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Executive Summary   

Survey Objective and Sample
The 2008 and 2011 Cambodia Surveys on Iodine Nutrition (CSIN) were carried out to monitor the coverage and quality of iodized salt and the level of urinary iodine excretion. The surveys utilized probability samples selected with the purpose of giving country-level estimates of salt iodization in the homes of Cambodian schoolchildren and urinary iodine levels of Cambodian schoolchildren.   The total sample size was 2,329 in 2008 and 2,310 in 2011.  

Coverage and Quality of Iodized Salt

The type of salt in the households of Cambodian schoolchildren changed from majority coarse to majority fine between 2008 and 2011; the proportion of fine salt increased from 41 percent to 53 percent.  The presence of iodine in salt decreased from 78 percent in 2008 to 70 percent in 2011, and the change was most significant in fine salt, in which the presence of iodine decreased from 93 percent in 2008 to 75 percent in 2011.  

Urinary Iodine Excretion

The proportion of children with urinary iodine levels less than 50 µg/L met programmatic objectives and was constant across survey years (8.4 percent in 2008 versus 7.9 percent in 2011).  In addition, the proportion of children with urinary iodine levels less than 100 µg/L met programmatic objectives and was constant across survey years (17.2 percent in 2008 versus 17.0 percent in 2011).  The proportion of children with iodine levels between 100 and 199.9 µg/L and 200 and 299.9 µg/L was relatively constant and not statistically significant between survey years.  However, the proportion of children with iodine levels between 300 and 499.9 µg/L decreased from 32 percent in 2008 to 21.9 percent in 2011.  This decrease in the proportion of children with this extreme level of urinary iodine was offset by an increase in the proportion of children with urinary iodine in excess of 500 µg/L, from 5.5 percent in 2008 to 16 percent in 2011.  
Provincial Snapshot:  Svay Rieng

Use of iodized salt was only 38.8 percent in Svay Rieng, roughly 30 percent below the national average.  The mean iodine level in salt was only 12.2 ppm, approximately half the national average.  Almost 50 percent of all salt had no iodine content, almost 17 percent was inadequately iodized, only 16 percent was adequately iodized, and only 17 percent met government standards.  These are all well worse than national averages.  However, despite a low presence of iodized salt and UI levels below national averages, schoolchildren in Svay Rieng met both UI objectives of the USI program – (1) the median UI level was 175.1 µg/L, (2) the proportion of children with UI levels less than 50 µg/L was only 5.9 percent, and (3) the proportion of children with UI levels less than 100 µg/L was only 20.7 percent.  

Conclusions
The results of the 2008 and 2011 CSIN point to three general conclusions.  First, the prevalence of iodine in fine salt (both through RTK and WYD testing) decreased between 2008 and 2011.  This corresponds to the removal of a subsidy on potassium iodate from UNICEF in 2010 and SPCKK passing the price of potassium iodate onto the salt boilers.  In addition, the Japanese earthquake of 2011 increased the global price of potassium iodate.  Thus, because of the increased price of potassium iodate, some salt boilers failed to adequately iodize their salt, leading to a decrease in the prevalence of iodized fine salt.  Second, despite a decrease in salt iodization between 2008 and 2011, median urinary iodine levels of Cambodian schoolchildren did not change.  In fact, those children with iodine levels higher than 500 μg/L increased.  Thus, Cambodian schoolchildren are either (1) consuming excessive amounts of salt or (2) receiving iodine from sources in addition to salt.  This points to the need to get a reliable estimate of iodine consumption from all sources and to potentially lower production requirements for iodine in salt to avoid excessive intake.  Finally, despite a low prevalence of iodized salt in Svay Rieng, urinary iodine levels were in a healthy range.  As was the trend country wide, schoolchildren were receiving proper amounts of iodine, and iodine supplementation is not necessary in this province. 
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1. Introduction and Background
Iodine is an essential micronutrient. The daily required intake varies from 90 µg/day for children under 5 years to 250 µg/day for pregnant and breastfeeding women. The adequate intake for school children and adults is 150 µg/day.

