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Ultrasound evaluation of thyroid size: A large nationwide
study of schoolchildren in India

R. K. MARWAHA,*  N. TANDON,*  GANIE M. ASHRAF,  S. K. GANGULY,  A. BATRA,
R. AGGARWAL,  KALAIVANI MANI,  S. SINGH

ABSTRACT
Background. Ultrasound assessment of thyroid volume is

considered a more objective method than clinical palpation for
the diagnosis of goitre. We used ultrasonography to establish
normal reference cut-off points of thyroid volume in schoolchildren
of different socioecomonic groups in India and compared the
results with international norms.

Methods. In a cross-sectional study, we clinically examined
27 250 children from the lower and higher socioeconomic strata
(SES) from all over India to determine their goitre staging. A
single sonologist, using ultrasonography, assessed the thyroid
volume in a subset of 15 986 children (8463 from the lower and
7523 from the higher SES). Students were recruited from at least
one school each representing the higher and the lower SES, from
cities located in 5 zones of India. Children with known thyroid
disorders were excluded from the study.

Results. Clinical evaluation revealed a mean goitre prevalence
of 19.9% (23.2% in girls; 16.5% in boys; 17.1% in the higher
SES; 23.5% in the lower SES). The thyroid volume as assessed
by ultrasonography was significantly higher in children from the
lower SES (mean 5.65 ml, SE 0.02) compared with those from
the higher SES (mean 5.02 ml, SE 0.02) after adjusting for the
imbalance in body surface area (p<0.001). Using international
norms (WHO 2004), the prevalence of goitre in various body
surface area categories among children who had no goitre on
clinical examination ranged from 48.2% to 75.1% for boys and
23.2% to 67.4% for girls.

Conclusion. The striking discrepancy in the prevalence of
goitre assessed by using clinical examination and ultrasound
techniques suggests that the norms recommended by WHO
based on ultrasound techniques are not appropriate for India.

Natl Med J India 2008;21:69–74

INTRODUCTION
Iodine deficiency disorders (IDD) constitute a major preventable
global public health challenge that requires strategies of iodine
supplementation and monitoring.1 Since the discovery of major
functional decompensation of the thyroid among people in goitre-
endemic areas, a vigorous public health initiative has resulted in
control of nutritional iodine deficiency in India.2–6 Thyroid
palpation, which was the standard method for determining thyroid
size, has been found to be inadequate for evaluation of mild
thyroid enlargement in schoolchildren.7 Thyroid ultrasonography,
a validated procedure for the quantitative assessment of thyroid
size, is recommended whenever possible.8–10 However, evaluation
of ultrasonography data requires comparison with an appropriate
standard or norm, which is still lacking in India.

According to the WHO, a region is considered endemic if >5%
of schoolchildren, 6–12 years of age, have goitre or enlargement
of the thyroid.1 Schoolchildren, owing to their easy recruitment and
high vulnerability to IDD, are preferred subjects for surveillance
of IDD.1 Several investigators from different populations have
proposed normative data for thyroid volume.10–13 Most of these
studies have been conducted in Europe and vary considerably
with regard to age, sample size, sex composition and anthropometric
stratification. In 2004, a WHO/Nutrition for Health and
Development Iodine Deficiency Study group established norms
for children, 6–12 years of age, from 6 iodine-sufficient countries.14

The relevance of these data in the assessment of IDD in populations
of developing countries needs validation.

We estimated the thyroid volume of 5–17-year-old
schoolchildren from iodine-sufficient regions of India in relation
to their age, sex, socioeconomic strata (SES) and anthropometric
assessment. Appropriate normal reference cut-off points for
children from 2 socioeconomic groups were derived from these
data and compared with international norms.10,14

METHODS
Subjects

This cross-sectional study, conducted between 2002 and 2005,
was based on clinical evaluation of apparently healthy 27 250
schoolchildren (13 302 boys and 13 948 girls; 12 083 from lower
and 15 167 from higher SES), 5–17 years of age, from various
regions of India. Of these, 15 986 children also gave consent for
ultrasound assessment of the thyroid. Children of this subset were
enrolled in government-aided schools representing the lower SES
or in private, fee-paying schools representing the higher SES. Of
these, 8463 children (3747 boys, 4716 girls) belonged to the lower
SES and 7523 (3960 boys and 3563 girls) to the higher SES.

