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Abstract
Background  Fluorosis caused by excess intake of fluoride can affects various soft tissues of the body, such as 
the gastrointestinal tract, blood, brain tissues and thyroid gland apart from dental fluorosis and skeletal fluorosis. 
Nonskeletal fluorosis is considered reversible if diagnosed early and treated promptly. Therefore, diagnostic methods 
that can be easily performed even by primary health care workers and depict any ongoing health problems, should 
be validated. Dental fluorosis, assessment of fluoride in urine and water are tests that fulfill these requirements. To 
date, no study has correlated haemoglobin (Hb) with dental fluorosis; moreover, studies focusing on intelligence 
quotient (IQ) had conflicting results and need further research. Hence, study was conducted to determine any 
relationship among different fluoride assessment parameters (severity of dental fluorosis, fluoride level in urine and 
drinking water) with IQ status and hemoglobin level of children aged 8–12 years, affected with or without dental 
fluorosis.

Methods  A total of 300 children aged 8–12 years were evaluated for dental fluorosis via Dean’s index, IQ level via 
Raven’s coloured progressive matrices test, Hb level, and fluoride content in water and urine.

Results  Water fluoride, age and gender were significantly associated with Hb. Intelligence was significantly related 
to urinary fluoride levels. Presence or absence of dental fluorosis and its severity were not significantly related to IQ or 
Hb.

Conclusions  Excess fluoride intake has adverse effects on hematological parameters and children’s cognitive 
neurodevelopment, which were evaluated by current fluoride exposure markers, i.e., water and urinary fluoride. 
However, dental fluorosis cannot be used as a definitive assessment marker for these conditions, as it is not 
significantly correlated with these conditions.
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Background
Fluorosis is a public health problem caused by excess 
intake of fluoride through drinking water, food prod-
ucts and industrial pollutants over a long period [1–4]. 
In India, endemic fluorosis is a major concern; about 
20 states are affected, with more than 66 million people 
drinking water with more than the optimal required con-
centration of fluoride [4–6]. The most seriously affected 
states are Andhra Pradesh, Punjab, Haryana, Rajasthan, 
Gujarat, Uttar Pradesh, Tamil Nadu, Karnataka and 
Maharashtra.

Once fluoride enters the body, it reaches various organs 
and tissues, and excessive amounts can lead to various 
health problems, such as dental fluorosis, skeletal fluo-
rosis and nonskeletal fluorosis [1, 7, 8]. The literature 
suggests that nonskeletal fluorosis affects various soft tis-
sues of the body, such as the gastrointestinal tract, blood, 
brain tissues and thyroid gland [9–16]. In RBCs, the 
erythrocyte membrane, due to the influx of F− loose cal-
cium ions, leads to the formation of echinocytes, which 
are structurally and functionally deranged RBCs with 
short life span and are phagocytosed and eliminated from 
the bloodstream, leading to anaemia. Some researchers 
have also reported a correlation between high fluoride 
exposure and low intelligence quotient (IQ) in children 
[17–22]. 

The increase in the number of cases of nonskeletal fluo-
rosis, which can lead to anaemia and mental disabilities, 
has long been recognized. Nonskeletal fluorosis can be 
reversible if diagnosed in initial stages; mitigation can be 
performed through the provision of safe drinking water, 
promotion of nutrition and avoidance of foods with high 
fluoride content [23]. However, to diagnose these con-
ditions, invasive blood tests and specialized psychiatric 
assessments at higher health centers are needed. These 
facilities are not easily accessible in rural and remote 
areas. Therefore, there is need for some diagnostic meth-
ods that can be easily performed clinically even by rural 
health care workers.

Assessment of dental fluorosis, fluoride level in urine 
and drinking water are simple, easy and non-invasive 
diagnostic tests that can act as an important tool in sus-
pecting any underlying systemic problem caused due to 
excessive fluoride intake. To date, no study has corre-
lated the haemoglobin (Hb) with dental fluorosis; more-
over, studies focusing on intelligence quotient (IQ) had 
conflicting results and need further research. Moreover, 
there is a need for more research on school-going chil-
dren to curb the rise of fluorosis and linked disorders in 
developing countries. To address these issues, a study 
was conducted to determine any relationship among dif-
ferent fluoride assessment parameters (severity of dental 
fluorosis, fluoride level in urine and drinking water) with 

IQ status and hemoglobin level of children aged 8–12 
years, affected with or without dental fluorosis.

Methods
Study design and setting
An observational cross-sectional study was conducted 
between January 2023 and July 2024. The study was con-
ducted in accordance with the Declaration of Helsinki of 
1975, revised in 2013, and the protocol was approved by 
the Biomedical and Health Research Committee, PGIDS, 
Rohtak vide letter no PGIDS/BHRC/21/4. Written 
informed assent from the participants and consent from 
their parents/guardians for inclusion were obtained.

Both high- and low-fluoride areas (optimum drinking 
water fluoride level < = 1 ppm) in Rohtak district, Hary-
ana, India, were included in the study according to fluo-
ride mapping survey [24]. The areas selected were rural 
areas with similar climatic conditions, with the major-
ity of the population having a lower socioeconomic sta-
tus with similar standards of living, quality of education, 
medical facilities, and cultural status and participants 
having comparable physical health and nutritional status. 
The children aged 8–12 years attending the schools in the 
study areas (high- and low-fluoride areas) were selected 
via random sampling method.

Inclusion criteria

a.	 Healthy cooperative children aged between 8 and 12 
years were included.

b.	 Children whose parents provided informed written 
consent for participation were included.

c.	 The residents of the study area have continuously 
lived since birth and drinking water from the same 
source.

d.	 Similar socioeconomic status (as assessed by Revised 
Kuppuswamy’s socioeconomic status scale) [25]. 

e.	 Normal birth history.
f.	 There was no history of chronic illness or trauma to 

the head, and the patient was not on any medication.
g.	 Children who had average or above average birth 

weight (> 2.5 kg) and were breastfed for the initial six 
months of life were included [26]. 

Exclusion criteria

a.	 History of trauma to the head or other neurological 
disorders.

b.	 Any congenital or acquired disease affecting 
intelligence or the blood profile.

c.	 History of any genetic disease or systemic disorders.
d.	 Children who had a change in the source of drinking 

water since birth.



Page 3 of 12Singhal et al. BMC Public Health          (2025) 25:788 

e.	 Severe extrinsic stains on teeth due to which 
assessment of the dental fluorosis status was not 
possible.

f.	 Parents and patients unwilling to participate in the 
study.

The patients who fulfilled the abovementioned inclusion 
criteria, along with parental written informed consent 
and assent from the participants, were selected for the 
study. A detailed questionnaire was completed, including 
information about the child’s demographic status, par-
ent’s education, family income, source of drinking water 
and duration of use of the present source of drinking 
water, oral hygiene practices and toothpaste used (fluo-
ridated or nonfluoridated) and dietary regime. (Supple-
mentary file-1)

Study tools
Data were collected by clinical examination for assess-
ment of dental fluorosis via Dean’s fluorosis index, and 
the IQ levels were tested via Raven’s Coloured Pro-
gressive Matrices (1998 edition) [27, 28]. The clinical 
examination was followed by three laboratory tests: (i) 
haemoglobin estimation, (ii) estimation of fluoride con-
tent in drinking water, and (iii) estimation of fluoride 
content in urine samples.

Sample size calculation
The sample size was calculated on the basis of the mean 
difference in IQ scores in high- and low-fluoride areas 
(91.37 ± 16.63 and 97.80 ± 15.95, respectively) [29]. Con-
sidering the power to be 80% at the 95% confidence inter-
val, the formula used for the calculation was based on 2 
independent samples with continuous outcomes, i.e., 
means ± SDs.

	 Sp =
√

(n1 − 1)s12 + (n2 − 1)s22

	 (n1 + n2 − 2)

Where n1 = Mean of the low fluoride area, n2 = Mean of 
the high fluoride area, s1 = Standard deviation (SD) of the 
low fluoride area, s2= (SD) of the high fluoride area, and 
Sp = Pooled (SD) of the 2 groups.

