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Abstract

Socioeconomic inequalities in diets need to be tackled to improve population diets and prevent obesity and diet-
related non-communicable diseases. The potential of food environment policies to reduce such inequalities has to
date however not been appraised. The objective of this umbrella review was to assess the impact of food environ-
ment policies on socioeconomic inequalities in diets and to identify knowledge gaps in the existing literature, using
the Healthy Food Environment Policy Index as a conceptual framework. The policies considered in the umbrella
review are within six domains: 1) food composition 2) food labelling 3) food promotion 4) food provision 5) food
retail 6) food pricing. A systematic search for systematic literature reviews on the effect of food environment policies
on dietary-related outcomes across socioeconomic groups and published in English between 2004 and 2019 was
conducted. Sixteen systematic literature reviews encompassing 159 primary studies were included, covering food
composition (n=2), food labelling (n=3), food provision (n=2), food prices (n=13) and food in retail (n=4). Quality
assessment using the “Assessing the Methodological Quality of Systematic Reviews” quality rating scale showed that
review quality was mainly low or critically low. Results suggest that food taxation may reduce socioeconomic ine-
qualities in diets. For all other policy areas, the evidence base was poor. Current research largely fails to provide good
quality evidence on impacts of food environment policies on socioeconomic inequalities in diets. Research to fill this
knowledge gap is urgently needed.
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Background diabetes, several types of cancer and cardiovascular dis-
Overweight and obesity have rapidly become a major eases [2]. People with a lower socioeconomic position
public health challenge [1]. Unhealthy diets are a main  (SEP), measured according to e.g. income, education or
risk factor for overweight and obesity and for diet-related ~ occupation, are less likely to consume diets in line with
non-communicable diseases (NCDs) such as type 2  dietary recommendations and are more likely to become

overweight or obese [3]. Drawing on definitions of health
- inequalities [4], we use the term socioeconomic inequali-
e o e ies in dicts o indicae systemaic diferencesin dictary
Metropolitan University, Oslo, Norway quality between different population groups, linked to
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Food environments are an important determinant for
people’s diets and may influence socioeconomic ine-
qualities in diets [3, 5]. Food environments have been
defined as the collective physical, economic, policy and
sociocultural surroundings, opportunities and conditions
that influence people’s food and beverage choices and
nutritional status [6]. Several studies have indicated that
SEP mediates how dietary behaviors are influenced by
the food environment: lack of economic resources may
reduce the affordability of healthy food, and low literacy
may hinder comprehension of health information and
food labels [3, 5]. Moreover, groups with lower SEP have
been found to be relatively more exposed to unhealthy
food environments [5, 7, 8]. In order to reduce socioeco-
nomic inequalities in diets and achieve global, regional
and national nutrition and NCD goals [9-11] it is imper-
ative to promote healthy food environments focusing
particularly on lower SEP groups.

Governments have the most impactful role in promot-
ing healthy food environments, through a range of policy
measures in areas such as food labelling and taxation,
among others [12]. The International Network for Food
and Obesity/NCDs Research, Monitoring and Action
Support (INFORMAS) has gained acknowledgment for
developing a framework to assess and monitor different
dimensions of food environments, aiming to increase
their healthiness and prevent obesity, diet related NCDs
and related socioeconomic inequalities [6]. Within this
framework, the Healthy Food Environment Policy Index
(Food-EPI) was developed to monitor the implementa-
tion of food environment policies compared to interna-
tional best practices at national, supranational or local

Table 1 Food-EPI policy domains
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levels [13] and this framework was used to guide our
study. The Food-EPI includes seven policy domains that
facilitate the accessibility, availability and affordability of
healthy foods: 1) food composition, 2) food labelling, 3)
food promotion, 4) food provision, 5) food retail, 6) food
prices, and 7) food trade and investment [13]. Table 1
provides descriptions of policies related to each domain.
Policies in these domains may have different impacts
on the diets of lower and higher SEP groups. To support
government decision-making, it is important to evaluate
food environment policies in terms of their impact on
socioeconomic inequalities in diets [14]. In addition, it is
important to assess the potential of programs and inter-
ventions that can inform further policy development.
A number of systematic reviews on food and nutrition
policies that include an inequality perspective have been
published the last decade, in particular regarding food
pricing policies [15-17]. In a recent umbrella review,
Thomson et al. reviewed a broad range of public health
policies on health inequalities in high-income countries
[18]. They assessed both primary and secondary preven-
tion policies according to different delivery mechanisms
(e.g., fiscal, regulation and education within primary
prevention) and across eight policy domains including
food and nutrition policies [18]. According to this study,
taxes for unhealthy foods and targeted food subsidy pro-
grams, both fiscal delivery mechanisms, were effective in
reducing health inequalities. On the other hand, free fruit
provision in schools, another fiscal mechanism, did not
influence health inequalities. For regulatory mechanisms,
policies for salt reduction and trans-fat restrictions were
found to be equally effective in all socioeconomic groups

Policy domain Description

Food composition

Policies or standards to improve the nutritional quality of the food supply, in particular processed foods and out-of-

home meals, e.g., maximum sodium levels, trans fat ban, sugar reduction schemes.

Food labelling

Policies on food labelling to help consumers make healthier, informed choices, e.g., standards for ingredient lists/

nutrient declarations; health and nutrition claims; front-of-pack labelling schemes and menu labelling.

Food promotion

Policies that restrict unhealthy food promotion (marketing) to children and adolescents across relevant media and

contexts (i.e, broadcast media, online and social media, non-broadcast media, settings where children gather and on

food packages).
Food prices

Economic tools to incentivize healthy food purchases and disincentive unhealthy food purchases (food taxes and

subsidies); food-related income support programs aimed at low SEP groups.

Food provision

Policies to promote healthy foods in schools and other public settings, e.g. nutrition standards for school meals;

government-developed guidelines and support systems for food provision (for employees) in private companies

Food retail

Policies to improve access to healthy food and limit access to unhealthy foods in communities (e.g., zoning laws).

Government-developed guidelines and support systems, targeted at the private sector, to promote healthier foods

within food outlets or restaurants.
Food trade and investment?®

Measures to identify and minimize negative impacts of trade agreements on public health and nutrition and protect

governmental regulatory capacity in relation to investments that may impact public health.

Descriptions of food environment policy domains included in the Healthy Food Environment Policy Index (Food-EPI) (adapted from Swinburn 2013). 2 The Food trade

and investment policy domain has not been considered in this study
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and therefore did not influence inequalities in outcomes.
For calorie labelling on menus, mixed results were
reported [18].

However, to the best of our knowledge, no systematic
summary of the evidence that specifically focus on the
effects of food environment policies on socioeconomic
inequalities in diets has been produced to date.

The aim of this study is therefore to conduct an
umbrella review on the evidence of the impact of food
environment policies and interventions on socioeco-
nomic inequalities in diets, according to the following
Food- EPI policy domains: food composition, food label-
ling, food promotion, food prices, food provision and
food retail (Table 1). Aligning with existing recommenda-
tions [19] we wanted to both assess differential impacts of
policies and interventions across levels of SEP and assess
impacts on low SEP groups specifically. In addition, we
also aimed to identify knowledge gaps in the evidence.

Methods

Umbrella reviews integrate the findings of multiple sys-
tematic reviews and allow rapid review of the evidence
base in relation to a topic [20, 21]. Reporting guide-
lines for umbrella reviews are currently under develop-
ment [22, 23]. Therefore, this study follows the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) Statement [24]. A PRISMA checKklist is
available in Additional file 1. A review protocol for this
umbrella review was registered in the International pro-
spective register of systematic reviews (PROSPERO) [25],
registration number CRD42020154855.

