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ABSTRACT
Aim: Thyroid disorders are one of the most common endocrine diseases in India. Thyroid disorders are more common
in women than in men and contribute to significant morbidity.
In this postiodization era, there is paucity of pan-Indian data
of thyroid disorder status among adult nonpregnant women.
This study was done to analyze the thyroid hormone levels in
women of Jharkhand region, which is traditionally known to be
an iodine-deficient area.
Materials and methods: Three hundred and forty nonpregnant
adult females in Ranchi area who were consuming iodized salt
formed part of the study group. Clinical evaluation was done
by a gynecologist pertaining to thyroid illness. Thyroid function
tests encompassing triiodothyronine, thyroxine, and thyroidstimulating hormone were carried out by quantitative enzyme
immunoassay method. Thyroid status of the population was
defined as per kit reference range.
Results: Subjects with age range 20 to 67 years were divided
into three groups as per clinical status of thyroid disorder, viz.
total, disease free, and control. A total of 19.6% had biochemical
evidence of thyroid disorder and 82.4% were euthyroid as per
reference ranges in kit literature. Out of hypothyroid subjects,
3.2% had clinical and 14.4% had subclinical hypothyroidism.
In the study group, no subjects were detected to have overt or
subclinical hyperthyroidism. Multiple comparison analysis was
done with Statistical Package for the Social Sciences version
20.0, a statistical software package.
Discussion: This is the first study in Jharkhand area on nonpregnant adult female population that are getting iodine sufficient
foods in an iodine-deficient region. The study showed high
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prevalence of thyroid disorders in the study group. Hypothyroidism, predominantly subclinical hypothyroidism, is prevalent
among women in this region.
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INTRODUCTION
Disorders of thyroid hormones are one of the most common
endocrine diseases in India. Various studies projected that
approximately 42 million population are affected by thyroid
disorders in India.1 The prevalence and type of thyroid
disorders depend on various factors like age, sex, ethnicity, geographical area, nutritional status, national policies,
health care delivery system, and drug intake. Especially,
the level of iodine intake in food is closely associated with
pattern of thyroid disorders.2,3 The prevalence of thyroid
disorders, both hypothyroidism and hyperthyroidism, is
more common in women than in men.4 Clinical and subclinical forms of thyroid hormone disorders can contribute
to morbidity in the form of infertility, menstrual irregularities, osteoporosis, hyperlipidemia, hypercholesterolemia,
hyperhomocysteinemia, cardiovascular, and neuropsychiatry disease in female population.5,6 In this postiodization
era when India is transforming from iodine-deficient to
iodine sufficient stage, there is paucity of pan-Indian data
of thyroid disorder status among women.7 There are only
few comparable data available from Jharkhand. We undertook this study to provide data for total triiodothyronine
(T3), total thyroxine (T4), and thyroid-stimulating hormone
(TSH) in women of this region and evaluate their status of
thyroid function.

MATERIALS AND METHODS
Study Population
All 340 nonpregnant adult women in Ranchi area who
attended the 2-day thyroid profile camp organized by
492-bedded hospital.
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Clinical Details
Careful history was taken and clinical examination was
done by a gynecologist pertaining to thyroid illness. All
ladies were questioned in detail regarding consumption
pattern of iodized salt. In the study, we presumed that our
study population was iodine sufficient from the history
of regular consumption of iodized salt during their stay
in Ranchi with adequate knowledge of proper storage
facilities.

Categories of Population
We have divided the study population into three groups,
i.e., total population, disease-free, and control population
following earlier studies, including the National Health
and Nutrition Examination Survey (NHANES) III study
to show the difference in range of thyroid hormones.
“Disease-free” population was selected by excluding subjects with known cases of thyroid disorder and
with history of intake of antithyroid/thyroxin medication. “Control population” was selected by excluding
the subjects with previous history of thyroid disorder
and/or thyroid medication and those who clinically
showed symptoms of hyper- or hypothyroidism and
gives history of oral contraceptive pill (OCP)/breastfeeding. The “control population” was derived by applying
the exclusion criteria on disease-free population, which
included previous history of thyroid disorders, signs and
symptoms of thyroid disorder, history of OCPs, history
of breastfeeding, and pregnancy.
The study groups were made as per the models set by
previous similar studies.8 From each participant, 5 mL of
fasting venous blood was collected. The collected blood
serum was separated and processed within maximum
3 hours of collection. Thyroid function tests comprising
T3, T4, and TSH were carried out on all women.
Three hundred and forty nonpregnant adult women
participated and formed the study group. The maximum
number of individuals was in the 30 to 39 years age
group (60%). Of the total subjects (n = 340), 6% (n = 19)
had history of thyroid disease and/or use of thyroid
medication. The remaining 321 participant females were
defined as the “disease-free population.” Also, 26 ladies
(7%) provide history of OCP intake and/or breastfeeding;
81 ladies (24%) detected clinical signs and symptoms of
thyroid disorders. The “control population” comprised
214 subjects.