The pooled (SD) value of the 2 groups was 15.8. With 
all the values in the equation, the sample size was 95 per 
group, which was verified with an online sample size cal-
culator (Statulator). To increase the power of the study 
and compensate for nonresponses, a total of 300 subjects, 
150 per group, were recruited for the study.

Project implementation
All the participants were screened for assessment of 
dental fluorosis via Dean’s fluorosis index [27]. The 

participants were divided into 2 groups on the basis 
of the presence or absence of dental fluorosis. To avoid 
selection bias, a comparable sample population from 
each grade of dental fluorosis was included. Considering 
that 5 grades of fluorosis ranging from questionable to 
severe (0.5-4) exist, 30 children were included per group.

Clinical examination for the assessment of dental fluorosis
The severity and grading of dental fluorosis were done 
in accordance with Dean’s fluorosis index which is a six-
point scale [27]. Two most affected teeth were evaluated, 
however, if the two teeth were not equally affected, the 
score for the less affected tooth was recorded. Scor-
ing was done starting from the higher end of the index 
“severe”, and each score was eliminated until the final 
condition was reached. In case of doubt, the lower score 
was recorded. The categorization was as follows: normal/
unaffected (score 0) - the enamel is translucent. The sur-
face of the tooth is smooth, glossy, and usually has a pale 
creamy white color. Questionable (score 0.5) - enamel 
shows slight changes ranging from a few white flecks to 
occasional white spots. Very mild (score 1) -small opaque 
paper-white areas are scattered over the tooth surface but 
do not involve as much as 25% of the surface. Mild (score 
2) - white opaque areas on the surface are more extensive 
but do not involve as much as 50% of the surface. Mod-
erate (score 3) - white opaque areas affecting more than 
50% of the enamel surface and severe (score 4) - enamel 
surfaces are affected. The major feature of this class is the 
presence of discrete or confluent pitting on the enamel 
surface.

Standardization of the recording procedure  The 
examination and recording of the scores for all the sub-
jects were carried out by a single examiner. The examiner 
was calibrated before the study as well as during the study.

Assessment of IQ status
Assessment of IQ status was performed by a clinical psy-
chologist using Raven’s coloured progressive matrices 
1998 edition (RCPM) [28]. This is a nonverbal validated 
test for basic cognitive abilities and is widely used to 
evaluate normal brain functions for young children and 
old people, for anthropological studies, and for clinical 
work. It consists of twelve problems each in three sets: A, 
Ab and B; totaling 36 problems that include a matrix of 
geometrical design, with a part removed. The child must 
select the missing cell from six given alternatives. The 
maximum time allotted is 30 min according to the speci-
fications of the test manual. The original scores from the 
tests were converted into percentile ranks according to 
the age norms of the children. The children’s percentile 
ranks were subsequently categorized, according to the 
classification of the test manual, into the following five 
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IQ grade groups: Grade I—intellectually superior (at or 
above the 95th percentile); Grade II—definitely above the 
average intellectual capacity (at or above the 75th percen-
tile); Grade III—intellectually average (between the 25th 
and 75th percentiles); Grade IV—definitely below aver-
age intellectual capacity (at or below the 25th percentile); 
and Grade V—intellectually impaired (at or below the 
5th percentile). For the data analysis, these five IQ grades 
were further combined into two groups: intellectually 
average or above (grades I, II and III) and intellectually 
below average (grades IV and V).

Haemoglobin estimation
Sahli haemoglobinometer was used to determine the 
haemoglobin content of the blood {Haemometer Sahli-
plano parallel, typesquare (TopTechBiomedicals, Vasai 
East, Palghar, Thane, Maharashtra)}.The haemoglobin 
level was expressed as g/dl. For data analysis, Hb content 
in blood was categorized according to the Indian Council 
of Medical Research categories of anaemia: participants 
with low Hb (anaemic) - less than 11  g/dl and partici-
pants with normal Hb- equal to or greater than 11  g/
dl[30]

Fluoride estimation in urine
Each child was provided a plastic, wide-mouth bottle, 
with the name of the child, age and date written on a label 
of adhesive plaster. The collected samples were placed in 
an icebox immediately and brought to the laboratory. 
Urine fluoride testing was performed with an ion-selec-
tive fluoride meter with a fluoride-ion-selective electrode 
(Orion Versa Star prometer, Thermo Fisher Scientific 
water and lab products, Chelmsford, MA). In brief, flu-
oride standard solutions of 0.1, 1.0 and 10.0  mg/L were 
prepared by diluting a 100 mg/L fluoride standard solu-
tion in distilled water. The urine samples and standards 
were allowed to stand at room temperature and TISAB II 
solution (Total Ionic Strength Adjustment Buffer II) was 
then added to the test tubes at a ratio of 1:1 and shaken 
until stabilized. The direct readings of fluoride concentra-
tion (expressed in mg/L or ppm) were obtained according 
to the manufacturer’s instructions. The results of fluoride 
content in urine were divided into 2 groups as follows: 
less than 1  mg/L or ppm and equal to or greater than 
1 mg/L or ppm.

Fluoride estimation in drinking water
The participants were asked to obtain water (approxi-
mately 50  ml) in a plastic bottle directly from their 
domestic source of water and not from collected or 
stored water. The bottles were provided with the name of 
the child and the age and date of collection. The fluoride 
in the water sample was analyzed by an ion-selective fluo-
ride meter (the results are expressed as mg fluoride/L) as 

described previously. The content of fluoride in the water 
was divided into less than 1 mg/L or ppm and equal to or 
greater than 1 mg/L or ppm.

Statistical analysis
The statistical analysis was performed via IBM SPSS 
version 21 (Statistical Package for Social Sciences) and 
Jamovi Statistics Software. Appropriate descriptive and 
inferential statistics were applied to analyze the data. 
Haemoglobin (Hb) levels were categorized into two 
groups: Normal and Anaemic. IQ scores were dichoto-
mized, with grades I-III placed in the first group and 
grades IV and V in the second group. Urinary and water 
fluoride levels equal to or greater than 1 ppm was clas-
sified as high. The normality of the data was assessed by 
Shapiro‒Wilk and Kolmogorov‒Smirnov tests, which 
revealed a nonnormal distribution of variables. Asso-
ciations between the variables were determined depend-
ing upon the number of groups (two or more than two) 
and the type of variable (categorical or quantitative). 
Mann-Whitney U test was utilized to compare vari-
ables between dental fluorosis and non- dental fluoro-
sis groups. Kruskal-Wallis test was applied to compare 
variables among different grades of dental fluorosis. 
Additionally, Chi-square test was used to assess the sig-
nificance of categorized haemoglobin levels, urinary 
fluoride levels, water fluoride levels, and IQ scores. Cor-
relations were assessed by Spearman’s rank correlation 
coefficient. A linear regression analysis was performed to 
predict Haemoglobin levels based on the predictor vari-
ables. Furthermore, a binary logistic regression was used 
to predict the dichotomized IQ categories. All statisti-
cal tests were conducted with a significance level set at 
p < 0.05.

Results
A total of 300 participants, 150 without dental fluorosis 
and 150 affected with different grades of dental fluoro-
sis, ranging from questionable to severe (0.5-4), with 30 
participants per group were included in the study. These 
children were using tap water or ground water for drink-
ing and household purposes. Most of the parents were 
either illiterate (24%) or had schooling to the primary 
level (51%) and belonged to the lower or upper lower 
socioeconomic class according to the socioeconomic sta-
tus scale [18]. The outliers were excluded from the study 
results on the basis of urine and water fluoride assess-
ment using box and whisker plots and data of total 294 
children was analysed. Table  1 presents the descriptive 
characteristics of the participants in terms of the pres-
ence or absence of dental fluorosis. Intergroup compari-
sons via the Mann‒Whitney U test revealed significant 
differences in age (p-0.008), whereas nonsignificant dif-
ferences were present in the hemoglobin level and the 
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levels of fluoride in the water and urine. Table 2 depicts 
the stratification of the participants with dental fluorosis 
into 5 categories. Intergroup comparisons via the Krus-
kal‒Wallis test revealed that age and haemoglobin level 
were significantly related to different grades of fluorosis 
(< 0.001), whereas nonsignificant differences were present 
for levels of fluoride in water and urine. The frequency of 
different IQ grades was not significantly different among 
different grades of fluorosis (Table 3).

