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Abstract

Introduction: The determination of goitre prevalence in children by ultrasono-
graphy is an important tool for considering iodine deficiency disorders. Our objec-
tive was to describe measurements of thyroid volumes by ultrasonography in
Egyptian South Sinai schoolchildren and compare these with the WHO/Inter-
national Council for the Control of lodine Deficiency Disorders normative thy-
roid volume criteria (WHO/ICCIDD).

Material and methods: Cross-sectional thyroid ultrasonographic data of 719
schoolchildren (339 boys and 380 girls), aged 6-12 years from five cities in South
Sinai (El Tur (T), Abu Redis (R), Ras Sudr (S), Saint Katherine (SK), and Nwebaa
(N)). Age/sex and body surface area/sex specific upper limits (97" percentile)
of normal thyroid volume were derived and urinary iodine (Ul) was measured.

Results: The median value of urinary iodine was 150 ug/l. Comparing WHO/ ICCIDD
thyroid volume references to Egyptian South Sinai schoolchildren resulted in goitre
prevalence of 10.6% using age/sex specific and 13.48% using body surface area/sex
specific cut-off values. The prevalence of goitre was 20.0% in S, 16.3% in R, 10.8%
in N, 9.9% in T, and 10.5% in SC. Upper limits of normal (97" percentile) thyroid vol-
ume from South Sinai schoolchildren calculated using BSA, sex, and age were
higher than the corresponding WHO/ICCIDD.

Conclusions: Prevalence of goitre is high in South Sinai schoolchildren. The body
surface area reference should be preferred to the reference based on age. South
Sinai schoolchildren had larger thyroids than WHO/ICCIDD thyroid volumes, per-
haps due to hard polluted water with a high fluorine level.
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Introduction

lodine is an essential trace element for the synthesis of thyroid hor-
mone. Normal human growth and development is dependent upon an
adequate supply of thyroid hormone. The essential requirement for nor-
mal growth is only 100-150 g/day, but the optimal intake for adults is about
200-300 g daily [1]. The principal source of iodine for human consump-
tion is food. The highest iodine content is found in fish and, to a lesser
extent, in milk, eggs, and meat [1]. The most significant and devastating
consequences of iodine deficiency are its serious effects on physical and
mental development of children [2]. According to the WHO, it is estimat-
ed that 285 million school-age children live in countries with significant
iodine deficiency and are at risk of its complications [3].
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The World Health Organization/International
Council for the Control of lodine Deficiency Disor-
ders (WHO/ICCIDD) adopted a thyroid volume ref-
erence in 1997 [4]. However, thyroid volumes from
European children from whom the WHO reference
data are derived [4] are larger than those in iodine
sufficient children from the USA [5], Malaysia [6],
Iran [7], Switzerland [8], and Germany [9]. Accord-
ingly, the WHO/ICCIDD conducted thyroid volume
studies in 6-12-year-old schoolchildren by ultra-
sound from iodine sufficient areas of six countries
on each continent to establish an international ref-
erence for general use [10]. Sex-specific upper nor-
mal limits of thyroid volume (the 97" percentile)
were provided based on age and body surface area
(BSA). In areas with malnutrition, such as Bangla-
desh, the BSA reference should be preferred to the
reference based on age [5], whereas results from
US children indicated that thyroid volume reference
based on weight alone would perform as well as
the one based on BSA [5]. Alternatively, the refe-
rence value of thyroid volume in Japanese school-
children is rather similar to new WHO/ICCIDD ref-
erence values and might be applicable to countries
in the Far East [11].

Prevention and control of iodine deficiency dis-
orders can be easily achieved by appropriate iodine
supplementation [12-14]. lodized salt, iodized oil,
jodized bread, and iodized water can be used. Salt
iodination is most frequently used for iodine pro-
phylaxis, mainly in the form of potassium iodide [1].

In Egypt, endemic goitre and low urinary iodine
concentration have been reported in several regions
[15-17], where thyroid palpation was the standard
method for determining thyroid size. However, since
progress is made towards elimination of iodine defi-
ciency disorders, ultrasonographic measurement of
thyroid volume is preferable to inspection and pal-
pation for determination of goitre prevalence [4].

The objective of this study was to describe thy-
roid volumes measured by ultrasonography in
South-Sinai schoolchildren and compare these with
the WHO/International Council for the Control of
lodine Deficiency Disorders recommended reference.

