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Objectives: Higher fluoride concentrations in water have inconsistently been associated with

the levels of intelligence in children. The following study summarizes the available evidence

regarding the strength of association between fluoridated water and children's intelligence.

Study design: Meta-analysis.

Methods: PubMed, Embase, and Cochrane Library databases were systematically analyzed

from November 2016. Observational studies that have reported on intelligence levels in rela-

tion tohighandlowwaterfluoridecontents,with95%confidence intervals (CIs)were included.

Further, the results were pooled using inverse variance methods. The correlation between

water fluoride concentration and intelligence level was assessed by a doseeresponse

meta-analysis.

Results: Twenty-six studies reporting data on 7258 children were included. The summary

results indicated that high water fluoride exposure was associated with lower intelligence

levels (standardized mean difference : �0.52; 95% CI: �0.62 to �0.42; P < 0.001). The

findings from subgroup analyses were consistent with those from overall analysis. The

doseeresponse meta-analysis suggested a significant association between water fluoride

dosage and intelligence (P < 0.001), while increased water fluoride exposure was associated

with reduced intelligence levels.

Conclusions: Greater exposure to high levels of fluoride in water was significantly associated

with reduced levels of intelligence in children. Therefore, water quality and exposure to

fluoride in water should be controlled in areas with high fluoride levels in water.

© 2017 Published by Elsevier Ltd on behalf of The Royal Society for Public Health.
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Fluorosis is a progressive degenerative disease that causes
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the incidence of fluorosis has already reached 200 million

people worldwide.5,6 The inherent limitations related to pre-

vious review include the range of fluoridated water intake and

the cut-off values varying between studies. Furthermore, the

relationships between water fluoridation and intelligence in

specific subpopulations were not illustrated.

Recently, numerous studies have evaluated the relation-

ship between fluorosis and the children's intelligence,

revealing somewhat inconsistent results.7,8 Therefore, a new

systematic evaluation and meta-analysis are required to

determine the strength of this relationship. Although

numerous meta-analyses have already assessed the rela-

tionship between endemic fluorosis and intelligence levels,

new studies have emerged calling for re-evaluation of this

relationship.4,7e9 Moreover, previous meta-analyses failed to

provide doseeresponse curves. Consequently, we conducted

an updated doseeresponse meta-analysis to evaluate the

correlation between fluoride dosage and children's intelli-

gence levels.
Methods

Data sources, search strategy, and selection criteria

This review was conducted according to the Preferred

Reporting Items for Systematic Reviews and Meta-Analysis

Statement issued in 2009.10 Any observational study that

examined the relationship between water fluoride content

and children's intelligence was eligible for inclusion in our

study, while there were no restrictions on language or publi-

cation status (published, in press, or in progress). The PubMed,

Embase, and Cochrane Library electronic databases were

searched throughout November 2016 for relevant published

articles. The following search terms were used: ‘fluoride’,

‘fluorine’, ‘intelligence’, ‘IQ’, and ‘intelligence quotient’. We

also manually searched reference lists from all original and

review articles to identify additional eligible studies. The

medical subject headings, methods, study population, study

design, exposure levels, and outcome variables were used to

identify potentially relevant studies.

Two authors identified eligible studies, and all discrep-

ancies were resolved by group discussion. The eligibility

criteria included: (1) the study design was observational; (2)

the participants were children; (3) the experimental group

comprised individuals from areas with high fluoride levels in

water, and the control group comprised individuals from

areas with normal fluoride levels in water; and (4) the study

reported intelligence levels.

Data extraction and quality assessment

The data extraction and quality assessment were conducted

independently by two authors. The available information

were examined and adjudicated independently by a third

author after referring to the original studies. The collected

data included the name of the first author, publication year,

country, study design, sample size, mean age, percentage of

boys, fluoride exposure assessment, intelligence assessment,

reported outcomes, and study quality. The NewcastleeOttawa
Scale (NOS), which is comprehensive and partially validated

