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National study on the prevalence of
iodine deficiency disorders among
schoolchildren 8-12 years of age in
Bahrain
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ABSTRACT A cross-sectional survey of primary-school children in Bahrain was conducted o estimate the
prevalence of goitre and iodine deficiency according to age, sex and area of residence. During January—May
1999, 1800 children were randomly chosen from all government scheols. Children were examined for goitre
and of those, 50% were randomly selected for urinary iodine level assessment. Only 26 children (1.7%) had
goitre. Although median urinary iodine was above 100 ng/L, 121 of 749 children (16.2%) had low urinary
iodine levels. Although iodine deficiency does not pose a signiticant public health problem in Bahrain, educa-
tion abeout the nutritional value of iodized salts in the prevention of this disorder could increase public
awareness.

Fitude nationale sur la prévalence des troubles dus a une carence en iode chez des écoliers dgés de
8-12 ans a Bahrein

RESUME Une enquéte transversale a été réalisée auprés d' écoliers du primaire a Bahrein pour estimerla
prevalence du goitre et de la carence en iode en fonction de 'age, du sexe et du lieu de résidence. De janvier
& mai 1999, 1600 enfants ont été choisis au hasard dans toutes les écoles gouvernementales. Les enfants
ont été examinés a la recherche de goitre et 50 % de ceux-ci ont été chaisis au hasard pour une évaluation
du taux d'iode urinaire. Seuls 26 enfants (1,7 %) avaient un goitre. Si la médiana pour I'iode urinaire &tait
supérieure & 100 pg/l., 121 des 749 enfants (16,2 %) avaient un faible taux d'iode urinaire. Bien que la
carence en iode ne pose pas de probléme de santé publique majeur & Bahrein, I'éducation sur la valeur
nutritionnelle des sels iodés pour la prévention de cette carence pourrait accroitre la sensibilisation du public.
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Introduction

Iodine is an essential element for human
survival. It is needed for growth and devel-
opment, even before birth {/]. Although io-
dine is an important micronutrient, it is
needed only in very small quantities. In or-
der to prevent deficiency, a person needs
only 250 pg of iodine per day, and over a
lifetime, the total quantity of iodine needed
is only one teaspoonful [2]. Healthy hu-
mans require iodine, an essential compo-
nent of the thyroid hormones. Failure to
have adequate iodine leads to insufficient
production of these hormones, which may
affect various parts of the body, resulting
in a number of pathological conditions
known as iodine deficiency disorders
(IDD} [2].

ledine deficiency continues to be a sig-
nificant public health problem in many
countries. The deficiency not only causes
goitre, it may also result in abortion, still-
birth, mental retardation, growth retarda-
tion, irreversible brain damage and retarded
psychomotor development in the fetus, the
infant and the child. It also affects repro-
ductive functions and impedes learning
ability {3]. lIodine deficiency is recognized
as the most common preventable cause of
brain damage in the world oday [4].

Of the 191 Member States of the World
Health Organization (WHO), 130 are af-
fected by IDD. At least 2225 million people
live in iodine deficient environments and are
thus at rick of TDD. At least 740 million of
these are thought to be affected by goitre.
The Eastern Mediterranean Region of the
WHO has the highest regional prevalence
{32%) where approximately 348 million
(74%) of the population is at risk of iodine
deficiency [3].

We are unaware of any previous at-
tempt to study the prevalence of IDD in
Bahrain. Therefore, we conducted thig na-
tional epidemiological survey among Bahr-

aini schoolchildren aged 812 years during
January-May 1999 to assess iodine status
inn Bahirain through the clinical assessment
of the thyroid gland and urinary iodine esti-
mation. We aimed to determine the preva-
lence IDD amonyg schoolchildren in Bahrain
and their distribution in relation to demo-
graphic characteristics, and to establish
baseline data on IDD in Bahrain as this in-
formation is scarce or lacking.

Methods

Bahrain consists of several islands in the
Gulf, situated 20 km east of Saudi Arabia.
The total area of Bahrain is 706 km?® [6].
The population of Bahrain was 0.64 million
people in 1998, 39.2% of whom were ex-
patriates. The population is young with
30.9% under the age of 15 years [7].

