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Abstract

IntRoductIon

People	 of	 at	 least	 19	 states	 in	 India	 are	 drinking	fluoride	
contaminated	water	above	World	Health	Organization’s	(WHO)	
maximum	allowed	concentration	of	1.5	mg/L.[1,2]	Around	62	
million	people	 in	 India	 suffer	 from	fluorosis‑related	health	
problems,	of	which	6	million	are	children	below	the	age	of	
14	 years.[3]	Though	fluoride	 prevents	 dental	 caries	 at	 low	
concentrations	 in	drinking	water,	 exposure	 to	high	fluoride	
levels	in	drinking	water	can	give	rise	to	a	number	of	adverse	
effects.[4]	As	 the	 level	 and	 duration	 of	 fluoride	 exposure	
increases,	these	can	range	from	mild	dental	fluorosis	to	severe	
skeletal	 and	 non‑skeletal	 fluorosis,	 including	 neurological	
manifestations.[5]	Further,	fluoride	being	a	highly	reactive	ion,	
interacts	with	multiple	body	tissues,	and	has	been	linked	to	
preterm	delivery,	abortions,	still	births	and	also	has	detrimental	
effects	on	developing	brain.[3,6]

In	the	south	Indian	state	of	Kerala,	out	of	the	fourteen	districts,	
two	districts,	Alappuzha	and	Palakkad,	are	considered	endemic	
for	fluorosis.[7]	Dental	fluorosis,	 a	 convenient	 biomarker	 of	
fluoride	 exposure	 has	 been	 reported	 to	 have	 prevalence	of	
35.6%	 in	Alappuzha	 district.[8]	Despite	 being	 endemic	 for	
fluorosis	 and	 having	 high	 prevalence	 of	 dental	 fluorosis,	
the	association	between	fluorosis	and	cognitive	 function	of	
children	in	this	region	has	not	been	investigated	yet.	This	is	the	
first	study	conducted	in	Kerala	to	study	the	association	between	

fluorosis	and	cognitive	function.	In	 this	study,	we	aimed	to	
assess	 the	 effect	 of	 fluorosis	 on	 the	 cognitive	 function	 of	
school‑going	children	in	Alappuzha	district,	Kerala,	comparing	
children	with	 dental	 fluorosis	with	 those	without.	We	 also	
aimed	to	investigate	the	relationship	between	severity	of	dental	
fluorosis	and	the	cognitive	function	of	children	with	fluorosis.

Methods

A	cross‑sectional	study	was	carried	out	among	children	aged	
8–10	yrs	studying	in	two	lower	primary	schools	in	Alappuzha	
district,	Kerala	 from	January	2018	 to	December	2018.	The	
study	was	 conducted	 after	 obtaining	 clearance	 from	 the	
Institutional	 Ethics	Committee.	 Informed	written	 consent	
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was	 taken	 from	 the	 guardians	 of	 all	 children	 participating	
in	 the	 study	and	 from	children	 themselves.	This	 study	was	
conducted	in	collaboration	with	the	National	Programme	for	
Prevention	and	Control	of	Fluorosis	(NPPCF)	implemented	
by	the	Department	of	Health	Services,	after	getting	permission	
from	the	District	Medical	Officer,	Alappuzha.

The	inclusion	criteria	of	the	study	were	children	8–10	years	
of	 age	with	 normal	 antenatal,	 birth	 and	 developmental	
history,	who	were	continuous	residents	of	the	study	area	since	
birth,	 presence	 of	 dental	 fluorosis,	 drinking	water	 fluoride	
concentration	>1	parts	per	million	(ppm)	and	urine	fluoride	
level	>1	mg/mL.

The	 exclusion	 criteria	 of	 the	 study	were	 children	 with	
anemia	(hemoglobin	<	11.5	g/dL)	and	hypothyroidism	(thyroid	
stimulating	hormone	 [TSH]	>	5.0	 IU/mL),	 history	of	 head	
injury	or	other	neurological	disorder,	congenital	or	acquired	
diseases	affecting	intelligence,	history	of	chronic	illness	or	on	
any	chronic	medication.	Children	with	severe	extrinsic	stains	
on	the	teeth	which	interfere	with	assessment	of	dental	fluorosis	
status	and	those	who	had	a	change	in	the	source	of	drinking	
water	since	birth	were	also	excluded.

