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Background: Nutrient criteria underlying front-of-pack food labeling programs can play an important role in improving dietary intakes. Currently, no methodology for the development or update of nutrient criteria has been published, nor the methods used by food regulatory bodies. The scientific publication of methodology outlining the development and update of nutrient criteria underpinning front-of-pack food labeling programs highlighting healthier food choices is needed.

Objective: To develop and provide a globally applicable and transparent methodology for researchers to follow when reviewing existing or developing new nutrient criteria for front-of-pack labeling.

Methods: The Nutrient Criteria Methodology involved five phases: Phase I, the development of guiding principles; Phase II, collection of information for subsequent phases, including a pre-scope of the literature and selection of food composition database(s) for modeling; Phase III, literature review of all possible nutrients relevant to the nutrient criteria; Phase IV, database modeling to set quantitative limits for each selected nutrient; Phase V, assessment of the criteria against an established nutritional quality assessment tool. As an example, the methodology was applied to the update of the GI Symbol Product Eligibility and Nutrient Criteria (PENC).

Results: A comprehensive and replicable methodology, based on best practice protocols and ensuring both scientific credibility and practicality of use by industry, was developed. Application of the five phases of the methodology to the GI Symbol PENC highlighted the ability of the methodology to uncover nutritional measures currently missing in many nutrient criteria for front-of-pack food labeling programs and other national food labeling systems, such as glycemic load and the unsaturated to saturated fat ratio. Foods achieving the PENC had a higher Health Star Rating than foods not achieving the PENC.

Conclusion: Our Nutrient Criteria Methodology can be applied to the development and update of global nutrient criteria underpinning front-of-pack food labeling programs. Further research into the implementation of additional nutritional measures found to be important for human health is recommended, with the goal of the prevention of diet-related disease.
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INTRODUCTION

Nutrient criteria can play an important role in improving population health by classifying or ranking foods according to their nutritional composition (1). As an underlying factor in the development of front-of-pack labeling (FoPL) systems, such as Australia's Health Star Rating (HSR) (2), the Glycemic Index (GI) Symbol (3), and the Guiding Stars intervention in the US (4), all of which aim to highlight healthier food products within a food category for all population groups, nutrient criteria assist consumers in making healthier food choices (1, 3, 5), and are considered a valuable tool in the prevention of diet-related chronic disease (6). However, no methodology for the development of new nutrient criteria by food regulatory bodies has been published, and the detailed methods used by these bodies are rarely disclosed. As this can result in inconsistencies across the nutrient criteria used to support consumers in making healthier choices, the scientific publication of methodology outlining the development of nutrient criteria by regulatory bodies is needed.

As our understanding of food, nutrients and health continues to evolve, the regular review and update of nutrient criteria is important to ensure the ongoing improvement of population's diet and health. While a formal review of Australia's HSR System was recommended after 5 years of implementation to determine its performance and options for enhancement (7), there is still no method detailing the update of existing nutrient criteria readily available. Nutrition science and the food supply are both constantly evolving, and the provision of a methodology for the update of nutrient criteria that is both scientifically credible and aligns with the needs of the food industry and population health, is required.

Worldwide, inconsistency surrounds the nutritional components that underpin nutrient criteria and how these are regulated within food labeling systems, potentially creating confusion for consumers and increasing product costs if re-labeling is required, especially when products are imported into other nations with different food regulatory systems (3). This inconsistency is amplified when one considers the wide spectrum of methods used to make nutrition, health, and related claims; in addition to FoPL systems, these methods include nutrition content claims (presence or absence of a nutrient), health claims (a food or property of the food has a health effect), and endorsements (nutrient content or health claims made with the permission of an endorsing body) (3). FoPL systems have different nutritional measures that are designed to rate the overall nutritional profile (i.e., ‘healthiness') of packaged foods (8), and perform differently in the context of increasing the nutritional quality of food choices (8, 9). Country specific FoPL regulations have resulted in foods manufactured in some countries being required to meet a strict set of nutrient criteria to make a nutrition, health or related claim, while in other countries, nutrient criteria for the same claims are lacking (3). For example, while the strict nutrient criteria underpinning the GI Symbol ensures that healthier low GI food products are highlighted in Australia and New Zealand, the regulatory approach to GI claims on food labels is inconsistent globally, creating confusion around the selection of healthier choices, particularly in those with or at risk of diabetes (3). Furthermore, some FoPL systems developed by the private sector have been suggested to be used for marketing purposes and potentially mislead consumers (8). To address these differences, reduce confusion and ensure access to healthy food products, the methodology applied to the development and update of nutrient criteria should be both transparent and standardized.

