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Summary

Background: In many developing countries, children are at high risk of both goiter and iron
deficiency anemia. In Bahrain, In a survey conducted in 2000 out of 1600 children examined, only 26
(1.7%) were found to have goiter; 121 out of 749 (16.5%) children tested had low urinary iodine
levels. Overall prevalence of IDD was slightly lower for boys (15.8%) compared to girls (16.5%), in
spite of the distribution of iodized salt.

Objectives: The aim of this study was to demonstrate the prevalence of goiter, median urinary iodine
concentration (UIC) in school-aged children (6—12 years), and to estimate salt iodine content at the
household level in Bahrain.

Design: A cluster sampling with probability proportional to size (PPS) was carried out to select 900
schoolchildren from 30 schools (approximately 30 students from each) chosen randomly in five differ-
ent governorates in Bahrain.

Methods: One thousand and fifty one schoolchildren (6-12 years) were studied (48.7% males, 51.3%
females) and data were collected on sociodemographic, dietary habits, and parameters such as height
and weight. The indicators used in this study to assess for IDD were recommended by the
WHO/UNICEF/ICCIDD. Goiter was assessed clinically by the standard palpation technique. The
urinary iodine excretion level was analyzed by the wet digestion method using ammonium persul-
phate. Salt samples consumed at the household level were collected and tested by using the titration
method.

Results: Total goiter Rate (TGR) (>1 grade) was 2.1 per cent. Grade 1 was 1.8% and Grade 2 (visible
goitre) was 0.28%. The median urinary iodine excretion level was 247 pg/l (normal range: 100-199pn
g/1), only three students had a value less than 50 pg/l. In 59.27% of the students the urine iodine levels
above requirements (200-299 pg/l), and 17.69 % of the students had excessive urine iodine levels (>
300 pg/l). However, the rate of iodine deficiency was reduced significantly in 2012 (1.75 %)
compared to that in 2000 (16.5%). The rate of household use of iodized salt was 37.57 per cent. 65%
and 61% of students daily consumed bread and rice, respectively; Whereas dairy products (milk,
cheese, yogurt) were the next greatest food sources of salt for another 52.4% of the children; and 45%
students consumed seafood at least 1-2 times /week.

Conclusion: TGR of 2.1% indicates that Bahrain Goiter prevalence in the studied governorates was
low and IDD is not a public health problem. Median urinary iodine level (247ug/l) was above the
threshold level of the recommended level of 100-200pg/l1. Interpreting these two indicators of the
present study together, it may be concluded that absence of endemic goiter in The Kingdom of
Bahrain according to WHO criterial,6,7. Adequately iodized salt consumption at the household level
(63.6 %) is fair enough. However, the UIC reflects excessive iodine intake may put the population at
risk of adverse health consequences like iodine-induced hyperthyroidism and autoimmune thyroid
diseases. Establishing surveillance and monitoring systems will protect the population and help in
guiding the implementation of Universal Salt lodization (USI) in the country. Intensified information,
education and communication activities along with continuous monitoring are required to sustain the
elimination of IDD in the country.
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Introduction

Iodine deficiency is the single greatest cause of preventable mental retardation in the world todayl.
Due to lack of iodine in their diets, 1.6 billion people worldwide are at risk of diminished mental and
physical capacities. lodine deficiency disorders(IDD)also cause poor eye—hand coordination, deaf—
mutism, dwarfism, facial and physical deformity, partial paralysis, cretinism, neurological damage,
goiter, and lassitude. The chances of miscarriage, stillbirth or prematurity rise significantly if a
pregnant woman is deficient in iodine. Each child in mildly iodine-deficient areas may forfeit as
many as 10-15 1Q points2-4.

In developing countries about 38 million newborns every year remain unprotected from the lifelong
consequences of brain damage associated with IDDS5. A recent study estimated that 266 million
school-age children and two billion of the general population worldwide have insufficient iodine
intake6.

In the Middle East and North Africa region the situation of IDD control varies considerably between
countries. Only the Islamic Republic of Iran and Tunisia have achieved IDD control goals7. Iraq,
Afghanistan and Pakistan were classified as suffering from severe IDD while Morocco, Sudan and
the Kingdom of Saudi Arabia (KSA) were considered as suffering from moderate IDD problems7,8.

In Bahrain a national cross-sectional epidemiological survey for studying iodine status was conducted
among Bahraini schoolchildren aged 8—10 years in 20009. Only 1.7% were found to have goiter (0.1%
grade 2, 1.6% grade 1). Nationally the proportion of the population with urinary iodine concentration
(UIC) less than 100pg/L was16.5%children (boys 15.8%, girls 16.5%).Most of these were from
Jidhafs, Northern and Hamad Town regions. The Central region of Bahrain had the lowest UIC and
the highest percentage (35%) of subjects with a UIC < 100 pg/L9.The IDD control program using the
Universal Salt lodization (USI)strategy started in 199410 and the Bahraini Standards, Metrology and
Quality recommend that iodine content of salt must be 2040 mg/kg in all food salt according to
Standardization Organization for GCC11. Since the national survey in 2000, no follow up survey or
monitoring system has taken place to assess the iodine nutrition status in the population at a national
level.

Our study aimed to identify the prevalence of iodine deficiency among schoolchildren in Bahrain by
measuring the UIC and by clinical assessment of the goiter rate, and studying the factors affecting the
prevalence of iodine deficiency.
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Subjects and Methods

Subjects

After obtaining permission from the headmaster, schoolchildren aged 6-12 years were asked to
participate. Some days before the actual investigation, the schoolchildren received written informa-
tion on the project, a questionnaire on sex, age and dietary habits and an informed consent form.
Consent had to be given by the parents for all the children.

