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Abstract
Background/Aims: Few data exist on reference thyroid vol-
umes (Tvols) for Spanish children. The standard tables of the 
World Health Organization (WHO) are only for children older 
than 6 years. The present cross-sectional study reports the 
normal Tvols of 3–14 year-old girls and boys living in Madrid 
(Spain). Methods: The study subjects were 217 children aged 
3–14 years. Urinary iodine was determined, and, on the same 
day, cervical ultrasound examinations were performed by a 
single, experienced paediatric radiologist. The sex-specific, 
upper normal limits for Tvol were then determined, based on 
age and body surface area (BSA). Results: The median urinary 
iodine concentration was 120 µg/L (interquartile range 80–
184); the population was therefore deemed to fall within the 
optimum range for iodine nutritional status. Eight children 

with heterogeneous glandular parenchyma were detected, 
as were 6 with increased vascularity, and 22 with intrathyroid 
cysts. Tvol increased with age and BSA in both sexes from the 
age of 3 years. In girls aged 11–12 years, Tvol was significant-
ly larger than that in boys of the same age. When comparing 
children 6 years old and above, the 97th percentile Tvols with 
respect to gender/BSA were similar to WHO reference values, 
but by gender/age they were 30% larger. Conclusions: This 
work proposes reference ultrasound-determined Tvols for 
3–14-year-old children living in Madrid.

© 2019 European Thyroid Association.  
Published by S. Karger AG, Basel

Introduction

Iodine is an essential trace element required for the 
formation of the thyroid hormones, which are crucial for 
somatic and cognitive development. The recommended 
iodine intake is 90 µg/day from birth to 8 years of age, 120 
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µg/day in children 9–13 years old, 150 µg/day in adoles-
cents and adults, and 250–300 µg/day during pregnancy 
and lactation [1]. According to the World Health Orga-
nization (WHO), iodine deficiency affects more than 2 
billion people worldwide, most of them children and 
newborns, and remains the leading nutritionally prevent-
able cause of mental retardation [2]. Although iodine de-
ficiency is prevalent in developing countries, mild or 
moderate iodine deficiency is not uncommon in industri-
alized countries. In total, about 20% of the world’s popu-
lation is at risk [3]. To determine the nutritional status of 
iodine in a population, the WHO and the Iodine Global 
Network indicate the urinary iodine concentration (UIC, 
expressed in μg/L) to provide the most practical biochem-
ical estimate of recent iodine intake. The median UIC is 
used to express the global nutritional level of iodine in a 
population, although it does not take intra-individual 
variation into consideration [4, 5]. According to interna-
tional standards, the normal median UIC value range is 
100–199 μg/L, corresponding to a daily oral iodine intake 
of 150–299 μg [5, 6].

The size of the thyroid gland in school-age children 
reflects the severity of iodine deficiency in the general 
population [3]. Historically, 2 methods of thyroid exami-
nation have been used: palpation and cervical ultrasound 
[7]. When available, the latter method is considered bet-
ter for determining the size of the thyroid gland [8, 9], 
particularly in areas where goitre rates are low [10]. Al-

though international reference values were proposed by 
the WHO in 2004 [11], they do not reflect local variation. 
Local references should therefore be obtained.

In the present work, thyroid volume (Tvol) was deter-
mined in children from Madrid (Spain) to establish local 
values for the first time. The population analyzed had an 
optimum iodine status [12]. The results obtained were 
compared with those reported from other parts of the 
world (Table 1).

Materials and Methods

Subjects
An observational, cross-sectional study was conducted at the 

Department of Paediatrics at the Puerta de Hierro-Majadahonda 
Hospital between April 2011 and October 2012. A total of 217 chil-
dren aged 3–14 years were enrolled. All of them had been referred 
from primary health care centers in the surrounding area (one of 
high socioeconomic status) to our outpatient paediatric clinic for 
reasons other than thyroid problems. Children with a known thy-
roid disorder or who had received iodine contrast for a radiological 
examination were excluded.