Though the consequences of nutritional iodine deficiency have been known for a long time, its elimination has only become a global priority in the last two decades. Iodine deficiency is the most frequent cause of preventable brain damage in children and can be overcome by a sufficient daily intake of iodine.  
	Table 3. Indicators of Elimination of Iodine Deficiency Disorder (IDD) 

as a Significant Public Health Problem in a Population (1)

	Indicator

	Objective

	Urinary iodine level:

 Median (µg/L)

 Proportion of samples with UI levels below 100 µg/L
 Proportion of samples with UI levels below 50 µg/L


	 100-300

 < 50%

 < 20%

	Salt iodization:
 Proportion of households consuming adequately iodized salt

	 > 90%


Universal Salt Iodization (USI) is the most reliable, cheap and safe method for the prevention and elimination of Iodine Deficiency Disorder (IDD). Table 1 presents objectives of USI programs.  To eliminate IDD as a significant public health problem in a population, more than 90% of the households in a population must consume quality iodized salt. The objective of the USI program for elimination of IDD is the normalization of iodine consumption for the entire population. This objective is achieved once it can be shown that the urinary iodine (UI) of the population stabilizes in a range from 100 to 300 µg/l. 
Table 2 presents epidemiological criteria established by the World Health Organization (WHO), the United Nations Children’s Fund (UNICEF) and the International Council for the Control of Iodine Deficiency Disorders (ICCIDD) for assessing the severity of iodine deficiency based on median urinary iodine (UI) levels. 
IDD has long been recognized as a significant public health problem in Cambodia. In 1997, results of a national survey showed a total goiter rate (TGR) of 12 % among 8 to 12 year-old school children (3). In 9 of 20 provinces surveyed, TGR was above 20%, while 4 provinces had a TGR close to 40%, some eight times higher than the cutoff rate of 5% used by WHO to indicate whether IDD is a public health problem. 
The Royal Government of Cambodia initiated a National Sub-Committee for the Control of Iodine Deficiency Disorders (NSCCIDD) in 1996 to fight this problem, focusing on USI as the primary intervention strategy to improve the iodine status of the population.
	Table 4. Epidemiological Criteria for Assessing Iodine Nutrition Based on Median Urinary Iodine Concentrations of School-aged Children (≥6 years)* (1)

	Median urinary iodine (µg/L)
	Iodine intake
	Iodine status

	< 20
	Insufficient
	Severe iodine deficiency

	20-49
	Insufficient
	Moderate iodine deficiency

	50-99
	Insufficient
	Mild iodine deficiency

	100-199
	Adequate
	Adequate iodine nutrition

	200-299
	Above requirements
	Likely to provide adequate intake for pregnant/lactating women, but may pose a slight risk of more than adequate intake in the population 

	≥300
	Excessive
	Risk of adverse health consequences (iodine-induced hyperthyroidism, autoimmune thyroid diseases)


* - Also applies to adults, but not to pregnant and lactating women 

The production of iodized salt started in 1999, though with limited success to produce sufficiently large quantities. In 2000, only 14% of households were found to use iodized salt. Due to lack of sufficient legislation and enforcement of the legislation existing, many small to medium salt producers in the coastal provinces of Kampot and Kep continued to produce non-iodized salt. The situation changed dramatically when the Sub-Decree No.69 on “The Management of Iodized Salt Exploitation” was signed by the Prime Minister on October 20, 2003, and put into effect in October 2004. 
The Salt Producers Community of Kampot and Kep (SPCKK) was formed, with the participation of 167 salt producers.  SPCKK is responsible for the coordination and managing of the iodization of salt, as well as for marketing and sales of all salt. The salt producers are shareholders of the SPCKK, with size of share proportional to the size of their operations. 