Eligibility
Reviews had to meet the following inclusion criteria:

— Population and setting: Groups from the general
population (children [up to 18years], adults and
elderly) from any geographical region or country
income group (high, middle and low-income coun-
tries).

— Intervention/exposure: Experimental and non-
experimental studies that evaluated policies or
research interventions according to the Food-EPI
domains. For the purpose of simplicity and read-
ability we will use the term policy interventions,
to include policies, research-initiated interven-
tions, actions or programs that change one or more
domains of the food environment. Policy interven-
tions could be implemented or tested at the national,
local, community or organizational level.

— Comparison: In line with other reviews [26], com-
parison was interpreted in the context of SEP. Eligible
reviews reported:
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(i) outcomes across different SEP groups; or
(ii) outcomes specifically for lower SEP groups; or
(ili) both.

Accepted SEP measures were based on recommenda-
tions from health equity literature [19, 27] and other
reviews [18, 26] and included education, income, occupa-
tion and area deprivation. To avoid missing relevant stud-
ies that did not use rigourous reporting standards (i.e.
PRISMA-E or the PROGRESS framework [19, 27], we
accepted reviews which did not focus solely on inequali-
ties, as long as sufficient data on inequality aspects could
be extracted from the results section.

— Outcome: these were related to dietary behavior
and included dietary intake (measured at the nutri-
ent level, amount or frequency of food consumption),
food purchase, expenditure and spending, as well as
price elasticity (a measure of the change in the quan-
tity demanded or purchased of a product in relation
to its price change).

— Study design: Systematic literature reviews,
umbrella reviews and scoping reviews were eligible.

— Time range: Reviews published in the past 15years
(2004—2019). We anticipated that relevant reviews
had mainly been published the last 10years (follow-
ing e.g., the recommendations of the World Confer-
ence on Social determinants of Health in 2011 [14]
and added five extra years to ensure earlier relevant
reviews were captured.

— Language: English.

We excluded reviews that assessed the effect on inpa-
tient (hospitalized) groups and reviews that assessed
outcomes such as knowledge, awareness, or intention to
buy or nutritional status indicators such as micronutrient
deficiencies.

Search strategy

We defined the search terms with the guidance from a
university search librarian and informed by related sys-
tematic reviews [15—17], combining free text and subject
headings search terms for four categories: (i) relevant
policy interventions (ii) food and diet; (iii) socioeconomic
inequality; (iv) study type. A separate search strategy was
developed for the food promotion policy domain because
specific search terms on children and adolescents were
necessary. The search strategies were piloted and tai-
lored to the different databases. An example search string
from Medline is available in Additional file 2. Searches
were undertaken in Medline (Ovid), Embase (Ovid), Web
of Science, Food Science Source (EBSCOhost), Episte-
monikos and Cochrane Library in September 2019. An
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additional search was undertaken in November 2019 in
the interdisciplinary database Scopus to ensure coverage
of journals within the social sciences. An email alert was
set up in Web of Science to identify reviews that were
published after the search had been conducted, and alerts
were assessed in February 2020.

Study selection and data extraction
Four reviewers were involved in the screening process
(ALL, SIG, LT, GR). Each record was screened by two
independent reviewers. At the initial screening of titles
and abstracts, ALL reviewed the full list of records while
SIG, LT and GR screened 1/3 each of the list, using the
Rayyan QCRI software [28] to manage the screening pro-
cess. Discrepancies at this stage were resolved by a third
reviewer within the team. At the full text screening stage,
all four reviewers screened the ten first records to refine
the inclusion criteria, in particular regarding inclusion
based on SEP. The records were then divided between
the four reviewers (1/2 of the record list to each), ensur-
ing all full text records were screened independently by
two reviewers. They used an agreed guidance for full-
text screening to ensure consistency in screening (avail-
able in Additional file 3). Discrepancies at this stage
were resolved by consensus or by involving an additional
reviewer (LET).

Data extraction forms were pre-designed and piloted as
a part of this study, including items such as: search time
frame of study, study design(s), population, framing of
inequality, policy interventions, number of relevant stud-
ies in review; summary of results, and (if possible) notes
on the direction of the effect on socioeconomic inequali-
ties in diets, further described below. A sample of the data
extraction form is available in Additional file 4. The model
for the data extraction process was developed based on
earlier umbrella and systematic reviews [26, 29, 30]. ALL
extracted data from all included reviews and another
reviewer checked the data (JH, CT, SKD or MP). Results
were extracted based on the highest possible level of detail
in each review, e.g. by extracting reported results per pri-
mary paper and not only overall conclusions. If additional
detail was needed to extract data, supplementary material
(but not primary studies) was consulted. This was done
for four reviews [16, 31-33]. Any disagreements were
resolved by consensus.

Quality assessment

Quality assessment was performed using the Assessing
the Methodological Quality of Systematic Reviews qual-
ity assessment checklist (AMSTAR 2), which is devel-
oped for systematic reviews of both randomized and/
or non-randomized studies [34]. In order to facilitate
and simplify assessment of a range of study designs we
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made minor revisions to AMSTAR 2 items (available in
Additional file 5). The quality assessment was performed
in duplicate by AS, CBMK and KS and discrepancies
solved by CT. As recommended by AMSTAR 2, a set of
critical items from the checklist were agreed on and used
as a basis for rating the overall confidence in the results
of each review (Additional file 6). These items included
e.g., “satisfactory assessment of risk of bias in individual
studies” (item 9) and “risk of bias accounted for in inter-
pretation of results in the review” (item 13). Based on
the number of critical and non-critical flaws, included
reviews were categorized as having high, moderate, low
or critically low quality.

Analysis

The reviews were narratively synthesized, using the
Food-EPI policy domains as a conceptual framework for
presentation of results. In terms of differential effect on
SEP, whenever possible we used the strategy employed
by Olstad et al. [17] to describe the overall direction of
results for each policy intervention:

(i) Positive: the effect of policy intervention was larger
in lower vs. higher SEP groups, thus contributing
to reduce socioeconomic inequalities in diets.

(ii) Neutral: there was no difference in effects in out-
comes across SEP.

(iii) Negative: the effect of the policy intervention was
higher in higher vs. lower SEP groups, thus con-
tributing to increase socioeconomic inequalities in
diets.

(iv) Inconclusive or no effect: the results were incon-
sistent, or no effect of policy intervention was
detected.

For the results that were specific for low SEP groups,
the direction of results was interpreted in terms of the
absolute effect of the policy intervention on the outcomes
and described as positive (healthier dietary outcomes),
negative (unhealthier dietary outcomes) or having no
effect.

Results

4680 records were retrieved via searches in the seven
databases, search alerts and reference list screening.
Those were imported into EndNote where duplicates
(m=1294) were removed. We screened 3376 records at
the title and abstract stage and 190 records at the full
text stage and included in total 16 systematic literature
reviews (henceforth referred to as reviews). No relevant
umbrella reviews or scoping reviews were detected.
Exclusion reasons for the 174 records excluded at the full
text stage are available in the Prisma flow diagram (Fig. 1)
and in Additional file 7.
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Fig. 1 PRISMA flowchart. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. From: Moher D, Liberati A,
Tetzlaff J, Altman DG, The PG. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 2009;6 [71:

The included reviews were published between 2010
and 2018, and were mainly conducted in Western, high-
income countries (i.e., the United States and Europe).
One review focused on middle-income countries (MICs)
[32] and no reviews focused on low-income countries.
Thirteen reviews had an overall focus on socioeconomic
inequalities, addressing inequality in the overall theme
or as a main objective of the study. In three reviews
[33, 35, 36] inequality issues emerged in the results
section and less details could be extracted. Gener-
ally, populations were broadly described (e.g., “adults’,
“households”) except two reviews [17, 37] that reported
results specifically for children. In descending order, the
main measures for SEP as reported in the reviews were
income, area level income or deprivation, education,
occupation and eligibility for targeted programs for low-
income groups. Six reviews used SEP (or social class) as
a composite measure without operationalizing measures
or proxies. Five reviews focused explicitly on low SEP
populations [37-41], three reviews reported outcomes
for both low SEP groups and across SEP [16, 31, 42], and
the remaining reviews reported results across SEP. Study

characteristics and key findings are provided in Addi-
tional file 8. In descending order, the main outcomes
covered by the reviews were dietary intake/food con-
sumption, food purchase, and consumer demand/price
elasticity. Table 2 shows how included reviews were
distributed across Food-EPI policy domains. No review
covering the food promotion domain was identified. The
reviews included 159 unique primary studies (a full list
of relevant primary studies as reported in each review is
provided in Additional file 9).