Here, we propose a Nutrient Criteria Methodology to provide a transparent process for researchers to follow when developing or reviewing existing new nutrient criteria. The aim of this study was to develop a Nutrient Criteria Methodology that could be applied globally. The first part of this paper describes the methodology that was developed. Next, we present the results for an application of the methodology using the revision of the GI Symbol Product Eligibility and Nutrient Criteria (PENC). Finally, potential enhancements to the methodology that may advance its use and further considerations for practical application are discussed.



METHODS

The Nutrient Criteria Methodology includes five phases and is summarized in Figure 1. Each of the five phases will require some modification, depending on the specific characteristics of the nutrient criteria to be developed or updated, such as the objectives of the front-of-pack symbol associated with the nutrient criteria, the nutritional components included, and the nutritional information available for modeling. While it is therefore not feasible to produce time estimates for each phase, the detail provided is intended to guide timing estimations. In line with the protocol applied to the HSR, it is recommended that nutrient criteria should be reviewed and updated every five years (7).
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FIGURE 1. Summary of the nutrient criteria methodology: The five Phases. Phase I, the development of guiding principles to underpin decision-making in each subsequent phase. Phase II, information is collected to inform subsequent phases by conducting: (1) Pre-scope of the scientific literature to inform Phase III; (2) Update of food categories covered by the nutrient criteria to inform Phase IV (if applicable); (3) Review of food composition databases to inform Phase IV; and (4) Review of nutritional quality assessment tools for the updated criteria to inform Phase V. Phase III, literature review of all possible nutrients relevant to the nutrient criteria to inform nutrient selection in the criteria. Phase IV, food modeling to set quantitative limits for each selected nutrient, by food category. Phase V, assessment of the criteria against an established nutritional quality assessment tool.



Phase I. Guiding Principles

To ensure that the Nutrient Criteria Methodology are evidence-based, relevant, and transparent, a set of guiding principles, specific to the objectives of the nutrient criteria development, need to be established. These guiding principles are designed to inform decision-making in each subsequent phase of the process to align the nutrient criteria with its overall objectives. Guiding principles can be developed based on consultation with academia, industry, and any other relevant stakeholders, by asking the following questions:

• What are the key objectives of the nutrient criteria in general?

• What are the key objectives of the nutrient criteria in question?

• How can we ensure that the nutrient criteria are scientifically credible?

• What needs to be considered from a food industry perspective, to ensure the criteria have practical relevance?



Phase II. Information Gathering

In Phase II, information is collected to inform all subsequent phases, according to four steps:


Step 1. Perform a Preliminary Literature Scope (Pre-scope)

The purpose of the pre-scope is to inform the direction of the literature review (Phase III) that will determine the nutritional measures for inclusion in the nutrient criteria. While a multitude of different nutritional measures might be possible, not all will be relevant to the nutrient criteria in question, the population group targeted by the nutrient criteria, or backed by robust scientific evidence. The pre-scope aims to uncover those nutritional measures that are most relevant to the nutrient criteria in question and pertinent to human health.

The following steps can be taken, and are based on a targeted simplification of the Cochrane rapid review methodology to reduce time and uncover high level information (10):

1. Determine the search strategy.

• Develop research questions to identify relevant nutritional themes and the health/dietary indicators that will uncover the level of significance of each nutritional theme to be measured.

• Develop search terms based on keywords within each of the research questions and the overall objective(s) of the nutrient criteria in question (as identified in Phase I).

• Select at least one relevant electronic scientific database (e.g., Pubmed, Embase, Scopus) to identify key scientific literature, and 1 secondary database (e.g., Google Scholar) to identify relevant gray literature (e.g., information from regulatory bodies).

2. Execute the search strategy in the selected electronic databases.

3. When screening studies, prioritize the most recent review articles (particularly systematic literature reviews (SLRs) if available) to obtain the most up to date scientific understanding on the topic.

4. Extract summary-level data from selected key papers and organize information by nutritional theme and health/dietary indicators.

5. Prioritize the nutritional themes and health/dietary indicators identified as having the greatest impact on the nutrient criteria and on human health.



