in IQ of children or adults from fluoridated or non-fluoridated areas. Authors
downplayed or ignored this and instead concentrated on the relationships they found between
cognitive measurements and fluoride exposure. Again, authors tended to concentrate only on
the statistically significant relationships, essentially ignoring the larger number of nonsignificant relationships. Of course, activists have also cherry-picked only those relationships
confirming their bias.
These reactions contrast radically with the response to the paper of Broadbent et al (2015) of
anti-fluoride activists and scientists sympathetic to the anti-fluoride cause. At that time, all
sorts of arguments were used in attempt to explain away the result which showed no
difference between child and adult IQ in fluoridated and unfluoridated areas. (see Osmunson
et al 2016; Grandjean 2015; Menkes et al 2014). This time that same result obtained by
Green et al (2019) and Till et al (2020) is being completely ignored by these anti-fluoride
scientists, although others have pointed out this fact. Instead the regression results are being
used in the anti-fluoride arguments. I frankly think this exposes the anti-fluoride motivations
of those scientists who made such a fuss about Broadbent et al (2015).
There were only three such “low concentration” studies in the FAN list - Bashash et al
(2017), Green et al (2019) and Till et al (2020). The Bashash et al (2017) study was made in
Mexico City which does not use CWF and natural levels of fluoride in drinking water ranged
from 0.15 to1.38 mg/L (Martínez-Mier et al.2005). Of course, FAN did not include a number
of other studies, like Broadbent et al (2015) and Aggeborn & Öhman (2017), which did not
report a negative effect of fluoride exposure or even reported a positive effect (Santa Marina
et al (2019)). My review (Perrott 2020) identified 11 studies relevant to the concentration
levels used in CWF, but I will concentrate here only on the studies mentioned in FANs list.
Bashash et al (2017). Thomas (2014), and Thomas et al (2013,2014, & 2028) investigated
data in the Mexican ELEMENT database. As Figure 10 shows only 4 of the 17 reported
relationships were statistically significant. In the case of Green et al (2019) and Till et al
(2020), which used data from the Canadian MIREC database only 7 of the 19 reported
relationships were statistically significant (Figure 11).
These studies used multiple cognitive measure and multiple indicators of fluoride exposure.
They also divided subjects by sex. This approach may be inevitable for such exploratory
studies, but it does remind me of the saying that one can get any result one desires if the data
is tortured sufficiently. This contrasts sharply with the relationships reported above for
studies from endemic fluorosis areas. In those cases simple comparison of mean IQ scores
from “low” and “high” fluoride areas showed statically significant differences and simple
treatment of the data showed significant relationships of child IQ with fluoride exposure.
differences. But in the case of these low concentration studies there were no differences
between the “low” (unfluoridated) and “high” (fluoridated) areas and considerable
manipulation or differentiation of the data was required to produce statistically significant
relationships of child IQ or other cognitive scores to measures of fluoride exposure.

Figure 10: Relationships of cognitive measures with exposure to fluoride obtained using ELEMENT database

Red triangles – statistically significant (p < 0.05). Green circles – not statistically significant

Figure 11: Relationships of cognitive measures with exposure to fluoride obtained using Canadian MIREC database

Red triangles – statistically significant (p < 0.05). Green circles – not statistically significant

The relationships explain only a small amount of the variance in cognitive measures. None of
these papers gave information on R-square values or the standard error of the regressions but
the large confidence intervals and the figures themselves show that the data is very scattered.
I used the data digitally extracted from these three papers to do my own statistical analyses.
This showed very low R-squared values (indicating the low degree of explanation of the
variance in child IQ or other cognitive measure) The table below shows that the relationships
reported in these papers explain only a very small percentage of the variance (0.3 to 3.6%).
This together with other problems such as inadequate consideration of confounders and other
risk-modifying factors, use of multiple measures of both cognitive scores and fluoride
exposure, and deficiencies in the fluoride exposure measures used, mean that one cannot
place much confidence in the reported results. Guth et al (2020) has also made similar
criticisms of these studies and questions the used of IQ and similar cognitive measures with
very young children
Table 4: Relationships explain a small percentage of variance.
Study
Relationship
Bashash et al (2017)

CGI & MUF
IQ & F
Green et al. (2019)
FSIQ & MUF for boysa
FSIQ & total F intake
Till et al (2020)
FSIQ & water Fb
PIQ & F intake from formula
a: Not significant for extracted data.
b: Not significant for extracted data

