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Abstract This paper presents a systematic review of the literature concerning fluoride that
was carried out to investigate whether fluoride exposure increases the risk of low
intelligence quotient (IQ) in China over the past 20 years. MEDLINE, SCI, and CNKI
search were organized for all documents published, in English and Chinese, between 1988
and 2008 using the following keywords: fluorosis, fluoride, intelligence, and IQ. Further
search was undertaken in the website www.fluorideresearch.org because this is a
professional website concerning research on fluoride. Sixteen case–control studies that
assessed the development of low IQ in children who had been exposed to fluoride earlier in
their life were included in this review. A qualitative review of the studies found a consistent
and strong association between the exposure to fluoride and low IQ. The meta-analyses of
the case–control studies estimated that the odds ratio of IQ in endemic fluoride areas
compared with nonfluoride areas or slight fluoride areas. The summarized weighted mean
difference is −4.97 (95%confidence interval [CI]=−5.58 to −4.36; p<0.01) using a fixed-
effect model and −5.03 (95%CI=−6.51 to 3.55; p<0.01) using a random-effect model,
which means that children who live in a fluorosis area have five times higher odds of
developing low IQ than those who live in a nonfluorosis area or a slight fluorosis area.
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Introduction

The association between low intelligence quotient (IQ) scores in children and high level of
fluoride in drinking water has been reported [1]. However, how strong the association is is
unknown. In China, endemic fluoride poisoning is serious, and there are thousands of
people and children live in endemic fluorosis areas. The objective of this paper is to present
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a meta-analysis to answer the following question: Is there truly an association between low
IQ and fluoride in total 20 years? How strong is the association?

To assess the strength of the association between the level of fluoride in water and IQ,
weighted mean difference (WMD) is used. The magnitude of WMD determines the strength
of an association between fluoride levels and low IQ. In a meta-analysis, a systematic
review of the literature is conducted, and studies are included or excluded from the analysis
depending on whether they meet the eligibility criteria for inclusion set by the reviewers.
The data are combined statistically to provide a quantitative estimate of the size of effect of
exposure and risk of disease [2].

Materials and Methods

Literature Search MEDLINE, SCI, and CNKI search were organized for all studies
published, in English and Chinese, between 1988 and 2008. The following keywords were
used to search for all documents: fluorosis, fluoride, intelligence, or IQ. A further search
was undertaken in the website www.fluorideresearch.org because this is a professional
website concerning research on fluoride. The country was restricted to China. As a result,
18 case–control studies were located with enough data to allow for further quantitative
analysis (Table 1).

A total of 26 studies were excluded. Some excluded studies did not present enough data
to allow inclusion in the meta-analysis. Another reason for exclusion was some of the
papers had been included, which means that they had been published more than one time or
had been published in two journals in Chinese or English language.

Meta-analysis The analysis included 16 case–control studies. The summary WMD and
95% confidence intervals (CI) were obtained using the following two statistical methods
(Table 2):

1) Mantel–Haenszel method: estimates the summary WMD and its standard error
2) DerSimonian–Laird method: estimates the summary WMD and its standard error. No

test of homogeneity is available for this method

The Mantel–Haenszel should be used in a fixed-effect model, while the DerSimonian–
Laird methods should be used in a random-effect model. Tests of homogeneity of variances
for the Mantel–Haenszel were performed as described by Petitti [2].

Sensitivity Analysis Sensitivity analysis was used to assess how robust the results are to
uncertain decisions or assumption about the data and the methods that were used [3] (Table 3).

Results

Case–Control Studies These studies are listed in chronological order in Table 1. Children
expose to fluoride had a significant increase in the risk of developing low IQ. Twelve
studies found statistically positive associations between the exposure to fluoride and low
IQ (Table 1). The risk of developing low IQ ranged from a low of 0.2 to a high of 10.78
[1, 4–18].
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Table 2 Summary WMD

Methods Model Summary WMD 95% CI Test of homogeneity
(x2 value, p value)

Mantel–Haenszel Fixed-effect model −4.97 −5.58, −4.36 102.66, <0.01
DerSimonian–Laird Random-effect model −5.03 −6.51, −3.55 Not applicable

Table 1 Risk of Low IQ in Fluorosis Area: Case–control Studies

Authors Year Groups Number IQ
(Mean±SD)

WMD 95% CI

An JA 1992 Fluorosis area 121 75.9±13.6 −8.10 −11.34–−4.86
Nonfluorosis area 121 84±12.1

Xu YL 1994 1. Severe fluorosis area 97 79.25±2.25 −4.58 −7.76–−1.40
2. Slight fluorosis area 21 80.21±8.27 −3.62 −8.36–1.12
3. Nonfluorosis area 32 83.83±9.10

Li XS 1995 1. Nonfluorosis area 226 89.9±10.4
2. Slight fluorosis area 227 89.7±12.7 −0.20 −2.34–1.94
3. Medium fluorosis area 224 79.7±12.7 −10.20 −12.35–−8.05
4.Severe fluorosis area 230 80.3±12.9 −9.60 −11.75–−7.45

