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Interpretation of indicators of iodine deficiency disorders:
Recent experiences

M. G. KARMARKAR, C. S. PANDAV

ABSTRACT
Considerable progress has been made In the Implementation of
the universal salt lodlzation programmes In countries affected by
iodine deficiency disorders (100). WHO/UNICEF/ICCIOO have
jointly recommended outcome and process Indicators to track
the progress of 100 elimination programmes. Of the several
Indicators recommended in developing countries, goitre grading
and urinary Iodine are the most feasible to use as outcome
Indicators while Iodine content of salt Is the best as a process
Indicator. The WHO/UNICEF/ICCIOO recommendations pro-
vide separate cut-off points for these Indicators to assess the
severity of 100. Recently, a nation-wide survey In Bhutan and
another in New Delhi provided evidence that suggests that it Is
essential to view the results of all these indicators in totality rather
than in isolation to make a proper assessment of the progress of
the 100 elimination programmes. In view of these findings, we
recommend (i) changing the goitre grading to only two grades
from the current three, (ll) presenting urinary iodine values as
median, cut-off points as well as the frequency distribution, and
(Iii) viewing the results of process and outcome indicators in
totality to assess the severity of 100.
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INTRODUCTION
Over the past 10-15 years, particularly after the World Summit on
Children (WSC) held in 1990, considerable progress has been
made in the implementation of Universal Salt Iodization Pro-
grammes in Iodine Deficiency Disorders (IDD) affected coun-
tries. Twenty-one out of 87 countries for which Information is
available are now iodizing 90% or more of all salt produced for
human consumption. 1 These countries have reached the mid-
decade goal; more than 90% households consuming effectively
iodized salt. A further 14 countries are iodizing between 75% and
90% of all salt. In many of the remaining 52 countries, the infra-
structure to produce iodized salt has been established and the
proportion of iodized salt consumed could reach or exceed 90%
by AD2000. As a result of the post-WSC efforts, about 2.4 billion
people, 55% of the population of these 87 developing countries
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with data, are now obtaining an adequate iodine intake through
the consumption of iodized salt. 1

Some countries which did not achieve the mid-decade goal
would need extra support to enable them to make substantial pro-
gress by the year 2000.1 However, having achieved universal salt
iodization, the key future action would be to sustain it and con-
tinue to track progress towards the goal of eliminating IDD as a
significant public health problem. One of the important compo-
nents of sustainability would be to link up IDD information with
an ongoing system of data collection, analysis, monitoring, and its
timely documentation and dissemination.

The recommended criteria by the Joint WHOIUNICEFIICCIDD
Consultative Group for use as core indicators in tracking progress
towards the goal of eliminating IDD as a significant public health
problem are given in Table I. 2 These include both process indica-
tors in the form of proportion of households consuming effec-
tively iodized salt and impact (IDD status) indicators in the form
of urinary iodine, thyroid size and neonatal thyroid stimulating
hormone (TSH).

The summary ofIDD prevalence indicators and criteria for a
significant public health problem is given in Table II. The Joint
WHOIUNICEFIICCIDD Consultative Group has recommended
that goitre prevalence surveys and collection of urine samples for
measuring urinary iodine should be done in school-age children
(6-12 years). The schools should be selected using the World
Health Organization recommended, 'probability proportionate to
size' (PPS) cluster method. This method has been used exten-
sively in many countries for immunization, diarrhoeal diseases
and anthropometric household-based surveys. Since 1992, it has
been used for IDD assessment in many countries of Southeast
Asia, including Bangladesh, Bhutan, India, Maldives and Nepal. 3,4

TABLE1. Criteria for tracking progress in eliminating iodine
deficiency disorders as a public health problem

Indicator Goal

Salt iodization
Proportion of households consuming effectively >90%
iodized salt

Urinary iodine
Proportion <100 IJglL
Proportion <50 IJglL

<50%
<20%

Thyroid size
In schoolchildren 6-12 years of age, proportion
with enlarged thyroid, by palpation or ultrasound

Neonatal thyroid stimulating hormone
Proportion with levels >5 mUlL whole blood

<5%

<3%
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TABLEII. Indicators and criteria to assess the severity of iodine
deficiency disorders as a public health problem