Salt Production in Cambodia
Cambodia requires roughly 80,000 MT of iodized salt for human and animal consumption, and another 20,000 MT for industrial purposes.  Roughly 85 percent of the salt used in the country is produced in Cambodia, mostly by solar plants in Kep and Kampot. The remaining 15% of required salt is imported from Vietnam, Thailand and Lao People’s Democratic Republic.  (Figure 1)   The annual production of salt ranges between 85,000 to 160,000 MT depending on weather conditions during the production season (4).  
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The produced salt is either coarse or refined, with the two forms being different in the quality of their iodization. Coarse salt is produced through solar evaporation, a process highly dependent on good weather conditions. It is either sold directly or goes through refineries where it is boiled to a finer grain. The iodization quality of refined salt is higher but refined salt only makes up 20% of the domestically produced salt.
Based on iodized salt production data, the average consumption of salt per capita in Cambodia amounts to at least 15 g/day, including use of iodized salt supplied to the processed food industry and used in fish sauce, pickles, and other processed foods. The latter data is supported by the findings of the Cambodia Socio-Economic Survey 2004, which estimates the per capita consumption of iodized salt at 17-27g/day(5). Based on an average of 22g/day, the annual consumption of iodized salt would be in the order of 107,000 t. This figure is quite in line with the amount of salt iodized by SPCKK. Taking into account the use of salt by non-food segments of the industry (textile dying, water treatment, swimming pools, etc.), it might be concluded that average human per-capita consumption amounts to only about 17g/day (4). 
Iodized Salt Coverage in Cambodia
Use of iodized salt in households increased drastically from 14% of all households in 2000 to 73% in 2005 (Cambodia Demographic and Health Survey (CDHS), 2000 (6) and 2005 (7) ). The Cambodia Anthropometric Survey, conducted in 2008, focused on households with children less than 5 years old and showed that 72% of these households used iodized salt (8). This number was confirmed by the results of the National Representative Survey of Iodine Nutrition and Implementation of Universal Salt Iodization Program in Cambodia (CSIN 2008) (9) done in the same year, which showed that 78% of all students had iodized salt in their homes. CDHS 2005 showed significant differences in iodized salt access in different provinces. The CSIN 2008 also correlated well with this, even if this study was not designed to be representative at provincial levels. Kampot and Kep, the two salt producing regions, and Svay Rieng, which borders Vietnam, were shown to have the lowest percentage of iodized salt used in households.

It is not surprising that while the percentage of households using salt with any iodine has climbed over 70% in recent years the per cent of households using adequately iodized salt has also improved. Salt is considered to be adequately iodized if it contains more than 15 parts per million (ppm) of iodine. The exact quantity of iodine was not tested in the 2000 and 2005 CDHS surveys, but testing of iodine quantity in salt included in the school-based surveys of 2005 and 2008. From 2005 to 2008, the national use of adequately iodized salt increased from 51% (CSIN 2005) to 63% (CSIN 2008). 

Surveys of Urinary Iodine Excretion (UIE) in School Children 
The CSIN 2008 reached most targets that were set by the guide for program managers (1) . The median UIE was 236 µg/L.  (The accepted range of the median UI was set for 100 - 300 µg/L.)  The proportion of samples with a UI level less than 100 µg/L was 17.2 percent.  (The objective was 50 percent.)  The proportion of samples with a UL level less than 50 µg/L was 8.8 percent.  (The objective was 20 percent.)  

However, 37.5 percent of all samples displayed excessive iodine intake of greater than 300 µg/L.  This was higher than expected. Though an excessive intake of iodine could potentially lead to adverse health consequences like iodine-induced hyperthyroidism or autoimmune thyroid disease, the positive effects on the entire population associated with adequate iodine intake far outweigh the slight risks associated with excessive iodine intake. 
Purpose of this Report

The purpose of this report is to conduct a trend analysis using data from the 2008 CSIN and a recently completed 2011 CSIN (described in detail below).  A trend analysis is useful in determining how programmatic objectives have performed over time.  While previous reports have provided snapshots of the USI program and iodine nutrition in a static time frame, this report is unique in that changes are mapped over time using two nationally representative surveys.