Height and weight were measured. Urine samples were collected. Assessment of thyroid size by
inspection and palpation was done. In case of abnormality in the clinical examination of the thyroid,
the parents of the children received a written note directed to the family physician describing the
abnormal results of the examination. At each evaluation, interviews on lifestyle and health related
issues, such as the use of 10dized salt at home are conducted.

Sample Size

The sample size was based on previous calculations of the prevalence of goiter and urinary iodine
levels in areas bordering the study zone (Bah IDD Study 2000)°, assuming an a error of 0.05 and a B
error of 0.20. The total number of children studied was1051, giving a sample size error less than 0.5%
for the prevalence of both goiter and urinary iodine levels.

Sampling was carried out in different stages to guarantee representatively of the whole geographic
area; governorates (n =5) and children (n = 1051) were selected as the sampling units.

The study was carried out in state schools. Education in Bahrain is universal, compulsory, and free
for the all age groups studied; thereby ensuring that selection of a school unit was fully representative
of the entire population.

Data Collection

The following data were obtained from all children:

1) Presence of goiter according to the criteria recommended by the joint WHO/UNICEF/ICCIDD'*!?
(Grade 0, thyroid not palpable; Grade 1, thyroid palpable but not visibly enlarged; Grade 2, goiter
palpable and a swelling in the neck that is clearly visible when the neck in a normal position);

2) Standardized weight and height'* from which the body mass index was calculated [weight
(kilograms)/height (meters)?]; and

3) Evaluation of usual food consumption by means of a previously validated questionnaire
(FFQ)'>'®; and

4) All the study children were asked to bring about 20g of salt which were routinely being consumed
in their respective families. The concentration of iodine in the salt samples collected from each house-
hold and those purchased from retail outlets was determined using the standard iodometric titration
procedure recommended by the ICCIDD",

The parents and teachers were informed of the characteristics of the survey and the questionnaire,
which, after completion at home, was sent to the investigators.
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Anthropometric Measurements

Anthropometric measurements for weight and height were performed according the recommenda-
tions of Gibson (1990)!7 and WHO'*. Weight and height was measured using electronic weighing
scales (SECA, Hamburg, Germany). All electronic scales were calibrated for accuracy. The school-
children were barefoot with minimum clothing and stood in the center of the scale with the body
weight evenly distributed between both feet. Then the subject was asked to look straight ahead, still
and relaxed. The weight was measured to the nearest 0.1 kg. Height measurement was measured to
the nearest 0.1 cm. Body mass index (BMI) (body weight [kg]/height [m?]) was then calculated.

Assessment of Frequency of Iodine Intake

Usual dietary intake was assessed with a daily intake item, food frequency questionnaire adminis-
tered to the children. The food frequency questionnaire was an adapted version of previously
validated and developed for school children nutrition assessment survey in Bahrain'>'®. The question-
naire included dairy, sea food, Meat and meat products, bread, Nuts, chips, crisps, fruits and juices,
items the main dietary contributors to iodine intake'®. Additionally, the type of salt consumed data

was collected using a structured questionnaire.

Sampling Method

Proportionate to Population Size (PPS) sampling technique was used to determine the required

number of children from classes as recommended by the WHO for iodine nutrition surveys (600 to

900)12. We aimed to obtain a sample of 900 children for this study.

We followed multistage cluster sampling methodology for selecting the study population. Children

were selected from schools representing Sgovernorates of Bahrain.1051 students were selected from

30cluster schools chosen at random as follows:

a) A list showing names of all government boys and girls primary schools, the number of students
in each school and the cumulative number of students was prepared from Ministry of Education
(see appendix 1).

b) The cumulative enrolment of students in all of the schools was 61679 for year 2012. This was
divided by 30(no of schools) to obtain the cluster interval k level (K=1699).

c¢) A random starting point between 1 and 1699 was produced using electronic random number
table. The first cluster school was the one in which the corresponding cumulative number
contained the random digit.

d) The class interval value was added to the random digit value in point (c) and the second cluster
school was the next school in which the corresponding cumulative number contained the result-
ing summed value.

€) The following clusters were identified by keeping adding the cluster interval to the total summed
value which identified the previous cluster.

f) The 30 schools were randomly selected from the list of schools of the target age group in each
governorate and then one class was randomly selected in each of the selected schools.

g) All children interviewed in each cluster school were also chosen for the purpose of the Urine
Iodine Study (100%).

On the day of survey, from the sampling frame of all children between 6-10 years old of the selected

school, 900 children were selected following simple random sampling technique for inclusion in the

study. There was no attrition of sampled students. No sample student refused to participate. Thus a

Ministry of Health | Prevalence of Risk Factors of lodine Deficiency



total of 1051 school child were included in the study to overcome dropping out. A sensitization meet-
ing was organized with the Ministry of Education primary school authorities, the aims and necessity
of the study was briefed. We also informed the schoolteachers, parents about the purpose and activi-
ties of the survey, sought their co-operation and requested to ensure maximum attendance on the day
of survey. A pre-designed pre-tested schedule was used for data collection. Investigators were trained
before data collections to minimize inter observer variation during the survey.

Clinical Assessment

A team of four family physicians faculty members from Primary Care Directorate, Ministry of
Health, determined the presence of goiter by standard palpation method and also graded the goiter
according to the criteria recommended by the joint WHO/UNICEF/ICCIDD (Grade 0: No palpable
or visible goiter; Grade 1: A mass in the neck that is consistent with an enlarged thyroid that is
palpable but not visible when the neck is in normal position. It moves upwards in the neck as the
subject swallows; Grade 2: A swelling in the neck that is visible when the neck is in a normal position
and is consistent with an enlarged thyroid when the neck is palpated)'?>!3. The sum of grades 1 and 2
divided by total examined provided the Total Goiter Rate (TGR). We interpreted TGR based on the

criteria on goiter prevalence in school-aged children suggested by WHO/UNICEF/ICCIDD'2,

Data Collection Tools and Urine Sample Collection

Data on socio-demographic characteristics were collected from the children using a structured
questionnaire. A casual urine sample of ~10 mL also was collected in a plain tube from each child
participating in the survey and was stored at < 20 °C until analyzed.