Quality of included reviews

Using the AMSTAR 2 tool, one review was assessed as
being of high quality [32], three reviews were of moder-
ate quality [17, 36, 37], seven reviews had low quality
[16, 26, 31, 35, 38, 39, 42] and five reviews had critically
low quality [15, 33, 40, 41, 43] (Table 2). Additional
file 6 shows the full quality appraisal including how
the reviews scored on critical items. Only two reviews
were considered to have performed a fully satisfactory
assessment of the risk of bias in primary studies (item
9), with ten studies receiving a “partial yes” on this item,
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Table 2 Review quality and policy domains assessed in the included reviews

Review Quality? Food compo- Food labelling Food Food prices Food provision Food retail
sition promotion

Abeykoon 2017 L v

Andreyeva 2010 CL v

Backholer 2016 CL v

Black 2012 L v

Cuffey 2015 CL v

Eyles 2012 L v

Hartmann-Boyce 2018 L v v v

Hendry 2015 M v

McGill 2015 L v v

Nakhimovsky 2016 H v

Olstad 2016 M v v v

Olstad 2017 M v v v

Sarink 2016 L v

Schultz 2015 CL v

Thow 2010 CL v

Thow 2014 L v

Policy domains according to the Food-EPI framework that were covered by included reviews in the umbrella review. ? Quality according to AMSTAR 2. H high, M

moderate, L low, C critically low

but most studies were considered to have accounted for
risk of bias in the discussion of results (item 13). The
quality of the included primary studies was reported
in the respective reviews as low to medium mainly due
to study design (e.g., there were quantitatively more
modelling and observational study designs than experi-
mental designs). The quality appraisal undertaken in
reviews included use of defined tools (i.e. the Effec-
tive Public Health Practice Project Quality Assessment
Instrument [EPHPP] [26, 38, 42]; the Effective Practice
of Care [EPOC] guidelines and the Newcastle-Ottawa
Scale [39]; the Methods for Evaluating Research Guide-
line Evidence [MERGE] [42]; the Community Guide of
the US Task Force on Community Preventive Services
[26]; and several defined Cochrane checklists [17, 31,
35-37, 39]; quality checklists derived from other stud-
ies [15, 32]; quality assessment according to criteria
listed by review authors [16, 32, 40, 41], and combina-
tions of the above. One review did not report quality
assessment [43].

Below, the findings of the included reviews are pre-
sented as a narrative synthesis organized according to i)
Food-EPI policy domains, and ii) whether results were
expressed across SEP groups or specifically for lower
SEP groups. Table 3 presents the size of the evidence
base (number of reviews and primary studies), overall
quality of reviews, and the overall direction of results
in terms of the effect on socioeconomic inequalities in
diets, according to each policy domain.

Impact of food environment policies on socioeconomic
inequalities in diets

Food composition

This policy domain includes measures to improve the
nutrient content of foods, often relating to reducing
nutrients of concern such as trans- or saturated fatty
acids, sodium/salt or sugar in industrially produced
foods. We identified two reviews within this domain.

Across SEP groups

There is little evidence on the effects of food compo-
sition policy interventions across SEP groups, as the
two reviews only encompassed one primary study each.
McGill et al. [26] included one observational study
assessing the effects of a salt reformulation policy on
salt intake in the UK. Hendry et al. [36] included one
observational study conducted in New York City,
assessing the effects of a trans-fat ban on the mean con-
tent of trans-fat acids in customers’ lunchtime fast food
purchases. Both studies showed neutral effects on soci-
oeconomic inequalities in diets.

Specific for low SEP groups
No results reported.

Food labelling
This domain concerns policies that provide consum-
ers with nutrition information to help informing food
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Table 3 Overall findings
Policy domain SEP perspective Evidence base Overall quality assessment of Direction
N° systematic literature included reviews of results
reviews
(N° unique studies)
Food composition Across SEP 22 Low/moderate PES
Low SEP 0(0)
Food labelling Across SEP 3(7) Low ~/0
Low SEP 1(7) Low 0
Food prices Across SEP 8(38) Low T <
a.Food taxes Low SEP groups 1(012) Low 0
b. Food subsidies Across SEP 4(7)° Low ~
Low SEP 1(4) Low 0
c. Targeted policies Low SEP 4(69) Low A
Food provision Across SEP 1(9) Moderate <
Low SEP 1(6) Moderate 0
Food retail Across SEP 0(0)
Low SEP 3(13) Low ~/0

Note: Summary of evidence base, overall quality assessment and the overall direction of results on socioeconomic inequalities in diets per policy domain. Overall
quality assessment is based on the average score of systematic literature reviews within each policy domain. Promotion is absent from table as no studies were

identified in this domain

1: Positive effect (larger impact in low vs. high SEP groups)

< neutral effect (no difference in impact across SEP)

1 negative effect (larger impact in high vs low-SEP groups) — not detected
~ Inconclusive results

0: No effect

When arrows are used to describe the effects for low SEP groups specifically | denotes a negative, absolute effect and 1 denotes a positive absolute effect

2 Subsidies and combinations of taxes and subsidies

choices. Three reviews encompassing 11 unique primary
studies were identified. They evaluated two types of food
labelling: front of pack (FOP) labelling and menu energy
labelling.

Across SEP groups

The only evidence on FOP labelling stems from a review
by Hartmann-Boyce et al. [31] which encompassed two
relevant primary studies. Both were randomized con-
trolled trials with purchase as outcome. Results were
inconclusive, with one study showing negative and one
study showing neutral and partly conflicting results on
socioeconomic inequalities in food purchases. Menu
energy labelling policies and their effects on food pur-
chases were investigated by Olstad et al. [17] and Sarink
et al. [42], encompassing in total five unique primary
studies. All were natural experiments of policy interven-
tions implemented in cities in the United States, with
SEP measured at the area level. Three of these primary
studies reported no effect of the policy intervention and
two studies showed either negative or neutral effects on

food purchases according to SEP. The size of effects was
generally very small.

Specific for low SEP groups

The review by Sarink et al. [42] also presented results for
low-income groups separately. Seven included primary
studies generally found that menu energy labelling did
not alter the energy content of food purchases made in
low-income areas after policy intervention.

