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Abstract
Objective: To determine weightings for the relative contributions of nineteen widely
recommended good practice food environment policies to improve population
nutrition, based on evidence of effectiveness and expert ratings, to facilitate
benchmarking of the implementation of food environment policies globally.
Design: A two-round Delphi study was performed in 2015, whereby international
food policy experts (nRound1 27, nRound2 21) compared effectiveness of all possible
pairs of policy domains and good practice policies within domains to improve
population nutrition according to the Saaty scale (1 to 9). Weightings for each
domain and policy were derived from expert ratings based on the Analytic
Hierarchy Process method.
Setting: International.
Subjects: Food policy experts.
Results: Out of the seven policy domains, Food Prices and Food Promotion
received the highest weightings for impact on improving population nutrition,
while Food Trade received the lowest weighting. Among the nineteen specific
policies, taxing unhealthy foods (3·8 (0·7)), healthy food provision in schools
(2·8 (0·4)) and minimizing taxes on healthy foods (2·6 (0·4)) were given the
highest weightings, while nutrient declarations on packaged foods (1·2 (0·2)) and
healthy food policies in private-sector workplaces (1·0 (0·2)) received the lowest
weightings (mean (95% CI)).
Conclusions: Expert-derived weightings on the relative contributions of recom-
mended food environment policies to improve population nutrition will facilitate
monitoring and benchmarking the implementation of these policies by govern-
ments among countries globally. Additional weightings for contributions of
policies to reducing nutrition inequalities and improving consumer and child rights
could be developed in the future.
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While the prevalence of undernutrition has declined(1), the
number of overweight and obese individuals has surged
from 857 million in 1980 to more than 2·1 billion in
2013(1,2). Obesity is a multifactorial issue, stemming from a
range of social, economic, biological and environmental
influences(3–8). Debates on the drivers of obesity have
often been dichotomized, with arguments emphasizing
either individual responsibility or obesogenic environ-
ments as critical influences(9).

Swinburn et al.(3,8) emphasize that the global food
system is the main culprit in the simultaneous increases of
obesity observed in almost all countries. Unhealthy food
environments foster unhealthy diets through widespread
availability of cheap, highly palatable, heavily promoted,

energy-dense and nutrient-poor foods. Governments can
play a crucial role in improving the healthiness of food
environments through policies and regulations(10–13).
While there is agreement by international experts and
organizations on the priorities for improving the healthi-
ness of food environments and reducing obesity(13,14),
global progress on implementation of those priorities is
very sparse(15). Therefore, monitoring and benchmarking
of progress to increase accountability of governments and
other actors is critical(9).

INFORMAS (The International Network for Food and
Obesity/non-communicable diseases Research, Monitor-
ing and Action Support) developed the Healthy Food
Environment Policy Index (Food-EPI) to assess and
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benchmark the extent of implementation of policies
for creating healthy food environments by national
governments globally to reduce obesity and nutrition-
related non-communicable diseases. The Food-EPI has
two components, a ‘policy’ and ‘infrastructure support’
component(11), each comprising a series of policy domains
and good practice indicators within those domains. The
Food-EPI allows national public health experts to rate the
extent of implementation of each of the good practice
indicators by their government compared with interna-
tional best practice(11,16,17), resulting in a dashboard of
indicators(17,18). However, the relative contribution of
these good practice policies within the Food-EPI to
improve population nutrition has not been established.

The aim of the present study was therefore to quantify,
through the development of weightings, the relative
contributions of the nineteen widely recommended good
practice food environment policies within the ‘policy’
component of the Food-EPI to improve population
nutrition, based on evidence of their effectiveness from the
literature and food policy expert ratings. This will enable
calculation of a composite Food-EPI score for each
country and therefore facilitate benchmarking of the
implementation of food environment policies globally.
Weightings for the indicators within the ‘infrastructure
support’ component of the Food-EPI (e.g. indicators on
leadership, governance, funding, etc.) are set at 1 due to
the lack of empirical evidence of their impact on
improving population nutrition and because all those
indicators are considered necessary for policy develop-
ment and implementation.

Methods

A Delphi study(19) with two rounds was conducted in 2015
to obtain consensus among a group of international food
policy experts on the relative contributions of nineteen
recommended food environment policies (see online
supplementary material, Supplemental Table 1) to improve
population nutrition. An electronic Delphi method was used
to enable experts who are geographically dispersed to
contribute their opinions and offered quasi-anonymity,
allowing participants to complete the study in their own
time without being influenced by other participants in the
group and/or group pressure to conform. Ethics approval to
conduct this study was obtained from the University of
Auckland Human Participants Ethics Committee (reference
number: 012195).