Step 2. Determine the Full Range of Food Products and Food Categories

Due to continuous advancements in the food industry and consumer demand, a complete list of food categories is required to reflect all current and emerging food categories applicable to the specific nutrient criteria. As food categories may differ significantly in nutritional characteristics (e.g., breads/cereals vs. milk/dairy products), specific nutrient criteria will be required for each nutritionally distinct food category. Determination of the full range of food products and food categories may be carried out in three steps:

Comparison of the food categories covered by the current nutrient criteria (if applicable) with present-day food products, followed by the removal or addition of any food products/categories that are no longer relevant or missing, respectively.

Consultation with industry stakeholders to ensure all existing and emerging food products related to the nutrient criteria in question are captured.

Organization of all relevant food products with similar nutrient profiles into food categories specific to the nutrient criteria being developed.



Step 3. Select a Food Composition Database for Statistical Modeling (in Phase IV)

The purpose of statistical modeling is to develop quantitative limits or thresholds for each nutritional measure within each food category, resulting in a set of nutrient criteria for each food category. To facilitate this process, a database containing a comprehensive list of food products within each relevant food category and the nutritional composition of each food product is required; this is a food composition database. Selection of the food composition database to be utilized in the nutrient criteria development by asking the following questions:

• Is the nutrient information for the majority of foods used by the target population readily available?

• Does the database contain up-to-date information accurately reflecting the current food supply (i.e., recently developed or updated)?

• Is it representative of the full scope of food products within each food category (i.e., comprehensive)?

• Does it provide a wide range of nutritional information?

• Does it enable easy calculation and extraction of the data? (i.e., file format)

• Has it been successfully used in previous modeling projects or published research?



Step 4. Review and Select a Nutritional Quality Assessment Tool

Quantitative assessment is required to confirm the validity and functionality of the nutrient criteria (e.g., ability to select the healthiest foods within each food category). All potential assessment tools measuring nutritional quality should be considered. The selection of an assessment tool may be based on the:

• Correlation of food categories covered by the assessment tool with those in the nutrient criteria;

• Correlation of nutrients and other food-based nutritional measures (e.g., fruit and vegetable component) in the assessment tool and nutrient criteria;

• Availability of nutritional information required by the assessment tool in the food composition database selected for modeling.




Phase III. Literature Review

In Phase III, a literature review is performed to obtain comprehensive evidence for the health and diet quality indicators related to each nutritional measure, as identified in Phase II, Step 1. While the pre-scope (Phase II, Step 1) provides a general understanding of the relevant scientific evidence, a detailed literature review is required to obtain a level of data sufficient to make robust decisions on which nutritional measures should be included within the nutrient criteria, including quantitative data that can be applied to the modeling, if applicable.

To ensure the literature review is conducted with the most efficient use of resources, a protocol based on a modification of the Cochrane rapid review methodology can be applied (10) and involves the following 10 steps:

1. Refine the research questions and search terms based on the nutritional themes and health/dietary indicators identified in the pre-scope (Phase II, Step 1).

2. Develop the search strategy, and select at least two electronic scientific databases and one secondary database to identify relevant gray literature.

3. Use the PICOS eligibility criteria to determine study inclusion, prioritizing SLRs and RCTs if available (11).

4. Execute the search strategy in the selected electronic databases.

5. Screen studies for eligibility by title and abstract. Retrieve full texts for all studies that appear to meet the eligibility criteria, then assess full-texts for relevance.

6. Extract data from included studies into a simplified data extraction table or database spreadsheet (example template in Supplementary Table S1).

7. Summarize the evidence for each nutritional measure and health/dietary indicator.

8. Critically appraise the quality, strength, and consistency of the evidence for each nutritional measure per each health/dietary indicator using a quality appraisal tool.

9. Consider the feasibility of each nutritional measure for use by the food industry via consultation with industry stakeholders.

10. Integrate findings from steps 8 and 9 to determine the nutritional measures with the highest scientific credibility, and feasibility for use by industry, and thus suitable for inclusion in the nutrient criteria.



Phase IV. Modeling

In Phase IV, statistical modeling using the food composition database (Phase II, Step 3) is conducted. The modeling aims to determine the quantitative thresholds for each nutritional measure in the criteria, for each relevant food category, and is guided by results from the literature review and the purpose of the nutrient criteria.

Prior to the modeling, the selected food composition database should be checked and edited, if necessary, to remove all duplicates, foods missing relevant nutritional information, and food categories not covered by the nutrient criteria.

