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INTRODUCTION

Abstract

Objective: Prolonged excessive intake of fluoride duringakilgrowth and de-
velopment stages has been associated with memtglhgsical problems.

The aim of this study was to investigate the eftdatxcessive fluoride intakeno
the intelligence quotient (IQ) of children living five rural areas in Makoo/Iran.
Materials and Methods: In this cross-sectional study, 293 children agetl 6
years were selected from five villages in Makoohwitormal fluoride (0.8+0
ppm), medium fluoride (3.1+£0.9 ppm) and high flaeri(5.2+1.1 ppm) in the
water supplies. The IQ of each child was measugethé Raven’s test. Educa-
tional and residential information and the mediuatory of each child was rec-
orded by a questionnaire completed by the parddéda were analyzed
ANOVA test with a significance level of 0.05.

Results: The mean 1Q scosedecreased from 97.77+18.91 for the normal fle
group to 89.03+12.99 for the medium fluoride greupl to 88.58+16.01 for t
high fluoride group (P=0.001).

Conclusion: Children residing in areas with higher than normater fluoride le-
vels demonsttad more impaired development of intelligence. Thaksldren’s

"intelligence may be affected by high water fluorieieels.
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is a degenerative and progressive disorder,

Prolonged excessive intake of fluoride hawhich adversely affects several organs. Al-
been associated with fluorosis [1, 2]. Fluorosithough dental fluorosis is the most obvious
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clinical manifestation of increased fluorideA major shortcoming in this area of research is
intake, many other organs such as the bondise small pool of regions in which research has
thyroid, kidney, liver, lung and brain may bebeen carried out, with most of the data having
affected by the increased fluoride level [1-8]been collected from China with various me-
Due to the substantial role that neural healthodological limitations [13-19].

plays on the individual's quality of life, nu- Geographically, Iran lies on one of the high
merous studies have been conducted on tteoride belts, with endemic fluorosis existing
effect of excess fluoride on neurological dein various regions including Makoo [1,20].
velopment. Makoo is located in the North West of Azar-
Most of these investigations, which supportbaijan province, in the North West of Iran, be-
the neurotoxic effect of fluoride, have beetween longitudes 421 - 45’10 and latitudes
performed in animals, demonstrating gener8&9° 13 - 3% 34. It is restricted between Tur-
tion of free radicals and alterations in the levédey on the west and Aras river on the east.
of neuro-transmitters in the brain [7-11].Thes&eologically, this region is covered by basaltic
changes may interfere with normal develogavas. The mean annual temperature varies be-
ment of the central nervous system (CNS) dutween -16.2C and 35.9C and is considered as
ing the fetal and early childhood developmena cold climate region. Local groundwater is the
This period is the most critical phase in neurashief source of water supply for its inhabitants
behavioral development, in which the brain if20].This study investigates the effect of dif-
sensitive to absent or increased levels of cderent levels of fluoride in drinking water on
tain elements. the intelligence quotient (1Q) of children living
Any cerebral impairment in this stage of thén five rural areas in Makoo/Iran from 2009 to
child’s growth, leads to future cognitive and2010.

intellectual deficits [12-14].

Although human subjects are more vulnerabMATERIALS AND METHODS

to excessive fluoride compared to animal&)Vater sample collection and analysis:
controversies exist among the data obtain€groundwater samples were collected in uni-
from various studies on the effect of fluoriddorm clean plastic bottles from wells and
on human’s intellectual abilities. springs distributed over the study area.

Table 1.Fluorosis Distribution in the Three Groups

Fluorosis Normal Very Mild Mild Moderate Severe Total
Fluoride Level N % N % N % N % N % N %
Normal 71 78 8 8.8 12 132 O 0 0 0 91 100
Medium 0 0 0 0 19 179 53 50 34 321 106 100
High 0 0 0 0 12 125 24 25 60 625 96 100
Total 71 242 8 2.7 43 147 77 26.3 94 321 293 100
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The fluoride and iodine in the drinking watetStudy population:

were analyzed by SPADNS (Sulfophenylazdwo-hundred ninety-three participants (142
dihydroxynaphthalene-disulfonate) = methodpoys and 151 girls) out of 314 children (6-11
utilizing 4000 UV-Vis spectrophotometeryear olds) living in five villages in Makoo
(Hach Company, Germany) in the environwere recruited for the study. The five selected
mental health engineering laboratory of Publicural areas were similar in their general demo-
Health School of Tehran University of Medi-graphic and geographic characteristics with the
cal Sciences. inhabitants having a comparable level of so-
According to the data obtained by water analgioeconomic status and similar occupations.
sis, the villages were categorized into normaf\s fluoride excess toxicity is increased by
moderate and high fluoride content groups. iodine deficiency [7], we measured the amount
To minimize the effect of other factors, suclof iodine in their drinking water and made sure
as velocity of flowing water and the seasondhat all households received iodine enriched
temperature, on the water-fluoride level duringalts for cooking and eating purposes.The vil-
the last 12 years, the mean fluoride content t#ges (Babur, Panjarlu, Dizaj, Small Donalau
all seasons for this time period, as registerethd Large Donalau) were classified into three
by the local health clinics, was calculated angroups based on the fluoride content of their
set as the final fluoride concentration of thawater supplies (normal, medium and high).
region [1,20]. According to WHO guidelines, the standard
The reported fluoride levels by the local clinrange for water fluoride concentration is 0.5-1
ics were in line with our findings of water flu-mgL™ and levels greater than that were classi-
oride analysis. fied as medium (3.1+0.9 ppm) and high
In addition to fluoride, the amount of iodine(5.2+1.1 ppm])1, 14, 21].All participants were
and lead in the regions’ drinking water wasong-life residents of the villages under study,
determined using 4000 UV-Vis spectrophotowith their mothers having lived in the area dur-
meter (Hach Company, Germany) and polaréag their pregnancies. The exclusion criteria
graph with mercury electrode (Hach Langédncluded a history of genetic disease, systemic
France), respectively. disorders or brain trauma in the family.

Table 2.Children’s IQ in Five Rural Areas in Makoo

Mean+SD
Groups number IQ(Range)
Male Female Total 1Q
Normal™" 91 50-140 95.58+15.92 99.73+21.22 97.77+18.91
Medium™° 106 59-120 87.29+12.75 90.9+13.12 89.03+12.99
High:'0 96 50-115 88.09+16.52 89.19+15.52 88.58+16.01
Total 293 50-140 89.93+15.98  093.37+17.44 91.6+16.48

X.[]: P=0.001:; o: P=0.99'3: P=0.0°
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A written informed consent was obtained fronlf there was any doubt about the diagnosis,a
the parents of all eligible subjects after exdecision was made after discussion.

plaining the nature and aim of the study. Four weeks later the examined subjects were
A detailed questionnaire was completed witkreexamined in order to assess the intra-
the assistance of parents, including informaxaminer reliability. All dental examinations
tion about child’s and parents’ medical anavere performed in the school's medical room
residential history, their educational level andsing a mirror and cotton rolls under day light.

source of drinking water.
IQ evaluation:

Dental examinations: The intellectual ability of each child was cal-
Following theoretical training for fluorosis, theculated using Raven’s Color Progressive Ma-
examiner supervised by an experienced pedsices (RCPM). The RCPM is a non verbal
dontist examined 40 children who had beemultiple choice 1Q test designed for 5 to 11-
selected from the subjects previously. The eyear-old children. The models were presented
aminer recorded the diagnosis about eadh the form of matrixes. In each test item, the
child. If there was any doubt about the diagn@hild was asked to identify the missing part
sis, a decision was made after discussion. Fdtyat completes the model. The test was admi-
weeks later the examined subjects were rgistrated in a convenient school classroom un-
examined in order to assess the intra-examin@@r the supervision of a trained psychologist, a
reliability. teacher and an assistant in a blind manner, fol-
The dental examinations were carried out bylawing the procedures laid down in the manual
dentist according to the WHO- recommendedf Raven’s Progressive Matrices [22]. The av-
Dean’s index [1]. Following theoretical train-erage time taken to complete the test was 30
ing for fluorosis, the examiner supervised byninutes. The test comprised of 30 problems,
an experienced pedodontist examined 4feginning with easy problems and ending with
children who had been selected from the subifficult ones. Each question contained a ma-
jects previously. The examiner recorded theix of geometric design with eight alternatives
diagnosis about each child. for one removed cell.

Table 3.1Q score Distribution for Children Living in Areagith Normal, Medium and High Water Fluoride Cortten

Normal Medium High Total
Group 1Q

N % N % N % N %
Superior Intelli-

4 4.4 0 0 0 0 4 14
gence
Above Average In-

17 18.7 6 5.7 2 21 25 8.5
telligence
Normal or Average

47 51.6 58 54.7 61 63.5 166 56.7
Intelligence
Dullness and Lower
10 23 253 42 39.6 33 34.4 98 335
Total 91 100 106 100 96 100 293 100
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Only one of the options fitted correctly. Eacif'wo hundred and ninety three 6 to 11-year-old
group consisted of 15 students, who workechildren 6 to 11 took part in this study. Kappa
independently. coefficient for intra- examiner reliability was
The children’s 1Q scores were divided accordacceptable (0.92). Dental examination revealed
ing to the Stanford-Binet classification in eighthat all children in medium and high-fluoride
groups: Genius (164 and over), very superigroups demonstrated mild to severe fluorosis.
(148-164), superior (132-148), above averada comparison, only 22% of the subjects in the
(116-132), average (84-116), dullness (68-84npormal group showed very mild and mild fluo-
borderline (52-68) and mental deficiency (berosis and the remaining 78% were unaffected

low 58)[23]. (Table 1). An increase in water fluoride con-
tent above the standard level was associated
Statistical analysis with the incidence of more severe dental fluo-