From a total 100 urine samples, an aliquot of urine (2 mL)was transferred to a tube with a tight cap
and was shipped to the International Council for the Control of Iodine Deficiency Disorders
(ICCIDD) iodine reference laboratory in the Nutritional Intervention Research Unit (NIRU) of the
Medical Research Council (MRC), Cape Town, South Africa, for determination of iodine concentra-
tions and for the purpose of validating the results obtained from Public Health Laboratory of Bahrain.
Another aliquot of urine (5—6 mL) was kept as a reference material at the Public Health laboratory of
Bahrain. Urine samples were analyzed using a modified microplate method based on manual diges-
tion with ammonium persulfate followed by the colorimetric determination of the Sandel-Kolthoff
reaction by using 96-multiwell plates and an absorbance microplate reader at 405 nm. The absolute
iodine value is expressed in pg/L.

Ethical Considerations

Written informed consent was obtained from all the parents of participating children prior to their
inclusion in interview and clinical examination. The study was approved by the regional education
authorities from Ministry of Education.

Statistical Analysis

We entered the data in Microsoft Excel and analyzed accordingly to find out the outcome variables.
Results are presented as means + standard deviation (SD), medians and frequencies as well as percent-
ages. Comparisons between two means were conducted using Student’s t-test for continuous
variables. The chi-square test was used to compare some selected categorical variables. We consid-
ered p values less than 0.05 or 0.01. SPSS 19.0statistical software program was used for correlation
coefficient and regression analysis.

Chi-square and Logistic regression analysis were used to investigate the relationship between preva-
lence of iodine deficiency and age, sex, parents’ education, parents’ working status, frequency of
dietary consumption, presence of apparent goitre (> 2 grade), and the use of iodized salt.

Ministry of Health | Prevalence of Risk Factors of lodine Deficiency



Ministry of Health | Prevalence of Risk Factors of lodine Deficiency



Results

The characteristics of the 1051 investigated schoolchildren aged 6-12 years are listed in Table 1. Of
the students we surveyed 512(48.7%) were males and 539 (51.3%) females. About 4.85% (51),
15.12% (159), 15.31% (161), 16.74% (176), 15.79% (166), 18.74% (197), and 13.3% (141) of them
belonged to six, seven, eight, nine, ten, eleven, and twelve years of age respectively. The mean age of
the total sample of children was9.35 y in this study (2012-2013) compared to that in 2000 (10.78).
35.8% of the study children were from Northern, 22.8% from Muharraq, 21.6% from Central, and
14% from Capital and 5.8% Southern governorates (Table 1).

Table 1: Gender Distribution According to Age, Geographical Location and BMI

Variables Boys Girls Total
Ages N % N % N %
6 40 7.8 11 2.0 51 4.9
7 82 16.0 77 14.3 159 15.2
8 79 15.5 82 15.3 161 15.3
9 68 13.3 108 20.0 176 16.8
10 58 11.3 108 20.0 166 15.7
11 102 19.9 95 17.7 197 18.8
12 83 16.2 58 10.8 141 13.3
Total 512 100 539 100 1015 100
Governorates
Muharraq 122 23.8 118 21.9 240 22.8
Capital 67 13.1 80 14.8 147 14.0
Northern 186 36.3 190 35.3 376 35.8
Central 107 20.9 120 22.3 227 21.6
Southern 30 5.9 31 5.8 61 5.8
Total 512 100 539 100 1051 100
BMI(Kg/m>) Mean S.D Mean S.D Mean S.D
18.71 12.81 18.76 7.48 18.73 10.42

Data on education indicators of socioeconomic status showed average of 57.99 %of secondary level
of education, fewer unemployed fathers (13.85%), more housewives involved (78.26%), and more

professional people (university education) among the heads of households (25.52%) (Table 2).

Ministry of Health | Prevalence of Risk Factors of lodine Deficiency



Table 2: Gender Distribution According To Parental Education Levels and Occupation

Variables Boys Girls Total
N % N [ % N | %
Father Education
Primary 91 18.64 75 14.45 166 16.49
Secondary 287 58.82 297 57.22 584 57.99
University 110 22.54 147 28.33 257 25.52
Total 488 100 519 100 1007 100
Mother Education
Primary 95 19.23 82 15.58 177 17.36
Secondary 278 56.27 296 56.28 574 56.27
University 121 24.50 148 28.14 296 26.37
Total 494 100 526 100 1020 100
Father Occupation
Employed 417 85.10 477 87.14 864 86.15
Unemployed 73 14.90 66 12.86 139 13.85
Total 490 100 513 100 1003 100
Mother Occupation
Employed 96 19.16 129 24.15 225 21.74
Unemployed 405 80.83 405 75.85 810 78.26
Total 501 100 534 100 1035 100

* 44 samples data is missing for father education for both girls and boys
* 48 samples data is missing for father occupation for both girls and boys
» 31 samples data is missing for mother education for both girls and boys

* 16 samples data is missing for mother occupation for both girls

Validation data of iodine concentrations obtained from ICCIDD iodine reference laboratory in NIRU
of MRC, Cape Town, South Africa compared to that obtained from Public Health Laboratory of
Bahrain show no significant difference in mean values between the two samples and highly correlated
(r=0.978, P <0.01)(PP data: South Africa & PHD Lab Bahrain).

