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INTRODUCTION

Fluorosis and Iodine Deficiency Disorders (IDD) are en-
demic disorders in India and co-occur in certain parts of 
the country.1 Endemic fluorosis resulting from high fluoride 
concentration in groundwater is a public health problem in 
India as it is located in the geographical fluoride belt extend-
ing from Turkey to China and Japan through Iraq, Iran and 
Afghanistan.2,3 Previous studies reveal that 15 States in In-
dia are endemic for fluorosis with fluoride level in drinking 
water >1.5 mg/l, leading to dental, skeletal and non-skeletal 
fluorosis.1,4,5 Among those affected, 6 million are children 
below the age of 14 years.5

Fluoride is naturally present in low concentration (0.01–0.3 
ppm) in surface rain or river water. Fluoride levels in ground-
water (well water) concentrations can vary, depending on the 
mineral composition of the local ground and in some loca-
tions, the drinking water contains dangerously high levels of 
fluoride leading to serious health problems.2,3 Fluoride can 
interfere with the function of the thyroid gland and lead to 
delayed development in children as well as impairment of 
brain function.6-8 Since fluoride is more electronegative than 
iodine, it easily displaces iodine, thereby affecting the func-
tioning of the thyroid gland. Fluoride has been known to pro-
duce biochemical changes within the body of an individual, 
which included deranged thyroid hormonal levels. A nega-
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ABSTRACT
Introduction: The thyroid hormone is essential for growth and development in children. Acquired hypothyroidism is sporadic in 
occurrence and commonly occurs due to autoimmune Hashimoto’s thyroiditis. Fluoride can interfere with the normal functioning 
of the thyroid gland by competing with iodine for uptake and lead to delayed development, degeneration as well as impairment 
of brain function. 
Objective: The study aimed to assess fluoride levels in drinking water and their association with acquired hypothyroidism. 
Methods: A prospective observational study was conducted in which children were screened for symptoms of acquired hypothy-
roidism and underwent thyroid function tests. The children with elevated thyroid-stimulating hormone (TSH) levels were included 
in the study and the fluoride content of drinking water was measured. 
Results: Out of 153 children who underwent thyroid profile, 45 children were diagnosed with acquired hypothyroidism based on 
elevated TSH level. The commonest clinical presentation in the study population was fatigue (57%), dry hair (42 %) and consti-
pation (31%). The mean TSH level was 31.21(mIu/L) and the mean fluoride content in drinking water was 0.462, the minimum 
and the maximum level were 0. 10 mg/l and 1. 20 mg/l respectively. 
Conclusion: In our study, the majority of children (58 %) were consuming pipeline water from panchayat or municipal source. 
The mean fluoride content in drinking water of children with acquired hypothyroidism was normal (0.462 ppm) and only 3 children 
consumed water with high fluoride content (> 1ppm). Children with low FT3 and low FT4 had normal fluoride levels in drinking 
water. There was no statistically significant correlation between FT3 ((R=0.23: P=0. 12) and FT4 ((R=0.21: P=0. 17) levels with 
fluoride levels in the drinking water. More studies with a large sample size have to be conducted to assess for any positive cor-
relation between high fluoride and thyroid dysfunction.
Key Words: Acquired hypothyroidism, Drinking water, Fluoride levels, Thyroid-stimulating hormone, Groundwater, Iodine deficiency
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tive feedback mechanism regulates the production of thyroid 
hormones in the body by releasing TSH from the anterior 
pituitary gland following a drop of T3 levels in circulation. 
TSH stimulates the thyroid gland which in turn accelerates 
the production of the thyroid hormone T4, now considered a 
“pro-hormone”. Most the circulating T3 arises from periph-
eral deiodination of T4 and not from thyroid secretion. The 
process of deiodination is catalysed by the enzyme iodothy-
ronine deiodinases and fluoride is known to interfere with 
the activity of the deiodinases enzyme.  

In optimally fluorinated parts of the world, the daily dietary 
intake of fluoride is 0.05 mg/kg/day whereas the dietary in-
take of fluoride is much lower in children from developing 
countries. The upper limit of fluoride concentration by the 
World Health Organization (WHO) in drinking water at 1.5 
mg/litre. The maximum daily limit of fluoride intake as per 
Bureau of Indian Standards is 1.0 mg/l and the “lesser the 
better”.6 Whenever the intake of fluoride is higher than the 
optimum level, it can lead to dental and skeletal fluorosis.  

