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Abstract

Background There are well documented socioeconomic disparities in diet quality and obesity. Menu energy label-
ling is a public health policy designed to improve diet and reduce obesity. However, it is unclear whether the impact
energy labelling has on consumer behaviour is socially equitable or differs based on socioeconomic position (SEP).

Methods Systematic review and meta-analysis of experimental (between-subjects) and pre-post implementation
field studies examining the impact of menu energy labelling on energy content of food and/or drink selections in
higher vs. lower SEP groups.

Results Seventeen studies were eligible for inclusion. Meta-analyses of 13 experimental studies that predominantly
examined hypothetical food and drink choices showed that energy labelling tended to be associated with a small
reduction in energy content of selections that did not differ based on participant SEP (X3(1)=0.26, p=.610). Effect
estimates for higher SEP SMD =0.067 [95% Cl: -0.092 to 0.226] and lower SEP SMD =0.115 [95% Cl: -0.006 to 0.237]
were similar. A meta-analysis of 3 pre-post implementation studies of energy labelling in the real world showed

that the effect energy labelling had on consumer behaviour did not significantly differ based on SEP X3(1)=0.22,
p=.636).n higher SEP the effect was SMD =0.032 [95% Cl:-0.053 t0 0.117] and in lower SEP the effect was

SMD =-0.005 [95% Cl:-0.051 to 0.041].

Conclusions Overall there was no convincing evidence that the effect energy labelling has on consumer behaviour
significantly differs based on SEP. Further research examining multiple indicators of SEP and quantifying the long-term
effects of energy labelling on consumer behaviour in real-world settings is now required.

Review registration Registered on PROSPERO (CRD42022312532) and OSF (https://doi.org/10.17605/0OSF.I0/
W7RDB).

Keywords Energy labelling, Calorie labels, Individual differences, Obesity policy

*Correspondence: Introduction

Eric Robinson . c .
ericrobinson@liv.ac.uk Changes to dleta.ry patterns resultmg.m increases in aver-
' Department of Psychology, University of Liverpool, Eleanor Rathbone age daily energy intake at the population level are thought
2Bui\ding, Bedford Street South, Liverpool L69 7ZA, UK to have been a major cause of the g]obal obesity prob—

Department of Public Health Policy and Systems, University of Liverpool, . .

Liverpool, UK ler}q [1, 2]. In partl?ular, fr’om th.e 1970s onwards, diets
3 Centre Des Sciences Du GoUt Et de LAlimentation, CNRS, INRAE, Institut shifted towards an increasing reliance on food prepared
Agro, Université Bourgogne Franche-Comté, 21000 Dijon, France and consumed outside of the home [3]. Meals served in

! : -
Department of Psychology, City, University of London, London, UK the out-of-home food (OOHF) sector (e.g. restaurants,

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-023-01418-0&domain=pdf
http://orcid.org/0000-0003-3586-5533
https://doi.org/10.17605/OSF.IO/W7RDB
https://doi.org/10.17605/OSF.IO/W7RDB

Robinson et al. Int J Behav Nutr Phys Act (2023) 20:10

cafes, coffee-shops and takeaway outlets) tend to be high
in energy [4, 5] and regular consumption of OOHEF is
associated with both increased energy intake [6, 7] and
higher Body Mass Index (BMI) [8, 9]. Because the OOHF
sector may be contributing to population level obesity,
multiple countries (e.g. England, the US and regions of
Canada and Australia) have recently passed legislation
that require OOHF businesses to label menus with prod-
uct kilocalorie (energy) information [10, 11]. Although
energy labelling has been legislated in order to help the
public make better informed and healthier food choices,
there is some uncertainty over the effect energy label-
ling has on consumer behaviour [11]. Systematic reviews
conducted to date have concluded that energy labelling
either results in a small reduction in energy purchased
in the OOHEF sector or no measurable change in energy
purchased [12-15]. Consistent with this, some of the
largest real-world studies have found evidence of small
decreases to energy purchased in the OOHF sector after
the introduction of energy labelling [16, 17], although
this finding has not been observed in all studies, to date
[18, 19].