Modeling involves three steps:


Step 1. Combine the Food-Based Recommendations for Each Relevant Nutritional Measure

These include country-specific regulations for nutrition, health or related claims and food-level recommendations from dietary guidelines or global regulatory bodies. For example, if the nutritional measure is protein, and the criteria is being developed in Australia or New Zealand, then the Food Standards Australia New Zealand (FSANZ), then the nutrient content claim(s) criteria for food to contain or be a good source of protein would be included.



Step 2. Select the Most Relevant Nutritional Measures for Each Food Category

In the food composition database, nutritional measures can be selected for inclusion in the criteria by assessing the distribution (e.g., mean, median, minimum, maximum, etc.…) of each nutritional measure compared to the:

Aggregated food-based recommendations for that nutritional measure. For example, if the nutritional measure is protein and the food category is ready-to-eat meals, then the distribution of protein levels in all food products included in the ready-to-eat meals food category would be assessed against the levels identified in Phase IV, Step 1. It would include the levels necessary to make a nutrient content claim for protein.

• Presence of outliers, defined as values that were abnormally high for nutrients considered to have a negative effect on health (e.g., sodium, saturated fat).

• Findings from the pre-scope of the literature carried out in Phase II.

• A nutritional measure can be confirmed for a food category when there are:

• Food products containing higher or lower than the recommended limits, depending on whether the nutritional measure is considered detrimental or beneficial for health, respectively; or,

• The presence of outliers (as defined above) for that nutritional measure; or,

• Evidence that a nutritional measure should be included within a specific food category.



Step 3. Quantify the Limits for Each Nutritional Measure Within Each Food Category

Limits are set based on the current nutrient criteria limits or identified food-based recommendations, as identified in Phase IV, Step 1 and 2. If no pre-existing target or recommendation exists, then the limit may be set to remove outliers. If no outliers are present, then the limit can be based on the mean or median level of that nutrient, within each food category. Each limit imposed should be tested for stringency and appropriateness by assessing the nutritional composition and ingredients list of foods that ‘achieved' vs. ‘did not achieve' the criteria for healthiness (i.e., containing a high level of nutrients and ingredients recommended to include in the diet, such as dietary fiber, and a low level of nutrients and ingredients recommended to limit, such as sodium and saturated fat). A quantitative limit may be selected when foods that ‘achieve' the criteria have a healthier nutritional composition compared to those that ‘do not achieve' the criteria.




Phase V. Quantitative Assessment of the Nutrient Criteria

The purpose of the quantitative assessment is to quantitatively determine the ability of the front-of-pack nutrient criteria to perform the intended task, as defined within the guiding principles (e.g., the ability to select healthier foods within each food category). Assessment can be carried out over three steps:


Step 1. Assessment of the Criteria Using the Selected Nutritional Quality Assessment Tool

Depending on the resources available, two approaches have been developed to assess the validity of the nutrient criteria:

Comprehensive assessment (optimal approach): A random selection of foods that ‘achieve' and ‘do not achieve' the nutrient criteria from every food category applicable to the nutrient criteria.

Restricted assessment: Selection of a smaller number of food categories, representative of the core food groups (e.g., a food category such as breakfast cereals to represent grains and cereals; a food category such as dairy milk to represent dairy).

For each selected food, the assessment tool should be applied and the nutritional quality score calculated. The mean score (± SD) for foods that ‘achieve' and ‘do not achieve' the nutrient criteria are determined and compared using the student's t-test for statistical significance (p < 0.05). Statistical analyses can be performed in a range of statistical analysis software (e.g., SPSS, MS Excel, etc).



Step 2. Secondary Assessment of the Nutrient Criteria Against Foods Currently Meeting the Nutrient Criteria (if Applicable)

For many existing nutrient criteria, a portfolio of foods currently covered by the criteria are available. If the data are available, a secondary assessment can be performed. All foods that are currently certified as meeting the nutrient criteria can be assessed against the updated criteria and their scores calculated. The mean assessment score (± SD) for food products that ‘achieve' vs. ‘did not achieve' the updated nutrient criteria can then be determined and compared using the student's t-test for statistical significance (p < 0.05). Statistical analyses are then performed in statistical analysis software.



Step 3. Stakeholder Review of Updated Nutrient Criteria

To ensure both scientific credibility and alignment with the constraints of the food industry and consumer demand, the updated nutrient criteria may be reviewed by independent academic and industry stakeholders. Findings from Phase V are then integrated into the criteria where necessary to improve performance.