Health services in Bahrain are organized
into primary, secondary and tertiary health
care. Health services are provided free of
charge to the population. With a view to
making geographical access to health ser-
vices more equitable and e¢asier, the health
authorities have divided the country into
four catchment areas, each with a satellite
of health centres. '

Children aged 8-12 years were the tar-
get group of this survey. This group is
highly vulnerable to IDD and a good repre-
sentation of the group can be achieved
from school attendance rosters in Bahrain
since the default rate is low. The calcula-
tion of sample size was based on 50%
prevalence of IDD in order to maximize the
sample size, 95% confidence limits and 5%
absolute precision; therefore, the initial
sample size was determined to be 384 [8].
This figure was multiplied by 4 (bringing
the sample size to 1536) to allow for design
effects due to application of the clusier
sampling method. The ultimate sample
needed for the study was determined to be
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1600 children. A multistage cluster sam-
pling technique was applied to select 40
clildren f1om cach ol 40 cluster schools
chosen at random. Clusters were identified
using a random digit for the first cluster
and the cluster interval to identify the sub-
sequent clusters.

For each cluster school a list of stu-
dents registered in the primary classes was
obtained from the Ministry of Education.
Forty children from the list were chosen by
a systematic random method. Every scc-
ond child interviewed in each cluster
school was also chosen for the purpose of
urinary iodine estimation, i.c. 50% of the
1600 schoolchildren.

Using a pre-designed questionnaire, so-
ciodemographic data were recorded from
the student’s school record by nutritionists.
A general surgeon examined the necks of
the children for visible and paipable thyroid
goitre [9].

Samples of urine were collected in ster-
ile containcrs and were transported to the
Public Health Laboratory in ice-boxes.
These were stored at 4 °C and analysed
within 10 days of collection. The WHO-
recommended method was used without
modification for the estimation of iodine in
urine [/0]. Although cach assay was per-
formed under exact conditions, blanks and
standards of 20, 50, 100 and 150 pg/L
were run in duplicate each time. An average
of the two readings was used to construct
a standard curve on graph paper by plotting
iodine concentration of each standard on
the abscissa against its optical density at
405 nm on the ordinate. Results were read
off the plotted graph. Exact concentration
was recorded when readings were between
20 and 100 pg/L. Samples outside of this
range were recorded as << 20 or >100 pg/L.
All samples with results of < 20 pg/L were
repeated in duplicate for confirmation of

the results. Data were entered and stored in
a database file created on Epi-Info.

The result of the thyroid gland examina-
tion was graded based on a modified WHO
goitre classification system, i.e. grade 0 =
no goitre; grade [ = visible but not palpable
goitre; and grade 2 = visible and palpable
goitre [10].

IDD severity was calculated based on
goitre prevalence among school-age chil-
dren (mild IDD = 5.0%-19.9%; moderate
IDD — 20.0%—29.9%; and severe [IDD =
30.0% or higher) [/0].

The criteria used for assessing severity
o[ IDD based on median urinary iodine lev-
els used the cut-off points and prevalence
levels proposed for the classification of io-
dine defiviency into degrees of public
health significance (severe IDD with medi-
an < 20 ug/L; mederate IDD with median
2049 pp/L; mild IDD with median 50-99
ug/L; and no deficiency with median = 100
ug/L) [10].

Results

A total of 1600 school children aged 8§12
years were included in the study. The male-
to-female ratio was 1:1. Nearly an equal
number of children in each age group was
examined (Table 1).

Table 2 shows the distribution of goitre
according to grade and geographic region.
Grade 1 goitre (1.6%) was mainly found in
Jidhafs, Central, Hamad Town and lIsa
Town regions, while grade 2 goitres
(0.1%) was found in the Central region.
The total goitre rate, i.e. goitre grade ! and
2, was approximately 1.7%, which meant
no deficiency at the population or national
level according to WHO classification [{0].

The age and sex distribution of gottre
(Figure 1) indicates that goitre was more
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Table 1 Age and sex distribution of the 1600
schoolchildren

Age Males Females Total

(years) No. % No. % No. %
8 169 47.3 188 527 357 223
9 161 500 161 500 322 201
10 162 482 174 518 336 210
1 179 519 166 481 345 2186
12 129 538 111 463 240 150

common among males than females in the
8—12 years age group.

Of the 800 children (50% of the total
sample) selected for the urinary iodine esti-
mation, 51 (6.4%) refused to provide a
urine sample. Results from the remaining
749 subjects (93.6%) based on sex, age,
geographic distribution as well as the de-
gree of urinary iodine deficiency are shown
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in Tables 3, 4 and 5 respectively. Table 3
shows the overall prevalence of iodine defi-
ciency, which was approximately 16.29%,
with a prevalence rate of 15.8% for males
and 16.5% for females. However, the sex
difference was not statistically significant
(2= 0.60, P =0.711).