2. Methodology

The 2008 Cambodian Survey on Iodine Nutrition (9)

Schoolchildren were the prime target of the survey. In Cambodia salt iodization has been the only intervention directed towards eliminating IDD in the 12 months prior to the survey and the foods consumed by school-aged children are primarily from their homes. In this situation, the IDD status of school-aged children should be representative of the IDD status of the entire population.
A 72-cluster school-based survey at the national level was performed. At the first stage an urban district in each of 23 provinces was selected to stratify the sample. One cluster in each urban strata and two clusters in each rural strata were selected.  Three clusters were randomly selected in Phnom Penh city. Within each cluster (school), one class was randomly selected and approximately 30 samples of salt from schoolchildren’s households were tested qualitatively for iodine with rapid test kits (RTK).  In addition, one third of samples were further tested in a laboratory in Phnom Penh using the WYD iodine checker to measure the exact quantity of iodine in the salt.
  For those samples tested with WYD, urine samples were taken from the students and urinary iodine (UI) determinations were performed in a laboratory of Mahidol University (Bangkok, Thailand), a member of the International Resource Laboratories for Iodine – (IRLI).
  In total, 2,329 school-children aged from 8 to 10 were assessed during the survey that should be considered as a representative group for entire population of the country. 
NSCIDD compiled 6 teams for conducting the survey; each team was responsible for 4 provinces and visited 12 clusters (schools). Each team had 3 members: one member was responsible for registration of kids and completion of survey forms; the second one was dealing with collection and testing of salt samples, and the third one was dealing with collection of urine samples. Each team had one individual designated as the “team leader.” The team leader’s role was to assure that clusters selected are actually surveyed and visually verify that all forms are fully completed and the collection of specimens and other information is performed correctly. One member of NSCIDD was assigned the overall responsibility of the survey (“survey manager”). His duty was to oversee all aspects of the survey design, equipment, materials, training, implementation, analysis, report writing, and use of the results to affect changes in program planning.  A detailed “Protocol of school-based survey of iodized salt use and status of iodine nutrition in Cambodia” [6] was prepared and served as a field manual for survey teams, team leaders and survey manager. 

In preparation for a school-based survey, the Ministry of Education, Youth and Sport provided NSCIDD with a listing of all schools in all provinces with the appropriately aged children for the survey. Because the age range for the survey is 8 to 10 years, primary schools were the main target of the assessment.   A survey team member visited each selected school before the survey and selected school children to be in the study. Parents of all children selected for a survey were requested to review and sign Informed Consent Statement and to provide a child with sample of salt for the survey. A Survey Form was completed for each cluster, collecting information on the participant’s name, age, sex, and the date of data collection. 
All team members were trained on special 2 days workshop to assure that they know exactly what they need to do to collect demographic information, salt and urine specimens and test salt specimens by RTK. Training workshops included field visits to schools with real collection of salt and urine samples, salt testing and samples handling and storage.  

Upon salt collection from schoolchildren, all salt samples were identified as “coarse” or “fine.”  A small amount of salt (half tea spoon) was taken from each bag and tested for iodine with RTK. Every third sample of salt (about 10 g each in zipped bag) was taken to laboratory in Phnom Penh and the quantity of iodine was determined by WYD tester. Results were expressed in mg of iodine per kg of salt.  UI determinations were performed by automated cerium-arsenide method in the laboratory of Mahindol University (Bangkok, Thailand). This laboratory is a member of International Network of Iodine Laboratories (IRLI) which is quality assured by CDC (Atlanta, USA). In addition, 29 urine samples were independently assayed for iodine by both Thai and CDC labs. 

Data entry and statistical analysis were performed by members of the Survey Team in Phnom Penh.  Complex statistical methods were utilized.  Data were weighed and methods used to control for clustering at the school level.
The 2011 Cambodian Survey on Iodine Nutrition (10)

The 2011 CSIN was similar to the 2008 CSIN in a number of ways but different in one important aspect.  Similarities include (1) the target population (school children aged 8 to 10), (2) survey administration (NSCIDD), (3) training of team members (2 day workshop), (4) salt testing (RTK and WYD), (5) laboratory UI analysis (Mahindol University), and (6) data analysis (UNICEF).  

