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Abstract

Efforts to achieve optimal iodine intake through salt iodisation have focussed primarily on
iodisation of household salt. However, there is strong evidence that in most regions of the
world, industrially processed foods and condiments are an increasingly important source of
dietary salt. In this context The lodine Global Network (IGN) and partners developed pro-
gramme guidance to help national programme managers assess the potential contribution
of widely consumed industrially processed foods and condiments to iodine intake. The pro-
gramme guidance additionally aimed to facilitate better understanding of iodised salt use by
the processed food industry, review existing salt iodisation legislation for inclusion of food
industry salt, and investigate how regulatory monitoring of food industry practices could be
strengthened if needed. To evaluate the utility of the guidance in practice and identify areas
where it could be improved, the IGN requested expressions of interest to pilot test imple-
mentation. Five pilots were implemented in Kenya, North Macedonia, The Republic of Mol-
dova, Sri Lanka and Thailand, with remote technical support from IGN. The pilots
demonstrated how evidence from implementation could be used to strengthen existing salt
iodisation initiatives. In particular, how modelling existing processed food intake data
enhanced understanding of potential or actual iodised salt intake and provided an evidence
base for strategic change, as well as encouraging alignment with salt reduction pro-
grammes. In summary, the guidance provided a useful framework for national teams to con-
duct a relatively rapid assessment of the existing programme for achieving optimal iodine
nutrition and opportunities to strengthen it. National teams involved with the pilot implemen-
tation were highly engaged and motivated by the outcomes. The pilot implementation pro-
cess resulted in the development of strategic recommendations nationally and provided
invaluable feedback to IGN on the utility of the guidance, facilitating development of an
improved version.
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Introduction

Rationale for developing programme guidance on assessing the use of
iodised salt in industrially processed foods

Universal salt iodisation (USI) is the fortification with iodine of all food-grade salt for
human and animal consumption, including salt for food processing. It is recognised as a
cost-efficient and effective strategy to prevent and control iodine deficiency [1,2]. Iodisation
of all food-grade salt was proposed as an equitable intervention to provide dietary iodine in
addition to existing, variable, sources of iodine, at a level that would move populations from
possible insufficient intake among all or some groups, to optimal iodine status among all
groups. There is strong evidence that this intervention can achieve this aim, if well-imple-
mented [3,4].

As of November 2021, 126 countries have implemented mandatory legislation for iodisa-
tion of some form of food-grade salt (111 of these have legislation for household and processed
food salt), while a further 21 countries have some form of voluntary legislation [5].

To date, efforts to achieve optimal iodine intake through salt iodisation have been primarily
focussed on iodisation of household salt alone. This is reflected in existing global guidance and
in the widespread use of the proxy indicator of > 90% households using salt iodised to national
standards, to show achievement of USI [6]. There is now strong evidence that in most regions
of the world dietary patterns are shifting towards increased consumption of salt-containing
industrially processed foods and condiments [7-9]. However, even in countries where legisla-
tion for processed food salt exists, the presence and level of iodine in food industry salt is often
not known and regulatory monitoring of food industry salt is typically not part of national
efforts to achieve entire population access to iodised salt.

The Iodine Global Network (IGN) and partners therefore developed programme guidance
to assess the use of iodised salt by the food industry and the potential contribution of widely
consumed industrially processed foods to iodine intake from the use of iodised salt [10].
Implementation of the guidance will be particularly relevant in countries with wide-spread
consumption of industrially processed foods.

The overall expected outcome from implementing the guidance will be national evidence-
based recommendations to effectively initiate, strengthen, or sustain the inclusion of food
industry salt in the salt iodisation strategy, as needed. Benefits of strengthening the salt iodisa-
tion strategy to include food industry salt include the following:

B Facilitate understanding of the likely impact on population iodine intake of adjusting salt
iodine standards or the implementation of salt reduction policies.

B Protect present and future generations from iodine deficiency through supplying the appro-
priate amount of iodine, accounting for changes in dietary practices and salt industry iodi-
sation practices that may affect whether main sources of quality-assured iodised salt are
household salt and / or food industry salt.

This paper and the related programme guidance define industrially processed foods as both
foods and condiments produced by food industries that purchase salt in bulk and produce
foods with relatively wide market reach. Products are usually packaged and branded. IGN rec-
ognises that consumption of processed foods high in calories, fat, sugar and salt can be a risk
factor for non-communicable diseases [11] and does not endorse or encourage consumption
of industrially processed foods.
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Overview of the guidance development, content, and main tools

The guidance was developed by IGN and directs programme managers through a series of
modules, using associated tools and other resources. The main purpose of each module of the
programme guidance is summarised in Table 1. The guidance suggests starting with a listing
of all known national data sources to identify widely consumed foods contributing to salt

Table 1. Overview of the main purpose of each of the programme guidance modules.

Module number and title

Module 1. Listing available data and information
sources for use in the assessment.

Module 2. Situation analysis to determine the need to
strengthen the salt iodisation strategy.

Module 3. Review of the current legislative and
enforcement framework for the use of iodised salt in
industrially processed foods.