Control	 group	 consisted	 of	 children	 aged	 8‑10	 years	with	
normal	antenatal,	birth,	and	developmental	history,	who	were	
continuous	residents	of	the	study	area	since	birth	and	having	
no	evidence	of	dental	fluorosis.

Sample size
Khan	et al.	in	a	2015	study	of	6–12‑year‑old	children	revealed	
that	25%	of	children	with	dental	fluorosis	had	extremely	low	
or	borderline	intelligence	quotient	(IQ)	scores	whereas	none	of	
children	without	fluorosis	had	extremely	low	or	borderline	IQ	
scores.[9]	Previous	community‑based	studies	have	documented	
varied	prevalence	rates	for	intellectual	disability	(ID)	among	
children	in	India,	ranging	between	1%	and	4%.[10,11]	Arora	NK,	
et al.	in	a	multi‑centric	study	that	evaluated	the	prevalence	of	
neurodevelopmental	disorders	in	children	across	five	regions	
in	India,	reported	a	prevalence	of	intellectual	disability	to	be	
3.1%	in	children	between	2	to	6	years	and	5.2%	in	children	
between	6	to	9	years	of	age.[12]

Assuming	prevalence	 of	 cognitive	 dysfunction	 in	fluorosis	
group	to	be	25%	and	control	group	to	be	5.2%,	the	sample	size	
required	(for	a	power	of	80%),	was	calculated	to	be	48	each	
in	the	two	groups	using	the	Pocock’s	formula[13]

n = [ 1(1- 1) + (1- 2)]
( 1- 2)2

(Z / 2 + Z² )2P P P
P P

α

Sampling and study procedure
Under	 the	National	Programme	for	Prevention	and	Control	
of	Fluorosis	implemented	by	department	of	health	services,	
school	children	are	routinely	screened	for	dental	fluorosis.[7]	
From	this	database,	 those	children	with	dental	fluorosis	are	
picked	up	and	 their	urine	 tested	 to	confirm	fluorosis	 (urine	
fluoride	 level	 >1	mg/mL	by	 fluoride	 ion	meter).	 Severity	
of	dental	fluorosis	 in	 these	children	 is	graded	using	Dean’s	

Fluorosis	 Index.[14]	This	 data	was	 availed	 and	 two	 lower	
primary	schools	(Govt.	L	P	school,	Kalarcode	and	C.M.S.	L.P	
school,	Kommady)	were	randomly	selected	by	lottery	method.	
Permission	was	 obtained	 from	 the	Assistant	 Educational	
Officer,	Alappuzha	and	the	headmasters	of	the	two	schools	to	
conduct	the	study.

A	total	of	60	children	with	fluorosis	 (30	from	each	school)	
and	an	equal	number	of	healthy	age	and	sex	matched	children	
without	 fluorosis	 from	 the	 same	 school	were	 selected	 by	
simple	random	sampling.	The	areas	selected	for	the	study	were	
similar	in	climatic	conditions,	with	majority	of	the	population	
belonging	 to	medium	 socio‑economic	 status	with	 similar	
standards	 of	 living,	 quality	 of	 education,	medical	 facilities	
and	 cultural	 status.	The	 children	 included	 in	 the	 study	had	
comparable	 physical	 health	 and	 nutrition.	All	 the	 children	
studying	in	the	two	schools	were	residing	within	a	radius	of	
1‑2	kilometers.	The	study	procedure	was	explained	in	detail	to	
the	children	and	their	parents.	Consent	forms	were	given	and	
those	who	were	willing	for	the	study	were	included.	Parents	
and	children	were	interviewed.	Blood	samples	for	hemoglobin	
and	TSH	testing	were	collected	at	Government	T	D	Medical	
College	Hospital,	Alappuzha.