To obtain this sample, we divided India into 5 zones (North,
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South, West, East and Central). One of the participating institutes,
the Institute of Nuclear Medicine and Allied Sciences, Delhi
(INMAS) belongs to a larger organization, the Defence Research
and Development Organization (DRDO), which has laboratories
all over India. To ensure administrative support, 2–3 cities were
selected in each of the 5 zones of India, where a DRDO laboratory
was located. In each city, at least 1 school each representing the
lower and the higher SES was then identified with the assistance
of local authorities and where the school management agreed to
participate.

In every selected school, all children were invited to participate
in the study through a subject information sheet and a form for
informed consent for either clinical examination alone or for both
clinical examination and ultrasound assessment of thyroid. Children
whose parents consented were included in the study.

The study was approved by the Institutional Ethics Committee
of INMAS, DRDO, Ministry of Defence, Government of India.

Methodology
Two endocrinologists with experience in thyroid epidemiology
(NT and RKM) examined all children independently for the
presence of goitre. Children found to have a history of thyroid
disorder were excluded from the study. The concordance of
grading was recorded and in case there was disagreement between
the observers a higher grade was chosen. Thyroid size was graded
according to WHO/UNICEF/ICCIDD recommendations.1 Body
weight was measured to the nearest 0.1 kg using a beam-balance
weighing scale. The children were weighed wearing their school
uniform but without shoes, belts or any other items found on them.
Height was measured to the nearest 0.1 cm using a height scale.
Body surface area (BSA, m2) was calculated according to the
Dubois and Dubois formula:15 weight (kg)0.425 × height (cm)0.725 ×
(71.84) × 10–4. Body mass index (BMI) was calculated as weight
in kg/(height in metres)2.

Urinary iodine estimation was not performed since earlier
nationwide data reported by us4 and Kapil and Singh16 clearly
indicate iodine sufficiency, especially in the areas where this
study was conducted.

Thyroid ultrasonography
Measurement of the thyroid gland was done by a single sonologist
(SKG), who was blinded to the results of thyroid palpation, using
a portable ultrasound machine (Aloka SSD-500, Tokyo, Japan)
with a 7.5 MHz transducer. During this measurement the children
were made to lie in the supine position with the neck hyperextended.
For each thyroid lobe, the maximum perpendicular anteroposterior
(depth) and mediolateral (width) diameters were measured on a
transverse image of the largest diameter. The greatest craniocaudal
(length) diameter of each lobe was measured on a longitudinal
image. As recommended, the isthmus and thyroid capsule were
not included in the measurements.1 Thyroid volume was calculated
according to the Brunn formula:17 width × length × depth × 0.479
for each lobe. The volume of the two lobes was calculated and
added to obtain the total volume. Data from children found to have
a nodule on ultrasound examination were not used for thyroid
volume assessment.

Statistical analysis
Statistical analysis was done using SPSS 11.5 and LMS regressions
were performed using the LMS Pro software (The Institute of
Child Health, London). Data were presented as mean (SD) and
50th and 97th centiles as required. The difference in means of

height, weight, BMI, BSA and thyroid volume between the higher
and lower SES was tested using the Student t-test for independent
samples. Analysis of covariance (ANCOVA) was used to compare
the difference in means of ultrasound thyroid volume between the
higher and lower SES after adjusting for imbalance in BSA and
BMI. The Pearson correlation coefficient was used to test the
strength of association between the age, height, weight, BSA and
ultrasound thyroid volume. A p value <0.05 was considered
statistically significant.