Application of the Nutrient Criteria Methodology: Example Using the GI Symbol Product Eligibility and Nutrient Criteria (PENC)

The GI Symbol is a Certification Trademark established by the GI Foundation of Australia that can be applied to carbohydrate-containing foods that have both a GI ≤ 55 and meet the PENC (3). The GI Symbol was established in 2002 to address confusion around the selection of healthier carbohydrate choices, including for people with diabetes, by flagging healthier carbohydrate foods and food products. The PENC was last updated in 2015 and in 2021, the Nutrient Criteria Methodology was applied to update the GI Symbol PENC.




RESULTS

The update of the GI Symbol PENC using the Nutrient Criteria Methodology is described below as an example of its application.


Phase I. Guiding Principles

The guiding principles developed for the GI Symbol PENC update were:

• Based on current, authoritative, and robust peer reviewed evidence.

• Developed with consideration to the specific requirements and/or constraints of its users.

• Easy for users to understand and implement.

• PProvision of thought leadership.

• Application only to foods that provide a source of available carbohydrate in the diet, as defined by the International Standard for determination of the glycemic index, ISO 26642:2010 (12).

• Designed to provide guidance on choosing healthier food choices within a food group or category, rather than being applicable to only core or unprocessed foods.



Phase II
 
Step 1. Perform a Preliminary Literature Scope (Pre-scope)

To review the PENC, the pre-scope aimed to answer the following questions:

• What is the most recent scientific understanding surrounding carbohydrate quality?

• What related nutritional measures currently exist and what is the recent scientific understanding on these?

• What (a) health and (b) dietary outcomes are most relevant to the nutrient criteria?

A targeted literature scope was conducted on the 21 May 2021, via the Pubmed and Google Scholar databases, and the Google search platform. The most recent review articles for each nutritional theme (including SLRs) were prioritized to obtain the most up to date scientific understanding.

The focus areas identified by the pre-scope, to be further investigated in the subsequent literature review (Phase III), are presented in Table 1. Two areas were excluded from further review; and these were GI (since a GI ≤55 is an inherent requirement of all food products assessed by the GI Symbol PENC) and resistant starch, since this would be included as part of the evidence obtained for dietary fiber.


Table 1. Summary of focus areas identified by the pre-scope.
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Step 2. Determine the Full Range of Food Products and Food Categories

The original GI Symbol PENC included 39 food categories. The update of these food categories resulted in 17 new food categories being created, primarily from additional carbohydrate-containing food products entering the market, including toddler foods and frozen potato products. A list of the final 56 food categories selected for the PENC update is provided in Supplementary Table S2.



Step 3. Select the Food Composition Database for Statistical Modeling (in Phase IV)

The assessment of food composition databases for the PENC update is summarized in Supplementary Table S3. Potential food composition databases were reviewed via a search of the scientific literature (via PubMed) and the Google search engine on the 24th May 2021, as well as in consultation with stakeholders. The food composition database selected was the FoodSwitch database, managed by the George Institute for Global Health (13). The FoodSwitch database is comprehensive, relevant to the current food industry, and has been used extensively for modeling in previous studies. However, it is available at a cost and the version accessed did not contain data for added sugars and trans fats. The AUSNUT database (14), which is freely available for download, was selected for the modeling of added sugars and trans fats. This was not selected for the full modeling due to the last update being a decade old (2011–2012). The use of both databases provided the ability to assess all potential nutritional measures for all food categories, maintaining the use of the most up-to-date food product data for the majority of nutritional measures used in the nutrient criteria update.



Step 4. Review and Selection of Nutritional Quality Assessment Tools

The nutritional quality assessment tool selected for use was the Health Star Rating (HSR) system (2). The HSR is widely used in both Australia and New Zealand, correlated well with the nutrients included in the updated PENC, and has been routinely used in conjunction with the FoodSwitch database (7). A summary of the nutritional quality assessment tools considered for the update of the GI Symbol PENC is provided in Supplementary Table S4.




Phase III. Literature Review

Based on the findings of the pre-scope (Phase II, Step 1), the research questions underpinning the literature review were:

1. What measures of carbohydrate quality should be included in the update of the GI Symbol PENC?

2. What related nutritional measures, outside of carbohydrate quality, should be included in the update of the GI Symbol PENC?

