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Evaluation of Factors Affecting Thyroid Levels and its Relationship with

Salt lodine to Suggest the Way Forward!

Abstract

Background: In India, 42 million people suffer from thyroid diseases. One in 10 adults suffer from
hypothyroidism. Although coverage of iodized salt utilization has increased after universal salt
iodization, we are yet to achieve the goals of NIDDCP for which the present study was planned
to identify the hidden factors. The aim is to identify the factors affecting thyroid hormone levels,
their association with salt iodine content and suggest strategies for improvement based on patient
perceptions. Methods: A hospital based prospective follow up study was conducted among 140
patients, with an in depth interview and testing of salt iodine content. Data were analyzed using
the SPSS software. Results: 96 (69%) patients were of age 18-35 years. 129 (92%) were females,
120 (86%) were from rural areas, 95 (68%) were literate, 116 (83%) were unemployed, and 115
(82%) were of low socioeconomic status. Most of them had poor cooking practices and dietary
habits. The T3, T4, and TSH levels were within the normal range in 84 (60%) patients. Only in 28
(20%) salt samples, the iodine content was adequate. The association between factors like intake of
inadequately iodized salt (P < 0.01), rural distribution (P < 0.05), illiteracy, presence of the comorbid
conditions (P < 0.0001), and thyroid hormone abnormality was found to be statistically significant.
Conclusion: The factors that adversely affect thyroid levels were higher age, female gender, rural
distribution, comorbid conditions and patients with low salt iodine were prone to abnormal levels.
Monitoring salt iodine content, training of health care workers to create awareness were the key
strategies proposed for improvement.

Keywords: Added salt, goitrogen, lodine deficiency disorders (IDD), iodized salt, knowledge,
practice

transition from the iodine deficiency state
to the sufficiency state. A recent review
of studies conducted in the postiodization
phase gives some indication of the
corresponding change in the thyroid status
of the Indian population.”>! However, still
thyroid diseases are at the rise, especially
the IDDs in rural areas of South India.l®)

Introduction

Iodine deficiency has multiple adverse
effects in humans, termed iodine-deficiency
disorders (IDDs), globally, 2 billion
individuals have an insufficient iodine
intake.! The prevalence of goiter in areas
of severe iodine deficiency can be as high
as 80%.%" About 42 million people in India
suffer from thyroid diseases. Early diagnosis
and treatment remain the cornerstone of
management,®) while one in 10 adults in
India suffer from hypothyroidism. In India,
hypothyroidism-categorized IDDs, which
were represented in terms of total goiter
rates and urinary iodine concentrations, were
typically assessed in school-aged children.
Ever since India adopted the universal salt 1.
iodization program in 1983, there has been

a decline in goiter prevalence. In 2004, a

WHO assessment of global iodine status 2.
classified India as having “optimal” iodine

nutrition. India is supposedly undergoing a

The present study tried to find out the
factors affecting thyroid levels among
patients coming to the laboratory for thyroid
profile and throws light on its relation with
salt intake in terms of the impact of salt
iodization programmes since years.

Objectives

To identify the factors affecting the
thyroid hormone levels and their
association with salt iodine content.

To suggest strategies for improvement
based on patient perceptions.

Sample size calculation: (NFHS-4) P:
90.4% (households using iodized salt in
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Vishakhapatnam district). At 95% confidence interval
and 5% margin error, sample size (n) = z2 x p x (1 - p)/
e2 = 134. It was then rounded up to 140 assuming 5%
attrition.

Methodology

A hospital-based prospective follow-up study was conducted
among patients coming to a central laboratory referred
from various departments for checking their thyroid profiles
(T3, T4, and TSH) between September—December 2018, who
constituted the study population. A sample of 140 patients was
selected randomly. The study was approved by the Institutional
Ethical Committee. The study participants were interviewed
in the first contact based on a predesigned, prevalidated,
structured questionnaire after taking written consent.

The questionnaire had three sections for collecting
demographic data, patient’s clinical profile, specific dietary
habits (use of added salt and cruciferous vegetables), and
cooking practices. They were then requested to bring a
sample of salt that they use regularly (using at least for the
last 3 months) at home in an airtight container, in the next
follow-up visit. The patients were reminded by a telephone
call a day before the issue of reports about how to collect,
store, and transport the sample of salt. In the follow-up
visit, the salt sample was tested with the help of MBI KITs
and the patient was informed about the results along with
their thyroid profile report. It was followed by counseling
of patients irrespective of the thyroid levels or iodine levels
in the salt. They were counseled regarding better cooking
practices, dietary habits, signs, and symptoms of thyroid
abnormality (IDD) due to inadequate iodine in salt along
with verbal feedback from the patient for improvement.
The data thus collected were analyzed to get the results.