The LMS method was used to obtain standardized and smoothed
centile curves for thyroid volumes by ultrasound and for comparison
with the WHO reported cut-offs of thyroid volume. The need for
centile curve arises when the measurement is strongly dependent
on some covariate, for instance BSA, so that the reference range
changes with the covariate. The LMS method provides a means to
normalize the anthropometric measurement and the main
assumption underlying the LMS method is that after Box–Cox
power transformation the data at each BSA are normally distributed.

RESULTS
The clinical prevalence of goitre in 27 250 children as per WHO
grading was 19.9%, significantly more in girls (23.2%) than in
boys (16.5%; p<0.001). Clinically, grade 1 goitre was seen in
18.4% and grade 2 in 1.5%. The prevalence of goitre was
significantly lower in the higher SES (17.1%) compared with the
lower SES (23.5%; p<0.05). The prevalence of goitre in boys and
girls from the higher SES (15.5% and 18.7%, respectively) was
significantly lower than that of their peers in the lower SES
(17.9% and 28.5%, respectively; p<0.05).

The age, sex, SES and goitre grade of the 15 986 children, who
had ultrasound thyroid assessment, were no different from those
who were assessed only by clinical examination. The mean (SD)
age of the children studied was 11.9 (3.4) years (higher SES 11.7
[3.3] years; lower SES 12.0 [3.3] years. The children from the
higher SES were significantly taller (145.8 [17.2] cm v. 141.8
[16.8] cm), weighed more (40.9 [15.5] kg v. 33.8 [11.6] kg), and
had higher BMI (18.5 [3.9] kg/m2 v. 16.4 [2.7] kg/m2) and BSA
(1.3 [0.3] m2 v. 1.2 [0.3] m2) compared with their peers belonging
to the lower SES (p<0.05 for all comparisons).

The mean (SE) thyroid volume of all children by ultrasound
was 5.35 (2.20) ml (higher SES 5.34 [2.24] ml v. lower SES 5.35
[2.29] ml) indicating apparently similar volumes. The
anthropometric parameters, especially BSA of children in the
higher SES were significantly higher (p<0.001) than those in the
lower SES in both gender groups for each age category (Table I).
On adjusting for the imbalance in BSA, the thyroid volume was
found to be higher among children in the lower SES (mean 5.65
ml, SE 0.02) compared with those in the higher SES (mean 5.02
ml, SE 0.02). The difference in means between children in the
lower SES (0.63 ml) and higher SES (0.68 ml) was statistically
significant (p<0.001). The mean (SE) thyroid volume of children
with normal, grade 1 and grade 2 goitre was 5.16 (2.08) ml, 6.42
(2.30) ml and 8.05 (3.16) ml, respectively, thus showing a good
correlation between thyroid volume measurement by ultrasound
and palpation techniques. Age, weight, BMI and BSA showed a
positive correlation with thyroid volume.

Table II shows a group-wise comparison of median and 97th
percentile of thyroid volumes in boys and girls 5–17 years of age.
The table shows that with increasing age the thyroid volume
increases and a trend towards higher volume is seen in boys
compared with girls and in children in the higher SES compared
with those in the lower SES. The thyroid volume apparently
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from the lower SES was higher than that of children from the
higher SES for each BSA category.

Comparison with international norms
One objective of our study was to compare our data with
international norms. The two available studies involving large
numbers are the European study10 and the WHO international

showed a difference among boys and girls after 13 years of age.
Using BSA adjustment, we constructed and compared percentile
distribution of thyroid volume in both sexes and in both SES.
Table III shows a comparison of median and 97th percentile of
thyroid volumes in boys and girls as per BSA categories (0.7–1.7
m2). Unlike the thyroid volume, which was not adjusted for BSA,
it is clear that on BSA adjustment, the thyroid volume of children

TABLE I. Group-wise distribution of body surface area (BSA) in children from both sexes belonging to the higher and lower
socioeconomic strata (SES)

Age (in years) Lower SES Higher SES

Boys* Girls† Boys Girls

n Mean (SD) n Mean (SD) n Mean ( SD) n Mean (SD)