All analyses were performed by SPSS versiawsis (P<0.001). IQ evaluation results from the
11.5 for Windows (SPSS Inc., Chicago, llithree groups are shown in table 2. Although 1Q
USA) . The data were subjected to ANOVAscores for children with normal fluoride con-
Post Hoc test and Kruscal-Wallis. The signitent were significantly higher than the medium

ficance level was fixed at 0.05. and high fluoride level (P=0.001), there was
no statistically significant difference between
RESULT the IQ of children residing in medium and high

The villages were classified as normal, mdluoridated areas (P=0.995). Furthermore, we
dium and high fluoride content according talid not observe any significant difference be-
their water fluoride concentrations. tween the scores of girls and boys in any of the
The mean level of fluoride in medium andyroups examined (P=0.07). IQ scores of child-
high groups was approximately 3 and 5 time®n living in areas with various water fluoride
higher than WHO standards, respectively [1]. content (normal, medium and high) have been
A concentration of 0.08-0.1 mg/l for iodinedemonstrated in table 3, exhibiting that nearly
and 0-0.5 mg/l for lead was found by the watdralf of the children residing in the normal fluo-
content analysis. ride area showed normal 1Q levels.

Table 4. Factors Influencing 1Q Scores

Variable B- Value P- Value
Age 0.02 0.7
Gender 0.148 -0.082
Child’'s Educational Level 0.31 0.595
Mother’s Educational Level 0.09 0.129
Father’s Educational Level 0.008 0.891
Fluorosis Intensity -0.160 0.014
Water Fluoride Content -3.865 <0.001
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We investigated the influence of the child’scores of children [18]. In contrast, we could
age, gender, parent's and child’s educationabt find any significant difference between the
level on the child’s 1Q scores. There was nmtellectual ability of children residing in loca-

difference between the intellectual ability otions with medium and high-fluoride water.

pre-school children (6 years) and school childMost of the assessments on the influence of
ren in the present study, indicating that thevater-fluoride content have been performed in
child’s educational level had no impact on th€hina. The fluoride concentration in our inves-
IQ scores. In addition, a relationship betweetigation was higher than previous studies in
the child’s age, gender, parent's education@hina [1, 13,14,18]. Furthermore, we com-
level and the 1Q scores was also not observedred two fluoride levels above the normal

(Table 4). limits to evaluate the effect of different con-
centrations of fluoride on children’s 1Q and
DISCUSSION dental fluorosis. In addition, our results dem-

Fluoride in small amounts is essential for thenstrated a higher percentage of children with
child’s development [1,20]. Although excesabove the normal 1Q range in the standard flu-
sive fluoride ingestion may result in visibleoride group compared to medium and high-
side effects, some effects may go unnoticed fiioride groups. This was in line with the find-
unchecked [1, 8]. In this study, we investigatenhgs of Trivedi et al., who reported that an ele-
the consequence of high fluoride content wateated fluoride level would affect the higher
on children’s intelligence in Iran, a countrylevels of intelligence more vigorously than
lying on one of the geographical fluoride beltsmormal and low intelligence levels [26]. Hong
[1]. and colleagues demonstrated that although an
Here we demonstrated that the average 1Q @levated fluoride level in drinking water low-
children living in the area with a high fluorideers the IQ, the amount of iodine in the water of
content in the drinking water was significantljthe investigated area was a more significant
lower than children with standard water fluofactor influencing the average 1Q [14] We
ride levels. Since all potentially confoundingound a concentration of 0.08-0.1 mg/l for
factors were adjusted, the difference in IQ@dine and 0-0.5 mg/l for lead, which were in
scores may reveal the potential effect of highccordance to standard levels for these two
fluoride exposure on the intellectual developelements [27, 28], which may accuse the high
ment of children. These results are consistelatvel of fluoride for the decreased IQ scores in
with findings reported by Xiang et al., whothe present study.

