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odine deficiency (ID) is the leading 
cause of preventable mental retardation 
worldwide.  The most effective method 
of eliminating ID disorders (IDD) is 
promoting the widespread consumption 

of adequately iodized salt. To measure the im-
pact of legislation banning the import and sale 
of noniodized salt, the Republic of Georgia gov-
ernment and UNICEF conducted a national sur-
vey of IDD prevalence in November 2005. Mate-
rials and Methods: A cross-sectional cluster sur-
vey of 970 school-aged children measured: 1) 
urinary iodine excretion (UIE), 2) prevalence of 
goiter by palpation, and 3) the iodine content of 
household salt. Results: The median UIE was 
320.7 μg/L, and only 40 (4.4%) of 900 urinary 
samples were below 100 μg/L.  Palpation of 4420 
children revealed a total goiter rate of 32.4% 
(95% confidence interval [CI]=27.2-37.5). Of 957 
salt samples analyzed with rapid salt testing 
kits, 867 (90.6%, 95% CI=86.9-94.3%) were ade-
quately iodized (≥15 ppm), and only 39 (4.1%) 
had no iodine.  Iodization of salt was validated 
in 136 random samples using iodometric titra-
tion; 94.1% (95% CI=89.1-97.2%) were adequately 
iodized. Conclusions: Due in part to effective 
legislation and implementation, Georgia now 
meets the primary World Health Organization 
criteria for IDD elimination (i.e., >90% of house-
holds using adequately iodized salt and <50% of 
population with UIE <100 μg/L). Findings of po-
tential excessive iodine intake should be further 

examined. To maintain elimination of IDD, it is 
important to continue to enforce legislation and 
sustain Georgia’s salt iodization program. 
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Introduction 

Iodine deficiency (ID) is a major public 
health problem worldwide. The consequences 
of ID, collectively referred to as ID disorders 
(IDD), include mental retardation, goiter, 
stillbirths and miscarriage, and impaired 
growth.1 ID is the number one cause of 
preventable brain damage in childhood, and 
its devastating toll on intellectual capacity 
and work performance is the primary 
motivator behind efforts to eliminate IDD.2-3  
Promoting the consumption of adequately 
iodized salt through universal salt iodization 
is the most effective method for eliminating 
IDD.4-5  

The Republic of Georgia, a country of 4 
million inhabitants, is situated on the south 
Caucasus and borders Russia, Azerbaijan, 
Armenia, and Turkey.  Because of low iodine 
concentrations in the water and soil, IDD are 
endemic in Georgia.6 Since 1996, the govern-
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ment of Georgia and international partners, 
such as the United Nations International 
Children’s Emergency Fund (UNICEF), have 
made efforts to implement universal salt 
iodization; these measures have included 
issuing a presidential decree in 1996 requiring 
the iodization of salt, establishing the National 
IDD Council, formulating a tax exemption 
policy in 1997 for the import of iodized salt, 
and developing national standards for iodized 
salt in 1998.7 In spite of these and other 
measures, IDD remained a public health pro-
blem.  In 1996, 64% of school children were 
found to be affected by IDD, with a pre-
valence of goiter in mountainous regions of 
54% to 78%.6 A 1998 national survey showed 
that 80% of urinary iodine excretion (UIE) 
values were low (<100 μg/L) and that the 
prevalence of goiter by ultrasound was 36%.8  
Household consumption of adequately 
iodized salt (≥15 parts per million [ppm]) 
improved, however, from 8% in the 1999 
Multiple Indicator Cluster Survey (MICS) to 
67% in 2003.9  

