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RESEARCH ARTICLE Open Access

Increasing availability of lower energy
meals vs. energy labelling in virtual full-
service restaurants: two randomized
controlled trials in participants of higher
and lower socioeconomic position
Lucile Marty1,2*, Sasha M. Reed1, Andrew J. Jones1 and Eric Robinson1*

Abstract

Background: There are a range of interventions designed to promote healthier food choices in full-service
restaurants. However, it is unclear how these interventions affect dietary choices in people of lower and higher
socioeconomic position (SEP).

Methods: A total of 2091 US participants recruited online completed Study 1 (n = 1001) and Study 2 (n = 1090).
Recruitment was stratified by participant highest education level, resulting in higher SEP and lower SEP groups. In a
between-subjects design, participants made hypothetical food choices (main dish, plus optional sides and desserts) from
six restaurants menus in the absence vs. presence of menu energy labelling and from menus with baseline (10%) vs.
increased availability (50%) of lower energy main dishes. Data were collected and analysed in 2019. Two studies were
conducted in order to examine replicability and generalisability of findings across different restaurant menu types.

Results: Across both studies, increasing the availability of lower energy main menu options decreased the
average energy content of the ordered main dish (− 129 kcal, 95% CI [− 139; − 119]) and total energy ordered
(− 117 kcal, 95% CI [− 138; − 95]) in both higher and lower SEP participants. Energy labelling significantly
reduced the energy content of ordered main dishes in higher SEP participants (− 41 kcal, 95% CI [− 54; − 29]),
but not lower SEP participants (− 5 kcal, 95% CI [− 22; 11]). However, energy labelling reduced total energy
ordered (− 83 kcal, 95% CI [− 105; − 60]) irrespective of SEP.

Conclusions: In two virtual experiments, increasing the availability of lower energy restaurant main menu
options impacted on main menu dish choice and decreased total energy ordered irrespective of SEP. Energy
labelling had a less pronounced effect on total energy ordered and had a larger impact on the energy
content of main menu dish choice in higher as opposed to lower SEP participants.

Trial registration: Clinicaltrials.gov NCT04336540 retrospectively registered (7 April, 2020).
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Background
The eating out of home sector is now recognised as a
potential area for public health intervention to improve
diet and reduce obesity, in part because frequently eating
outside of the home is associated with increased energy
intake and obesity [1, 2]. Although the low nutritional
quality of menu options in fast-food restaurants is well
recognised [3], the full-service restaurant sector also
warrants attention. A large number of dishes in full-
service restaurants have been shown to have a high energy
content and a number of studies indicate that full-service
restaurants tend to provide meals that are significantly
higher in energy content than fast-food restaurants [4–7].
There is a range of interventions that can be imple-

mented in full-service restaurant settings to improve
the nutritional quality of food consumed [8, 9]. Menu
energy labelling has been mandated recently in US res-
taurants [10], regions of Canada [11] and Australia [12]
and is currently being considered in the UK [13]. Evi-
dence to date is mixed on the effectiveness of energy la-
belling, with both virtual and real-world studies finding
evidence of either a small effect or no effect on energy
ordered. Recent meta-analyses have reported that energy
labelling was associated with a − 7.63 kcal difference
(95% CI [21.02, 5.76]) or a 0.03 difference in energy or-
dered (95% CI [− 0.96, 0.89]) in restaurant settings [14,
15]. In line with the latter finding, in a recent virtual
fast-food restaurant experiment there was no evidence
that energy labelling decreased energy ordered [16].
There is also a small amount of emerging evidence

that the effectiveness of energy labelling on energy or-
dered may primarily be observed among people of
higher socioeconomic position (SEP) and not lower SEP
[17]. This may be the case because energy labelling is an
example of an information-based intervention, as one of
its primary (but not only) purposes is to provide con-
sumers with information that they can then use to
change their behavior [18]. Because people of lower SEP
report being less motivated by health and weight control
when making food choices [19, 20] and may be more
likely to engage in impulsive behaviors [21] than higher
SEP populations (e.g. acting based on other food motives
or impulse rather than health or weight concerns), en-
ergy labelling may be less effective in lower as opposed
to higher SEP populations.
An alternative to energy labelling is to directly change