for evaluating the quality of observational studies in a meta-

analysis, was used to evaluate the methodological quality.11

The NOS is based on the following subscales: selection (4

items), comparability (1 item), and outcome (3 items). A ‘star

system’ (range, 0e9) has been developed for the assessment.12

Statistical analysis

The inverse variance method was used to pool continuous

data, and the results were presented as the standardized

mean difference (SMD) with the corresponding 95% confi-

dence intervals (CIs). The relationship between water fluoride

intake and intelligence level was examined based on the effect

estimate and its 95% CIs published in each study. Fixed or

random effects models were initially used to calculate the

SMDs and 95% CIs for the high vs normal fluoride concentra-

tion of thewater. Next, using the generalized least-squares for

trend estimation, the category-specific mean estimates were

transformed into estimates of the SMD associated with

increasing fluoride concentration of water.11 These estimates

were calculated assuming the linear relationship between the

natural logarithm of the SMD and the increasing intake of

fluoridated water. The value assigned to each fluoride con-

centration level of water was the mid-point for closed cate-

gories, such as the median and mean. Finally, a

doseeresponse meta-analysis was conducted from the

correlated natural log of the SMDs across the range of fluoride

concentration of the water.13,14 In order to derive the

doseeresponse curve, the fluoride intake was modeled by

using restricted cubic splines with three knots at fixed per-

centiles of 10%, 50%, and 90% of the distribution.11 This

method requires that the distributions of cases, and effect

estimate (SMDs) with the variance estimates for at least three

quantitative exposure categories are known. The I2 statistics

was calculated to evaluate the extent of variability attribut-

able to the statistical heterogeneity between trials. In the

absence of statistical heterogeneity (I2 < 50%), fixed effect

model was used; otherwise, a random effect model15 was

used. A sensitivity analysis was conducted by removing each

individual study from themeta-analysis. Predefined subgroup

analyses were performed based on country, sex, age, water

fluoride dosage, and intelligence assessment. To investigate

the sources of heterogeneity, meta-regression analysis was

performed.16 The publication bias was assessed by visual ex-

amination of funnel plots and using the Begg andMazumdar17

and Egger tests.18 Results with two-sided P values less than

0.05 were considered statistically significant. Review Manager

(version 5.3) and STATA (version 12.0) were used for data

analysis.
Results

Following removal of duplicates, 238 studies were found.

Among these, basic researches, comments, reviews, and other

irrelevant studies were eliminated, resulting in 76 full-text

articles. These were then evaluated in detail, and 50 of them

were excluded due to following reasons: comments and re-

views (26), no relevant data (10), fluoride from coal burning (4),
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irrelevant studies (4), fluoride dosage not available (3), the

study reported data came from sample population (2), and no

control group (1). Finally, 26 studies assessing 7258 children

were selected for the final analysis (Fig. 1). Table 1 summarizes

the characteristics of the participants and included studies.

Four trials were performed in Iran,1,19e21 Four trials were per-

formed in India,22e25 and the others were performed in China.

One of the trials assessed the fluoride dosage from urine,26

while the others measured the dosage from water. In most

trials, the mean or median fluoride exposure of the test group

was >1 mg/l, and <1 mg/l in the control group (Table 1). Two

articles used the Wechsler Intelligence test for intelligence

assessment,27,28 one article used the BineteSimon test,29 one

article used the Iranian version of the Raymond B Cattell test,21

one article used the Japan intelligence quotient (IQ) test,30

while the other articles used the Raven related intelligence

test. Study quality was evaluated using the NOS (Table 1).

Overall, one study had a score of 7,26 five studies had a score of

6,27,28,49,50,55 17 studies had a score of

5,1,20�22,24,25,29,30,44�48,51�54 and the one study had a score of 4.23

As shown in Fig. 2, high fluoride levels in water were

associated with lower intelligence levels (SMD: �0.52; 95% CI:

�0.62 to �0.42; P < 0.001). The random effects model was

employed due to the substantial statistical heterogeneity

(I2 ¼ 69.1%; P ¼ 0.040). As a result, a sensitivity analysis was

conducted, and after sequential exclusion of each study from

pooled analyses, the final result was not affected by the

exclusion of any specific study. The results of the meta-

regression indicated that age significantly affected the rela-

tionship between high fluoride content and the children's in-

telligence level (P ¼ 0.039; Fig. 3). Subgroup analysis was
Fig. 1 e Flow chart of the literature
performed based on country, age, fluoride dosage, intelligence

assessment, and sex (Table 2). High fluoride content was

associated with lower levels of intelligence in China (SMD:

�0.482; 95% CI: �0.581 to �0.383; P < 0.001), Iran (SMD: �0.682;

95% CI: �0.985 to �0.380; P < 0.001), and India (SMD: �0.694;

95% CI: �1.250 to �0.138; P ¼ 0.015). Moreover, high fluoride

content was associated with the children's intelligence levels

regardless of the age group they belonged to (age <10.0 years:

SMD: �0.331, 95% CI: �0.520 to �0.142, P < 0.001; age �10.0

years: SMD: �0.451, 95% CI: �0.597 to �0.305, P < 0.001).

Similarly, the levels of intelligence were significantly lower in

children living in areas with high fluoride contents, regardless

of sex (boys: SMD: �2.008, 95% CI: �3.069 to �0.946, P < 0.001;

girls: SMD: �2.053, 95% CI: �2.730 to �1.377, P < 0.001). In

addition, high fluoride levels were associated with lower

levels of intelligence tested using the Chinese standardized

Raven's test (SMD: �0.525, 95% CI: �0.668 to �0.382, P < 0.001),

Raven's intelligence test (SMD: �0.534, 95% CI: �0.688 to

�0.381, P < 0.001), and other intelligence assessment ap-

proaches (including the Wechsler Intelligence test,

BineteSimon test, Japan IQ test, and Raymond B Cattell test)

(SMD:�0.524, 95% CI:�0.764 to �0.284, P < 0.001). Finally, high

fluoride levels were associated with lower levels of intelli-

gence in all the fluoride dosage subsets (1e2 mg/l: SMD:

�0.538, 95% CI: �0.931 to �0.144, P ¼ 0.007; 2e3 mg/l: SMD:

�0.573, 95% CI: �0.731 to �0.415, P < 0.001; 3e4 mg/l: SMD:

�0.675, 95% CI: �1.012 to �0.338, P < 0.001; 4e5 mg/l: SMD:

�0.435, 95% CI: �0.613 to �0.257, P < 0.001; 5e6 mg/l: SMD:

�0.385, 95% CI: �0.579 to �0.190, P < 0.001; 8e9 mg/l: SMD:

�0.257, 95% CI: �0.444 to �0.070, P ¼ 0.007; 11e12 mg/l: SMD:

�0.455, 95% CI: �0.710 to �0.201, P < 0.001).
search and selection process.
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Table 1 e Characteristics of the included studies.