The one difference was in sampling methodology.  While the 2008 CSIN had first stage stratification by province and urban/rural
 (resulting in 47 strata), the 2011 CSIN only separated out Svay Rieng and had two strata. For 2011,Two sampling frames were utilized and included a list of schools and enrollment figures from the 2009-10 school year.  The first sampling frame consisted of 6,408 elementary schools in all provinces but Svay Rieng.  The second sampling frame consisted of 257 elementary schools in Svay Rieng.  (The reason for this duality of sampling was to have a sample large enough in Svay Rieng to present point estimates specific to this consistently low performing province.)  The total sample size was determined based on detecting a 5 percentage point change in the proportion of the population with moderate to severe iodine deficiency and determined that 77 schools (with 30 samples per school) would be enough to elucidate such differences.  Svay Rieng was over-sampled (8 schools) to allow for provincial point estimates.  Thus, the total of 77 schools was collected with 8 in Svay Rieng and 69 in the rest of the country.  Thirty students were randomly selected from each school for a total sample of 2,310.  (This was different from 2008, when one class was randomly selected and all students in the class were sampled.)  

3. Results

Coverage of Iodized Salt

This section will present results on three facets of iodized salt consumption among Cambodian school children:  (1) type of salt, (2) iodine presence in each type of salt (RTK), and (3) quality of iodized salt (WYD).

Type of Salt

Figure 2 presents data on the type of salt used in the households of Cambodian school children.  Coarse salt was used in a majority of households in 2008, but fine salt was used by a majority of households in 2011.  The proportion of households using coarse salt decreased from 58.7 percent in 2008 to 47 percent in 2011, and the proportion of households using fine salt increased from 41.3 percent in 2008 to 53.1 percent in 2011.  The trend approaches statistical significance (p = 0.1192). 
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Iodine Presence 

Figure 3 shows the presence of iodine by RTK resting in (1) all salt, (2) coarse salt, and (3) fine salt over both survey years.  The presence of iodine in all salt decreased from 78.4 percent in 2008 to 70.4 percent in 2011, and this trend was moderately significant (p = 0.0727).  Iodine presence in coarse salt decreased from 69.3 percent in 2008 to 64.9 percent in 2011.  This trend, however, was not statistically significant (p = 0.4895).  Finally, the presence of iodine in fine salt decreased from 92.5 percent in 2008 to 75.3 percent in 2011, and this trend was highly significant (p < 0.000).


[image: image3]
         Salt Quality

Table 3 presents data on the quality of iodized salt between survey years.  First considering all salt, the mean iodine level increased from 25.6 parts per million (ppm) in 2008 to 26.0 ppm in 2011.  This trend was not statistically significant (p = 0.862).  However, the proportion of all salt without any iodine increased from 0.3 percent in 2008 to 17 percent in 2011 (p < 0.000) and the proportion of salt with inadequate iodine (between 0.1 and 14.9 ppm) decreased from 35.6 percent in 2008 to 16 percent in 2011 (p < 0.000).  However, the proportion of salt that was not adequately iodized (either no iodine or iodine less than 15 ppm) remained relatively equal between survey years (35.9 percent in 2008 vs. 33 percent in 2011, p = 0.4882).  The proportion of all salt adequately iodized (between 15 and 29.9 ppm), meeting the government requirement (between 30 and 59.9 ppm), and exceeding the government requirement (greater than 60 ppm) did not change significantly over time.  

Data on coarse salt mirrors these trends.  The mean iodine level of coarse salt decreased from 24.4 ppm in 2008 to 22.0 ppm in 2011, and this trend was not statistically significant (p = 0.494).  In addition, the proportion of coarse salt without iodine increased, the proportion of inadequately iodized coarse salt decreased, and the proportion of coarse salt with either no or inadequate iodine remained relatively equal (45.2 percent in 2008 vs. 39.1 percent in 2011, p = 0.3522).  The proportion of coarse salt adequately iodized (between 15 and 29.9 ppm), meeting the government requirement (between 30 and 59.9 ppm), and exceeding the government requirement (greater than 60 ppm) did not change significantly over time.  

Data on fine salt are a bit different.  The mean iodine level of fine salt increased from 27.8 ppm in 2008 to 29.8 ppm in 2011.  This trend was not statistically significant (p = 0.517).  In addition, the proportion of fine salt without iodine increased, the proportion of inadequately iodized fine salt remained the same, and the proportion of fine salt with either no or inadequate iodine remained relatively equal (22.4 percent in 2008 vs. 27.0 percent in 2011, p = 0.5013).  The proportion of fine salt adequately iodized (between 15 and 29.9 ppm), meeting the government requirement (between 30 and 59.9 ppm), and exceeding the government requirement (greater than 60 ppm) did not change significantly over time.  
	