The	cognitive	function	of	the	two	populations	was	assessed	by	
two	well	validated	neuropsychometric	tests:	Raven’s	standard	
progressive	matrices	and	Malin’s	Intelligence	Scale	for	Indian	
Children	(MISIC)	digit	span	test.

Study tools and definitions
Dean’s	Fluorosis	Index	was	used	to	assess	the	severity	of	dental	
fluorosis.[14]	It	was	graded	as	normal,	questionable,	very	mild,	
mild,	moderate,	and	severe,	and	for	purpose	of	this	study	coded	
as	0,	1,	2,	3,	4,	5	respectively	[Figure	1].

The	Raven’s	Standard	Progressive	Matrices	(Raven’s	SPM)	is	
a	60‑item	test	for	measuring	abstract	reasoning,	considered	a	
nonverbal	estimate	of	fluid	intelligence.[15]	It	is	independent	of	
the	educational	status	or	experience	of	the	test	taker,	and	is	well	
validated	in	groups	ranging	from	5‑year‑olds	to	the	elderly.[16]	
It	consists	of	60	multiple	choice	questions,	listed	in	order	of	
increasing	difficulty.	The	booklet	comprises	five	sets	(A	to	E)	
of	12	items	each	(e.g.,	A1	through	A12),	with	items	within	a	
set	becoming	increasingly	difficult.	All	items	are	presented	in	

Figure 1: Dean’s fluorosis index ‑ grading and code
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black	ink	on	a	white	background.	Children	were	given	a	time	
limit	of	30	minutes,	to	complete	the	test,	according	to	the	test	
manual.	The	results	obtained	were	converted	into	percentile	
and	 then	overall	 score	was	graded	 as	per	 the	guidelines	of	
Raven’s	SPM	manual	[Figure	2].

Malin’s	 Intelligence	 Scale	 for	 Indian	Children	 (MISIC)	 is	
an	 Indian	adaptation	of	 the	Weschler	 Intelligence	Scale	 for	
Children	(WISC)	developed	to	assess	the	cognitive	abilities	of	
children.[17]	This	is	used	for	children	aged	6	to	15	years.	This	
battery	comprises	11	sub‑tests,	one	among	which	is	the	digit	
span	test.	Digit	spans	of	increasing	length	were	presented,	and	
the	children	were	asked	to	repeat	strings	of	digits.	Scores	were	
taken	as	total	number	of	correct	trials	forward	and	backward.

Statistical analysis
Analysis	of	data	was	carried	out	using	Statistical	Package	for	
the	Social	 Sciences	 (SPSS)	 software,	 version	 25.0	 (IBM).	
Categorical	variables	were	presented	as	percentage.	Quantitative	
variables	were	expressed	as	Mean	±	standard	deviation.	The	
proportion	of	children	with	cognitive	impairment	in	both	groups	
was	compared	using	Chi‑square	test.	The	relationship	between	
severity	of	dental	fluorosis	and	grade	of	cognitive	impairment	
was	assessed	using	Spearman’s	correlation.	The	MISIC	digit	
span	 scores	 and	Raven’s	 SPM	 raw	 score	were	 compared	
between	the	groups,	using	independent	samples	t	test.

Results

A	total	of	120	subjects	were	included	in	the	study,	60	each	in	
the	fluorosis	and	control	groups,	after	applying	inclusion	and	
exclusion	criteria.	Of	the	60	children	in	each	group,	31	(52%)	
were	females	and	the	rest	were	males.	The	mean	age	of	the	
children	was	8.95	±	0.50,	majority	being	9	years	old.	Of	the	
60	children	with	fluorosis,	51	(85%)	had	moderate,	moderately	
severe	 or	 severe	 dental	 fluorosis.	The	 rest	 had	mild	 dental	
fluorosis.	All	the	60	children	had	urine	fluoride	level	>	1	mg/
mL	and	drinking	water	fluoride	level	>1	ppm.	The	demographic	
profile	of	children	 in	 the	 two	groups,	and	 their	distribution	
according	to	age	and	gender	are	given	in	Table	1.