The prevalence of iodine deficiency ac-
cording to dcgrce and age distribution
ranged from 11.9% among children aged
12 years and 18.7% among children aged
10 years (Table 4). These differences were
also not statistically significant.

With regard to geographic distribution
of iodinc dcficiency (Table 5), IDD werc
most common in the Central region
{(35.8%), followed by the Manama region
(24.5%) and the Isa Town region (20.0%%).
This geographic distribution was statisti-
cally significant (x> = 37.08, P < 0.001).

The median arinary iedine was above
100 pg/L, i.e. there was no deficiency at
the population level according to WHOQO

Table 2 Prevalence and grade of goitre according to geographic region

Region Grade of goitre Total
No. ° % No. ! Yo No.2 % No. %

Muharraq 242 996 1 0.4 0 0.0 243 1000
Manama 213 991 2 0.9 0 00 215 100.0
Jidhats 130 949 7 5.1 0 0.0 137 1000
Northem 11 982 2 18 0 00 113 1000
Sitra 121 992 1 0.8 0 0.0 122 1000
Central 108 9586 4 35 1 0.9 113 1000
lea Town 128 77 3 23 0 0.0 126 1000
Riffa 154 987 2 1.3 0 0.0 156 1000
Westem 8 1000 0 00 0 0.0 8 1000
Eastern 40 1000 0 0.0 0 0.0 40 1000
HamadTown 244 988 3 1.2 0 0.0 247 1000
Total 1574 984 25 16 1 0.1 1600 1000
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Figure 1 Prevalence of goitre among the sample by age and
sex

Table 3 Prevalence of iodine deficiency among the sample by degree and sex

Sex Total Degree Overall
Mild Moderate Severe prevalence
No. % No. % No. % No. % No. %

Male 385 514 52 135 7 18 2 05 61 158
Female 364 486 48 132 10 27 2 05 60 165
Total 749 1000 100 134 17 23 4 05 121 18.2

¥ =068 P =071

Table 4 Prevalence of iodine deficiency among the sample by degree and age

Age Total Degree Overall
{years) Mild Moderate Severe prevalence
No. % No. % No. % No. % No. %

8 182 243 18 99 5 27 3 1.6 26 143
9 142 19.0 21 148 3 21 0 0.0 24 168
10 1585 207 23 148 8 39 0 0.0 29 187
11 161 215 25 1556 3 19 1 06 2 180
12 109 146 3 119 0 00 0 0.0 13 119
Total 749 1000 100 134 17 2.3 4 05 121 162
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Table 5 Prevalence of iodine deficiency among the schoolchildren by degree

and geographic region

Region Total Degree Overall
Mild Moderate Severe prevalence
No. % No. % No. % No. % No. %
Muharraq 115 154 10 8.7 1 09 0 0.0 11 96
Manama 102 136 21 206 4 39 0 0.0 25 245
Jidhafs 65 87 10.8 2 3.1 2 31 11 169
Northern 55 7.3 5 9.1 1 18 1 18 7 127
Sitra 56 7.5 10 179 0 0.0 0 0.0 i 179
Central 53 74 15 283 4 75 0 0.0 19 358
IsaTown 55 73 8 145 3 55 0 0.0 11 200
Riffa 77 10.3 4 52 0 0.0 0 0.0 4 52
Western 39 52 4 103 0 0.0 vj 0.0 10.3
Eastern 20 27 0 0.0 0 0.0 0 00 0 0.0
Hamad
Town 112 15.0 16 143 2 18 1 0.9 19 170
Total 748 1000 100 134 17 23 4 05 12t 16.2

classification. However, at the individual
level 16.2% had low urinary iodine concen-
tration. Of these, 13.4% presented with
mild deficiency, 2.3% with moderate defi-
ciency and only 0.5% with severe deficien-
cy (Table 5). Most of these were from
Jidhafs, Northern region and Hamad Town.

Table 6 Cross comparison of urinary iodine
level and goitre statue

Urinary Goitre Total

iodine Absent Present

lever No. % No. % No. %
Nomnal 618 984 10 1.6 628 838
todine deficient 116 95.9 5 41 121 62
Total 734 980 15 20 7491000

¥? = 3.93, P = 0.06.