Socioeconomic position (SEP) is important when
considering equity of population level public health
approaches to improve diet as obesity and poorer quality
diet are associated with lower SEP [20, 21]. Two recent
systematic reviews examined the extent to which dietary
‘nudging’ interventions benefit people from lower vs.
higher SEP similarly [22, 23]. Although the two reviews
suggested there may be tentative evidence that the effec-
tiveness of some types of nudging interventions may
differ by SEP, both concluded that there was a lack of
available evidence and these reviews did not focus on
energy labelling. Lower SEP is associated with reporting
being less motivated by weight management and health
when making food choices [24]. In the context of energy
labelling, SEP patterning of food choice motives could
therefore result in energy labelling having a larger effect
on the dietary choices of people from higher vs. lower
SEP and in turn widen inequalities in diet. Likewise, SEP
differences in nutrition knowledge [25] or health literacy
[26] could result in energy labelling impacting on dietary
choices differentially based on SEP. In 2015 Sarink et al.
[27] narratively reviewed a limited number of studies
examining whether the effect of energy labelling on con-
sumer behaviour differs based on SEP. There was a small
amount of mixed evidence indicating that in some stud-
ies participants from lower SEP backgrounds were more
likely to self-report noticing and using energy labelling
information, but studies tended not to report results on
the effect of labelling on actual consumer behaviour by
SEP. Because of this the authors concluded that there
was insufficient evidence to conclude whether the effect
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energy labelling has on consumer behaviour differs based
on SEP [27]. Since the Sarink review was conducted, a
number of studies have examined the impact OOHF
energy labelling has on consumer behaviour in higher vs.
lower SEP groups [28-31]. Furthermore, several other
studies have examined the effect of energy labelling on
consumer behaviour and measured SEP [32-41]. Data
from these studies could be retrospectively used to quan-
tify whether the effect of energy labelling on consumer
behaviour differs based on SEP.

As more countries begin to consider adopting OOHF
energy labelling as a public health policy to reduce obe-
sity and improve diet, there is a pressing need to under-
stand the potential impact such policies may have on
tackling socioeconomic inequalities [11, 42]. Therefore,
the aim of the present systematic review and meta-
analysis is to quantify available evidence on whether
the impact that menu energy labelling has on consumer
behaviour differs in participants of lower vs. higher SEP.

Method

PRISMA guidelines were followed [43]. The review was
registered on PROSPERO (CRD42022312532) and a
detailed protocol and analysis plan was pre-registered on
the OSF (https://doi.org/10.17605/OSEIO/W7RDB).

Eligibility

Participants

Studies of human participants (adults and children)
were eligible for inclusion, apart from studies that sam-
pled only participants with a pre-defined psychiatric or
physical health condition. For studies to be eligible for
inclusion, at least one measure of participant SEP was
required. Examples of eligible measures included educa-
tion (e.g. highest qualification/level achieved), income
(e.g. equivalised household income), local area depri-
vation (e.g. Indices of Multiple Deprivation, other geo-
graphical/post-code related indices of area deprivation).
Demographic measures related to SEP, but not a recog-
nised direct measurement of SEP (e.g. ethnicity, food
insecurity) were not eligible.

Intervention condition

Studies were required to have an ‘experimental’ condition
(including ‘natural’ and quasi experiments) or trial arm in
which energy content information (i.e. number of kcal)
for food and/or drink products was provided to partici-
pants at point of food/drink selection, purchase or con-
sumption. Studies that labelled foods and/or beverages
(both alcoholic and non-alcoholic) were eligible. Because
energy labelling in OOHEF settings tends to be provided
without any additional nutritional information (e.g., salt,
saturated fat) and our aim was to provide evidence that
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closely aligned with real-world implementation, studies
in which energy content information was provided along-
side additional non-energy based nutritional informa-
tion were not eligible. This approach also allowed us to
isolate the impact of energy labelling from other types of
nutrition information. If studies included multiple inter-
vention conditions with varying presentation of energy
labelling (e.g. standard energy labelling vs. standard
energy labelling + contextual information) we included
the labelling condition that most directly aligned with
existing energy labelling legislation (e.g. presentation of
kecal next to menu items, contextual information/state-
ment on the menu explaining kcal requirements for the
average man/woman).

Comparator condition

Studies were required to have a control condition or
trial arm in which energy content information was not
provided.

Outcome

Because the primary purpose of energy labelling is to
promote the selection of lower energy food and/or drink
products, eligible outcomes were total energy (kcal) con-
sumed, purchased, or selected/chosen. Eligible outcomes
included real-world behavioural outcomes (e.g. energy
content of purchased meal in a restaurant), as well as
hypothetical measures (e.g. choices from mock restau-
rant menus). If a study only had an outcome measure that
was not directly comparable with the above, but would
likely result in fewer kcal being selected (e.g. whether
energy labelling increases % of sample choosing a lower
energy food item) they were also eligible. Outcomes not
related to selection, choice, purchase, or consumption
(e.g. self-reported use of labelling) were not eligible. Each
study contributed one comparison to the meta-analysis
and when selecting outcome variables we favoured (in
order of preference) total energy consumed, purchased,
selected/chosen.