Associations between dental fluorosis, water fluoride, and 
urinary fluoride with iq and hemoglobin
The content of fluoride in the water was < 1 ppm and 
≥ 1 ppm in equal numbers of participants i.e., 147 each 

(50%).The content of fluoride in the urine was < 1 ppm in 
63 participants (21.4%) and ≥ 1 ppm in 231 participants 
(78.6%). In the present study, 218 participants (74.1%) 
were anaemic (haemoglobin < 11  g/dl), and 76 partici-
pants (25.9%) had normal Hb levels (≥ 11  g/dl) on the 
basis of the ICMR criteria for anaemia. A total of 185 
participants (62.9%) were intellectually average or above 
(grades I, II and III), and 109 participants (37.1%) were 
intellectually below average (grade IV, no participant had 
Grade V IQ). No significant differences were observed 
regarding the presence or absence of dental fluorosis 
and different grades of fluorosis with IQ status. Similar 
findings were noted for haemoglobin, showing no sig-
nificant differences associated with fluorosis (Tables  4 

Table 1  Descriptive statistics of participants with or without dental fluorosis
Group Number Mean SD (±) SE Median p-value

Age NF 149 9.49 1.445 0.1184 9 0.008**
F 145 9.93 1.461 0.1213 10

Hb NF 149 9.50 1.785 0.1462 9.000 0.308
F 145 9.63 1.455 0.1208 9.800

Water F NF 149 1.20 0.948 0.0777 0.989 0.979
F 145 1.20 1.142 0.0949 1.016

Urine F NF 149 2.32 1.867 0.1530 1.689 0.807
F 145 2.30 1.810 0.1503 1.670

{NF-Non dental fluorosis, F- Dental fluorosis, SD- Standard deviation, SE- Standard error, Hb- Haemoglobin, Water F- Water fluoride level present in parts per million 
(ppm), Urine F- Urine fluoride level present in parts per million (ppm), IQ-Intelligence Quotient}

**- Highly significant (p < 0.001), *- significant (p < 0.05) (Mann-Whitney U test applied for intergroup comparison)

Table 2  Descriptive statistics of participants with different grades of dental fluorosis
Dental Fluorosis Scale Number Age Hb Urine F Water F

Mean 0.5 28 9.036  Alignment of table needs to be 
corrected

8.971 1.990 1.091

1.0 30 9.633 9.620 1.866 1.229
2.0 29 10.276 10.255 2.307 0.988
3.0 28 10.036 9.507 2.792 1.264
4.0 30 10.633 9.773 2.561 1.425

SE 0.5 28 0.2088 0.2809 0.3428 0.2299
1.0 30 0.2603 0.2270 0.2884 0.2694
2.0 29 0.2759 0.2332 0.2973 0.1216
3.0 28 0.2439 0.2567 0.3957 0.1755
4.0 30 0.2733 0.3068 0.3446 0.2306

Median 0.5 28 9.000 8.600 1.307 0.994
1.0 30 9.000 9.400 1.470 0.988
2.0 29 10 10.400 1.755 1.061
3.0 28 10.000 9.200 2.263 1.075
4.0 30 11.000 10.000 1.696 1.050

SD (±) 0.5 28 1.105 1.486 1.814 1.216
1.0 30 1.426 1.243 1.580 1.475
2.0 29 1.486 1.256 1.601 0.655
3.0 28 1.290 1.358 2.094 0.929
4.0 30 1.497 1.681 1.887 1.263

p-value 0.001** 0.014** 0.187 0.598
{NF-Non dental fluorosis, F- Dental fluorosis, SD- Standard deviation, SE- Standard error, Hb- Haemoglobin, Water F- Water fluoride level present in parts per million 
(ppm), Urine F- Urine fluoride level present in parts per million (ppm), IQ-Intelligence Quotient}

**- Highly significant (p < 0.001), *- significant (p < 0.05) (Kruskal Wallis test applied for intergroup comparison)
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and 5). The fluoride content in water was inversely cor-
related with the haemoglobin level at highly significant 
level {p-0.003, OR: 0.450(0.262, 0.772)}, i.e., as water F 
level increases, Hb value decreases; but no correlation 
was observed with the IQ (Table  6). However, the fluo-
ride content in urine was positively correlated with IQ 
{p-0.011,OR: 0.484(0.275,0.852)}, i.e., as urine F level 
increases, IQ grading increases or in other terms, intel-
ligence decreases but no correlation was observed with 

the haemoglobin level (Table  7). The correlation matrix 
depicted a weak negative correlation of haemoglobin 
with water fluoride level and positive correlation with age 
and gender (Table 8). However, the inverse association of 
IQ with the fluorosis scale cannot be corroborated with 
previous contingency tables.

Table 3  Analysis comparing different grades of Dental Fluorosis with IQ scores
Dental Fluorosis Scale IQ Grades

I II III IV Total p-value
0.0 13 (8.7%) 15(10.1%) 61(40.9%) 60(40.3%) 149 0.446
0.5 0(0%) 5(17.9%) 11(39.3%) 12(42.9%) 28
1.0 2(6.7%) 7(23.3%) 11(36.7%) 10(33.3%) 30
2.0 5(17.2%) 4(13.8%) 12(41.4%) 8(27.6%) 29
3.0 5(17.9%) 6(21.4%) 8(28.6%) 9(32.1%) 28
4.0 3(10%) 6(20%) 11(36.7%) 10(33.3%) 30
Total 28(9.5%) 43(14.6%) 114(38.8%) 109(37.1%) 294
(IQ- Intelligence quotient)

Table 4  Analysis comparing Dental Fluorosis with IQ and Haemoglobin
Dental Fluorosis IQ Hb

Scores I-III Score IV-V Anaemic Normal
NF 89(59.7%) 60(40.3%) 107(71.8%) 42(28.2%)
F 96(66.2%) 49(33.8%) 111(76.6%) 34(23.4%)
TOTAL 185(62.9%) 109(37.1%) 218(74.1%) 76(25.9%)
p-value 0.250 0.353
Odd’s ratio 0.757(0.471,1.22) 0.78(0.462,1.32)
{NF-Non dental fluorosis, F- Dental fluorosis, IQ-Intelligence Quotient, Hb- Haemoglobin}

Table 5  Analysis comparing different grades of Dental Fluorosis with IQ and Haemoglobin
Dental Fluorosis Scale IQ Hb

Scores I-III Score IV-V Anaemic Normal
0 89(59.7%) 60(40.3%) 107(71.8%) 42(28.2%)
0.5 16(57.1%) 12(42.9%) 23(82.1%) 5(17.9%)
1 20(66.7%) 10(33.3%) 24(80%) 6(20.0%)
2 21(72.4%) 8(27.6%) 19(65.5%) 10(34.5%)
3 19(67.9%) 9(32.1%) 23(82.1%) 5(17.9%)
4 20(66.7%) 10(33.3%) 22(73.3%) 8(26.7%)
TOTAL 185(62.9%) 109(37.1%) 218(74.1%) 76(25.9%)
p-value 0.727 0.554
(IQ- Intelligence quotient, Hb- Haemoglobin)

Table 6  Analysis comparing Water Fluoride with IQ and Haemoglobin
Water F IQ Transform Hb Transform

Scores I-III Score IV-V Anaemic Normal
< 1ppm 92(62.5%) 55(37.5%) 98(66.7%) 49(33.3%)
≥ 1ppm 93(63.3%) 54(36.7%) 120(81.6%) 27(18.4%)
TOTAL 185(62.9%) 109(37.1%) 218(74.1%) 76(25.9%)
p-VALUE 0.904 0.003**
Odd’s ratio 0.971(0.605,1.56) 0.450(0.262,0.772)
{Water F- Water fluoride level present in parts per million (ppm), IQ-Intelligence Quotient, Hb- Haemoglobin}

**- Highly significant (p < 0.001), *- significant (p < 0.05)
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Regression models predicting Haemoglobin & IQ
The multiple linear regression equation was calculated 
for predicting haemoglobin levels based on age, IQ, pres-
ence or absence of dental fluorosis (group), sex, water 
and urine fluoride. A significant regression equation was 
found (p < 0.001) with R [2] of 0.206. Participant pre-
dicted haemoglobin is equal to 5.9493 + 0.2712(Age) + 0
.1706(IQ) + 0.1805(Group) + 1.0339(Sex) -0.2338(Water 
F) + 0.0542(Urine F) where age was measured in years, 
urine and water fluoride in ppm, IQ in 5 categories and 
groups as fluorosis and non-fluorosis. Each additional 
year of age increases haemoglobin levels by 0.2712 units. 
Each unit increase in IQ is associated with a 0.1706 unit 
increase in haemoglobin levels. The dental fluorosis 
group had 0.1805 units higher Hb as compared to the 
non-fluoride group and males had 1.0339 units higher 
Hb as compared to females. Each unit increase in urine 

fluoride levels is associated with a 0.0542 unit increase in 
haemoglobin levels whereas each unit increase in water 
fluoride levels is associated with a 0.2338 unit decrease in 
haemoglobin levels. Water fluoride, age and gender were 
significantly associated with haemoglobin (less than 11 g/
dl vs. equal to or greater than 11 g/dl) (Table 9).