Since there are only a few population studies in children that 
examine the association of thyroid disease with fluoride in-
take in water, our study was performed to determine if ac-
quired hypothyroidism in the children is related to consum-
ing water with excess fluoride content. 

MATERIAL AND METHODS

Study design: Hospital-based prospective study

Period of study: June 2016 to May 2017  

Study area: Department of Paediatrics, Saveetha Medical 
College Hospital, Chennai. 

Study sample: All children with clinical symptoms and 
signs of acquired hypothyroidism in the age group 5 to 15 
years who presented to the Paediatric outpatient department 
were enrolled in the study. A sample of 45 children during 
the study period diagnosed with acquired hypothyroidism 
was included in the study. Symptoms of hypothyroidism 
which were included were poor physical growth, poor con-
centration, poor scholastic performance, fatigue, weak mus-
cles, depression, dry and itchy skin, unusual hair loss, dry 
hair, cracking nails, infrequent bowel movements or hard 
stools, unexplained weight gain, swelling at the front of the 
neck, difficulty in tolerating cold and menstrual disturbances 
in adolescent girls.

Inclusion criteria: All children aged 5 years to 15 years pre-
senting with clinical features of acquired hypothyroidism. 

Exclusion criteria: Children diagnosed with congenital 
hypothyroidism, unwillingness to participate in study and 
children with any pre-existing or severe concurrent severe 
comorbid illness. 

Procedure: After obtaining a detailed history, general ex-
amination, anthropometry and examination of the neck was 
done.  Informed written consent about the study was ob-
tained from the parents or guardian.  Blood samples were 
taken for estimation of thyroid profile.  Only those children 
who were confirmed as the case of acquired hypothyroid-
ism were included in the study.  Information about the usual 
source of drinking water was collected. Participants were 
asked about the primary source of drinking water at their cur-
rent residence whether municipal water supply, groundwater, 
bottled water, reverse osmosis water (RO) treated or others 
and for how long they have been consuming the water.RO is 
a water purification process that uses a partially permeable 
membrane to remove ions, unwanted molecules and larger 
particles from drinking water.   For those children who were 
confirmed as overt hypothyroidism (based on the abnormal 
thyroid profile), the drinking water samples (minimum 50 
ml, maximum 200 ml in a  Special plastic bottle provided for 
the sample analysis) was collected on a follow-up visit and 
sent to Ekdant Enviro services Pvt limited, Chennai which is 
a NABH accredited lab to estimate the fluoride levels. Test 
to detect fluoride level was performed upon the water sam-
ples as per the World Health Organisation recommendation. 
Correlation between the fluoride levels in water and hypo-
thyroidism.

Sample size and sampling technique: Prevalence of ac-
quired hypothyroidism in school children is around 3-4%, 
and assuming 5% precision and 95% confidence interval, 
statistically significant sample size came out to be 39.  Hence 
45 children between 5-15 years were recruited by Consecu-
tive sampling.  The study was conducted over one year.  In-
ternational Business Machines (IBM) SPSS version 22 was 
used for statistical analysis. 

Statistical methods: The primary outcome variables were: 
Free T3, Free T4, TSH.Primary explanatory variable: Fluo-
ride content in drinking water.Secondary explanatory vari-
able: Age, gender, family history of disorders, height and 
weight.

Inferential statistics: Quantitative outcome-The mean val-
ues were compared with the quantitative outcome and cat-
egorical variables. The differences between mean levels of 
FT3, FT4, TSH with mean fluoride levels with 95% con-
fidence intervals were assessed. Statistical significance was 
done using an Independent sample t-test/ ANOVA. The as-
sociation of variables Pearson correlation coefficient and the 
data was represented in a scatter diagram. Linear regression 
analysis was done. The regression coefficient, along with its 
95% Confidence Intervals ( CI )and P values is presented.  
Categorical outcome - The association between explanatory 
variables and categorical outcomes was assessed by cross-
tabulation and comparison of percentages. Odds ratio along 
with 95% CI are presented and the Chi square test was used 
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to test statistical significance. P-value > 0.05 was considered 
statistically insignificant whereas P-value ≤ 0.05 was consid-
ered statistically significant. 

