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ABSTRACT

INTRODUCTION

Iodine deficiency disorders (IDDs) constitute a major public
health problem in India. Goiter occurring in a large fraction of
population (> 10%) is said to be due to iodine deficiency rather
than any other cause. A community-based cross-sectional
study was undertaken in the Union Territory of Chandigarh
with the aim to track the elimination of IDD to determine the
iodine status of school children unexamined for goiter status
and excretion median urinary iodine concentration. Goiter was
assessed by standard palpation technique in 6,517 school children, aged 6 to 12 years, selected through 30 cluster sampling
methods. Spot urine samples of 823 children were collected
for estimation of urinary iodine using modified method of Sandell and Kolthoff. Household salt samples of the 548 selected
children from schools were analyzed for its iodine content by
standard iodometric titration method. The overall prevalence
of goiter was found to be 14.2% among the children examined.
The median urinary iodine excretion (UIE) was 199 g/L. About
71.2% of the salt samples were adequately iodized, having
iodine content of > 15 ppm. Since UIE reflects recent iodine
nutrition at the time of measurement and thyroid size shows
iodine nutrition over months or years, it can be said that this
region is in transition phase from iodine-deficient to iodinesufficient territory.

Iodine is an important micronutrient required for human
nutrition. Lack of iodine in the diet leads to visible and
invisible spectrum of health consequences, collectively
called iodine deficiency disorders (IDDs).1 It was estimated that 1.9 billion people from 130 countries are at
risk of developing IDD.2 In India also, IDD has been
identified as a public health problem with 200 million
people at risk.3 Two major factors responsible for IDD are
inadequate iodine intake and inadequate iodine utilization. The inadequate iodine intake may be secondary to
low iodine content of the soil or inadequate consumption of sea food due to high cost and low availability.
The presence of certain goitrogens in some foods may
lead to inadequate utilization. Endemic goiter is surface
manifestation of iodine deficiency. An area is considered
to be having endemic goiter if the prevalence is more than
5% in the age group of 6 to 12 years.4
In 1992, the National Goitre Programme was renamed
as National Iodine Deficiency Disorder Control Programme (NIDDCP) in view of covering wide spectrum
of IDDs, such as mental and physical retardation, deaf
mutism, still births, and abortions.5 Under this program,
iodized salt containing 15 ppm of iodine is made available to the beneficiaries.6 Most of the iodine absorbed in
the body eventually appears in urine, so urinary iodine
concentration is a good marker for estimating very recent
dietary iodine intake.7
The objective of the present study was to assess the
status of iodine nutrition of the population by measuring
urinary iodine excretion (UIE) in the children of age
group 6 to 12 years. The study also aimed to estimate
the iodine content of salt at the household level. It is
hypothesized that the iodine nutrition in schoolgoing
children of Chandigarh should be optimal and, hence,
goiter prevalence to be less than 10%, as iodized salt is
freely available these days.
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MATERIALS AND METHODS
The study was conducted in the year 2006–2008 by the
Departments of Community Medicine and Biochemistry,
Government Medical College and Hospital, Chandigarh.
The study was approved by ethics committee of the
institution. The study design was observational and
cross-sectional.
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The study group comprised school going children
in the age group of 6 to 12 years. The sample size was
calculated to be 6,600, taking the prevalence of goiter as
20%, with allowable error of 6%, and design effect of 1.5.
Prior permission was obtained from Director, Public
Instruction Schools. Detailed information was provided,
prior to survey, to principals of school regarding the
activity and informed consent for participation of the
student was obtained from parents/guardians.
The sampling method was probability proportional
to size (PPS) 30 cluster methodology. After listing all
the primary schools of Union Territory of Chandigarh,
30 schools were selected using 30 cluster methods. It was
planned to conduct surveys among 220 (30 × 220 = 6,600)
students of the study group. All students were notified
in advance to bring their household salt sample. Using
systematic sampling, every 10th student was asked to
give salt sample for further analysis of iodine content
in the lab.
Every 7th student, as per systematic sampling, was
requested to provide the urine sample for UIE.
During the survey, a health talk on IDD was conducted
among school children and teacher. They were given a
demonstration on checking the qualitative iodine testing
in salt using the onsite kit.
All children in the study group were physically
examined by senior resident/demonstrator for the
presence of goiter using the WHO classification.8
Grade 0 – No palpable or visible goiter
Grade 1 – Palpable but not visible goiter
Grade 2 – Palpable and visible goiter
Assessment of urinary iodine was done by an assay
based on the Sandell-Kolthoff reaction.9
The children were divided into groups according to
urinary iodine levels10
< 20 µg/L – Severe iodine deficiency
20–49 µg/L – Moderate iodine deficiency
50–99 µg/L – Mild iodine deficiency
≥ 100 µg/L – Iodine-replete state
Household salt samples were analyzed for its iodine
content using the standard iodometric titration method.11
Statistical analysis of the data was done by Mann–
Whitney U-test and chi-square test. A p-value < 0.05 was
considered to be statistically significant.