Study Year Country Study design Age (years) Percentage
of boys

Number of
subjects

Expose
assessment

F exposure
dosage
(mg/l)a

Control
F dosage
(mg/l)a

Intelligence
assessment

Report outcome NOS,
study
quality

An JA27 1992 China Observational

study

7e16 N/A 242 Water 4.85

(2.1e7.6)

0.8 Wechsler

Intelligence test

IQ; IQ of different

age; IQ distribution

6

Xu YL29 1994 China Observational

study

8e14 N/A 129 Water 1.8 0.8 BineteSimon test IQ; IQ distribution 5

Li XS26 1995 China Observational

study

8e13 62.80% 907 Urinary 3.2

(1.81e2.69)

0.4 Chinese

standardized Raven

test

IQ; IQ in age; IQ

distribution; IQ in

genders

7

Zhao LB44 1996 China Observational

study

7e14 50% 320 Water 4.12 0.91 Chinese

standardized Raven

test

IQ; IQ in age; IQ

distribution; IQ in

education level

5

Wang GJ28 2008 China Observational

study

4e7 50.90% 230 Water 4.8

(1.0e9.6)

0.79

(0.58e1.0)

Wechsler

Intelligence test

IQ; IQ less than 90; IQ

in different head

circumference

6

Yao LM45 1996 China Observational

study

8e12 N/A 536 Water 11 0.5 (0e1) Chinese

standardized Raven

test

TSH level; IQ; IQ

distribution

5

Yao LM46 1997 China Observational

study

7e14 50% 502 Water 2 0.4 Chinese

standardized Raven

test

IQ; IQ in age 5

Zhang JW30 1998 China Observational

study

4e10 N/A 103 Water 0.8 0.58 Japan IQ test IQ; IQ in age 5

Lu Y47 2008 China Observational

study

10e12 N/A 118 Water 3.15 0.37 Chinese

standardized Raven

test

IQ; IQ distribution;

Relationship

between IQ and F

level

5

Hong FG48 2008 China Observational

study

8e14 N/A 117 Water 2.9 0.75 Chinese

standardized Raven

test

IQ; IQ distribution; IQ

in education level

5

Wang XH49 2001 China Observational

study

8e12 N/A 60 Water 2.97 0.5 Chinese

standardized Raven

test

IQ; IQ distribution 6

Xiang Q50 2003 China Observational

study

8e13 55.10% 512 Water 2.47

(0.57e4.5)

0.47

(0.18e0.76)

Chinese

standardized Raven

test

IQ; IQ in genders; IQ

in serum fluoride

level;

6

Seraj B1 2006 Iran Observational

study

N/A N/A 126 Water 2.5 0.4 Raven test IQ; IQ in age 5

Wang ZH51 2006 China Observational

study

8e12 N/A 368 Water 5.54 (3.88) 0.73 (0.28) Chinese

standardized Raven

test

IQ; IQ distribution 5

Fan ZX52 2007 China Observational

study

7e14 N/A 79 Water 3.15

(1.14e6.09)

1.03 Chinese

standardized Raven

test

IQ; IQ distribution 5
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Wang SX53 2007 China Observational

study

8e12 N/A 449 Water 8.3

(3.8e11.5)

0.65

(0.2e1.1)

Chinese

standardized Raven

test

IQ; IQ distribution 5

Chen YX54 2008 China Observational

study

7e14 50% 640 Water 4.55 0.89 Chinese

standardized Raven

test

IQ; IQ distribution; IQ

in genders; IQ in age

5

Hamid Reza

Pourelami20
2011 Iran Observational

study

7e9 48.30% 120 Water 2.38 0.41 Raven's Progressive

Matrices Intelligence

Test

IQ; IQ distribution; IQ

in genders

5

Pranati

Eswar22
2011 India Observational

study

12e14 51.90% 133 Water 2.45 0.29 Raven test (Standard

Progressive Matrices

test)

IQ; IQ distribution 5

Wang GJ28 2012 China Observational

study

8e13 54.90% 526 Water 2.45 (0.8) 0.36 (0.11) Chinese

standardized Raven

test

IQ; IQ in genders; IQ

in fluoride intake

level;

6

MH Trivedi23 2012 India Observational

study

N/A 61.90% 84 Water 2.25 0.42 Raven test (Standard

Progressive Matrices

test)

IQ; IQ distribution; IQ

in genders

4

B.Seraj1 2012 Iran Observational

study

6e11 48.50% 293 Water 5.2 (1.1) 0.8 (0.3) Raven's Color

Progressive Matrices

IQ; IQ distribution; IQ

in genders; IQ in

fluoride intake level;

5

Zhang Shun55 2015 China Observational

study

10e12 41.10% 180 Water 1.4

(1.23e1.57)

0.63

(0.58e0.68)