Module 4. Assessment of the contribution of
industrially processed foods to salt and iodine intake

Module 5. Review the enabling environment for
iodisation of all food-grade salt

Module 6. Write a report for policy makers with
recommendations to strengthen the salt iodisation
strategy, as needed

https://doi.org/10.1371/journal.pone.0274301.t001

Overview of purpose of the module

Facilitates review and documentation of different
available data sources that will be used in Module 4. These
include household surveys, research studies, salt producer
and trader records, processed food industry and
government databases, and national food standards. The
listing helps identify data sources required to identify
widely consumed foods contributing to salt intake and to
estimate their consumption and salt content. This process
helps understand any major information gaps and
establishes feasibility and expectations for the rest of the
process.

Facilitates an analysis of household use of iodised salt,
iodine status among different population groups, and
current knowledge about consumption of salt-containing
industrially processed foods to assess whether sustaining
or strengthening the use of iodised salt by the food
industry, would increase the likelihood of achieving and/
or sustaining optimal iodine status.

Facilitates a high-level review of the legislative framework
for salt iodisation and of supporting monitoring and
enforcement responsibilities, to identify whether food
industry salt is included in the existing legislative scope
and where legislation and/or monitoring and
enforcement systems may be strengthened.

Facilitates a process to identify widely consumed
industrially processed foods, estimate the contribution of
these foods to typical daily salt intake where consumption
data for identified foods are available, and model the
contribution to iodine intake if all salt is iodised. Where
typical daily consumption data are unavailable, the
assessment can be implemented based on serving size of
identified processed foods. The process and output
increase understanding of the likely impact of mandating
the use of iodised salt in identified industrially processed
foods products.

The main assessment framework, which forms the basis
for Module 4, is shown in Fig 1 below, for the scenario
based on typical daily intake of household salt and
identified processed foods.

Facilitates a review of national enabling factors required
to achieve the goal of optimal population iodine status,
for example, legislation, salt iodine levels and food control
protocols. An understanding of the strengths and
weaknesses of the enabling environment for salt
iodisation may be used to develop recommendations for
strategic change.

Facilitates development of a national report presenting
the assessment outcomes to policy makers and food
industry leaders. Including recommendations that can be
used to advocate for a strengthened, refocused,
programme to achieve optimal iodine status through
iodisation of all food-grade salt, as is nationally relevant.
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Aim: to identify which industrially processed foods contribute
significantly to salt intake across or within different consumer

groups.

Purpose: helps determine the relative contribution of different
processed foods to salt intake, compared with household salt. Can
provide strategic focus, e.g., which food industries to target for
communication, advocacy, and technical support.

1a. Identify widely
consumed salt-containing
industrially processed foods

1b. Estimate typical
consumption levels of these
foods and of household salt
among different age groups
and other sub-groups*

=

2a. Estimate the salt
content of the identified
widely consumed
processed foods

2b. Estimate the relative
contribution of household
salt and each selected
processed food to daily
salt intake

Aim: to estimate the potential and current contribution of household salt

and selected processed foods to iodine intake.

Purpose: to provide an evidence base for the potential impact on iodine
intake from the use of iodised salt at households and by the food industry.
Can be used as a communication and advocacy tool for the food industry,
Government, and consumer groups.

3. Estimate the
proportion of household

salt and salt used in each
selected processed food

that is currently
iodised**

=)

4. Model the contribution
of household salt and
selected processed foods
to iodine intake for
different population
groups
(Model potential and
current intake where
possible)

Fig 1. Key guidance framework from Module 4 - Assessing the contribution of industrially processed foods to salt and iodine
intake (based on typical per capita intake data). * Example population groups often reported in surveys: School-age children, women
of reproductive age, lactating women, pregnant women. Example sub-groups: Geographic region, residence type, socio-economic. **
Based on an assumption that, if iodised, salt will be iodised according to national standards. Where no information is available on the
use of iodised salt, it is still possible to model potential iodine intake if all food grade salt is iodised, Step 4.

https://doi.org/10.1371/journal.pone.0274301.9001

intake, for example, dietary intake surveys. These foods are typically either foods consumed in
small amounts but with a high salt content, for example bouillon, or foods with lower salt con-
tent that are consumed at relatively high volume and / or frequently, for example bread and
instant noodles. The listing examines sources of data to estimate typical national consumption
and the salt content of identified foods produced in the country or imported, and investigate
whether iodised salt is used in their manufacture. The next two modules (Module 2 and Mod-
ule 3) provide background and context to the assessment. These Modules guide a review of
data for current national and sub-national iodine status, and for household use of iodised salt,
as well as existing legislation for salt iodisation and its enforcement, with particular regard to
the food industry.

The main part of the assessment is in Module 4 which guides the user through a framework,
described in Fig 1, for an assessment based on typical per capita intake of household salt and
selected processed foods.

The assessment aims to estimate the potential contribution to iodine intake from typical
daily consumption of household salt and of identified processed foods, based on data for esti-
mated consumption and the average percent salt content of each food. The potential contribu-
tion to iodine intake from salt in these foods assumes that all salt is iodised to national
standards and accounts for 30% loss of iodine in the final product. Where data are available to
estimate the current proportion of household and food industry salt that is iodised, then the
same assessment can also be conducted for estimated current (instead of potential) iodine
intake from these products. Where consumption data are unavailable, the same assessments
can be implemented based on average serving size of identified processed foods.