Literature searches were conducted on the 15 and 16th June, 2021, using the Medline, PubMed, Cochrane Library, and Google Scholar databases. A secondary targeted search in Google Scholar was also conducted to identify the most recent key position papers on each nutrient or nutritional measure from reputable organizations (e.g., World Health Organization (WHO), Food Standards Australia New Zealand (FSANZ), and the Heart Foundation of Australia). Inclusion and exclusion criteria were defined by the PICOS framework (11). All populations were considered, with no restrictions on age, sex, or ethnicity. Nutritional interventions and health and dietary outcomes were limited to those identified in the pre-scope (Table 1). There were no exclusions on comparators. SLRs and SLRs with meta-analyses (MAs) of randomized controlled trials (RCTs) and cohort studies were prioritized, with individual RCTs and cohort studies only considered when SLRs and MAs were not available. Cross-sectional studies were only sourced if no RCTs or cohort studies were available. Literature published from 2015 onward was selected based on the previous criteria update. The evidence selected for each nutritional measure was appraised for quality according to the National Health and Medical Research Council hierarchy of evidence framework (15). Consultation with industry stakeholders was carried out to determine feasibility of each nutritional measure for use by industry.

Results from the literature review identified two measures of carbohydrate quality and ten related nutritional measures that should be applied to the update of the GI Symbol PENC (Table 2). A summary of the literature review findings is presented in Supplementary Methods S1, Part A.


Table 2. Summary of nutritional measures selected for inclusion in the updated PENC.
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Phase IV. Modeling

The FoodSwitch database was updated to remove all duplicates, foods missing relevant nutritional information, and foods not covered by the nutrient criteria.


Step 1. Combine the Food-Based Recommendations for Each Relevant Nutritional Measure

Food-based recommendations relevant to the PENC included the Healthy Food Partnership (HFP) reformulation targets (16) and the FSANZ nutrient content claims (17); plus additional food-level recommendations from health authorities were included where identified. A summary of the aggregated food-based recommendations from HFP reformulation targets, the FSANZ nutrient content claims, and additional guidelines identified in the scientific and gray literature are detailed in Supplementary Table S5.



Step 2. Select the Most Relevant Nutritional Measures for Each Food Category

A flow-chart depicting the nutritional measures determined for each food category is shown in Figure 2. Each food category was first classified according to the degree to which reformulation was feasible. Reformulation was considered feasible for manufactured foods with more than one ingredient. Products for which reformulation was not feasible were not subject to additional criteria; these included whole foods (e.g., fresh fruit) or single ingredient foods (e.g., sugars). Of the 56 food categories, seven were deemed to be not feasible for reformulation, resulting in the modeling of 49 individual food categories. Carbohydrate quality measures were applied based on whether a food category was grain based (carbohydrate to fiber ratio) or not (glycemic load). Following the application of carbohydrate quality measures, additional nutritional measures were applied to both grain-based and non-grain-based food categories, on a food category specific basis. Based on stakeholder recommendation, a minimum calcium limit was also applied to food categories intended to serve as dairy milk analogs.


[image: Figure 2]
FIGURE 2. Overview of the nutritional measures determined for each food category covered by the GI Symbol PENC. All foods must have GI ≤ 55 to be considered for the GI Symbol. Reformulation was not considered feasible for whole foods of foods with a single ingredient; these foods were not subject to additional criteria. Manufactured foods with more than one ingredient were separated into grain-based and non-grain-based food categories. The criteria for grain-based food categories included the carbohydrate to fiber ratio and absolute fiber if necessary; the criteria for non-grain-based food categories used glycemic load in place of the carbohydrate to fiber ratio. All food categories were subject to criteria for total or added sugars, sodium, fatty acid profile including trans fats, protein, and calcium, as determined necessary by the modeling. The same criteria apply to food categories meeting lower GI criteria (GI 25% lower than that of a reference food).




Step 3. Quantify the Limits for Each Nutritional Measure Within Each Food Category

The full GI Symbol PENC containing limits for each nutritional measure within each food category is freely available via the ACCC and GI Foundation websites. An example of the step-by-step modeling process specific to the ‘breads and crispbreads' food category is provided in Figure 3. Additional detail regarding the nutritional measures and limits selected per each food category is provided in Supplementary Methods S1, Part B.


[image: Figure 3]
FIGURE 3. Overview of the specific step-wise modeling strategy for the ‘breads and crispbreads' food category. Where a yes/no option existed, only the selection (yes/no; vertical path and shown by a solid black arrow) followed for breads and crispbreads has been described in detail.