Chinese

standardized Raven

test

IQ; IQ in COMT

genotype

6

S Karimzade21 2014 Iran Observational

study

9e12 100% 39 Water 3.94 0.25 The Iranian version

of the Raymond B

Cattell test

IQ; IQ distribution 5

D. Mondal24 2015 India Observational

study

10e14 50.60% 40 Water 5.39 0.76 Raven Standard

Theoretical

Intelligence Test

IQ; IQ in genders 5

Shibu Thomas

Sebastian25

2015 India Observational

study

10e12 N/A 405 Water 2 0.4 Raven's Colored

Progressive Matrices

IQ; IQ distribution 5

N/A, not available; IQ, intelligence quotient; NOS, NewcastleeOttawa Scale; COMT, catechol-O-methyltransferase.
a Median (Min.-Max.) or Mean (SD).
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Fig. 2 e Association between water fluoride exposure and intelligence levels in children. CI, confidence intervals; SMD,

standardized mean difference; SD, standard deviation.
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The doseeresponse meta-analysis indicated a significant

non-linear relationship between fluoride dosage and chil-

dren's intelligence levels (P < 0.001; Fig. 4a). However, a

linear relationship was not statistically significant between

fluoride dosage and children's intelligence (P ¼ 0.976;

Fig. 4b). A non-linear relationship was evident between the

relative fluoride dosage and the children's IQ (P < 0.001;

Fig. 4c), and a linear relationship was also noted between

relative fluoride dosage and children's intelligence levels

(P < 0.001) (Fig. 4d).

Review of the funnel plots did not rule out publication bias

related to the children's IQ. However, results of the Begg and

Egger tests showed no evidence of publication bias related to

the children's IQ (Begg test, P ¼ 0.134; Egger test, P ¼ 0.173)

(Fig. 5).
Discussion

A total of 26 studies and 7258 children were included in the

present review. In general, we found that high levels of fluo-

ride exposure significantly affected the development of in-

telligence in children. Additional analysis revealed children's
age as a potential source of heterogeneity, since the effect of

age was robust in the subgroup analysis performed to account
for the effects of covariates. Since the doseeresponse meta-

analysis showed a relationship between the fluoride concen-

tration in water and children's IQ, it is necessary to improve

water quality, especially in areas which are economically

backward or are faced with serious pollution problems. Gov-

ernment and non-government organizations should paymore

attention to control the concentration of fluoride in drinking

water to reduce the impact on children'smental development.

Based on animal studies, fluoride has been reported to

cross the bloodebrain barrier.31 With the increase of fluoride

intake, the fluoride concentrations in the brain increase

gradually.32 Previous studies have shown that high long-term

fluoride intake can cause damage to nerve fibers and synapses

in the hippocampus and other brain areas, as well as to the

bloodebrain barrier in rats.33,34 However, the relationship

between high fluoride intake and the mental development in

children still needs to be verified. Moreover, there is a vari-

ability at the level of individual subjects belonging to different

nations, ethnic groups, education and economic brackets, and

so on. In the present study, a meta-analysis was conducted to

synthesize results from several studies aiming to obtain more

reliable conclusions.

In China, fluoride levels in drinking water cannot be more

than 1 mg/l.35 Besides affecting intellectual development in

children, long-term exposure to high fluoride levels in the

http://dx.doi.org/10.1016/j.puhe.2017.08.013
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Fig. 3 e Metaregression of the age grades.
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drinking water can also cause disorders related to calcium

and phosphorus metabolism, leading to calcium loss and

fluorosis.36 Dental fluorosis, characterized by the blackening

of teeth and yellowing and roughening of the palate, is the

most common in populations living in areas with high

fluoride content in drinking water.37 Skeletal fluorosis is
Table 2 e Subgroup analysis of the impact of water fluoride co

Subgroup Number of
studies

SMD (9

Country Overall 26 �0.523 (�(0.6

China 18 �0.482 (�0.5

Iran 4 �0.682 (�0.9

India 4 �0.694 (�1.2

Gender Overall 23 �2.053 (�2.7

Male 12 �2.008 (�3.0

Female 11 �2.095 (�2.9

Age in years Overall 8 �0.406 (�0.5

<10 3 �0.331 (�0.5

�10 5 �0.451 (�0.5

Water fluoride

dosage

Overall 27 �0.520 (�0.6

1e2 mg/l 3 �0.538 (�0.9

2e3 mg/l 11 �0.573 (�0.7

3e4 mg/l 4 �0.675 (�1.0

4e5 mg/l 4 �0.435 (�0.6

5e6 mg/l 3 �0.385 (�0.5

8e9 mg/l 1 �0.257 (�0.4

11e12 mg/l 1 �0.455 (�0.7

Intelligence

assessment

Overall 26 �0.523 (�0.6

Chinese standardized

Raven test

15 �0.525 (�0.6

Raven's intelligence

test

6 �0.534 (�0.6

Other intelligence

assessment

5 �0.524 (�0.7

CI, confidence interval; SMD, standardized mean difference.
another very common and very serious side-effect of high

fluoride intake, characterized by changes in the bone den-

sity, skeletal deformation, rickets, paralysis, disability, and

even death.38 Patients with skeletal fluorosis have been re-

ported to show neuronal nuclear vacuoles formations, cell

loss in the spinal cord, and loss or solidification of Nissl
ntent on the children's intelligence levels.