The estimated contribution to household salt and food industry salt to iodine intake can be
expressed in relation to the estimated average requirement (EAR) for iodine, percent recom-
mended nutrient intake (RNT) for iodine and percent of the tolerable upper limit for iodine
(UL). Tools accompanying the programme guidance provide options to show the data as ug
iodine in relation to these dietary reference values, or as a percent contribution to the EAR,
RNI and UL for iodine; for each food individually, or as aggregated values for all identified
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processed foods compared with the contribution from household salt. Dietary reference values
for iodine in the guidance are taken from a 2019 paper that proposed a set of harmonised val-
ues for multiple nutrients including iodine. [12] Figs 2A, 2B and 3 are examples of some ways
that the data from the assessment could be shown. These Figs 2 and 3 are based on dummy
typical per capita intake among non-pregnant adults of 4g household salt, 3g seasoning powder
or bouillon, 95g bread, 7.7g instant noodles, and 25g pasta (20g imported, 5 g domestically
produced).

Tools and resources were developed alongside the guidance to facilitate its implementation
and documentation. The main tools (a Word table and Excel files)have been updated based on
the outcome of the pilot and are available on the Iodine Global Network site [10]. The Word
table prompts the implementation team to document key information for each stage, which
provides a helpful record from which to write up a final report of the complete process and to
replicate the assessment later if the situation changes. The Excel files have worksheets with
pre-existing formulae to produce the required outputs described for Module 4. Outputs are
reliant on national inputs for salt iodine standards, selected salt-containing processed foods,
estimated typical intake or serving size amount for a specific population group, percent salt
content of each food, and the percent salt used in manufacture of estimated to be iodised for
each food. Different Excel tools were developed for the following 3 situations: (Option 1)
where estimates of per capita consumption of selected processed foods are available, (Option
2) where processed foods to include in the assessment could be identified however no con-
sumption data were available, but their serving sizes were known, and (Option 3) where data
were available only for estimated quantities of food grade salt distributed for retail (as house-
hold salt) and for use by the food industry. The assessment using Option 1 produces the most
helpful evidence to illustrate the impact of using iodised salt in selected processed foods and,
therefore, for deciding on the need for strategic change.

The first draft of the guidance was based on experience from similar assessments in a num-
ber of countries [13] and was completed in 2018. In order to evaluate the utility of the guidance
in practice, and to identify areas where it could be strengthened before finalisation, it was pro-
posed to pilot test its implementation by national teams in countries from different regions.
An additional aim of the pilot was to help determine the level of technical support required for
effective future implementation in other countries. This paper serves as an introduction to
both this special collection and to the programme guidance, including a high-level review of
the pilot process and outcomes. Additional papers in this collection are authored by four of the
five national teams who implemented the pilots and these provide more detailed information
about national experiences.

The process of recruiting pilot national teams, reviewing the outcomes, and adapting les-
sons learned to produce an improved final version of the Guidance, benefitted from appraisal
and inputs from an Advisory Partner Group. This group included representation from: Insti-
tute of Nutrition of Central America and Panama (INCAP), The Global Alliance for Improved
Nutrition (GAIN), Nutrition International (NI), TechnoServe, The George Institute for Global
Health, UNICEEF, Unilever, and USAID.

Methods
Pilot implementation of the guidance

IGN sent out a request in late 2018 for national teams to submit an Expression of Interest
(EOI) to pilot the guidance and to identify opportunities to strengthen the processed food
component of national salt iodisation strategies, as needed. The EOI was communicated to
national programme managers via IGN regional coordinators and in collaboration with global
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Fig 2. Potential and estimated current iodine intake from household salt and five selected processed foods, relative to the EAR and
RNI for iodine for non-pregnant adults. Based on example data. (A). Iodine intake from household salt and from iodised salt in each
of the selected processed food. (B). Iodine intake from household salt and from iodised food industry salt for the five selected processed
foods combined. Illustrated using EAR = 95ug and RNI = 150 pg iodine for non-pregnant adults. Potential iodine intake represents
iodine intake from salt in each product if all salt iodised according to national standards, and accounting for a 30% loss of iodine in the
final product. Estimated current iodine intake represents iodine intake from the estimated percent of household salt and salt in each
product currently iodised, with iodisation according to national standards, and accounting for a 30% loss of iodine in the final product.

https:/doi.org/10.1371/journal.pone.0274301.g002
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Fig 3. Potential and estimated current iodine intake from household salt and five selected processed foods, as a percentage of the
EAR, RNI, and UL for iodine for non-pregnant adults. Based on example data. Illustrated using EAR = 95pg, RNI = 150 pug and

UL = 600 pg iodine for non-pregnant adults. Potential iodine intake represents iodine intake from salt in each product if all salt iodised
according to national standards, and accounting for a 30% loss of iodine in the final product. Estimated current iodine intake represents
iodine intake from the estimated percent of household salt and salt in each product currently iodised, with iodisation according to
national standards, and accounting for a 30% loss of iodine in the final product.

https://doi.org/10.1371/journal.pone.0274301.9003

partners such as UNICEF, GAIN, INCAP and NI. The two intended outputs from the pilot
were: 1. Findings and conclusions from implementation that would be helpful to understand
and drive programme changes at the national level, and 2. Evaluation of the guidance includ-
ing usability; clarity of instructions, examples and tools; appropriateness of content; and
assessment of resources needed for implementation.

Selection of pilot locations aimed to identify national programmes most likely to benefit
from the process. Pre-determined selection criteria included having:

» Mandatory legislation for salt iodisation.

o An existing national coordinating system, body, or organisation for salt iodisation/food for-
tification in general.

o Relatively recent data for the following: Household iodised salt use, iodine status among at
least one population group, consumption or other data to identify which salt-containing,
industrially processed, foods were widely consumed and contributing to salt intake.