Phase V. Quantitative Assessment of the Nutrient Criteria
 
Step 1. Assessment of the Criteria Using the Selected Nutritional Quality Assessment Tool

Two food categories were selected to assess the update of the GI Symbol PENC against the HSR. Selection was based on each food category containing the largest number of representative products within their core food group but having distinct nutritional characteristics; these were ‘breads and crispbreads' and ‘yogurts - sweetened'. While the optimal approach would include HSR assessment of all 56 food categories, a reduced approach was used to reduce time and cost. The selected food categories were deemed to be predominant in the diet and found to be representative of the majority of other food categories in their core food group. For each of the selected food categories, twenty products from within the FoodSwitch database were randomly selected; ten meeting the PENC and ten not meeting the PENC.

Findings for the HSR comparison of products that ‘achieved' vs. ‘did not achieve' the PENC are summarized in Table 3. For the ‘breads and crispbreads' food category, products achieving the updated GI Symbol PENC had a significantly higher HSR than products not achieving the updated PENC (3.9 ±0.49 vs. 2.1 ±0.62, p<0.001). For the ‘yogurts – sweetened' food category, there was a trend for products achieving the updated GI Symbol PENC to have a higher HSR than products not achieving the updated GI Symbol PENC (3.6 ±1.04 vs. 2.5 ±1.31; p = 0.054). Within ‘yogurts – sweetened', some products meeting the updated PENC had a low HSR, while other products not meeting the updated PENC had a high HSR (data not shown).


Table 3. HSR assessment of updated GI Symbol PENC for selected FoodSwitch products within the ‘breads and crispbreads' and ‘yogurt – sweetened' food categories, and the current GI Symbol portfolio of foods.
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Step 2. Secondary Assessment of the Nutrient Criteria Against Foods Currently Achieving the Nutrient Criteria (if Applicable)

Of the 163 food products currently carrying the GI Symbol, 151 (93%) achieve the update of the GI Symbol PENC (data not shown). The HSR of products carrying the GI Symbol and that satisfied the updated PENC were higher compared to those that did not satisfy the updated GI Symbol PENC (HSR 3.1 vs. 1.5; p = 0.004) (Table 3).



Step 3. Stakeholder Review of Updated Nutrient Criteria

Key academic and industry stakeholders were sent the update of the GI Symbol PENC for review and feedback. Stakeholder feedback was independently assessed against the guiding principles and integrated into the updated criteria where appropriate to enhance the performance of the nutrient criteria. For example, it was suggested that calcium limits were applied to the dairy milk alternatives (summary of feedback provided in Supplementary Results S1).





DISCUSSION

A comprehensive methodology for the review of existing or development of new nutrient criteria for FoPL systems was developed, with the GI Symbol PENC update utilized as an example of its application. The methodology was established based on best practice protocols and aimed to ensure both scientific credibility and practicality of use by industry. Application to the GI Symbol PENC highlighted the ability of the methodology to uncover nutritional measures currently missing in many nutrient criteria and other national food labeling systems, such as glycemic load and the ratio of unsaturated to saturated fat. These nutritional measures warrant consideration for incorporation into national nutrient criteria and emphasize the need for the ongoing update of nutrient criteria used to guide population health as nutrition science continues to evolve.

Despite the many nutrient criteria that exist and the fact that many have been subject to periodic updates, no transparent, standardized methodology for the development nor update of nutrient criteria was identified. The reason for this is not clear. While the 5 year review of the HSR System, published in 2019 (7), provided detailed results as well as an overview of the review process, it did not include a detailed description of the methodology used. In comparison, the methodology used for the development of HFP reformulation targets was described in detail, particularly for the selection of food categories requiring reformulation, and there was a short description of the modeling methodology used to set reformulation targets (18). However, there was no step-wise description of the methodology that would allow future researchers to reproduce the methods used. Similarly, while the OfCom nutrient profiling model underpinning the Nutri-Score food labeling system has been explained and assessed over a number of different publications (19–21), no step-wise methodology was identified either. Some nutrient criteria developed by the food industry have been criticized as being targeted toward marketing purposes, with the potential to be misleading if applied to products with poor nutritional profiles (8). To unify efforts in improving population health in a credible manner, our goal was to provide a clear and rigorous pathway, based on established methods, that all researchers looking to develop, or update, any nutrient criteria could follow.