In February 2005, the government of 
Georgia enacted a law entitled “Prevention of 
Iodine and other Microelement and Vitamin 
Deficiencies,” which banned the import and 
sale of noniodized salt.  Currently all iodized 
salt in Georgia for both human and animal 
consumption is imported, and regulations 
mandate iodization at 40±15 ppm, in line 
with the World Health Organization (WHO) 
criteria of 20-40 ppm.10 The aim of the 
present study was to measure the impact of 
the February 2005 salt iodization legislation 
on the prevalence of IDD and iodine 
concentrations of household salt.  Information 
from the survey was also used to determine 
whether Georgia meets criteria for sustainable 
elimination of IDD recommended by the 
International Coordination Council for Control 
of Iodine Deficiency Disorders (ICCIDD), 
UNICEF, and WHO.4  These criteria require 
that >90% of households use adequately 
iodized salt (≥15ppm), <50% of the surveyed 
population has UIE concentrations below 100 

μg/L, and attainment of several programmatic 
indicators. 

 
Materials and Methods 

Study subjects and sampling: This 
cross-sectional school-based cluster survey of 
children aged 6-12 years measured 1) UIE, 2) 
the presence of goiter by palpation, and 3) 
the iodine content of household salt.  The 
survey was designed in accordance with the 
methodology proposed by WHO, UNICEF, 
and the ICCIDD.4   

Thirty secondary schools were selected 
with probability proportionate to size using 
national figures for school enrollment of 
schoolchildren in grades 1 to 7. In the second 
stage of sampling, 30 schoolchildren in 
grades 1-7 were randomly selected from each 
selected school for assessment of UIE and 

household salt. A total of 979 schoolchildren 
were selected (10% oversampling for potential 
nonresponse); 9 were excluded for not being 
in the intended age group (6-12 years).   

For assessment of goiter, 200 school-
children were randomly selected from each 
of the 30 schools. For schools with total 
enrollment below 200, all schoolchildren 
were assessed (the size of clusters varied 
from 20 to 200).  A support letter from the 
research team was sent to the family of each 
selected child with a short description of the 
project and a request to assist the research 
team for successful implementation of the 
survey.  Written consent was obtained from 
the parents or guardian. 

 
Laboratory and clinical assessment: 

During the school visits, the research team 
collected urine samples from pupils in sterile 
disposable cups.  The urine was transferred 
into sealed 10-mL tubes and transported to 
the Central Laboratory of the National Centre 
for Nutrition in Tbilisi for storage at 4ºC.  
Iodine content was measured in the first 30 
urine samples collected in each cluster (total 
of 900 samples) by serial dilutions at Centre 
Hospitalier Universitaire Saint-Pierre in 
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Brussels, Belgium.  This laboratory is part of 
the International Resource Laboratories for 
Iodine (IRLI) Network.  

For assessment of the iodization of 
household salt, 10-mL plastic tubes with 
screw tops were provided to the children who 
had been selected, who were asked to bring a 
sample of salt from their homes to school the 
following day.  The children’s parents were 
asked to complete a short questionnaire that 
requested them to note the manufacturer and 
expiration date of the household salt.  The 
iodine content of household salt was 
measured in the schools by the field team 
using commercial rapid testing kits (MBI 
Kits International, India) in accordance with 
written instructions supplied with the kits.11  
The field team first used rapid testing kits for 
potassium iodate (KIO3) on each sample of 
salt.  The estimated degree of iodization was 
assigned to one of three levels:   

Adequately iodized (≥15 ppm): salt turned 
dark blue during the test. 

Slightly iodized (<15 ppm): salt turned 
light blue during the test. 

No iodine present (0 ppm): salt did not 
change colour. 

All samples found to be negative (0 ppm) 
with the KIO3 kits were rechecked.  If the 
salt sample still did not change color, the 
potassium iodide (KI) testing kit was used.  
Evaluation of iodization with KI discrimin-
ated only between ≥15 ppm (turned dark 
blue) and 0-15 ppm (did not turn dark blue). 