‘structural’ elements of food environments. One example
of this type of approach is increasing the availability (i.e.
proportion) of menu options that are lower in energy
content. The best available evidence to date from real-
world and virtual studies suggests that increasing the
availability of lower energy options decreases energy
ordered, but there is very little research that has tested
this intervention approach in isolation in full-service

restaurant settings [22, 23]. It has been hypothesised that
because approaches like this do not rely on individual
agency, unlike information-based approaches, they may
be more equitable for people of higher and lower SEP
[24, 25]. In a recent virtual fast-food restaurant experi-
ment, we found convincing evidence that increasing the
availability of lower energy options decreased energy
ordered to a similar degree in participants of lower vs.
higher SEP [26]. However, there have been few other
studies that have been designed to address this question
(e.g. recruiting sufficient numbers of both lower and
higher SEP participants) and none that we are aware of
in full-service restaurant settings.
There is limited evidence on the likely effects that dif-

ferent interventions in full-service restaurants have on
food choice and whether interventions may inadvertently
widen inequality by benefiting people of higher, rather
than lower SEP. In the current research, we compared
the effect that energy labelling and increasing the avail-
ability of lower energy main menu options have on the
food choices and energy ordered of higher and lower
SEP participants in two online virtual experiments. Be-
cause education level is a known social determinant of
food choice motives [19, 20], diet and obesity [27–29],
consistent with other research on nutrition [30] we
based recruitment of stratification of higher vs. lower
SEP on participant education level. US participants made
hypothetical menu orders from different restaurant
menus and we conducted two studies to examine gener-
alisability (some restaurant cuisines differed between the
two studies) and replicability of findings. Recent findings
have suggested that rather than only altering main meal
food choices, energy labelling may in part reduce energy
ordered by decreasing the amount of additional food
customers order [31]. To represent a typical full-service
restaurant setting, participants chose a main meal dish
and had the option of ordering additional sides and des-
serts, as this allowed us to examine the effect of inter-
ventions on food choice (amount of energy in main
dish) and total energy ordered. Using a similar design,
we recently examined food choices in a virtual fast food
restaurant environment [16]. However, relatively few ex-
periments have examined energy labelling in the context
of full-service restaurants [32] and there is some evi-
dence that energy labelling may be less effective in fast-
food restaurants than other outlets, such as full-service
restaurants [33]. Therefore, the present work builds on
our earlier work by examining food choice in a different
environment (full-service restaurant environment with
multiple cuisine menu types) where there was less con-
straints on the choice (i.e. in the present study partici-
pants could include optional sides and desserts) than in
the study we previously conducted at a virtual fast-food
restaurant (participants had to choose a main, side and
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drink) [16]. We also included psychological measures
(e.g. food choice motives, impulsivity), in order to ex-
plore reasons why energy labelling may be less effective
in lower than higher SEP participants.

Methods
Study samples
We conducted two randomized controlled experiments.
Participants were recruited for monetary compensation
through the online platforms Prolific Academic [34] or
Turk Prime [35] between August and November 2019.
Data were analysed in December 2019. Eligibility criteria
were: US residents, 18 years or above, fluent in English,
access to a computer with an internet connection, no
dietary restrictions. If a participant failed one or more
attention check they were screened out and their data
was excluded (see Additional file 1 – section 1). We
stratified recruitment by gender (approx. 50/50) and
highest educational qualification (approx. 40% high
school or less, 60% above high school) so that our sam-
ple was broadly representative of US adults [36]. The
Health and Life Sciences Research Ethics Committee at
the University of Liverpool approved the research (refer-
ence: 4612) and consent (informed) was required from
all the participants before beginning the study. Partici-
pants were made aware prior to consent that the study
was about food choices at restaurants but were not in-
formed of the study aims or hypotheses.

Design overview
Participants were assigned randomly to one of four con-
ditions using a 2 × 2 between-subjects design: ‘baseline
availability’ and ‘no energy labelling’ (A- L-), ‘baseline
availability’ and ‘energy labelling’ (A- L+), ‘increased
availability of lower energy options’ and ‘no energy label-
ling’ (A+ L-), ‘increased availability of lower energy
options’ and ‘energy labelling’ (A+ L+). We used a
randomisation allocation (administered in the Qualtrics
survey platform) of 1:1:1:1.