	Table 3.  Iodine Content of Salt Based on Salt Testing with WYD


	
	Year
	Mean Iodine Level
	No Iodine

0.0 ppm
	Inadequate

0.1-14.9 ppm
	Adequate

15-39.9 ppm
	Meets Government Retail

Requirement

30-59.9 ppm
	More than Adequate
>40 ppm
	Excessive
>60 ppm

	ALL SALT
	2008
	25.6 ppm
	0.3%
	35.6%
	42.8%
	30.8%
	21.3%
	6.1%

	
	2011
	26.0 ppm
	17.0%*
	16.0%*
	45.8%
	31.8%
	21.2%
	6.9%

	
	
	
	
	
	
	
	
	

	COARSE SALT
	2008
	24.4 ppm
	0.5%
	44.7%
	34.9%
	23.9%
	19.9%
	7.7%

	
	2011
	22.0 ppm
	25.5%*
	13.6%*
	43.8%
	27.4%
	16.9%
	5.5%

	
	
	
	
	
	
	
	
	

	FINE SALT
	2008
	27.8 ppm
	0.2%
	22.2%
	53.9%
	40.9%
	23.8%
	3.5%

	
	2011
	29.8 ppm
	9.1%*
	17.9%
	47.7%
	35.9%
	25.2%
	8.1%


*:  Significant difference between 2008 and 2011 (p <0.05)

         Note on RTK Testing Versus WYD Testing
Table 4 presents data comparing RTK testing and WYD testing.  RTK tests for the presence or absence of iodine in salt, and WYD tests for the iodine content.  Ideally, these two measures would be in complete agreement.  In reality, however, the lack of precision in RTK testing often leads to inconsistencies.  Table 4 outlines the degree to which inconsistencies are a concern.  False positives – when RTK testing detects iodine but WYD does not – are not a concern, as these inconsistencies account for less than 0.1 percent of all samples.  However, false negatives – when RTK testing fails to detect a presence of iodine but WYD does – are more of a concern.  However, the proportion of all false negatives – given in column 4 of Table 4 – decreased between 2008 and 2011 for all salt (23.5 percent in 2008 versus 13.3 percent in 2011, p = 0.0039) and for coarse salt (31.4 percent in 2008 versus 10.6 percent in 2011, p < 0.000).  All false negatives remained the same for fine salt (12.4 percent in 2008 versus 15.3 percent in 2011, p = 0.4125).  However, extreme false negatives – when RTK testing fails to detect a presence of iodine but WYD readings are greater than 14.9 ppm – were relatively low and constant across all types of salt and survey year.  In fact, many of the false negatives in column 4 were when RTK failed to detect iodine and WYD readings were less than 2.0 ppm.

	Table 4.  Iodine Content False Positives and False Negatives

Based on Salt Testing with RTK and WYD



	
	Year
	False positives

RTK = 1

WYD = 0


	All False Negatives

RTK = 0

WTD > 0
	Extreme False Negatives

RTK = 0

WYD > 15

	ALL SALT
	2008
	0.0%
	23.5%
	2.3%

	
	2011
	0.0%
	13.3%*
	1.4%

	
	
	
	
	

	COARSE SALT
	2008
	0.0%
	31.4%
	2.0%

	
	2011
	0.1%
	10.6%*
	1.5%

	
	
	
	
	

	REFINED SALT
	2008
	0.2%
	12.4%
	2.8%

	
	2011
	0.0%
	15.3%
	1.4%


*:  Significant difference between 2008 and 2011 (p < 0.05)

Urinary Iodine Levels

Table 5 outlines results of urinary iodine testing.  In both survey years, mean and median urinary iodine levels were above iodine requirements and met programmatic objectives.  (The median is the correct statistic to use when analyzing nationwide data.  Means, minimums, and maximums are presented but should be interpreted with caution.)  In fact, median levels (236.0 µg/L in 2008 and 259.9 µg/L in 2011) were near identical, and, thus, the difference was not statistically significant.