Indicator Target Severity of public health problem*

population Mild Moderate Severe

Urinary iodine
Median urinary SAC 50-99 20-49 <20
iodine level (ug/L)

Thyroid size
Goitre grade (1, 2) SAC 5%-19.9% 20%-29.9% ~30%
Thyroid volume SAC 5%-19.9% 20%-29.9% ~30%
>97th centile by
ultrasound

TSH >5 mUlL Neonates 3%-19.9% 20%-39.9% ~40%
whole blood

• prevalence SAC school-age children

RECENT EXPERIENCES
This section focuses on issues related to the three common IDD
indicators (salt iodization, thyroid size and urinary iodine levels)
used for tracking progress towards elimination of IDD; their
interpretation and relationship in the current environment of
implementation of universal salt iodization programmes in many
countries. These indicators are being widely employed, taking
into consideration issues related to acceptability, technical feasi-
bility, cost and performance (sensitivity, specificity and reliabil-
ity). The process indicator relates to salt iodization.It is expressed
as a proportion of the population consuming adequately iodized
salt. The iodine in salt is measured by the titrimetric method. The
impact indicators include goitre prevalence as estimated by clini-
cal grading of thyroid enlargement and urinary iodine expressed
as median urinary iodine levels. The population groups covered
are school-age children (6-12 years) examined in areas using the
'EPI 30 cluster methodology'.

The' three indicators described above assess different aspects
of the IDD status in a community and thus help to track progress
towards elimination of IDD. For example, iodine content of salt
samples collected in a cross-sectional survey indicates the present
level of iodine in salt, but gives no information about the variation
occurring in the past. Total goitre rates show long term effects of
bioavailability of iodine and the urinary iodine excretion pattern
reflects the existing level of iodine intake and body iodine stores.
To understand the status of IDD elimination programmes, the
results of these indicators should be viewed in totality.

Amongst the three indicators referred to above, those that give
information about the current status of iodine nutrition in a
population are iodine content in salt at the household level as
measured by titration and urinary iodine excretion pattern. The
July 1996 eight-country study, conducted in Africa by WHO/
UNICEFIICCIDD, demonstrates good correlation between io-
dine content of salt at the household level and urinary iodine
excretion pattern in schoolchildren.

In the last four years, the Indian ICCIDD team participated in
the IDD elimination programmes in Delhi and Madhya Pradesh in
India, Bangladesh, Bhutan, Maldives and Nepal. The results of
these studies have revealed many interesting aspects of the inter-
pretation of results of these indicators. These are:
1. Regular and representative information of iodine content in

salt at the household level;
2. Further simplification of goitre grading;
3. Relationship between total goitre rate (TGR) and visible goitre

rate (VGR);
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4. Expected rate of reduction of goitre prevalence after effective
universal salt iodization programmes; and

5. Presentation of urinary iodine results: Median and cut-off
points.

Regular and representative information of iodine content in
salt at the household level
Information collected from households, in cross-sectional sur-
veys on iodine in salt in a representative sample, gives information
about the iodine intake only at that point of time. It does not reflect
the variation occurring in the past. It is vital to have information
on iodine content of salt at the household level in a representative
population on a timely and regular basis. This would ensure the
status of iodine intake in the population over a period of time.

Further simplification of goitre grading
The presence of thyroid enlargement (goitre) indicates a limited
bioavailability of iodine to the thyroid gland over a period of time.
Hence goitre is a 'historic marker of iodine deficiency'. In other
words, measurement of goitre in a population does not reflect the
current status of iodine nutrition in that population. In addition, it
is also important to consider that the manifestation of goitre is also
a function of age, sex, physiological status (puberty, pregnancy,
lactation), severity of iodine deficiency, duration of iodine defi-
ciency, type of iodine supplementation programmes (iodized salt,
iodized oil [injections, capsules, liquid], iodized water, etc.),
effectiveness of iodine supplementation programmes over a pe-
riod of time, and the presence of goitrogens.