On	comparing		the	Raven’s	SPM	grades	between	the	two	groups,	
it	was	observed	that	in	both	groups,	majority	(55%)	belonged	
to	the	Grade	III	(intellectually	average)	category	[Figure	3].	
But,	 30%	 of	 the	 children	 without	 fluorosis	 had	 Grade	
I	(Intellectually	superior)	and	Grade	II	(Definitely	above	the	
average	in	intellectual	capacity)	scores	as	compared	to	only	15%	
of	those	with	fluorosis.	None	of	the	children	without	fluorosis	
had	scores	in	the	Grade	V	(Intellectually	impaired)	category	
whereas	20%	of	 the	fluorosis	 affected	 children	belonged	 to	
the	same	[Table	2].	The	differences	observed	were	statistically	
significant	(P	=	0.001).	The	mean	raw	score	in	the	fluorosis	
group	 (26.15)	was	 found	 to	be	 significantly	 lower	 than	 the	
control	group	(31.05)	(P	=	0.021)	by	independent	samples	 t	
test	[Table	3].

Further,	the	relationship	between	the	severity	of	dental	fluorosis	
and	Raven’s	SPM	grades	was	analyzed.	An	increase	in	Raven’s	
SPM	grade	was	observed	with	 increase	 in	Dean’s	fluorosis	
Index.	Among	children	with	grade	I,	none	had	dental	fluorosis,	
with	grade	 II,	majority	 had	mild	fluorosis,	whereas	 among	
children	with	grade	V,	all	had	moderate	to	severe	fluorosis.	
A	 strong	 positive	 correlation	 between	 severity	 of	 dental	
fluorosis	 and	Raven’s	SPM	grades	was	 found	 (Spearman’s	
correlation	coefficient	=	0.740)	[Table	4].

With	MISIC	digit	 span	 subtest,	 the	 forward	 and	backward	
digit	 spans	were	 compared	 between	 the	 two	 groups.	The	

Table 1: Demographic profile of children

No fluorosis Fluorosis Total
Age 8 9	(15%) 9	(15%) 18

9 45	(75%) 45	(75%) 90
10 6	(10%) 6	(10%) 12

Total 60 60 120
Mean	Age 8.95	±	0.50 8.95	±	0.50
Sex Male 29	(45%) 29	(45%) 58

Female 31	(55%) 31	(55%) 62
Total 60 60 120

Figure 2: Raven’s Standard Progressive Matrices ‑ grading
Figure 3: Comparison of Raven’s SPM grades between children with 
and without fluorosis
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mean	 forward	 digit	 span	was	 found	 to	 be	 significantly	
higher	in	the	normal	children	(5.50	±	0.809)	than	those	with	
fluorosis	(5.20	±	0.676).	The	mean	backward	digit	span	in	the	
fluorosis	group	was	3.20	±	0.605	whereas	that	in	the	control	
group	was	3.50	±	0.676	(P	=	0.012)	[Table	5].

dIscussIon

In	this	cross‑sectional	study,	two	groups	of	60	children	each,	
with	and	without	fluorosis	selected	from	two	primary	schools	
in	Alappuzha	district	were	studied.	The	exclusion	criteria	were	
designed	in	such	a	way	that	the	effect	of	fluorosis	on	cognitive	
function	could	be	looked	for	specifically	avoiding	most	of	the	
confounding	factors.	Fluorosis	was	already	confirmed	in	the	
children	in	the	fluorosis	group	by	dental	and	urine	examination.	
Further,	an	exposure	to	high	fluoride	through	drinking	water	
was	also	confirmed	in	these	children.