Recruitment of experts
International experts with knowledge, experience and
contributions to the field of food or nutrition policy were
identified using different sources, including the INFOR-
MAS, World Public Health Nutrition Association and World
Obesity Federation membership databases, as well as

personal contacts. An initial list of eighty potential experts
was identified, including scientists and advocates from
international non-governmental organizations. This list of
experts was reduced to fifty-six experts after applying a set
of eligibility criteria: (i) having in-depth knowledge and a
high level of practical engagement in the area of food and
nutrition policy in the context of reducing obesity and diet-
related non-communicable diseases, including an under-
standing of the influence of food environments; (ii) having
made excellent scientific contributions in this field; and
(iii) having more than 10 years of experience in the field of
food and nutrition policy.

Review of evidence on the effectiveness of
recommended food environment policies
Prior to data collection, a comprehensive narrative sum-
mary of evidence of effectiveness on improving popula-
tion nutrition over the last 10 years (since 2004) was
produced for each of the nineteen good practice policies.
The methods and results of this review can be found in the
online supplementary material, Supplemental File 1. This
review was intended for use by experts participating in the
Delphi process to support their judgements in the rating
process. The evidence summary comprised results from
systematic reviews where available. Where systematic
reviews could not be found, reviews and individual
studies were used. Only evidence relating to improving
population nutrition was summarized, excluding
outcomes such as consumer rights and inequalities,
because there is less scientific evidence for those
considerations, and it would require different experts to
be included and a different set of weightings to be created.
The INFORMAS module leaders were asked to review
the respective evidence summaries (e.g. wording of the
evidence, providing extra references) for their policy
domain before it was sent out.

Data collection
The Analytic Hierarchy Process (AHP) method was used
as it allows making complex decisions using pairwise
comparisons(20). A questionnaire was constructed in
Microsoft® Excel 2013 using the basic principles and
mathematical calculations of the AHP method(20). Experts
compared and rated all possible pairs of policy domains
and good practice policies within domains according to
the Saaty scale (1 to 9). Experts were also asked to provide
brief comments to justify their ratings. Weightings were
then calculated using the AHP method from those expert
ratings for each policy domain and each good practice
policy within each policy domain. More details about the
AHP method and its application in the present study
can be found in the online supplementary material,
Supplemental File 2.

For Round 1, an email was sent out to participants
containing three attachments: (i) instructions, (ii) a ques-
tionnaire including items to be rated in pairwise
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comparisons and (iii) a sixty-five-page summary on
evidence of effectiveness of the nineteen good practice
policies on improving population nutrition. A second
Delphi round was conducted so that experts could
reconsider their ratings based on feedback and results
from the first round.

In Round 2, experts were provided with a summary of
the results including the weightings (and variance around
the average weightings) and participant comments from
Round 1, any clarifications based on those comments and
a new questionnaire.

During Round 2, participants were asked to revise or
adjust their weightings from Round 1 for each good
practice indicator within each policy domain. The sum
of weightings for the group of good practice policies
within a policy domain was fixed at 100. Experts were
also asked to take the level of consensus (i.e. width of
confidence intervals around the average weightings) for
each policy from Round 1 into account, when revising
the weightings. Revising weightings for food policy
domains was not needed in Round 2 given that the group’s
ratings for all food domains achieved high consensus
in Round 1.

Data analysis
Analyses were undertaken in 2016 in Microsoft Excel 2013
and were similar for Round 1 and 2. The priority weight-
ings derived from the AHP method were used to create
aggregated weightings for each good practice policy and
food policy domain(21). The geometric mean weighting
was calculated for each good practice policy and each
policy domain(21). Final weightings for each good practice
indicator were determined by multiplying the weighting of
the good practice policy (e.g. front-of-pack labelling) with
the weighting of its respective food policy domain
(e.g. labelling). These weightings were then normalized.
From the normalized weightings, relative weightings were
created by comparing the weighting of each policy to the
lowest good practice policy weighting.

Descriptive statistical analyses were undertaken which
included measures of central tendency (arithmetic mean of
individual geometric means) and confidence intervals
calculated at the 0·05 significance level to assess levels of
consensus among experts.