Material and methods
Subjects

Schoolchildren aged 6-12 years in grades 1-6 were
recruited from all elementary schools in 5 cities in
South Sinai [El Tur (T), Abu Redis (R), Ras Sudr (S),
Saint Katherine (SK), and Nwebaa (N)]. Written con-
sent was obtained from the community school boards.
All students available on the day of ultrasonography
examination in each grade were recruited. Data were
collected during 2009. Ethical approval for the study
was obtained from the Ethical Committee of the
National Research Centre.

Methods

Weights and standing heights were collected.
The BSA (m?) was calculated by using the formula:
BSA = weight [kg]*** x height [cm]** x 71.84 x 10™*
[18]. Ultrasound volume was measured according
to Brunn et al. [19] using Falco 100 Human portable
ultrasound units with a standard 5.0 MHz transdu-
cer manufactured by Biosound Esaote Pie Medical
(Genoa, Italy). The volume of each lobe was calcu-
lated by the formula: V [ml] = 0.000479 x length x
width x thickness [mm]. The thyroid volume was
the sum of the volumes of both lobes. The volume
of the isthmus was not included [11]. Thyroid glands
were classified into normal or enlarged using the
new WHO references, thyroid volume-for-age and
thyroid volume-for-BSA [11]. Thyroid volumes greater
than the 97" percentile were considered abnormally
enlarged and those less than or equal to the 97*
percentile as normal. Urine samples from 87 chil-
dren were randomly selected from different cities
of South Sinai to measure urinary iodine excretion
by the catalytic method [20]. WHO/UNICEF/ICCIDD-
recommended criteria have been used to classify
a population’s severity of iodine deficiency disorders
(IDD) based on schoolchildren [21, 22]. The epidemi-
ological criteria for assessing iodine nutrition are
based on median Ul and are as follows: mild defi-
ciency, 50-99 pg/l; moderate deficiency, 20-49 ug/|;
and severe deficiency, < 20 pg/l [11].

Statistical analysis

Statistical analysis was performed using the SPSS
for Windows statistical software package version 15
(SPSS Inc., Chicago, IL, USA). Means and standard
deviations of thyroid volume were used as param-
eters to fit a normal distribution and 97" (P97) per-
centiles were calculated based on the standard nor-
mal distribution. Independent sample t-test was
used to compare between cases and controls and
between the different groups. A p-value of less than
0.05 was considered statistically significant. Curves
of the P97 thyroid volumes against age and BSA
were constructed and smoothed using regression.

Results

Descriptive data and urinary iodine level
of the study group

A total of 718 students were included in the
study from 8 schools all over South Sinai in 5 cities
[El Tur (T), Abu Redis (R), Ras Sudr (S), Saint Kathe-
rine (SK), and Nwebaa (N)]. The sample included
338 males and 380 females aged 6-12 years. Mean
age (SD) was 8.7 (1.92) for males and 9.0 (1.88) for
females. Characteristics of the subjects with goitre
by age and sex are shown in Table I. No difference
was found between males and females in each age
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group studied. The number of children with thyroid
nodules was 8 children (5 males and 3 females). The
median Ul (range) of 284 children randomly select-
ed from different schools in the 5 cities from South
Sinai was 150 pg/l (18-380 pg/l). Median urinary
jodine concentrations of children with and without
goitre were 126 pg/l and 174 pg/|, respectively, and
the difference was not significant (p = 0.087).

Goitre prevalence in the study group

The goitre prevalence in our sample using the
P97 of the current WHO/ICCIDD recommended cut-

off values was 13.6% (15.1% for males and 12.4%
for females). The distribution of goitre in the 5 cities
was 20.0% in S, 16.3% in R, 10.8% in N, 9.9% in T,
and 10.5% in SC (Table Il). The number of students
with goitre in both sexes based on age was 76 with
a prevalence of goitre of 10.6%, whereas the num-
ber of students with goitre in both sexes based on
BSA was 96 with a prevalence of goitre of 13.4%
(Table I). There was no gender difference in thyroid
volume at any age or BSA (data not shown). The
mean (SD) thyroid volumes in different age and BSA
groups are shown in Table III.