Results

Of 140 patients, 96 (69%) belonged to the 18-35 yr age
group. 129 (92%) were females, 120 (86%) were from
rural areas, 95 (68%) were literate, 116 (83%) were
unemployed (House makers), and 115 (82%) belonged to
the lower socioeconomic status [Table 1].

The reason for visiting the hospital was explored,
which showed that 52 (37%) came for routine thyroid
profile checking, followed by other problems. Only
18 (13%) patients had the habit of using tobacco either
in the form of gutkha, paan, or alcohol. Dietary habits
disclosed intake of specific foods (Goitrogens) that were
locally available and constitute a major portion of their
routine diets like corn (68%), bean (54%), ragi (57%),
cruciferous vegetables (71%), and other foods like sweet
potato, cassava, spinach, bamboo shoots etc., (78%).
A majority (49%) had a body mass index in the normal
range (18 to 25). [Table 2]

Among all, 64 (46%) were with comorbid conditions,
53 (38%) were diabetics, 59 (42%) were hypertensive,
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Table 1: Sociodemographic profile of patients

Variable Frequency Percentage
Age in years

<18 4 3%

18-35 96 69%

36-65 31 22%

>65 9 6%
Gender

Female 129 92%

Male 11 8%
Geographic area

Rural 120 86%

Urban 20 14%
Literacy status

Literate 95 68%

[literate 45 32%
Employment

Employed 24 17%

Unemployed 116 83%
Socioeconomic status (SES)

High/middle 25 18%

Low 115 82%

Table 2: Clinical profile of patients

Variable Frequency Percentage
Reason of visiting hospital

Routine thyroid profile 52 37%

Menstrual problem 34 24%

Minor ailments 29 21%

Antenatal check-up 19 14%

Infertility 6 4%
Addiction

Smoke Less Tobacco 15 11%

Alcohol 12 9%

Both 9 6%

No addiction 122 87%
Dietary habits

Corn 95 68%

Bean 76 54%

Ragi 80 57%

Brassica (Cabbage & Cauliflower) 99 71%

Other foods (sweet potato, 109 78%

cassava, spinach, bamboo shoots)
Body mass index (BMI)

Normal 69 49%

>25 63 45%

<18 8 6%

17 (12%) had chronic kidney disease, and 11 (8%) cardiac
problems. Most of the patients were using packet salt
92 (66%) and the rest all were using rock salt (crystals).
Out of those using packet salt, 78 (56%) did not have any
idea about the iodization of salt. Only 45 (32%) were aware
and using iodized salt, followed by 17 (12%) who were
using low sodium salt substitute (LSSS). Salt consumed
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per month in the family was 1 to 2 kg in 104 (74%) cases,
<1 kg in 17 (12%), and 20 (14%) were not sure. 63 (45%)
cases had a habit of taking added salt intake in terms of
pickle and salted stored food. Overall, three-fourth of the
population was aware of the use of iodized salt.

About the cooking practices, although 76 (54%) people
were keeping the salt container away from the stove and
only 46 (33%) were using airtight closed containers for
storage. 119 (85%) had the habit of adding salt before or
during the cooking process and 126 (90%) were washing
the vegetables after cutting them. 84% were married and
72% were having children. Out of all female patients of
the reproductive age group (n = 92), only 52 (37%) had
regular/normal menstruation and the rest were having
some or other kind of menstrual abnormalities. Around
108 (77%) study participants had normal bowel and bladder
habits and 115 (82%) were having sound sleep.

84 (60%) were having T3, T4, and TSH levels within the
normal range as interpreted based on their thyroid levels in
the report [Figure 1].

The salt iodine testing was done using MBI KITs and
the results were found by comparing the intensity in the
provided color chart. Only 28 (20%) salt samples had
adequate iodine content (15 PPM at the consumer level)
[Figure 2].