Food prices

This domain concerns economic measures to incentiv-
ize healthy or disincentive unhealthy food purchases.
13 reviews within the food price domain, encompassing
120 unique primary studies, were included. We organize
the results according to the three Food-EPI policy sub-
domains: (i) food taxes, (ii) food subsidies and (iii) food
related income support programs that are specific for low
SEP groups, (henceforth termed “targeted policies”).
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Food taxes

Across SEP groups

Eight reviews evaluated the effect of food and/or bev-
erage taxes on a range of outcomes across SEP. In total,
they encompassed 38 unique primary studies, thirteen of
which were included by several reviews. Below we have
strived to avoid duplication of results as far as possible
and overlap between these studies can be examined in
Additional files 8 and 9. The majority of included stud-
ies in the reviews were modelling studies. Overall, results
suggest that food taxation would be neutral or positive
in terms of their effects on socioeconomic inequali-
ties in diets, with very few reviews reporting negative
results. For example, a review by Backholer et al. [15]
encompassed eight relevant primary studies (includ-
ing six modelling studies) which evaluated the effect of
sugar-sweetened beverage (SSB) taxes on beverage pur-
chases, dietary intake or own price elasticity (OPE).
One cross-sectional primary study showed an associa-
tion between SSB tax and SSB consumption in children
of low SEP but no association in the general population.
One study with OPE as the main outcome reported that
low-SEP vs. high SEP households were “generally” more
responsive to increases in SSB prices, but the difference
between the highest and lowest quintiles were not sta-
tistically significant. The six included modelling stud-
ies reported varied OPE estimates, with only one study
reporting low-SEP households to be more price elastic
(i.e., more responsive to a SSB tax). However, when OPEs
were used as a basis to model the effects of hypothetical
taxes on energy intake or SSB purchase, 5 of 6 studies
showed neutral effects and one showed positive effects
on socioeconomic inequalities, due to the higher baseline
SSB consumption in low SEP groups. A review by Eyles
et al. [16] comprised 11 modelling studies that assessed
the effect of food taxes on food purchases across SEP.
In this review, 5 of 11 studies showed neutral effects, 4
of 11 studies showed positive effects, one study showed
negative effects, and one study had inconclusive results
in terms of inequalities. Thow et al. [35] reported that 9
of 10 included modelling studies showed that low-SEP
groups were more price sensitive and therefore more
likely to change purchase patterns in response to a tax.
Four of the primary studies in this review had also been
reported in the reviews by Eyles et al. or Backholer et al.
Olstad et al. [17] included two relevant cross-sectional
studies, one of which was not reported by other reviews.
This study assessed an implemented tax on unhealthy
foods in Hungary and showed a positive impact on socio-
economic inequalities in food purchases. McGill et al.
[26] included four relevant studies where one was not
reported by other reviews. This study was a randomized
controlled trial (RCT) assessing the effect of a high (50%)
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tax on high energy density food which showed a positive
effect on inequality in calories purchased.

Nakhimovsky [32] included the only evaluation of taxa-
tion impacts on inequality in Middle-income countries
(Mexico [n=3], India, Brazil and Ecuador). Overall, this
review indicated that low SEP groups were relatively
more responsive to price changes in SSB products com-
pared to higher SEP groups. Four of 6 studies reported
positive results for socioeconomic inequalities in food
purchases or reported that own price elasticity was
higher in low vs. high SEP groups, whereas 2 of 6 studies,
one of which a modelling study, reported neutral results.

Two reviews, both from 2010, were less informative.
One did not manage to identify consistent differences in
estimated own price elasticities between SEP groups due
to the low numbers of relevant studies identified [43].
Another review reported that the effects of food taxes
were economically regressive (meaning that low SEP
groups will pay more in food taxes compared to high SEP
groups) [33].

Specific for low SEP groups

Eyles et al. [16] was the only review reporting absolute
results for the effects of food taxation policies for low-
SEP populations specifically. Ten out of 12 relevant pri-
mary studies reported positive results on food purchases
of taxed unhealthy items (i.e., low SEP groups reduced
purchases of these items), two studies were catego-
rized as having no impact, and one study showed varied
results.

Food subsidies

Subsidizing healthy foods such as fruit and vegetables
(F&V) is one subdomain of the Food-EPI framework. We
identified two reviews that evaluated the effect of uni-
versal food subsidies for healthy foods, and two reviews
that reported on the effects of taxes and subsidies in com-
bination. Results are inconclusive with regards to diet
inequalities.

Across SEP groups

Two reviews including five unique primary studies
assessed the effects of food subsidies for healthy foods on
food purchases across SEP [31, 35]. The included studies
varied in terms of study design (two were modelling stud-
ies), targeted items, and the size of subsidy varied from
3 to 30%. Thow et al. [35] concluded that universal sub-
sidies for healthy foods (classified within “healthy food
categories” or F&V) may disproportionately benefit high-
income households and therefore be negative in terms
of inequality. A neutral result was reported in the review
by Hartmann-Boyce et al. [31] which encompassed two
experimental studies on price reductions conducted in
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retail settings (one targeting F&V and one targeting “core
foods” that met the nutrition criteria of an endorsement
food labelling scheme).

McGill et al. [26] and Thow et al. [33] reported on
the effects of subsidies and taxes in combination, such
as higher prices on saturated fat or read meat com-
bined with subsidies for fiber or F&V on dietary intake
and food purchases. They encompassed in total three
unique modelling studies. Only one study that com-
bined taxation of “less healthy” foods with subsidies for
F&V showed statistically significant, positive results on
dietary intake.

Specific for low SEP groups

The review by Hartmann-Boyce et al. [31] encompassed
four relevant studies that investigated the effect of sub-
sidies for various foods defined as healthy in the form
of price discounts on food purchase outcomes. These
were RCTs undertaken in real (3 studies) or simulated (1
study) retail settings in study populations recruited from
low SEP groups. Results from the four studies suggest
that in the retail context, subsidies may have at least par-
tial positive effects on healthy food purchases in low SEP
groups.

Targeted policies

Specific for low SEP groups

Four reviews investigated the effects of policies spe-
cifically targeting low SEP groups, including 69 unique
primary studies. The reviews mainly included interven-
tions implemented in the United States, such as the Sup-
plemental Nutrition Assistance Program (SNAP) and
Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC). The direction of results
from these reviews tentatively suggest that food-related
income support programs may have a small, positive
impact on food purchases and diet in eligible low SEP
populations.

Black et al. [39] included two primary studies assess-
ing the effects of food subsidies within the WIC pro-
gram. Both showed positive results on F&V intake in the
intervention groups. Shultz et al. [41] assessed effects of
revisions on the WIC scheme (targeting e.g., F&V, whole
grains, and low-fat dairy) on dietary intake and food
purchases. Seven primary studies found positive, albeit
small changes in food intake or in food purchases in the
target group after revision of eligible foods. Cuffey et al.
[40] investigated the potential impact of reducing the
set of SNAP eligible foods (e.g., not allowing purchase
of sugar-sweetened beverages with SNAP benefits) on
expenditures for restricted foods. The review included 59
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primary studies and results suggested that restrictions on
food items might have a small to moderate positive effect
on household purchasing of restricted foods. In contrast,
one single primary study in the review by Olstad et al.
[37], assessing the effect of food subsidies for F&V in a
farmer’s market context, did not find any effect on die-
tary intake.

Food provision

This policy domain relates to measures to promote
healthier foods in schools and other public settings. We
identified two reviews within this category where one
focused on universal policies and one focused on policies
implemented in low SEP settings, both in schools. These
were the only reviews considering child populations. In
total they encompassed 15 unique primary studies with
wide variation in interventions and the contexts in which
they were implemented. In some studies, policy measures
were one of several intervention components.

Across SEP groups

In a review from 2016, Olstad et al. [17] assessed the
effect of universal nutrition policy interventions imple-
mented in schools. Policy interventions were initiated
by local or national governments and conducted in sev-
eral countries, including Norway, UK and the Nether-
lands. Nine primary studies assessed the effect of school
nutrition policies, such as free fruit schemes, meal pro-
grammes and food standards on dietary outcomes.
Results showed mainly neutral results on socioeconomic
inequalities, with 6 of 9 studies showing neutral results
whereas the remaining three studies showed negative
results in terms of inequality.