RESULTS

The total number of children who presented with clinical 
features of acquired hypothyroidism were 156 out of which 
3 parents refused consent for blood sampling. A thyroid pro-
file was performed for the remaining 153 children and 45 
children had elevated TSH levels while 108 children had 
normal TSH levels. The 45 children with elevated TSH were 
included in the study.

Out of the total of 45 children who were analysed, the mean 
age was 11.51 years with a minimum age of 6  years and 
maximum of 15 years of age in the study (95%  CI  10.74  -  
12.28).   24.44% of children were between the age group of 6 
to 9 years whereas children in the age group of 10 to 12 years 
and 13 to 15 years was 31.11% and 44.44% respectively. In 
the study, 75.56% were girls and 24.44% were boys (Table 
1).

Among the study population, 57.77% of children had 
symptoms of fatigue. Dry and itchy skin was present in 
13.33%whereas 17.7 % complained of excessive hair loss 
and 42.2 % had dry hair. The proportion of constipation, un-
explained weight gain, swelling in front of the neck, diffi-
culty in tolerating cold, sleep disturbances, menstrual irregu-
larities history of poor scholastic performance were 31.11%, 
20%, 17 .77 %, 13.33%, 28. 88%, 17.77%, 24.44% respec-
tively. In the study population, 33.33% had a positive family 
history of thyroid disorder. As seen in Table 3, among the 
study population, 71.11% of children had age-appropriate 
weight ( 5 to - 95th centile) as per the CDC growth chart. 10 
(22.22 %) children and 3 ( 6.66%) children had weight for 
age less than < 5th centile (undernourished) and weight for 
age > 95 the centile as per CDC growth chart respectively. 
The mean TSH of the study population was 31.21 with a 
minimum of 5.36 and a maximum of 106 (95% CI 22.82 - 
39. 61 ) as seen in table 4. The mean Free T3  was 3.38 with 
a minimum of 0.94 and a maximum of 8.90  (95%  CI  2.90  
– 3.87 ). The mean Free T4 was 3.10 with a minimum of 0.36 
and a maximum of 16.80 (95 % CI 1.83 – 4. 39) (Table 2).

Among the study population, the majority of them were 
consuming pipeline water ( panchayat / municipal) 57.78% 
while groundwater (bore well/ well) and purified water (R.O/ 
can water) was consumed by 24 .44 % and 17.78% respec-
tively as seen in table 5. The mean fluoride content in drink-
ing water was 0.462, the minimum and the maximum levels 
were 0. 10 mg/l and 1. 20 mg/l respectively as seen in table 
6. Most of the patients were consuming a permissible range 
of fluoride levels in drinking water. In the study all children 
had high TSH level as seen in table 7. 15 children (33.33 %) 

had low values and 30 children (60.67%) had normal levels 
of Free T3; whereas FT4 measurements showed low and nor-
mal values in 5 ( 11.11%) and 40 (88. 89%) children respec-
tively. The Fluoride content in drinking water was low in  
42  children  (93.3 %) and high in 3 children (6.7%). Ethical 
clearance number:0Z8/08/2016/KEC/SU.

DISCUSSION

Iodine is an important microelement required by the body for 
neural development and neuronal functioning. Consumption 
of drinking water with high Fluoride levels for long periods 
can lead to acquired hypothyroidism since iodine gets eas-
ily displaced by fluoride. Fluoride can inhibit TSH release 
from the pituitary gland, thereby reducing thyroid hormone 
release.4