Variables Assessed
Fasting (overnight) urine samples (10 mL) were taken once 

from all the children, frozen at –80  ° C for transport in a portable 
refrigerator to the Laboratory of Biochemistry at the Hospital La 
Paz (Madrid, Spain), and the UIC determined using the modified 
Benotti-Benotti method [13]. Following WHO guidelines, the UIC 
values were expressed as medians – not means – due to the vari-

Table 1. Upper limits of normal thyroid volume (cm3; p97): a comparison of studies reporting results by age group

Countrya Age, years; groups, boys/girls Reference

3–4 5–6 7–8 9–10 11–12 13–14

AT BE CZ DE FR HU 
IT LU NL PL RO SK 5.4/5.0 6.1/6.9 7.8/9.2 10.4/11.7 13.9/14.6 [36]

MY 4.5/4.7 5.7/6.6 [26]
NL 5.00/5.20 6.50/6.50 8.00/9.30 10.00/12.00 16.00/16.50 [25]
BR 3.20/3.20 4.50/4.50 6.50/6.20 7.00/8.10 8.00/10.7 [9]
BH CH JP PE US ZA 2.91/2.94 3.71/3.76 4.73/4.96 6.03/6.59 [11]
ES 3.30/3.20 3.43/4.36 4.51/5.81 [18]
SE 4.00/3.80 5.10/5.00 8.50/7.50 7.50/7.50 [28]
NG 2.19/2.37 2.46/2.56 2.64/2.85 3.74/3.89 4.66/4.69 [29]
JP 2.00/2.10 2.5/2.8 3.1/3.2 4.00/4.40 5.90/6.00 7.00/6.80 [24]
CN 5.00/4.80 6.00/6.00 [27]
ES 2.90/3.64 3.86/4.10 4.40/5.0 7.47/6.30 7.70/7.89 12.50/9.66 This study

a Abbreviations: AT, Austria; BE, Belgium; BH, Bahrain; BR, Brazil; CH, Switzerland; CN, China; CZ, Czech Republic; DE Germany; 
ES, Spain; FR, France; HU, Hungary; IT, Italy; JP, Japan; LU, Luxemburg; MY, Malaysia; NG, Nigeria; NL, Netherlands; PE, Peru; PL, 
Poland; RO, Romania; SK, Slovakia; SE, Sweden; US, United States; ZA, South Africa (Source: https://www.worldatlas.com/aatlas/
ctycodes.htm; accessed April 10, 2018).
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ability in values between subjects. Height and weight were mea-
sured using standard anthropometric techniques, normalized for 
sex and age, and expressed as mean ± SDs according to standard-
ized published tables [14, 15]. Body surface area (BSA, in m2) was 
calculated from weight and height measurements using the for-
mula [16]:

BSA = weight (kg)0.425 × height (cm)0.725 × 71.84 × 10–4.

On the same day as blood extraction, the children underwent 
cervical ultrasonography performed by a single, experienced pae-
diatric radiologist. Tvol was measured using an Acuson Antares 
Premium apparatus (Siemens, Munich) equipped with a high fre-
quency (13 MHz) linear electronic transducer. Measurements 
were made with subjects sitting upright and with the neck slightly 
extended. Tvol was determined as the sum of the volume of both 
lobes, not including the isthmus, using the formula [11, 17]:

Tvol = width (cm) × length (cm) × thickness (cm) × 0.479.

The echographic variables assessed were total volume of the gland 
(expressed in cm3), homogeneity of the parenchyma, vascularization 
of the gland, presence of colloid cysts, and the presence of space-oc-
cupying lesions and adjacent tissue abnormalities (lymph nodes, 
masses and collections). Cervical palpation was not performed, since 
ultrasound is preferred if an expert radiologist is available [3].

