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ABSTRACT 

BACKGROUND: 

Iodine deficiency is a major public health problem all over the world, particularly among 

preschool children and pregnant women in low-income countries like Ethiopia and it is known to 

be the most common cause of preventable brain damage. 

OBJECTIVES: 

To determine urinary iodine concentration and to assess the level of iodine deficiency disorders. 

METHODS: 

A cross-sectional study was conducted in 380 randomly selected primary school children to 

determine urinary iodine concentrations as to assess level of iodine deficiency and associated 

factors in Bahir Dar town. Questionnaire: Include questions about sex, Age, Educational status, 

religion, Income, Occupation, Family size, Use cover for their salt container, Place of salt 

storage, Exposure to sun light, Duration of salt storage at house hold level, Place of  salt 

purchasing, Time of adding salt to the prepared food. Laboratory investigations: Sandell- 

kolthoff reaction was done to determine the urinary iodine excretion. Initially the urine is 

digested in strong acid at high temperature; thereafter the color change of ammonium sulfate 

with another substance (arsenic acid) is accelerated by iodine as catalyzing agent. The speed of 

the change in color depends on the iodine concentration. Comparing to standard solution with 

known iodine content was performed with colorimeter. This reaction, which is called the 

Sandell-Kolthoff reaction (WHO, 2001) .The ceric ion, has a yellow color, while the Cerous is 

colorless. Colorimeter was used for estimation the urinary iodine concentration. 

RESULTS: 

The median U-I concentration was 241 µg/l (ranging from 5 to 850 μg/L) with Std. Deviation 
(137.2) the large standard deviation indicates the large difference in values of urinary iodine 

excretion in studied schoolchildren. The study revealed that the majority of highest levels 

(above500µg/l) of urinary iodine excretion were observed to be in government schools, 19 cases 

are (above500µg/l) And 13 of them are from government schools. 9.1% of school children has 

UIC >100 µg/l. 

CONCLUSIONS: 

This study showed that high urinary iodine level is present in the studied population and it has 

public health implication. Despite remarkable progress in the control of the iodine deficiency 

disorders (IDD), it remains a significant global public health problem. 
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1. Introduction 
 

1.1 Background 
 
The primary function of iodine(I) in the body is to provide a substrate for the synthesis of the 

thyroid hormones thyroxin(T4), and triiodothyronine(T3) which are crucial for normal growth 

and also promotes healthy hair, nails, skin & teeth. When the iodine deficiency [1, 2] occurs then 

it leads to goiter, cretinism, myxoedema etc. This condition can be tested by the different 

methods like Thyroid Stimulating Hormone tests, T4 tests, T3 tests, Thyroid antibody tests, Fine 

needle aspiration, Thyroid nuclear scan, Thyroid ultra sound & also analyzed by Urinary iodine 

levels[3]. 

 
Urinary iodine determination is the key biochemical indicator in epidemiologic assessment of 

iodine deficiency. Samples are easy to obtain and over 90% of dietary iodine eventually appears 

in urine. International council for the control of Iodine Deficiency Disorders (ICCIDD), World 

Health Organization (WHO) prepared the following classification of iodine nutrition [4] base on 

urinary iodine concentration. Table – 1.  

 

Table – 1 
Median Urinary Iodine concentration (μg /l)                             Iodine nutrition 

<20 Severe deficiency 

 

20 – 49 Moderate deficiency 
 

50 – 99 Mild deficiency 

100 – 199 Optimal 

 

200 – 299 more than adequate 

>299 possible excess 

Iodine in the urine is a reliable biomarker of iodine status of populations [5], but defining iodine 

status at the individual level remains challenging. A biomarker of individual iodine status would 

be useful to assess iodine intake to reduce risk of thyroid dysfunction due to iodine deficiency or 

excess. Dietary iodine is well absorbed (92% bioavailability) [6] and plasma iodine is taken up 

by the thyroid to be incorporated in thyroid hormones [7]. The excess is excreted in the urine at a 
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renal plasma clearance rate of ∼12%/h together with a small amount of iodine from de iodinated 

thyroid hormones [8]. Most of the ingested iodine (90%) is excreted in the urine within 24 h [9] 

and urinary iodine thus reflects recent iodine intake.  

The iodine content in urine can be measured in spot samples or in 24-h collections and expressed 

as a urinary iodine concentration (UIC, in μg/L) or as the amount daily excreted (μg/24 h). UIC 

from spot samples is the recommended indicator for population assessment and monitoring of 

iodine interventions globally [5, 10]. Adequate iodine status is indicated by a population median 

UIC ≥100 μg/L; below this cutoff the iodine intake is considered inadequate. Although UIC as a 

population indicator of iodine status is well established, there is no consensus on the method to 

use for urinary iodine as a biomarker of individual iodine intake [7, 11–13]. UIC in spot samples 

varies substantially between days and seasons [14–15], as a consequence of a circadian rhythm 

of iodine excretion [16, 17], and due to differences in fluid intake [18]. Therefore, a single spot 

UIC is not a suitable indicator for individual assessment [12]. Urinary iodine excretion (UIE) in 

24-h collections is regarded as a better method, because urinary iodine determined from pooled 

24-h urine samples reflects an individual’s true daily excretion [12]. However, the UIE over 24 h 

also varies considerably from day to day due to daily and seasonal variations in iodine intake 

[14–15] and differences in renal clearance [19]. The challenges of obtaining complete 24-h urine 

collections may limit the use of this method.  