« A willingness to apply opportunities identified during the pilot to strengthen the national
salt iodisation strategy.

o A proposed focal point for the pilot exercise who had relevant experience and sKkills.
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In addition to these criteria, IGN felt it would be helpful to support Expressions of Interest
from countries with different situations for salt iodisation, different dietary practices, and
from a range of regions. The five countries selected to pilot the guidance (along with the IGN
designated region) were: Kenya (Eastern and Southern Africa), North Macedonia (Western
and Central Europe), Republic of Moldova (Eastern Europe and Central Asia), Sri Lanka
(South Asia), Thailand (South East Asia and the Pacific).

National teams were requested to establish a working group to coordinate implementation
of the steps and methodologies detailed in the programme guidance. IGN provided national
teams with regular online technical assistance (team calls and emails) and a low-level of fund-
ing to support some of the implementation costs. The period of pilot implementation of the
guidance was March to December 2019.

Results and discussion

This special collection includes papers written by the relevant national teams that report details
on the foods selected, the assessment process, and on national findings for Moldova [14],
North Macedonia [15], Sri Lanka [16], and Thailand [17]. The national team in Kenya did not
submit a paper for inclusion, therefore the findings are not discussed in this collection over-
view paper.

Summary of findings and recommendations from national pilots

Results for the two intended aims of the pilot were as follows.

1. Implementation of the guidance resulted in national programme findings and recommen-
dations for each of the pilot countries, a summary of these is included in Table 2. National
outcomes varied considerably according to context. Fig 4. gives a summary of the potential
contribution to the EAR and RNI for iodine for adults from iodised household salt and
iodised salt in the selected processed foods for each of North Macedonia, the Republic of
Moldova, Sri Lanka and Thailand, based on the potential for 100% salt iodisation.

2. Changes and additions to the current programme guidance were made based on feedback
from national teams and on lessons learned by the technical support team during the pro-
cess. Revised versions of the guidance and supporting tools are available from The Iodine
Global Network. [10] Recommendations for additional modules to consider in future ver-
sions was a further outcome of the process.

Cross cutting issues from national pilots

Cross cutting findings from pilot implementation of the guidance can be summarised in terms
of opportunities and challenges. Implementing the guidance created sufficient evidence in all
pilot countries to identify opportunities for future strategic change. The assessment demon-
strated that iodised salt in processed foods has the potential to contribute significantly to
iodine intake in North Macedonia, the Republic of Moldova and Thailand, and, to a lesser
extent, in Sri Lanka. Where processed foods are not made with iodised salt (either because it is
not legislated or not enforced), iodine intake was considerably lower than it could be
potentially.

The implementations process highlighted gaps in data, some of which are described in
Table 2, that resulted in recommendations for future data collection. The modelled national
data enhanced understanding of potential or actual iodised salt sources and provided an evi-
dence base for strategic change and alignment with salt reduction programmes. For example,
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Table 2. Summary of main findings and recommendations from each of the pilot countries.

Country

North
Macedonia
[15]

Republic of
Moldova [14]

Sri Lanka
[16]

Thailand [17]

Programme Status®

Mandatory legislation for iodisation of
all food grade salt.

Household use of iodised salt was above
99%. [18]

Iodine status among school age children
and pregnant women was adequate. [18]

Mandatory legislation for iodisation of
all food grade salt.

Household use of iodised salt was 57% of
households with salt with > 15mg/kg
iodine, and 77% of households with salt
with some iodine. [19]

Iodine status among adult men and
women was adequate. [19]

Mandatory legislation for iodisation of
all food grade salt.

Median household salt iodine content
was between 18mg/kg to 27.5mg/kg by
province. [20]

Todine status was adequate among
school age children and pregnant
women. [20]

Mandatory legislation for iodisation of
all food grade salt.

Alternative legislation existed for fish
sauce and soy-based sauces and salty
brine allowing for direct iodisation of the
finished product. [21,22]

Household use of iodised salt was 73%
(with estimated 65% to 70% using salt
with iodine >15mg/kg). [23]

Iodine status was adequate among
children 3 to 5 years of age and among
elderly adults over 60 years of age. Status
was borderline sufficient among
pregnant women [24].

Key Findings

The salt iodisation strategy has been successful, including salt
for the domestic food industry, and achieving optimal

population iodine status.

There was a data gap for iodised salt use in imported
processed foods, which have a relatively large market share.
There was high population total salt intake. Consumption of
iodised household salt and iodised salt from five selected
processed foods was estimated to contribute to approximately
350% of the EAR, 220% of the RNT and 55% of the UL for

iodine for non-pregnant adults.

Legislative and regulatory documents regarding the
(mandatory) use of iodised salt by the food industry have
been misinterpreted in some instances and thus not enforced.
There was a data gap for iodised salt use in imported
processed foods, which have a relatively large market share
There was high population total salt intake. Consumption of
iodised household salt and iodised salt from eight selected
processed foods had the potential to contribute to
approximately 240% of the EAR, 150% of the RNI and 40% of

the UL for iodine for non-pregnant adults.