5% CIs) P-value Heterogeneity % P for
heterogeneity

21 to �0.424) P < 0.001 69.10% P < 0.001

81 to �0.383) P < 0.001 64.40% P < 0.001

85 to �0.380) P < 0.001 56.20% P ¼ 0.077

50 to �0.138) P ¼ 0.015 87.50% P < 0.001

30 to �1.377) P < 0.001 98.60% P < 0.001

69 to �0.946) P < 0.001 98.90% P < 0.001

92 to �1.377) P < 0.001 98.10% P < 0.001

22 to �0.291) P < 0.001 0% P ¼ 0.594

20 to �0.142) P ¼ 0.001 0% P ¼ 0.636

97 to �0.305) P < 0.001 0% P ¼ 0.453

16 to �0.424) P < 0.001 67.90% P < 0.001

31 to �0.144) P ¼ 0.007 71.40% P ¼ 0.030

31 to �0.415) P < 0.001 68.60% P < 0.001

12 to �0.338) P < 0.001 68% P ¼ 0.025

13 to �0.257) P < 0.001 61.20% P ¼ 0.052

79 to �0.190) P < 0.001 19.10% P ¼ 0.291

44 to �0.070) P ¼ 0.007

10 to �0.201) P < 0.001

21 to �0.424) P < 0.001 69.10% P < 0.001

68 to �0.382) P < 0.001 77.20% P < 0.001

88 to �0.381) P < 0.001 46.20% P ¼ 0.098

64 to �0.284) P < 0.001 54.60% P ¼ 0.066

http://dx.doi.org/10.1016/j.puhe.2017.08.013
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Fig. 4 e (a) Doseeresponse non-linear association between the absolute concentration of fluoride and the children's
intelligence levels. (b) Doseeresponse linear association between the absolute dosage of fluoride and the children's
intelligence levels. (c) Doseeresponse non-linear association between the relative dosage of fluoride and the children's
intelligence levels. (d) Doseeresponse linear association between the relative dosage of fluoride and the children's
intelligence levels. SMD, standardized mean difference.
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bodies.39 Moreover, patients experience fatigue, sleepiness,

headache, dizziness, and other symptoms related to the

nervous system.

The studies included in the present review were per-

formed in three countries, i.e. China, Iran, and India. Water

fluoride content is geographically distributed in a specific

manner in the world, and increases of fluoride levels in

drinking water are the main cause of fluorosis in these

countries.40 The early development of the brain is synchro-

nous with the development of intelligence. Generally, the age

range between 7 and 10 years is an important period for the

development of a child's intelligence. According to our re-

sults, high fluoride intake would affect the children's intelli-

gence, regardless of their age. Nonetheless, the results of the

meta-regression did show that age had an important role in

the relationship between high fluoride intake and intelli-

gence level, which furthermore implied that the intelligence

level was affected by increasing age. Different intelligence

assessment methods can cause heterogeneity among the

studies. Subgroup analysis revealed the significant
relationship between the fluoride content of drinking water

and the intelligence as assessed by general intelligence

assessment methods. Certain studies have suggested that

estrogen could affect the absorption and metabolism of

fluoride,41 and that the incidence of fluorosis varies among

girls and boys. However, in the present review, sex-related

differences in the relationship between fluoride intake and

intelligence level were not observed.

The doseeresponse meta-analysis revealed a non-linear

regression in both relative and absolute doses. The relation-

ship between fluoride intake and intelligence levels was most

obvious above an absolute fluoride concentration of about

4 mg/l or a relative fluoride concentration of about 3 mg/l. The

intelligence level of boys residing in areas withmediumwater

fluoride content (3.1 ± 0.9 ppm) was lower compared to boys

residing in areas with high water fluoride content

(5.2 ± 1.1 ppm); the number of children with below average

intelligence levels in the medium fluoride group was higher

compared to high fluoride group. Although the result of non-

linear model suggested that very high fluoride concentration

http://dx.doi.org/10.1016/j.puhe.2017.08.013
http://dx.doi.org/10.1016/j.puhe.2017.08.013


Fig. 5 e Funnel plot for intelligence levels. SMD, standardized mean difference.
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in water was associated with higher intelligence level than

medium fluoride, the results might variable due to smaller

number of cohorts were included. Further, the linear regres-

sionmodel showed that the higher the fluoride concentration,

the more the mental development of the children was

affected.

In this review, the fluoride intake resulting from coal

burning and its effect on the intelligence level was not

considered, since the dosage of fluoride in coal is difficult to

define, the time impact in children is not clear, and the topic is

little studied.42

We systematically evaluated the intelligence levels of

children living in districts with high fluoride levels in water;

however, this analysis had several limitations. First, we lacked

specific individual data for all the trials; thus, our statistical

analysis could only be performed at a study level. Second,

there were several unknown factors that may have caused

heterogeneity. Third, the different categories of water fluoride

were not included in subgroup analyses, which might have

affected the obtained results about the relationship between

water fluoride and intelligence level in specific subsets.

Fourth, the control doses of water fluoride (i.e. no observed

adverse effects) were not illustrated in stratified analyses,

which might have led to a potential confounder bias. Finally,

socio-economic status is usually a major confounder, and

since the socio-economic status was not provided in all orig-

inal articles, this might have affected the relationship be-

tween water fluoride intake and intelligence levels.

High fluoride content in drinking water can affect the in-

tellectual development of children, since the children residing

in areas with high fluoride content revealed to have lower

levels of intelligence compared to children residing in areas

with normal fluoride content. Moreover, the higher the fluo-

ride concentration was, the more obviously the children's in-

telligence was affected. Furthermore, high fluoride intake was

associated with low intelligence levels regardless of country,
sex, age, fluoride concentration, and intelligence assessment

method employed. Therefore, improving water quality and

reducing the fluoride levels in drinking water in areas with

high water fluoride content are important measures that

could help increase the intelligence levels of children living in

these areas.
Author statements

Ethical approval

None sought.