Statistical Analyses
The sample size required for this study was calculated by ac-

cepting an alpha risk of 0.05 for an accuracy of ± 6.5%. Data were 
presented as means ± SD, or medians and interquartile ranges 
(IQR). The Kolmogorov-Smirnov test was used to determine 
whether the variables showed a normal distribution. Comparisons 
of the results for continuous variables between sex/age groups 
were made using the Student t test. To determine the Tvol percen-
tiles, a statistical correction was made, removing out-of-range val-
ues (those that exceeded 3 times the range between p75 and p25) 
for each group, with the idea of setting a p97 normality limit. All 
calculations were made using SPSS software version 14. Signifi-
cance was set at p < 0.05.

Ethical Statement
This study was approved by the Ethics Research Committee of 

the Puerta de Hierro-Majadahonda Hospital (Madrid, Spain) in 
March 2011. Parents provided informed consent for their children 
to be included after receiving a full explanation of the purpose and 
nature of all procedures. If the child was over 11 years old, he/she 
signed the informed consent forms as well. The procedures fol-
lowed were in accordance with the Helsinki Declaration of 1975, 
as revised in 2008.

Results

Description of the Population
The children enrolled were 107 girls and 110 boys. 

These fell into 3 age groups: (a) preschoolers (3–6 years; 
38.7% of the total sample); (b) primary school age chil-

dren (7–10 years; 33.6%), and (c) adolescents (11–14 
years; 27.6%). The weight, height, and body mass index 
of all the participants fell into the normal ranges for Span-
ish children [14, 15].

Iodine Urinary Concentration and Description of the 
Ultrasound Thyroid Findings
The overall median UIC was 120.00 μg/L (interquartile 

range 80–184), that is, within the normal range for chil-
dren of any age according to the WHO. Seven children 
had UIC values of > 500 μg/L, probably indicating iodine 
poisoning (perhaps caused by the use of iodine antiseptics 
which is common in Spain); 37.8% of the children had 
values of < 100 μg/L (representing iodine deficiency) and 
one third of those had values of < 50 μg/L.

Eight children had heterogeneous echogenicity of the 
thyroid parenchyma (suggesting tiny cystic spaces), 6 
showed increased vascularity compatible with thyroiditis 
as per radiologist and 22 had intrathyroid isolated cysts. 
One single big cyst was biopsied showing a thyroid ade-
noma. There were no differences seen in median UIC be-
tween these patients and the children with no such prob-
lems.

Relationship between Thyroid Gland Volume and 
Gender/Age and Gender/BSA
The 11–12 year-old girls had higher Tvol values than 

did boys of the same age (p = 0.037; Fig.  1). Figure 2 
shows the 3rd, 50th and 97th percentiles for gender/
BSA.
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Fig. 1. Tvol percentiles in girls and boys by age group in a popula-
tion with optimum iodine level. Circles, triangles and squares cor-
respond to p3, p50, and p97 values respectively.



Tvol in Iodine-Sufficient Children 199Eur Thyroid J 2019;8:196–201
DOI: 10.1159/000499103

Thyroid Gland Volumes; Comparison with 
International Reference Values
Table 1 shows the present age-specific percentile 97 for 

Tvol compared to the results of other studies undertaken 
in areas with optimum iodine reference values, including 
the only other study determined in Spain to date [18]. 
Compared to WHO standards [11], the present Tvol for 
children 6 years old and above was 32% higher when ad-
justed for age and 5% higher when adjusted for BSA.