Examination of the thyroid gland is carried out in school-age
children between 6 and 12 years of age. The presence of goitre in
more than 5% of this population indicates inadequacy of iodine
intake and the presence of IDD as a public health problem.

In the current scenario, where universal salt iodization pro-
grammes are being implemented, the prevalence of goitre in more
than 5% of children between 6 and 12 years of age is likely to be
due to a breakdown in salt iodization programmes. In most cases,
it is due to a lack of sustained monitoring activity.

The specificity and sensitivity of palpation are almost 100% in
grade 2 or visible goitre. However, the specificity and sensitivity
of palpation are low in grades 0 and 1, due to a high inter-observer
variation. As demonstrated by experienced examiners (endocri-
nologists, thyroid specialists and physicians), the misclassification
can be as high as 40%.2 Our studies also confirmed this wide
variation.

With effective implementation of universal salt iodization and
progressive reduction in the prevalence of goitre (from grade 2 to
grade 1 and grade 1 to grade 0), more and more children would
have thyroid enlargement of grade 0 and grade 1. Recognizing the
probability of almost 40% misclassification between grade 0 and
grade 1, there are two options: (i) simplify the classification of
goitre, and/or (ii) introduce the use of ultrasonography.

1. Simplify the classification of goitre. From the current practice
of using three grades for enlargement of thyroid, i.e. grade 0,
grade 1and grade 2, it is proposed that only two grades of goitre
are used (Table III).

2. Use of ultrasonography. With low prevalence rates of goitre
and that too in grade 1, especially found following sustained
intervention, ultrasonography would provide the only objective
measurement of thyroid size. If feasible, this can be carried out
in a sub-sample of the population.

The normative thyroid volume size data from ultrasound on
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TABLEIII. Proposed revised classification of goitre

Grade Description

Grade 0
Grade 1 (visible goitre)

Goitre not visible
Goitre visible with neck in normal position and
is consistent with an enlarged thyroid gland

. when the neck is palpated

iodine-replete children in Europe are now available. There is
some evidence of a correlation between determination of thyroid
volume by ultrasound and relationship between weight, age and
sex. Children in developing countries commonly weigh substan-
tially less and are shorter than same-age European children. It is
possi-ble that the normal thyroid size in such subjects would be
smaller. Currently, there is no information on adequate reference
values for children of small body size. The development of
reference values for such children would also be required.

Relationship between total goitre rate and visible goitre rate
The WHO criteria for tracking progress towards sustainable
elimination of IDD as a public health problem, epidemiological
criteria for assessing the severity of IDD based on the prevalence
of goitre in school-age children and criteria for administration of
iodized oil are all based on the TGR. In view of the proposed
revised classification of goitre which only uses VGR, the criteria
based on TGR should be modified. It is possible to develop the
relationship between TGR and VGR.

In 1985, Clugston et al.4 developed an epidemiological method
for:

1. estimating TGR in a community based on goitre prevalence in
schoolchildren,

2. prevalence of cretinism and milder neurological deficit based
on TGR in a community, and

3. incidence of late reproductive loss attributed to iodine defi-
ciency based on TGR.4

Compared to the above three, the development of a functional
relationship between TGR and VGR is the simplest procedure.

The above epidemiological method was developed using data
from over 20 published studies that were available then. To derive
these estimates, data from Indonesia were used extensively. Since
1985, many countries have a large amount ofIDD survey informa-
tion. Using this vast data, it will be possible to develop a func-
tional relationship between TGR and VGR. Based on this rela-
tionship, the WHO criteria for tracking progress towards sustain-
able elimination ofIDD as a public health problem; epidemiologi-
cal criteria to assess the severity of IDD based on the prevalence
of goitre in school-age children, and criteria for administration of
iodized oil based on VGR can be developed.

Expected rate of reduction of goitre prevalence after effective
universal salt iodization programmes
It has also been observed that in areas which have had the benefit
of a regular supply of iodine over a period of time (where the
effectiveness of the programme has ensured that over 90% of the
population is consuming effectively iodized salt on a regular
basis), the decline in goitre prevalence would be 50% of the base-
line prevalence, i.e. prevalence prior to the introduction of an
effective iodized salt programme. Thus, one would expect a dec-
line in goitre prevalence rates after a period of one to two years.