The cross comparison of urinary iodine
level and the status of goitre is given in Ta-
ble 6. Of the 121 (16.2%) children with
low urinary iodine level, 5 (4.1%) had goi-
tre of grade 1 and 2, while 116 (95.9%) had
no goitre. This correlation was not statisti-
cally significant (3 = 3.33, P = 0.068).

Discussion

The study was designed to addrcss the
public health importance of IDD in Bahrain.
It was the first of its kind in this country to
assess iodine status among school-age chil-
dren by using at least two indicators as rec-
ommended by WHO, combining both the
clinical examination of the thyroid gland to-
gether with urinary iodine estimation. Al-
though use of ultrasonography is
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considered to be a more precise and objec-
tive method for assessing thyroid size, it
was nol used because ol the high cost [17].

The prevalence rate of goitre using the
traditional clinical method of determining
thyroid gland size by inspection and palpa-
tion found that only 1.7% of the examined
children had goitre grades of 1 and 2, i.e.
total goitre rate (TGR) was 1.7%.

According to the WHO criteria, the
TGR in Bahrain does not seem to be a pub-
lic health problem. WIIO recommends that
a TGR of 5% or more in primary-school
children of 6-12 years of age be used to
signal the presence of a public health prob-
lem [/@]. This recommendation is based on
the observation that in a normal icdine-re-
plete population the prevalence of goitre
should be quite low. The 5% cut-off point
allows for some margin of inaccuracy in
goitrc asscssment and for goitre that may
occur in iodine-replete populations due to
other causes such as goitrogens and au-
toimmunc thyroid discasc.

The goitre rate determined in our study
was very low compared with the preva-
lence rates of other neighbouring countrics.
For example, in Oman, 3061 schoolchil-
dren aged 9-12 years were examined for
the presence of goitre and graded accord
ing to the old WHO classification system. It
was determined that 10% showed signs of
goitre grades la, 1b and 2. Cases of grade 3
goitre were not seen and 88.1% of the sam-
ple did not have signs of goitre [/2]. In
Saudi Arabia, the highest prevalence rate of
goitre among schoolchildren aged 8§-10
years in the southern province, mainly in
the Asir region, was found to be 22% for
grade 1 goitre and 8% for grade 2 goitre.
On the other hand, the lowest prevalence of
grade 1 goitre was found in Riyadh (8%)
[/3]. In an endemic area such as India, it
was found that the TGR among schoolchil-
dren in Delhi was 20.5% even 5 years after

the implementation of a salt iodination pro-
gramme [/4].

The sample distribution among the 11
geographic regions of Bahrain was propor-
tional to the concentration of the population
in those regions. The prevalence rate for
goitre in 8 of the 11 regions was 0.0% to
1.8%. Only in Jidhafs was the prevalence
5.1%, slightly highcr than the 5.0% total
goitre rate recognized by WHO as a signal
for a public health problem [/0]. The over-
all rate for the country of Bahrain was
much less than 5.0%.

Although statistically insignificant, goi-
tre was morc common ameng boys than
girls of the same age. This difference be-
tween the sexes warrants further study. Al-
though there was a difference in rate of
goitre between the sexes, no difference in
iodine deficiency was observed. The over-
all IDD for the two sexes were very similar.

There was no difference by age for
overall prevalence of IDD, although 3 of
the 4 children with severe iodine deficiency
were 8 years of age, i.¢. they belonged to
the youngest age group in the study.

Although IDD prevalence by geograph-
ic region was statistically insignificant, the
rates for some of the regions, such as the
Central and Manama regions at 35.8% and
24.5% respectively, were higher than for
other regions. In fact, mild to moderate de-
ficiency was highest for both the Central
and Manama regions. Considering the small
size of the country, it is difficult to attribute
these differences to geographic location or
availability of different types of food in the
two regions. The only derivable conclusion
is the possible predilection of the popula-
tions for different types of foods.

Bahrain does not meet the WHO criteria
for defining IDD as a public health problem
since our estimated prevalence rate of me-
dian urinary iodine level was above 100
ng/L. Nevertheless, 16.2% of schoolchil-
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dren had a urinary iodine level < 100 pg/L,
which requires further assessment and
continuous monitoring for possible expo-
sure to goitrogenic substances. Further in-
vestigations to assess and promote the
availability and accessibility of iodized salt
are necessary in order to ensure that 1DD
remain under control.
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