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INTRODUCTION

Fluorosis disease manifest as 3 types: dental fluorosis, 
skeletal fluorosis, and non-skeletal fluorosis.1,2 Skeletal 
fluorosis affects the bones and major joints of the body.3 The 
bone gets hardened and less elastic, resulting in an increased 
tendency of fractures. Restriction of the spine movements is 
the earliest clinical sign of skeletal fluorosis4 and non-skeletal 
fluorosis invariably affects all the soft tissues, organs and 
systems of the body.

The acceptable level of fluoride in drinking water is 1.5ppm.5 
Through this study, we tried to look for prevention methods 
of neurological symptoms and create awareness in the 
public. This topic was selected for study because there is not 
much statistical data about the prevalence of neurological 
manifestations.6,7 

The main aim and objective of our study is to know the 
prevalence and severity of neurological manifestations 
like headache, insomnia, lethargy and impaired memory in 
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ABSTRACT

Background: 

Fluorosis is a prevailing public health problem in many parts of the country. It is mainly caused by excessive intake of fluorides through 
drinking water. The effects are mainly on bones and teeth, producing skeletal and dental fluorosis respectively, which often are irrevers-
ible. Nalgonda district in Telangana state was known for highest fluorosis cases. So, we aimed to study the prevalence of headache, 
lethargy, impaired memory and insomnia and to determine the severity of these conditions.

Methodology: 

A community-based cross-sectional study was conducted in Marriguda and narayanapuram mandals of Nalgonda district. 85 patients 
were recruited for the study. The data was collected using ‘Headache Impact Test-6 version 1.1’ for headache, ‘Regensburg Insomnia 
Scale’ for insomnia, ‘Fatigue Assessment Scale’ for lethargy and ‘Six Item Cognitive Impairment Test (6CIT)’ for impaired memory. 

Results:  

It was found that a total of 48.2% of individuals suffered from headache, 48.2% of individuals had insomnia, 57.6% of them complained 
of lethargy and 43.5% of them had impaired memory. Males were more prone to these manifestations except insomnia where females 
were more affected. 

Conclusion:

Our study reported that the most prevalent neurological manifestation was lethargy and impaired memory is the least prevalent manifes-
tation. Males were found to be more prone to developing these manifestations than females except in the case of insomnia. 
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individuals suffering from skeletal fluorosis in villages of a 
fluorosis endemic area. 

METHODOLOGY

A community-based cross-sectional study was conducted 
among the skeletal fluorosis patients of Marriguda and 
Narayanapuram mandals. The sample size is calculated 
using the formula n=4pq/d2 and rounded off to 85. (Where 
p is prevalence from previous studies, q is p-100, d is 
allowable error). Data was collected by personal interviews 
(face-to-face). The purpose of this study was clearly 
explained to the participants in their own vernacular language 
and informed consent is taken. 

The individuals affected with skeletal fluorosis in the 
endemic villages of Marriguda and Narayanapuram are 
divided into three groups based on age - Group 1, Group 2 
and Group 3 i.e, 21-30 years, 31-40 years and 41-50 years 
respectively. Demographic data and data related to headache, 
insomnia, lethargy and memory impairment is collected 
using pre-designed questionnaires personal interviews.

Study Type: The study type is field operational research.

Duration of study: 15 June 2019 to 27 August 2019.

Inclusion criteria: Individuals who satisfied the following 
criteria will be included in the study.

1. Individuals residing in the endemic villages for more than 
20 years.

2. Individuals of age in between 20-50 years as the earliest 
evidence of skeletal fluorosis is found around 11-20 years 
of life.

Exclusion criteria:

1. Individuals reluctant to take the interview.
2. The individuals not having Aadhaar card/voter id/any 

other document for proof of age. 
3. Individuals of age >50 years
4. Individuals with neurological manifestations secondary 

to other known causes. 

Instruments used:  

Pre-designed questionnaire 
1. To evaluate headache ‘Headache Impact Test-6 version 

1.1’8 was used
2. To evaluate insomnia ‘Regensburg Insomnia Scale’9 was 

used. 

3. For lethargy ‘Fatigue Assessment Scale’10 was used. 
4. For impaired memory ‘Six Item Cognitive Impairment 

Test (6CIT)’11 was used

The choice of subjects and quality control was maintained by 
including individuals of age group <50 years old. Including 
native individuals i.e. those who have been residing in that 
village for >20 years

Statistical tools:

Data collected was entered into SPSS software version19 
and results were depicted in the form of frequency tables. 
Chi-square test was performed to find out association 
between skeletal fluorosis and neurological manifestations.  

RESULTS

A total of 85 subjects were participated in the study. 

Age-Wise Distribution of Neurological Manifestations.
• As found, a total of 37.6% of individuals suffer from 

severe headache, 1.2% of individuals have a moderate 
headache and 9.4% of them have mild headaches. All 
the individuals within the 30-40 age group complain of 
severe headaches.