Prevalence of Goiter

Table 3 depicts the goiter prevalence by age and sex. Over all total goiter prevalence rate (TGR)
among the surveyed group was 2.09% with only 1.80% and 0.28% prevalence of grade 1 and grade
2 (visible goiter), respectively. TGR was significantly higher among girls compared to that of boys
(2.96% vs.1.17%)(x’= 6.95,p =0.005).Overall age specific TGR among 6, 7, 8, 9, 10, 11, and 12years
old children respectively was1.96%, 0%, 1.86%, 2.84%, 3.61%, 3.04%, and 0.70%; however, there

was no statistical significance among different ages ( = 1.668, p= 0.469).
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TGR values were different among governorates. Muharraq governorate showed slight increase in
TGR (8.34%) (x*= 14.83, p<0.01) compared to others. However, 91.7% of Muharraq population were
normal (p < 0.01),7.1% were grade 1 and only 1.3% were grade 2.

Table 3: Prevalence of Goiter and TGR and its Significance According to Age, Gender
and Geographic Location

Variables Goiter Level Total TGR( Total
0 1 2 Goiter Rate)
n % n % n % n %
Age

6
50 98 1 2 0 0 51 4.85 1.96

7

159 100 0 0 0 0 159 15.12 0

8
158 98 0 0 3 2 161 15.31 1.86

9
171 97 5 3 0 0 176 16.74 2.84

10
160 96 6 4 0 0 166 15.79 3.61

11
191 97 6 3 0 0 197 18.74 3.04

12
140 99 1 1 0 0 141 13.41 0.70

Total
1029 97.9 19 1.80 3 0.28 1051 100 2.09
Gender

*
Boys 506 98.8 3 0.58 3 0.58 512 48.71 .

) *
Girls 523 97.0 16 2.97 0 0 539 51.29 T
Total 1029 97.9 19 1.80 3 0.28 1051 100 2.09

Governorates
Muharrag 220 91.7 17 7.1 3 1.3 240 22.83 8.34%*
0.68**
Capital 146 99.3 1 0.7 0 0 147 13.98
0**
Northern 376 100 0 0 0 0 376 35.77
0.44**
Central 226 99.6 1 0.4 0 0 227 21.59
0**
Southern 61 100 0 0 0 0 61 5.80
Total 1029 97.9 19 1.80 3 0.28 1051 100 2.09

*Correlation is highly significant =p<0.05
** Correlation is highly significant p<0.01
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Urinary lodine Concentration (UIC) Level
59.27% (623/1051) is the proportion of urine samples had UIC above requirement (200-299 pg/l)
and 17.69% had excessive level (>300ug/1).While 21.21% (223/1051) urine samples had UIC within
the optimal level of 100-199 pg/l. Only 1.52% of the children had urinary iodine concentration levels
in the mild range (50-99 pg/l) of iodine deficiency, and 0.28% of the children had less than 50 pg/l
(Table 4).The median UIC level of all investigated children was 247 ug/l, clearly above the threshold

level of 100 pg/1 for iodine deficiencyl2.

We also calculated the median UIC values according to age and gender of the study population

(Table 5).UIC values significantly increased with age (r= 0.015, p<0.001), however, values showed

no difference among girls compared to that of boys (r=-0.981, p<0.211).

Table 4: Urinary lodine Distribution According to Gender and Geographical Location

Variables Gender Governorates
Boys | Girls | Total Mubharraq | Capital | Northern | Central | Southern | Total
(<20)
N 0 0 0(0%) 0 0 0 0 0 0(0%)
Mean 0 0 0 0 0 0 0 0 0
Median 0 0 0 0 0 0 0 0 0
SD 0 0 0 0 0 0 0 0 0
(20-49)
N 0 3 3(0.28%) 0 3 0 0 0 3(0.28%)
Mean 0 34.36 34.36 0 34.36 0 0 0 34.36
Median 0 36.80 36.80 0 36.80 0 0 0 36.80
SD 0 4.74 4.74 0 4.74 0 0 0 4.74
(50-99)
N 5 11 16(1.52%) 2 5 7 2 0 16(1.52%)
Mean 75.38 73.31 74.71 94.40 74.16 64.90 88.75 0 74.71
Median 78.70 73.90 75.75 94.40 75.80 57.80 88.75 0 75.75
SD 20.17 14.91 15.18 3.95 8.38 19.93 14.21 0 15.18
(100-199)
N 97 126 223(21.21%) 43 42 80 44 14 223(21.21%)
Mean 169.17 | 164.71 166.64 160.28 170.16 168.80 169.25 155.28 166.64
Median 171.90 | 171.60 171.80 163.20 173.15 173.90 175.30 156.35 171.80
SD 22.20 26.31 24.64 24.02 22.17 25.31 24.07 28.11 24.64
(200-299)
N 322 301 623(59.27%) 144 74 226 131 44 623(59.27%)
Mean 275.33 | 263.75 260.56 249.63 244.18 267.61 253.89 264.17 260.56
Median 256.55 | 248.60 249.50 250.65 244.65 250.00 254.00 258.75 249.50
) 118.32 | 82.44 25.65 24.42 23.11 95.51 35.04 66.81 25.65
(2300)
N 88 98 186(17.69%) 51 23 63 50 3 186(17.69%)
Mean 551.39 | 592.45 573.02 506.62 648.86 603.98 553.55 786.00 573.02
Median | 518.25 | 548.50 |  543.09 480.00 | 548.00 | 610.00 | 525.00 | 844.50 543.09
SD 173.42 | 205.23 191.44 118.65 233.20 210.62 173.98 136.50 191.44
Total
N 512 539 1051(100%) 240 147 376 227 61 1051(100%)
Mean 300.71 | 295.20 285.89 286.94 276.28 302.47 302.47 264.84 285.89
Median | 25435 | 242.90 |  247.00 253.70 | 230.10 | 248.40 | 248.40 | 24570 247.00
SD 170.35 | 183.22 162.07 133.18 191.92 184.78 184.78 142.73 162.07
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Table 5: Median Urinary lodine Concentration and Its Correlation according to Age, Gender
and Geographic Location

Characteristics n Median
Age
6 51 246.30
7 159 246.80
8 161 242.40
9 176 252.70*
10 166 249.15*
11 197 254.10*
12 127 251.70
13 14 210.60
Gender
Boys 512 254.35
Girls 539 242.90
Governorates
Muharraq 240 253.70**
Capital 147 230.10
Northern 376 248.40
Central 227 255.10%*
Southern 61 245.70

*Correlation is highly significant at P<0.05
**Correlation 1s highly significant at P<0.05
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Logistic Regression analysis (Table 6) showed significant high UIC values with increase of age 7-11
years among girls (p=0.01), and with governorates (Muharraq for both gender and Southern for girls
only) (p = 0.05).