Funding

The study was supported by the Ministry of National Science

and Technology Supporting Project (2013BA105B03).

Competing interests

None declared.

Author contributions

Q.D. contributed to the study concept, manuscript prepara-

tion, and drafting the manuscript. J.J., X.C., and X.W.

contributed to data collection, analysis, and revising the

manuscript for important content. All authors read and

approved the final manuscript.
r e f e r e n c e s

1. Seraj B, Shahrabi M, Shadfar M, Ahmadi R, Fallahzadeh M,
Eslamlu HF, et al. Effect of high water fluoride concentration

http://refhub.elsevier.com/S0033-3506(17)30295-0/sref1
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref1
http://dx.doi.org/10.1016/j.puhe.2017.08.013
http://dx.doi.org/10.1016/j.puhe.2017.08.013


p u b l i c h e a l t h 1 5 4 ( 2 0 1 8 ) 8 7e9 796
on the intellectual development of children in makoo/iran. J
Dent (Tehran) 2012;9:221e9.

2. Nagarajappa R, Pujara P, Sharda AJ, Asawa K, Tak M,
Aapaliya P, et al. Comparative assessment of intelligence
quotient among children living in high and low fluoride areas
of Kutch, India e a pilot study. Iran J Public Health
2013;42:813e8.

3. Choi AL, Zhang Y, Sun G, Bellinger DC, Wang K, Yang XJ, et al.
Association of lifetime exposure to fluoride and cognitive
functions in Chinese children: a pilot study. Neurotoxicol
Teratol 2015;47:96e101.

4. Choi AL, Sun G, Zhang Y, Grandjean P. Developmental
fluoride neurotoxicity: a systematic review and meta-
analysis. Environ Health Perspect 2012;120:1362e8.

5. Saxena S, Sahay A, Goel P. Effect of fluoride exposure on the
intelligence of school children in Madhya Pradesh, India. J
Neurosci Rural Pract 2012;3:144e9.

6. Ding YP. The effects of fluoride and aluminum exposure on
children's intelligence, dental fluorosis in endemic fluorosis
areas. Harbin Med Univ 2011:4.

7. Tang QQ, Du J, Ma HH, Jiang SJ, Zhou XJ. Fluoride and
children's intelligence: a meta-analysis. Biol Trace Elem Res
2008;126:115e20.

8. Li FH, Chen X. Meta-analysis of the effect of endemic fluorosis
on Children's intelligence development. Chin General Pract
2007;10:618e9.

9. Liu M, Qian C. Effect of endemic fluorosis on children's
intelligence development: a meta-analysis. Chin J Contemp
Pediatr 2008;10:723e5.

10. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred
reporting items for systematic reviews and meta-analyses:
the PRISMA statement. PLoS Med 2009;6:e1000097.

11. Orsini N, Bellocco R, Greenland S. Generalized least squares
for trend estimation of summarized dose-response data. Stata
J 2006;6:40.

12. Wells G, Shea B, O'Connell D. The Newcastle-Ottawa Scale (NOS)
for assessing the quality of nonrandomised studies in meta-
analyses. Ottawa (ON): Ottawa Hospital Research Institute;
2009.

13. Norat T, Lukanova A, Ferrari P, Riboli E. Meat consumption
and colorectal cancer risk: dose-response meta-analysis of
epidemiological studies. Int J Cancer 2002;98:241e56.

14. Fedirko V, Tramacere I, Bagnardi V, Rota M, Scotti L, Islami F,
et al. Alcohol drinking and colorectal cancer risk: an overall
and dose-response meta-analysis of published studies. Ann
Oncol 2011;22:1958e72.

15. Wang J, Yao K, Yang X, Liu W, Feng B, Ma J, et al. Chinese
patent medicine liu wei di huang wan combined with
antihypertensive drugs, a new integrative medicine therapy,
for the treatment of essential hypertension: a systematic
review of randomized controlled trials. Evid Based Complement
Altern Med 2012;2012:714805.

16. Dias S, Sutton AJ, Welton NJ, Ades AE. Evidence synthesis for
decision making 3: heterogeneityesubgroups, meta-
regression, bias, and bias-adjustment. Med Decis Making
2013;33:618e40.

17. Begg CB, Mazumdar M. Operating characteristics of a rank
correlation test for publication bias. Biometrics
1994;50:1088e101.

18. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical test. BMJ
1997;315:629e34.

19. Seraj B, Shahrabi M, Falahzade M, Falahzade F, Akhondi N.
Effect of high fluoride concentration in drinking water on
children's intelligence. J Dent Med 2006;19:80e6.

20. Poureslami HR, Horri A, Garrusi B. A comparative study of the
IQ of children age 7e9 in a high and a low fluoride water city
in Iran. Fluoride 2011;44:163e7.
21. Karimzade S, Aghaei M, Mahvi A. Investigation of intelligence
quotient in 9e12-year-old children exposed to high-and low-
drinking water fluoride in West Azerbaijan Province, Iran.
Fluoride 2014;47:9e14.

22. Eswar P, Nagesh L, Devaraj C. Intelligence quotients of 12e14
year old school children in a high and a low fluoride village in
India. Fluoride 2011;44:168.