5 129 0.71 (0.07) 96 0.69 (0.07) 42 0.79 (0.08) 59 0.77 (0.07) 
6 213 0.75 (0.08) 170 0.74 (0.07) 234 0.84 (0.10) 197 0.82 (0.09)
7 255 0.82 (0.08) 177 0.79 (0.07) 261 0.91 (0.10) 223 0.89 (0.10)
8 335 0.87 (0.08) 240 0.86 (0.08) 365 0.99 (0.13) 280 0.98 (0.13)
9 249 0.93 (0.11) 241 0.93 (0.10) 308 1.04 (0.12) 265 1.05 (0.13)

10 324 0.98 (0.11) 335 0.99 (0.11) 367 1.13 (0.14) 314 1.15 (0.14)
11 258 1.07 (0.11) 350 1.08 (0.12) 332 1.21 (0.14) 243 1.24 (0.16)
12 335 1.14 (0.13) 607 1.18 (0.13) 366 1.31 (0.18) 330 1.35 (0.16)
13 375 1.23 (0.14) 593 1.24 (0.12) 399 1.41 (0.19) 358 1.40 (0.16)
14 379 1.34 (0.16) 587 1.32 (0.16) 357 1.50 (0.18) 314 1.45 (0.14)
15 343 1.44 (0.15) 480 1.33 (0.11) 355 1.60 (0.18) 351 1.51 (0.14)
16 270 1.50 (0.14) 434 1.36 (0.10) 255 1.69 (0.16) 362 1.51 (0.14)
17 164 1.56 (0.13) 288 1.36 (0.11) 265 1.70 (0.16) 241 1.51 (0.14)

* p<0.001 between boys of the higher and lower SES † p<0.001 between girls of the higher and lower SES

TABLE II. Age-wise percentiles of thyroid volume (ml) in girls and boys from the higher and lower socioeconomic strata (SES)

Age (in years) Girls Boys

Higher SES Lower SES Higher SES Lower SES

n 50th 97th n 50th 97th n 50th 97th n 50th 97th 

5 96 2.64 5.4 129 2.20 5.78  42 3.04 5.29 29 2.26 5.55
6 170 2.80 4.9 213 2.60 4.58 234 2.80 5.43 213 2.74 5.12
7 177 3.09 6.7 255 3.04 5.45 261 3.39 7.09 255 3.27 5.75
8 240 3.24 6.8 335 3.62 6.38 365 3.60 6.48 335 3.48 5.72
9 241 3.95 7.4 249 3.74 6.63 308 3.96 6.88 249 3.88 7.38

10 335 4.28 8.2 324 3.97 7.35 367 4.41 8.07 324 3.96 6.95
11 350 5.02 8.6 258 4.69 7.52 332 4.70 8.43 258 4.55 8.09
12 607 5.47 10.2 335 5.19 8.78 66 5.11 8.85 335 4.78 9.01
13 593 5.67 10.0 375 5.49 9.48 399 5.70 10.39 375 5.44 9.93
14 587 6.11 10.5 397 5.97 10.52 357 6.43 11.23 397 6.29 10.58
15 480 5.98 11.0 343 6.14 10.15 355 7.09 12.20 343 7.57 12.54
16 434 6.12 10.5 260 6.57 11.08 255 7.38 12.59 260 7.88 13.13
17 288 6.20 9.8 164 6.55 10.09 265 7.53 12.29 64 8.48 15.37

TABLE III. Percentiles of thyroid volume (ml) in girls and boys from the higher and lower socioeconomic strata (SES) based on body
surface area (BSA)