Fluorosis and cognitive function
In	our	study,	30%	of	the	children	without	fluorosis	had	grade	
I	(Intellectually	superior)	and	grade	II	(Definitely	above	the	
average	 in	 intellectual	 capacity)	 scores.	None	of	 them	had	
scores	 in	 the	 grade	V	 (Intellectually	 impaired)	 category.	
Meanwhile,	only	15%	of	 the	children	with	fluorosis	scored	
grade	 II	 and	 nobody	 scored	 grade	 I.	 Furthermore,	 20%	of	
the	fluorosis	affected	children	belonged	to	the	intellectually	
impaired	category	(grade	V).	The	differences	observed	were	
statistically	significant	(P	=	0.001).

Similar	results	were	reported	in	earlier	studies	by	Khan	et al.	
and	 Sudhir	 et al.	who	 compared	 intelligence	 quotient	 of	

children	living	in	high	and	low	fluoride	areas.[9,18]	In	the	study	
by	Sudhir	et al.	among	13‑15‑year‑old	school	children	from	
Nalgonda	District,	Andhra	Pradesh,	only	7.8%	children	had	
IQ	grade	3	(intellectually	average)	in	the	high	fluoride	area,	
compared	to	29.1%	children	in	the	low	fluoride	area.[18]	None	
of	the	children	from	high	fluoride	area	had	an	IQ	grade	1	or	
2	(Intellectually	superior	or	definitely	above	the	average).	In	
our	study	also,	none	of	the	children	with	fluorosis	had	a	grade	
I	score,	but	15%	had	grade	II	scores.

In	the	study	by	Khan	et al.,	it	was	found	that	majority	of	the	
children	(74.8%)	living	in	low	fluoride	area	had	an	IQ	grade	
2	(definitely	above	the	average)	compared	to	only	16.7%	in	
the	high	fluoride	area.[9]	None	of	 the	children	from	the	 low	
fluoride	area	had	an	IQ	grade	4	or	5	(definitely	below	average	
or	 intellectually	 impaired).	On	 the	 other	 hand,	majority	 of	
children	(58.1%)	from	high	fluoride	area	fell	under	IQ	grade	
3	 (intellectually	 average).	None	 of	 the	 children	 from	high	
fluoride	area	had	an	IQ	grade	1	(intellectually	superior).	 In	
our	 study,	 there	was	no	difference	between	 the	 two	groups	
with	regard	 to	 the	proportion	of	children	who	scored	grade	
III	(intellectually	average).	Only	6	out	of	120	children	with	
grade	I	score	(intellectually	superior)	were	found	in	our	study,	
and	they	were	all	belonging	to	the	fluorosis	free	group.	No	

Table 4: Correlation between severity of dental fluorosis 
(Dean’s fluorosis Index) and Raven’s SPM grades – 
Spearman’s correlation

Dean’s Raven’s SPM Grade Total

Fluorosis 
index

Grade I Grade 
II

Grade 
III

Grade 
IV

Grade 
V

1 0 0 0 0 0 0
2 0 6 3 0 0 9
3 0 3 21 3 0 27
4 0 0 9 3 6 18
5 0 0 0 0 6 6

Total 9 33 6 12 60
Spearman’s	Correlation	
coefficient

0.452 Asymptotic	
Standard	Error	

0.080

P	.000

Table 5: Comparison of MISIC digit span between the 
groups ‑ Independent samples t test

N Mean Standard 
Deviation

Standard 
Error Mean

Forward
digit	span Fluorosis	group 60 5.20 0.819 0.106

Control	group 60 5.50 0.676 0.087
[t	‑2.187,	P	
value	0.031]

Backward
digit	span Fluorosis	group 60 3.20 0.605 0.078

Control	group 60 3.50 0.676 0.087
[t	‑2.560,	P	
value	0.012]

Table 2: Comparison of Raven’s SPM grades between 
children with and without fluorosis

Fluorosis Total
No Yes

Raven’s	
SPM	Grade

1	(intellectually	
superior)

6	(10%) 0	(0%) 6

2	(above	average) 12	(20%) 9	(15%) 21
3	(intellectually	
average)

33	(55%) 33	(55%) 66

4	(below	average) 9	(15%) 6	(10%) 15
5	(intellectually	
impaired)