Setting

Studies conducted in real-world settings (e.g. restaurants
or cafes), laboratory settings and online (e.g. hypotheti-
cal menu or portion size selections as part of an online
experiment) were eligible for inclusion.

Study designs

Eligible study designs included trials and experiments
in which participants were allocated to receive the
intervention or control condition. Studies using pre-
post designs in which outcome were examined prior
to and after implementation of energy labelling were
eligible. If outcome data were available at multiple
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post-implementation time points, we extracted data from
the longest follow-up. Studies that examined outcomes in
different locations that do vs. do not have energy label-
ling were ineligible.

Search strategy

There have been a number of systematic reviews and
meta-analyses examining the effects of energy content
labelling on consumer behaviour. In scoping searches, we
identified five recent systematic reviews published in the
last five years that comprehensively searched for all rel-
evant studies of energy labelling up to and including 2020
[12-15, 44]. In addition, the Sarink et al. (2016) system-
atic review identified relevant studies on energy content
labelling and SEP published prior to 2016. To avoid dupli-
cation of effort we first accessed the above six systematic
reviews and assessed all included (and excluded) stud-
ies in each review for inclusion in the present research.
We also conducted new electronic database searches for
the period of 2015-2022 to identify any recent eligible
energy content labelling studies that may have not been
covered by the above six reviews. We searched PubMed,
Scopus and PsycInfo from 01/01/2015 to 24/02/2022. See
online supplementary materials for search terms (exam-
ples include ‘energy’ and ‘label* and ‘socioeco®). We also
searched the OSF (including PsychArxiv and Nutrixiv),
Medrxiv and SSRN pre-print archives for unpub-
lished studies. For the electronic database searches two
researchers independently completed title and abstract
screening and full-text screening. One researcher identi-
fied potentially eligible articles from the existing system-
atic reviews and pre-print archives. A second researcher
independently checked eligibility. Any instances of disa-
greement were resolved through discussion.

Availability of data

We operationalised high vs. low SEP on a study-by-study
basis in line with the approach used in each individual
study (e.g. a study defined high vs. low SEP as having
degree level education vs. a lower qualification). If stud-
ies reported measuring an indicator of SEP but did not
report results/outcome data in higher vs. lower SEP par-
ticipants separately then we contacted authors to request
this information. In such instances we requested high
vs. low SEP data based on the most commonly used
indicator of SEP in other eligible studies (highest educa-
tion level achieved) if more than one SEP indicator was
available.

Data extraction

Two authors independently extracted information from
all articles. In addition to bibliographic information, we
extracted the following information: country study was
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conducted in, setting (e.g. real-world, laboratory, online),
participant sample and characteristics (e.g. gender), pri-
mary SEP measure, number of participants (if studies
reported outcome data for more than 2 SEP groups (e.g.
income quintiles) we extracted data for each, how energy
labelling was delivered and presented (e.g. whether kcal
and/or k] were presented and whether any contextual
information was provided to aid interpretation), study
design (experiment vs. pre-post), outcome measure cat-
egory (e.g. real-world, hypothetical), outcome type (e.g.
total energy selected) and time of measurement relevant
to implementation of energy labelling. Outcomes were
routinely measured during intervention exposure (i.e.
food choices made in presence of labelling) so we favoured
extraction of outcome data measured at exposure (e.g. as
opposed to later in the day when labelling was absent).

Risk of bias

Risk of bias was assessed using a checklist adapted from
generic study quality assessment tools [45—-47], as items
on any one existing risk of bias tool (e.g. Cochrane,
ROBINS-I, Newcastle-Ottawa) were not comprehensive
enough to cover all important methodological consid-
erations for the types of studies included in the present
review (e.g. checklists do not include items relating to
demand characteristics). The checklist varied for experi-
mental vs. pre-post studies. See online supplementary
materials for checklists in full. Items related to whether
studies used random allocation, had appropriate (as
opposed to very small) sample sizes, addressed demand
characteristics, used blinding, relied on objective meas-
urement (as opposed to dietary recall), had negligible
missing data, assessed/addressed SEP groups differing
on demographics other than SEP, whether the same out-
lets were sampled pre-post labelling implementation and
whether any additional changes to the study setting coin-
cided with the implementation of energy labelling.

Planned analyses

To avoid duplicity of data from studies we favoured inclu-
sion of the two most extreme SEP groups (high vs. low)
from studies in the primary meta-analysis. Due to differ-
ences in study design, we meta-analysed experimental
studies and pre-post studies separately.