Table 6: Logistic Regression Analysis between Urinary Iodine and Governorates and
Age among the Sample

Boys

Dependent Parameters B S.E Wald P Value Estimated
Variable 0Odd Ratios

Urinary Muharraq 0.87 0.33 4.26 0.001* 1.22

lodine

Capital 0.26 0.40 0.11 0.30 0.97

Northern -0.51 0.21 0.42 0.40 1.84

Central -0.70 0.07 0.55 0.52 1.30

Southern 0.31 0.51 0.27 0.24 0.43

6 -0.59 0.20 0.30 0.99 1.52

7 -0.12 0.35 0.02 0.60 1.51

8 -0.77 0.39 0.09 0.29 1.32

9 0.83 0.53 2.34 0.13 1.17

10 0.44 0.27 2.22 0.85 0.14

11 0.19 0.26 0.69 0.80 0.25

12 -0.21 0.31 0.81 0.49 1.77

Constant -1.17 1.22 0.60 0.50 1.02

Overall model Performance is not significant on the bases of age (P=0.504)
Overall model Performance is significant on the bases of Governorates (P=0.001)
* Correlation is significantly useful for the model P<0.05.
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Girls

Dependent Parameters B S.E Wald P Value Estimated
Variable 0Odd Ratios
Urinary Muharraq -0.29 0.89 7.83 0.005* 1.16
lodine
Capital -0.55 0.61 0.42 0.50 1.29
Northern -1.78 0.77 0.68 0.22 0.94
Central 0.56 0.34 0.34 0.49 0.50
Southern 0.91 0.52 7.41 0.001* 1.39
6 0.28 0.12 0.02 0.27 1.11
7 -0.04 0.45 6.95 0.001** 1.40
8 0.30 0.90 0.56 0.59 0.36
9 -1.22 0.79 4.67 0.021** 0.70
10 -0.98 0.20 4.28 0.015** 1.03
11 -0.29 0.65 7.19 0.009** 0.81
12 0.47 0.40 0.07 0.72 0.68
Constant 0.68 0.89 0.42 0.58 1.19

Overall model Performance is significant according to age P= 0.01 and governorates P=0.05
* Correlation is significantly useful for the model, p<0.05;
** Correlation is significantly useful for the model, p<0.01
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Dietary Habits

About 63.6 % of the households reported using iodized table salt. Total daily bread consumption
65.7% was almost similar for boys and girl: 68.3%, 61.9%, respectively. About 57.7% of the house-
holds used iodized table salt (as per lab analysis of Potassium lodine household salt content) (Table 7).

Table 7: Iodized Salt and Frequency of Consumption of Food Item Among the Sample

Variables Boys (Total = 512) Girls (Total = 539)

n % n %
lodized Salt* yes 279 60.5 328 66.2
No 182 39.5 167 33.8

Total 461 100 495 100
Vegetables2 > 5 times/week 318 63.0 323 60.4
3 to 4 times/week 102 20.1 121 22.6

1 to 2 times/Week 52 10.2 69 12.8

Never 33 6.5 22 4.1

Total 505 100 535 100

Fruits® > 5 times/week 427 84.2 443 82.6
3 to 4 times/week 61 12.1 64 11.9

1 to 2 times/week 15 2.9 24 4.4

Never 4 0.8 5 0.9

Total 507 100 536 100

Sea Food” > 5 times/week 171 33.8 178 33.3
3 to 4 times/week 168 33.2 182 34.0

1 to 2 times/week 128 25.3 126 23.5

Never 39 7.7 49 9.2

Total 506 100 535 100
Milk® 2 5 times/week 205 40.9 219 40.9°

3 to 4 times/week 144 28.7 154 28.7

1 to 2 times/week 123 24.5 129 24.1

Never 29 5.8 33 6.2

Total 501 100 535 100
Egg’ 2 5 times/week 62 12.4° 54 10.1°

3 to 4 times/week 173 34.4 172 32.2

1 to 2 times/week 217 43.2 270 50.5

Never 50 10.0 38 7.1

Total 502 100 534 100
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Table 7: Continued.......

Variables Boys (Total =512) Girls (Total = 539)

n % n
Bread’ 2 5 times/week 344 68.3° 332 61.9°
3 to 4 times/week 118 23.4 143 26.6

1 to 2 times/week 40 7.9 53 9.8

Never 2 0.4 8 1.5

Total 504 100 536 100
Rice® 2 5 times/week 319 63.0 317 59.2
3 to 4 times/week 143 28.2 151 28.2
1 to 2 times/week 39 7.7 64 11.9
Never 5 0.99 4 0.74

Total 506 100 536 100
Cheese’ 2 5 times/week 287 57.2° 289 54.5°
3 to 4 times/week 121 24.1 146 27.5

1 to 2 times/week 75 14.9 76 14.3

Never 19 3.8 19 3.6

Total 502 100 530 100
Chips’ > 5 times/week 312 61.8° 342 64.0°
3 to 4 times/week 116 23.0 117 21.9