BSA (m2) Girls Boys

Higher SES Lower SES Higher SES Lower SES

50th 97th 50th 97th 50th 97th 50th 97th 

0.7 2.61 4.57 2.63 5.12 2.70 4.55 2.15 4.54
0.8 3.12 5.69 3.34 5.36 3.17 5.44 3.41 5.68
0.9 3.43 6.66 3.92 6.94 3.63 6.43 3.99 6.82
1.0 3.87 6.77 4.60 7.88 4.11 7.02 4.27 7.67
1.1 4.04 7.80 5.17 8.45 4.56 7.88 4.96 8.18
1.2 5.27 8.94 5.70 9.66 4.88 8.58 5.86 9.79
1.3 5.56 9.53 6.25 10.67 5.49 10.12 6.78 11.36
1.4 5.92 10.00 6.62 10.94 6.00 9.85 7.32 11.89
1.5 6.29 10.15 6.74 11.74 6.86 11.77 8.10 13.01
1.6 6.50 12.73 6.91 13.78 7.26 11.69 8.38 15.34
1.7 7.03 11.07 8.24 10.84 7.54 12.90 8.56 14.67
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ultrasound, fall between the 40th and 60th percentiles of our data,
once superimposed using the LMS method.

Similarly, Table V shows the comparison on the basis of BSA
categories and also indicates much higher thyroid volumes in
children with no goitre evaluated by us compared with the WHO
international norms. The data from our study, however, are more
or less similar to those of European norms10 (Table V). Table VI
shows the prevalence of goitre assessed by ultrasound in the non-
goitre subgroup from our study when the thyroid volume cut-offs
(adjusted for BSA) are taken from the 97th percentile values of the
reference data in the European study (1997)10 and the WHO study
(2004)14 as analysed using the LMS method. These data suggest
that if the ultrasound-based WHO norms (2004) are taken as the
gold standard for thyroid volume, there is a significant discrepancy
in the prevalence of goitre as established by clinical palpation and
ultrasonography.

DISCUSSION
The prevalence of goitre by palpation of 27 250 schoolchildren in
this study was 19.9% (16.5% boys and 23.2% girls), which is

study,14 which were conducted in areas that are not known to be
endemic for goitre (i.e. <5% prevalence of goitre). In these studies
thyroid ultrasound was done in the entire population under survey,
and not pre-selecting those with a normal gland on palpation, even
though they were making norms. We compared thyroid ultrasound
volumes of those children in our study who were not found to
have a goitre on clinical palpation with data from these 2 studies.
Children with a goitre were excluded from this comparison
because in India we have a high prevalence of clinical goitre
(19.9%) in the population, whereas the populations being compared
had reportedly <5% prevalence of goitre. A comparison of
percentile distribution of thyroid volumes in children with no
goitre from our study with the currently recommended WHO
2004 values14 reveals a significant difference. Thyroid volumes in
children of both SES and both sexes were significantly higher than
the proposed current international reference values (Table IV).
The table shows the comparison of the 97th percentile values of
our data with the European norms (1997)10 and the WHO
international norms (2004)14 in the respective age groups. The
distribution shows that the current WHO volumes as assessed by

TABLE IV. Age-wise comparison of the 97th percentile of thyroid volumes by ultrasound of children without goitre on clinical
examination with European norms (1997) and WHO international norms (2004)

Age (in years) Girls Boys

97th percentile thyroid volume (ml) 97th percentile thyroid volume (ml)

Present study* European norms WHO international Present study* European norms WHO international
199710 norms14 199710 norms14

5 4.10 na na 4.02 na na
6 5.13 5.0 284 5.00 5.4 2.91
7 5.52 5.9 3.26 5.50 5.7 3.29
8 6.90 6.9 3.76 6.70 6.1 3.71
9 7.01 8.0 4.32 7.10 6.8 4.19

10 8.22 9.2 4.98 8.09 7.8 4.73
11 9.36 10.4 5.73 9.31 9.0 5.34
12 10.48 11.7 6.59 10.54 10.4 6.03
13 10.39 13.1 na 11.24 12.0 na
14 10.31 14.6 na 12.09 13.9 na
15 12.83 16.1 na 12.38 16.0 na
16 10.84 na na 13.63 na na
17 12.90 na na 15.92 na na