Laboratory Methods
Serum T3, T4, and TSH assays were performed on
readwell TOUCH microplate analyzer using commercially available enzyme-linked immunosorbent assay
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(ELISA) kit BeneSphera™ (Avantor) by enzyme immunoassay quantitative method.9 The analytical sensitivity
for T3 and T4 assays was 0.04 ng/mL and 0.4 µg/dL
respectively. For TSH we followed 1 hour incubation procedure for which analytical sensitivity was 0.078 µIU/mL.
The inter- and intraassay reproducibility values for T3
assays were 8.9% for low serum range and <5.5 and <7%
respectively, for high serum range. Similarly, for T4, these
values were 6.7 and 8.3% for low serum range and <5%
for high serum range respectively. For TSH, these values
are <5% for low serum range and <6% for high serum
range. The manufacturer kit literature provided reference intervals of T3, T4, and TSH as 0.52–1.85 ng/mL,
4.8–11.6 µg/dL, and 0.39–6.16 µIU/mL, of which T4 value
is specific for adult females.

Data Analysis
Hypothyroidism was classified as clinical if TSH was
>6.16 µIU/mL and total T4 was <4.8 µg/dL and subclinical if TSH was >6.16 µIU/mL and total T4 was >4.8 µg/
dL. Hyperthyroidism was classified as clinical if TSH was
<0.39 µIU/mL and total T4 was >11.6 µg/dL and subclinical if TSH was <0.39 µIU/mL and total T4 was <11.6 µg/
dL. Euthyroid population are defined when TSH and T4
were within normal range value of kit.10

Statistical Analysis
Statistical analysis was performed using Microsoft Office
“Excel 2010” with Windows 10 Operating System. For
total T3 and total T4, we calculated the mean, standard
deviation, and standard error. For TSH, we calculated the
median, 2.5 and 97.5 percentiles. Multiple comparison
analysis was done with the statistical software package,
Statistical Package for the Social Sciences version 20.0
(SPSS Inc., USA).

RESULTS
Of the 340 total subjects in the age range 20 to 67 years,
205 (60%) subjects were in 30 to 39 age group and mean
age was 34.8 ± 0.35 years; 19.6% had biochemical evidence of thyroid disorder and 82.4% were euthyroid as
per kit literature reference interval. Out of hypothyroid
subjects, 3.2% had clinical and 14.4% had subclinical
hypothyroidism (Table 1). In our study group, no subjects
were detected to have overt or subclinical hyperthyroidism; 19 of the 340 women gave history of thyroid disorder
or disorder-related medications. Of these, 16.5% showed
biochemical evidence of hypothyroidism (10.5% clinical,
26.3% subclinical). On excluding the 19 known cases of
thyroid disorder from the total study group, a group of
321 subjects constituted the “disease-free population.”
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Table 1: Characteristics of thyroid dysfunction in Ranchi study group
Total study group
Disease-free study group
Control group
Study population
n
%
n
%
n
%
Subjects with thyroid disorder
60
19.6
53
16.5
33
15.4
280
82.4
268
83.5
181
84.6
Euthyroida
11
3.2
9
2.8
5
2.3
Hypothyroid
Clinicalb
49
14.4
44
13.7
28
13.1
Subclinicalc
a
Euthyroid: TSH 0.39–6.16 µIU/mL and T4: 4.8–11.6 µg/dL; bClinical hypothyroidism: TSH >6.16 µIU/mL, T4 <4.8 µg/dL; cSubclinical
hypothyroidism: TSH >6.16 µIU/mL, T4: 4.8–11.6 µg/dL
Table 2: Serum levels of T3, T4, and TSH of total, disease-free, and control groups
Age
T3
T4
TSH
Mean ± SD
Mean ± SD
Mean ± SD
Median
2.5 percentile 97.5 percentile
Parameters
Years
ng/mL
µg/dL
µIU/mL
µIU/mL
µIU/mL
340
34.81 ± 6.45
1.12 ± 0.41
7.7 ± 1.88
4.51
1.93
16.63
Totala
34.72 ± 6.53
1.12 ± 0.41
7.67 ± 1.85
4.47
1.88
12.79
Disease freeb 321
214
35.33 ± 5.64
1.16 ± 0.41
7.81 ± 1.78
4.42
1.78
11.5
Controlc
a
Inclusive of those with thyroid disease risk factors and medication; bExcluded subjects who reported thyroid disorders; cExcluded
subjects with thyroid disorder, thyroid disorder symptoms, on OCP and breastfeeding; SD: Standard deviation