	Table 5.  Urinary Iodine Levels I



	Year
	Mean


	Median
	Minimum
	Maximum

	2008


	257.6 µg/L
	236.0 µg/L
	0.9 µg/L
	956.5 µg/L

	2011


	298.3 µg/L
	235.9 µg/L
	1.0 µg/L
	1,793.2 µg/L


*:  Significant difference between 2008 and 2011 (p < 0.05)

Table 6 presents the results of urinary iodine testing in a different way – as the proportion of samples at given urinary iodine levels – and allows for assessment of the second programmatic objective.  The proportion of children with urinary iodine levels less than 50 µg/L met programmatic objectives and was constant across survey years (8.4 percent in 2008 versus 7.9 percent in 2011, p = 0.8380).  In addition, the proportion of children with urinary iodine levels less than 100 µg/L met programmatic objectives and was constant across survey years (17.2 percent in 2008 versus 17.0 percent in 2011, p = 0.9489).  The proportion of children with iodine levels between 100 and 199.9 µg/L and 200 and 299.9 µg/L was relatively constant and not statistically significant between survey years.  However, the proportion of children with iodine levels between 300 and 499.9 µg/L decreased from 32 percent in 2008 to 21.9 percent in 2011 (p = 0.0048).  This decrease in the proportion of children with this extreme level of urinary iodine was offset by an increase in the proportion of children with urinary iodine in excess of 500 µg/L, from 5.5 percent in 2008 to 16 percent in 2011 (p < 0.000).  These data highlight that an excess of iodine is now more common than iodine deficiency.   

	Table 6.  Urinary Iodine Levels II



	Year


	< 19
	20-49.9
	50-99.9
	100-199.9
	200-299.9
	300-499.9
	>500

	2008


	2.9%
	5.5%
	8.8%
	23.1%
	22.2%
	32.0%
	5.5%

	2011


	2.2%
	5.7%
	9.1%
	24.7%
	20.5%
	21.9%*
	16.0%*


*:  Significant difference between 2008 and 2011 (p < 0.05)
Table 7 presents data on urinary iodine level by salt status – the presence of absence of iodine as measure by RTK.  For those with iodine absent in salt, the mean and median iodine level did not change between survey year.  For those with iodine present in salt, the mean iodine level increased from 262.8 µg/L to 321.8 µg/L from 2008 to 2011 (p = 0.016).  In both survey years, children with iodine in their salt had higher mean and median urinary iodine levels than those without iodine as detected by RTK.

	Table 7.  Urinary Iodine Levels by Salt Status

Based on Salt Testing with RTK



	Year
	Absence

RTK = 0
	Presence

RTK = 1

	2008


	Mean = 238.3 µg/L

Median = 196.3 µg/L


	Mean = 262.8 µg/L

Median = 246.6 µg/L

	2011


	Mean = 240.0 µg/L

Median = 186.9 µg/L


	Mean = 321.8 µg/L*

Median = 253.9 µg/L


*:  Significant difference between 2008 and 2011 (p < 0.05)
Figures 4 and 5 present data on urinary iodine level by salt status as measured quantitatively by WYD.  In 2008, a one unit increase in the iodine level of salt results in a 0.763 unit increase in urinary iodine level (p = 0.032).  In 2011, a one unit increase in the iodine level of salt results in a 0.985 unit increase in urinary iodine level.  Thus, the effect of iodine content on urinary iodine level is stronger in 2011 when compared to 2008 (p = 0.037).  However, given that a one unit increase in the iodine level of salt results in less than a one unit increase in the urinary iodine level, the impact of salt on iodine levels is limited.  Thus, Cambodian school children with excessive levels of iodine must be getting iodine from many more sources than salt alone. Fish sauce was previously identified as another major source of iodine in the country.
Figure 4.  Correlation Between Iodine Content in Salt (WYD) and Urinary Iodine Levels (2008)
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Figure 5.  Correlation Between Iodine Content in Salt (WYD) and Urinary Iodine Levels (2011)
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Table 8 presents a provincial snapshot of Svay Rieng province, a consistently underperforming province that was over-sampled so that provincial estimates could be presented.  Use of iodized salt as detected by RTK was only 38.8 percent, roughly 30 percent below the national average.  The mean iodine level in salt was only 12.2 ppm, approximately half the national average.  Almost 50 percent of all salt had no iodine content, almost 17 percent was inadequately iodized, only 16 percent was adequately iodized, and only 17 percent met government standards.  These are all well worse than national averages.  False reports mirror national trends, but UI levels for both objective one (median UI level) and objective two (proportion less than 50 µg/L and proportion less than 100 µg/L) were below national averages.  However, despite a low presence of iodized salt and UI levels below national averages, schoolchildren in Svay Rieng met both UI objectives of the USI program – (1) the median UI level was 175.1 µg/L, (2) the proportion of children with UI levels less than 50 µg/L was only 5.9 percent, and (3) the proportion of children with UI levels less than 100 µg/L was only 20.7 percent.  These data point to the fact that schoolchildren in Svay Rieng are obtaining satisfactory amounts of iodine from sources other than iodized salt. 
	Table 8.  Provincial Snapshot