Specific for low SEP groups

Olstad et al. [37] investigated the effect of food provi-
sion policies implemented in socioeconomically disad-
vantaged populations, i.e. schools in low-income areas.
This review included both evaluations of implemented
policies or programmes and research-led interventions.
The results suggest at least partly positive effects for
diet-related outcomes in the target groups. The review
included two studies on free fruit schemes that reported
positive results on dietary intake (mainly assessing fruit
and vegetable intake in and out of school). In addition,
four studies assessed school food policies that were
implemented within multicomponent interventions.
Results showed positive results for at least one of the
dietary intake outcomes assessed. The positive impact
ranged from 10 to 50% impact, meaning for example
that a 50% impact had showed positive outcomes for
fruit but not for vegetable intake. For these studies it is
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challenging to attribute effects to one discreet interven-
tion component.

Food retail

This domain encompasses policies or guidelines pro-
moting access to healthier food in communities, such as
zoning laws supporting healthy food outlets/restricting
unhealthy ones, or guidelines to promote healthier foods
within food outlets or restaurants. We identified three
reviews within this category, which included 13 unique
primary studies. They all focused on low-SEP areas
exclusively.

Across SEP groups
No results reported.

Specific for low SEP groups

Abeykoon et al. [38] and Olstad et al. [37], which included
ten unique studies, investigated policy interventions such
as opening of new grocery stores in low-income neigh-
bourhoods with little access to healthy food outlets. Stud-
ies were conducted in England, Scotland and the United
States and evaluated government- and researcher-initi-
ated interventions on food intake and -purchase. Results
were inconclusive: whereas 5 of 10 studies detected posi-
tive effects for a limited set of outcomes, with generally
very small effect sizes, the remaining 5 largely failed to
detect any effects.

The review by Hartmann-Boyce et al. [31] investigated
environment changes inside grocery stores through alter-
ations in item availability and/or store environment, such
as signage or brochures. The review included three pri-
mary studies. One study detected significant effects on a
limited set of purchase related outcomes, while the two
other failed to detect significant outcomes.

Discussion

The aim of this umbrella review was to assess and sum-
marize evidence, at systematic review level, of food envi-
ronment policies on socioeconomic inequalities in diets
and to identify knowledge gaps. We included systematic
literature reviews assessing the impacts of policies across
levels of SEP or targeting low SEP groups specifically and
identified 16 systematic literature reviews on the effects
of food environment policies covering five Food-EPI
domains.

Despite the inclusion of 16 relevant reviews, a major
finding of our study is that the research gap in this
field is substantial. As shown in Table 2 the scope of
the considered policies is limited, with most included
reviews considering the food pricing policy domain.
The missing focus on socioeconomic inequalities in
the literature at systematic review level could simply be
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due to a lack of implemented policies or that existing
policies have not been evaluated. It is however worth
mentioning that in our study we had to exclude nearly
70 reviews that evaluated relevant policy interven-
tions as they contained no, or not sufficient, informa-
tion on effects according to socioeconomic position
(Additional file 7). This could be caused by systematic
reviews failing to report relevant outcomes. However,
as also pointed out by Thomson et al. [18], it is more
likely that the gap at review level reflects an evidence
base that does not adequately address inequality per-
spectives. This could pertain to features of study
design and reporting. If primary studies lack power in
their population sizes, it may hinder analysis accord-
ing to SEP. It is also possible that authors do not fol-
low reporting recommendations as provided e.g. in
the PRISMA-E or PROGRESS framework [19, 27] so
that relevant primary studies are not identified. More
research that includes inequality perspectives in assess-
ing food policies is urgently needed.

Food taxes was the policy subdomain with the largest
evidence base (eight reviews and 38 primary studies).
Results showed that taxation of unhealthy foods and bev-
erages may have a positive effect (thus reducing inequali-
ties) or neutral effect on socioeconomic inequalities in
diets. Price elasticity were often reported to be larger in
lower SEP groups, indicating that this type of policy has
the potential to reduce inequalities in diet or to influence
diets positively in low-SEP groups. Our findings support
and strengthen the conclusions in the umbrella review
by Thomson et al. [18], which suggested that taxes were
effective in reducing health inequalities but was based on
more limited evidence. The findings from our study are
encouraging given that food and/or beverage taxation is
gaining momentum internationally [44] and is also pro-
moted as cost-effective interventions by international
organizations such as the World Health Organization
(WHO) and the World Bank [45, 46]. It should however
be noted that the evidence was mainly based on modeling
studies with high risk of bias. In addition, several primary
studies were included in more than one review. Thus, the
interpretation of the size of the evidence base and the
strength of results should be considered with caution.

Our review also found some evidence suggesting that
food-related income support programs for low SEP
groups may be positive for diet-related outcomes in the
target groups by increasing the affordability of healthy
foods or reducing access to unhealthy foods [3]. This is in
line with the umbrella review by Thomson et al. [18].

Given that school food policies are widely imple-
mented in Europe [47], the limited number of system-
atic reviews with an inequality perspective that were
identified on our study — only two — is remarkable. A
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recent overview of systematic reviews on primary obe-
sity prevention among adolescents also noted a virtual
absence of evidence on socioeconomic inequalities in
the body of literature [48]. The evidence tentatively sug-
gests that universal school food policies do not influ-
ence socioeconomic inequalities in diets (even though
effects may be positive across all SEP groups), and that
policies targeted at low-SEP groups may have posi-
tive implications for diet-related outcomes, as was also
reported in the umbrella review by Thomson et al. [18].

Regarding food labelling, the few reviews identi-
fied were related to FOP and menu labelling only,
largely showing no or inconsistent effect, in line with
the findings in the umbrella review by Thomson et al.
[18]. According to a WHO report, the research on
FOP labeling mainly encompasses evidence on con-
sumer use and understanding rather than food pur-
chase or dietary intake [49] which may partly explain
the limited evidence for the outcomes assessed in our
study. Consumers of lower SEP are said to have poor
use and understanding of the complex information
found on ingredient lists and nutrition declarations
[49], and simple FOP labelling schemes have been sug-
gested as the most promising for helping all consum-
ers understand nutritional quality [50]. At EU level,
work is under way to develop a harmonized manda-
tory FOP nutrition labelling [51]. This process should
include new investigations into the effects of FOP labels
according to socioeconomic position.

The evidence available for the effects of food compo-
sition policies was very limited, with only two reviews
(which included two primary studies) identified. Results
from these studies were also reported by Thomson et al.
[18] and suggested neutral effects on dietary inequali-
ties, i.e., similar reductions across SEP groups. Since
groups of lower SEP tend to have a relatively higher
intake of food items high in saturated fat, sugar and/or
salt [3], the “neutral” results may suggest contribution of
these policies to reducing socioeconomic inequalities. To
have a meaningful impact on dietary outcomes, policies
or reformulation need to be implemented systematically
and across a wide scope of foods, including those more
frequently consumed in lower SEP groups [52]. A range
of national policies (both mandatory and voluntary) on
food composition has been implemented in both high-
income and low-and middle-income countries, includ-
ing standards on salt, trans-fat and to a less extent, sugar
reduction [53]. However, as our results illustrate, evalua-
tions of these policy actions are largely lacking.

Lastly, no systematic reviews were found that assessed
the effects of policies to restrict food promotion of
unhealthy foods to children and adolescents with a focus
on socioeconomic inequalities. Promotion of unhealthy
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food is considered an important contributor to childhood
overweigh and obesity [54]. The NOURISHING database
of the World Cancer Research Fund International shows
that many policies to restrict food promotion to children
have been implemented to date and that the number of
evaluation studies is increasing [55]. Summary of evi-
dence on the effect of such policies and how they address
socio-economic inequalities is advisable.

The study quality at primary study level as reported by
review authors was mainly low to medium, reflecting that
modelling studies form a large part of the evidence base.
The quantity and quality of the evidence base would ben-
efit from an increased number of empirical studies with
integrated inequality perspectives. This would facilitate
better understanding of how the effects of policies may
vary with different levels of SEP, and to prioritize those
policies with less chance of widening socioeconomic
inequalities.