Table I. Characteristics of subjects with goitre by age and sex

Age Sex N BSA* [m?] Thyroid volume [ml] No. of subjects
- o
[years] (mean) Mean = SD Range Median with goitre (%)
6 F 8 0.7 4.0+0.8 3.2-5.8 3.1 8/58 (13.8)
M 12 0.7 4.1+10 3.3-6.6 3.81 12/68 (17.6)
7 F 7 0.8 4.3 +0.8 3.5-5.7 43 7/58 (12.0)
M 8 0.8 4.6 £11 3.5-6.4 4.34 8/54 (14.8)
8 F 4 0.9 4.8 +1.2 3.9-5.8 4.8 4/49 (8.0)
M 9 0.9 52 +11 4.0-6.4 4.7 9/66 (13.6)
9 F 5 1.0 59 +13 4.5-7.7 4.9 5/52 (9.6)
M 6 1.0 5.7 £1.0 4.6-7.0 5.2 6/35 (17.0)
10 F 10 11 6.5 1.3 5.2-83 6.2 10/60 (16.7)
M 6 11 6.2 £1.2 5.0-8.1 59 6/38 (15.8)
11 F 8 12 7.1+16 5.5-11.0 7.0 8/56 (14.3)
M 6 1.2 6.9 +1.7 6.8-10.9 7.8 6/46 (13.0)
12 F 5 13 8.0 2.1 6.2-11.0 8.0 5/49 (10.2)
M 4 13 8.2 +1.8 6.5-11.2 7.9 4/26 (15.4)
Total 98
F/M 47/51

*Body surface area. No difference was found between males and females in each age group

Table Il. Mean + SD of thyroid volumes by sex and prevalence of goitre based on age and body surface area (BSA)

in 5 cities in Egyptian South Sinai schoolchildren

City Males Females Total
n  Thyroid Number of Total n Thyroid Number of Total slzs(t:s
volume - - volume - -
[mi] goitres  goitres [mi] goitres  goitres
by age by BSA byage byBSA
T 88 3.1%20 8 13 13 124 24 +1.2 8 6 8 21/212
(14.7%) 6.5%)  (9.9%)
R 84 2712 9 15 15 100 3.1xl6 14 15 15 30/184
(17.9%) (15%)  (16.3%)
S 67 3.6z*14 13 14 14 68 4.1+16 11 13 13 27/135
(20.9%) (19.1%) (20.0%)
SK 33 1708 3 3 3 24 1.6 +0.8 1 3 3 6/57
(9.1%) (12.5%) (10.5%)
N 66 23+l1 5 6 6 64 2.8+2.1 4 8 8 14/130
(9.1%) (12.5%) (10.8%)
Total 338 3.5+19 38 51 51 380 3.2#19 38 45 47 98/718
(15.1%) (12.4%) (13.6%)

T (El Tur), R (Abu Redis), S (Ras Sudr), SK (Saint Katherine), N (Nwebaa)
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Table 1ll. Mean + SD of thyroid volumes measured by ultrasonography according to age and BSA (sexes combined)

Agelyears] n Thyroid volume [ml] BSA n Thyroid volume [ml]
6 126 2.1+11 0.6 6 2.0 0.6
7 112 2.2 £10 0.7 76 2.1+0.9
8 117 2.5 +11 0.8 170 24 12
9 88 29 £13 0.9 162 2.6 £1.1
10 98 3.6 £1.7 1.0 129 3.1+15
11 102 3.842.2 11 92 3.9+21
12 75 4.5+2.2 1.2 49 4.6 2.6
13 32 4.1+17

Age/sex and BSA/sex specific P97 curves
of thyroid volume

Figure 1 and Table IV compare our age/sex specif-
ic P97 curve of thyroid volume with the WHO/ICCIDD
recommended reference curves [11]. Our age/sex spe-
cific P97 curves of thyroid volume are 42% to 55%
larger than the WHO/ICCIDD cut-off values [9].

Figure 2 and Table V compare our BSA/sex specif-
ic P97 curve of thyroid volume with the WHO/ICCIDD
recommended reference curves [11]. Our BSA/sex
specific P97 curves of thyroid volume are 49% to
121% larger than the WHO/ICCIDD cut-off values [9].
In contrast, our age and BSA/sex specific P97 curves
of thyroid volume are 20-40% lower than the previ-
ous European children dependent WHO/ICCIDD re-
commended reference cut-off values published in
1997 [3].