Binomial logistic regression analysis was done to pre-
dict IQ and non significant regression equation was 
found (p = 0.551) with R [2] of 0.04. Intelligence (below 
average vs. intellectually average or above average) was 
significantly related to urinary fluoride levels, with 
decrease in 0.7999 units IQ with increasing urinary fluo-
ride level (Table 10).

Table 7  Analysis comparing urine fluoride levels with IQ and Haemoglobin
Urine F IQ Hb

Scores I-III Score IV-V Anaemic Normal
< 1ppm 31(49.2%) 32(50.8%) 48(76.2%) 15(23.8%)
≥ 1ppm 154(66.7%) 77(33.3%) 170(73.6%) 61(26.4%)
TOTAL 185(62.9%) 109(37.1%) 218(74.1%) 76(25.9%)
p-VALUE 0.011* 0.676
Odd’s ratio 0.484(0.275,0.852) 1.15(0.60,2.20)
{Urine F- Urine fluoride level present in parts per million (ppm), IQ-Intelligence Quotient, Hb- Haemoglobin}

**- Highly significant (p < 0.001), *- significant (p < 0.05)

Table 8  Correlation Matrix
Hb Hb Water F Urine F IQ Dental Fluorosis scale Age Sex
Water F -0.215** -
Urine F 0.068 0.024 -
IQ 0.048 0.010 0.078 -
Dental Fluorosis scale 0.089 0.029 0.036 -0.121* -
Age 0.239** 0.016 -0.129* -0.074 0.230**
Sex 0.327** -0.044 0.019 0.010 -0.12* 0.057
Dental fluorosis (NF/F) 0.060 -0.002 -0.014 -0.102 0.032 0.154** -0.129*
Spearman’s rho correlation coefficient

{NF-Non dental fluorosis, F- Dental fluorosis, Hb- Haemoglobin, Water F- Water fluoride level present in parts per million (ppm), Urine F- Urine fluoride level present 
in parts per million (ppm), IQ-Intelligence Quotient}

**- Highly significant (p < 0.001), *- significant (p < 0.05)

Table 9  Linear regression to predict haemoglobin levels
Predictor Estimate SE 95% Confidence Interval t p

Lower Upper
Intercept 5.9493 0.7077 4.55638 7.3421 8.41 < 0.001
Age 0.2712 0.0604 0.15229 0.3901 4.49 < 0.001
IQ 0.1706 0.0913 -0.00910 0.3504 1.87 0.063
Group 0.1805 0.1755 -0.16495 0.5260 1.03 0.305
Sex 1.0339 0.1734 0.69255 1.3753 5.96 < 0.001
Water F -0.2338 0.0821 -0.39541 -0.0722 -2.85 0.005
Urine F 0.0542 0.0475 -0.03926 0.1476 1.14 0.255
{Hb- Haemoglobin, Water F- Water fluoride level present in parts per million (ppm), Urine F- Urine fluoride level present in parts per million (ppm), IQ-Intelligence 
Quotient}



Page 8 of 12Singhal et al. BMC Public Health          (2025) 25:788 

Discussion
Community water fluoridation is a public health program 
designed to supplement children and adults with fluoride, 
generally at concentrations ranging from 0.7 to 1.2 mg/L. 
However, in 2015, the Centers for Disease Control and 
Prevention updated its water fluoridation guidelines, set-
ting it at 0.7 mg/L in the U.S [2]. The World Health Orga-
nization and Bureau of Indian Standards suggest that 1.0 
ppm of fluoride in water is optimal for dental health and 
that 1.5 ppm is considered the maximum upper limit 
for overall health [31, 32]. The levels in surface water 
are generally less than 0.5  mg/L, whereas much wider 
ranges (0.1- 6  mg/L) have been reported in groundwa-
ter [33]. The adequate daily intake (ADI) of 1  mg/day, 
i.e., 0.05 mg/kg,[34] generally aims to achieve a balanced 
effect in precluding dental caries without increasing the 
risk of dental fluorosis; however, the results of few meta-
analyses indicated that such an ADI may not be deemed 
safe from a cognitive development perspective, as chil-
dren and babies retain advanced proportions of absorbed 
fluoride compared with adults [35]. 

Assessment of only water fluoride concentration can-
not provide reliable insight into the total daily intake of 
fluoride. Analyses of biological samples, i.e., urine and 
blood (generally in the form of plasma or serum), provide 
information on fluoride circulating in the body. Although 
the plasma fluoride level is a contemporary biomarker 
for the intake of fluoride, urine has still been considered 
a valuable biomarker, as fluoride excretion is primar-
ily through urine. The urinary fluoride level represents 
the cumulative exposure to fluoride through all sources, 
including water, diet and environmental pollutants. It 
is relatively simple to collect and non-invasive. Urine 
fluoride provides dependable and valid dose‒response 
relationships, although for individuals and different age 
groups, it varies with renal function and acid‒base bal-
ance [36]. Many studies have reported that the effects 
of urinary fluoride adjusted for creatinine are negligible, 
as renal function is generally effective and similar in the 
considered age groups; therefore, it only mildly affects 
the estimates of the relationship between intelligence 

and urinary fluoride [37–39]. High levels of urine fluo-
ride were recorded in the present study compared with 
those reported in previous studies (0.41 ± 0.49  mg/L to 
7.01 ± 1.02 mg/L) [18, 40, 41] and maybe attributed to the 
substantial dependence of subjects on locally grown veg-
etarian food for their day-to-day needs and regular intake 
of tea and usage of fluoridated toothpastes.

Most of the studies assessing any association between 
fluoride and human body tissues have employed three 
measures of fluoride exposure, namely, the water-fluoride 
concentration at the area of residence, the urine-fluoride 
level of the participants and, finally, the degree of dental 
fluorosis. Although water and urinary F represent current 
exposure to fluoride, dental fluorosis serves as a sensitive 
index of antenatal and early postnatal fluoride exposure 
and can provide information regarding lapping time win-
dows for the development of dental fluorosis and other 
human tissues. All three parameters were assessed in the 
present study. Although, water-fluoride and urine-fluo-
ride has been found to be statistically related to hemoglo-
bin and IQ respectively, association of both parameters 
could not be established with dental fluorosis in present 
analysis.