Strengths and limitations
This study has several strengths. First, it applied a robust
methodology to identify relevant systematic reviews that
covered a range of food environment policies across the
general population. We used the acknowledged Food-EPI
framework to identify and analyze discreet policy areas of
which there is considerable interest. We undertook qual-
ity evaluation using an acknowledged tool, the AMSTAR
2, to give a conservative assessment of our level of trust in
the review findings. By using this methodology, we have
provided an overview of the state of the evidence base.
Our review also has several limitations. Firstly, we only
considered literature published in English, with the pos-
sibility that our review underrepresents studies from
low- and middle-income countries. Second, we included
reviews without an overall inequality focus to avoid miss-
ing reviews that were relevant but did not follow strin-
gent reporting standards. As a result of this, three of our
included reviews contributed with relatively limited con-
tent. Third, for some policy domains there was a marked
overlap between primary studies in the included reviews.
To limit duplication of findings we strived to report
results as transparently as possible. Fourth, our searches
were conducted in 2019 with search alerts revised in
2020, leaving a gap between the end of search and pub-
lication date. We cannot rule out that relevant systematic
reviews may have been published during that time.
Another limitation of our study relates to the quality of
included systematic literature reviews and the underly-
ing primary studies. Most of the literature reviews in our
umbrella review were considered low quality, with many
of the reviews failing to meet several of the critical qual-
ity criteria of the AMSTAR 2. We often found descrip-
tions of the included primary studies vague, which may
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be an intrinsic limitation of systematic literature reviews
as there may be limited space to fully describe their
included studies.

Lastly, reviews such as ours are designed to assess
the inequality effects of discreet policies on diet-related
outcomes. However, policies do not exist or operate in
a vacuum. Indeed, dietary behaviors are impacted by
complex and interwoven systems operating on many lev-
els from individual to systems, where policy is only one
out of many driving forces that interact with each other
[56]. Over the last years, scholars have explored using
system dynamics to understand the impact of a range of
determinants on diet-related outcomes, including how
determinants and other contextual factors interact and
impact each other [57]. While it is important to consider
the potential equity effects of each given policy, it is also
important to take into account that not one single policy
is a silver bullet to tackle unhealthy food environments,
obesity or socioeconomic inequalities in diets and that
comprehensive policy approaches are needed. Using sys-
tems-based longitudinal approaches in policy evaluation,
also in the context of socioeconomic inequalities in diets,
is recommended.

Conclusions

Unbhealthy diets and diet-related risk factors account for a
large part of mortality and morbidity globally. There is an
urgent need for policy measures to reduce these and their
related socioeconomic inequalities. A robust evidence
base on the effectiveness of food environment policies
on socioeconomic inequalities could facilitate measures
that are more likely to reduce the gap between socioeco-
nomic groups. Our umbrella review shows that current
research, at least at systematic review level, largely fails
to provide this much-needed data. Tentative conclusions
that can be drawn from our umbrella review support cur-
rent policy recommendations that food pricing measures,
in particular imposing taxes on unhealthy foods, can con-
tribute to reducing socioeconomic inequalities in diets.
Further research to assess the equity potential of policy
domains presently underexplored such as food promo-
tion, food composition, food labelling and food provision
is highly recommended.

Abbreviations

AMSTAR 2: Assessing the Methodological Quality of Systematic Reviews qual-
ity assessment checklist; F&V: Fruit and vegetables; Food-EPI: The Healthy Food
Environment Policy Index; FOP: Front of pack; INFORMAS: Network for Food
and Obesity/NCDs Research, Monitoring and Action Support; NCDs: Non-
communicable diseases; PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; SEP: Socioeconomic position; SNAP: Supple-
mental Nutrition Assistance Program; WHO: World Health Organization; WIC:
Special Supplemental Nutrition Program for Women, Infants, and Children.

Page 12 of 14

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-022-12827-4.

Additional file 1. PRISMA Checklist. Table explaining where PRISMA items
are reported in the manuscript, if applicable.

Additional file 2. Medline search strategy. Search string as performed in
Medline.

Additional file 3. Full text screening guide. Detailed guidance with exclu-
sion and inclusion criteria used in the full text screening stage.

Additional file 4. Example data extraction form. Table showing the differ-
ent items that were extracted for the umbrella review.

Additional file 5. Revised AMSTAR 2. Table showing all AMSTAR items and
how certain items were revised before quality appraisal.

Additional file 6. AMSTAR 2 assessment. Table showing the quality
assessment per AMSTAR item.

Additional file 7. List of excluded articles. A list of the articles that were
excluded at full text screening, with five different exclusion reasons.

Additional file 8. Study characteristics. Table describing study characteris-
tics and key findings of included systematic reviews.

Additional file 9. List of primary studies reported in reviews. A list
showing all primary studies that form the evidence base of the included
systematic reviews included in the umbrella review, also showing what
primary studies have been reported in more than one review.

Acknowledgements
Not applicable.

Authors’ contributions

LT, GR and ALL developed the study conception and design. ALL and LT
drafted the study protocol and drafted the manuscript. AL performed the
literature searches. All authors critically reviewed the protocol, drafts and
edited the manuscript. ALL, SIG, LT and GR participated in the abstract and
title screening. ALL, SIG, LT, GR and LET participated in the full text screening.
ALL, JH, CT, SKD and MP participated in the data extraction. AS, CBMK, KS and
CT undertook the quality appraisal. All authors read and approved the final
manuscript.

Funding

The PEN project (www jpi-pen.eu) is funded by the Joint Programming Initia-
tive "A Healthy Diet for a Healthy Life” (JPI HDHL), a research and innovation
initiative of EU member states and associated countries. The funding agencies
supporting this work are (in alphabetical order of participating countries): Ire-
land: Health Research Board (HRB); The Netherlands: The Netherlands Organi-
sation for Health Research and Development (ZonMw); New Zealand: The
University of Auckland, School of Population Health; Norway: The Research
Council of Norway (RCN).

Availability of data and materials

The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


https://doi.org/10.1186/s12889-022-12827-4
https://doi.org/10.1186/s12889-022-12827-4
http://www.jpi-pen.eu

Levhaug et al. BMC Public Health (2022) 22:433

Author details

'Department of Nursing and Health Promotion, OsloMet — Oslo Metropolitan
University, Oslo, Norway. “Department of Public Health and Sport Sciences,
Inland Norway University of Applied Sciences, Hamar, Norway. >Department
of Human Geography and Spatial Planning, Faculty of Geosciences, Utrecht
University, Utrecht, Netherlands. “HRB Centre for Health and Diet Research,
School of Public Health, University College Cork, Cork, Ireland. *Department
of Interdisciplinary Social Science, Utrecht University, Utrecht, Netherlands.
8Chair group Consumption and Healthy Lifestyles, Wageningen University
and Research, Wageningen, Netherlands. ’Consumption Research Norway
(SIFO), OsloMet — Oslo Metropolitan University, Oslo, Norway. éDepartment
of Public and Occupational Health, Amsterdam University Medical Centres,
University of Amsterdam, Amsterdam, Netherlands. °Sciensano, Departe-
ment of epidemiology and public health, Brussel, Belgium. '°Department
of Public Health, Erasmus University Medical Center Rotterdam, Rotterdam,
Netherlands.

Received: 30 June 2021 Accepted: 14 February 2022
Published online: 04 March 2022

References

1. NCDrrisk factor collaboration (NCD-RisC). Worldwide trends in body-
mass index, underweight, overweight, and obesity from 1975 to 2016:

a pooled analysis of 2416 population-based measurement studies in
128.9 million children, adolescents, and adults. Lancet (London, England).
2017,390(10113):2627-42.