An alternative method to assess individual iodine status is to use the age- and sex-adjusted 

iodine: creatinine ratio to estimate daily UIE from spot samples [11, 15, 20, 21]. The estimated 

UIE corrects for differences in urine volume and dilution of samples and has been suggested to 

be more reliable than UIC alone [12]. However, few studies have examined the validity of 

estimated UIE as an indicator of individual iodine status and assessed its strength as a biomarker 

of iodine deficiency in different populations.  
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1.2 statement of the problem 
 
Iodine was second to iron to be recognized as an essential trace element for health. It was 

discovered by a saltpeter manufacturer in 1811 in France. Iodine has been used in the treatment 

of goiter since 1820 but its deficiency was shown to be the causative agent for thyroid 

enlargement in 1917 .Iodine was recognized to be an essential component of the thyroid in 1895 

for the first time (Kimball 1923) and nowadays it is well accepted that iodine is an integral 

constituent of the thyroid hormones, namely 3,5,3’,5’ tetraiodothyronine (thyroxine, T4) and 

3,5,3’-triiodothyronine (T3) Public health measures for the prevention of thyroid enlargement 

(goiter) began among school girls in Akron, Ohio, USA between 1916 and 1920 (Kimball 1923) 

Three decades later, studies conducted in Papua, New Guniea helped goiter and cretinism to gain 

renewed attention To encompass the wide spectrum of the effect of suboptimal iodine nutrition 

on health, including physical impairment and mental retardation, the term Iodine Deficiency 

Disorders (IDDs) was introduced by[22].  

Dietary sources of iodine 

The richest dietary sources of iodine are seafood, seaweed and iodized salt .Foods of animal 

origin including meat and milk can also constitute a significant source of iodine if animals have 

grazed on iodine sufficient soils. Similarly, crops from iodine sufficient soils may supply some 

dietary iodine. Iodine fortified foods like bread and milk are also significant sources of dietary 

iodine. In countries like Ethiopia, where the staple diets are of plant origin and marine foods are 

rarely consumed, the use of iodized salt for cooking and at the table constitutes a viable source of 

iodine. Most of the Ethiopian cereals grow in iodine deficient soils. Soils in the highlands are 

believed to be low in iodine as it is leached out of the soil due to its solubility in water. If soil is 

deficient in iodine, so are the plants grown in it, including the grains and vegetables consumed 

by people and animals. So, inadequate intake of foods of marine origin and residence in places 

where soil and water are poor in iodine, exacerbated by other micronutrient deficiencies, and 

might be the most important risk factors for IDDs in Ethiopia [23]. 
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Interaction with other nutrients 

Deficiencies of selenium, iron and vitamin A have been implicated in exacerbating iodine 

deficiency. Accumulated peroxides may damage the thyroid gland during selenium deficiency 

due to impaired production of the selenium dependent glutathione peroxidase. Moreover, 

selenium deficiency impairs thyroid hormone metabolism as the monodeiodination of T4 into T3 

is catalyzed by selenium-dependent enzymes called iodothyronine deiodinases  Iron deficiency 

reduces the iron-dependent hemoprotein thyroperoxidase (TPO), an enzyme which catalyzes the 

oxidation of iodine and its substitution for hydrogen in the tyrosine residues and the H2O2 

dependent generation of the iodothyronines .Vitamin A deficiency activates thyroid stimulating 

hormone (TSH) and increases risk for goiter through decreased vitamin A mediated suppression 

of the pituitary TSHβ gene. Foods of plant origin contain goitrogens which interfere with the 

thyroidal uptake of iodine. Glucosinolates and their metabolites from cruciferous vegetables and 

thiocyanates which are the metabolites of cyanogenic glucosides from cassava, sorghum and 

others can aggravate iodine deficiency by competing with iodine for thyroidal. Moreover, humic 

substances from unclean drinking water are reported to interfere with thyroidal iodination [23]. 

Assessment methods 

Various methods are available to assess iodine deficiency but TSH, total goiter rate (TGR), 

thyroglobulin (Tg) and urinary iodine excretion (UIE) are generally recommended .TSH 

provides an indirect measure of iodine status. Goiter rate reflects chronic (months to years) 

suboptimal iodine nutrition and Tg is a good indicator for an intermediate response (weeks to 

months). UIE is a sensitive marker of recent iodine intake (days) as more than 90% of dietary 

iodine is excreted through urine. UIE can be measured in spot urine samples of children or adults 

provided that a sufficient number of specimens are collected (WHO 2007). Diurnal intakes of 

iodine and thus spot UIE are highly variable. Therefore, to estimate iodine intakes in individuals, 

24 h urine collections are preferable. When collections of 24 h samples are operationally 

difficult, an alternative is to use the age and sex adjusted iodine:creatinine ratio in adults but this 

also has limitations. Creatinine may be unreliable for estimating daily iodine excretion from spot 

samples especially in malnourished subjectswhere creatinine concentration is low [23]. 
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Health consequences of iodine deficiency 

Inadequate intake of iodine leads to iodine deficiency disorders (IDD). The term IDD 

encompasses all consequences of IDD which can be prevented by optimal iodine nutrition 

(ICCIDD 2001). The most damaging effect of inadequate intake of iodine is on the developing 

brain. Cretinism is an extreme form of neurological damage due to severe iodine deficiency or 

fetal hypothyroidism. A meta-analysis of 18 studies by Bleichrodt and Born has shown that 

iodine deficiency alone lowered mean IQ scores by 0.9 SD or 13.5 IQ points. In addition to its 

impact on brain and intellectual development, iodine deficiency can induce thyroid enlargement 

at any period in life. Goiter reflects an attempt of the thyroid gland to adapt to increased need to 

produce thyroid hormones and is said to be endemic when more than 5% of the 6 – 12 years old 

school children have an enlarged thyroid as assessed by the WHO criteria (ICCIDD 2001). 

Moreover, it can cause impaired reproductive outcomes, child mortality and a high degree of 

apathy and reduced work productivity in the adult population living in severely iodine deficient 

areas, leading to economic stagnation of communities [22]. 

Epidemiology of iodine deficiency disorders 

Globally, iodine deficiency still remains a public health problem in many countries. Two billion 

people are estimated to be at risk of iodine deficiency disorders due to suboptimal iodine 

nutrition. Based on the survey data from 192 WHO member states, 36.5% (285.4 million) of 

school age children are at risk of iodine deficiency. The largest numbers of school age children 

with low iodine intake are from Southeast Asia (96 million) and Africa (50 million). The highest 

proportions of school age children with inadequate iodine intake are from Europe (60%) and the 

Eastern Mediterranean (55%). Proportion of population and number of individuals with 

insufficient iodine intake in school age children (6-12 years) and in the general population (all 

age groups) by WHO region, 2003 [24].  