RESULTS
A total of 6,517 children from 30 schools could be screened
for thyroid enlargement. A total of 900 urine samples were
collected; of which, only 823 were analyzed for urinary
iodine concentration. A total of 77 were discarded due to
low quantity, sediments, or turbidity. Salt samples from
584 households were titrated for iodine content.

Table 1: Iodine status assessment indicators of
children in Chandigarh
Indicator
Total goiter rate
   Goiter grade I
   Goiter grade II
UIE (µg/L) (median)
   Proportion < 100 µg/L
   Proportion < 50 µg/L
Proportion of households
consuming adequate iodized
(> 15 ppm) salts

Value (%)
14.2% (95% CI: 13.4–15.1)
14% (95% CI: 13.2–15.1)
0.2% (95% CI: 0.1–3.1)
199 µg/L (15.2–337 µg/L)
26% (95% CI: 23–29)
13.3% (95% CI: 10.9–15.6)
71.2% (95% CI: 67.5 – 74.9)

Table 2: Distribution of iodine content of salts at household
level in Chandigarh
Iodine content (PPM)
0
< 15
15–29.9
≥ 30
Total

Number of samples
0
168
321
95
584

Percentage
0
28.8
54.9
6.3
100

In this study, 55.9% boys and 44.1% girls participated
in age group of 6 to 9 years (66.7%) and 9 to12 years
(33.3%). The total goiter rate was 14.2% (95% CI: 13.4–15.1),
prevalence of grade 1 goiter being 14.0% (95% CI: 13.2–
14.8) and grade 2 being 0.2% (95% CI: 0.1–3.1) (Table 1).
After analysis of 823 urine samples, median UIE
concentration was found to be 199 µg/L with a range
from 15.2 to 337 µg/L. The UIE below 100 µg/L was
found in 26% (95% CI: 23–29) children and proportion
of children with a UIE below 50 µg/L was 13.3% (95%
CI: 10.9–15.6).
Analysis of level of salt iodization showed that 71.2%
of the samples were adequately iodized with iodine
content of > 15 ppm (54.9% had 15–30 ppm and 16.3%
had > 30 ppm). As much as 28.8% of the salt samples
had iodine content between 5 and 15 ppm, showing
inadequate iodization. None of the households was
consuming salt with iodine content of < 5 ppm (Table 2).

DISCUSSION
The prevalence of endemic goiter in school children in
the age group of 6 to 12 years is the most widely accepted
marker to evaluate the severity of IDD in a region. It is
an index to the degree of long-standing iodine deficiency
and actually indicates the long-term iodine nutritional
status in a population. In our study, overall prevalence
of goiter was found to be 14.2%. According to the WHO
recommendations, an area with prevalence rate of
5.0 to 19.9% is considered as mildly endemic, whereas
areas with prevalence rate of 20 to 29.9% and > 30% are
considered as moderately and severely endemic for goiter
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Table 3: Criteria for tracking progress toward iodine nutrition
eliminating iodine deficiency disorder as a public health problem
in Union Territory of Chandigarh
Indicator
1 Thyroid enlargement
  (Age group, 6–12 years)
2 Urinary iodine
  Median urinary iodine excretion (µg/L)
  Proportion below 100 µg/L
  Proportion below 50 µg/L
3 Salt iodization
Proportion of households consuming
adequately iodized salt (≥ 15 ppm)