Thyroid dysfunction was seen in 16.5%, whereas 83.5%
were euthyroid among this group, out of which 2.8%
were clinically hypothyroid and 13.7% showed subclinical hypothyroidism (Table 1). After excluding subjects
with clinical evidence of thyroid disorders (24%), females
with history of breastfeeding (6%) and OCP (6%), and 19
known cases from the total study population “control
population” was obtained; 84.6% women in the “control
population” were found to be biochemically euthyroid
with the reference range provided by the kit manufacturer;
2.3% were found to be clinically hypothyroid and 13.5%
were subclinical cases. There was no significant difference
in the total T3 and T4 values between these three groups.
There is statistically significant difference in TSH value
between “control population” and total study population
on bootstrapping (p = 0.048). The T3, T4, and TSH values
obtained in three study population groups in our study

are shown in Table 2. All three study population showed
statistically significant differences in T4 and TSH levels
when compared with kit references, viz. total population
[T4 (p = 0.00); TSH (p = 0.001)], disease-free population [T4
(p = 0.00); TSH (p = 0.001)], and control population [T4
(p = 0.002); TSH (p = 0.001)]. On linear regression analysis
within control population, it was found that with one
unit increase in age there is a 0.181 increase in T4 level
and it is statistically significant (p = 0.008). But for TSH
values, there is no significant differences with age on linear
regression analysis within control population (p = 0.608).
Comparative line diagram showing the relation of age
groups with mean value of T3, T4, and TSH has been
shown in three different study population, viz. total population (Graph 1), disease-free population (Graph 2), and
control population (Graph 3). A total of 81 females (24%)
with clinical signs and symptoms of thyroid disorder and

Graph 1: Mean serum T3, T4, TSH in total population at
different age groups

Graph 2: Mean serum T3, T4, and TSH in disease-free
population at different age groups
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Graph 3: Mean serum T3, T4, and TSH in control population
at different age groups

26 females (7%) with history of OCP intake and breastfeeding showed statistically significant differences in T4
and TSH levels when compared with kit reference values.