1 to 2 times/week 70 13.9 68 12.7

Never 7 1.4 7 1.3

Total 505 100 534 100

Missing Data in Salt for boys are 51 and for girls are 44

Missing Data in Vegetables for boys are 7 and for girls are 4
Missing Data in Fruits for boys are 5 and for girls are 3

Missing Data in Sea Food for boys are 6 and for girls are 4
Missing Data in Milk for boys are 11 and for girls are 4 Missing Data in Eggs for boys are 10 and for girls are 5
Missing Data in Bread for boys are 8 and for girls are 3 Missing Data in Rice for boys are 6 and for girls are 3
Missing Data in Cheese for boys are 10 and for girls are 9 10 Missing Data in Chips for boys are 7 and for girls are 5

© N oW -
o o A~N

*Correlation is not significant P = 0.591

Dietary habits as assessed from the Food Frequency Questionnaires (FFQ) are presented in Table7.
Milk drinkers were same among both boys and girls (40.9%). The mean children who ate 1-2, 3-4, and
> 5 seafood meals/week were 24.4%, 33.9%, and 33.6% of total girls and boys, respectively. How-
ever, seafood was consumed almost same for both boys and girls. The consumption of egg was around
11.2%. The contribution of bread, rice, cheese, dairy products and chips to the daily total intake 65%,
61%, 55.8%, 23.9% and 62.9% respectively. Daily consumption of bread, rice, cheese, dairy products

and chips was almost same among girls compared to that of boys (x?> = 4.75, P=0.591).

Figurel illustrates how different foods contributed as a percentage of the type of food intake to the
overall dietary intakes from the five major food groups (breads, rice, fruits & vegetables, dairy
products, fish and chips). Although information on the average iodine intake from different foods
among the group provides important information on iodine in the food supply, the iodine content of
the food, the amount consumed, and the proportion of children consuming the food are important in
identifying feeding practices that place children at risk of a high or low iodine intake. In the present

study (total: girls & boys), the breads and rice was the greatest food sources of iodine from salt for
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65% and 61%of the children, respectively. Whereas dairy products(milk, cheese, yogurt) were the
next greatest food sources of salt for another 52.4% of the children. Fish and sea food were the great-
est food sources of iodine for only 26.1% of children. Also meats (chicken, beef, Meat Products) were
good food sources of iodine for 15.6% of children. However, the contribution of a food group to the

total iodine intake also depends on the iodine content of the food.

Figure 1. Dietary Intake Distribution among the Sample
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Iodine Content of Salts

Of the 1051 salt samples tested using titration method, 36.9% had adequate iodine content of 15-40
ppm. 42.3% salt samples had no iodine and another 20.1% salt samples had iodine content of <15 ppm
(Table 8). 0.67% households consuming above 40 ppm. However, consumption of adequately iodized
salt was significantly higher among Southern Governorate as compared to Capital and Muharraq gover-
norates households (44.2% vs. 31.9% and 32.1% , p <0.01). While Central governorate showed the
least in consumption of no iodized salt ( p<0.05)

Table 8: Distribution of Gender and Demographic Location According to Intake
of Potassium Iodine (mg/kg of KI) in Salt

Variabl Gender Total Governorates Total
es
Boys Girls Mubharraq Capital Northern Central Southern
n % n % n % n % n % n % n % n % n %

No 234 | 45.7 211 | 39.1 445 42.3 112 | 46.6 70 47.6 159 | 42.2 82 29.7* | 22 36.0 445 42.3
- lodine

(<15) 85 16.6 | 126 | 23.3 211 20.1 49 | 20.4 29 19.7 72 19.1 49 17.7 | 12 19.6 211 20.1

(15— 188 | 36.7 | 200 | 37.1 388 36.9 77 | 321 47 31.9 | 141 | 375 96 34.7 | 27 | 44.2** 388 36.9
40)
(>40) 5 0.98 2 0.38 7 0.67 2 0.84 1 0.69 4 1.07 0 0 0 0 7 0.67

Total 512 | 100 | 539 | 100 1051 100 | 240 | 100 | 147 | 100 | 376 | 100 | 276 100 | 61 100 1051 100

*Correlation is significant at p<0.05,
**Correlation is significant at p<0.01
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Discussion

Absence of iodine deficiency disorders

The WHO/UNICEF/ICCIDD have recommended that if more than 5% school children (612 years)

suffer from goiter, the area should be classified as endemic to iodine deficiency!?.

The present survey clearly indicates the absence of endemic goiter in the Kingdom of Bahrain accord-
ing to WHOcriteria'?2%2!: the prevalence of goiter (grade I or higher by inspection and palpation) was
<5% (2%), and the median urinary iodine concentration was >100 pg/l among the investigated school-
children. The conclusion is supported by a median urinary iodine level of >100ng/l in early study
conducted in 2000 among school children aged 8-12 years old in Bahrain®. In fact, urinary iodine
concentration in the present survey (median 247 pug/l ) is well above the threshold values for iodine
deficiency in 95% of the studied population, indicating an absence of iodine deficiency in the King-
dom (Table 4). Indeed, urinary iodine concentration was different between the governorates Table 5
(r=-0.023, p<0.05).

Urinary iodine concentrations are the most reliable indicator of IDD. The WHO/UNICEF/ICCIDD
have also recommended that no iodine deficiency be indicated in a population when median urinary
iodine excretion (UIE) level is 10 pg/dl or more i.e. more than 50% of the urine samples have UIE
level of >10 pg/dl and not more than 20% of the samples have UIE level of less than 5 pg/d1?>23.