Thus, for a population that has the benefit of sustained im-

provement of salt iodization, the goitre prevalence may not reflect
the true situation in that population.

Presentation of urinary iodine results: Median, cut-off points
and frequency distribution
Urinary iodine content of casual urine samples is a good marker
of iodine intake of the previous one or two days. It also depends
on the iodine stores of the body. Since an individual's level of
urinary iodine varies daily and even during a given day, data can
be used only for making population-based estimates.

In the Joint WHOIUNICEF/ICCIDD publication, Indicators
for assessing iodine deficiency disorders and their control through
salt iodization, it is stated: 'Frequency distribution curves are
necessary for full interpretation, since urinary iodine values from
populations are usually not normally distributed, and therefore,
the median value should be used rather than mean.' The indicator
of iodine deficiency 'elimination' is a median value for iodine
concentration of 100 ug/l», i.e. 50% of the samples should be
above 100 ug/L, and not more than 20% of samples should be
below 50 ug/L, However, only median values are used for
assessing the severity ofIDD (Table IV). It does not mention the
cut-off points included in the definition of 'elimination' referred
to above.

Further, another joint publication of the ICCIDDIUNICEF/
WHO on Methods for measuring iodine in urine states: 'Values
for urinary iodine have usually been reported as an average or
median in a survey population.' This means of expression can
frequently obscure recognition of iodine deficiency in a part of a
population group, if that group is heterogenous in iodine intake.'
It is recommended by Dunn et al. that urinary iodine data can be
grouped to show the per cent samples with concentration:"

1. below 2 ug/dl, i.e. below 20 ug/L
2. below 5 ug/dl, i.e. below 50 J..lglL
3. below 10 ug/dl, i.e. below 100 ug/L
4. above 10 ug/dl, i.e. above 100 ug/L

The presentation of data as suggested above, rather than only
as a median for the whole population, provides a much more
complete picture of the true extent of iodine deficiency and the
degree of urgency for corrective measures.

This observation is exemplified by our studies in New Delhi
and Bhutan.v? The details of these studies are given in Table V.

The results of these surveys show that based on clinical
criteria, IDD is moderate in Delhi and mild in Bhutan. However,
based on the median urinary iodine, there is no IDD either in Delhi
or in Bhutan. The reasons for this 'apparent' discrepancy are:
(i) interpretation of goitre rates in isolation, and (ii) presentation
of urinary iodine data only as median urinary iodine without
inclusion of cut-off points. The current criteria, therefore, are not
able to define iodine status of the population.

Interpretation of total goitre rates in isolation: The goitre rates
give information about the bioavailability of iodine to the thyroid
gland over a period of time, hence it is a 'historic marker of iodine

TABLEIV. Epidemiological criteria to assess the severity of iodine
deficiency disorders based on median urinary iodine levels

Median value (ug/L) Severity of 10D

<20
20-49
50-99
>100

SevereIDD
Moderate IDD
MildIDD
No deficiency
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TABLEV. Interpretation of iodine deficiency disorders prevalence surveys in the National Capital Territory of Delhi and Bhutan

Description National Capital Territory of Delhi Bhutan

Results WHOIUNICEFIICCIDD criteria (1994) Results WHOIUNICEFIICCIDD criteria (1994)

Total schoolchildren examined by 1684 Adequate sample size 1200 Adequate sample size
physicians

Goitre prevalence
Total goitre rate (TOR) 20.5% Moderate IDO 14.0% Mild IDO
Visible goitre rate (VOR) 3.2% Not defined 1.2% Not defined