Discussion

Endemic iodine deficiency is defined by the
goitre prevalence and the median iodine concen-
tration in a population. According to WHO, a region
is considered endemic if more than 5% of school-
children have goitre or thyroid enlargement [21].
Thyroid ultrasound, along with measurement of uri-
nary iodide levels, has been recommended by WHO/
ICCIDD for monitoring the sustained impact of
iodine deficiency control programs through univer-

sal salt iodisation. Since their introduction in 1997,
the recommended normative values for thyroid vol-
ume in children have been revised on two occa-
sions. The validity of the 1997 WHO/ICCIDD rec-
ommended values was challenged by a number of
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Figure 1. Comparison of the age/sex specific WHO/
ICCIDD upper limits with changes in thyroid volume,
by sex and age, in Egyptian South Sinai school-
children (sexes combined) (P97 = 97* percentile, i.e.
upper limit of normal)

Table IV. Comparison of median and P97 (97" percentile) of thyroid volumes measured by ultrasonography accord-
ing to age (sexes combined) with the 2003 WHO/ICCIDD* international reference values

Age Total Boys Girls
Median P97 Median* p97* Median* P97*
6 19 4.5 160 291 1.57 2.84
7 2.0 4.8 1.80 3.29 1.81 3.26
8 2.3 5.5 2.03 3.71 2.08 3.76
9 2.7 6.2 2.30 4.19 2.40 4.32
10 3.3 7.0 2.59 4.73 2.76 4.98
11 3.5 7.8 2.92 534 3.17 5.73
12 4.1 8.6 3.30 6.03 3.65 6.59
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Table V. Comparison of median and P97 (97" percentile) of thyroid volumes measured by ultrasonography accord-
ing to BSA (sexes combined) with the 2003 WHO/ICCIDD* international reference values

BSA Total Boys Girls
Median P97 Median* P97* Median* po7*
0.6 1.9 2.2
0.7 19 3.9 147 2.62 146 2.56
0.8 2.1 5.1 166 2.95 1.67 291
0.9 2.4 5.7 1.86 3.32 1.9 3.32
1.0 2.7 7.2 2.1 3.73 217 3.79
11 3.5 9.3 2.36 4.2 2.47 4.32
1.2 41 9.9 2.65 4.73 2.82 4.92
13 3.5 7.7 2.99 532 3.21 5.61

Thyroid volume [ml]

O T T T T T T
0.7 0.8 0.9 1.0 11 12 13

Body surface area [m?]

—@— South Sinai (sexes combined)
@ WHO males —g— WHO females

Figure 2. Comparison of the BSA/sex specific WHO/
ICCIDD upper limits with changes in thyroid volume,
by sex and age, in Egyptian South Sinai school-
children (sexes combined) (P97 = 97* percentile, i.e.
upper limit of normal)

studies, including surveys using a ThyroMobil [22].
A new set of international reference values for thy-
roid volume assessed by ultrasound examination,
based on studies of children living in areas of long-
term iodine sufficiency, was released in 2003 [11].
The thyroid volume results in our study were com-
pared with these new international reference val-
ues. The Egyptian South Sinai schoolchildren in this
study had larger thyroid volumes than the iodine-
sufficient children from which the WHO/ICCIDD ref-
erence data are derived [11]. In contrast, our age
and BSA/sex specific P97 curves of thyroid volume
are 20-40% lower than the previous European chil-
dren dependent WHO/ICCIDD recommended refe-
rence cut-off values [3]. We compared our thyroid
volume results with the updated normal age/sex

specific values and 12.8% of children had an enlar-
ged thyroid gland. However, using body surface
area/sex specific cut-off values for the same chil-
dren resulted in a goitre prevalence of 20.8%. This
is considered moderate iodine deficiency according
to WHO/UNICEF/ICCIDD-recommended criteria [21,
23]. It is recommended that thyroid volume based
on BSA should be used in areas with malnutrition
[3, 24]. Since BSA is the best predictor of thyroid
volume, at least in Egyptian children, we would
advise that it should always be used, regardless of
the nutritional status of the population when both
weight and height are available.