According to the national study on assessment of the prevalence of iodine deficiency disorders
conducted among school children aged 8-12 years old in Bahrain in 2000° it was showed that out of
1600 children examined, only 26 (1.7%) were found to have goiter. While in this study it was showed
that total goiter prevalence rate (TGR) among the surveyed group 2.1% (22)with only 1.8% (19) and
0.3% (3) prevalence of grade 1 and grade 2 (visible goiter) respectively.

In our study the median UIC level of all investigated children was 247.0ug/1, clearly above the thresh-
old level of 100 pg/l for iodine deficiency (3), and 180 pg/l at the national level24. This median UIC
reflects excessive iodine intake in the population based on WHO cut-off points'?. The median UIC
was slightly higher among male participants (254.35ug/l) than female participants (242.90ug/l),
although was not significant(p= 0.21).

While only 1.52% of the children had urinary iodine concentration levels in the mild range (50-99 p
g/l) of iodine deficiency, 0.28% of the children had less than 50 pg/land 0 per cent of students had a
urine iodine level below 20ug/dl. 59.27% is the proportion of urine samples had UIC above require-
ment (200-299 ng/l) and 17.69% had excessive level (>300ug/1).While 21.2% urine samples had
UIC within the optimal level of 100-199 pg/l (Table 4).However, previous study 9 among Bahraini
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school children (8-12 years) showed higher number of children tested had low urinary iodine levels
(16.5%). This prevalence of IDD was slightly lower for boys (15.8%) compared to girls (16.5%), and

showed some geographic variation in the same study 9.

In conclusion, in Bahrain we found a desirable value for both these two indicators. Median UIC level
(247ug/1) was above the threshold level of the recommended level of 100-200ng/l. Overall, around
21.21% of the children had UIC levels in the ranges of optimal iodine nutrition (100-200pg/1), and
0.28% of the children had concentrations <50pg/l. These results indicate that iodine deficiency is

currently not a public health problem in Bahrain.

Our results were in the normal range according to the indicator of iodine deficiency elimination.
Although it is obvious that Bahrain to be a country with a low risk of iodine deficiency, however, the
population of Bahrain might be subjected to excessive iodine intake with a risk of adverse health
consequences like iodine-induced hyperthyroidism and autoimmune thyroid diseases'>23-2%. A similar
phenomenon was observed in 34 countries after the implementation of Universal Salt Iodization
(USI), which emphasized the importance of establishing and strengthening the monitoring system to

guide USI to provide optimal iodine nutrition and protect against excessive intake'°.

Goiter rate
According to the national study on assessment of the prevalence of iodine deficiency disorders
conducted among school children aged 8-12 years old in Bahrain in 2000° it was showed that out of

1600 children examined, only 26 (1.7%) were found to have goiter.

Goiter prevalence in the studied governorates was low only found among 22 children (2.1%) and
ranged from only 1.8% (19) (grade 1) to 0.3% (3) (grade 2). The TGR was significantly higher
(P<0.05) among female participants (2.96%) than male participants (1.17%).This was not statisti-
cally significant from the same value of the previous study °(2000) which reported a goiter prevalence
rate of 1.7 % (26) in school children aged 8-12 years. Study of the same age group was not conducted
till this current study.

The discrepancy with the high goiter rate observed in Muharraq governorate was significant (P=0.005).One
of the main causative factors that should be considered is the inter-observer and palpitation variation
measurement that could happen even among experienced examiners’. Also might be that the goiter
prevalence in Muharraq governorate has been overestimated, as misclassification of thyroid size by
inspection and palpation can be rather high3%-33. ZimmermannM et al.>*showed that the clinical assess-
ment of thyroid size to be imprecise for small goiters. Misclassification between thyroid size grade 0

and 1 can be as high as 40%, resulting in an incorrect prevalence rate.
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Therefore, the frequency distribution of thyroid volume measured by ultra sonography is highly
recommended, especially in areas where the visible goiter rate is low. Brahmbhatt S. etal.’® reported
that thyroid palpation is of limited value for epidemiological surveys of IDD and is insensitive in the
assessment of schoolchildren. The best clinical indicator for the assessment of the severity and extent
of IDD is estimation of thyroid volume by ultra sound. Additionally, Zimmermann MB et al.
illustrated that inter-observer variation in the sonographic measurement in children can be high, even
among experienced examiners®®, and probably contributes to the current disagreement on normative

values in iodine-sufficient children.

However, Goiter prevalence in Bahrain is much less than what is reported by many countries in the
Eastern Mediterranean region. In Saudi Arabia Abu-Eshy et al. in 2001 reported a goiter prevalence
rate of 24% in Ascerregion’’and Alsanosy RM et al. in 2010 reported a total goiter rate (TGR) among
the sample of schoolchildren in Jazan was 11%, with significant variations between rural and urban
populations and by gender3®.

In the Gulf region, in Yemen the TGR was 16.8%%%, in the United Arab Emirates the TGR in 2010
was 8.2%%.in Oman 10%, in Saudi Arabia 24% in Aseer region3’ (2001) and 11% in Jazan3® (2010).
On the other hand in other Arab countries the TGR is 65% in Algeria, 36.3% in Tunisia, 30.9% in
Mauritania, 25.7% in Lebanon, and 21.4% in Egypt®. In Jordan, the TGR was reduced from 33.5%in
2000 to only 4.9% in 2010*'. Similar to Iran, the TGR was reduced from 68.0% in 1989 to only 5.7%

in 2007 through implementation of a comprehensive IDD control program*?.

In 2007, a national study reported 27.8% of Turkish schoolchildren had moderate and severe iodine
deficiency, indicating an improvement of iodine status, in comparison to 1997 and 2002 surveys
(58% and 38.9%, respectively). This study showed in two thirds of cities survey iodine deficiency has
been eliminated, 73.5% of accessible salt were iodized and 56.5% contained sufficient iodine*. How-
ever, iodine deficiency and goiter is still a public health problem in some regions of Turkey, e.g.