Estimates based on understanding of the current use of
iodised salt were that household salt and salt in the eight
processed foods met approximately 120%, 75% and 20% of
the EAR, RNI and UL for iodine for non-pregnant adults
respectively. With 50-55ug iodine intake per day from each of

iodised household salt and iodised salt in bread.

Industrially processed foods had a limited market; bread,
biscuits & dried fish were included in the assessment.

Dried fish production was exempt from using iodised salt, it is
not categorised as a processed food and uses the cheapest salt

available.

Estimated that 90% RNI iodine for adults and 55% RNI for
pregnant women can be met from iodised table salt and

iodised salt in bread and biscuits.

Estimated current iodine intake from typical consumption of
iodised household salt and iodised salt in bread and biscuits
contributes to approximately 115% of the EAR, 75% of the
RNI and 20% of the UL for iodine for non-pregnant adults.
These figures would reduce to 80%, 75% and 20% respectively
if 30% salt reduction was achieved across all products.

Multiple sources of relevant data were available.

Estimated current iodine intake from typical consumption of
iodised household salt and the iodised salt in the top 12 most
widely consumed processed foods (including fish sauce and

soy-based sauces and salty brine) contributed to

approximately 240% of the EAR, 150% of the RNI and 40% of

the UL for iodine for non-pregnant adults.

Fish sauce and soy-based sauces and salty brine had the
potential to contribute to approximately 100%, 50% and 15%
of the adult EAR, RNI and UL for iodine respectively, if
iodised salt was used in their production (generally non-

iodised salt is used).

Todine intake from household salt, iodised salt in selected
processed foods (not including fish sauce and soy-based
sauces and salty brine), and from non-salt iodine sources such
as rice, milk and eggs, had the potential to meet over 100% of

the RNI for iodine for non-pregnant adults and

approximately 80% of the RNI for pregnant women.

? Legislation status information is from the Global Fortification Data Exchange [25].

https://doi.org/10.1371/journal.pone.0274301.t1002

Key Recommendations

Sustain regular assessment of iodine status to
verify that different groups have optimal
iodine status.

Maintain and strengthen inspection,
enforcement of, and engagement with, the
food industry.

Review and expand the National Iodine
Committee membership to include customs
and the food industry.

Work with non-communicable diseases to
implement salt reduction alongside salt
iodisation.

Resolve ambiguities in the current legislation
for salt iodisation and clearly communicate
the requirements for the use of iodised salt by
the food industry.

Strengthen inspection, enforcement and
engagement with the food industry.

Improve assessment of the consumption of
salt-containing processed foods and of iodine
status among different groups to enable
stronger monitoring of impact.

To improve strategic approaches for salt
iodisation through strengthening inter-
sectoral links, for example with the public
health agency, the national food and
nutrition steering committee, the food
industry, customs, and the non-
communicable disease prevention
committee.

The salt iodisation strategy, including
current salt iodine levels, is appropriate to
maintain optimal iodine status.

Re-focus regulatory monitoring efforts on
salt and food industries, instead of household
salt at retail level.

Monitor the potential impact of the national
salt reduction policy on iodine intake
through regular assessment of iodine status
among different groups.

Strengthen enforcement of iodised salt use by
the food industry and of direct iodisation of
salty condiments, for which different
regulations apply.

Monitor the impact of improved regulatory
monitoring through regular assessment of
iodine status among adults, children and
especially among pregnant women.

Maintain the policy of direct addition of
iodine to fish sauce and soy-based sauces and
salty brine until the regular assessment of
iodine status among pregnant women and
other groups confirms sustained optimal
iodine status.
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Fig 4. Potential iodine intake from iodised household salt and iodised salt in selected industrially processed foods, based on typical
adult daily consumption and 100% salt jiodised to national standards. Potential daily iodine intake assumes all food grade salt iodised
to mean of national standard, with a 30% loss of iodine in the final product. Country name (n) = number of processed foods included in
the national assessment, not including household salt. The Thai data shows results for top 10 processed foods contributing to daily salt
intake (solid bar), and for an additional two salty condiments (hashed bar).

https://doi.org/10.1371/journal.pone.0274301.9004

the total estimated salt intake from selected products along with household salt was used to
understand the potential contribution to population iodine intake from iodising food industry
salt. In addition, the modelling could be used to examine the potential impact of successful salt
reduction policies on salt and potential iodine intake from different products and to estimate
the impact of changing salt iodisation standards on potential iodine intake. All teams con-
cluded that, although salt reduction or changing salt iodine levels were possible future strategic
aims, an important first step would be to strengthen regular assessment of the adequacy of
population iodine intake to assess the need for and monitor the impact of any future strategic
changes. National teams all reported that assessment outcomes provided opportunities to
engage and collaborate more closely with relevant Government departments and the food
industry to mandate or strengthen enforcement for the use of iodised salt by the food industry;
and with experts working on non-communicable disease prevention, specifically on salt
reduction.

The EOI submitted by national teams were based on the understanding that data on food
production, import, and / or consumption were available to conduct the assessment in Module
4. However, one of the main challenges identified during the process was a lack of available
data in this or other areas. Suggested sources of relevant data, described in the first module of
the guidance, were expected to provide the following type of information for industrially pro-
cessed foods: typical household and individual consumption of different identified salt-con-
taining foods; which food products use the largest volume of salt in their manufacture, for
domestic consumption; whether products are made with iodised or non-iodised salt; and an
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estimate of market share and regional distribution of food products identified for inclusion in
the assessment. The type and applicability of data for each purpose varied between the four
pilot countries included in this paper and is described in more detail in the nationally-
authored papers in this collection. The avaibility of relevant data influenced the level of detail
and applicability of modelling outcomes, since in some cases more generalised data, such as
food composition information from neighbouring countries, had to be used.