• A total of 2.4% of individuals suffer from severe insomnia, 
11.8% suffer from moderate insomnia and 34.1% suffer 
from mild insomnia. Prevalence of severe insomnia is 
seen in the 21-30 age group. 

• 5.9% of individuals complain of extreme fatigue whereas 
51.8% complain of fatigue. Extreme fatigue seems to be 
more prevalent in people between the 30-40 age group.

• Significant impairment of memory is seen in 40% of the 
individuals in the 21-30 age group whereas 3.5% of them 
show mild cognitive impairment and 40.3% memory 
impairment was seen in the 40-50 age group. 

Gender-Wise Distribution of Neurological Manifestations. 

The percentage of males having a severe headache is 32.4% 
and females is 41.2% (Figure 1).

Most males and females complain of mild insomnia, the 
percentages being 35.2% and 33.3% respectively (Figure 2).

The percentages of lethargy in males and females. A total of 
55.9% males and 49.0% females complains of fatigue. The 
prevalence of impaired memory in males and females. A total 
of 38.2% males and 41.2% females suffers from significant 
cognitive impairment.
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Figure 1. The graph shows frequency of headaches in male and female individuals. A total of 21 females and 11 males  
complains of a very severe impact on their lives.

Figure 2. The above graph shows the frequency of insomnia. A total of 12 males and 17 females suffers from mild insomnia.
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Table 1. Pearson’s chi-square test for Insomnia among different age groups

Insomnia
Chi-square (DF) p-Value

No Insomnia Mild Insomnia Moderate Insomnia Severe Insomnia

21-30 1 2 1 1

8.884 (6) 0.18AGE        30-40 2 1 0 0

40-50 41 26 9 1

Table 2. Pearson’s chi-square test for Impaired Memory among different age groups

Impaired memory Chi-square 
(DF) p-Value

Normal Mild cognitive impairment Significant cognitive impairment Severe Insomnia

21-30 3 0 2 1

8.253 (4) 0.08AGE        30-40 1 1 1 0

40-50 44 2 31 1

Table 3. Pearson’s chi-square test for Headache among different genders

Headache Chi-square 
(DF) p-Value

No/Little impact on life Some impact on life Substantial impact on life Very severe impact on life

AGE
Male 17 6 0 11

5.206  (3) 0.157
Female 27 2 1 21

Table 4. Pearson’s chi-square test for Impaired Memory among different genders

Impaired memory Chi-square 
(DF) p-Value

Normal Mild cognitive impairment Significant cognitive impairment

Sex
Male 19 2 13

0.936(2) 0.626
Female 29 1 21

Chi-Square Tests for Age Wise Distribution of 
Neurological Manifestations.

The chi-square value for headache is 11.58 and Degrees 
of Freedom (DF) are 6. The p-value is 0.07 which is 
insignificant in this case. The chi-square value for insomnia 
is 8.884 and DF are 6. The p-value is 0.18 and is insignificant 
in this case. The chi-square value for lethargy in individuals 
of different age groups is 9.389 and DF are 4. The p-value is 
0.05 which is just significant (Table 1). The chi-square value 
for impaired memory is 8.253 and DF are 4. The p-value is 
0.08 and is insignificant (Table 2).

Chi-Square Tests for Gender Wise Distribution of 
Neurological Manifestations

The chi-square value for headache is 5.206 and Degrees 
of Freedom (DF) are 3. The p-value is 0.157 which is 
insignificant in this case. The chi-square value for insomnia 
is 1.959 and Degrees of Freedom (DF) are 3. The p-value 
is 0.581 which is insignificant in this case. The chi-square 
value for lethargy is 1.686 and Degrees of Freedom (DF) 
are 2. The p-value is 0.431 which is insignificant in this case 
(Table 3). The chi-square value for impaired memory is 
0.936 and Degrees of Freedom (DF) are 2. The p-value is 
0.626 which is insignificant in this case (Table 4). 

DISCUSSION

In our study, we assessed the prevalence of neurological 
manifestations in individuals affected with skeletal fluorosis 
and almost 50% of the study participants were found to be 
suffering from atleast one of the neurological manifestations. 
Our study results revealed that in the study villages, the 
most prevalent neurological manifestation was lethargy and 
impaired memory was the least prevalent manifestation. 

Fluoride causes the neurological complications like lethargy, 
headache, insomnia, quadriplegia, and paralysis. blood-brain 
barrier is impermeable to fluoride and it cannot enter brain 
tissue. But indirectly fluoride can interrupt the brain function 
indirectly by reducing the level of melatonin hormone - 
which can cause insomnia.6,12 

In a report by Spittle,12 it was stated that long-term exposure 
to fluoride cause severe damage to central nervous system 
and it could lead to impaired memory and cognition. The 
other symptoms include malaise and fatigue. The mechanism 
behind the cause is disrupting calcium currents, effecting 
enzyme configuration, inhibiting cortical adenylyl cyclase 
activity and increasing phosphoinositide hydrolysis.