Various epidemiological studies have shown the public health significance of IDD in Ethiopia. In 

Ethiopia, surveys on iodine deficiency have been carried out since 1903 but the earliest report 

about IDD was published in 1976 (NSEID 2005). According to this report, area specific goiter 

was indicated to be as high as 71% (NSEID 2005). The country is still one of the most severely 

iodine deficient countries in the world. About three quarters of the population was estimated to 
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be at risk for IDD in 1995 (MOH 1995). According to the joint report by the Ministry of Health 

(MOH) of the Federal Democratic Republic of Ethiopia (FDRE) and United Nations Children’s 

Fund (UNICEF) (MOH 1995), 78% (42 million) of the total population were at risk of iodine 

deficiency. Moreover, 62% (35 million) were iodine deficient and 26% (14 million) had goiter. 

At least one in 1000 people had cretinism and iodine deficiency contributed to about 50,000 

prenatal deaths annually [25].  

Iodine deficiency has been increasing and getting worse in Ethiopia, despite the fact that an 

effective prevention strategy is known.According to the recent press release from the Ethiopian 

Ministry of Health (MOH 2009), less than 5% of Ethiopian households utilize adequately iodized 

salt. It was further pointed out in this press release that the estimated productivity loss due to the 

negative impact on health, poor physical growth, compromised intellectual capacity and lower 

educational attainment associated with IDD in Ethiopia will be 64 billion ETB (Ethiopian 

currency) between 2006 and 2015 (MOH 2009). An accompanying press release from the 

Micronutrient Initiative (MI), Ethiopia, indicated that severe iodine deficiency in Ethiopian 

women leads to 50,000 stillbirths annually and that the country’s goiter rate has worsened from 

26% in the 1980s to about 40% today [26]. 

The first nationally representative IDD survey from Ethiopia was conducted in 1981-82.This 

household and school-based survey from 38 provinces (including19,158 households and 35,635 

school children) found a total goiter rate (TGR) of 36.1% in females and 25.1% in males[27]. 

A cross-sectional study carried out in the late 1990s on 2485 school children from 10 villages 

across four regions reported that 53.3% of the children had goiter while based on UIE, 70% had 

moderate and 30% had mild iodine deficiency. Goiter was more common in girls (56.1%) than in 

boys (50.8%) and children from Kodowono had the highest (91%) and those from Abossara had 

the lowest (31%) goiter rate. In a school-based cross-sectional study of 1044 students, aged 6 – 

15 years, from Southwestern Ethiopia, 27.4% of the children had goiter. According to a report by 

Kidane and Woldegebriel from Tigray, Northern Ethiopia, goiter was rampant and 

epidemiological estimates of other IDD manifestations were unacceptably high. Of the 755 

subjects examined for goiter, 59.5% of the males and 80.2% of the females had goiter. The 

authors have estimated a 71.4% community prevalence of goiter from an epidemiological model 

[28].  
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Recently, Abuye and colleagues  reported a weighted total goiter prevalence rate of 39.9% in 

children 6 to 12 yrs of age. Similarly a recent community-based cross-sectional study among 15-

49 years old Ethiopian women revealed a total goiter prevalence of 35.8% with 24.3% palpable 

and 11.5% visible goiter [29]. 
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1.3 Literature review 

 

Study done North West Ethiopia showed that adequately iodized salt (≥15 ppm) was found in 

28.9% of the tested salt samples of households. Before testing the salt, 659 (81.4%) participants 

said that they did not have adequately iodized salt, and 151 (18.6%) participants said that they 

have adequately iodized salt for cooking food. From those who said we had iodized salt, the 

majority (85.8%) have got it from supermarkets. 

After testing the salt sample using rapid test kits, among those who said that they had iodized 

salt, 115 (76.2%) households have adequately iodized salt. Out of those who said, they did not 

have iodized salt, the salt sample shows 119 (18.1%), 411 (62.4%), and 129 (19.6%) ≥ 15 ppm, 

<15 ppm, and 0 ppm respectively. The main reasons given for not having adequately iodized salt 

were lack of knowledge about the benefit of iodized salt (73.1%), being expensive compared 

with common salt (24.4%), shortage of iodized salt in the market at certain times (14.8%), being 

less salty (11.8%), and not giving attention to it (9.7%).[30] 

Study conducted at the same area as of the above stated that 74.8% of participants know about 

the usefulness of iodized salt and consequence of IDD, three quarters (74.8%) of them had poor 

knowledge. Almost all of them, (99.3%), stored salt in a dry place away from humidity and fire 

area. However, (22.7%) of the participants expose salt to sunlight when it becomes humid, and 

28 (3.5%) of them wash salt to remove its impurities 

Accordingly, the study those who used packed (table) salt were 9.75 (AOR (95% CI) = 9.75 

(5.74, 16.56)) times more likely to have adequately iodized salt than those who used non packed 

salt. Those who did not expose salt to sunlight were 7.26 (AOR (95% CI) = 7.26 (3.73, 14.11)) 

times more likely to have adequately iodized salt than those who expose salt to sunlight.  

Shorter storage of salt at home was identified as one of the associated factors for having 

adequately iodized salt. Those who store salt for less than two months at household level were 

3.60 (AOR (95% CI) = 3.60 (1.40, 9.27)) times more likely to have adequately iodized salt than 

those who store salt for more than two months. Those who had good knowledge about iodized 

salt were 1.94 (AOR (95% CI) = 1.94 (1.23, 3.05)) times more likely to have iodized salt than 

those who do have poor knowledge. [31]. 
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The national total goiter weighted prevalence rate among children aged 6 to 12 years was 39.9% 

(95% confidence interval, 38.6% to 41.2%), representing more than 4 million children. The 

median UIE was 2.45 microg/ dL; 45.8% of children had UIE values of 2 microg/dL or less, and 

22.8% had UIE values of 2.01 to 5.0 pg/dL. Only 4.2% of the households had iodated salt. [32]. 