To test for validity, approximately 20% of 
samples (5 samples per cluster) were randomly 
selected for testing with the WYD Iodine 
Checker (National Salt Research Center, 
Tianjin, China) in Tiblisi and testing for 
iodometric titration by the Institute of 
Endocriology and Metabolism, Academy of 
Medical Sciences of Ukraine. Due to labor-
atory limitations, only specimens positive for 
KIO3 with the rapid testing kit were subjec-

ted to further testing. Although iodometric 
titration is the reference standard for testing 
iodine in salt, it requires skilled laboratory 
personnel and is time-consuming.10

 The WYD 
Iodine Checker, which uses a single wave-
length spectrophoto-mometer to measure the 
absorption of the iodine-starch blue com-
pound, has been shown to be highly precise, 

accurate, and sensitive when compared to the 
titration method.12 To compare the accuracy 
of the different testing methods, the 
sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value 
(NPV) of the rapid testing kit were calculated 
using the WYD Checker and titration as gold 
standards.  Because only KIO3 samples were 
tested with the WYD Checker and titration, 
the performance of the rapid testing kits can 
be assessed only for potassium iodate.  

The size of the thyroid gland was assessed 
by trained endocrinologists by visual inspec-
tion and palpation. Goiter was graded accor-
ding to international classification.4 

 
Statistical analysis: Statistical analyses 

were carried out using Epi Info (version 

3.3.2;[CDC, Atlanta, GA,USA), taking into 

account the cluster sampling. Sample weights 
were applied to account for unequal prob-
abilities of selection due to variation in 
cluster size.  Logistic regression was used for 
multivariate analyses, and chi-square tests 
were used to test for differences in proportions. 
Effect size was expressed as an odds ratio 
(OR) and 95% confidence interval (CI).  
Statistical significance was set at P<0.05. 

 
Results 

Of the 957 children who were ultimately 
included in the analysis (13 without a salt 
sample were dropped), 50.1% were male and 
the median age was 9 years.   
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A histogram of the UIE of the 900 urine 
samples collected is shown in Fig. 1.  Only 
4.4% had a UIE value below 100 μg/L, the 
WHO threshold for population-based ID.4 
The median UIE was 320.7 μg/L, and 19.3% 
had a UIE between 100-199 μg/L. Data on 
the presence of goiter (based on palpating the 
thyroid) among 4420 children are presented 
in Table 1.  Using a logistic regression model, 

both female sex and age were associated with 
higher prevalence of goiter (odds ratio [OR] of 
0.46, 95% confidence interval [CI]=0.21-
0.98 and OR of 1.3, 95% CI=1.1-1.6, 
respectively). In contrast, there was no 
association between increasing concentrations 
of iodine in household salt or the urinary 

iodine concentration and prevalence of goiter 
(Table 1). 
 

 
Figure 1. Distribution of urinary iodine excre-
tion (UIE) in Georgia, 2005 (n=900). 

 

Table 1. The prevalence of goiter in school-aged children in Georgia, 2005 (n=4420). 
 

Grade of Goiter  Number  Percent (95% CI) Median UIE (μg/L) 

0 3092  67.6 (62.5-72.8)  316 

1 1284  31.0 (26.3-35.6) 330 

2 44  1.4 (0.5-2.3) 314 

Total prevalence of goiter * 1328  32.4 (27.2-37.5) 321 

Abbreviation: CI, confidence interval; UIE, urinary iodine excretion. *Total prevalence = prevalence of 
grades 1 and 2.    

 
Field testing of 957 salt samples with 

rapid kits found that 867 (90.6%, 95% 
CI=86.9–94.3%) were adequately iodized 
(≥15 ppm), and 4.1% (95% CI=1.8–6.3%) 
had no iodine.  Most salt was imported from 
Ukraine and Greece; small amounts of salt 
also came from neighboring countries, 
including Turkey, Armenia, and Russia.  Salt 
from Ukraine or Greece was 6.0 times more 
likely to be adequately iodized than salt from 
other countries with known origin (P by chi-
square <0.001).  Furthermore, children from 
households consuming salt from Ukraine or 
Greece had significantly better iodine 
nutrition status than children consuming 

Turkish salt (median UIE by country of 
manufacture: 409 μg/L, Ukraine; 427 μg/L, 
Greece; and 119 μg/L, Turkey; P by Kruskal-
Wallis test <0.01). 