Isparta, Kayseri and Malatya provinces*+*’.

Universal salt iodization is the recommended intervention for preventing and correcting iodine
deficiency'. In order to provide 150 ug/day of iodine through iodized salt, iodine concentration in the
salt of 20-40 mg (or 34—66 mg potassium iodate) per kg of salt. According to GCC (GSO 1843/2012
recommends that the amount of iodine to be between 20-40 ppm in the form of sodium and potassium
iodides or iodates'!.In the present study the use of iodized salt was reported in almost 63.4 per cent

of families. A larger population was found using the iodized salt of 1540 ppm (37%), and 0.7%
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of families. A larger population was found using the iodized salt of 1540 ppm (37%), and 0.7%
using salt even more than 40 ppm. But only 20% of the studied population was using salt less than 15

ppm of iodine and 42.3% population was not using iodized salt at all.

This adequate consumption (around 37.6 %) of iodized salt (> 15 ppm) is probably because of the
iodized salt type that been sold in the market. However, non-iodized type is still being sold in grocer-
ies in Bahrain and data revealed that household was using non iodized salt (36.7%) and iodized salt
less than 15 ppm or totally not iodized could be the future threat.

This might be due to the poor quality of salt, incorrect salt iodization, exposure to moisture, light,
heat and contaminants, iodine losses can be 50 per cent or more from the moment the salt is produced

until it is actually consumed™’.

Dietary habits

Bread and rice consumption remains the main sources of dietary iodine in Bahrain. Whereas cheese,
milk, and yogurt appeared to be second in consumption rate. However, the contribution of sea fish is
limited. Egg consumption was not high. These dietary habits findings indicate that iodine nutrition

among Bahraini children clearly sufficient (Fig 1).

From the dietary habits revealed from nutrition surveillance of ages 6-12 years of year 2012-201348
we calculated the daily iodine intake, assuming an average iodine content of 4 mcg per 80g of two
slice bread (white), of 7mcg per 200g (1 cup) cooked white rice, of 12 mcg per 40g (one slice) ched-
dar cheese, traces per 200g (1/2cup) fruit juice, 62mcg per 200g (1 cup) whole milk (flavored), 75
mcg of 150g (1 pack) whole yogurt, 7mcg of 120g of chicken, 13mcg per 256gm potato chips, 57
mcg of 100g of dairy ice cream, average of 22mcg per burger sandwiches or pizza, Additionally, 150
mcg per sea fish meal (as average of a variety of fishes, and 100gm as the average size meal), 27mcg
per 200gm (1lcup) of macaroni, enriched, boiled, and 67mcg iodized table salt with an average

consumption of 1.5g/ day(approx.1/4 teaspoon) 4.

Taking into account the food frequency consumption of different food items/groups (at least 5 times
per week) are: bread, rice, cheese, milk, yogurt & ice cream, chicken and sea fish, potato chips, for
the dinner one of the following items daily consumed: shawarma or burger sandwiches or pizza, we
calculated the total (boys and girls) average iodine intake for the above food items as follows: 4mcg
(bread), 7mcg (rice), 51.5mcg (average of cheese, milk, yogurt, ice cream), 7mcg (chicken), 13mcg
(other sources such as potato chips), 67 mcg (iodized salt) amounting to total of 149.5mcg/day (0.15
mg/day). Additional 22mcg could be added of (shawarma or burger sandwiches or pizza) for dinner
amounting to total of 171.5mcg/day (0.17mg/day). These figures are in good agreement with the

measured urinary iodine concentrations of 254.35mg/dl in boys and 242.9mg/dl in girls.
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In line with Al-Atta’s study which quantified the iodine content of foods in the KSA and concluded
that food consumed by Saudis appears to have an adequate iodine concentration50. The high level of
UIC may be explained, in light of the finding of nutrition surveillance 48, by the high level of iodine
concentrations in salt, increased consumption of bread, rice, dairy products, and ready-prepared salty
snacks crisps that may have substantially changed the amount of salt and iodine consumed by the
school population. Al-Atta’s suggested reconsidering the level of salt iodization in the KSA following
the latest WHO recommendation in light of local dietary patterns. It will be important to provide
optimal 1odine nutrition and to protect the population from the adverse health consequences of exces-

sive iodine intake.
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Conclusion

TGR of 2.1% indicates that Bahrain Goiter prevalence in the studied governorates was low and IDD
is not a public health problem. Median urinary iodine level (247ug/l) was above the threshold level
of the recommended level of 100-200ug/l. Interpreting these two indicators of the present study
together, it may be concluded that absence of endemic goiter in the Kingdom of Bahrain according to
WHO criteria!?20-2!,

Adequately iodized salt consumption at the household level (63.6 %) is fair enough. However, the
UIC reflects excessive iodine intake and may put the population at risk of adverse health conse-
quences like iodine-induced hyperthyroidismand autoimmune thyroid diseases. The levels of iodine
in the salt and revision of salt specifications is highly recommended. Establishing surveillance and
monitoring systems will protect the population and help in guiding the implementation of USI in the

country.
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Appendixes

Appendix 1: Clusters and Selection of Schools
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Appendix 2

Consent form for parents
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Appendix 3

Brochure for schools and parents (presenting the IDD study, goals, importance
and procedures)
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Appendix 4

(Check list and Data collection form)
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Physical Examination

Weight (cm) Height (cm) BMI (kg/m?)

Z- scores [ ] (>+1SD) L] (>+2SD)
[] (-2SD - 1SD)
[] (<-2SD) [] (<-3SD)

Goiter Level []0 []1 []2

BP 1% reading ( / ) BP Percentile (%)
2"reading( / )

Hb

Urinary iodine level

lodine content of salt
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Appendix 5

(Questionnaire for parents)
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Appendix 6
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