Out of 389 participants, 179 (46%) were males. The total goiter rate was 59.1% (Grade 1: 35.2%; 

Grade 2:23.9%). The median urinary iodine level was 56 4g/L that indicates iodine deficiency. 

Out of 389 households in the study area, 277 (71.2%) were using non-iodinated salt, 102 (26.2%) 

of the households were using iodinated salt. Cabbage usage was significantly associated with 

goiter. 

Endemic goiter is quite prevalent in the study area. Median urinary iodine value of the study 

samples was found to be far lower than standards. Quality of the salt used by the study 

population was found to be poor in its iodine content. The use of cabbage (goitrogen) has shown 

remarkable influence on the development of goiter. Therefore, awareness creation and 

distribution of iodized salt are highly recommended. [33]. 

Among a total of 389 urine samples tested, 148 (82.7%) male students and 177 (84.3%) female 

students were found to have iodine level below 100 µg/L. The median urinary iodine (MUI) 

value was 56 µg/L for both genders while74 µg/L and 54 µg/L in males and females 

respectively. 

Logistic regression was used to determine which background variables were independently 

related to the development of goiter. This model showed that females were more likely to be 

vulnerable to develop goiter than males [OR=2.384, 95.0% CI (1.372, 4.144)]. Children with 

median urinary iodine (MUI) value < 56 µg/L were more likely to develop goiter than those who 

had MUI ≥56 µg/L). [OR=0.044, 95%CI (0.025, 0.081)]. [34]. 

Iodine content of salt samples: In the study area large majority of the households were using only 

non-iodinated salt 277 (71.2%), a less number 102 (26.2%) of the households were using 

iodinated salt and a very less percent 10 (2.6%) of the households were using both iodinated and 

non-iodinated salt, which is a mixed type. 
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The result revealed that ordinary salt, which are type I and type II, both non-iodinated, were of 

poor quality, i.e. iodine level < 15ppm. From iodinated salt samples, 15 (75.0%) were of good 

quality (iodine level >15 ppm) and 5 (25.0%) were found to be inadequate in their iodine 

content. [35]. 

1.4 Significance of the study 

Present study was conducted to establish the efficacy of voluntary preventive and corrective 

measures and to assess the current prevalence of iodine deficiency by measuring UIE in primary 

school children of Bahir dar town, Amhara region. 

 

2. Objectives 

 Assess the level of iodine deficiency level.   

 Determine urinary iodine concentration.   

 Identify the associated factors with iodine deficiency among primary school students. 
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3. Materials and Methods 

3.1 Study Design, Period, and area 

Institution based Cross-sectional study design was carried out from JANUARY 01–JUNE15, 

2016, in Primary schools of Bahir dar town which is located in Amhara National Regional State. 

The study consists of primary school children residing in selected administrative areas in the age 

range of 6-12 who were grade 1 - 6. Students’ because they used to be they are exposed for 

iodine deficiency and they were selected using multistage sampling technique. The sample size 

was determined by using single population proportion formula. The following assumptions are 

applied to get the sample size of the study. 87% prevalence at 95% confidence level, 5% margin 

of error, and design effect of 2. Then, 10% will be added for the expected non response, making 

the final sample size 380. 

Multistage sampling technique was used to select the study subjects. I select Four high schools (2 

from government primary schools and 2 from private primary schools) from the total of 64 

primary schools (38 government primary schools, and 26 private primary schools), by using 

simple random sampling (SRS) proportional allocation based on the number of students in each 

high school and finally simple random sampling method were used to select each study 

participants. 

3.2. Method 

1. Questionnaire: Include questions about sex, Age, Educational status, religion, Income, 

Occupation, Family size, Use cover for their salt container, Place of salt storage, Exposure to sun 

light, Duration of salt storage at house hold level, Place of  salt purchasing, Time of adding salt 

to the prepared food. 

2. Laboratory investigations: Sandell- kolthoff reaction was done to determine the urinary 

iodine excretion. Initially the urine is digested in strong acid at high temperature; thereafter the 

color change of ammonium sulfate with another substance (arsenic acid) is accelerated by iodine 

as catalyzing agent. The speed of the change in color depends on the iodine concentration. 

Comparing to standard solution with known iodine content was performed with colorimeter. This 

reaction, which is called the Sandell-Kolthoff reaction (WHO, 2001).The Ceric ion has a yellow 
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color, while the Cerous is colorless. Colorimeter was used for estimation the urinary iodine 

concentration.  

3.3. Sampling 

About 250 ml random urine samples were collected into clean and sterile universal bottle from 

all the children who were selected for the study using simple random sampling method. Since the 

samples were not analyzed immediately, it was stored frozen at -20ᵒC until ready for analysis. 

The standard method, the ammonium per sulphate technique was used for estimating the level of 

iodine in the urine. A standard curve plotted during the analysis was used to extrapolate the 

concentration of iodine in the urine samples. 

3.4. Statistical Analysis 

The data was analyzed by using Statistical Package for Social Sciences (SPSS), Windows 

version16, 2012. Descriptive statistics was used to explain the study participants in relation to 

study variables. The association between the explanatory and response variables will be 

measured OR, and 95% C.I. The relative contribution of each selected variables to the outcome 

of interest was assessed using logistic regression. 
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4. Results 

From the total sample size of 380 children, 361 participated in this study giving 95% response 

rate. A total of 361 school children aged 6-12 years were clinically examined for UIE, from this 

school children, 188(52.1%) were female and 173(47.9%) were male 184(51.0%) of them were 

grade1-3 and 177 (49.0%) were grade 4-6 the school children were selected from Two 

government schools Dona; 170 (47.1%), Sertse; 65 (18.0%) total 235 (65.1%) and Two private 

schools Eshet; 86 (23.8%), Abunu; 40 (11.1%) total 126 (34.9%) from this school children 9.1% 

of the study sample was found to have urinary iodine concentration of <100 μg/L (n=33) which 

is deficient and 90.9 % had concentration ≥100 μg/L(n=328) which is non-deficient. [Table 4] 

The prevalence of UIE was higher in females 20(10.6%) than in males 13(7.5%). From deficient 

school children <100 μg/L (n=33), 21(63.6%) are from government schools Dona; 14 (42.4%) 

and Sertse; 7 (21.2%), 12 (36.4%) are from private schools Eshet; 8 (24.2%) and Abunu; 4 

(12.1%). From non-deficient school children ≥100 μg/L (n=328), 214 (65.2%) are from 

government schools Dona; 156 (47.6%) and Sertse; 58 (17.7%), 114 (34.8%) are from private 

schools Eshet; 78 (23.8%) and Abunu; 36 (11.0%). [Table 2] 

A greater proportion 185(51.2%) of the study subjects were in the age group 10-12 years. Mean 

age of the study subjects was 9 years. (SD =1.83). 235(65.1%) were government and 126(34.9%) 

were private students Majority, 306(84.8%) of children were Orthodox Christian by religion.  