Experimental studies

Generic variance inverse meta-analysis (random effects
due to expected heterogeneity) was used with SEP as a
sub-group factor. The outcome in the primary meta-
analysis was standardised mean difference (SMD).
SMDs=0.2, 0.5, and 0.8 are considered statistically
‘small, ‘medium’ and ‘large’ effect sizes, respectively.
Positive SMDs are indicative of greater energy selected/
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consumed in the no label condition vs. label condition
(SMD = (Mean No label — Mean Label) / Pooled Stand-
ard Deviation for both experimental and pre-post study
types). In the primary model we combined different
study outcomes (e.g. energy selected, energy consumed)
and SEP indicators. However, we planned to repeat the
primary model when limited to individual outcome types
and SEP indicator providing there were a minimum of
five studies for inclusion. We also planned to report a
meta-analysis in which the outcome was kcal selected
(as opposed to SMD) in order to aid interpretation.

We planned to identify outliers using a standard box-
plot approach and report results of meta-analyses with
the outliers removed (if results change). We also com-
puted DFBETAS values for each effect size. DFBETAS
values>1 (indicative of a>1 change in the standard
deviation of the estimated co-efficient after removal of
the study) were considered influential [48]. To increase
sensitivity, we also conducted leave-one-out analyses by
removing each study (k) from the analyses and refitting
the model. We examined evidence for publication bias
in the primary analyses by examining asymmetry of the
effect sizes (visual inspection of funnel plot), conduct-
ing an Egger’s test of asymmetry [49] and a Trim and
Fill procedure [50]. For the Egger’s test [49], an intercept
significantly different from 0 at p>0.10 is indicative of
bias. To address risk of bias, in one analysis we limited
a meta-analysis to studies with no risk of bias for >75%
of the individual bias indicators and in the other analy-
sis we limited meta-analysis to studies that randomized
participants to conditions and addressed demand
characteristics.

Pre-post studies

We meta-analysed studies using the same approach as
for experimental studies (SMD as the effect size). In
instances where data was missing, we imputed values
based on studies in which data was available (see Results
section for more detail). Due to the small number of pre-
post studies included in the meta-analysis, we were not
able to quantitatively examine influential cases, publica-
tion bias or risk of bias. Data and analysis scripts can be
found on the OSF.

Results

Study selection

A total of 17 eligible studies were included. See Fig. 1 for
study selection procedure. Thirteen of the studies were
experimental and four of the studies had pre-post designs
in which outcomes were measured pre and post imple-
mentation of energy labelling in real-world settings. See
Table 1 for individual study information.
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[ Identification of studies via databases and registers J

[ Identification of studies via other methods J

J

Articles identified from:
SCOPUS (n = 517)
Psyclinfo (n = 73)
PUubMED (n = 429)

Identification

Articles identified from:
Systematic reviews (n =41)
OSF pre-prints (n = 2)
Citation searching (n =2)

(S

Fig. 1 Study selection process for inclusion in systematic review

Experimental studies characteristics

Of the 13 experimental studies, most were conducted
with UK (n=4), North American (n=3) or Australasian
(n=3) samples. Other studies (n=1) were conducted in
Canada (n=1), Saudi Arabia (#=1), and Ireland (n=1).
All studies sampled men and women (except for one lab-
oratory study that sampled women only [37]). The most
common SEP measure was highest education level (9/13),
followed by household income (3/13) and one study used
household postcode (1/13). High SEP education level
was classed as qualifications above A-levels in 4/9 stud-
ies, degree or above in 3/9, above high school in 1/9 and
tertiary education or above in 1/9 studies. For house-
hold income, one study classed high SEP as a monthly
household income of > 5000 Saudi riyal, one study classed
high SEP as an annual household income > 60,000 NZD
and one study classed high SEP as an annual income
of >62,500 USD. One study using household postcode
classed high SEP as an Index of Multiple Deprivation
(IMD) score of 4 or 5. Eight of the 13 studies were con-
ducted online using a hypothetical outcome measure,
2/13 were conducted in a real-world setting using a hypo-
thetical outcome measure, 3/13 examined actual food/
drink selection (of these 2 were in laboratory settings
and 1 were in real-world settings). When assessing risk of
bias, 12/13 studies used random allocation, 3/13 had very
small sample sizes (n<20 in one or more SEP groups),

Title/abstracts screened Articles excluded
(n=1019) ——| (n=907)
Articles sought for full text .
o screening DuBIIZCZates
2| | n=112) > (=22
c
3
: !
& A
" S Articles excluded: Articles assessed for
Artl_cles assessed for eligibility No SEP measure (n = 6) eligibility _»| Articles excluded:
(n =90) > No appropriate labelling intervention (n = 38) (n =45) No SEP measure (n = 9)
No control condition (n=8) No labelling intervention (n = 1)
Did not respond to request for info (n = 5) No control condition (n= 1)
Duplicate (’? =1) Did not respond to request for info (n = 25)
No appropriate outcome measure (n = 8)
Review article (n = 16)
(S
A
o
S Articles included in review
3 (n=17) <+
c