The association between the rural distribution of cases and
lower socioeconomic status with thyroid abnormality was
found to be statistically significant (P < 0.05). Patients with
known cases of thyroid disease were more aware and their
thyroid levels were normal. (P < 0.05). The inadequate
salt iodine content was associated with abnormal thyroid
levels and was more prevalent in rural areas. (P < 0.01)
Abnormal thyroid levels were reported more in patients
who are illiterate, with comorbid conditions, taking added
salt. (P < 0.0001) [Table 3].

Discussion

Hypothyroidism is common among females and the
reproductive/middle age group. Many studies concur with
this statement along with ours.”
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Figure 1: Status of patient based on thyroid hormonal levels
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A majority came for routine check-up of their thyroid
levels followed by menstrual problems and diseases other
than thyroid. Among those having comorbid conditions,
a majority were diabetic and hypertensive. Impaired
function of the thyroid gland is commonly associated
with hypertension. Also, a higher incidence of salt
sensitivity was found in patients with hypothyroidism
before treatment. Similarly, insulin resistance bears an
indispensable role in connecting T2DM and thyroid
dysfunction.®' In this context, few people were found
using (LSSS) low sodium salt substitute (where sodium
would be replaced by potassium) without any knowledge
of its contraindications. Although the relationship was
not significant, inadvertent use of LSSS in patients
with renal disease, cardiac problems, and diabetes and
patients on K-sparing diuretics and painkillers may be
harmful.l"!

A majority were practicing faulty cooking techniques
like keeping salt near the stove as it comes handy, salt in
open containers, adding salt while cooking on flame, and
washing vegetables after cutting them. However, a majority
showed good knowledge and practice related to iodized salt
consumption at the household level but the time of adding
salt while cooking was still faulty in most of them.['”

Our study revealed that for most of the patients, ragi, corn,
cruciferous vegetables along with cassava, spinach, and
bamboo shoots were the common food categories in diet,
which are goitrogenic. This could be attributed to food
fads, availability, and food habits in these geographic areas.
Studies have associated high consumption of cruciferous
vegetables with thyroid hormonal abnormality and cancer!*

A majority of the study participants were presented with
no addiction. This could be due to more female patients
with thyroid problems and quite a number of the females
presented with menstrual irregularities attributed to s/s of
thyroid hormonal imbalance. Similar conclusions were
drawn in another study where thyroid dysfunction was

M 15ppm

M 7ppm = oppm

Figure 2: lodine content in salt at consumer level
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Table 3: Association of different factors with thyroid levels

Thyroid Hormone levels Abnormal Normal P

Salt iodine content
>15 ppm 6 30 P=0.0007**
<15 PPM 53 51

Literacy status
Literate 26 64 P<0.0001*%**
[lliterate 33 17

Geographic area
Rural 52 58 P=0.0319*
Urban 7 23

Comorbid conditions
Present 40 26 P<0.0001*%*%*
Absent 19 55

Socioeconomic status
High/middle 5 20 P=0.0244 *
Low 54 61

Intake of added salt
Yes 42 22 P<0.0001%#%**
No 17 59

Known case of thyroid disease
Yes 16 39 P=0.0193*
No 43 42

Body mass index
Normal 27 42 P=0.5889
Abnormal 32 39

Aware of iodized salt use Unaware

Known case of thyroid disease
Yes 41 14 P=0.0465*
No 48 37

Rural Urban

Salt iodine content
>15 ppm 20 16 P=0.0002**
<15 PPM 90 14

*Statistically significant at P<0.05, **extremely statistically significant at P<0.01, ***extremely statistically significant at £<0.0001

considered as an important causative etiology of menstrual
abnormalities.!¥

Iodine deficiency disorders (IDDs) are linked to
iodine-deficient soil. IDDs constitute the single largest
cause of preventable brain damage worldwide leading
to learning disabilities and psychomotor impairment. In
India, the majority of the population is prone to IDD; an
estimated 350 million people are at risk of IDD as they
consume salt with inadequate iodine. Every year nine
million pregnant women and eight million newborns are at
risk of IDD in India.!'¥ The introduction of dietary iodine
in the form of fortification of table salt with iodine as a
public health measure in the early 20" century eliminated
endemic goiter in many countries including the US, but it
appears that it spawned a new problem related to thyroid
health in the form of hypothyroidism.!"!