343(95.0%) of the study subjects were from Amara ethnic group, followed by Agewe 6(1.7%). 

Most of the children were born in Bahir Dar town, the majority140 (38.8%) of children’s fathers 

were merchant followed by government employees workers, 122(33.8%). However, most of the 

mothers of the study subjects were housewives, 99(27.4%) followed by private sector workers, 

With respect to the educational status of the parents, the majority, 155(42.9%) of the children’s 

fathers attended college and above followed by 96(26.6%) fathers who completed secondary 

school, 66 (18.3%) who completed primary school and the rest 44(12.2%) who are illiterate 

parent. [Table 3] 
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Concerning water source 357(98.9%) of the study subjects had access to pipe water. Other 

drinking water sources were packed water which accounts about 4(1.1%).They were also asked 

whether they have ever eaten fish to which most of them replied as Once a month or less                          

232(64.3%) and the remaining 90(24.9%) responded that they had eaten fish Once a week 

39(10.8%) 2–3 times a week. . [Table 3] 

The prevalence among the study subjects measured by UIE, the WHO, and 2001 standards were 

utilized to demonstrate the whole sample iodine status. According to this criteria there was 0.6% 

of cases had severe iodine deficiency (<20µg/l). Moderate (20 - 49µg/l) and mild (50 - 99µg/l) 

iodine deficiency were found in 0.3% and 8.3% of the study sample respectively and 27.4% 

(100–199 μg/L) Normal, 27.4% (200–299 μg/L) More than adequate, 36.0% ( ≥300 ) Which is 

Excess.  

The majority of care takers heard about iodized salt 352( 97.5%) and only 9(2.5%) say no, 

305(84.5%) always add salt in to their food and 55  (15.2%) sometimes add salt in to their food; 

few people do not add salt at all 1( 0.3%). According to these study 338 (93.6%) of care takers 

were used iodized salt and 23  (6.4%) of care takers were used none iodized salt, out of 361 

participants 43  (11.9%) add salt Early and at the middle of cooking and 318(88.1%) add salt 

Late at the end of cooking and after cooking.  Concerning about the taste of iodized salt and non-

iodized 151 (41.8%) say the taste is different, 65 (18.0%) say the taste is the same and 145  

(40.2%) say don’t know. [Table 3] 

The median U-I concentration was 241 µg/l (ranging from 5 to 850 μg/L) with Std. Deviation 

(137.2) the large standard deviation indicates the large difference in values of urinary iodine 

excretion in studied schoolchildren. The study revealed that the majority of highest levels 

(above500µg/l) of urinary iodine excretion were observed to be in government schools, 19 cases 

are (above500µg/l) And 13 of them are from government schools.  

Concerning the importance of iodized salt. Those who don’t know the importance of iodized salt 

and who say no importance were 0.36 (AOR (95% CI) = 0.36 (0.13, 1.00) times more likely to 

have iodine deficiency than those who say important for growth 0.81(AOR (95% CI) = 0.81 

(0.26, 2.52) and who health protection 0.65(AOR (95% CI) = 0.65 (0.17, 2.47).     
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5. DISCUSSION 

Urinary iodine excretion is a good marker of the dietary intake of iodine, and is the index for 

evaluating the degree of iodine deficiency, correction and toxicity [36, 37]. Many countries 

including Ethiopia have adopted massive salt iodization as a means of correcting IDD in 

countries where they were prevalent [38]. From our study, it was evident that the median urinary 

iodine excretion in the population studied was 241µg/l, with greater percentage falling into the 

sufficient (more than adequate) group as recommended by WHO. This shows that iodine 

nutrition has greatly improved in the area.  

Prior to the report of Bezabih B, et al [39], several government agencies saddled with the 

responsibility of improving iodine nutrition in the country were not active. It is not impossible 

that the inactivity of the agencies, created porous ports and weak environments, which made 

room available for the importation of non-iodized salt by non-patriotic business men. No doubt, 

result from this study has shown that concerted efforts by respective government agencies have 

improved the supply of iodized salt to the area contrarily to previous reports. Of interest in this 

study is the presence of adequate iodine intake in Bahir Dar. 

Previous reports have shown that the prevalence of IDD in Bahir Dar was 87% in 2007 and 

median urinary iodine excretion was 58.8 µg/l (12.89 µg/l to 564.5 µg/l) which indicated the 

presence of mild iodine deficiency [40]. It is very evident that with the current efforts of 

government towards the supply of iodized salt, the prevalence could be lower and this could be 

attested to by a very low percentage of iodine deficiency found in our study. From this study, a 

greater percentage of the population, 36.0% (130) had urinary iodine concentration within the 

excess level. 

Furthermore, the daily recommended allowance of iodine for children is about 150µg. Large 

quantities of iodide are present in drugs, antiseptics, bread, food preservatives and some fast food 

products. Considering the flair that school children have for bread and fast foods, it is likely that 

these food products could contribute to the increased level of iodine observed. Further reasons 

that could be responsible for the high urinary iodine level observed could be due to poor 

monitoring of the production, quantity and quality of iodine used for food production and 



 

16 
 

preservation. In most instances, the monitoring of iodized salt within this environment only 

focuses mainly on whether iodine is present or not but the quantity is not always considered.  