In a study by Shashi,13 fluoride directly acts on nervous tissue 
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which lead to CNS problems such as seizures, paralysis and 
tremors. High doses of fluoride lead to brain tissue damage 
and brain dysfunction. In a stereological study,14 15 aborted 
foetuses from endemic fluorosis areas were examined and 
compared with non-endemic area foetuses. Reports revealed 
that fluorosis disrupted the development of brains of foetuses 
from endemic areas. Although fluoride helps in reducing 
dental caries, but it causes cognitive impairment when 
exceeds limit.15 Yasmin S et al.,16 has stated that residents 
of fluoride endemic areas in Gaya district, Bihar, India 
complained of headache and insomnia.

CONCLUSION

Our study reported that the most prevalent neurological 
manifestation was lethargy and impaired memory is the least 
prevalent manifestation. Males were found to be more prone 
to developing these manifestations than females except in 
the case of insomnia. Fluoride may produce a variety of 
neurological symptoms in those who live in endemic areas, 
which may be attributable in part to its negative effects on 
the brain. 

END NOTE

Author Information

1. Dr. Sreshta Jeelugu, MBBS final year, Kamineni 
Institute of Medical Sciences, Narketpally, India

2. Dr. Prasada Sharma MMV,  Professor and HOD, 
Department of Community Medicine, Kamineni 
Institute of Medical Sciences, Narketpally, India

Conflict of Interest: None declared

Acknowledgment: I sincerely thank Indian Council of 
Medical Research (ICMR) for providing me with the 
Short-Term Studentship (STS- 2019-07055) for my project 
in year 2019.  I extend my gratitude to Dr. A.Kondal Rao, 
DM&HO, Nalgonda and the staff of National Program for 
Prevention and Control of Fluorosis (NPPCF) for their 
support and cooperation

REFERENCES 
1. Aoba T, Fejerskov O. Dental fluorosis: chemistry and biology. Crit Rev 

Oral Biol Med. 2002;13(2):155–70.
2. Shanthi M, Reddy BVT, Kohli S. Health Impact to Different Concen-

trations of  Fluoride in Drinking Water of  South India. 2014;2(3):4.
3. Desai VK, Solanki DM, Kantharia SL, Bhavsar BS. Monitoring of  

neighbourhood fluorosis through a dental fluorosis survey in schools. 
Fluoride. 1993; 26(3):181-86.

4. Abhijit, Souvik, Kumar S, Tapas, Rikta R, Debasis. A Study on Spiro-
metric Evaluation of  Lung Volume Restriction in Prediagnosed Cases 
of  Skeletal Fluorosis. Journal of  Evolution of  Medical and Dental 
Sciences. 2014 Jul 1;3.

5. Shah Tushaar, M. Dinesh Kumar. The emerging challenge of  ground-
water pollution and contamination in India | India Water Portal [In-
ternet]. [cited 2022 Jun 13]. 

6. Sharma JD, Sohu D, Jain P. Prevalence of  neurological manifestations 
in a human population exposed to fluoride in drinking water. Fluoride. 
2009;42(2):127–132.

7. Grandjean P. Developmental fluoride neurotoxicity: an updated re-
view. Environ Health. 2019 Dec 19;18(1):110.

8. Headache Impact Test (HIT) (Version 1.1).  Bash.org 
9. Rönlein T, Langguth B, Popp R, Lukesch H, Pieh C, Hajak G, et al. 

Regensburg Insomnia Scale (RIS): a new short rating scale for the as-
sessment of  psychological symptoms and sleep in insomnia; Study 
design: development and validation of  a new short self-rating scale 
in a sample of  218 patients suffering from insomnia and 94 healthy 
controls. Health and Quality of  Life Outcomes. 2013;11:65.

10. ILD CARE [Internet] Fatigue Assessment Questionnaire. [cited 2022 
May 26].

11. Six-item Cognitive Impairment Test (6CIT) | Doctor | Patient [Inter-
net]. [cited 2022 May 24]. 

12. Spittle B. Psychopharmacology of  fluoride: a review. Int Clin Psy-
chopharmacol. 1994;9(2):79–82.

13. Aggarwal S. Histopathological investigation of  fluoride-induced neu-
rotoxicity in rabbits. Fluoride. 2003 May 1;36:95–105.

14. Du L. [The effect of  fluorine on the developing human brain]. Zhon-
ghua Bing Li Xue Za Zhi. 1992 Aug;21(4):218–20.

15. Peckham S, Awofeso N. Water fluoridation: a critical review of  the 
physiological effects of  ingested fluoride as a public health interven-
tion. ScientificWorldJournal. 2014;2014:293019.

16. Yasmin S, Ranjan S, D’Souza D. Haematological changes in fluorotic 
adults and children in fluoride endemic regions of  Gaya district, Bihar, 
India. Environ Geochem Health. 2014 Jun;36(3):421–5.

Sreshta Jeelugu and Prasada Sharma MMV. Prevalence of Neurological Manifestations in Individuals Affected with Skeletal Fluorosis ..