Chronic fluoride overexposure has been linked to 
potential neurotoxic effects in children due to its accu-
mulation in brain regions responsible for memory and 
learning [17–21]. Fluoride exposure has also been linked 
to hypothyroidism, negatively affecting early neurode-
velopment [42]. In fact, while the blood-brain barrier, 
to some extent, can protect the adult brain from various 
toxic agents, it is less efficient in fetuses, newborns, and 
young children [43]. Several prospective birth cohort 
studies indicated that the antenatal period is a more criti-
cal time for potential neurotoxic effects of fluoride [18, 
44–46]. A recent meta-analysis revealed that although 
an inverse association was observed between fluoride 
exposure and intelligence in most studies, there was a 
general trend toward weaker or null associations in the 
most precisely conducted studies [47]. The credibility of 
studies is questioned due to shortcomings such as impre-
cise exposure assessment (especially prenatal exposure), 

Table 10  Binomial Logistic Regression for IQ scores
Predictor Estimate 95% Confidence Interval SE Z p Odds 

ratioLower Upper
Intercept -0.6087 -2.6079 1.391 1.0200 -0.597 0.551 0.544
Age -0.0321 -0.2051 0.141 0.0883 -0.364 0.716 0.968
Hb 0.1343 -0.0333 0.302 0.0855 1.571 0.116 1.144
Group -0.3531 -0.8484 0.142 0.2527 -1.397 0.162 0.703
Water F 0.0316 -0.4619 0.525 0.2518 0.126 0.900 1.032
Urine F -0.7999 -1.3752 -0.225 0.2936 -2.725 0.006 0.449
Sex -0.2399 -0.7590 0.279 0.2648 -0.906 0.365 0.787
{Hb- Haemoglobin, Water F- Water fluoride level present in parts per million (ppm), Urine F- Urine fluoride level present in parts per million (ppm), IQ-Intelligence 
Quotient}
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insufficient statistical power to allow identification of any 
important IQ deficit, the study design (high-quality lon-
gitudinal cohort versus cross-sectional studies), and the 
lack of acceptable consideration of major confounders, 
thus increasing the uncertainty about the actual associa-
tion between fluoride exposure and children’s cognitive 
neurodevelopment and reaffirming the strong need for 
properly designed and higher-quality research on this 
topic. In the present study, utmost care was taken to min-
imize the effects of these confounders by following strict 
inclusion criteria.

Previous meta-analyses have concentrated on studies 
conducted in impoverished rural communities in China, 
Mongolia, and Iran, and the findings cannot be general-
ized to developed countries [43, 47]. These rural areas 
may not have advanced healthcare systems, lower edu-
cational, socioeconomic, and nutritive status, and fre-
quent exposure to environmental pollutants that have 
an implicit impact on intelligence. Conversely, relatively 
rich communities with access to better education and/or 
advanced socioeconomic status may invest in high-qual-
ity drinking water to avoid fluoride concentrations above 
1.5 mg/L to reduce the threat of dental fluorosis. Several 
community study reports and meta-analyses revealed 
that fluoride exposure, which is applicable to community 
water fluoridation, is not associated with lower IQ scores 
in children [48–51]. 

In the present study, we did not observe a significant 
association between IQ and dental fluorosis or water 
fluoride; however, a significant association between IQ 
and urinary fluoride was noted after extensive evalua-
tion of confounding factors. The negative findings for 
dental fluorosis and intelligence were consistent with 
those of a few former studies [52], but were inconsistent 
with several studies of school-aged children [40, 41, 53]. 
The significant association between urinary fluoride and 
intelligence was consistent with the findings of numerous 
previous studies [18, 20, 41] but clashes with few studies 
[52]. 

Age at the time of outcome evaluation varied exten-
sively across the studies, potentially affecting both the 
cumulative exposure and acceptability of the intelli-
gence tests that were administered. However, a subgroup 
analysis stratified by age categories found no correlation 
between age and IQ status.

In the present study, a negative correlation between 
hemoglobin levels and water fluoride was observed, but 
there was no significant association with urinary fluo-
ride and dental fluorosis. Numerous studies have been 
conducted to estimate the effects of fluoride on hema-
tological parameters in experimental animals as well as 
in human subjects residing in endemic fluorosis zones. 
Fluoride can cause haematological abnormalities in chil-
dren, including abnormal blood cell counts and lower 

hemoglobin content [9, 15]. This is due to endogenous 
oxidative stress, depletion of Vitamin B12, and damage 
to intestinal microvilli. Chronic fluoride exposure also 
enhances the generation of reactive oxygen and nitro-
gen species in human red blood cells, leading to oxida-
tion of hemoglobin, decreased antioxidant power, and 
inhibition of transmembrane electron transport and 
glucose metabolism. Some studies from India reported 
that anaemia in school children and pregnant women 
was attributed to the consumption of drinking water 
with high fluoride levels and that there was an inverse 
relationship between urinary fluoride and haemoglobin 
levels [54]. Females with elevated urinary fluoride levels 
have increased chances of gestation complications, such 
as preterm and small-for-gestational-age babies, and 
an increased prevalence of perinatal mortality [55, 56]. 
Another study reported that maternal anaemia and child 
anaemia are related to derangement of nutrient absorp-
tion due to damage to the GI mucosa by the ingestion of 
fluoride through food, water and other sources [10–13, 
57]. Several studies have reported that withdrawing fluo-
ride from consumption could correct the damage caused 
to the gastrointestinal mucosa/loss of microvilli, leading 
to nutrient absorption and an increase in hemoglobin 
and correction of anemia [9, 58]. While the present study 
observed an inverse relationship between hemoglobin 
levels and water fluoride concentrations, this finding is 
not consistent with all previous research, and potential 
confounders should be considered.

This study has several limitations, including using 
Raven’s colored progressive matrices test for basic cog-
nitive function estimation, which only measures fluid 
intelligence, not crystal intelligence or other cognitive 
abilities. Comprehensive tests that measure different 
intelligence constructs of children’s cognitive abilities 
should be employed in future studies. The observational 
cross-sectional design of the study may be a relevant 
source of bias, primarily due to unmeasured or residual 
confounding. Moreover, cross-sectional studies cannot 
establish causality and long-term implications. However, 
randomized clinical trials investigating long-term expo-
sure are not feasible because of ethical issues. Neverthe-
less, these children’s current urinary fluoride levels might 
not represent the exposure that occurred in early child-
hood or in the prenatal period when the developing ner-
vous system was vulnerable to environmental toxicants. 
The effects of additional naturally occurring contami-
nants (arsenic, mercury, lead, etc.) must be studied in 
detail to elucidate the actual detrimental effects of fluo-
ride. Several factors considered in previous studies of the 
intelligence–fluoride relationship, such as birth weight, 
abnormal birth, maternal age at delivery, and parents’ 
education level, were not estimated in this study [26, 59]. 
The implicit misclassification of dental fluorosis status 
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could have biased the study results. Dental fluorosis is 
a sensitive effect biomarker for excessive fluoride intake 
during critical periods of tooth development up to 7–8 
years of age, except in the third molars [60]. However, 
71% of the children included in this study had mixed den-
tition, and 29% had permanent teeth only, according to 
the results of the oral examination. In this cross-sectional 
study, we were not able to evaluate whether the children’s 
exfoliated primary teeth or unerupted permanent teeth 
were affected by fluorosis and, therefore, might have mis-
classified the participants’ dental fluorosis status.

Despite these limitations, the study has strengths, 
including assessing individual-level fluoride exposure 
measures, namely, water fluoride, urine fluoride, and the 
degree of dental fluorosis, which serve as markers of both 
present and early-life fluoride exposure, controlling for 
potential confounders by strict inclusion criteria (such as 
socioeconomic status, residence, breast feeding, and low 
birth weight), and having a larger sample size and greater 
statistical power compared to previous studies.

The findings of past studies are intimidating, and 
the seriousness of this debate urges expedition of poli-
cymaking and awareness campaigns for public safety 
[17–22,42−47,61,62]. In countries with excessive ground-
water fluoride concentrations, it is imperative to promote 
water defluoridation schemes to protect the public from 
skeletal and dental fluorosis and from possible ‘linked 
disorders’. While water fluoridation continues to be rec-
ommended, the benefits appear to be minimal owing to 
the use of topical fluoride products, especially fluoridated 
toothpaste, which have led to significant decline in den-
tal caries incidence as fluoride’s predominant benefit 
comes from topical contact with the surface of enamel, 
not from ingestion, as was formerly believed [31,63]. A 
multicenter study with a large sample size that involves 
maximum strata of the population to further validate the 
results of the present study may be planned. Future stud-
ies that focus on exposures prenatally, during infancy, 
and in later childhood may allow more detailed assess-
ment of the vulnerable time windows for fluoride toxicity. 
The results may be used to sensitize policymakers, health 
administrators, doctors, and grassroots-level functionar-
ies to view the health issues caused by fluorosis and focus 
on improving the health of patients by early detection 
and appropriate management.