The World Health Organization has reported that population exposed to excess concentrations of 

urinary iodine could be prone to developing Iodine Induced Hyperthyroidism (IIH) and Iodine 

Induced Thyroiditis (IIT) [41,42] . The thyroid gland has intrinsic mechanisms that maintain 

normal thyroid function even in the presence of iodine excess; however this mechanism can be 

depleted at increased iodine levels [43]. It has widely been reported that administration of iodine 

in any chemical form could induce the development of IIH and IIT in populations previously 

deficient in iodine [44, 45]. The presence of IIH and IIT needs to be investigated in Bahir Dar. 

6. CONCLUSION AND RECOMMENDATION 

This study showed that high urinary iodine level is present in the studied population and it has 

public health implication. Despite remarkable progress in the control of the iodine deficiency 

disorders (IDD), it remains a significant global public health problem. Assessing the control of 

IDD and preventing the development of IIH and IIT, monitoring the progress of salt iodization 

programs are cornerstones of a control strategy. It is recommended that government and 

government agencies regularly monitor the quality and quantity of iodized salt present in the 

country. Further and elaborate studies should also investigate the presence of goitrogens, IIH and 

IIT in Bahir dar town. 
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8. APPENDICES 

Table 2. Socio-demographic variables of iodine deficiency level and associated factors in 
primary school children, Bahir dar, North West, Ethiopia. 

 
  

Characteristics 

Iodine 
deficient 
UI <100 μg/L  
(n=33) 

9.1 % 

Non deficient  
UI >100 μg/L 

(n=328) 

90.9 %  

Crude OR 
95% CI 

Adjusted  OR 
95 % CI 

P - value 
 

 

AGE     

AGE6-9 
AGE10-12 

14 (42.4%)  
19 (57.6%)  

162 (49.4%) 
166 (50.6%) 

1 
0.755(0.366-1.557) 

  
.447 

 

SEX     

FEMAL                        
MALE  

20 (10.6%)  
13 (7.5%)  

168 (89.4%) 
160 (92.5%)  

1 
1.465(0.705-3.044) 

  
.306 

 

GRADE     
GRADE1-3 
GRADE4-6 

14 (7.6%)  
19 (10.7%)  

170 (92.4%) 
158 (89.3%)  

1 
0.685(0.332-1.412) 

  
.305 

 

FAMILY SIZE     
<4                            
4 AND ABOVE 

8 (24.2%) 
25(75.8%) 

74 (22.6%) 
254 (77.4%) 

1 
1.098(0.476-2.537) 

  
.826 

 

RELIGION     

CHRISTIAN                     
MUSLIM 
PROTESTANT                    

27(81.8%) 
5(15.2%) 
1(3.0%)  

279(85.1%) 
39(11.9%) 
10(3.0%)  

1 
0.755(0.275-2.075) 
0.968(0.119-7.849) 

  
.586  
.976  

 

SEX OF THE HEAD OF THE HOUSEHOLD     

MALE  
FEMALE 

25 (75.8%) 
8    (24.2%)  

244 (74.4%) 
84    (25.6%) 

1 
1.076(0.467-2.477) 

  
.864 

 

OCCUPATION OF THE HEAD OF THE HOUSE HOLD     

MERCHANT                
EMP GOV’T        
OTHERS 

9(27.3%) 
12(36.4%) 
12(36.4%)  

131(39.9%) 
110(33.5%) 
87(26.5%)  

1 
0.630(0.256-1.550) 
0.498(0.201-1.232) 

1 
0.618 (0.243- 1.576)  
0.487 (0.190- 1.245)  

 
.314  
.133  

 

*carpenter, driver, genbega,ngo,pharmacist,prist,retired,security, self employe,tailer,welder  

EDUCATIONAL STATUS OF HEAD OF HOUSEHOLD     

ILLITERATE                       
PRIMARY  
SECONDARY   
COLLEGE,abov  

3    (9.1%)  
6    (18.2%)  
7    (21.2%) 
17 (51.5%)  

41    (12.5%)  
60    (18.3%)  
89    (27.1%) 
138 (42.1%)  

1 
0.732(0.173-3.094) 
0.930(0.229-3.781) 
0.594(0.166-2.128) 

  
.671 
.920 
.424 

 

INCOME PER MONTH     

200-499 
500-1499 
1500-2999 
3000-4499 
NOT KNOWN 

10 (37.0%)  
6   (22.2%)  
7   (25.9%) 
4   (14.8%) 
6   (18.2%)  

71    (26.9%)  
62    (23.5%)  
81    (30.7%) 
50    (18.9%) 
64    (19.5%)  

1 
0.666(0.229-1.935) 
0.969(0.296-3.166) 
1.085(0.347-3.387) 
1.172(0.314-4.379) 

  
.455 
.958 
.889 
.814 
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Table 3. Knowledge, Attitudes, Behavior toward Dietary Salt variables of iodine deficiency 

level and associated factors in primary school children, Bahir dar, North West, Ethiopia. 

 

  Characteristics 

Iodine 

deficient 
UI <100 μg/L  
(n=33) 

9.1 % 

Non deficient  

UI >100 μg/L 

(n=328) 

90.9 %  

Crude OR 

95% CI 

Adjusted  OR 

95 % CI 

P - value  

HAVE YOU EVER HEARD OF IODIZED SALT     

YES                                                                     
NO                     

31   (93.9%) 
2      (6.1%) 

321(97.9%) 
7(2.1% ) 

1 
0.338(0.067-1.698) 

1 
0.350(0.061-2.001)  

 
.238  

 

SOURCE OF INFORMATION (IF YES)     

HEALTH WOR             
FAMILY  
TELEVISION                        
OTHERS  

5(15.2%) 
4(12.1%) 
18(54.5%) 
6(18.2%) 

48(14.6%) 
48(14.6%) 
195(59.5%) 
37(11.3%)  

1 
1.250(0.316-4.940) 
1.128(0.399-3.192) 
0.642(0.182-2.269) 

  
.750  
.820  
.492  

 