Results

Thirty-seven of the fifty-six experts invited to participate in
the Delphi process consented to participate. Of the thirty-
seven experts who were sent the questionnaire, twenty-
seven returned a completed questionnaire for the first
round and twenty-one for the second round. The overall
response rate was 48·2% for the first round and 37·5% for
the second round of the Delphi. Participants from the first
round were geographically diverse with 33% from

Australia/New Zealand, 26% from UK and Europe, 19%
from North America, 15% from South and Central America
and 7% from Asia.

First-round weightings
The aggregated weightings showed that, overall, policies
within the Food Price domain were evaluated as the most
important in terms of their effectiveness to improve
population nutrition while policies within the Food Trade
domain were assessed as contributing the least to
improving population nutrition. There was relatively
high consensus for the weightings of all policy domains
as the confidence intervals were relatively small
(Table 1).

Figure 1 shows the normalized relative weightings of
each good practice policy ordered from smallest to largest.
The top seven policies evaluated as being the most
important to improve population nutrition were: High tax
on unhealthy foods>Restriction of unhealthy food
marketing in children’s settings>Healthy school food
policies> Low tax on healthy foods> Intent of existing
subsidies for healthy foods> Front-of-pack labelling>
Restriction of unhealthy food marketing to children on
non-broadcast media and broadcast media. The three
policies that were evaluated as contributing the least to
improving population nutrition were: Menu board
labelling> Food claim regulation> Private workplace food
policies. The weighting for High tax on unhealthy foods
was more than three times that of Private workplace food
policies. Confidence intervals around the weightings were
generally found to be small (Fig. 1).

First-round expert commentary
Based on expert comments from Round 1, two issues were
clarified/changed in regard to the good practice policies
for Delphi Round 2:

1. Some experts’ comments indicated that ‘food claim
regulations’ were rated lower than other policies
because of their potential to mislead and cause harm
to consumers. However, the weightings should have
been based on the relative contribution of policies to
restrict health and nutrition claims on improving
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Table 1 Aggregated weightings for the different food policy
domains to improve population nutrition derived from Round 1 of
the Delphi process performed with international food policy experts
(n 27) in 2015

Food policy domain
Aggregated
weighting 95% CI

Rank
priority

Food Price 0·194 0·175, 0·213 1
Food Promotion 0·182 0·158, 0·206 2
Food Composition 0·141 0·121, 0·162 3
Food Provision 0·136 0·115, 0·157 4
Food Retail 0·120 0·094, 0·146 5
Food Labelling 0·118 0·106, 0·131 6
Food Trade & Investment 0·109 0·091, 0·128 7

Relative contributions of policies to improve population nutrition 3



population nutrition and not on the impact of the
claims themselves.

2. The original policy statement on ‘restricting unhealthy
food marketing to children through all media’ was
found to be too broad by the experts to obtain robust
weightings and was split into two different marketing
policies, one focusing on broadcast and the other one
on non-broadcast media.

Second-round weightings
The top eight policies that were evaluated the most
important to improve population nutrition were the same as
in Round 1 but the order was slightly different: High tax on
unhealthy foods>Healthy school food policies> Low tax
on healthy foods> Intent of existing subsidies for healthy
foods>Restriction of unhealthy food marketing in children’s
settings>Front-of-pack labelling>Restriction of unhealthy
food marketing to children on non-broadcast media>
Restriction of unhealthy food marketing to children on
broadcast media. The three policies that were evaluated as
contributing the least to improving population nutrition
were: Menu board labelling>Nutrient declarations>Private
workplace food policies (Fig. 2).

The ranking of policies changed slightly compared with
Round 1, but the weightings derived were similar. The
confidence intervals around the weightings were higher
than in Round 1 (Fig. 2).

Application of the weightings
As a matter of illustration, Table 2 shows the results of
applying the normalized relative weightings for the rela-
tive contributions of the different good practice food
environment policies to calculate the composite Food-EPI
scores for Thailand(17) and New Zealand(18). The average
weightings are multiplied by the average rating given by
the national expert panel on the percentage of imple-
mentation of governments compared with international
best practice for each indicator.

The indicators within the infrastructure support com-
ponent domains (e.g. leadership, governance, funding,
monitoring, platforms and health-in-all-policies) of the
Food-EPI get assigned a weighting of 1.