6/13 studies reported addressing demand characteristics,
in 7/13 studies the assessors were blinded and unaware of
the intervention condition assigned to the participant, all
13 studies used objective measures to record purchases
such as receipts, none of the 13 studies reported high
levels of missing data (>10% missing data) and for 12/13
studies the SEP groups did not differ and were compara-
ble in terms of other demographics. See online supple-
mentary materials for study level risk of bias ratings.

Pre-post studies characteristics

Of the 4 pre-post studies, all were conducted in the US.
Two of the four studies used chain location to opera-
tionalise SEP, one study used education level (high
SEP =above high school education) and one study used
household income (high SEP = >50,329 USD). Of the
2 studies that used chain location to indicate SEP, one
of the studies classed high SEP as<25% households in
that area below poverty level, and one classed high SEP
as<35% of residents below 200% of the federal poverty
level. All 4 of the studies were conducted in real-world
settings and examined actual food/drink selections. For
risk of bias, none of the studies included had very small
sample sizes (n>20 in all SEP groups), none of the studies
had the assessors blinded or unaware of the intervention
condition, all 4 of the studies used objective measures to
record purchases such as receipts, none of the 4 studies
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reported high levels of missing data, 3/4 studies reported
group differences in terms of demographics, 1/4 analysed
weekly purchases and therefore did not report person
level data, 3/4 of the studies participants were aware that
they were involved in the study when making their pur-
chases and for 3/4 studies the same outlets were included
for the pre/post assessments. See online supplementary
materials for study level risk of bias ratings.

Meta-analysis: experimental studies

Primary analyses

A total of 26 effects (13 studies) were meta-analysed
in the primary model (16 effect sizes were generated
from the outcome kcal selected, 4 from k] consumed,
2 from kcal consumed, 2 from percent of total meal
consumed, 2 from number of beverages consumed).
In the overall meta-analysis of included eligible stud-
ies there was no significant change in consumer behav-
iour as a result of the presence of kcal labelling (n=26:
SMD=0.094 [95% CI: -0.005 to 0.193], Z=1.85,
p=0.064, 1*=73.1%). There was no significant mod-
eration by SEP (X%(1) =0.26, p=0.610). Higher SEP
SMD =0.067 [95% CI: -0.092 to 0.226], while in lower
SEP the effect was SMD=0.115 [95% CI: -0.006 to
0.237]. See Fig. 2. Egger’s test for funnel plot asym-
metry was not significant (Z2=0.752, p=0.451). See
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Fig. 3 for funnel plot. Trim and Fill analysis estimated
the inclusion of 5 studies to obtain funnel plot symme-
try and their inclusion changed the pooled effect size
to SMD=0.028 [-0.074 to 0.131], indicating a small
degree of potential publication bias. There were 2 out-
liers (SMD =0.98 and SMD =-0.50) as identified by a
boxplot. Removal of these effects changed the overall
effect of kcal labelling and resulted in it being statisti-
cally significant (SMD =0.121 [95% CI: 0.040 to 0.201],
Z=2.95, p=0.003, *=55.9%), with energy labelling
associated with reduced consumption. Critically, the
moderation effect of SEP remained non-significant
(X3(1)=0.137, p=0.711). There were no individual
studies with DFBETAs>1. Leave one out analysis
demonstrated that removal of the largest effect size
(SMD -0.50) also made the overall effect of kcal label-
ling significant (SMD =0.124 [95% CI: 0.044 to 0.204],
Z=13.04, p=0.002, 1>=55.1%), and when this effect
was removed the moderation by SEP remained non-
significant (X*(1) =0.079, p=0.779).