Svay Rieng, 2011



	Use of iodized salt (RTK)


	38.8%

	Iodine content (WYD)

     Mean iodine level

     0 ppm

     0.1-14.9 ppm

     15-29.9 ppm

     30-59.9 ppm

     >60 ppm


	12.2 ppm

48.8%

16.7%

16.3%

17.1%

1.3%

	False reports

     False positives

     All false negatives

     Extreme false negatives


	0.4%

12.9%

1.3%

	UI level 

     Mean

     Median

     Minimum

     Maximum


	207.9 µg/L

175.1 µg/L

12.4 µg/L

953.8 µg/L

	UI categories

     <19 µg/L

     20-49.9 µg/L

     50-99.9 µg/L

     100-199.9 µg/L

     200-299.9 µg/L

     300-499.9 µg/L

     >500 µg/L


	1.7%

4.2%

15.8%

35.0%

26.7%

10.3%

5.8%


4. Discussion
The results of the 2008 and 2011 CSIN point to three general conclusions.  First, the prevalence of iodine in fine salt (both through RTK and WYD testing) decreased between 2008 and 2011.  This corresponds to the removal of a subsidy on potassium iodate from UNICEF in 2010 and SPCKK passing the price of potassium iodate onto the salt boilers.  In addition, the Japanese earthquake of 2011 increased the global price of potassium iodate.  Thus, because of the increased price of potassium iodate, some salt boilers failed to adequately iodize their salt, leading to a decrease in the prevalence of iodized fine salt.
Second, despite decreases in the prevalence of iodine in salt, the median urinary iodine levels of Cambodian schoolchildren remained the same between 2008 and 2011.  In fact, those children with extremely excessive levels of iodine (greater than 500 μg/L) increased dramatically.  Thus, Cambodian schoolchildren are either (1) consuming excessive amounts of salt or (2) receiving iodine from sources in addition to salt.  Iodine from fish salt produced with iodized salt could have been responsible for increasing iodine levels despite decreasing salt iodization levels.  This points to the need to get a reliable estimate of iodine consumption from all sources and to potentially lower production requirements for iodine in salt to avoid excessive intake.

Finally, despite a low prevalence of iodized salt in Svay Rieng, urinary iodine levels were in a healthy range.  As was the trend country wide, schoolchildren were receiving proper amounts of iodine (either from iodized fish sauce, iodine in the soil, a combination of the two, or some unique source), and iodine supplementation is not necessary in this province.  Again, this points to the need for reliable estimates of iodine consumption from all sources.   
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Figure 1.  Main Sources of Iodized Salt in Cambodia
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Figure 2.  Type of Salt 
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Figure 3.  Presence of Iodine in Salt by RTK
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� The WYD Iodine Checker is a hand-held instrument that quantitatively measures the salt iodine content on the basis of a colorimetric method


� Network laboratories are regularly subjected to quality control testing by the Centers for Disease Control and Prevention in Atlanta, USA


�  The original analysis of the 2008 CSIN did not use weighting. For this report 2008 estimates have been recalculated to account for the non self weighting sample. 2008 estimates from this report should be considered more reliable than previous estimates
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