The exception to this problem of lack of consumption data was the Thai study, where the
team had access to consumption data for a wide range of salt-containing industrially processed
food products and were, therefore, able to generate a fairly comprehensive model for potential
iodine intake from these foods if all food industry salt was iodised.

In Sri Lanka, not many widely consumed salt-containing foods manufactured on an indus-
trial scale were identified. Bread, dried fish, and biscuits were the main products. Consump-
tion of street foods is common in Sri Lanka but since these foods are expected to be primarily
made with retail/household salt it was not considered relevant to include them. The current
version of the guidance does not separate out the contribution of street foods to salt and poten-
tial iodine intake. However, further analysis of this issue has been listed for potential addition
to a subsequent version.

North Macedonia and the Republic of Moldova teams faced the challenge of trying to
obtain data on the use of iodised salt in imported processed foods products, which have a large
market share in these countries. Models were therefore based on best available information
about salt iodisation practices in the country of origin, which were documented as part of the
process. Deeper investigation of how to obtain reliable information about the volume of
imported processed foods according to county of origin, and of related food industry practices,
is also listed as a potential addition to a subsequent version of the guidance.

All national teams concluded that stronger inspection and enforcement of salt iodisation
was needed, with particular focus on ensuring the use of iodised salt by the processed food
industry. In some countries, protocols for inspection of salt producers and importers existed
and were implemented, however, inspection and enforcement of processed food manufactur-
ers were often not included in national protocols.

Conclusions

The revised version of the guidance, incorporating the lessons and recommendations from the
pilot together with the outcome of a review by the Advisory Partner Group, was released in
2021. A summary report from the pilot implementation process and national outcomes are
included as case studies, along with a description of data and methods used in previous case
studies that followed a similar process.

The pilots demonstrated that implementation of the guidance required judgement calls’ or
assumptions to be made when there were gaps in the relevant data. The pilot teams reported
that it was useful to discuss such decisions and other parts of the process with the IGN techni-
cal support team. Based on this, IGN will be applying for funding to provide some level of tech-
nical support for national teams from other countries to implement the guidance in the future,
as well as to develop a training package and train regional resource personnel to provide more
local support.

In summary, the guidance provided a useful framework for national teams to conduct a rel-
atively quick assessment of the existing programme for achieving optimal iodine nutrition and
of opportunities to strengthen it. National teams involved with the pilot implementation were
highly engaged and motivated by the outcomes, as well as providing invaluable feedback to
IGN on the utility of the version of the guidance used. These factors made the pilot
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implementation process successful in terms of developing national strategic recommendations
and in the development of an improved version of the guidance and its associated tools.

Acknowledgments

The authors would like to acknowledge the five national teams from Kenya, North Macedonia,
the Republic of Moldova, Sri Lanka and Thailand. For their dedicated work in implemented
the programme guidance nationally, and for providing valuable feedback to the technical sup-
port team to facilitate the development of an improved version of the guidance.

Author Contributions

Conceptualization: Jacky Knowles, Karen Codling, Robin Houston, Jonathan Gorstein.
Funding acquisition: Karen Codling, Jonathan Gorstein.

Investigation: Jacky Knowles, Karen Codling.

Methodology: Jacky Knowles, Karen Codling.

Project administration: Karen Codling.

Supervision: Robin Houston, Jonathan Gorstein.

Writing - original draft: Jacky Knowles.

Writing - review & editing: Karen Codling, Robin Houston, Jonathan Gorstein.

References

1. World Health Organization (WHO). Forty-third World Health Assembly A43/36 [Internet]. 1990 [cited
2017 Feb 15]. Available from: http://apps.who.int/iris/bitstream/10665/173415/1/WHA43_36_eng.pdf.

2. United Nations Children’s Fund, World Health Organization. World Summit for Children- Mid-Decade
Goal: lodine Deficiency Disorders [Internet]. Geneva: UNICEF-WHO Joint Committee on Health Pol-
icy; 1994 Jan [cited 2016 Jul 13]. (Special Session). Report No.: JCHPSS/94/2.7. Available from: http:/
www.a2zproject.org/~a2zorg/pdf/World%20Summit%20for%20Children-%20lodine%20Deficiency %
20Disorders.pdf.

3. Dold S, Zimmermann MB, Jukic T, Kusic Z, Jia Q, Sang Z, et al. Universal Salt lodization Provides Suffi-
cient Dietary lodine to Achieve Adequate lodine Nutrition during the First 1000 Days: A Cross-Sectional
Multicenter Study. J Nutr. 2018 Apr 1; 148(4):587—-98. https://doi.org/10.1093/jn/nxy015 PMID:
29659964

4. Aburto DNJ, Abudou DM, Candeias V, Wu PT. Effect and safety of salt iodization to prevent iodine defi-
ciency disorders: a systematic review with meta-analyses.: 151.

5. Interactive Map: Fortification Legislation—Global Fortification Data Exchange | GFDx [Internet]. [cited
2021 Dec 17]. Available from: https://fortificationdata.org/interactive-map-fortification-legislation/.