It is known that genetic predisposition and envi-
ronmental factors are involved in the regulation of
thyroid volume [25]. In iodine-deficient areas the
effect of iodine deficiency is the most important
determinant, while in an iodine sufficient area the
effect of dietary habits and genetic differences in
growth and development on thyroid volume is
reported in children [26]. Prevalence of goitre in
Egypt has not changed much in the past few de-
cades. In 1995, 1996, and 1997, the rate was 13.5%,
19.6%, and 19.4% in Cairo, Upper Egypt, and Alexan-
dria, respectively [25, 27]. After implementation of
the Universal Salt lodization Program, goitre preva-
lence was 21.4%, 57.5%, and 31.9% and 60.1% in
Cairo [28], New Valley (a desert oasis) [16, 29], and
in two Delta Governorates [17], respectively. Thus,
the prevalence of goitre is still high despite the
implementation of the Universal Salt lodization Pro-
gram in Egypt. The problem of goitre is also preva-
lent in other Eastern Mediterranean countries. In
2004, WHO/UNICEF/ICCIDD studied the prevalence
of goitre in the Eastern Mediterranean area where
the highest rate was detected in Syria (70%) and
the lowest in Tunisia (0.58%) [30].

The median urinary iodine concentration (UIC) of
the study was 150 pg/l, showing adequacy of iodine
nutrition; 11.5% of the studied group had UIC below
50 pg/l and 31% had UIC below 100 pg/l. According
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to WHO/UNICEF/ICCIDD criteria [21, 22], the propor-
tion of the population with UIC less than 100 pg/I
should not exceed 50% and those with UIC less than
50 pg/l should not exceed 20%. Our UIC corresponds
exactly to those reported earlier in Egypt and from
iodine-sufficient areas such as Campania in southern
Italy (median Ul = 80 pg/l) [31], Switzerland (median
Ul =150 pg/l) [32], Malaysia (median Ul = 132.8 pg/l)
[6], the Netherlands (median Ul = 154.4 ug/l) [26], and
Australia (median Ul = 132.8 ug/l) [33]. However, it is
smaller than the Atlanta metropolitan area in the
United States (median Ul = 282 pg/l) [5] and Japan
(median Ul = 281.6 pg/) [11]. Although the exact rea-
son is not clear, lower iodine intake may partially
account for the larger thyroids in Egyptian South Sinai
schoolchildren.

In the present study, no difference in thyroid vol-
umes was found between males and females. A num-
ber of other studies based on ultrasonography in
iodine sufficient areas have also found no difference
by sex [5, 34]. On the other hand, larger thyroid vol-
ume was found in European girls [3]; this may be
because either borderline iodine deficiency affects
girls more or enlarged thyroid regresses less quickly
in girls after iodine intervention.

The prevalence of iodine deficiency is still high in
South Sinai despite the implementation of a univer-
sal salt iodization program since 1996. In many devel-
oping countries including Egypt, despite improvement
of salt production and marketing technology, the qual-
ity of salt is still poor, incorrectly iodized or spoilt due
to excessive exposure to moisture, light, heat, and
contaminants [35]. It was previously concluded that
iodine nutrition status in Egypt is inadequate although
significant improvement in iodized salt utilization has
been achieved [29]. However, current iodine adequa-
cy does not explain the increased prevalence of goitre
detected in the study. Many factors interfere to affect
iodine status, including undernutrition and iron defi-
ciency anaemia. Iron deficiency adversely affects thy-
roid metabolism and may reduce the efficacy of
iodine prophylaxis in areas with endemic goitre and
iron supplementation improves the efficacy of
jodized salt in goitrous children [36]. Moreover,
increased prevalence of goitre has also been relat-
ed to bacterial pollution of drinking water and exces-
sive fluoride intake. Water supply from wells in Sinai
showed in analytical studies the presence of
Escherichia coli and excess fluorine content and pre-
vious reports demonstrated that the occurrence of
goitre in iodine-sufficient areas in Africa is due to
fluoride [37].

In conclusion, prevalence of goitre is high in South
Sinai schoolchildren. Hard polluted water with a high
fluorine level which is the main water supply in these
areas could be one of the causes of goitre. We rec-
ommend strengthening the monitoring system for
the salt iodization program to ensure regular quali-
ty control, conducting a periodic survey on a repre-

sentative sample, and undertaking international edu-
cation to promote community awareness of the
importance of the use of iodized salt and the haz-
ardous effects of inappropriate iodine intake.
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