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SUMMARY: The Intelligence Quotient (IQ) was measured in 118 children, aged
10-12 years, who were life-long residents in two villages of similar population
size and social, educational and economic background but differing in the
level of fluoride in drinking water. The children in the high-fluoride area
(drinking water fluoride 3.15 ± 0.61 mg/L [ppm]) (mean ± S.D.) had higher uri-
nary fluoride levels (4.99 ± 2.57 mg/L) than the children in the low-fluoride area
(drinking water fluoride 0.37 ± 0.04 mg/L) (urinary fluoride 1.43 ± 0.64 mg/L).
The IQ of the 60 children in the high-fluoride area was significantly lower,
mean 92.27 ± 20.45, than that of the 58 children in the low-fluoride area, mean
103.05 ± 13.86. More children in the high-fluoride area, 21.6%, were in the re-
tardation (<70) or borderline (70-79) categories of IQ than children in the low
fluoride area, 3.4%. An inverse relationship was also present between IQ and
the urinary fluoride level. Exposure of children to high levels of fluoride may
therefore carry the risk of impaired development of intelligence.
Keywords: Fluoride and IQ, Fluoride excretion in urine, Fluoride in water, Intelligence

and fluoride.

INTRODUCTION
In view of reports of increased fluoride levels in many foods and water sup-

plies, it is urgent that further studies be conducted to examine whether there is
a link in animals and humans between fluoride and disturbances of the devel-
opment and function of the central nervous system.

High-fluoride levels may occur in artesian well water when the water passes
through strata with a high fluoride content, food may become contaminated
when stored in contact with the smoke from a poorly ventilated indoor fire
burning high-fluoride coal, and fluoride may be added to water supplies with
the practice of fluoridation.

Despite Roholm1 noting that “man is much more sensitive to fluorine than
the rat”, rats have been used in animal studies disclosing significant changes
from fluoride effects on the central nervous system. Mullenix et al2 found neu-
rotoxicity in rats with fluoride exposure causing sex- and dose-specific behav-
ioural deficits. Isaacson et al3 and Varner et al4 found that the chronic admini-
stration of aluminium fluoride and sodium fluoride in the drinking water of rats
resulted in distinct morphological alterations in the brain, including effects on
neurones and cerebrovasculature. Guan et al5 found that the contents of phos-
pholipid and ubiquinone are modified in the brains of rats affected by chronic
fluorosis, and these changes in membrane lipids could be involved in the
pathogenesis of this disease.
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Other studies by Yang et al6 and Pang et al7 have noted the adverse effects
that fluoride has on the brain and explored the actions of protective agents.
Human maternal exposure to high-fluoride levels was found to have an adverse
effect on foetal cerebral function and neurotransmitters.8-11 Reduced intelli-
gence in children is associated with exposure to high-fluoride levels in food or
drinking water.12-15 This area is examined further in the present study of the
intelligence of Chinese school children exposed to a high-fluoride level in
drinking water.

MATERIALS AND METHODS
The study was undertaken on 118 children, aged 10-12 years, attending

school in the Tianjin Xiqing District in China. The children were life-long
residents of two villages of similar population size which differed in the fluo-
ride content of the drinking water. Using a random cluster sampling method,
60 children were chosen from the high-fluoride area with 3.15 ± 0.61 mg/L
(ppm) of fluoride in the drinking water and 58 children were chosen from the
low-fluoride area with 0.37± 0.04 mg/L of fluoride in the drinking water. Chil-
dren affected by congenital or acquired neurological disorders were excluded.

The Intelligence Quotient (IQ) was measured with the Chinese Combined
Raven’s Test, Copyright 2 (CTR-C2).16 The seven categories distinguished by
the IQ were: <70 retarded (low); 70-79 borderline (below average); 80-89 dull
normal (low average); 90-109 normal (average); 110-119 bright normal (high
average); 120-129 superior (good); >129 very superior (excellent).

Possible confounding factors were investigated by assessing the question-
aires that the children’s parents completed. This was done under the direction
of the examiners. The categories covered in the questions about the children
were: past history of illness, age, sex, and residential history. The questions
about the parents’ background included information on past history of illness,
social status, economic status, level of education, income, smoking, and the use
of alcohol.

Fluoride levels were measured using a fluoride ion selective electrode for the
drinking water and urine of the children.