*Neighbors, Radio, no information, from merchant  

TYPE OF SALT     

IODIZED  
NON IODIDIZ 

31   (93.9%) 
2     (6.1%)  

307(93.6%) 
21(6.4%) 

1 
1.060(0.237-4.736) 

  
.939 

 

WHEN DID YOU ADD THE SALT     

EARLY    
LATE   

5     (15.2%) 
28   (84.8%)  

38(11.6%) 
290(88.4%) 

1 
1.363(0.496-3.741) 

  
.548 

 

TASTE OF IODIZED SALT DIFFERENT FROM NON-IODIZED     

YES 
NO 
DON’TKNOW 

9     (27.3%) 
7     (21.2%) 
17   (51.5%)  

142(43.3%) 
58(17.7%) 
128(39.0%) 

1 
0.525(0.187-1.477) 
0.477(0.205-1.108) 

1 
0.559(0.193-1.621)  
0.622(0.248-1.558)  

 
.285  
.311  

 

CONTROL OF YOUR SALT  INTAKE     

YES 
NO 

20   (60.6%) 
13   (39.4%)  

247(75.3%) 
81(24.7%) 

1 
0.505(0.240-1.060) 

1 
0.682(0.296-1.567)  

 
.367  

 

PLACE OF SALT PURCHASING?     

MARKET                         
SHOP 

13(39.4%) 
20(60.6%)  

126(38.4%) 
202(61.6%) 

1 
1.042(0.501-2.169) 

  
.912  

 

PLACE OF SALT STORAGE     

DRY                                        
WET 

31(93.9%) 
2 (6.1%) 

324(98.8%) 
4(1.2%) 

1 
0.191(0.034-1.087) 

1 
0.524(0.077-3.574)  

 
.509  

 

KIND OF CONTAINER USED TO STORE SALT     

OPEN 
COVER 

1(3.0%) 
32(97.0%) 

7(2.1%) 
321(97.9%) 

1 
1.433(0.171-12.017) 

  
.740 

 

EXPOSURE OF SALT TO SUNLIGHT?     

YES 
NO 

4(12.1%) 
29(87.9%) 

37(11.3%) 
291(88.7%) 

1 
0.922(0.307-2.769) 

  
.885 

 

HIGH SALT DIET COULD CAUSE A SERIOUS HEALTH PROBLEM?     
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YES 
NO 
DON’TKNOW 

28(84.8%) 
1(3.0%) 
4 (12.1%) 

284(86.6%) 
22(6.7%) 
22(6.7%) 

1 
2.169(0.282-16.702) 
0.542(0.174-1.685) 

  
.457 
.290 

 

HEALTH PROBLEM?     

BRAIN DISES 
CVD 
DON'T NO 
GASTRIC DIS 
GOITER 
KIDNEY DISE 

1 (3.0%) 
10(30.3%) 
5(15.2%) 
6(18.2%) 
3(9.1%) 
8(24.2%) 

10(3.0%) 
132(40.2%) 
44(13.4%) 
57(17.4%) 
20(6.1%) 
65(19.8%) 

1 
1.320(0.153-11.375) 
0.880(0.092-8.384) 
0.950(0.103-8.757) 
0.667(0.061-7.254) 
0.813(0.092-7.208) 

  
.801  
.911  
.964  
.739  
.852  

 

IMPORTANCE OF IODIZED SALT?     

 GOITER 
 HEALTHY 
 GROWTH  
 OTHERS  

6(18.2%) 
4(12.1%) 
9 (27.3%) 
14 (42.4%) 

105(32.0%) 
45 (13.7%) 
106(32.3%) 
72(22.0%) 

1 
0.643(0.173-2.388) 
0.673(0.231-1.958) 
0.294(0.108-0.801) 

1 
0.649(0.170-2.471)  
0.813(0.262-2.525)  
0.356(0.126-1.009)  

 
.526  
.720  
.052  

 

* all, don’t know, no importance  

FREQUENCY OF FISH CONSUMPTION?     

2–3 WEEK.  
ONCE WEEK. 
1\MONTH,LESS 

3(9.1%) 
7 (21.2%) 
23(69.7%) 

36(11.0%) 
83(25.3%) 
209(63.7%) 

1 
0.988(0.242-4.039) 
0.757(0.216-2.654) 

  
.987 
.664 

 

SOURCE OF WATER INTAKE?     

PIPE                     
PACKED   

32(97.0%) 
1(3.0%) 

325 (99.1%) 
3 (0.9%) 

1 
0.295(0.030-2.923) 

  
.297 

 

CONSUMPTION OF MILK?     

YES                                        
NO 

31(93.9%) 
2(6.1%) 

297(90.5%) 
31 (9.5%) 

1 
1.618(0.369-7.086) 

  
.523 

 

KIND OF MILK?     

ORGANIC  
INORGANIC   
NO MILK  

27(81.8%) 
4(12.1%) 
2(6.1%) 

276(84.1%) 
21(6.4%) 
31(9.5%) 

1 
0.514(0.164-1.606) 
1.516(0.344-6.685) 

  
.252 
.582 

 

MEAL FREQUENCY PER ADAY?     

2 MEAL\DAY              
3 MEAL\DAY 
4 MEAL\DAY              
ABOVE 4 ME      

2(6.1%) 
13(39.4%) 
16(48.5%) 
2 (6.1%) 

27 (8.2%) 
135(41.2%) 
158 (48.2%) 
8 (2.4%) 

1 
0.769(0.164-3.606) 
0.731(0.159-3.363) 
0.296(0.036-2.451) 

  
.739 
.688 
.259 

 

FREQUENCY OF CONSUMPTION OF EGG?     

2–3\WEEK.  
1\ WEEK. 
1MONTH,LESS 

11(33.3%) 
12 (36.4%) 
10 (30.3%) 

97 (29.6%) 
108 (32.9%) 
123(37.5%) 

1 
1.021(0.431-2.419) 
1.395(0.569-3.420) 

  
.963 
.467 
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Table 4.  The frequency and percentage of urinary iodine excretion of the children in four 
primary schools of Bahir Dar Town.  