In the validation of salt testing with the 
rapid kits, a total of 122 samples were tested 
with the WYD Checker and 136 by titration.  
A total of 14 samples had insufficient quantity 
for analysis by both the WYD Checker and 
titration, and thus only titration was performed 
in these samples.  Using the WYD Checker, 

the median iodine concentration was 29.2 ppm 
(range 2.2–51.9), and 82.0% of samples were 
adequately iodized (≥15 ppm). Using iodomet-
ric titration, the median iodine concentration 
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was 40.2 ppm (range 9.5–74.1), and 94.1% of 
samples were adequately iodized (≥15 ppm).  
The rapid testing kit performed well in 
identifying adequately iodized salt as seen by 
its high sensitivity when either the WYD 
Checker or titration was used as the gold 
standard (Table 2). The proportion of positive 
rapid salt tests that truly were adequately 
iodized (as measured by the WYD checker or 

titration) was high (as seen by the high PPVs). 
On the other hand, the specificity, or percen-
tage of samples that were not adequately 
iodized that the rapid kit correctly identified 
as such, was low.  In 120 samples tested by 

both the WYD Checker and titration, the WYD 

Checker had high sensitivity, specificity, and 
PPV when titration was used as the standard 
(Table 2).  

 
Table 2. Performance of the rapid test and WYD checker for detecting adequately iodized salt, Geor-
gia, 2005 

Abbreviations: CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.  
Note: CI calculated using mid-p exact. 

 
Discussion 

In this national cross-sectional survey, we 
found that Georgia meets the primary criteria 
for sustainable elimination of IDD (i.e., more 
than 90% of households using adequately 
iodized salt and <50% of population with 
UIE<100 μg/L).4 In less than 10 years, house-

hold consumption of adequately iodized salt 
has increased 10-fold, and the population 
with adequate iodine nutrition has increased 
18-fold (Figure 2).  Rates of goiter have also 
trended downward, as prevalence was 39% in 
2003 and 32% in 2005 (based on palpation in 
the present survey). 

Figure 2. Results of efforts to eliminate iodine deficiency disorders in Georgia, 1998-2005. 
 

Assessment of 
Iodine Content 

Reference 
Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

PPV 
(95% CI) 

NPV  
(95% CI) 

Rapid Testing Kit WYD 
Checker 

96.0 (90.6-98.7) 18.2 (6.1-38.2) 84.2 (76.6-90.1) 50.0 (18.4-81.6) 

Rapid Testing Kit Titration 93.8 (88.5-97.1) 0.0 (0.0-31.2) 93.8 (88.5-97.1) 0.0 (0.0-31.2) 

WYD Checker Titration 86.7 (79.5-92.1) 85.7 (47.0-99.3) 99.0 (95.1-99.9) 71.4 (49.8-87.5) 



  Iodine deficiency in the republic of Georgia 205 

 

International Journal of Endocrinology and Metabolism  
 

 
Before the 2005 legislation on the 

iodization of salt, WHO targets were not 
reached in Georgia even with a strong IDD 
program and national standards for salt 
iodization. The remarkable and rapid achie-
vement of eliminating ID in this country is 
likely due to legislation mandating the iodiz-
ation of salt and effective implementation of 
such iodization.  Fortification laws give the 

government authority to mandate com-
pliance with food standards and become 
advocacy tools that demonstrate the govern-
ment’s commitment to combating micro-
nutrient malnutrition.13   

Important policy decisions were made in 
Georgia before the 2005 introduction of the 
law on iodizing salt that may help explain its 
rapid success in eliminating IDD. For 
instance, a strong regulatory structure was in 
place, and the government has been willing 
and able to enforce legislation on the 
iodization of salt.  The chair of the Georgian 
National Fortification Alliance is also an 
influential member of parliament who regu-
lates enforcement mechanisms. At the import 
level, all salt must pass through one of three 
major ports where the Customs Department 
provides a certificate of authenticity that the 
salt is iodized.7  Legislation is also enforced 
at the wholesale and retail level by the 
Ministry of Agriculture, which monitors the 
distribution, storage, and labeling of salt for 
household consumption. The strong partner-
ship between the government of Georgia, the 
salt industry, and UNICEF also makes acc-
ountability and enforcement of food forti-
fication multisectoral. 