* Children had no goitre on clinical examination na not available

TABLE V. Comparison of body surface area (BSA) adjusted for 97th percentile of thyroid volumes of children with no goitre on clinical
examination with European norms (1997) and WHO international norms (2004)

BSA (in m2) Girls Boys

97th percentile thyroid volume (ml) 97th percentile thyroid volume (ml)

Present study* European norms WHO international Present study* European norms WHO international
199710 norms14 199710 norms14

0.7 4.10 na 2.56 4.02 na 2.62
0.8 5.13 4.8 2.91 5.00 4.7 2.95
0.9 5.52 5.9 3.32 5.50 5.3 3.32
1.0 6.90 7.1 3.79 6.70 6.0 3.73
1.1 7.01 8.3 4.32 7.10 7.0 4.20
1.2 8.22 9.5 4.92 8.09 8.0 4.73
1.3 9.36 10.7 5.61 9.31 9.3 5.32
1.4 10.48 11.9 6.40 10.54 10.7 5.98
1.5 10.39 13.1 7.29 11.24 12.2 6.73
1.6 10.31 14.3 8.32 12.09 14.0 7.57
1.7 12.83 15.6 na 12.38 15.8 na
1.8 10.84 na na 13.63 na na
1.9 12.90 na na 15.92 na na

* Children had no goitre on clinical examination na not available
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comparable with our earlier report.4 The prevalence of goitre
among children of both sexes in the higher SES was significantly
lower than that observed in their peers from the lower SES. The
persistence of residual goitre, despite effective implementation of
the salt iodization programme, has been documented by workers
not only from India,4,18 but also from other parts of the world.19–21

Since ultrasonography provides an accurate estimation of
thyroid volume, it is recommended by several investigators and
the ICCIDD to be the modality of choice, especially in the post-
iodization phase.1,9,12,13 In addition, the necessity of establishing
local region-wise reference ranges has also been clearly
documented.22–26 In view of this, we assessed 15 986 children
(5–17 years) in whom concomitant thyroid palpation and ultrasound
thyroid assessment was done to estimate the prevalence of goitre,
correlate palpation and ultrasound measurements and devise
nomograms for the community.

Significant differences in the rates of goitre and anthropometric
parameters between children from the lower and the higher SES
led us to compare thyroid volumes of a cohort from both SES. The
children from the lower SES had lower BSA compared with their
age- and sex-matched peers from the higher SES (Table I). On age
stratification, a trend for higher volumes was seen in boys compared
with girls and in children from the higher SES compared with
those from the lower SES (Table II). However, once the thyroid
volume was adjusted to the BSA, it became apparent that for each
BSA category, children from the lower SES had a higher thyroid
volume compared with those from the higher SES (Table III).
Since the BSA-adjusted thyroid volumes showed a gross disparity
between the two SES, the best cut-off for defining goitre by
ultrasound would possibly be the 97th percentile curve belonging
to children from the higher SES. This recommendation is supported
by our earlier study which also found a higher prevalence of goitre
in the lower SES.4 The strong correlation of thyroid volume with
BSA shown in our study is consistent with earlier observations.22,27

As in other reports, body weight, age and height correlated
positively with thyroid volume.13,27,28

We also compared our data with that from other studies
representing age-categorized and BSA-adjusted values. Table IV
compares our age-wise data on clinical examination of children
without goitre (97th percentile) with data from a study of
European children10 and a study in 2004 by WHO of a cohort from
6 countries with long-standing iodine sufficiency.14 Thyroid
volumes of our cohort were comparable with those of age-
matched European children as assessed in 1997. However, thyroid

volumes of Indian children without goitre were significantly
higher in the BSA and age categories when compared with data in
the WHO study (2004).14 This difference was further reinforced
by a specific comparison of BSA-adjusted 97th percentile thyroid
volumes of children without goitre in our study with that reported
in the WHO study (2004).14