Zhao LB 1996 Severe fluorosis area 160 97.69±13.0 −7.52 −10.59–−4.45
Slight fluorosis area 160 105.21±14.99

Wang GJ 1996 Fluorosis area 147 95.64±14.34 −5.59 −9.71–−1.47
Nonfluorosis area 83 101.23±15.84

Yao LM 1997 1.Fluorosis area without altering
water sources

188 94.89±11.15 −5.09 −7.18–−3.00

2.Fluorosis area with altering
water sources

326 97.83±11.27 −2.15 −3.97–−0.33

3.Nonfluorosis area 314 99.98±12.21
Zhang JW 1998 Fluorosis area 51 85.62±13.23 −2.04 −6.75–2.67

Nonfluorosis area 52 87.66±11.04
Lu Y 2000 Severe fluorosis area 60 92.27±20.45 −10.78 −17.06–−4.50

Slight fluorosis area 58 103.05±13.86
Xiang Q 2003 Severe fluorosis area 222 92.02±13.00 −8.39 −10.68–−6.10

Slight fluorosis area 290 100.41±13.21
Wang SX 2005 Severe fluorosis area 253 107.83±15.45 −4.53 −7.35–−1.71

Slight fluorosis area 196 112.36±14.87
Fan ZX 2007 Severe fluorosis area 42 96.11±12.00 −2.30 −8.28–3.68

Slight fluorosis area 37 98.41±14.75
Wang SX 2007 Severe fluorosis area 253 101±16 −4.00 −6.88–−1.12

Nonfluorosis area 196 105±15
Chen YX 2008 Fluorosis area 320 100.24±14.52 −3.79 −6.08–−1.50

Nonfluorosis area 320 104.03±14.98
Guo XC 2008 Fluorosis area 60 76.7±10.88 −4.70 −8.47–−0.93

Nonfluorosis area 61 81.4±10.25
Hong FG 2008 Severe fluorosis area 85 80.58±2.28 −2.21 −5.36–0.94

Nonfluorosis area 32 82.79±8.98
Li YP 2008 Fluorosis area 720 92.07±17.12 −1.71 −3.92–0.50

Nonfluorosis area 236 93.78±14.30
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Meta-analysis The Mantel–Haenszel method estimated that the summary WMD for the
association between exposure to fluoride and low IQ is about −4.97 (95% CI=−5.58 to
−4.36; p<0.01). The DerSimonian–Laird gave a summary WMD of −5.03 (−6.51 to −3.55;
p<0.01; Table 2). Because of the lack of homogeneity of variances among the studies, the
results of the Mantel–Haenszel method may be invalid. The random-effect method that is
the basis for the DerSimonian–Laird algorithm is preferred in this case. Overall, the meta-
analyses found that the summary WMD on average is about 5, indicating that children who
live in a fluorosis area have five times higher odds of developing low IQ than those who
live in a nonfluorosis area or a slight fluorosis area.

Sensitivity Analysis To analyze the sensitivity of our study, two studies were excluded
because the samples of the two studies were large and thus may increase the heterogeneity:
Li’s paper, the samples of which were 720 for the fluorosis area and 236 for the control, and
Chen’s paper, the samples of which were both 320 for the fluorosis area and the control
(Table 3). The results of the sensitivity analysis show that with either Li’s or Chen’s study
excluded, the summary WMD and 95% CI were still near to the results before they were
excluded. Further, when the two studies were excluded at the same time, the results were
also stable. Hence, the results of the sensitivity analysis indicate that the results of our study
are reliable and believable.

Funnel Plot for Bias Analysis Figure 1 is the funnel plot of our study, which shows the bias
of our study. From the figure, we can see that there are biases in our study. Publication bias
and language bias may be the main causes.

Fig. 1 Funnel plot of the present
study, which shows that there
are some biases (obtained by
Review Manager 4.2.2 Software)

Table 3 Sensitivity Analysis of This Present Study

Exclude Li’s
paper only

Exclude Chen’s
paper only

Exclude Li and
Chen’s papers both

Summary WMD (fixed-effect model) −5.24 −5.06 −5.36
95% CI (fixed-effect model) −5.88, −4.61 −5.70, −4.43 −6.02, −4.70
Summary WMD (random-effect model) −5.23 −5.11 −5.32
95% CI (random-effect model) −6.75, −3.73 −6.68, −3.53 −6.93, −3.71
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Discussion

The mechanism of the action of fluoride in reducing IQ is not clear. Guan et al. [19]
demonstrated that the contents of phospholipids and ubiquinone are altered in the brain of
rats affected by chronic fluorosis, and therefore changes in membrane lipids could be a
cause of this disorder. Furthermore, thyroid hormones play an important role in
development of brain and thus might also affect IQ level [20]. However, the strength
between fluoride and low IQ is still unknown.

We investigated this study to summarize the 20-year studies concerning the association
between fluoride and low IQ in China and to try to find if there is truly an association
between them in total 20 years and how strong the association is. Our findings show that
children who live in a fluorosis area have five times higher odds of developing low IQ than
those who live in a nonfluorosis area or a slight fluorosis area. Hence, further action should
be undertaken to reduce the fluoride level in the water of a fluorosis area, which is also
urgent and necessary.
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