In our study, the mean age of presentation of acquired hy-
pothyroidism was 11.51 years. The majority of the partici-
pants were females (75.56%). A similar male to female ra-
tio of 1:3 was reported by Shah NA et al in their study of 
50 children.9 Contrastingly, the proportion of females in the 
study by Peckham et al was equal (49.9%) to that of males.7 
In our study goitre was present in 17.77% of cases, fatigue 
in 57.77%, cold intolerance in 13. 33%, short stature in 20. 
00% and constipation by 31.11 %. In contrast, the study by 
de Vries et al showed that goitre was present in 77. 2% of 
cases, fatigue in 21.6%, cold intolerance in 6.9 %, and con-
stipation in  5.9% of cases.10 In a study by Al-Agha AE et 
al the commonest clinical presentations were short stature 
(32 .5 %), fatigability ( 12.1%),  constipation  (9.8%), cold 
intolerance (5. 3 %), goitre ( 2.6%) and menstrual irregulari-
ties 7.9%.11

Among the study population, 24.44% of patients consumed 
groundwater from either bore well or well. The proportion of 
pipeline water (panchayat/ municipal) was 57 .78 % and the 
proportion of purified water (RO/  can water)  was 17.78%. 
In our study, the mean Fluoride content in drinking water was 
0.462ppm the minimum level was 0.10ppm and the maxi-
mum level was 1.20 ppm in the study population. The rec-
ommended level of fluoride in drinking water in India is 0.5 
to 0. 8 mg/l.7 In their study, Singh N et al reported a  higher 
concentration of fluoride in drinking water of both cases (1. 
6 - 5.5ppm) and controls (0. 98 -1ppm) with acquired hypo-
thyroidism.12 Therefore it is important to test fluoride levels 
of drinking water in children with acquired hypothyroidism.

In their hospital-based study of 275 patients, Sachdeva et al. 
categorised the patients into 3 groups based on the source 
of drinking water.14 They found that the mean fluoride level 
group A (consuming groundwater), were 2.50±1.27 mg/dl, 
in group B (municipal water) it was 0.82±0.07 mg/ dl and in 
group C ( reverse osmosis water) it was 0.76 ±0. 11 mg/ dl. 
The mean TSH levels were 9.66 ± 4 .02, 7. 48 ± 3 .21 and 
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8.38 ± 4.28 respectively. The mean FT3 levels were 3. 76 ± 
1. 41, 4.13 ± 2. 13 and 4.02 ± 2.30 respectively.

In our study, the mean TSH in the study population was  
31.21 m IU/L with a minimum of 5. 36 and a maximum 
of 106 in the study population ( 95% CI 22.82 - 44.65). 
The mean Free T3 was 3. 38 with a minimum of 0. 94 and 
maximum 8 .90 (95% CI 2. 90 – 3.87). The mean Free T4 
was 3.10 with a minimum of 0.36 and a maximum of 16. 80 
(95% CI 1. 83 – 4.39). In  their case-control study, Singh N 
et al found significantly higher mean TSH levels between 
the groups ( 3.7+/ - 1. 9), while the mean FT3 levels (3 . 
07+/- 1. 1) and mean FT4 levels ( 1.19+/- 0.21) was non-
significant.12

Though children with low free T3 levels were consuming 
relatively higher fluoride content water (0.502 ppm) com-
pared to those with normal free T3  levels having water 
with a  fluoride level of 0.442 ppm, the difference was not 
statistically significant. 37 Children who consumed water 
with low fluoride levels had normal FT4 (88 .09 %) and 5 
of them had low FT4(11.9%). Out of 3 children who drank 
water with high Fluoride content, all had a normal level 
of FT4. In our study, there was a non-significant correla-
tion between the either with FT3 (R=0.23: P=0. 12) lev-
els or FT4 (R=0.21: P=0. 17) levels with fluoride levels 
in the drinking water.  A similar insignificant correlation 
with the values of FT3 and FT4  was observed by Singh 
et al.12 Previous evidence suggests that intake of the high 
level of fluoride can interfere with thyroid gland function 
with derangements of thyroid hormone levels. 12,13Excess 
of fluoride in drinking water, especially groundwater has 
been shown to demonstrate a linear correlation with raised 
TSH levels, most of which are subclinical. Also, fluorosis 
is known to compound its detrimental effects in areas pre-
viously deficient  in  their  iodine status.14