The 97th centile curves of thyroid volume from the WHO
study (2004) fall between the 34th and 77th percentiles for girls
without goitre and the 33rd and 49th percentiles for boys without
goitre from this study. Brahmbhatt et al. in a study conducted in
rural schoolchildren from Gujarat, India found thyroid volumes
higher than that of our cohort.28 However, their study population
was exposed to mild iodine deficiency and environmental
goitrogens.28 Higher volumes have also been reported by other
workers who studied populations with goitrogenic exposure.29,30

In contrast to the prevalence of clinical goitre in 19.5% (16.5%
in boys and 23.2% in girls), the prevalence of goitre assessed by
ultrasound using WHO (2004) cut-offs among BSA categories
(0.7–1.6 kg/m2) was found to be 62% and 54%, respectively, even
in those boys and girls who on clinical examination were found
not to have goitre. This suggests that if the WHO cut-offs had been
applied to the entire population, the prevalence of goitre assessed
by ultrasound would have been even higher, indicating a gross
discrepancy between the two methods for evaluation of goitre.
This poor correlation between the methods has also been
demonstrated in various studies which showed a higher sensitivity
by ultrasound,7,8,31 whereas other authors have shown palpation to
be more sensitive.22,27,32,33 Notwithstanding the discrepancy in the
prevalence of goitre, as assessed by palpation and ultrasound
techniques, there was a good correlation between thyroid volume
and the grade of clinical goitre. This suggests that the discrepancy
is due to cut-offs selected to define goitre by the ultrasound
method.

On comparison, thyroid volumes in our study are higher than
those reported from iodine-sufficient regions.11,23,24 The variation
in thyroid volumes of children may be related to gender, growth,
developmental age, iodine status, goitrogens and genetic make-
up. The lack of a standardized protocol may also be responsible for
these variations. These higher thyroid volumes are unlikely to be
explained by stigmata of earlier IDD, as all the children in the
study were born after the iodization programme was in place.
Further, the status of iodine nutrition in urban India has been
assessed in detail by us and other authors4,6,16 and data clearly show
that the prevalence of iodine deficiency as estimated by urinary
iodine of <0.79 μmol/L is present in <5% of children. The
explanation for the persistence of goitre in endemic proportions
in children born after the correction of IDD and with documented
sufficient iodine intake suggests the possible role of either some
environmental goitrogens other than iodine or thyroid auto-
immunity.4,29,30 Finally, the potential role of race on variation in
thyroid volume in different populations also needs to be considered.

The limitations of our study are non-random selection of
schools and cities studied and the lack of pubertal staging.
However, the large sample size should take care of any potential
bias resulting from the non-random selection.

In conclusion, we report the persistence of high thyroid volumes
in children who are iodine-sufficient, and presumably have been
exposed to iodized salt from the time of birth. The possible reasons
for this observation could be exposure to environmental goitrogens
at any point of time from foetal ontogeny to the present. There is
a significant discrepancy between goitre prevalence as established
by palpation and by ultrasound methods using international norms.

TABLE VI. Prevalence of goitre on ultrasonography in children
without goitre on clinical examination, based on European
norms 199710 and WHO international norms 200414

Body Girls (%) Boys (%)

surface European WHO European WHO
area (m2) norms 1997 international norms 1997  international

norms 2004 norms 2004

0.7 9.2 53.1 10.4 50.9
0.8 1.3 65.1 13.1 75.1
0.9 2.2 62.9 10.2 68.6
1.0 2.5 65.1 8.0 65.2
1.1 2.5 66.8 8.6 65.6
1.2 2.4 67.4 8.2 63.0
1.3 2.1 59.9 4.7 66.9
1.4 0 46.2 2.6 56.2
1.5 0.39 30.2 1.4 60.6
1.6 0 23.2 0.35 48.2
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In view of this, we suggest that the WHO-derived international
norms in establishing goitre prevalence should not be applied
to India. Future, prospective studies assessing the functional
relevance of thyroid volume may help to establish uniform norms
across the world.
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