confirmed a decrease in children’s neurobeh&ossible mechanisms for the neurotoxic effect
vioral ability when exposed to elevated fluoof fluoride may be explained by several animal
ride levels [18]. However, no adjustment wastudies [7-10]. Fluoride can pass through the
made to remove the confounding factors iplacenta by maternal exposure to elevated flu-
their investigation and the water fluoride coneride levels during the prenatal period or it
tent in the control area was lower than theay be ingested through the child’s diet. High
standard water fluoride concentration. Thitevels of absorbed fluoride in children (80-
may be important, as a reduced level of flu®0%) and adults (60%) are retained in the
ride content may also give rise to adverse nebedy [1,15]. Once absorbed in the blood, fluo-
rological impacts [3, 13,18,24,25]. In a similaride forms lipid soluble complexes which cross
study, Xiang et al. reported an inverse concethe blood-brain barrier and accumulate in ce-
tration-respond relationship between the fluaebral tissues [1, 8,11]. The penetrated fluoride
ride content of drinking water and the IQcomplexes adversely affect the CNS develop-
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ment by different neurotoxic and exciotoximot require any verbalization or reading skills
mechanisms, such as free radical generatid80-32].

inhibition of anti-oxidant and mitochondrialBased on the general concept that intellectual
energy enzymes and inhibition of glutamatdevelopment is a consequence of different
transporters [29]. neurological and environmental factors, we
The structural and functional alterations irfave evaluated some of the environmental fac-
CNS, specifically in the fetal period and the@ors on the child’s intellectual ability. Our
first 8 years of life, may lead to learning andinding showed that child's age and education-
intellectual deficits and cognitive dysfunctionsl stage had no correlation with IQ scores, this
[7-10,29]. In addition, fluoride interferes withwas in line with studies performed by Li et al.
the activity of the thyroid gland, which has and Seraj et al., indicating that the fetal and
deleterious effect on brain development anelarly childhood periods are the most suscepti-
function in children [5]. ble stages in brain development and any in-
Our findings showed that the prevalence artliced neurological impairments are not re-
severity of dental fluorosis was greater amonggrsible [12,18,33].

children with a higher water fluoride contentAs it is well accepted, the neurobehavioral de-
As a probable result of “the halo effect”, wevelopment may be influenced by many geneti-
found a 22% prevalence of fluorosis in childeal, socioeconomical and geographical factors
ren living in the village with a standard fluo-[12]. Thus, we have recruited our samples
ride level, which was in accordance witfrom a homogenous rural population in Ma-
WHO guidelines explaining that at an optimakoo, diminishing the effect of some environ-
fluoride level (1 ppm), about 20% of the popumental and inherited factors, yet it is obvious
lation demonstrate fluorosis [1,4]. However, inhat complete exclusion of such factors is im-
villages with a higher than standard fluoridgossible. In a study, the urinary fluoride level
level, all children demonstrated dental fluorowas implemented as the basic indicator for the
sis with a severity index of moderate to severehild’s fluoride exposure [16]. However, since
In this study, we administrated Raven’s Cadrinary fluoride excretion may vary from one
lored Progressive Matrices (RCPM) test tsubject to the other or even in the same person
evaluate the child’s intellectual development, and because drinking water was typically the
validated test for basic cognitive abilities angreatest single contributor to daily fluoride in-
widely used to evaluate the normal develogake in this area, we have evaluated the effect
ment of brain functions [12,30]. It consists obf different amounts of fluoride in drinking
problems containing a matrix of geometricalvater [1,20]. In the present study, the effect of
design, with a part removed. The child has tituoride concentration on the child’s 1Q was
select the missing cell form 6-8 given alternaassessed; however, it is possible that other
tives [30,31]. Owing to the high correlation otrace elements in drinking water may have
this test in evaluating children’s 1Q (rangingsome neurological side effects [16,34]. Thus,
from 0.7-0.92) of this test in evaluating childfurther studies are required to investigate the
ren’s IQ (ranging from 0.7-0.92) compared te@ffect of other environmental or geological
the conventional IQ test, RCPM is recomeontaminants.

mended for measuring the intellectual and@he data from this research may support the
conceptual ability of young children (5 to 10.5ypothesis that excess fluoride in drinking wa-
years). Furthermore, due to the non-verb&tr has neurological toxic effects. Therefore, a
characteristics of the test, it is successfullglose monitoring of fluoride levels in local wa-
administrated in pre-school children, as it dodsr-supplies from areas with endemic fluorosis
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and implementing public health measures t6- Yaming G, Hongmei N, Cuiping F, Hong-
reduce the fluoride exposure levels in higlvei W,Xiaoyan Y, Shaolin W et al. Apoptosis

fluoridated regions seem necessary. in brain cells of offspring rats exposed to high
fluoride and low iodine.  Fluoride.

CONCLUSION 2006:39:173-8.

Within the limitation of this cross-sectional8- Vani ML, Reddy KP. Effects of fluoride

study, these conclusions may be drawn: accumulation on some enzymes of brain and
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with above the standard water fluoride levelg000;33:17-26.

were lower compared to children living in9- Mullenix PJ, Denbesten PK, Shunior A,
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