Goal

Union Territory

< 5%

14.2%

> 100 199
< 50% 26%
< 20% 13.3%
> 90% 71.2%

respectively.12 This suggested that IDD is a mild public
health problem in this region and was contrary to our
hypothesis (Table 3).
Urinary iodine excretion is an important biochemical
marker for the assessment of IDD as 90% of iodine excretion is through urine.13 Urinary iodine excretion indicates
very recent iodine intake and is an index of choice for evaluating the degree of iodine deficiency and its correction.
The WHO recommends that at least 50% of population
achieving UIE of 100 µg/L and not more than 20% of the
samples below 50 µg/L in an area indicates iodine-replete
status among population?14 Median UIE level in our study
was 199 µg/L and 74% of the total studied population
had urinary iodine levels ≥ 100 µg/L, indicating that there
was no biochemical iodine deficiency. Similar results were
found in one population-based study done in Cochin.15
In this study, UIE was estimated in 954 adult subjects and
median iodine excretion value was reported as 211 µg/L,
suggesting that the population was iodine sufficient.
The WHO recommends that 90% of the household salts
should get iodized at the recommended level of 15 ppm,16
but our study showed that only 71.2% households were
consuming adequately iodized salt. A study conducted
by Dhaar et al.17 also reported that 73.15% of 18,011 salt
samples analyzed confirmed to the prescribed standards.
This indicates that even if iodine nutrition seems to be
appropriate by optimal UIE levels at this point of time,
still it is possible that iodine deficiency can emerge as
public health problem in future.
A study conducted by Kapil et al.18 in Delhi showed
similar results where 88.7% of the study population had
more than 100 µg/L and 2.6% had less than 50 µg/L daily
UIE. In their study, 16% of families were consuming salt
with iodine content < 5 ppm as compared to our study
where no family was consuming salt having iodine
content < 5 ppm. During 1994 to 2002, Human Nutrition
Unit, AIIMS, collected a total of 24,798 salt samples from
various research surveys from more than 160 districts of
13 states of the country. These salt samples were analyzed
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using the standard iodometric titration method. Their
findings indicated that the salt iodization in India was
within the safe limits.19
However, Patro et al.20 in their study concluded that
adequate salt iodization in Jharkhand was only 64.2%
but total goiter rate was 0.9% only with median UIE of
173.2 µg/L. Another study conducted by Das et al.14 in
West Bengal reported TGR 13.7% and median UIE level
of 130 µg/L and 80% salt samples having adequate iodine
content.
The results of our study also point toward changing
pathogenesis of goiter to immunological, hereditary,
or infectious causes. Also, in India, large numbers of
cyanogenic plants are used as common vegetables and
thus IDD persists in many regions in spite of recommended iodine intake. Indian cyanogenic plant foods
have potential antithyroid activity and supplementation of extra iodine fails to counteract their effect.21 In
this region, people also consume vegetables of Brassica
family, spinach, and others, which have presence of
goitrogens that can interfere with iodine metabolism
by competitive inhibition of iodide transport into the
thyrocyte. Biswas et al.22 found a significant positive
correlation between urinary iodine and urinary thiocyanate concentrations suggesting that when consumption
of thiocyanate is increased as evidenced by increased
urinary thiocyanate levels, the excretion of iodine almost
increased proportionally.

CONCLUSION AND RECOMMENDATION
The population in Union Territory is having sufficient
iodine nutrition at present, but continuous efforts are
needed to sustain the availability and utilization of
iodized salt to keep iodine nutrition at optimum level.
It is recommended that intensified information,
education, and communication activities, along with
further strengthening the system of monitoring the
quality of iodized salt provided to the beneficiaries should
be continued to progress toward elimination of IDD. The
shortcoming of our study is the palpation method for
goiter detection, which could have led to overdiagnosis
of grade I goiter by the investigators.
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