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Abstract

Fluorosis is a very prevalent disease in India, especially in rural areas, caused by drinking water with high fluoride content
(>1.0 ppm or 1.5 ppm) for a long time. Fluoride not only impairs physical health but also affects mental health. In fact,
accumulation of fluoride alters the structure and function of various tissues, leading to the development of a variety of
abnormalities in the body. However, it accumulates most in hard tissues, teeth and bones, then in soft tissues. The pathological
changes in these tissues are generally termed as dental, skeletal and non-skeletal fluorosis, respectively. Thousands of people
of all age groups in India suffer from this disease. Interestingly, fluoride has the ability to cross or penetrate the placental and
blood-brain barriers and hence fluoride exposure during the fetal and neonatal period is dangerous. Accumulation of fluoride
in the developing brain affects its ultrastructure and physiology of neurons which ultimately affects the mental health of
children in diverse forms. Extremely high fluoride exposure can have long-term neurotoxic or cognitive effects on children
during development, including decreased ability to learn and remember, decreased intelligence or low intelligence quotient
(1Q), mental retardation, and dementia. There is also an increased prevalence of attention-deficit/hyperactivity disorder
(ADHD) in fluorosed children. The exact mechanism involved in the genesis of fluoride-induced diverse neurological
anomalies in children is not yet clear or well understood. Whether these neurological disorders are permanent and persist
throughout the child's life, whether they are treatable, whether children regain mental fitness after no fluoride exposure are all
questions that need satisfactory answers. However, it would be better to protect pregnant women and children from high
fluoride exposure to prevent the development of neurological abnormalities in children in India. Through this review, the
authors have tried to draw the attention of the concerned department towards this burning health problem among children in
India.
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Introduction

Fluorine is the 9th element in the periodic table and belongs to non-
metals. Being the most electronegative element, fluorine is extremely
active and can form compounds with almost all other elements including
some rare gas elements. Therefore, it is not found in free form in nature.
These compounds are generally referred to as fluorides which are widely
distributed in nature. The human body can be exposed to fluoride through
water, air and food. However, in rural areas of India, drinking
groundwater is the most common source of fluoride exposure for
villagers, followed by air (industrial fluoride pollution), and food. The
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main sources of fluoride in water are fluoride-containing minerals in rocks
and sediments [1, 2].

In India, groundwater is the main source for both drinking and cooking in
rural areas which is contaminated with fluoride in varying amounts [3-5].
In many areas, even groundwater and freshwater used for drinking and
other domestic purposes contain fluoride in excess of the accepted
standard or limit values of 1.0 ppm or 1.5 ppm [6-9]. Long-term
consumption of such water causes a serious disease called fluorosis which
is endemic in rural areas of almost in every state of India [10, 11]. Apart
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from the constant exposure to fluoride through drinking water, another
source of fluoride exposure is industrial fluoride pollution which is
causing fluorosis (industrial fluorosis) disease in both humans and diverse
species of domestic animals in the country [12-16]. In fact, this air-borne
fluoride is relatively more dangerous to people when people are exposed
to this air pollutant.

Fluoride is an essential trace element for metabolism and has the ability
to cross or penetrate the placental and blood-brain barriers and can enter
all tissues of the human body [17-19]. However, the maximum amount of
fluoride absorbed by the intestine is mainly deposited in hard tissues, teeth
and bones. Meanwhile, fluoride has a narrow safety range in the human
body. It is well known that an appropriate amount of fluoride can prevent
tooth decay or caries and promote dental and skeletal health [1]. But
inadequate or excessive fluoride intake or exposure can impair the normal
physiological function of human body, causing various damages not only
to hard tissues, teeth (dental fluorosis) and skeletal bones (skeletal
fluorosis) but also to soft tissues or organ systems such as digestive
system, endocrine system, nervous system, and reproductive system, etc.,
resulting in severe fluorosis disease [1]. In the country, the disease is
found not only in humans [20-29] but also in various species of domestic
and wild animals [30-48]. This shows that fluoride-containing drinking
groundwater is not safe for the health of humans and animals in the
country [6,7]. Even seasonal and perennial lentic and lotic surface or
freshwater in many areas of the country also contains fluoride beyond the
threshold value of 1.0 ppm or 1.5 ppm which is not safe and impairs
human health [8,9]. Thousands of people of all age groups in India are
suffering from fluorosis (dental, skeletal, and non-skeletal fluorosis), but
many of them are children too. In fact, the dangerous aspect of fluoride
exposure in children is that fluoride is not only harming the physical
health of children but also their mental health in India, which is the focus
of the present review. Also, through this review the authors have also tried
to draw the attention of the concerned department towards this burning
health problem of children in India.