Although legislation mandating the iodi-
zation of salt is an important early step, 
additional programmatic factors are important 
to sustain the elimination of IDD.4  Some of 
these factors that are important for Georgia to 
endorse include ongoing political commit-
ment to the elimination of IDD, having 
access to laboratories that provide accurate 
results on the concentration of iodine in salt 
and urine, a public education program, 

cooperation from the salt industry in 
maintaining quality control, and an ongoing 
monitoring and evaluation system. 

The median UIE of greater than 300 ug/L 
that we found in school-aged children is 
likely explained by the fact that in Georgia 
the iodization of salt is truly universal. All 
salt, including salt for animal consumption, 
household salt, and salt used in the food 
industry, is iodized. Another factor to consider 
is that the patterns of food consumption 
among children (e.g., intake of bread) may 
differ from those of adults (children probably 
eat more bread), which may partly explain 
the more than adequate iodine nutrition status 
in our study group. Correspondingly, school-
aged children may not be the best target 
group to assess the impact of continued 
efforts to ensure adequate iodine nutrition in 
Georgia, and other vulnerable groups, such as 
women of childbearing age, should be 
included in future surveys.  Furthermore, a 
nationally representative cluster sample may 
not rule out pockets of iodine deficiency in 
certain regions of the country where 
consumption of iodized salt remains low. A 
valid assessment of iodine nutrition is 
important because excessive iodine intake 
(defined by WHO/UNICEF/ICCIDD as a 
median UIE > 300 ug/L) may lead to adverse 
effects, including subclinical hypothyroidism 
and autoimmune thyroiditis.14 To prevent 
excess intake, the iodine content of salt can 
be adjusted, and the iodine levels in foods, 
such as dairy products and bread, may need 
to be regulated. 

Because programs for iodizing salt do not 
always have an immediate impact on the 
prevalence of goiter, we were not surprised to 
find a goiter prevalence of 32% in the studied 
population in the presence of adequate iodine 
nutritional status. For example, in South 
Africa the prevalence of goiter in children 
did not decline after 12 months of mandatory 
salt iodization, even though their urinary 
iodine concentration improved.15 The persis-
tence of goiter in school-aged children in 
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Georgia likely reflects longstanding iodine 
deficiency, and it is known that enlarged 
thyroids in children who are iodine deficient 
at a young age may not regress completely 
after introduction of iodized salt.16  During 
the early phase of a salt iodization program, 
goiter prevalence is a poor indicator because 
it reflects a population’s history of iodine 
nutrition but not its present iodine status.17  A 
limitation of the present study was that the 
prevalence of goiter was estimated by thyroid 
palpation.  In areas with mild-to-moderate 
IDD, both the sensitivity and specificity of 
palpation are poor, and measurement of 
thyroid volume by ultrasound is preferable.18  
It is important to note that measurement of 
goiter may not be appropriate in short-term 
evaluations of the effectiveness of salt 
iodization programs. 

In conclusion, our findings highlight that 
legislation mandating the iodization of salt 
and effective implementation can lead to 
increased consumption of iodized salt and 
elimination of IDD. Targeted evaluations of 

iodine status of high-risk groups, including 
women of childbearing age, pregnant and 
lactating women, and infants, need to be 
performed.  In addition, potential excessive 
iodine intake in certain populations warrants 
further investigation and correction.  Despite 
the apparent success of Georgia’s salt 
iodization program, legislation needs to be 
enforced, and an effective monitoring and 
evaluation system needs to be introduced at 
all levels of the iodized salt supply to sustain 
the elimination of IDD.  
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