0	(0%) 12	(20%) 12

Total 60 60 120
Chi‑Square 19.029 P	value	

0.001

Table 3: Comparison between Mean Raven’s SPM Raw 
scores between both groups‑ Independent T test

N Mean raw 
score

Standard 
Deviation

Standard 
Error Mean

Fluorosis	group 60 26.15 11.865 1.532
Control	group 60 31.05 11.063 1.428
Mean	difference	0.764 Standard	

difference	0.384
t	‑2.340 P	value	

0.021
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children	with	 grade	V	 score	 (intellectually	 impaired),	was	
found	 in	 this	 group.	Another	 study,	 by	Shivaprakash	et al.	
in	 7–11‑year‑old	 school	 children	 from	Bagalkot	 district,	
Karnataka,	 also	 showed	 similar	 results.[19]	 In	 that	 study,	
72.5%	of	 children	with	 dental	fluorosis	 had	 extremely	 low	
or	borderline	IQ	scores	whereas	47.5%	of	children	without	
fluorosis	had	extremely	low	or	borderline	IQ	scores.

Severity of dental fluorosis and cognitive dysfunction
Of	the	60	children	with	fluorosis	in	our	study,	51	(85%)	had	
moderate,	moderately	severe	or	severe	dental	fluorosis.	The	
rest	(15%)	had	only	mild	dental	fluorosis.	All	these	60	children	
had	urine	fluoride	level	>1	mg/mL	and	drinking	water	fluoride	
level	>1	ppm.	Majority	of	the	children	(66.67%)	suffering	from	
very	mild	dental	fluorosis	were	found	to	have	RSPM	grade	II	
scores.	Most	of	the	children	with	mild	fluorosis	index	(65.9%)	
were	found	to	have	grade	III	scores	followed	by	grade	II	and	
IV	(15.9%	each)	scores.	None	of	the	children	with	moderate	
and	severe	fluorosis	were	found	to	have	grade	I	and	II	scores.	
All	the	12	children	in	the	intellectually	impaired	(Grade	V)	
group	had	either	moderate	or	severe	dental	fluorosis.	These	
clearly	show	a	strong	correlation	between	severity	of	fluorosis	
and	 IQ	grade	 (Spearman’s	 correlation	 coefficient	=	0.740).	
This	observation	also	throws	light	on	the	possibility	that	the	
presence	 of	 dental	 fluorosis	may	 be	 regarded	 as	 a	marker	
for	fluoride‑induced	 cognitive	 impairment	 as	 suggested	 by	
Spittle.[20]

In	our	study,	MISIC	digit	span	subtest	mean	scores	(forward	
and	backward)	were	found	 to	be	significantly	higher	 in	 the	
normal	 children	 than	 those	with	fluorosis,	which	 indicates	
an	 affection	 of	 attention	 and	working	memory	 in	fluorosis	
affected	children.	Similar	results	were	found	in	the	study	by	
Choi	et al.,	on	cognitive	functions	in	Chinese	children	with	
lifetime	exposure	 to	fluoride.[21]	 It	was	 found	 that	Wechsler	
Intelligence	Scale	for	Children‑Revised	(WISC‑IV)	digit	span	
subtest	was	a	sensitive	outcome	measure	showing	significantly	
lower	forward	and	backward	digit	span	scores	in	children	with	
moderate	and	severe	fluorosis.

The	effect	of	certain	trace	elements	in	water	such	as	Arsenic	
and	Lead	on	intellectual	ability	of	children	was	investigated	by	
few	studies.	A	study	by	Wang	et al.	concluded	that	children’s	
IQ	can	be	affected	by	high	concentrations	of	either	arsenic	or	
fluoride.[22]	But	the	study	by	Amador	et al.,	demonstrated	that	
though	fluoride	and	arsenic	may	adversely	affect	IQ	scores,	
in	 comparison	 to	fluoride,	 the	 effect	 attributable	 to	 arsenic	
was	smaller.[23]	In	that	study,	though	blood	levels	of	lead	were	
analyzed,	they	concluded	that	the	observed	deficits	in	IQ	scores	
could	not	be	attributed	to	lead	exposure.	These	facts	warrant	
further	research	to	explore	the	effect	of	other	environmental	
toxins	on	cognitive	development.