Conclusion
The study suggests a potential association between 
fluoride exposure and adverse effects on hematologi-
cal parameters and cognitive neurodevelopment. Water 
fluoride intake was inversely associated with hemoglo-
bin level and intelligence was inversely related to urinary 
fluoride levels, both at significant level. However, den-
tal fluorosis cannot be used as a definitive assessment 

marker for these conditions, as it is not significantly cor-
related with these conditions. However, the limitations of 
this study, with particular reference to the risk of residual 
confounding, raise uncertainties about both the causal 
nature of such a relationship and the exact thresholds 
of exposure involved. Thus, well-designed, high-quality 
longitudinal cohort studies involving more comprehen-
sive assessments of all variables and confounding fac-
tors are urgently needed to better interpret the implicit 
effects of chronic fluoride exposure and their long-term 
implications.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​5​-​2​1​4​1​5​-​1.

Supplementary Material 1

Acknowledgements
The authors would like to express their gratitude to Dr Sahil Saini and Dr 
Jitender Tanwar who helped in collection of samples of study subjects. They 
are also grateful to Dr Pardeep Redu for assistance in psychological evaluation 
and Shivam Raj for laboratory investigations carried out during the project.

Author contributions
R.S.- Study conception and design, writing, review & editing; R.N. and A.B.- 
Supervision and manuscript editing; A.K.- Analysis and interpretation of 
results; S.S.- Psychological evaluation of subjects.

Funding
This study was funded by Indian Council of Medical Research as adhoc grant-
in-aid scheme.

Data availability
The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki of 
1975, revised in 2013, and the protocol was approved by the Biomedical and 
Health Research Committee, PGIDS, Rohtak vide letter no PGIDS/BHRC/21/4. 
Written informed assent from the participants and consent from their parents/
guardians for inclusion were obtained.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 August 2024 / Accepted: 10 January 2025

References
1.	 European Commission. Directorate-General for Health and consumers, 

critical review of any new evidence on the hazard profile, health effects, and 
human exposure to fluoride and the fluoridating agents of drinking water. 
Eur Comm. 2010. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​7​7​2​​/​3​​8​8​9​7

2.	 U.S. Department of Health and Human Services Federal Panel on Community 
Water Fluoridation. U.S. Public Health Service Recommendation for Fluoride 
Concentration in Drinking Water for the Prevention of Dental Caries. Public 

https://doi.org/10.1186/s12889-025-21415-1
https://doi.org/10.1186/s12889-025-21415-1
https://doi.org/10.2772/38897


Page 11 of 12Singhal et al. BMC Public Health          (2025) 25:788 

Health Rep. 2015 Jul-Aug;130(4):318–31. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​0​3​3​3​5​4​9​1​5​
1​3​0​0​0​4​0​8. PMID: 26346489; PMCID: PMC4547570.

3.	 CDC. Centers for Disease Control and Prevention. Centers for Disease Control 
and Prevention. U.S. Department of Health & Human Services. 2022. Available 
from: https://www.cdc.gov

4.	 National programme for prevention & control of fluorosis (NPPCF). National 
Health Mission, Ministry of Health And Family Welfare, Government of India. 
Available from:​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​h​p​.​​g​o​v​​.​i​n​/​​d​i​​s​e​a​​s​e​/​​n​o​n​-​​c​o​​m​m​u​​n​i​c​​a​b​l​e​​-​d​​i​s​e​a​s​e​/​
f​l​u​o​r​o​s​i​s

5.	 Majumdar KK. Health impact of supplying safe drinking water containing 
fluoride below permissible level on flourosis patients in a fluoride-endemic 
rural area of West Bengal. Indian Journal of Public Health 55(4):p 303–308, 
Oct–Dec. 2011. | ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​0​3​​/​0​​0​1​9​-​5​5​7​X​.​9​2​4​1​1

6.	 Arlappa N, Qureshi AI, Srinivas R. Fluorosis in India: an overview. Int J Res Dev 
Health. 2013;1:97–102.

7.	 Dhar V, Bhatnagar M. Physiology and toxicity of fluoride. Indian J Dent Res. 
2009;20(3):350.

8.	 Vieira AR. Fluoride toxicity. Monogr Oral Sci. 2021;30:140–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​​1​1​5​9​​/​0​​0​0​5​2​0​7​8​9. Epub 2022 Jan 25. PMID: 35078188.

9.	 Mahapatra PS, Chatterjee S, Sarkar P. Fluorosis induced anemia in fluoride 
endemic zone of bankura district, West Bengal, India. International Journal of 
Current Research September,2016 Vol. 8, Issue, 09, pp.37700–37703.

10.	 Susheela AK, et al. Fluoride ingestion and its correlation with gastro-intestinal 
discomfort. Fluoride. 1992;25:5–22.

11.	 Gupta IP, Das TK, Susheela AK, Dasarathy S, Tandon RK. Alimentary tract and 
pancreas: fluoride as possible etiological factor in nonulcer dyspepsia. J 
Gastroenterol Hepatol. 1992;7:355–9.

12.	 Das TK, Susheela AK, Gupta IP, Dasarathy S, Tandon RK. Toxic effects of chronic 
fluoride ingestion on upper gastro-intestinal tract. J Clin Gastroenterol. 
1994;18:194–9.

13.	 Dasarathy S, Das TK, Gupta IP, Susheela AK, Tandon RK. Gastroduodenal mani-
festations in patients with skeletal fluorosis. J Gastroenterol. 1996;31:333–7.

14.	 Susheela AK, Jain SK. Erythrocyte membrane abnormality and echinocyte 
formation. Proceedings of the 14th Conference of the International Society 
for Fluoride Research, Japan, Elsevier Publishing House, Amsterdam, 1986.

15.	 Hillman D, Bolenbaugh DL, Convey EM. Hypothyroidism and anemia related 
to fluoride in dairy cattle. J Dairy Sci. 1979;62:416–23.

16.	 Albert MJ, Mathan VI, Baker SJ. Vitamin B12 synthesis by human small intesti-
nal bacteria. Nature. 1980;283:781–2.

17.	 Green R, Lanphear B, Hornung R, Flora D, Martinez-Mier EA, Neufeld R, et al. 
Association between maternal fluoride exposure during pregnancy and IQ 
scores in offspring in Canada. JAMA Pediatr. 2019;173(10):940–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​p​e​d​​i​a​t​r​​i​c​​s​.​2​0​1​9​.​1​7​2​9. PMID: 31424532; PMCID: PMC6704756.

18.	 Bashash M, Thomas D, Hu H, Martinez-Mier EA, Sanchez BN, Basu N, et al. 
Prenatal Fluoride exposure and cognitive outcomes in children at 4 and 6–12 
years of age in Mexico. Environ Health Perspect. 2017;125(9):097017. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​2​8​9​​/​E​​H​P​6​5​5. PMID: 28937959; PMCID: PMC5915186.

19.	 Valdez Jiménez L, López Guzmán OD, Cervantes Flores M, Costilla-Salazar R, 
Calderón Hernández J, Alcaraz Contreras Y, Rocha-Amador DO. In utero expo-
sure to fluoride and cognitive development delay in infants. Neurotoxicology. 
2017;59:65–70. Epub 2017 Jan 8. PMID: 28077305.

20.	 Malin AJ, Eckel SP, Hu H, Martinez-Mier EA, Hernandez-Castro I, Yang T, Farzan 
SF, Habre R, Breton CV, Bastain TM. Maternal Urinary Fluoride and Child 
Neurobehavior at Age 36 Months. JAMA Netw Open. 2024;7(5):e2411987. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​n​e​t​​w​o​r​k​​o​p​​e​n​.​2​0​2​4​.​1​1​9​8​7. Erratum in: JAMA Netw 
Open. 2024;7(6):e2424057. doi: 10.1001/jamanetworkopen.2024.24057. PMID: 
38767917; PMCID: PMC11107298.

21.	 Grandjean P, Meddis A, Nielsen F, Beck IH, Bilenberg N, Goodman CV, Hu H, 
Till C, Budtz-Jørgensen E. Dose dependence of prenatal fluoride exposure 
associations with cognitive performance at school age in three prospective 
studies. Eur J Public Health. 2024;34(1):143–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​e​​u​r​p​u​b​
/​c​k​a​d​1​7​0. PMID: 37798092; PMCID: PMC10843960.