23. Trivedi M, Sangai N, Patel R, Payak M, Vyasa S. Assessment
of groundwater quality with special reference to fluoride and
its impact on IQ of schoolchildren in six villages of the
Mundra region, Kachchh, Gujarat, India. Fluoride
2012;45:377e83.

24. Mondal D, Dutta G, Gupta S. Inferring the fluoride
hydrogeochemistry and effect of consuming fluoride-
contaminated drinking water on human health in some
endemic areas of Birbhum district, West Bengal. Environ
Geochem health 2016;38:557e76.

25. Sebastian ST, Sunitha S. A cross-sectional study to assess
the intelligence quotient (IQ) of school going children aged
10e12 years in villages of Mysore district, India with
different fluoride levels. J Indian Soc Pedod Prev Dent
2015;33:307e11.

26. Li X, Zhi J, Gao R. Effect of fluoride exposure on intelligence in
children. Fluoride 1995;28(4):189e92.

27. An Jiaao, Mei Shuzhen, Liu Aiping, Fu Yun, Wang Qiufeng,
Lin Liang, et al. The effect of high fluorine on the intelligence
of primary and middle school students. Chin J Control Endem
Dis 1992;7:93e4.

28. Wang G, Yang D, Jia F, Wang H. A study of the IQ levels of
four-to seven-year-old children in high fluoride areas. Fluoride
2008;41:340e3.

29. Xu Y, Lu C, Xining Z. The influence of fluorine on children's
intelligence. Endem Dis Bull 1994;9:83e4.

30. Jianwen Z, Hua Y, Yan C. Investigation of high arsenic
fluoride on offspring intelligence development. Chin J Public
Health 1998;17:119.

31. Reddy PY, Reddy KP, Kumar KP. Neurodegenerative changes
in different regions of brain, spinal cord and sciatic nerve of
rats treated with sodium fluoride. J Med Allied Sci 2011;1:30.

32. Inkielewicz I, Krechniak J. Fluoride content in soft tissues and
urine of rats exposed to sodium fluoride in drinking water.
Fluoride 2003;36:263e6.

33. Long YG, Wang YN, Chen J, Jiang SF, Nordberg A, Guan ZZ.
Chronic fluoride toxicity decreases the number of nicotinic
acetylcholine receptors in rat brain. Neurotoxicol Teratol
2002;24:751e7.

34. Ojha S, Chauhan SS. Chronic fluoride exposure alters
antioxidant enzymes in rat brain and intestine. Alzheimer's
Dementia 2010;6:S38.

35. Bo Z, Mei H, Yongsheng Z, Xueyu L, Xuelin Z, Jun D.
Distribution and risk assessment of fluoride in drinking water
in the west plain region of Jilin province, China. Environ
Geochem Health 2003;25:421e31.

36. Gopalakrishnan SB, Viswanathan G. Assessment of fluoride-
induced changes on physicochemical and structural
properties of bone and the impact of calcium on its control in
rabbits. J Bone Miner Metab 2012;30:154e63.

37. Wong MC, Glenny AM, Tsang BW, Lo EC, Worthington HV,
Marinho VC. Topical fluoride as a cause of dental fluorosis in
children. Cochrane Database Syst Rev 2010:CD007693.

38. Susheela AK, Jethanandani P. Circulating testosterone levels
in skeletal fluorosis patients. J Toxicol Clin Toxicol
1996;34:183e9.

39. Zhanyin C, Daren L, Huili Z, Tiancai L, Jin Z, Hongan L, et al.
Pathological changes in the spinal cord of mice with chronic
fluorosis. Endem Dis Bull 1992;7:39e42.

40. Tekle-Haimanot R, Melaku Z, Kloos H, Reimann C, Fantaye W,
Zerihun L, et al. The geographic distribution of fluoride in

http://refhub.elsevier.com/S0033-3506(17)30295-0/sref1
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref1
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref1
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref2
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref2
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref2
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref2
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref2
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref2
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref2
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref3
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref3
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref3
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref3
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref3
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref4
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref4
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref4
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref4
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref5
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref5
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref5
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref5
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref6
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref6
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref6
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref7
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref7
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref7
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref7
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref8
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref8
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref8
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref8
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref9
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref9
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref9
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref9
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref10
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref10
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref10
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref11
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref11
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref11
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref12
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref12
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref12
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref12
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref13
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref13
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref13
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref13
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref14
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref14
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref14
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref14
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref14
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref15
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref15
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref15
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref15
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref15
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref15
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref16
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref16
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref16
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref16
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref16
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref16
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref17
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref17
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref17
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref17
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref18
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref18
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref18
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref18
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref19
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref19
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref19
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref19
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref20
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref20
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref20
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref20
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref20
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref21
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref21
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref21
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref21
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref21
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref21
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref22
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref22
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref22
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref22
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref23
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref23
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref23
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref23
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref23
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref23
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref24
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref24
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref24
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref24
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref24
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref24
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref25
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref25
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref25
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref25
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref25
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref25
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref25
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref26
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref26
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref26
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref27
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref27
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref27
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref27
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref27
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref28
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref28
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref28
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref28
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref29
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref29
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref29
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref30
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref30
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref30
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref31
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref31
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref31
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref32
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref32
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref32
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref32
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref33
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref33
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref33
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref33
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref33
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref34
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref34
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref34
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref35
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref35
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref35
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref35
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref35
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref36
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref36
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref36
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref36
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref36
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref37
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref37
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref37
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref38
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref38
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref38
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref38
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref39
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref39
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref39
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref39
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref40
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref40
http://dx.doi.org/10.1016/j.puhe.2017.08.013
http://dx.doi.org/10.1016/j.puhe.2017.08.013