Iodination of table salt is one of the best methods to
eliminate iodine deficiency disorders (IDDs). A significant
proportion of iodine is lost from salt after production and
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during consumption. There should be more awareness
regarding the importance of using iodized salt, and education
for consumers about salt storage. The iodine content in salt
packages should be monitored by regulatory authorities.!!”
Although three-fourth of the population was aware of the
iodization of salt, only 22% were actually using it in the
study and a majority were unaware of iodization, which can
be attributed to illiteracy and ignorance. Similar findings were
noticed in few other studies where people’s awareness was
low regarding the use of iodized salt. Also, a positive impact
of education and awareness on iodized salt consumption in a
hard-to-reach, marginalized community was noticed.!'s!"]

Patients with thyroid disease were more aware of iodized
salt use and their thyroid levels were normal, which could
be attributed to the improved knowledge and practice
through mass media, health workers, treating physicians, or
family and friends.['™

The association between inadequate iodine in salt, rural
distribution, lower SES, comorbid conditions, added salt,
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and illiteracy with thyroid abnormality in the study could be
either due to the unawareness of rural people, lack of health
education, easy availability of local low-cost salt, or cultural
norms at those specific areas. Likewise, inadequate iodine
content in salt was noticed in rural patients with low SES
which is attributed to the use of agricultural or coarse salt.>"!

The normal average intake of salt by an adult is 10 g/day and
hence iodized salt must contain at least 15 ppm of iodine at
the consumer level and 30 ppm at the manufacturing point
to meet the daily requirement of 150 pg/day.?Y The present
study found that around 80% patients were using salt
having <15 ppm iodine at the consumer level which was
inadequate due to their ignorance, unawareness, cooking
practices, or cultural behavior. Studies have shown iodine
deficiencies are a major public health problem. Kapil et al.
found iodine content less than 15 ppm in the salt consumed
by 53% of school-going children.?!

Based on the patient’s perception, the following key

strategies were recommended for improvement:

1. Health education of rural/vulnerable population.

2. Awareness toward the use of iodized salt as health
promotion.

3. Training health-care workers for capacity building and
appropriate use of salt.

4. Availability of iodized salt with mention of indication
and contraindication.

5. Facilities for testing
approachable places.

6. Subsidized or free-of-cost supply of iodized salt at PDS.

7. Stringent action to prohibit the use of noniodized salt.

iodine content in salt at

Conclusion

There are multiple factors that affect thyroid levels like
higher age group, female gender, rural distribution, literacy,
cooking practices, dietary habits, presence of comorbid
condition, low iodine content in salt, and use of local
noniodized salt hindering the iodine sufficient state. Thus,
the study recommends few key strategies like health
education, adequate training of health care staff, stringent
rules along with the availability of facilities for salt testing
to improve the current situation as perceived by patients.

Limitations

Small sample size, only patients coming to visit hospital
were chosen, and the unavailability of urinary iodine
concentration estimation facility.

Acknowledgments

The authors sincerely thank the dean and principal of
the college and the management staff for granting us
permission and encouraging us to conduct this study.
The authors express their deep sense of gratitude to the
staff of the central lab and the faculty members of the
Department of Biochemistry for their constant help and
encouragement.

International Journal of Preventive Medicine 2021, 12: 166

Declaration of patient consent

The authors certify that they have obtained all appropriate
patient consent forms. In the form, the patients have given
their consent for providing clinical information to be
reported in the journal. The patients understand that their
names and initials will not be published, and due efforts
will be made to conceal their identity.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

Received: 07 Oct 20 Accepted: 22 Jan 21
Published: 14 Dec 21

References

1. Zimmermann MB. Iodine Endocr  Rev

2009;30:376-408.

2. Vanderpump MPJ. The epidemiology of thyroid disease. Br Med
Bull 2011;99:39-51.

3. Unnikrishnan AG, Menon UV. Thyroid disorders in India:
An epidemiological perspective. Indian J Endocrinol Metab
2011;15(Suppl 2):S78-81.

4.  Unnikrishnan AG, Kalra S, Sahay RK, Bantwal G, John M,
Tewari N. Prevalence of hypothyroidism in adults: An
epidemiological study in eight cities of India. Indian J Endocrinol
Metab 2013;17:647-52.

5. Kapil U. Successful efforts toward elimination iodine deficiency
disorders in India. Indian J Community Med 2010;35:455-68.