Effects of fluoride exposure on mental health in children

Several experimental studies in small rodents have shown that increasing
fluoride levels in drinking water also increased fluoride concentrations in
brain tissues, leading to the conclusion that fluoride has the ability to cross
the blood-brain barrier (BBB) and enter brain tissue [17]. To this end,
fluoride can cross the BBB either in the ionic form or by binding to
albumin. In addition, fluoride can be excreted via cerebrospinal fluid
drainage to maintain a relative balance of fluoride concentrations in the
brain. However, long-term intake of high concentrations of fluoride can
lead to accumulation of fluoride in the brain, resulting in structural and
functional damage to brain tissue. Animal experiments showed that rats
exposed to chronic fluoride through drinking water had increased fluoride
concentrations in the hippocampus, cerebral cortex, and midbrain, which
positively correlated with the dose of fluoride intake [49].

It is clear that fluoride can penetrate both the placental barrier and the
BBB, and therefore fluoride exposure during the fetal and neonatal
periods is even more dangerous. To establish this, a comparative study
was conducted to compare the fluoride levels in the brain tissue of fetuses
from fluoridated and non-fluoridated areas. This study showed that
fetuses from fluoridated areas had significantly higher brain fluoride
levels than those from non-fluoridated areas, confirming that fluoride can
enter the fetus from the mother’s blood through the placental barrier
during pregnancy and then accumulate in the fetal brain tissue after
crossing the BBB and affect neurological development [50].
Accumulation of fluoride in the brain ultimately causes various
morphological, structural and physiological changes in brain tissues of
both humans and animals [51]. The hippocampus of the brain is closely
related to functions such as learning, memory, and emotion. In
experimental  studies, the most significant fluoride-induced
histopathological changes have been observed in the ultrastructure of
neurons, synapses, and myelin of the hippocampus [52]. In addition, the
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endoplasmic reticulum (ER) and mitochondria organelles in neurons were
also found to be damaged, with intracellular lipofuscin significantly
increased. Neuronal synapses also showed the presence of inflammation
and edema, while mitochondria were severely impaired. Several studies
have shown that accumulation of fluoride in the central nervous system
(CNS) can not only cause morphological changes in neurons, but also
cause changes in neuronal activity and energy metabolism [53-56]. These
significant neurodegenerative changes are not restricted to the
hippocampus part of the brain, but these changes have also been observed
in other parts of the brain such as the amygdala, cortex, and cerebellum.
Fluoride-induced changes in cell morphology also include cell membrane
folding, chromatin condensation, mitochondrial swelling, rough ER
expansion, and a reduction in the number of synapses, which critically
affect synaptic function and plasticity [57].

Whatever the case, fluoride-induced neurological changes in brain tissues
such as cerebral cortex, hippocampus and cerebellum ultimately
significantly affect physiological functions of the brain such as learning,
memory, intelligence quotient (IQ), emotion, behaviour, etc. In India, in
1937, cases of neurological manifestations such as memory loss,
headache, dizziness, tremor, paralysis, and ataxia were also reported in
subjects living in fluorosis endemic areas [58]. All these patients were
suffering from fluorosis disease. Since then, there has been an increasing
number of experimental studies focusing on the effect of high fluoride
levels on cognitive function [56, 59-62]. These studies indicate that long-
term excessive fluoride intake can cause significant reduction in learning
and memory capacity in animals. In India, several epidemiological studies
conducted on school going children aged 6-18 years living in various
fluorosis endemic areas also support that chronic fluoride exposure
through long-term intake of highly fluoridated drinking water and/or
industrial fluoride pollution has significantly affected mental health, such
as significantly reducing their 1Q as well as learning and memory capacity
[63-68]. Similar findings have also been observed in several
epidemiological studies conducted in various fluorosis endemic countries
of the world [69-75]. Whether the severity of these fluoride-induced
neurological health problems is influenced by any factor is not yet clear.
However, the severity and prevalence of osteo-dental fluorosis in both
humans and animals is influenced by many factors such as chemical
components in drinking water, nutrients, genetics, environmental factors,
individual sensitivity or tolerance in addition to fluoride concentrations
and frequency and duration of exposure [76-86]. Workers have observed
and reported many other fluoride-induced neurological manifestations or
disorders such as headache, paralysis, quadriplegia, lethargy, insomnia,
depression, polydipsia, polyuria, etc. in children as well as domestic
animals [87-98]. Thus, excessive fluoride exposure or intake may be
associated with deterioration in learning and memory abilities in children,
low 1Q, mental retardation, and even increased risk of dementia. These
fluoride-induced neurodegenerative effects or toxic effects of fluoride on
the central nervous system are multifaceted and possibly caused by
oxidative stress and inflammation induction in neurons and microglia
cells, apoptosis in neurons, neurotransmitter imbalance, interruption in
metabolic regulation, synaptic functioning, blood-brain barrier, etc.
However, the specific mechanism of fluoride on brain damage is still
unclear. Therefore, it is imperative to better understand the mechanisms
through which chronic fluoride exposure causes brain damage. If these
mechanisms are identified, it can be a major health breakthrough in
preventing the physical and mental health of children or people living in
fluorosis endemic areas of the country.

