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signiﬁcant difference in IQ, even if they had
assessed total ﬂuoride intake.
Second, although Broadbent et al. criticized previous studies for failing to control for
15 potential confounders, their study failed to
control for 11 of these, including important
factors with available data. This is problematic
because the study’s non-CWF population
came mainly from a single “satellite suburb”:
Mosgiel, New Zealand.3,4 This town used
groundwater, whereas most of the CWF study
population had surface water. Mosgiel’s
water was among the most corrosive in New
Zealand and dissolved high levels of copper
from plumbing and potentially also lead.5
Mean blood lead measured in the Dunedin
Cohort was 11.1 mg/dl (SD –4.91), sufﬁcient to
cause a loss of four IQ points, but was not
considered in the Broadbent et al. study.6,7
Mosgiel’s water also had high natural
manganese levels, another suspected
neurotoxin.8,9
Data on the mothers’ IQ and rural versus
urban is also available for the Dunedin Cohort, but the study did not control for them.
Mosgiel is more rural than the ﬂuoridated
area, potentially resulting in lower IQ in its
children and their mothers.10
All these confounders would bias results
away from an effect of ﬂuoride on lowering IQ.
Confounding and the lack of contrast in
total ﬂuoride exposure may explain why no
difference in IQ was found.
Bill Osmunson, DDS, MPH
Hardy Limeback, PhD, DDS
Chris Neurath, BSc
ABOUT THE AUTHORS
Bill Osmunson is a Cosmetic Comprehensive Public Health
Dentist, Neah Bay, WA. Hardy Limeback is Professor
Emeritus, Faculty of Dentistry, University of Toronto,
Toronto, Canada. Chris Neurath is with the American
Environmental Health Studies Project, Lexington, MA.
Correspondence should be sent to Bill Osmunson, PO Box
677, Neah Bay, WA 98357 (e-mail: bill@teachingsmiles.
com). Reprints can be ordered at http://www.ajph.org by clicking
the “Reprints” link.
This letter was accepted September 21, 2015.
doi: 10.2105/AJPH.2015.302918

CONTRIBUTORS
All of the authors contributed equally to this letter.

REFERENCES
1. Broadbent JM, Thomson WM, Ramrakha S, et al.
Community water ﬂuoridation and intelligence: prospective study in New Zealand. Am J Public Health. 2015;
105(1):72–76.

February 2016, Vol 106, No. 2

AJPH

2. Guha-Chowdhury N, Drummond BK, SmillieAC. Total
ﬂuoride intake in children aged 3 to 4 years–a longitudinal
study. J Dent Res. 1996;75(7):1451–1457.
3. Dunedin City Council. Dunedin City - Fluoridated
Water Areas - Overall. 2011. Available at: http://www.
dunedin.govt.nz/__data/assets/pdf_ﬁle/0006/158199/
WWS-Fluoride-Zones-Overall-Apr-2013.pdf. Accessed
September 15, 2015.
4. Statistics New Zealand. StatsMaps - 2013 census population and dwelling map. 2013. Available at: http://www.
stats.govt.nz/StatsMaps/Home/Maps/2013-censuspopulation-dwelling-map.aspx. Accessed September
10, 2015.
5. National diploma in drinking water assessment tutor
notes and home assignment for unit standard 18451
describe hardness and corrosion control and management of critical points. Wellington, New Zealand:
Otago Polytechnic, New Zealand Ministry of Health;
2002.
6. Silva PA, Hughes P, Williams S, Faed JM.
Blood lead, intelligence, reading attainment, and behaviour in eleven year old children in Dunedin,
New Zealand. J Child Psychol Psychiatry. 1988;29(1):
43–52.
7. Lanphear BP, Hornung R, Khoury J, et al. Low-level
environmental lead exposure and children’s intellectual
function: an international pooled analysis. Environ Health
Perspect. 2005;113(7):894–899.
8. Otago Regional Council. Groundwater lower Taieri
Basin: summary report. Dunedin, New Zealand; 2009.
Available at: http://www.orc.govt.nz/Documents/
Publications/Research%20And%20Technical/
Groundwater/Web%20version%20Groundwater%
20Lower%20Taieri%20Dec%202009.pdf. Accessed
September 15, 2015.
9. Grandjean P, Landrigan PJ. Neurobehavioural effects of
developmental toxicity. Lancet Neurol. 2014;13(3):
330–338.
10. Kaufman AS, Doppelt JE. Data in analysis of
WISC-R standardization terms of the stratiﬁcation
variables. Child Dev. 1976;47(1):165–171.