Secondary analyses

Analyses below include the outlying effect sizes
(although if there was a change in the interpretation as
a result of the exclusion this is reported).

| SMD [95% Cl]
Al-Otaibi, 2021 (High SEP) E—-— 0.27[0.01, 0.52]
Antonelli & Viera, 2015 (High SEP) | 0.56 [ 0.26, 0.86]
Carbonneau et al, 2015 (High SEP) : —0.32 [-0.90, 0.26]
Dodds, 2014 (High SEP) : -0.18 [-0.53, 0.16]
Marty, 2020 (High SEP) —dl— 0.00 [-0.20, 0.19]
Marty, 2021a (High SEP) _n | -0.50 [-0.69, -0.31]
Marty, 2021b (High SEP) | — 0.19[0.04, 0.34]
Masic, 2017 (High SEP) 1 0.12[-0.31, 0.55]
Maynard et al, 2017 (High SEP) 1 0.02 [-0.45, 0.49]
Morley, 2013 (High SEP) | — 0.29[0.04, 0.53]
Robertson, 2020 (High SEP) : 0.15[-0.57, 0.86]
Van Epps, 2021 (High SEP) —E—-— 0.10[-0.03, 0.23]
Walker, 2019 (High SEP) —:—-— 0.09 [-0.18, 0.35]
|
High SEP .’ 0.07 [-0.09, 0.23]
I
Al-Otaibi, 2021 (Low SEP) : 0.28 [-0.12, 0.68]
Antonelli & Viera, 2015 (Low SEP) : _— 0.28[0.02, 0.54]
Carbonneau et al, 2015 (Low SEP) : 0.98 [-0.23, 2.20]
Dodds, 2014 (Low SEP) 1 0.02 [-0.40, 0.44]
Marty, 2020 (Low SEP) —a 0.16[-0.02, 0.34]
Marty, 2021a (Low SEP) —_—e— | -0.27 [-0.47, -0.08]
Marty, 2021b (Low SEP) -— 0.18 [-0.03, 0.38]
Masic, 2017 (Low SEP) : 0.50[0.12, 0.88]
Maynard et al, 2017 (Low SEP) — - -0.15[-0.43, 0.14]
Morley, 2013 (Low SEP) | — 0.29[0.04, 0.53]
Robertson, 2020 (Low SEP) ! ~0.05 [-0.61, 0.50]
Van Epps, 2021 (Low SEP) -~ 0.09 [~0.03, 0.22]
Walker, 2019 (Low SEP) : 0.04 [-0.26, 0.35]
i
Low SEP :‘ 0.12[-0.01, 0.24]
-1.0 05 o!o 05 10 15
SMD

Fig. 2 Primary meta-analysis for experimental studies
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Fig. 3 Funnel plot for experimental studies in primary meta-analysis
Energy selected [95% CI: -0.128 to 0.323] and in lower SEP the effect was

Examination of studies which used the outcome kcal
selected was available (7=16 effects) demonstrated no
significant main effect, as shown in Fig. 4; SMD =0.114
([95% CI: -0.021 to 0.250], Z=1.66, p=0.097, 12=82.3%),
which was not moderated by SEP (X*(1)=0.090,
p=0.764). In higher SEP the effect was SMD=0.098

SMD=0.130 [95% CI: -0.029 to 0.290]. There was a sig-
nificant main effect of kcal selected when outlying effect
sizes were removed (n=15: SMD =0.155 [95% CI: 0.051
to 0.258]), however the moderation by SEP level was non-
significant (X*(1) =0.324, p=0.569). When kcal selected
was the outcome variable (as opposed to SMD) there was

Al-Otaibi, 2021 (High SEP)
Antonelli & Viera, 2015 (High SEP)-

SMD [95% ClI
0.27[0.01, 0.52]
0.56 [ 0.26, 0.86)

Marty, 2020 (High SEP)1 —‘,— 0.00 [-0.20, 0.19]
Marty, 2021a (High SEP){ ———8—— 1 -0.50 [-0.69, -0.31]
Marty, 2021b (High SEP)- | —— 0.19[0.04, 0.34]

Masic, 2017 (High SEP)- : 0.12[-0.31, 0.55]

Robertson, 2020 (High SEP) : 0.15[-0.57, 0.86]
Van Epps, 2021 (High SEP)- —— 0.10 [-0.03, 0.23]
1
High SEP 1 —-Ib 0.10 [-0.13, 0.32]
Al-Otaibi, 2021 (Low SEP)+ : 0.28 [-0.12, 0.68]
Antonelli & Viera, 2015 (Low SEP)+ — 0.28[0.02, 0.54]

Marty, 2020 (Low SEP)- -i—.— 0.16 [-0.02, 0.34]
Marty, 2021a (Low SEP) —— | -0.27 [-0.47, -0.08]
Marty, 2021b (Low SEP)+ e 0.18 [-0.03, 0.38]

Masic, 2017 (Low SEP)+ : 0.50 [ 0.12, 0.88]

Robertson, 2020 (Low SEP)+ t -0.05 [-0.61, 0.50]
Van Epps, 2021 (Low SEP)- - 0.09 [-0.03, 0.22]
1
Low SEP1 B 0.13 [-0.03, 0.29]
05 0.0 05
SMD

Fig. 4 Meta-analysis limited to studies examining energy selected only



Robinson et al. Int J Behav Nutr Phys Act (2023) 20:10

also a significant effect of energy labelling reducing kcals
selected (39.79 kcal ([95% CI: -4.87 to -74.72], Z=2.23,
p=0.025), but no moderation by SEP (see online supple-
mentary materials).