Discussion

Despite growing interest worldwide for preventive action
to be taken to curb the obesity epidemic, there has been
very little examination of the relative contribution of dif-
ferent recommended policies to improving population
nutrition. The present study utilized a modified Delphi
technique to obtain expert opinion and agreement on the
relative contribution of different food policy domains and
good practice policies within the domains to improving
population nutrition.
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Front-of-pack food labelling

Intent subsidies for healthy foods

Low tax on healthy foods

Healthy school food policies

Restriction unhealthy food marketing child settings

High tax on unhealthy foods

0.00 0.50 1.00 1.50

Normalized relative weighting (95 % CI) for importance of policy to improve population nutrition (Round 1)

2.00 2.50 3.00 3.50 4.00 4.50

Fig. 1 (colour online) Bar chart showing the normalized relative weightings (with 95% CI represented by horizontal bars) for each of
the good practice policies to improve population nutrition derived from Round 1 of the Delphi process performed with international
food policy experts (n 27) in 2015
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The study showed that, as evaluated by international
food policy experts, policies such as taxing unhealthy
foods and healthy food provision in schools were
given the highest weightings for relative contribution to
improve population nutrition, as supported by the
evidence (Supplemental File 1) and international recom-
mendations(14). The relative order of the weightings for the
policies is largely in line with the strength and quantity of the
evidence of effectiveness for improving population nutri-
tion. In general, the policies with the highest weightings
have relatively stronger evidence of effectiveness for
improving population nutrition compared with the policies
with the lowest weightings, for which evidence is weak,
mixed or very limited (Supplemental File 1).

Furthermore, the weightings for the top two policies are
roughly three times larger than for those policies which
ranked lowest. This indicates that implementing the top
policies such as taxing unhealthy foods and healthy food
provision in schools will likely have a larger impact on
improving population nutrition compared with weaker
policies such as nutrient declarations on foods, menu
board labelling or private-sector food policies.

The following sections discuss in more detail the top
two policy recommendations which were weighted as

having the highest relative contribution in terms of their
effectiveness to improving population nutrition.

High tax on unhealthy foods
The evidence from the literature suggests that taxing
unhealthy foods leads to reductions in consumption of
the taxed foods or nutrients of concern(22–26), which is
supported by the aggregated expert-derived weightings in
the present study. Experts stated that the evidence base
was relatively strong for taxes on unhealthy foods and
believed it was the best policy to limit the availability
of unhealthy foods. There are currently a few robust
evaluations(27,28) identified in the literature that assess the
impact of ‘real-world’ unhealthy food taxes on improving
population nutrition. The Mexican soda tax implemented
in January 2014 showed a 12% reduction in the con-
sumption of taxed beverages over a one-year period(27),
while the junk food tax in Mexico showed a 5% reduction
of consumption in the taxed foods(29). Falbe et al.(28)

evaluated the implemented excise tax on sugary drinks in
Berkeley, California, USA and found that there was a
21% decrease in consumption of soda in lower-income
neighbourhoods four months after implementation. In
Denmark, although the tax on saturated fat has been
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Table 2 Healthy Food Environment Policy Index (Food-EPI) composite scores for New Zealand and Thailand

Policy component of Food-EPI
Infrastructure support component

of Food-EPI Food-EPI

Country Timing Score* Implementation level† Score Implementation level Score Implementation level

New Zealand(18) May 2014 34·4% Low 53·0% Medium 43·7% Low
Thailand(17) Oct 2015 27·3% Low 47·8% Low 37·5% Low

*Weighted score on the overall degree of implementation of food environment policies compared with international best practice.
†Degree of implementation compared with international best practice: < 25%, very little if any; 25–50%, low, 50–75%, medium; >75%, high.
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Nutrient declarations

Menu board labeling

Protection regulatory capacity trade

Zoning laws

Food claims regulations

Health impact assessment trade

Support systems

Healthy food income support

In-store healthy food policies

Food composition targets

Public-sector food policies

Restriction unhealthy food marketing non-broadcast media

Front-of-pack labelling

Restriction unhealthy food marketing child settings

Intent subsidies for healthy foods

Low tax on healthy foods

Healthy school food policies

High tax on unhealthy foods

0.00 0.50 1.50 2.00

Normalized relative weighting (95 % CI) for importance of policy to improve population nutrition (Round 2)

2.50 3.00 3.50 4.00 4.501.00

Restriction unhealthy food marketing broadcast media

Fig. 2 (colour online) Bar chart showing the normalized relative weightings (with 95% CI represented by horizontal bars) for each of
the good practice policies to improve population nutrition derived from Round 2 of the Delphi process performed with international
food policy experts (n 21) in 2015

Relative contributions of policies to improve population nutrition 5



repealed, it showed an impact on saturated fat intake of
the population about one year after implementation(25,26).
It is worth noting that sugary drink taxes are now moving
towards a tipping point with more action and more
evaluations and evidence becoming available(30,31).