p u b l i c h e a l t h 1 5 4 ( 2 0 1 8 ) 8 7e9 7 97
surface and groundwater in Ethiopia with an emphasis on the
Rift Valley. Sci Total Environ 2006;367:182e90.

41. Zhou Y, Qiu Y, He J, Chen X, Ding Y, Wang Y, et al. The
toxicity mechanism of sodium fluoride on fertility in female
rats. Food Chem Toxicol 2013;62:566e72.

42. Li L, Luo KL, Liu YL, Xu YX. The pollution control of fluorine
and arsenic in roasted corn in “coal-burning” fluorosis area
Yunnan, China. J Hazard Mater 2012;229e230:57e65.

44. Zhao L, Liang G, Zhang D, Wu X. Effect of a high fluoride water
supply on children's intelligence. Fluoride 1996;29:190e2.

45. Luming Y, Jinglin Z, Xiuling W, Qicheng C, Fengyan L.
Analysis of intelligence level and dental fluorosis children
(TSH) in high fluoride area. Literatue Inf Prev Med 1996;2:26e7.

46. Luming Y, Yi D, Shuyun Y, Jinglin Z, Xiuling W, Zhengwei C.
Comparative analysis on children's physical and mental
development level in changed and unchanged fluorosis area.
Literatue Inf Prev Med 1997;3:42e3.

47. Lu Y, Sun Z, Wu L, Wang X, Lu W, Liu S. Effect of high-fluoride
water on intelligence in children. Fluoride 2000;33:74e8.

48. Hong F, Cao Y, Yang D, Wangb H. Research on the effects of
fluoride on child intellectual development under different
environmental conditions. Chin Prim Health Care
2001;15:56e7.

49. Xiuhong W, Lingfang W, Peiying H, Xiaowei G, Xiaohong L.
Effects of high iodine and high fluorine on children's
intelligence and thyroid function. Chin J Endemiol
2001;20:288e90.

50. Quanyong X, Youxin L, Bingheng C, Liansheng C. Analysis of
children's serum fluoride levels in relation to intelligence
scores in a high and low fluoride water village in China.
Fluoride 2010;44:191e4.

51. Zhenghui W, Sanxiang W, Xiangdong Z, Jun L, Xiaotian C,
Zhaoming W, et al. Investigation on children's growth and
development under long-term fluoride exposure. Chin J
Control Endem Dis 2006;21:239e41.

52. Zhongxue F, Hongxing D, Aimei B, Pingan L, Yue L, Guangde L,
et al. Effect of high fluoride exposure on children intelligence.
J Environ Health 2007;24:802e3.

53. Wang SX, Wang ZH, Cheng XT, Li J, Sang ZP, Zhang XD, et al.
Arsenic and fluoride exposure in drinking water: children's IQ
and growth in Shanyin county, Shanxi province. China Environ
Health Perspect 2007;115:643e7.

54. Chen Y, Han F, Zhou Z, Zhang H, Jiao X, Zhang S, et al.
Research on the intellectual development of children in high
fluoride areas. Fluoride 2008;41:120e4.

55. Zhang S, Zhang X, Liu H, Qu W, Guan Z, Zeng Q, et al.
Modifying effect of COMT gene polymorphism and a
predictive role for proteomics analysis in children's
intelligence in endemic fluorosis area in Tianjin, China.
Toxicol Sci 2015;144:238e45.

http://refhub.elsevier.com/S0033-3506(17)30295-0/sref40
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref40
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref40
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref41
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref41
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref41
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref41
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref42
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref42
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref42
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref42
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref42
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref44
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref44
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref44
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref45
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref45
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref45
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref45
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref46
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref46
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref46
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref46
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref46
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref47
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref47
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref47
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref48
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref48
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref48
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref48
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref48
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref49
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref49
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref49
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref49
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref49
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref50
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref50
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref50
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref50
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref50
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref51
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref51
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref51
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref51
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref51
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref52
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref52
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref52
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref52
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref53
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref53
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref53
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref53
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref53
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref54
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref54
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref54
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref54
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref55
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref55
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref55
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref55
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref55
http://refhub.elsevier.com/S0033-3506(17)30295-0/sref55
http://dx.doi.org/10.1016/j.puhe.2017.08.013
http://dx.doi.org/10.1016/j.puhe.2017.08.013

	Association between water fluoride and the level of children's intelligence: a dose–response meta-analysis
	Introduction
	Methods
	Data sources, search strategy, and selection criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Discussion
	Author statements
	Ethical approval
	Funding
	Competing interests
	Author contributions

	References