DISCUSSION
The World Health Organization classified India as having
optimal iodine nutrition based on assessment of global
iodine status in 2004.11 Jharkhand is one of the least
developed and iodine-deficient state in India. Due to
various geographical features, the state has low soil iodine
content, which is proven by a study.12 It is now a proven
fact that females are more affected by thyroid disorders
than males.4 Also, it has been shown that the physiological
conditions like pregnancy can alter the thyroid hormone
levels and thyroid hormone reference range for children
and pregnant mothers is different.13 In our study, we have
selectively excluded pregnant ladies. To get the thyroid
hormone values in control nonpregnant women, we have
excluded persons who are breastfeeding or taking OCPs.
Various researches have been conducted to find out the
prevalence of thyroid disorder in different states of India,
but it appears that there has been very few studies carried
out in Jharkhand area.1,14 It is wrongly believed that in
this postiodization era, economically, educationally, and
healthwise better Indian adult nonpregnant female population residing in Jharkhand do not suffer from thyroid
disorders as they consume better planned food, which is
believed to be rich in iodine. Our study is the first in this
area on nonpregnant adult female population, most of
whom are migrants and are getting iodine sufficient foods
in an iodine-deficient region. The study showed prevalence of thyroid disorders in 20.7% females in Jharkhand
area.15 In our study, we found that the prevalence rate of
thyroid disorders is 19.6%. Even in control adult female
group in our study, 15.4% population was detected with
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biochemical evidence of hypothyroidism. In a prevalence
study on thyroid disorders in women of Puducherry,
15.8% females were found to be affected and 13.3% were
detected as hypothyroid.4 In a recent multicity study, the
prevalence of overt undiagnosed clinical hypothyroidism was 3.5% and that of subclinical hypothyroidism
was 8.5%.16 In the Puducherry study, 12.5% of women
who are in the age group above 55 years had subclinical
hypothyroidism.4 In our study, 13% of the women who
are above 40 years of age showed biochemical evidence
of subclinical hypothyroidism. The prevalence of clinical and subclinical hypothyroidism was much higher
among 19 women (36.8%) who had previous history
of thyroid disorder or were under thyroid medication.
These data are comparable to the Colorado study and
the NHANES III study, where only 60 and 67% respectively, of study subjects under thyroid medication were
found to be appropriately treated.8,17 Our study showed
the higher age group had high TSH and low T3 and T4.
The Whickham Survey in Britain and NHANES III data
showed that the rise in TSH level with age in females was
related to increased presence of antithyroid antibodies.8,18
In our study, there was a statistically significant difference
seen in TSH and T4 levels in all three study groups when
compared with kit reference range.
Both clinical hyper- and hypothyroidism cause a
variety of clinical symptoms and should be adequately
treated. However, diagnosis and management of subclinical thyroid disorder remains controversial. It has
been reported that subclinical hyperthyroidism is a risk
factor for various disorders, particularly in adult nonpregnant females.19
Our laboratory assays were done by most commonly
used and economical ELISA method, using suitable calibrated instrument and standard kits. Tests were validated
and performed using precise and accurate methods with
appropriate quality control procedures. The statistical
strengths are analyzed by distribution examination, using
proper parametric or nonparametric methods.
The important limitation of our study is the normal
reference range used for the hormonal assay, which was
provided by the kit manufacturers as we have no specific
reference range for our study population; secondly, the
patients were not assayed for free T3 (FT3), free T4 (FT4),
and antithyroid antibodies due to economic constraints.
Another limitation of our study is that we presumed
that our study population was iodine sufficient from the
history of regular consumption of iodized salt, without
evaluating for dependable indicators, such as iodine
content measurement in salt samples or urinary iodine
content or taking further history of proper utilization
techniques of iodized salt.20 Nowadays, various other
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sensitive and precise methods are available for thyroid
hormone assays and ELISA is not considered a good
technique for immunoassays due to many subjective variation. But as it is a very economical and most widely used
technique in a country like India, we have used robust
quality control measures and best trained manpower to
avoid the limitations of ELISA.
This is the first study conducted in postiodization era
on pan-Indian, relatively healthy, economically stable
nonpregnant adult female population. It is also the first
study from Jharkhand, Eastern India, on similar population group with respect to thyroid disorders. This study
demonstrates that hypothyroidism, mainly subclinical
hypothyroidism, is still now alarmingly high in the concerned population. This indicates that thyroid disease
should be considered during routine evaluation of this
susceptible group and should be followed by appropriate detection and treatment. The finding that a large
number of control women unknowingly have laboratory
evidence of thyroid dysfunction supports the usefulness
of screening for early detection. The causes for the high
prevalence of thyroid disorder in pan-Indian population
with adequate history of intake of iodized food need to
be searched for. Studies discussed, but not convincingly,
the theory of emergence of thyroid autoimmunity due to
iodine supplementation.21 In control women where biochemical evidence of hypothyroidism is detected, further
research may determine whether treatment of subclinical
hypothyroidism will benefit in preventing adverse health
outcomes. Our study suggested that despite iodization,
the prevalence of thyroid disorder has not dramatically
decreased. Further studies are recommended in a larger
cross-section of adult nonpregnant women in this region,
including environmental and etiological factors like role
of goitrogens, autoimmunity, medications, iodine, and
nonthyroidal illness for better diagnosis and management
of thyroid illness.
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