6. International Council for Control of lodine Deficiency Disorders, United Nations Children’s Fund (UNI-
CEF), World Health Organization (WHO). Assessment of iodine deficiency disorders and monitoring
their elimination: a guide for programme managers. Geneva, Switzerland: World Health Organization
(WHO); 2007.

7. Reardon T, Tschirley D, Dolislager M, Snyder J, Hu C, White S. Urbanization, diet change, and transfor-
mation of food supply chains in Asia. East Lansing MI Glob Cent Food Syst Innov [Internet]. 2014 [cited
2016 May 27]; Available from: http://www.perhepi.org/wp-content/uploads/2014/08/3.-Urbanization-
diet-change-and-transformations-of-food-supply-change-in-Asia_ MSU-GCFSI-Reardon-et-al.pdf.

8. Spohrer R, Larson M, Maurin C, Laillou A, Capanzana M, Garrett GS. The growing importance of staple
foods and condiments used as ingredients in the food industry and implications for large-scale food forti-
fication programs in Southeast Asia. Food Nutr Bull. 2013; 34(2 suppl1):S50-61. https://doi.org/10.
1177/15648265130342S5107 PMID: 24049996

9. Tschirley D, Reardon T, Dolislager M, Snyder J. The Rise of a Middle Class in East and Southern Africa:
Implications for Food System Transformation: The Middle Class and Food System Transformation in
ESA. J Int Dev. 2015 Jul; 27(5):628—46.

PLOS ONE | https://doi.org/10.1371/journal.pone.0274301 October 12, 2023 12/13


http://apps.who.int/iris/bitstream/10665/173415/1/WHA43_36_eng.pdf
http://www.a2zproject.org/~a2zorg/pdf/World%20Summit%20for%20Children-%20Iodine%20Deficiency%20Disorders.pdf
http://www.a2zproject.org/~a2zorg/pdf/World%20Summit%20for%20Children-%20Iodine%20Deficiency%20Disorders.pdf
http://www.a2zproject.org/~a2zorg/pdf/World%20Summit%20for%20Children-%20Iodine%20Deficiency%20Disorders.pdf
https://doi.org/10.1093/jn/nxy015
http://www.ncbi.nlm.nih.gov/pubmed/29659964
https://fortificationdata.org/interactive-map-fortification-legislation/
http://www.perhepi.org/wp-content/uploads/2014/08/3.-Urbanization-diet-change-and-transformations-of-food-supply-change-in-Asia_MSU-GCFSI-Reardon-et-al.pdf
http://www.perhepi.org/wp-content/uploads/2014/08/3.-Urbanization-diet-change-and-transformations-of-food-supply-change-in-Asia_MSU-GCFSI-Reardon-et-al.pdf
https://doi.org/10.1177/15648265130342S107
https://doi.org/10.1177/15648265130342S107
http://www.ncbi.nlm.nih.gov/pubmed/24049996
https://doi.org/10.1371/journal.pone.0274301

PLOS ONE

lodised salt in industrially processed food

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22,

23.

24,

25.

Program guidance on the use of iodized salt in industrially processed foods [Internet]. IGN. 2020 [cited
2023 Jul 28]. Available from: https://ign.org/latest/stories/program-guidance-on-the-use-of-iodized-salt-
in-industrially-processed-foods/.

WHO/NMH/NHD/18.12. A healthy diet sustainably produced. World Health Organization; 2018.

Allen LH, Carriquiry AL, Murphy SP. Perspective: Proposed Harmonized Nutrient Reference Values for
Populations. Adv Nutr. 2020 May 1; 11(3):469-83. https://doi.org/10.1093/advances/nmz096 PMID:
31701998

Knowles J, van der Haar F, Shehata M, Gerasimov G, Bimo B, Cavenagh B, et al. lodine Intake through
Processed Food: Case Studies from Egypt, Indonesia, the Philippines, the Russian Federation and
Ukraine, 2010-2015. Nutrients. 2017 Jul 26; 9(8):797. https://doi.org/10.3390/nu9080797 PMID:
28933750

Salaru I, Demiscan D, Turcan L. Strengthening the strategy to sustain optimal iodine status in the
Republic of Moldova: Assessing the use of iodized salt in industrially processed foods. Vousden G, edi-
tor. PLOS ONE. 2023 Jul 27; 18(7):e0289142. https://doi.org/10.1371/journal.pone.0289142 PMID:
37498852

Milevska-Kostova N, Karanfilski B, Knowles J, Codling K, Lazarus JH. Modelling the contribution of
iodised salt in industrially processed foods to iodine intake in Macedonia. Restani P, editor. PLOS ONE.
2022 Jan 28; 17(1):e0263225. https://doi.org/10.1371/journal.pone.0263225 PMID: 35089975

Jayatissa R, Haturusinghe C, Knowles J, Codling K, Gorstein J. Estimated contribution of most com-
monly consumed industrialized processed foods to salt intake and iodine intakes in Sri Lanka. Gebre-
medhin S, editor. PLOS ONE. 2021 Sep 20; 16(9):e0257488. https://doi.org/10.1371/journal.pone.
0257488 PMID: 34543289

Chotivichien S, Chongchaithet N, Aksornchu P, Boonmongkol N, Duangmusik P, Knowles J, et al.
Assessment of the contribution of industrially processed foods to salt and iodine intake in Thailand.
Restani P, editor. PLOS ONE. 2021 Jul 6; 16(7):e0253590. https://doi.org/10.1371/journal.pone.
0253590 PMID: 34228736

Karanfilski B, Milevska-Kostova N, Miladinova D, Jovanovska V, Kochova M. Continued efforts are key
to sustaining iodine sufficiency in Macedonia. IDD Newsl. 2018 Nov; 4:2.