22.	 Choi AL, Zhang Y, Sun G, Bellinger DC, Wang K, Yang XJ, Li JS, Zheng Q, Fu Y, 
Grandjean P. Association of lifetime exposure to fluoride and cognitive func-
tions in Chinese children: a pilot study. Neurotoxicol Teratol. 2015;47:96–101.

23.	 Susheela AK, Kumari C. (2020). Addressing Anemia in Pregnant Women and 
School Children through a Field Tested Novel Strategy.Ann Natl Acad Med Sci 
(India) 2020;56:15–25.

24.	 Rani R, Singhal R, Singhal P, Namdev R, Sikka N, Jha S, Goel N. Prevalence of 
dental fluorosis and dental caries in fluoride endemic areas of Rohtak district, 
Haryana. Journal of Indian Society of Pedodontics and Preventive Dentistry 

Apr–Jun. 2022; 40(2):p 140–145. | ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​0​3​​/​j​​i​s​p​​p​d​.​​j​i​s​p​​p​d​​_​1​8​5​_​
2​2

25.	 Sharma R. Revised Kuppuswamy’s socioeconomic statusscale: explained and 
updated. Indian Pediatr. 2017;54:867–70.

26.	 Victora CG, Horta BL, Loret de Mola C, Quevedo L, Pinheiro RT, Gigante DP, 
Gonçalves H, Barros FC. Association between breastfeeding and intelligence, 
educational attainment, and income at 30 years of age: a prospective 
birth cohort study from Brazil. Lancet Glob Health. 2015;3(4):e199–205. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​2​2​1​4​-​1​0​9​X​(​1​5​)​7​0​0​0​2​-​1. PMID: 25794674; PMCID: 
PMC4365917.).

27.	 Dean HT. In: Moulton RF, editor. The investigation of physiological effects 
by the epidemiological method. Washington DC: American Association for 
Advancement of Science; Fluoride and dental health 1942;23–31.

28.	 Raven’s coloured progressive matrices 1998 edition.
29.	 Poureslami HR, Horri A, Khoramian S, Garrusi B, Sharma JB, Shankar M. Anae-

mia in pregnancy. J Int Med SciAcad. 2010;23:253–60.
30.	 Sharma JB, Shankar M. Anaemia in pregnancy. J Int Med SciAcad. 

2010;23:253–60.
31.	 World Health Organization. Guidelines for Drinking-Water Quality: Fourth 

Edition Incorporating the First Addendum. 2017​h​t​t​p​s​:​/​/​w​w​w​.​w​h​o​.​i​n​t​/​p​u​b​l​i​c​a​
t​i​o​n​s​/​i​/​i​t​e​m​/​9​7​8​9 241549950.

32.	 Bureau. of Indian Standards Specification for Drinking Water (BIS 10500: 
2012).

33.	 Shaji E, Sarath KV, Santosh M, Krishnaprasad PK, Arya BK, Babu MS. Fluoride 
contamination in groundwater: a global review of the status, processes, 
challenges, and remedial measures. Geosci Front. 2024;15(2):101734. ISSN 
1674–9871.

34.	 EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies). 
2013. Scientific opinion on Dietary Reference Values for fluoride. EFSA Journal 
2013; 11 (8):3332, 46 pp. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​9​0​3​​/​j​​.​e​f​s​a​.​2​0​1​3​.​3​3​3​2

35.	 Saeed M, Malik RN, Kamal A. Fluorosis and cognitive development among 
children (6–14 years of age) in the endemic areas of the world: a review and 
critical analysis. Environ Sci Pollut Res. 2020;27:2566–79. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​
0​7​​/​s​​1​1​3​5​6​-​0​1​9​-​0​6​9​3​8​-​6

36.	 Villa A, Anabalon M, Zohouri V, Maguire A, Franco AM, Rugg-Gunn A. Rela-
tionships between fluoride intake, urinary fluoride excretion and fluoride 
retention in children and adults: an analysis of available data. Caries Res. 
2010;44:60–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​5​9​​/​0​​0​0​2​7​9​3​2​5

37.	 Basic methods for assessment of renal fluoride excretion. Community Prev 
Programmes oral Health WHO 2014:1–83.

38.	 Saylor C, Malin AJ, Tamayo-Ortiz M, Cantoral A, Amarasiriwardena C, Estrada-
Gutierrez G et al. Early childhood fluoride exposure and preadolescent kidney 
function. Environ Res. 2022;204(Pt A):112014. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​e​n​​v​r​e​​s​.​
2​0​​2​1​​.​1​1​2​0​1​4. Epub 2021 Sep 8. PMID: 34506780; PMCID: PMC11071127.

39.	 Till C, Green R, Grundy JG, Hornung R, Neufeld R, Martinez-Mier EA, et al. 
Community Water Fluoridation and urinary fluoride concentrations in a 
national sample of pregnant women in Canada. Environ Health Perspect. 
2018;126(10):107001. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​8​9​​/​E​​H​P​3​5​4​6. PMID: 30392399; 
PMCID: PMC6371693.

40.	 Shivaprakash PK, Ohri K, Noorani H. Relation between dental fluorosis and 
intelligence quotient in school children of Bagalkot district. J Indian Soc 
Pedod Prev Dent. 2011;29:117–20.

41.	 Ding Y, Gao Y, Sun H, Han H, Wang W, Ji X, Liu X, Sun D. The relationships 
between low levels of urine fluoride on children’s intelligence, dental fluoro-
sis in endemic fluorosis areas in Hulunbuir, Inner Mongolia, China. J Hazard 
Mater. 2011;186:1942–6.

42.	 Peckham S, Lowery D, Spencer S. Are fluoride levels in drinking water associ-
ated with hypothyroidism prevalence in England? A large observational 
study of GP practice data and fluoride levels in drinking water. J Epidemiol 
Community Health. 2015;69:619–24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​j​​e​c​h​-​2​0​1​4​-​2​0​4​9​
7​1

43.	 Grandjean P. Developmental fluoride neurotoxicity: an updated review. 
Environ Health. 2019;18(1).

44.	 Farmus L, Till C, Green R, Hornung R, Martinez Mier EA, Ayotte P, et al. Criti-
cal windows of fluoride neurotoxicity in Canadian children. Environ Res. 
2021;200:111315.

45.	 Goodman C, MortezaBashash, Green R, Peter X-K, Song, Peterson KE, Schnaas 
L et al. Domain-specific effects of prenatal fluoride exposure on child IQ at 4, 
5, and 6–12 years in the ELEMENT cohort. 2022;211:112993–3.

46.	 Cantoral A, T´ ellez-Rojo MM, Malin AJ, Schnaas L, Osorio-Valencia E, Mercado 
A, Martínez-Mier EA, ´ Wright RO, Till C. Dietary fluoride intake during 
pregnancy and neurodevelopment in toddlers: a prospective study in the 

https://doi.org/10.1177/003335491513000408
https://doi.org/10.1177/003335491513000408
https://www.cdc.gov
https://www.nhp.gov.in/disease/non-communicable-disease/fluorosis
https://www.nhp.gov.in/disease/non-communicable-disease/fluorosis
https://doi.org/10.4103/0019-557X.92411
https://doi.org/10.1159/000520789
https://doi.org/10.1159/000520789
https://doi.org/10.1001/jamapediatrics.2019.1729
https://doi.org/10.1001/jamapediatrics.2019.1729
https://doi.org/10.1289/EHP655
https://doi.org/10.1289/EHP655
https://doi.org/10.1001/jamanetworkopen.2024.11987
https://doi.org/10.1001/jamanetworkopen.2024.11987
https://doi.org/10.1093/eurpub/ckad170
https://doi.org/10.1093/eurpub/ckad170
https://doi.org/10.4103/jisppd.jisppd_185_22
https://doi.org/10.4103/jisppd.jisppd_185_22
https://doi.org/10.1016/S2214-109X(15)70002-1
https://doi.org/10.1016/S2214-109X(15)70002-1
https://www.who.int/publications/i/item/9789
https://www.who.int/publications/i/item/9789
https://doi.org/10.2903/j.efsa.2013.3332
https://doi.org/10.1007/s11356-019-06938-6
https://doi.org/10.1007/s11356-019-06938-6
https://doi.org/10.1159/000279325
https://doi.org/10.1016/j.envres.2021.112014
https://doi.org/10.1016/j.envres.2021.112014
https://doi.org/10.1289/EHP3546
https://doi.org/10.1136/jech-2014-204971
https://doi.org/10.1136/jech-2014-204971


Page 12 of 12Singhal et al. BMC Public Health          (2025) 25:788 

progress cohort. Neurotoxicology2021:87, 86–93. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​n​e​
u​r​o.2021.08.015

47.	 Veneri F, Vinceti M, Generali L, Giannone ME, Mazzoleni E, Birnbaum LS, 
Consolo U, Filippini T. Fluoride exposure and cognitive neurodevelop-
ment: systematic review and dose–response meta-analysis. Environ Res. 
2023;221:115239.