Discussion

The present results show the iodine status of children 
in the northwest of the Madrid area to be within the range 
of normality. The median UIC value (120 μg/L) was sim-
ilar to those previously reported for other Spanish prov-
inces [18–22]. Formal international recommendations 
advise that standard references for thyroid volumes 
should be determined regionally or nationally. The WHO 
data for normal thyroid volumes refer only to children 
over 6 years of age, while 30% of our present population 
were younger. To the best of our knowledge, only 2 stud-
ies have reported Tvol for children between 3 and 6 years 
of age: one from Brussels [23] – in an area with a median 
UIC of 68 μg/L – and one from Japan [24] with Tvols 
smaller than the present study. Only one Spanish study 
has proposed normal ranges for Tvol, and this refers to 
children aged 6 years and above [18]. In the present work, 
Tvol determinations were made by a single paediatric ra-
diologist with more than 28 years of clinical experience. 
The results are therefore free of interobserver variation, a 

factor known to have contributed to current disagree-
ments surrounding normal Tvol values for children [9].

We found radiological abnormalities as heterogeneous 
glands and cysts in some patients, these patients have 
been followed by a paediatric endocrinologist, not show-
ing further complications.

Table 1 provides a summary of the age-adjusted p97 Tvol 
from different countries and the results for the present 
study. Although no statistical analysis was performed, it can 
be seen that the present results are similar to those reported 
from the Netherlands, Malaysia, China, Sweden and Brazil 
[9, 25–28]. However, the Tvol values are higher than those 
reported by the WHO [11], and from Japan and Nigeria [24, 
29], probably due to genetic or environmental factors.

In the present work, significant sex differences in Tvol 
were found for the 11–12 year-old group (with girls 
showing higher values). These data agree with the results 
of previous reports from other countries, which suggest 
that between 8 and 12 years of age, girls have a higher 
Tvol than boys [11, 24–31]. This might be related to the 
earlier onset of puberty in girls, or to possible differences 
in iodine status due to differences in consumption of io-
dine-rich food. However, no such gender differences 
were found in other studies [18, 32–35]. The present Tvol 
values are higher than those reported in the one other 
study performed in Spain [18]. Madrid lies at the center 
of the country, whereas this other study was performed 
in a coastal area where the consumption of iodine-rich 
foods such as fish and seafood are historically higher; this 
might explain the difference. The present Tvol values are, 
however, smaller than those reported by Delange in sev-
eral European countries in 1997 [2]. This may signal that 
good progress has been made Spain over the last 2 de-
cades with respect to achieving adequate iodine status.

Linear correlations between BSA and Tvol have been 
detected in different countries [9, 24, 31–34]. BSA/gender 
Tvol tables are important in countries with a high poverty 
rate, where there can be mismatches between age and the 
expected BSA [10, 31, 35]. However, in countries like 
Spain, in which people’s nutritional status is usually ap-
propriate, it is more convenient to use tables based on age/
sex, especially since the radiologist taking the required ul-
trasound images will commonly not know the BSA of the 
patient [23, 36]. In the Netherlands, Wiersinga et al. [25] 
observed that, until the age of 14, differences in Tvol with 
respect to sex were greater than those with respect to BSA.

The present Tvol values are similar to those recorded 
in other regions and countries. However, the small sam-
ple size forced the present use of 2-year ranges instead of 
single years, perhaps reducing the reliability of the results. 
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Further, since goitres may take years to return to normal 
after restoring the patient’s iodine status, the WHO rec-
ommends carrying out Tvol studies in populations that 
have long (though without specifying how long) been in 
a situation of iodine sufficiency. Spain was iodine-defi-
cient until 2003, so the 9 years that elapsed until the time 
of the present research may not have been enough to nor-
malize the Tvols in the general population. Another lim-
itation of this study is that it was performed at single hos-
pital with a specific population from a medium-high so-
cioeconomic background; the results may not, therefore, 
be representative of the entire Madrid province. Multi-
centre studies should be undertaken to address this issue.

In conclusion, the iodine status of children in this part 
of Madrid lies in the optimal range. The Tvols recorded 
are comparable to those noted for other countries; how-
ever, they are around 30% higher than WHO values for 
children aged 6 years and above. Larger, multicenter 
studies are needed to gather more data. To our knowl-
edge, this is only the third published report to provide 
Tvol data for children aged 3–6 years.
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