Susheela et al compared thyroid hormone status of 90 chil-
dren with dental fluorosis (drinking water fluoride ranging 
from 1.1 to 14.3 mg/L) and 21  children without dental fluo-
rosis (0.14‐0.81 mg/L fluoride in drinking water) in areas 
where iodine supplementation was considered adequate.15 
They reported that 49 (54.4%) children had “well‐defined 
hormonal derangements; findings were borderline in the 
remaining 41 children. In another study conducted among 
school children in the Nalgonda district, the prevalence  of 
dental caries was more in  below optimal  fluoride  area  fol-
lowed  by  areas  where fluoride concentration was 5 ppm 
and above.16

Limitations of the study were that sample size was small, 
other source of fluoride consumption were not included in 
the study, fluoride level measurements were not done in se-
rum and body fluids and serum auto-antibodies levels were 
not measured.

CONCLUSION

In our study, there was no significant correlation between 
TSH levels, FT3 levels and FT4 levels with fluoride levels 
in the drinking water. Fluoride levels in the drinking water 
of most of the study participants were within the permissible 
range. Only 3 children had fluoride level of more than  1 
ppm. Though permissible drinking water fluoride content in 
India is <1 mg/l, recent studies suggest fluoride level  >0.7  
mg/l can have an effect on the thyroid gland causing hor-
mone derangement. Acquired hypothyroidism is a common 
endocrine disorder and few population studies examine the 
association of this disease with fluoride intake.  More studies 
with a large sample size have to be conducted to assess for 
any positive correlation between high fluoride and thyroid 
dysfunction.
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Table 1 :Descriptive analysis of age in study group (N=45)
Age Group(yrs) Frequency Percentages

6  to 9 11 24.44%

10 to 12 14 31.11%

13 to 15 20 44.44%

Table 2: Descriptive analysis of symptoms in the study group (N= 45)
Symptoms Frequency Percentages

Fatigue 26 57.77%

Dry/ itchy skin 6 13.33%

Excessive hair loss 8 17.77%

Dry hair 19 42.22%

Constipation 14 31.11%

Unexplained weightgain 9 20.00%

Swelling in front of the neck 8 17.77%

Difficulty in tolerating cold 6 13.33%

Sleep disturbances 13 28.88%

Menstrual irregularities 8 17.77%

Poor scholastic performance 11 24.44%

Table 3 : Descriptive analysis of expected weight  for  age  and height for age in study group
Expected weight for age Frequency (%) Percentage

EXPECTED WEIGHT FOR AGE 5th - 95th centile 32 71.11

< 5th centile 10 22.22

> 95th centile 3 6.66

EXPECTED HEIGHT FOR AGE 5th - 95th centile 32 71.1

< 5th centile 9 20

> 95th centile 4 8.8
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Table 4: Descriptive analysis for TSH, Free T3, Free  T4, in study population ( N=45 )
Parameter Mean ± STD Median Min Max 95% C.I. for EXP(B)

Lower Upper

TSH
(m IU/L)

31.21 ± 27 .93 22.20 5.36 106.00 22.82 39.61

FreeT3
(pg/ml)

3.38 ± 1.62 3.08 0.94 8.90 2.90 3.87

Free T4
(ng/dl)

3.10 ± 4.27 1.24 0.36 16.80 1.83 4.39

Table 5: Descriptive analysis of source of  drinking  water  in  study group (N=45 )
SOURCE OF DRINKING WATER Frequency Percentages

GROUND WATER ( BOREWELL/ WELL) 11 24.44%

PIPELINE WATER
(PANCHAYAT/MUNICIPAL) 26 57.78%

PURIFIED WATER
(R. O/ CAN WATER) 8 17.78%

Table 6: Fluoride level in drinking water
Parameter Mean ± STD Median Min Max 95% C.I. for EXP(B)

Lower Upper

Fluoride content
in drinking water (mg/l)

0.462 ±
0.283 0.46 0.10 1.20 0.38 0.55

Table 7 : Descriptive analysis of Free T3, Free T4,  TSH  levels and fluoride content in drinking water in study 
group ( N=45)
Free T3 Frequency Percentage

Low 15 33.33%

Normal 30 66.67%

Free T4

Low 5 11.11%

Normal 40 88.89%

TSH

High 45 100%

Fluoride content in drinking waterlevel

Low< 1ppm 42 93.3%

High> 1 ppm 3 6.7%