Based on several studies conducted in different geographical areas, it is
accepted that excessive fluoride-exposure through various routes (air,
food and water) causes adverse changes in both mental and physical
health [99]. On other side, it is also possible that many factors outside
basic intelligence also affect performance on 1Q tests. One of the factors
that is fluoride also decrease various functions of the thyroid gland. For
example, hypothyroidism causes fatigue, depression, difficulty in
concentration, memory loss, and hearing loss. Also, there is some
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evidence that poor thyroid function in pregnant women may reduce the
1Q scores of children [100]. Therefore, to avoid such confounding,
comprehensive epidemiological survey studies in low, medium, and high
fluoride environmental areas are highly suggested and will be much
faithful. Whether these neurological disorders are permanent and persist
throughout the child's life, whether they are treatable, whether children
regain mental fitness after no fluoride exposure are all questions that need
satisfactory answers. Nevertheless, protecting children from excessive
exposure to fluoride is a good idea from every angle and this health
problem among children in India needs more attention. This will not only
prevent physical disability (lameness due to skeletal fluorosis) in children
due to chronic fluoride exposure, but also prevent various types of mental
disorders in them. If the mental health of children is not good, then it
directly affects the country's economy and development. Therefore, the
concerned department needs to make special efforts to prevent mental
disorders caused by fluoride in children, which is also possible.

How can fluoride- induced neurotoxicity be prevented in children

In the rural areas of India, the main sources of fluoride exposure for
children are fluoridated drinking water and industrial fluoride pollution
(air-borne fluoride) caused by various coal-burning industries. It is well
known that pregnant women, lactating mothers, and children are
relatively more vulnerable to fluoride intoxication. Due to which they
develop fluorosis disease rapidly. The main cause of fluoride-induced
neurotoxicity in children is when their mothers are exposed to fluoride
during pregnancy. When children are exposed to high levels of fluoride
for a long- time, both their physical and mental health is affected. Such
fluoride-affected children have a variety of neurological symptoms such
as decreased learning and memory abilities, decreased intelligence or low
1Q, mental retardation, dementia, etc. Therefore, prevention of fluoride
exposure in children and pregnant women is important and can be
achieved through: (i) regular supply or provision of fluoride-free treated
drinking water, (ii) prevention of fluoride exposure from highly
fluoridated sources such as fluoridated food items such as alcohol, tea,
rock salt, tobacco, and betel nut, (iii) provision of nutritious food
containing adequate calcium, vitamin C, vitamin E nutrients, and
antioxidants to children to strengthen their immunity, and (iv) awareness
generation on preventive and control measures of fluorosis through well-
trained students and teachers. These measures are simple and can be
achieved with little effort.

Regular supply of fluoride free drinking water at community and
household level can be ensured by adopting defluoridation technique.
Though there are many types of defluoridation techniques available.
However, the Nalgonda defluoridation technique is an ideal one as it is
simple, effective and low cost to use [101]. Though this technique is
inexpensive and gives good results, its success rate at community level is
poor because of lack of public participation, lack of responsibility for its
maintenance, and lack of proper monitoring and maintenance. Instead of
defluoridation technique, rainwater harvesting and conservation is also a
better option to get fluoride free water on regular basis. Regular supply of
fluoride free water to the community is also possible from perennial
freshwater reservoirs as water from these water sources may contains only
traces of fluoride [1].

Conclusions

In India, fluoride is widely distributed in drinking water, air, and food. It
is one of the essential trace elements, which is beneficial for the human
body when taken in appropriate amounts. However, its long-term
exposure through drinking water and industrial fluoride pollution
accumulates in the developing brain through the placental barrier and/or
BBB. Excessive exposure to this element causes permanent damage to all
brain structures leading to harmful cognitive effects such as reduced
learning ability, decreased intelligence (1Q) scores, memory disorders,
anxiety, depression, psychological, and behavioral problems. However,
the exact mechanisms involved in damaging brain tissue and developing
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neurological disorders are still unclear and poorly understood. Hence,
more research work is needed for a better understanding of the
mechanisms through which chronic fluoride exposure or fluorosis causes
brain damage, which is very important to protect the physical and mental
health of India's children. However, prevention of fluoride exposure in
children is also necessary and important because if the mental health of
children is not protected, it will also affect the country's economy and
development.
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