Mechanisms	 of	 fluoride	 neurotoxicity	were	 explored	 in	 a	
few	animal	studies.	Elevated	fluoride	levels	in	multiple	brain	
regions	 especially	hippocampus,	was	detected	by	Mullenix	
et al.	in	a	study,	in	rats	exposed	to	high	levels	of	fluoride	in	
drinking	water	 at	weaning.[24]	 Excitotoxicity	was	 proposed	

as	a	central	mechanism	in	fluoride	neurotoxicity,	in	a	review	
by	Baylock.	He	points	out	that,	fluoride	complexes	through	
multiple	mechanisms	such	as	generation	of	reactive	oxygen	
species	and	lipid	peroxidation	products,	decreased	superoxide	
dismutase,	synaptic	injury,	 impaired	glutamate	transporters,	
and	mitochondrial	 dysfunction	 leads	 to	 excitotoxicity.[25]	
Glutamate	 receptor‑mediated	 synaptic	 pruning	 is	 known	 to	
be	 critical	 in	 brain	maturation.[26]	These	 facts	 concur	with	
longitudinal	studies	linking	higher	prenatal	fluoride	exposure	
to	cognitive	development	delay	in	infants	and	adverse	cognitive	
outcomes	in	children.[27,28]

To	the	best	of	our	knowledge,	this	is	the	first	study	conducted	
in	Kerala	 to	 study	 the	 association	 between	 fluorosis	 and	
cognitive	function.	The	children	enrolled	in	the	fluorosis	group	
were	those	with	dental	fluorosis,	confirmed	by	urine	fluoride	
testing,	further	 their	drinking	water	was	also	tested	for	high	
fluoride	level	which	establishes	exposure	to	excess	fluoride.	
The	neuropsychometric	tests	performed	to	assess	the	cognitive	
function	were	Raven’s	SPM	and	MISIC	digit	span	subtest	which	
are	relatively	culture‑independent	and	reflect	diverse	functional	
domains,	including	memory,	attention	and	tracking,	visuospatial	
organization	and	reasoning,	motor,	and	dexterity	skills.

Limitations
This	 is	 only	 a	 comparative	 study;	 hence	 causality	between	
fluorosis	 and	 cognitive	 dysfunction	 cannot	 be	 established.	
Cognitive	function	of	an	individual	is	known	to	be	influenced	
by	 complex	 interactions	 between	 various	 genetic	 and	
socio‑economical	 factors.	Though	we	 have	 tried	 our	 best	
to	 select	 a	 homogenous	 sample	with	 that	 regard,	 complete	
exclusion	of	such	factors	is	not	possible.	Other	heavy	metals	
such	as	arsenic	and	lead	were	not	analyzed	in	our	study,	which	
could	very	well	contribute	to	cognitive	dysfunction.	Further	
research	is	needed	to	assess	their	individual	impact	as	well	as	
interaction	with	fluoride.

conclusIon

This	study	establishes	a	significant	relationship	between	the	
presence	of	fluorosis	and	impaired	cognition	in	children.	The	
severity	of	dental	fluorosis	has	a	positive	correlation	with	the	
grade	of	cognitive	dysfunction.	Fluorosis	being	a	preventable	
cause	 of	 cognitive	 impairment	 in	 children,	 appropriate	
measures	must	be	employed	 to	 reduce	 the	 level	of	fluoride	
in	 drinking	water	 to	 the	 optimal	 level,	 in	 endemic	 areas.	
These	could	include	installation	of	more	number	of	reverse	
osmosis	(RO)	plants	at	the	community	level	with	the	help	of	
local	governing	bodies	and	also	providing	RO	water	purifiers	
at	subsidized	rates	 to	homes.	 It	would	also	be	beneficial	 to	
screen	children	with	dental	fluorosis	for	cognitive	impairment,	
so	as	to	initiate	cognitive	rehabilitation	therapy.
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