6. Sai Deepika P, Thirumala Rao B, Vamsi A, Valleswary K,
Chandra Sekhar M. A cross sectional study on proper use of
iodized salt in communities of rural areas and its relevant factors
in Prakasam district, Andhra Pradesh, India. Int J Community
Med Public Health 2019;6:1083-90.

7. Olmos RD, Figueiredo RC, Aquino EM, Lotufo PA,
Bensenor IM. Gender, race and socioeconomic influence on
diagnosis and treatment of thyroid disorders in the Brazilian
Longitudinal Study of Adult Health (ELSA-Brasil). Braz J Med
Biol Res 2015;48:751-8.

8. Klein J. Thyroid hormone and blood pressure regulation. In:
Laragh JH, Brenner BM, editors. Hypertension: Pathophysiology,
Diagnosis, and Management. New York: Raven Press; 1990.
p. 1661-74.

9. Marcisz C, Jonderko G, Kucharz EJ, Influence of short-time
application of a low sodium diet on blood pressure in patients
with hyperthyroidism or hypothyroidism during therapy. Am J
Hypertens 2001;14:995-1002.

10. Wang C. The relationship between type 2 diabetes mellitus and
related thyroid diseases. J Diabetes Res 2013;2013:390534. doi:
10.1155/2013/390534.

11. Fathima KA, Bhargava M. Salt reduction and low-sodium salt
substitutes: Awareness among health-care providers in Mangalore,
Karnataka. Indian J Community Med 2018;43:266-9.

12. Datta A, Karmakar N, Nag K, Singha S. A study on knowledge,
attitude and practices regarding household consumption of
iodized salt among selected urban women of Tripura, India. J Clin
Diagn Res 2018;12. doi: 10.7860/JCDR/2018/37587.12252.

13. Truong T, Baron-Dubourdieu D, Rougier Y, Guénel P. Role
of dietary iodine and cruciferous vegetables in thyroid cancer:

deficiency.

5



14.

15.

16.

17.

18.

Begum, et al.: Evaluation of factors affecting thyroid levels and its relationship with salt iodine to suggest the way forward!

A countrywide case-control study in New Caledonia. Cancer
Causes Control 2010;21:1183-92.

Ajmani NS, Sarbhai V, Yadav N, Paul M, Ahmad A, Ajmani AK.
Role of thyroid dysfunction in patients with menstrual disorders
in tertiary care center of walled city of Delhi. J Obstet Gynaecol
India 2016;66:115-9.

Pandav CS, Yadav K, Srivastava R, Pandav R, Karmarkar MG.
Iodine deficiency disorders (IDD) control in India. Indian J Med
Res 2013;138:418-33.

Oddie TH, Fisher DA, McConahey WM, Thompson CS. lodine
intake in the United states: A reassessment. J Clin Endocrinol
Metab 1970;30:659-65.

Sawalha A, Sawalha M, Rajabi R, Determination of iodine
level in consumer table salt from production to consumption:
A cross-sectional study in occupied Palestinian territory. Lancet
2019;393. doi: 10.1016/S0140-6736(19)30631-2.

Karmakar N, Datta A, Nag K, Datta SS, Datta S. Knowledge,

19.

20.

21.

22.

attitude, and practice regarding household consumption of iodized
salt among rural women of Tripura, India: A mixed-methods
study. J Educ Health Promot 2019;8:21. doi: 10.4103/jehp.
jehp 248 18.

Lowe N, Westaway E, Munir A, Tahir S, Dykes F, Lhussier M,
et al. Increasing awareness and use of iodised salt in a
marginalised community setting in North-West Pakistan.
Nutrients 2015;7:9672-82.

Jooste PL, Marks AS, Van Erkom SC. Factors influencing the
availability of iodised salts in South Africa. S Afr J Food Sci
Nutr 1995;7:49-52.

Ganti E, Kurada SV, Pakalapati S, Dana SR, Pothukuchi M.
“lodized salt, a boon or bane?”: A retrospective study. J NTR
Univ Health Sci 2013;2:239-44.

Kapil U, Singh JV, Tandon M, Pathak P, Singh C, Yadav R.
Assesement of iodine deficiency disorders in Meerut district,
Uttar Pradesh. Asia Pac J Clin Nutr 2000;9:99-101.

International Journal of Preventive Medicine 2021, 12: 166