Variance explained
(from R-squared)
3.3%
3.6%
1.2%
1.2%
0.3%
1.7%

Problems with the Green et al (2019) and Till et al (2020) studies
The Green et al (2019) study is controversial and has been the subject of widespread critique
in the scientific community, partly because the data and statistical analysis used is not clear.
There have been requests that the data used be made publicly available for checking by other
researchers. This may well happen but is currently held up by bureaucratic manoeuvres.
I have concerns about the relationships reported by Green et al. (2019) and Till et al (2020)
because I was unable to reproduce their results using data extracted from their figures. In
particular my analyses of the data in the figure of Green et al (2019) showed the relationship
between FSIQ of make children and maternal urinary fluoride (MUF) was not statistically
significant – the p-value I obtained was 0.118 compared with their cited 0.02
In this Table 5 I compare linear regression results using data digitally extracted from figures
in the three papers considered in this section with the regression results reported in the papers
themselves.
Differences are inevitable when using digital extraction - especially where relationships are
weak. There are inevitable inaccuracies in locating the data points and problems of missing
data because points merge, or merge with the regression lines, in the figures.
Digital extraction was very good for the figures in Bashash et al (2017) with extraction of
99.3% and 98.1% of the data points. Extraction was poorer with the figures in Green et al
(2019), particularly with their Figure 3A (relationship of FSIQ with MUF for boys) where

only 82% of the claimed data points were extracted. Other people who have attempted a
similar digital extraction report the same problem. It is possible that the authors did not
include all their data in their figures. Or possibly there are many points obstructing each
other.
Table 5:
Figure
Bashash Fig 2
CGI
Fig 3 IQ
Green

Fig 3A
Fig 3B

Till

N

p-value

Coefficient CIs

Reported

287

<0.01

-7.52

-12.64, -2.38

Rsquared
None

Extracted
Reported
Extracted
Reported
Extracted
Reported
Extracted
Reporteda

285
211
207
248
203
400
320
198

0.002
0.03
0.006
0.02
0.118
0.04
0.047
0.03

-6.82
-4.74
-5.27
-5.01
-3.69
-3.19
-3.33
-8.88

-11.13, -2.51
-8.90, -0.58
-9.03, -1.49
-9.06, -0.97
-8.33, 0.95
-5.94, -0.44
-6.62, -0.04
-16.68, -0.92

0.033
None
0.036
None
0.012
None
0.012
None

Fig 1A
FF
Outliers! Reportedb 196 NS
-6.28
-6.99, 0.71
None
Extracted 186 0.433
-3.67
-12.88, 5.55
0.003
Fig 1B
Reported 393 <0.05
-17.52
-28.36, -6.68
None
PIQ
Extracted 313 0.02
-14.67
-26.99, -2.34
0.017
a: Till et al (2020) reported this relationship was not significant after confounders were
included.
b: Reported by Till et al (2020) after removing 2 outliers.
Digital extraction was better with the Till et al (2020) figure 1A with 94% of the points
extracted for the FSIQ – water F relationship of formula-fed babies. But not so good for
figure 1B, the child PIQ-F-intake estimate plot, where about only 80% of the claimed
numbers were extracted. This is surprising because it is a clean plot with little indication of
points overlapping. I do wonder if this group has not included all the data points in their
graphs.
This problem with these two papers really needs resolving as the results have been promoted
widely as evidence of harm from CWF. If the relationship for boys presented by Green et al.
(2019) is not statistically significant we need to know.
The apparent problem with the relationship in Figure 1A of Till et al (2020) is less important
as the authors effectively showed it was not statistically significant when to outlier were
removed, or when other factors were included in a multiple regression. Unfortunately, this
extra information has not been acknowledged by activist promoting this paper as they still use
the results for the unadjusted relationship in their propaganda (see image below promoted by
FAN).

I think it was irresponsible for the authors to prominently present the data for their unadjusted
relationship in their published paper while leaving the results after removal of outliers to
supplementary material.

Sloppy misrepresentation of studies by anti-fluoride activists
Anti-fluoride and anti-vaccination activists use these studies opportunistically. There is never
any critical analysis. The results are cherry picked. And even then, they will often get things
wrong.
An example is this slide (Figure 12) prepared by the FAN “Research Director,” Chris
Neurath. Till (2020) did not report a significant relationship for FSIQ when confounders and
outliers were considered. Their significant relationships were with PIQ (see Figure 11), yet
Neurath falsely claims a significant relationship for FSIQ.

Figure 12: Incorrect information from Till et al (2020 used in FAN promotion.
The lesson is, of course, never accept the claims of these activists at face value. Always
check the actual papers and data.
As we can see form my analysis here the simple claims by FAN that it has 65 studies proving
that CWF is bad for the brain is simply wrong. In fact these studies when considered properly
indicate that there is no effect of CWF on cognitive measurements or in the few cases where
relationships are found they are extremely weak and cannot be used to justify their demand
that CWF cease.
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