2. Stanaway JD, Afshin A, Gakidou E, Lim SS, Abate D, Abate KH, et al. Global,
regional, and national comparative risk assessment of 84 behavioural,
environmental and occupational, and metabolic risks or clusters of risks
for 195 countries and territories, 1990-2017: a systematic analysis for the
global burden of disease study 2017. Lancet. 2018;392(10159):1923-94.

3. Loring B, Robertson A. Obesity and inequities. Guidance for addressing
inequities in overweight and obesity. Copenhagen: WHO Regional Office
for Europe; 2014.

4. McCartney G, Popham F, McMaster R, Cumbers A. Defining health and
health inequalities. Public Health. 2019;172:22-30.

5. Development Initiatives Poverty Research Ltd. 2020 global nutrition
report: action on equity to end malnutrition. Bristol: Development Initia-
tives; 2020.

6. Swinburn B, Sacks G, Vandevijvere S, Kumanyika S, Lobstein T, Neal B, et al.
INFORMAS (international network for food and obesity/non-communica-
ble diseases research, monitoring and action support): overview and key
principles. Obes Rev. 2013;14(Suppl 1):1.

7. Harris JL, Frazier W lll, Kumanyika S, Ramirez AG. Increasing disparities in
unhealthy food advertising targeted to Hispanic and Black youth. Rudd
Center for Food Policy & Obesity: University of Connecticut; 2019. https://
media.ruddcenteruconn.edu/PDFs/TargetedMarketingReport2019.pdf.

8. BrownV, Ananthapavan J, Veerman L, Sacks G, Lal A, Peeters A, et al. The
potential cost-effectiveness and equity impacts of restricting television
advertising of unhealthy food and beverages to Australian children.
Nutrients. 2018;10(5):622.

9. United Nations. Sustainable Development Goals: 17 goals to transform
our world n.d. [Available from: http://www.un.org/sustainabledeve
lopment/#. Accessed 5 Dec 2021.

10. World Health Organization. Global action plan for the prevention and
control of noncommunicable diseases 2013-2020. Geneva: World Health
Organization; 2013.

11. WHO Regional Office for Europe. Health 2020. A European policy frame-
work and strategy for the 21st century. Copenhagen: WHO Regional
Office for Europe; 2013.

12. Hawkes C, Smith TG, Jewell J, Wardle J, Hammond RA, Friel S, et al.

Smart food policies for obesity prevention. Lancet (London, England).
2015;385(9985):2410-21.

13. Swinburn B, Vandevijvere S, Kraak V, Sacks G, Snowdon W, Hawkes C,
et al. Monitoring and benchmarking government policies and actions
to improve the healthiness of food environments: a proposed govern-
ment healthy food environment policy index. Obes Rev. 2013;14(Suppl
1):24-37.

20.

21

22.

23.

24.

25.

26.

27.

28.

33.

34.

Page 13 of 14

Welch VA, Petticrew M, O'Neill J, Waters E, Armstrong R, Bhutta ZA, et al.
Health equity: evidence synthesis and knowledge translation methods.
Syst Rev. 2013;2:43.

Backholer K, Sarink D, Beauchamp A, Keating C, Loh V, Ball K, et al. The
impact of a tax on sugar-sweetened beverages according to socio-eco-
nomic position: a systematic review of the evidence. Public Health Nutr.
2016;19(17):3070-84.

Eyles H, Ni Mhurchu C, Nghiem N, Blakely T. Food pricing strategies,
population diets, and non-communicable disease: a systematic review of
simulation studies. PLoS Med. 2012;9(12):e1001353.

Olstad DL, Teychenne M, Minaker LM, Taber DR, Raine KD, Nykiforuk Cl,
et al. Can policy ameliorate socioeconomic inequities in obesity and
obesity-related behaviours? A systematic review of the impact of univer-
sal policies on adults and children. Obes Rev. 2016;17(12):1198-217.

. Thomson K, Hillier-Brown F, Todd A, McNamara C, Huijts T, Bambra C. The

effects of public health policies on health inequalities in high-income
countries: an umbrella review. BMC Public Health. 2018;18(1):869.

Welch 'V, Petticrew M, Tugwell P, Moher D, O'Neill J, Waters E, et al.
PRISMA-equity 2012 extension: reporting guidelines for systematic
reviews with a focus on health equity. PLoS Med. 2012;9(10):e1001333.
Nyanchoka L, Tudur-Smith C, Thu VN, Iversen V, Tricco AC, Porcher R. A
scoping review describes methods used to identify, prioritize and display
gaps in health research. J Clin Epidemiol. 2019;109:99-110.

Aromataris E, Fernandez R, Godfrey CM, Holly C, Khalil H, Tungpunkom P.
Summarizing systematic reviews: methodological development, conduct
and reporting of an umbrella review approach. Int J Evid Based Health.
2015;13(3):132-40.

Pollock M, Fernandes RM, Pieper D, Tricco AC, Gates M, Gates A, et al.
Preferred reporting items for overviews of reviews (PRIOR): a protocol

for development of a reporting guideline for overviews of reviews of
healthcare interventions. Syst Rev. 2019;8(1):335.

Posadzki P. Standards for reporting of overviews of reviews and umbrella
reviews (STROVI) statement: Abstracts of the Global Evidence Summit,
Cape Town; 2017.

Moher D, Liberati A, Tetzlaff J, Altman DG, The PG. Preferred reporting
items for systematic reviews and Meta-analyses: The PRISMA statement.
PLoS Med. 2009;6(7):e1000097.

National Institute for Health Research. PROSPERO. International prospec-
tive register of systematic reviews Undated [Available from: https://www.
crd.york.ac.uk/prospero/. Accessed 5 Dec 2021.

McGill R, Anwar E, Orton L, Bromley H, Lloyd-Williams F, O'Flaherty M,

et al. Are interventions to promote healthy eating equally effective for all?
Systematic review of socioeconomic inequalities in impact. BMC Public
Health. 2015;15(1):457.

O'Neill J, Tabish H, Welch V, Petticrew M, Pottie K, Clarke M, et al. Applying
an equity lens to interventions: using PROGRESS ensures consideration of
socially stratifying factors to illuminate inequities in health. J Clin Epide-
miol. 2014,67(1):56-64.

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web
and mobile app for systematic reviews. Syst Rev. 2016;5(1):210.

. Craike M, Wiesner G, Hilland TA, Bengoechea EG. Interventions to improve

physical activity among socioeconomically disadvantaged groups: an
umbrella review. Int J Behav Nutr Phys Act. 2018;15(1):43.

Naik Y, Baker P, Ismail SA, Tillmann T, Bash K, Quantz D, et al. Going
upstream — an umbrella review of the macroeconomic determinants of
health and health inequalities. BMC Public Health. 2019;19(1):1678-19.

. Hartmann-Boyce J, Bianchi F, Piernas C, Payne Riches S, Frie K, Nourse R,

et al. Grocery store interventions to change food purchasing behaviors:
a systematic review of randomized controlled trials. Am J Clin Nutr.
2018;107(6):1004-16.

Nakhimovsky SS, Feigl AB, Avila C, O'Sullivan G, Macgregor-Skinner E,
Spranca M. Taxes on sugar-sweetened beverages to reduce overweight
and obesity in middle-income countries: a systematic review. PLoS One.
2016;11(9):1-22.

Thow AM, Jan S, Leeder S, Swinburn B. The effect of fiscal policy on

diet, obesity and chronic disease: a systematic review. Bull World Health
Organ. 2010;88(8):609-14.

Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 2:
a critical appraisal tool for systematic reviews that include randomised
or non-randomised studies of healthcare interventions, or both. BMJ.
2017;358:j4008.


https://media.ruddcenter.uconn.edu/PDFs/TargetedMarketingReport2019.pdf
https://media.ruddcenter.uconn.edu/PDFs/TargetedMarketingReport2019.pdf
http://www.un.org/sustainabledevelopment/#
http://www.un.org/sustainabledevelopment/#
https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/

Levhaug et al. BMC Public Health

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

(2022) 22:433

Thow AM, Downs S, Jan S. A systematic review of the effectiveness of
food taxes and subsidies to improve diets: understanding the recent
evidence. Nutr Rev. 2014;72(9):551-65.

Hendry VL, Almiron-Roig E, Monsivais P, Jebb SA, Benjamin Neelon SE,
Griffin SJ, et al. Impact of regulatory interventions to reduce intake

of artificial trans-fatty acids: a systematic review. Am J Public Health.
2015;105(3).e1-e11.

Olstad DL, Ancilotto R, Teychenne M, Minaker LM, Taber DR, Raine KD,

et al. Can targeted policies reduce obesity and improve obesity-related
behaviours in socioeconomically disadvantaged populations? A system-
atic review. Obes Rev. 2017;18(7):791-807.

Abeykoon AH, Engler-Stringer R, Muhajarine N. Health-related outcomes
of new grocery store interventions: a systematic review. Public Health
Nutr. 2017;20(11):1-13.

Black AP, Brimblecombe J, Eyles H, Morris P, Vally H, O’Dea K. Food subsidy
programs and the health and nutritional status of disadvantaged families
in high income countries: a systematic review. BMC Public Health.
2012;12(1):1099.

Cuffey J, Beatty TK, Harnack L. The potential impact of supplemental
nutrition assistance program (SNAP) restrictions on expenditures: a
systematic review. Public Health Nutr. 2015;19(17):3216-31.

Schultz DJ, Byker Shanks C, Houghtaling B. The impact of the 2009 special
supplemental nutrition program for women, infants, and children food
package revisions on participants: a systematic review. J Acad Nutr Diet.
2015;115(11):1832-46.

Sarink D, Peeters A, Freak-Poli R, Beauchamp A, Woods J, Ball K, et al.

The impact of menu energy labelling across socioeconomic groups: a
systematic review. Appetite. 2016,99:59-75.

Andreyeva T, Long MW, Brownell KD. The impact of food prices on
consumption: a systematic review of research on the Price elasticity of
demand for food. Am J Public Health. 2010;100(2):216-22.

World Cancer Research Fund International. Building momentum: lessons
on implementing a robust sugar sweetened beverage tax 2018 [Available
from: werf.org/buildingmomentum. Accessed 5 Dec 2021.

WHO. The updated Appendix 3 of the WHO Global NCD Action Plan
2013-2020:'best buys "and other recommended interventions. Geneva:
World Health Organization; 2017.

Hattersley L, Thiebaud A, Fuchs A, Gonima A, Silver L, Mandeville K. Taxes
on Sugar-Sweetened Beverages: International Evidence and Experiences.
Health, Nutrition and Population Knowledge Brief. Washington, DC: World
Bank; 2020. http://hdl.handle.net/10986/35186.

EU SCIENCE HUB. The European Commission’s science and knowledge
service. School food policy country factsheets 2015 [Available from: https://
ec.europa.eu/jrc/en/publication/school-food-policy-country-factsheets.
Accessed 5 Dec 2021.

Flodgren GM, Helleve A, Lobstein T, Rutter H, Klepp K-I. Primary preven-
tion of overweight and obesity in adolescents: an overview of systematic
reviews. Obes Rev. 2020;21(11):13102.

Kelly B, Jewell J. What is the evidence on the policy specifications, devel-
opment processes and effectiveness of existing front-of-pack food label-
ling policies in the WHO European region? Copenhagen: WHO Regional
Office for Europe; 2018.

Storcksdieck genannt Bonsmann S, Marandola G, Ciriolo E, Van Bavel R,
Wollgast J. Front-of-pack nutrition labelling schemes: a comprehensive
review. Luxembourg: Publications Office of the European Union; 2020.
European Commission REPORT FROM THE COMMISSION TO THE EURO-
PEAN PARLIAMENT AND THE COUNCIL. Regarding the use of additional
forms of expression and presentation of the nutrition declaration Brus-
sels: European Commission; 2020. https://eur-lex.europa.eu/legal-conte
nt/GA/TXT/?uri=CELEX:52020DC0207.

Gressier M, Swinburn B, Frost G, Segal AB, Sassi F. What is the impact

of food reformulation on individuals'behaviour, nutrient intakes and
health status? A systematic review of empirical evidence. Obes Rev.
2021,22(2):e13139.

World Cancer Research Fund International. Voluntary reformulation of
food products. Policy actions 2020 [Available from: https://policydatabase.
wecrforg/level_one?page=nourishing-level-one#step2=4t#step3=353.
Accessed 5 Dec 2021.

WHO Regional Office for Europe. Evaluating implementation of the WHO
Set of Recommendations on the marketing of foods and non-alcoholic
beverages to children 2018. Available from: http://www.euro.who.

55.

56.

57.

Page 14 of 14

int/__data/assets/pdf_file/0003/384015/food-marketing-kids-eng.pdf.
Accessed 5 Dec 2021.

Restrict food advertising and other forms of commercial promotion.
2021. Available from: https://policydatabase.wcrf.org/level_one?page=
nourishing-level-onettstep2=3. Accessed 5 Dec 2021.

Friel S, Pescud M, Malbon E, Lee A, Carter R, Greenfield J, et al. Using
systems science to understand the determinants of inequities in healthy
eating. PLoS One. 2017;12(11):e0188872-e.

Pfadenhauer LM, Gerhardus A, Mozygemba K, Lysdahl KB, Booth A,
Hofmann B, et al. Making sense of complexity in context and implemen-
tation: the context and implementation of complex interventions (CICl)
framework. Implement Sci. 2017;12(1):21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://wcrf.org/buildingmomentum
http://hdl.handle.net/10986/35186
https://ec.europa.eu/jrc/en/publication/school-food-policy-country-factsheets
https://ec.europa.eu/jrc/en/publication/school-food-policy-country-factsheets
https://eur-lex.europa.eu/legal-content/GA/TXT/?uri=CELEX:52020DC0207
https://eur-lex.europa.eu/legal-content/GA/TXT/?uri=CELEX:52020DC0207
https://policydatabase.wcrf.org/level_one?page=nourishing-level-one#step2=4
https://policydatabase.wcrf.org/level_one?page=nourishing-level-one#step2=4
http://www.euro.who.int/__data/assets/pdf_file/0003/384015/food-marketing-kids-eng.pdf
http://www.euro.who.int/__data/assets/pdf_file/0003/384015/food-marketing-kids-eng.pdf
https://policydatabase.wcrf.org/level_one?page=nourishing-level-one#step2=3
https://policydatabase.wcrf.org/level_one?page=nourishing-level-one#step2=3

	The potential of food environment policies to reduce socioeconomic inequalities in diets and to improve healthy diets among lower socioeconomic groups: an umbrella review
	Abstract 
	Background
	Methods
	Eligibility
	Search strategy
	Study selection and data extraction
	Quality assessment
	Analysis

	Results
	Quality of included reviews
	Impact of food environment policies on socioeconomic inequalities in diets
	Food composition
	Across SEP groups
	Specific for low SEP groups

	Food labelling
	Across SEP groups
	Specific for low SEP groups

	Food prices
	Food taxes
	Across SEP groups
	Specific for low SEP groups

	Food subsidies
	Across SEP groups
	Specific for low SEP groups

	Targeted policies
	Specific for low SEP groups

	Food provision
	Across SEP groups
	Specific for low SEP groups

	Food retail
	Across SEP groups
	Specific for low SEP groups


	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