Statistical analysis of the results was done with Fisher’s exact test, Welch’s
alternate t-test, the rank sum test, and multiple regression analysis.

RESULTS
The residents of the two areas studied were similar in their social, educa-

tional and economic backgrounds.
The urinary fluoride levels of the children living in the area with a high-

fluoride level in drinking water were significantly higher than those of the
children living in the area with a low-fluoride level in drinking water (Table 1).

The mean IQ of the children living in the area with a high-fluoride level in
drinking water was significantly lower than that of the children living in the
area with a low-fluoride level in drinking water (Table 1).
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Table 1. Urinary fluoride levels and IQs of children living in areas
with high and low levels of fluoride in drinking water.

Level of drinking water
fluoride (mean ± S.D.)

No. of children
examined

Urinary fluoride level
(mean ± S.D.)

Mean IQ
(mean ± S.D.)

High (3.15±0.61 mg/L) 60 4.99 ± 2.57 mg/L* 92.27 ± 20.45†

Low (0.37±0.04 mg/L) 58 1.43 ± 0.64 mg/L 103.05 ± 13.86
*comparing the urinary fluoride levels with Welch’s alternate t-test, which does not
assume equal variances, t = 10.40 with 66 degrees of freedom, P<0.0001.
†comparing the mean IQs with Welch’s alternate t test, t = 3.36 with 104 degrees of
freedom, P <0.005.

The proportion of children in the retardation or borderline categories of IQ
was significantly higher for the children living in the area with a high-fluoride
level in drinking water than for the children living in the area with a low-
fluoride level (Table 2).

Table 2.  The distribution of IQ scores for children living in areas
with high and low levels of fluoride in the drinking water.

Water
fluoride

IQ <70
retarded

(low)

IQ 70-79
borderline

(below avg)

IQ 80-89
dull normal
(low avg.)

IQ 90-109
normal

(average)

IQ 110-119
bright normal
(high avg.)

IQ 120-129
superior
(good)

IQ >129
very superior

(excellent)
High 5*

(8.3%)
8*

(13.3%)
12

(20.0%)
26

(43.3%)
5

(8.3%)
3

(5.0%)
1

(1.7%)
Low 0

(0.0%)
2

(3.4%)
6

(10.3%)
30

(51.7%)
13

(22.4%)
5

(8.6%)
2

(3.4%)
*comparing the proportions of children in the retarded and borderline categories of IQ
(<70-79) with those in the dull normal, normal, bright normal, superior and very supe-
rior categories (80->129) with Fisher’s exact test, P<0.005.

A significant inverse relationship was found between the urinary fluoride
level and the IQ (Table 3).

Table 3.  Relationship between urinary fluoride levels and the IQ for 118 children

Statistical test Result

Simple correlation method r = - 0.32, P<0.01
Multiple correlation coefficient R = 0.3172, P<0.01
Decision coefficient R = 0.1006, P<0.05
Partial regression coefficient of urinary fluoride b = - 1.9520, P<0.05
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DISCUSSION
Fluoride can produce detrimental biochemical and functional changes in the

developing human brain. Exposure may commence with fluoride in the mater-
nal blood passing through the placenta to the foetus and continues during
childhood from fluoride in food and drinking water. In the present study, a
high-fluoride level in drinking water resulted in a greater intake of fluoride
which was confirmed by higher urinary fluoride levels. Intelligence was, in
turn, inversely related to the level of fluoride in both drinking water and urine.
No confounding factors such as population size or differences in social, educa-
tional, or economic background explained the relationship.

The findings of this study thus replicate those of earlier studies12,13 and sug-
gest that a real relationship exists between fluoride exposure and intelligence.
Possible mechanisms for such a relationship have been suggested. The ability of
fluoride to enter the brain is enhanced by its ability to form a lipid-soluble com-
plex with aluminium. Aluminofluoride complexes are able to stimulate guanine
nucleotide binding proteins (G proteins) and can produce pharmacological and
toxicological  effects in animal and human cells, tissues and organs.17

In the low-iodine area of Xinjiang, high-fluoride levels have also been asso-
ciated with an impairment in intelligence in children, and may occur through
the development of hypothyroidism or subclinical cretinism.18 Further studies
to clarify the nature of the relationship between fluoride and intelligence are
clearly indicated. Pending completion of such studies, exposure of children to
high-fluoride levels may run the risk of impaired intelligence.
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