WHO Regional Office for Europe. Dietary salt intake survey in the Republic of Moldova 2016. 2018.

Jayatissa R, Gorstein J, Okosieme OE, Lazarus JH, Premawardhana LD. Stable lodine Nutrition During
Two Decades of Continuous Universal Salt lodisation in Sri Lanka. Nutrients. 2020 Apr 16; 12(4):1109.
https://doi.org/10.3390/nu12041109 PMID: 32316214

Notification of the Ministry of Public Health Re: Fish Sauce (No2). # 323 [Internet]. 2000. Available from:
http://food.fda.moph.go.th/law/data/announ_moph/V.English/No.%20323%20Fish%20sauce(No.2).
pdf.

Notification of the Ministry of Public Health Re: Food seasoning derived from hydrolysis or fermentation
of soybean protein (No.2) #322 [Internet]. 2010. Available from: http://food.fda.moph.go.th/law/data/
announ_moph/V.English/No.%20322%20food%20seasoning%20derived%20from%20hydrolysis%
200r%20fermentation%200f%20soybean%20protein(No.2).pdf.

National Statistical Office, Thailand, UNICEF Thailand. Key Findings from Thailand Multiple Indicator
Cluster Survey 2015-2016 [Internet]. [cited 2020 Nov 20]. Available from: https://www.unicef.org/
thailand/reports/key-findings-thailand-multiple-indicator-cluster-survey-2015-2016.

Samcharoen P. The progression on prevention of iodine deficiency program (2016—2018) [Internet].
2018 [cited 2021 Dec 17]. Available from: https://nutrition2.anamai.moph.go.th/th/iodinemeeting/
download?id=61213&mid=33014&mkey=m_document&lang=th&did=17964.

Plot: Fortification Legislation Scope in Countries with Mandatory Fortification—Global Fortification Data
Exchange | GFDx [Internet]. [cited 2021 Dec 17]. Available from: https://fortificationdata.org/plot-
fortification-legislation-scope-in-countries-with-mandatory-fortification/.

PLOS ONE | https://doi.org/10.1371/journal.pone.0274301 October 12, 2023 13/13


https://ign.org/latest/stories/program-guidance-on-the-use-of-iodized-salt-in-industrially-processed-foods/
https://ign.org/latest/stories/program-guidance-on-the-use-of-iodized-salt-in-industrially-processed-foods/
https://doi.org/10.1093/advances/nmz096
http://www.ncbi.nlm.nih.gov/pubmed/31701998
https://doi.org/10.3390/nu9080797
http://www.ncbi.nlm.nih.gov/pubmed/28933750
https://doi.org/10.1371/journal.pone.0289142
http://www.ncbi.nlm.nih.gov/pubmed/37498852
https://doi.org/10.1371/journal.pone.0263225
http://www.ncbi.nlm.nih.gov/pubmed/35089975
https://doi.org/10.1371/journal.pone.0257488
https://doi.org/10.1371/journal.pone.0257488
http://www.ncbi.nlm.nih.gov/pubmed/34543289
https://doi.org/10.1371/journal.pone.0253590
https://doi.org/10.1371/journal.pone.0253590
http://www.ncbi.nlm.nih.gov/pubmed/34228736
https://doi.org/10.3390/nu12041109
http://www.ncbi.nlm.nih.gov/pubmed/32316214
http://food.fda.moph.go.th/law/data/announ_moph/V.English/No.%20323%20Fish%20sauce(No.2).pdf
http://food.fda.moph.go.th/law/data/announ_moph/V.English/No.%20323%20Fish%20sauce(No.2).pdf
http://food.fda.moph.go.th/law/data/announ_moph/V.English/No.%20322%20food%20seasoning%20derived%20from%20hydrolysis%20or%20fermentation%20of%20soybean%20protein(No.2).pdf
http://food.fda.moph.go.th/law/data/announ_moph/V.English/No.%20322%20food%20seasoning%20derived%20from%20hydrolysis%20or%20fermentation%20of%20soybean%20protein(No.2).pdf
http://food.fda.moph.go.th/law/data/announ_moph/V.English/No.%20322%20food%20seasoning%20derived%20from%20hydrolysis%20or%20fermentation%20of%20soybean%20protein(No.2).pdf
https://www.unicef.org/thailand/reports/key-findings-thailand-multiple-indicator-cluster-survey-2015-2016
https://www.unicef.org/thailand/reports/key-findings-thailand-multiple-indicator-cluster-survey-2015-2016
https://nutrition2.anamai.moph.go.th/th/iodinemeeting/download?id=61213&mid=33014&mkey=m_document&lang=th&did=17964
https://nutrition2.anamai.moph.go.th/th/iodinemeeting/download?id=61213&mid=33014&mkey=m_document&lang=th&did=17964
https://fortificationdata.org/plot-fortification-legislation-scope-in-countries-with-mandatory-fortification/
https://fortificationdata.org/plot-fortification-legislation-scope-in-countries-with-mandatory-fortification/
https://doi.org/10.1371/journal.pone.0274301