Education level

Limiting analyses to studies that quantified SEP using
highest education qualification (n =18 effects), there was
no effect of kcal labelling (SMD=0.057 [95% CI: -0.081
to 0.194], Z=0.81, p=0.417, I2="77.2%) and no modera-
tion by SEP level (X*(1)=0.150, p =0.698). In higher SEP
the effect was SMD =0.028 [95% CI: -0.202 to 0.259] and
in lower SEP the effect was SMD =0.081 [95% CI: -0.079
to 0.240].

Risk of bias analyses
Results were consistent (no moderation by SEP) across
risk of bias analyses (see online supplementary materials).

Meta-analysis: pre-post studies

A total of 3 studies were meta-analysed. One study
(2 effects) did not provide SDs so these were con-
servatively imputed as the proportion (%) of the SD/
MEAN from the available studies in each condition
(~104% of the mean in the no label condition and
92% of the mean in the label condition). In the overall
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meta-analysis of included eligible studies there was no
significant effect of kcal labelling (SMD =0.014 [95%
CI: -0.031 to 0.057], Z=0.60, p =0.546, I>=36.5%),
whereby energy purchased was non-significantly
lower post as opposed to pre-implementation of
energy labelling. Moderation by SEP was not signifi-
cant (X*(1) =0.22, p=0.636). In higher SEP the effect
was SMD =0.032 [95% CI: -0.053 to 0.117] and in
lower SEP the effect was SMD = -0.005 [95% CI: -0.051
to 0.041]. See Fig. 5. A further fourth study [31] was
not included in the meta-analysis as it used an inter-
rupted time series analysis to examine trend change in
energy purchased pre vs. across year after implemen-
tation of energy labelling in a US restaurant franchise
and was therefore not directly comparable. The study
reported no SEP differences in energy purchased per
transaction immediately after energy labelling was
implemented, but reported that a post-implemen-
tation trend of increasing energy per purchase was
stronger in lower (median) income census tracts (level
change in kcal per transaction/week 0.94 [95% Cls:
0.67 to 1.21] than in higher income census tracts 0.50
[95% ClIs: 0.19 to 0.81], although a formal statistical
comparison of lower vs. higher income tracts was not
reported (i.e. whether the post-implementation trend
was statistically moderated by income tract).

'
'
Study Kcal No label Kcal Label | SMD [95% CI]
I
'
'
|
Krieger et al, 2013 (Low SEP) 913 908.7 : 0.00 [-0.08, 0.09]
I
I
I
:
Krieger et al, 2013 (High SEP) 906.4 852.4 | 0.10[0.01,0.19]
1
'
'
!
Dumanovsky, 2011 (Low SEP) 806.1 829.9 _ -0.02 [-0.08, 0.04]
'
'
'
!
Dumanovsky, 2011 (High SEP) 840 857.6 - -0.02[-0.07, 0.03]
i
'
|
'
Elbel, 2013 (Low SEP) 944 861 0.10 [-0.07, 0.26]
'
'
'
|
I
Elbel, 2013 (High SEP) 1019 987 1 0.03[-0.14, 0.20]
'
I
I
I
I
I
I
1
1
:
’ 0.01 [-0.03, 0.06]
'
'
'
'

-0.1

Fig. 5 Pre-post studies meta-analysis

0.0 01 02
SMD
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Discussion

We systematically reviewed and meta-analysed the effect
of energy labelling on consumer behaviour in partici-
pants of lower vs. higher SEP in a limited number of stud-
ies which examined energy labelling and also included
measurement of SEP. Among the 17 studies included
in the present review, 13 used experimental designs
(between-subjects) to compare energy selected in the
presence vs. absence of energy labelling and the major-
ity of these studies examined hypothetical food choices.
SEP in these studies tended to be defined through par-
ticipant-level education. The other four studies included
were conducted in real-world settings and compared
energy purchased in OOHF settings pre vs. post imple-
mentation of energy labelling. These studies defined SEP
through measures of local area deprivation, comparing
energy purchased in OOHF outlets in less vs. more afflu-
ent areas. In meta-analyses of both study types, there was
no evidence that the effects energy labelling had on con-
sumer behaviour significantly differed based on SEP.