 

 

 

Table 5.  The frequency and percentage of urinary iodine excretion of children based on their 

type of school in Bahir Dar Town. 

 

       IODINE STATUS 

TYPE OF SCHOOL  

TOTAL GOVERNMENT PRIVATE 

Iodine deficient 
21 12 33 

63.6% 36.4% 100.0% 

Normal 
214 114 328 

65.2% 34.8% 100.0% 

Total 
235 126 361 

65.1% 34.9% 100.0% 

 

  

  Figure1:- Universal bottle                             Figure2:- Capped polyethylene test tubes 

 

IODINE STATUS 

NAME OF SCHOOL  

TOTAL ESHET DONA SERTSE ABUNU 

Iodine deficient 
8 14 7 4 33 

24.2% 42.4% 21.2% 12.1% 100.0% 

Normal 
78 156 58 36 328 

23.8% 47.6% 17.7% 11.0% 100.0% 

Total 
86 170 65 40 361 

23.8% 47.1% 18.0% 11.1% 100.0% 
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8.1 List of equipment’s used during the study 

 Universal bottle 

 Capped polyethylene test tubes 

 Test tubes racks  

 Ice pack 

 Ice box 

 Gloves 

 Paper tapes (for labeling) 

 Deep freezer 

 Volumetric flask 

 Heating block 

 Spectrophotometer 

 Face mask 

 Gaggle 

 Apron 

8.2 List of reagent’s used during the study 

 Ammonium per sulfate solution 

 Arsenious acid solution 

 Ceric ammonium sulfate solution 

 Iodine standard - Solution A 

 

8.3 Methods with ammonium per sulfate 

Small samples of urine (250 - 500 ml) are digested with ammonium per sulfate at 90 -110° C; 

arsenious acid and ceric ammonium sulfate are then added. The decrease in yellow color over a 

fixed time period is then measured by a spectrophotometer and plotted against a standard curve 

constructed with known amounts of iodine. This method requires a heating block and a 

spectrophotometer, which are both inexpensive instruments. About 100 -150 unknown samples 

can be run in a day by one experienced technician. 
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PRINCIPLE: 

Most methods depend on iodide's role as a catalyst in the reduction of ceric ammonium sulfate 

(yellow color) to the cerous form (colorless) in the presence of arsenious acid (the Sandell - 

Kolthoff reaction). A digestion or other purification step using ammonium persulfate or chloric 

acid is necessary before carrying out this reaction, to rid the urine of interfering contaminants. 

REAGENTS: 

1. Ammonium persulfate solution - Dissolve 228.2g (NH4) 2 S2O8 in 1L H2O. Store in 

darkness, stable for 6 months. 

2. Arsenious acid solution - In a 1 L volumetric flask, place 5 g As2O3 and 25g NaCl, then add 

200 ml 5 N H2SO4 (prepared by slowly adding 140 ml concentrated H2SO4 to H2O to make 

100 ml). Add water to about 500 mL, heat gently with stirring to dissolve, and then cool to room 

temperature. Dilute with H2O to 1L Store in darkness, stable for 6 months.  

3. Ceric ammonium sulfate solution - Dissolve 24 g ceric ammonium sulfate in 1 L 3.5 N H2SO4 

( prepare by slowly adding 97 ml concentrated H2SO4 to H2O to make 1000 ml). Make up at 

least 24 hours before use, and store in darkness stable for 6 months. 

4. Iodine standard - Solution A: Dissolve 0.168 g KIO3 in H2O and make to 1000 ml in a 

volumetric flask. This solution is equivalent to 100µg/mL. Store in refrigerator, stable for 6 

months. Solution B: Dilute 0.5 mL to 100mL with H2O in a volumetric flask. This solution is 

equivalent to 0.5 µg/mL. Store in refrigerator, stable for 1 month. 

Procedure: 

1. Allow urine specimens and standard solution B to come to room temperature 

2. Mix urine specimens to suspend sediments, and pipette 250µL into 13 X 100 mm test tube. 

3. Prepare standards by pipetting 0,10,20,40,60,100µL of standard solution B in duplicate into 12 

test tubes containing 250, 240,230,210, 190 and 150 µL. of H2O respectively, to give a volume 

of 250 µL in each tube. This gives the standard curve with the following iodine concentrations - 

0,20,40,80,120 and 200µg/L in case of photometric method. 
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5. Add 1.0 ml of ammonium persulfate solution to each tube, mix gently by agitating tube rack. 

6. Heat all tubes for 1 hour at 91 - 95 °C in a dry bath incubator. 

7. Cool tubes to room temperature 

8. Add 3.5 ml arsenious acid solution to each tube, mix by vortex and stand for about 15 minutes. 

9. Add 400µL cetric ammonium sulfate solution to each tube at 30 second time intervals, mixing 

each with vortex after addition 

10. Exactly thirty minutes after addition of cetric ammonium sulfate to the first tube, read its 

absorbance at 420 nm, and read successive tubes at 30 second time intervals 

N.B: In fieldwork compare the colour of urine with the colour of the standard and report as the 

concentration of standard, which gives the same colour. 

The methods described above are recommended because they offer a number of advantages, 

especially for laboratories in developing countries where resource limitations often exist. 

Advantages include: 

 Safe digestion process (ammonium persulfate is the digestion medium) 

 Simple manual method 

 Avoids expensive or sophisticated instrumentation 

 Reagents can be made in the laboratory, so the method is not reliant on diagnostic 

suppliers 

 Good performance characteristics 

 Cost effective and sustainable 

SORCE; Iodine Deficiency Disorders. For the Ethiopian Health Center Team, Anwar Yibrie 

(MD, MSc, MPH), Sisay Yifru (MD+), Desalegn Tigabu (MD), Yifokir Tefera (BSc), Takele 

Tekelu (BSc), Taddis Birhane (BSc) University of Gondar In collaboration with the Ethiopia 

Public Health Training Initiative, The Carter Center, the Ethiopia Ministry of Health, and the 

Ethiopia Ministry of Education 2007. 
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