48.	 Miranda GHN, Alvarenga MOP, Ferreira MKM, Puty B, Bittencourt LO, Fagundes 
NCF, Pessan JP, Buzalaf MAR, Lima RR. A systematic review and meta-analysis 
of the association between fluoride exposure and neurological disorders. Sci 
Rep. 2021;11:22659. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​8​-​0​2​1​-​9​9​6​8​8​-​w

49.	 Kumar JV, Moss ME, Liu H, Fisher-Owens S. Association between low fluoride 
exposure and children’s intelligence: a meta-analysis relevant to community 
water fluoridation. Public Health. 2023;219:73–84. Epub 2023 Apr 28. PMID: 
37120936.

50.	 Sutton M, Kiersey R, Farragher L, Long J. Health efects of water fuoridation. An 
evidence review. Health Research Board, Ireland.(2015) ​h​t​t​p​​s​:​/​​/​w​w​w​​.​h​​r​b​.​​i​e​/​​f​l​e​
a​​d​m​​i​n​/​​p​u​b​​l​i​c​a​​t​i​​o​n​s​​_​f​l​​e​s​/​H​​e​a​​l​t​h​​_​E​f​​e​c​t​s​​_​o​​f​_​W​​a​t​e​​r​_​F​l​​u​o​​r​i​d​a​t​i​o​n​.​p​d​f

51.	 NHMRC Water fluoridation and human health in Australia. National Health 
and Medical Research Council. Public Statement.2017​h​t​t​p​s​:​/​/​w​w​w​.​n​h​m​r​c​.​g​o​
v​.​a​u​/​a​b​o​u​t​u​s​/​p​u​b​l​i​c​a​t​i​o​n​s​/​2​0​1​7​-​p​u​b​l​i​c​-​s​t​a​t​e​m​e​n​t​-​w​a​t​e​r​-​f​u​o​r​i​d​a​t​i​o​n​-​a​n​d​-​h​u​
m​a​n​-​h​e​a​l​t​h​#​b​l​o​c​k​-​v​i​e​w​s​-​b​l​o​c​k​-​f​l​e​-​a​t​t​a​c​h​m​e​n​t​s​-​c​o​n​t​e​n​t​-​b​l​o​c​k​-​1

52.	 Lin YY, Hsu WY, Yen CE, Hu SW. Association of Dental Fluorosis and 
urinary fluoride with intelligence among Schoolchildren. Child (Basel). 
2023;10(6):987. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​c​​h​i​l​d​r​e​n​1​0​0​6​0​9​8​7. PMID: 37371219; 
PMCID: PMC10297022.

53.	 Khan SA, Singh RK, Navit S, Chadha D, Johri N, Navit P, Sharma A, Bahuguna 
R. Relationship between dental fluorosis and intelligence quotient of school 
going children in and around Lucknow district: a cross sectional study. J Clin 
Diagn Res. 2015;9:ZC10–5.

54.	 Susheela AK, Gupta R, Mondal. NK.Anaemia in adolescent girls: an interven-
tion of diet editing and counselling. Natl Med J India. 2016;29:200–4.

55.	 Gupta S, Seth AK, Gupta A, Gavane AG. Transplacental passage of fluorides. J 
Pediatr. 1993;123:139–41.

56.	 Goyal LD, Bakshi DK, Arora JK, Manchanda A, Singh P. Assessment of fluoride 
levels during pregnancy and its association with early adverse pregnancy 
outcomes. J Family Med Prim Care. 2020;9:2693–8.

57.	 Susheela AK, Mondal NK, Gupta R, Ganesh K, Brahmankar S, Bhasin S et 
al. May. Effective interventional approach to control anaemia in pregnant 
women.Current science, 98, 10, 25 2010: 1320–30.

58.	 Susheela AK, Toteja GS. Prevention & control of fluorosis and linked disorders: 
developments in the 21st century. Indian J Med Res. 2018;148(5):539–47.

59.	 Cui Y, Zhang B, Ma J, Wang Y, Zhao L, Hou C, Yu J, Zhao Y, Zhang Z, Nie J, et al. 
Dopamine receptor D2 gene polymorphism, urine fluoride, and intelligence 
impairment of children in China: a school-based cross-sectional study. Eco-
toxicol Environ Saf. 2018;165:270–7.

60.	 DenBesten P, Li W. Chronic fluoride toxicity: Dental fluorosis. Monogr Oral Sci. 
2011;22:81–96.

61.	 Guichon JR, Cooper C, Rugg-Gunn A, Dickinson JA. Flawed MIREC fluoride 
and intelligence quotient publications: a failed attempt to undermine com-
munity water fluoridation. Community Dent Oral Epidemiol. 2024;52(4):365–
74. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​c​​d​o​e​.​1​2​9​5​4. Epub 2024 Mar 25. PMID: 38525812.

62.	 Liu S, Yu X, Xing Z, Ding P, Cui Y, Liu H. The impact of exposure to Iodine and 
Fluorine in Drinking Water on Thyroid Health and Intelligence in School-Age 
children: a cross-sectional investigation. Nutrients. 2024;16(17):2913. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​6​1​7​2​9​1​3. PMID: 39275229; PMCID: PMC11397114.

63.	 Iheozor-Ejiofor Z, Worthington HV, Walsh T, O’Malley L, Clarkson JE, MaceyI 
R et al. Water fluoridation for the prevention of dental caries. The Cochrane 
database of systematic reviews. 2015;(6):CD010856. Available from: ​h​t​t​p​s​:​​​/​​/​w​
w​​w​.​​n​c​b​​​i​.​n​​​l​m​.​​n​​i​​h​.​​​g​o​v​/​​p​u​b​​​m​e​​d​/​2​6​0​9​2​0​3​3

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.neuro
https://doi.org/10.1016/j.neuro
https://doi.org/10.1038/s41598-021-99688-w
https://www.hrb.ie/fleadmin/publications_fles/Health_Efects_of_Water_Fluoridation.pdf
https://www.hrb.ie/fleadmin/publications_fles/Health_Efects_of_Water_Fluoridation.pdf
https://www.nhmrc.gov.au/aboutus/publications/2017-public-statement-water-fuoridation-and-human-health#block-views-block-fle-attachments-content-block-1
https://www.nhmrc.gov.au/aboutus/publications/2017-public-statement-water-fuoridation-and-human-health#block-views-block-fle-attachments-content-block-1
https://www.nhmrc.gov.au/aboutus/publications/2017-public-statement-water-fuoridation-and-human-health#block-views-block-fle-attachments-content-block-1
https://doi.org/10.3390/children10060987
https://doi.org/10.1111/cdoe.12954
https://doi.org/10.3390/nu16172913
https://doi.org/10.3390/nu16172913
https://www.ncbi.nlm.nih.gov/pubmed/26092033
https://www.ncbi.nlm.nih.gov/pubmed/26092033

	﻿Correlation of fluoride intake with haemoglobin level and intelligence quotient in 8–12 year aged children: an observational study from India
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and setting
	﻿Inclusion criteria
	﻿Exclusion criteria
	﻿Study tools
	﻿Sample size calculation
	﻿Project implementation
	﻿Clinical examination for the assessment of dental fluorosis
	﻿Assessment of IQ status
	﻿Haemoglobin estimation
	﻿Fluoride estimation in urine
	﻿Fluoride estimation in drinking water
	﻿Statistical analysis

	﻿Results
	﻿Associations between dental fluorosis, water fluoride, and urinary fluoride with iq and hemoglobin
	﻿Regression models predicting Haemoglobin & IQ

	﻿Discussion
	﻿Conclusion
	﻿References