Provision of healthy foods in schools
Overall, the evidence suggests that there is an association
between the implementation of state/national policies and
(i) changes in the school food environment and (ii) shifts
in the food consumption and purchasing behaviour of
students in the expected direction (i.e. towards healthy
foods)(32–35). Studies also showed that the availability of
less healthy foods decreased after the implementation of
policies(32–35). Evidence on the provision of free/sub-
sidized fruits and vegetables and the intake of fruits and
vegetables is, however, mixed(33,34). Many experts agreed
that healthy school food policies are an important priority
because of the evidence available, the potential to reach a
wide range of population groups, and because a large
percentage of children’s time is spent in school. Some
experts mentioned that this policy intervention can
establish norms for children around the acceptability of
foods/drinks as food preferences and habits are devel-
oped in childhood.

Strengths and limitations
One of the major strengths of the current study is that it
provides informative evidence from international experts on
the policies that are likely the most important to improving
the healthiness of food environments. Engaging experts to
provide their opinion represents an important source of
evidence, as current empirical evidence alone is not suffi-
cient to determine relative contributions of different policy
options to improve population nutrition. The study used the
AHP method to derive weightings for each policy domain
and their respective good practice policies, to produce a
reliable ranking of the rated policies. Consistency of parti-
cipants’ judgements was measured and only consistent
judgements were used to produce valid results.

There are some recognized limitations that are inherent to
the Delphi methodology relating to the internal and external
validity of the findings. However, careful consideration was
taken to limit selection bias by following strict criteria.
The reliability of findings is uncertain, as a different set of
responses may have resulted if all those invited to the study
participated or a different group of experts was selected.
Due to a slight change in methodology for rating in Round 2
mainly to make it less burdensome for experts, the con-
fidence intervals for the aggregated weightings were higher
in Round 2 than in Round 1. However, they were still within
an acceptable range and the weightings and ranking of the
different policies were similar in both rounds.

It is not certain if findings from the present study can be
extrapolated to low- to middle-income countries as the
majority of studies included in the evidence for the

good practice policies were conducted in developed high-
income countries. In addition, practical real-world
relevance for low- to middle-income countries might not
be congruent with the health and political context of those
countries. Also, while policies can be thought ‘global’,
local contexts of implementation are very diverse and may
have a significant impact on policy effectiveness.

Recommendations for policy, practice and research
Recommended food environment policies do not all
contribute equally to improving population nutrition, as
shown in the present study, with some food policies such
as taxation receiving a higher weighting from experts,
relative to other recommended policies. The imple-
mentation of the Food-EPI tool in New Zealand and
Thailand shows that the levels of implementation for top
priority policies as derived from the present study (such as
high taxation on unhealthy foods, healthy school food
policies) are ‘very little if any’ or ‘low’

(17,18).
Weightings derived from the present study will help public

health professionals and policy makers to prioritize strategies
that have the highest potential to improve population nutri-
tion. In addition, these study results will allow calculating a
composite score for the Food-EPI, which aims to benchmark
food environment policy implementation across countries
globally. In the future, additional weightings could also be
developed for other policy considerations, such as consumer
rights, child rights and nutrition inequalities.

Conclusion

In conclusion, government action is essential to implement
policies to create healthier food environments. The present
study is the first known attempt at using the Delphi meth-
odology and AHP method to derive weightings and achieve
consensus among a group of international food policy
experts regarding the relative contribution of implementing
recommended good practice food policies to improving
population nutrition. Prioritizing the implementation of
recommended good practice food environment policies is
important to focus public health efforts on the most effective
strategies to improve population nutrition. The weightings
for the policies can also be applied to generate the Food-EPI
composite scores in different countries to facilitate bench-
marking food environment policy implementation globally.
Additional weightings for the impact of those policies on
reducing inequalities and improving consumer and child
rights could be developed in a future study.
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