BROADBENT ET AL. RESPOND

T

he letter from Osmunson et al. raised
some interesting questions about our
article on community water ﬂuoridation
(CWF) and IQ. Speciﬁcally, we agree with
the correspondents’ assertion that children’s
total daily ﬂuoride intake from CWF is insufﬁcient to affect IQ. The correspondents
asserted that, in our study, the difference in
total ﬂuoride intake between children
living in CWF and non-CWF areas would
have been only 0.2 milligrams per day.
There are a number of problems with their
aggregated calculations, but the number
they reach is not far off our own estimate
of an average difference of in total daily
ﬂuoride intake of 0.3 milligrams per day

through the ﬁrst ﬁve years of life between
study members from CWF versus
non-CWF areas.
These differences are consistent with the
wider literature. Guha-Chowdhury’s work,
used in the correspondents’ calculations, estimated 0.2 milligrams per day greater total
ﬂuoride intake among children from CWF
areas than non-CWF areas.1–3 Other researchers have estimated that the increase
in ﬂuoride intake among children aged
one to three years attributable to CWF is
0.2 milligrams per day4 or 0.3 milligrams
per day.5
Secondly, the correspondents mentioned
data on total ﬂuoride exposure from diet,
toothpaste, and ﬂuoride tablets. Originally,
we controlled for these other sources
of exposure (because our article was about
CWF speciﬁcally), but since the correspondents agree that CWF is not an issue, we have
now calculated estimates for total daily
ﬂuoride intake. For estimated total ﬂuoride
intake (taking into account the frequency of
use of ﬂuoride tablets and ﬂuoride toothpaste), the mean was 0.9 milligrams per day
(SD = 0.2), so there was adequate contrast to
explore this in the context of the levels of
ﬂuoride used in caries control. We used these
estimates of ﬂuoride exposure in analysis,
and this resulted in no meaningful change of
signiﬁcance, effect size, or direction in our
original ﬁndings.
Thirdly, the correspondents refer to a
Dunedin City Council map and assert that
the study members from unﬂuoridated areas
were exclusively from Mosgiel. This assumption is incorrect; the majority of these
were from other locations across the wider
Dunedin area. Nevertheless, we reran our
analysis taking into account both suburb and
distance from the Dunedin city center. This
resulted in no meaningful change in terms
of signiﬁcance, effect size, or direction of our
original ﬁndings.
Fourthly, the correspondents suggested
that lead might be a confounder in this
study, even though there was no association
to be confounded. Nevertheless, we reran
our analysis taking into account blood
lead at age 11 years. This resulted in no
meaningful change of signiﬁcance, effect
size, or direction in our original ﬁnding,
including if we tested for estimated total
ﬂuoride intake.
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Lastly, the correspondents state that high
concentrations of manganese in Mosgiel water
could account for the lack of IQ differences. It is
important to note that manganese has importance for human development, as it is involved
in more than 300 enzymatic processes,6 and
that it is not considered to be very toxic
when consumed as a normal part of the diet.7
For children aged one to three years, the tolerable upper limit for manganese has been
reported as 300 milligrams per day6 (most of
which is sourced from food). Manganese does
occur in Mosgiel water, but the mean concentration of the source water is between 0.002
and 0.005 milligrams per liter, with the
exception of higher concentrations of about
0.2 to 0.5 milligrams per liter from the
Old Borough Bore (which provides about
8% of Mosgiel water). Mosgiel’s water has
manganese concentrations that are below the
maximum acceptable level of 0.4 milligrams
per liter.
As we showed in our original report,
and subsequent analyses described herein, we
observed no evidence of a detrimental effect
on IQ from ﬂuoride at the levels used in
CWF. As a further way of identifying study
members with high ﬂuoride exposure, we
tested for IQ deﬁcits for study members with
dental ﬂuorosis, and no IQ differences were
observed. It is worth pointing out, however,
that we have observed signiﬁcantly fewer
caries-affected teeth in both childhood and
adulthood among those who resided in
CWF areas as children.
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