Total urine samples analysed 1684 Adequate sample size 333 Adequate sample size
Median urinary iodine (IJIL) 198 NoIDO 230 NoIDO
Percentage of samples ~100 Ilg/L 75.1% NoIDO 76% NoIDO
Percentage of samples <100 ug/l, 24.9% Not defined 24% Not defined
Percentage of samples <50 IlglL 12.9% Not defined 12.9 Not defined
Percentage of samples <20 ug/l, 7.9% Not defined 3% Not defined

deficiency' . In other words, measurement of goitre in a population
does not reflect the current status of iodine nutrition in that
population. In addition, as mentioned earlier, in areas which have
had the benefit of regular supply of iodine over a period of time,
the decline in goitre prevalence would be 50% of the baseline
prevalence. In both the study areas, there is no regular information
on the iodine content of salt over a period of time. However,
compared to earlier surveys carried out in New Delhi (1978-79
and 1981) and in Bhutan (1983 and 1991-92), there is a definite
decline in goitre prevalence rates after the introduction of iodized
salt programmes. However, this reduction is not as expected. The
most tangible explanation is the variation in iodine content of
iodized salt available at consumption points. This situation is
widely prevalent as a result of breakdown in salt iodization
programmes. In most cases, it is due to a lack of sustained moni-
toring activity.

Presentation of urinary iodine data only as median urinary
iodine: In these two surveys, based on median urinary iodine,
there is no IDD either in Delhi or in Bhutan. Based on the earlier
discussion on the limitations of median urinary iodine data, we
strongly feel that cut-off points and the frequency distribution
should always be given. We propose a modification in Table VI,
based on median cut-off points. The rationale for using 20% as the
cut-off point in the second column is based on the criteria
suggested by the Joint WHOIUNICEFIICCIDD Consultative
Group which were included in the 'criteria for elimination' and
also our observations in the studies carried out in New Delhi and
Bhutan. These observations have been extrapolated to moderate
and severe iodine deficiency even though we have no data in these
categories. We recognize that this recommendation is based only
on two studies and therefore there is a need to have more
information from developing countries to verify this observation.
It is pertinent to point out that with the implementation of
universal salt iodization programmes in more and more countries,

very few pockets of severe iodine deficiency are likely to exist.
Therefore, suggestions made for moderate iodine deficiency
extrapolated from mild iodine deficiency are likely to hold true.

IDD elimination programmes using salt iodization as the
intervention strategy are population-based programmes. The
present criteria of classification of IDD based on median urinary
iodine levels are likely to obscure the recognition of iodine
deficiency in a significant part of the population groups. Addition
of cut-off values to the median values likely to give more valid
information about the IDD status of the entire population. In
addition to better appreciation of the relationship between the
three indicators, this information would also facilitate in focusing
attention to those areas that require intensive efforts for effective
implementation of iodized salt programmes.

CONCLUSION
Amongst the three indicators, those that give information about
the current status of iodine nutrition in a population are iodine
content in salt at the household level as measured by titration, and
urinary iodine excretion pattern. The July 1996 eight-country
study in Africa by WHOIUNICEFIICCIDD demonstrates a good
correlation between titrimetric estimation of iodine content of salt
at the household level and urinary iodine excretion pattern in
schoolchildren.

In areas that receive adequately iodized salt over a period of
time, the improvement in iodine status in these populations may
not be reflected in reduction of goitre prevalence for the first year
or two. Thus, for a population that has the benefit of sustained
improvement of salt iodization, the goitre prevalence may not
reflect the true situation in that population.

For results of urinary iodine excretion in schoolchildren, it is
necessary to take into consideration cut-off points along with the
median value for proper interpretation of results. The three
indicators described above assess different aspects ofIDD status

TABLEVI. Proposed epidemiological criteria to assess the severity of iodine deficiency disorders
based 'on median and cut-off values of urinary iodine

Severity oflOO Median urinary iodine levels and cut-off values

ICCIDOIWHOIUNICEF criteria* Proposed modifications

Severe
Moderate
Mild
NoIDO

Median less than 20 ug/L
Median 20-49 ug/L
Median 50-99 ug/L
Median ~100 ug/L

Median.20-4-9 ug/l, with more than 20% values <20 ug/L
Median 50-99 ug/L with more than 20% values <50 ug/L
Median >100 ug/L with more than 20% values <100 IlglL
Median ~100 ug/L with <20% values 100 ug/L

* Source: WHOINUT/94.6
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in a community and thus help to track progress towards IDD
elimination. To understand the status of IDD elimination
programmes, the results of these indicators should be viewed in
totality.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about 500
to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph
should accompany the obituary.

-Editor