As our understanding of nutrition science and the food supply are constantly evolving, the alignment of nutrient criteria with both science and industry will ultimately support the selection of healthy foods by the public. While the most recent nutrition science may highlight the most optimal targets for health, food product development is also bound by what is feasible within the constraints of food manufacturing, and consumer acceptance of food products. If a nutrient criterion is so stringent that targets cannot be met by the food industry, certification will not be enabled for any food products within a food category, and there will be no guidance for consumers. Similarly, if a set of nutrient criteria are too relaxed, too many products will be able to meet the criteria, undermining the overall purpose of the criteria. A balance between nutrition science and food manufacturing can be achieved using the methods described here, notably through: review of the most recent and relevant scientific literature, based on an established protocol (10); modeling of the predominant nutritional measures identified against a comprehensive database of commonly consumed foods; and, consultation with key academic and industry stakeholders throughout the entire process.

The application of the proposed methodology to the GI Symbol PENC uncovered several nutritional measures that show importance for population health but are lacking in many nutrient criteria, as well as other national food labeling systems. For example, while there was correlation between foods meeting the PENC and higher scores according to the HSR for the majority of food products, this correlation was not apparent on assessment of the ‘yogurts – sweetened' food category. A predominant reason underpinning this result was the difference in the nutritional measures included in the PENC for dairy products compared to the HSR, particularly glycemic load (which excluded some high HSR food products from meeting the updated PENC) and the unsaturated to saturated fat ratio (which permitted some low HSR food products to meet the updated PENC). As both glycemic load and the unsaturated to saturated fat ratio were identified as key measures for health and diet quality, consideration for their inclusion in national food labeling systems is suggested. Another predominant finding of the literature review was the importance of carbohydrate quality for health, for which multiple markers were identified, including glycemic load and the carbohydrate to fiber ratio. Although a number of carbohydrate quality indices, combining multiple carbohydrate quality markers, have been published, no consensus was identified; highlighting the need for development of an easy-to-use carbohydrate quality index that can be incorporated into nutrient criteria. Some nutritional measures showing a significant link to health were not able to be included in the PENC due to methodological or industry constraints. For example, whole grain intake was found to correlate inversely with type 2 diabetes (22, 23) but was excluded from the PENC due to a lack of information about wholegrain content in existing food composition databases, and hence, the inability to be applied to the modeling. While an increased sodium to potassium ratio was identified as a key risk for hypertension and obesity (24, 25), potassium was also excluded because it is not currently mandated on nutrition information panels in Australia and New Zealand. Further investigation into methods that would enable nutritional measures such as these to be included in nutrient criteria may play an important role in the prevention of diet-related disease. A limitation of the Nutrient Criteria Methodology presented is its application to only one nutrient criteria at time of publication; the GI Foundation's PENC as presented here as an example of its application. While each step of the methodology was developed based on established best practice protocols to increase credibility and confidence in performance, application to an increased number of nutrient criteria will be necessary to ensure ongoing refinement and uncover any specific considerations for different groups of nutrient criteria. The protocol used for assessment of the PENC (Phase V) was a shortened protocol that did not cover all food categories addressed by the PENC due to resource constraints. While the selection of the assessed food categories was carried out to optimize both sensitivity (food categories that were highly populated) and reduce bias toward specific nutritional measures (food categories differing in nutritional profile), the gold standard approach would be to assess and compare all foods meeting and not meeting the criteria in all food categories. Depending on the nutrient criteria in question, this approach would likely require significant resources including time and monetary investment.

The Nutrient Criteria Methodology presented has a number of strengths. The methodology is holistic in nature, integrating multiple systems and processes that build on both scientific and industry expertise. Each phase of the protocol has been described in a step-wise manner and applied to a well-known FoP food labeling system to ensure familiarity and ease of reproducibility. Each phase was developed using established best practice methods, increasing potential for application to a wide range of different nutrient criteria.



CONCLUSION

This study describes a Nutrient Criteria Methodology, based on best practice protocols, that can be applied to the development and revision of global nutrient criteria, in particular from FoPL systems. This step-by-step framework has been applied to the GI Symbol PENC as an example, to increase the performance, credibility, consistency, and transparency of the GI Symbol and to ensure its reproducibility. The methodology provides a clear pathway for researchers looking to develop or update, any nutrient criteria, and will assist in aligning nutrient criteria and food labeling regulations for the practical promotion of global human health in an economical, straightforward, and standardized manner. Further research into the implementation of additional nutritional measures found to be important for human health but not applicable to nutrient criteria at the current time is recommended and may play an important role in the prevention of diet-related disease.
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