The meta-analyses in this review were limited to stud-
ies which included measurement of SEP yet overall
results tended to be consistent with evidence from com-
prehensive reviews indicating that energy labelling is
associated with a small reduction in the energy content
of food selections [11]. This observation provides more
confidence in the present results which indicated no evi-
dence of moderation by SEP. However, it is important to
note that because we only included energy labelling stud-
ies that measured and allowed for stratification of results
by SEP, the present results should not be interpreted as
systematic evidence on the overall effect energy label-
ling has on consumer behaviour. The key finding of the
present research is that we found no evidence of modera-
tion by SEP and this finding appears to be inconsistent
with some observational evidence that participants from
lower SEP are less likely to report noticing and report-
ing using energy labelling [27]. Yet, it is important to
note that SEP patterning of self-reported energy labelling
noticing and usage has not been consistently observed
in previous studies and such reports are also likely to be
influenced by reporting bias [27]. It has been hypoth-
esised that information based health policies, such as
energy labelling, may benefit higher SEP groups more so
than lower SEP groups and in doing so widen inequalities
in diet and health [42]. Lower SEP has been shown to be
associated with being less likely to be motivated by health
and weight management when making food choices and
based on this one prediction is that energy labelling may
have less impact on food choice among lower SEP groups
[24]. However, there are plausible alternative reasons
why energy labelling could impact food choice among
some subgroups of people from lower SEP backgrounds
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more so than higher SEP groups. For example, because
lower SEP is associated with possessing less nutritional
knowledge (e.g. less aware of food energy content) [61],
the presence of energy labelling may be more informa-
tive and impactful. Further research identifying under
which conditions or contexts energy labelling impacts
consumer behaviour among higher and lower SEP groups
will be informative. Although we found no evidence that
energy labelling affects consumer behaviour differently
based on SEP, there are other pathways through which
energy labelling policies could affect socioeconomic ine-
qualities in diet. Energy labelling policies may result in
reformulation of food and drink energy content [62] and
dependent on which types of outlets reformulate energy
content and how frequently food from such outlets are
consumed, impacts on total energy consumed from
OOHF sources may therefore vary across population
sub-groups [63]. Nonetheless, the lack of evidence for
energy labelling having a differential effect based on SEP
suggests that energy labelling is unlikely to further widen
socioeconomic inequalities in diet quality and obesity.
There are limitations to the present research. There
were only a relatively small number of eligible studies.
In particular, the meta-analysis of pre-post implemen-
tation studies included only 3 studies and all were con-
ducted in the US. Of the 13 experimental studies, most
relied on hypothetical food choice as the outcome vari-
able and findings may differ under real world conditions.
Due to available data we were only able to examine a lim-
ited range of SEP indicators and in experimental studies
most defined SEP through education level. It may be the
case that SEP indicators relating to financial resources
(e.g. household income, total wealth) result in a greater
need to prioritise other food choice motives (such as time
or price) which may result in energy labelling being less
impactful on food choice. Therefore, findings may differ
when alternative measures of SEP are used and this is a
limitation of the present review. Studies also tended to
divide higher vs. lower SEP into two broad groups (e.g.
university educated vs. no university education). SEP
differences may only occur at more extreme dichoto-
mies (e.g. lowest income quintile, no formal education
qualifications vs. high income, highly educated). Future
research will need to examine whether energy labelling
has a similar influence on the consumer behaviour of
more extreme levels of socioeconomic deprivation (e.g.
individuals living below the poverty line and/or expe-
riencing food insecurity). Studies tended to examine
impacts of energy labelling over short time periods and
therefore longer-term effects will be important to con-
sider. These points are of particular relevance, as a sin-
gle study examined energy content of purchases in a US
restaurant franchise up to 1 year after implementation
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of energy labelling [31]. There was an increasing trend
in energy per transaction over the year follow up and
there was a directional finding for this trend to be larger
for restaurants in lower income census tracts. Further
research examining whether the long-term consequences
of energy labelling on consumer behaviour in real-world
settings differs based on SEP is now recommended. In
the present research we limited inclusion of studies to
those that examined the effect of numeric energy label-
ling information only and found that the impact of label-
ling on consumer behaviour did not differ by SEP. It may
be the case that when energy information is presented
alongside other nutrition information and indicators
rather than in isolation (e.g. traffic light labelling) these
findings do not generalise and therefore understanding
SEP differences in response to other types of food label-
ling may be informative.

Conclusions

Overall, there was no convincing evidence that the effect
energy labelling has on consumer behaviour significantly
differs based on SEP. Further research examining mul-
tiple indicators of SEP and quantifying the long-term
effects of energy labelling on consumer behaviour in real-
world settings is now required.
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