Measures and procedure
In a hypothetical meal choice task, participants were
asked to select meals from six different menus. In Study
1, menus of cuisines participants were familiar with
(American, Mexican and Italian) and less familiar with
(Lebanese, Peruvian and Moroccan) were chosen. Un-
familiar cuisines were replaced by more common cui-
sines in Study 2, as we found no evidence that results
were dependent on cuisine familiarity in Study 1: Chin-
ese, Japanese and Greek (see Additional file 1 – section
2 for a detailed description of cuisine familiarity). The
design of the restaurants menus was based on online
menus of popular US restaurants. Each menu consisted
of ten main dishes, in addition to five sides and five

desserts. Menu option names, description, prices and en-
ergy content (for L+ conditions) were taken from actual
restaurant menus. The order of the dishes presented in
each main menu was counterbalanced (see Additional
file 1 – section 3).
We categorised main dishes as ‘lower energy’ (LE) ≤

600 kcal vs. ‘higher energy’ (HE) > 600 kcal based on
dietary recommendations for US adults (i.e., on average
2000 kcal per day) assuming a daily diet of three main
meal occasions, each accounting for 20–35% of daily
energy intake, and one or two snacking occasions, each
accounting for 5–10% of daily energy intake [37]. Con-
sistent with actual menus [4] in the baseline availability
conditions (A-), 1/10 main dishes on the menus were LE
and 9/10 were HE. In the increased availability of lower
energy options conditions (A+), the proportion of LE
main dishes was increased to 5/10 by replacing four of
the HE main dishes with LE main dishes, whilst holding
the price of replaced menu items the same. The menu
items with the highest and the lowest energy content
remained the same in all conditions and the difference
in average energy of the mains between A- and A+ con-
ditions was similar across the six menus (approx. 200
kcal). In the energy labelling conditions (L+), consistent
with US recommendations energy in kcal was next to
each menu option and reference information on energy
requirements was clearly displayed at the bottom of the
menus. In the ‘no energy labelling’ conditions (L-), no
kcal information and no reference information on energy
requirements was included. The sides and desserts op-
tions remained the same across all conditions and for
consistency energy in kcal was included in the energy la-
belling conditions (L+). An example menu (American
cuisine, A- L+ condition) is provided in Additional file 1
– section 4.
After providing informed consent, participants com-

pleted demographic-based questions. See Additional file
1 – section 5 for items. In the next part of the study par-
ticipants made hypothetical meal choices from each of
the six restaurant menus. They were first shown an
image of the restaurant from the outside, before being
shown an image of the inside of the restaurant and then
the menus. Participants chose one main meal and were
asked if they would like to order any extra sides or
desserts; they could order zero or up to five sides and
desserts. Next, participants completed questionnaires
about their food choices motives: single-item Food
Choice Questionnaire [38] (Study 1), health motivation
(6 items – Cronbach’s α = 0.90) and weight motivation
(4 items – Cronbach’s α = 0.82) subscales from the Food
Choice Questionnaire [39] (Study 2); about nutrition
knowledge (Study 2): general nutrition knowledge ques-
tionnaire (20 items – Cronbach’s α = 0.80) [40]; about
impulsivity (Study 2): Barratt Impulsiveness Scale (30

Marty et al. BMC Public Health          (2021) 21:975 Page 3 of 11



items – Cronbach’s α = 0.83) [41] and a 5-trial delay
discounting task [42] where participants received five
questions on whether they prefer a smaller amount of
money ($5) now or a larger amount ($10) at variable
delays depending on previous choice (a behavioral meas-
ure of impulsivity). For this task, the discount rate (k)
was calculated as the inverse of the Effective Delay 50%
(ED50) which is the delay (in days) that discounts the
value of the delayed reward by 50% [43]. Finally, partici-
pants were asked to describe what they thought the
study aims were. If a participant reported either the
impact on food choice of energy labelling or mentioned
availability of lower energy options in their answer they
were classed as being aware of study aims. This was
coded by two researchers, with any discrepancies solved
by discussion with another independent researcher.
Participants next completed five questionnaire items
about the restaurant menus. See Additional file 1 – sec-
tion 6 for questionnaire items. Finally, participants were
debriefed and compensated for their time.

Statistical analyses
Pre-registered analysis protocols are available online
(https://osf.io/amdnq/). The measure of SEP used in our
primary analyses was the highest educational qualifica-
tion (categorical variable: lower ≤ high school vs. higher
> high school). Primary analyses for Study 1, Study 2
and pooled data (combining Study 1 and Study 2 data,
controlling for study) were linear mixed models testing
the effect of energy labelling (absent vs. present), avail-
ability (baseline vs. increased availability of lower energy
options), highest educational qualification (lower vs.
higher) and labelling*highest educational qualification
and availability*highest educational qualification interac-
tions on energy of the main for the six menus, with
random effects of participant and menu to account for
correlation between repeated ordering by the same
participant and across menus. Stratified models on
highest educational qualification were run to examine
interactions with education level. If a participant did not
complete the study in full then their data was not in-
cluded in any analyses. Sensitivity analyses conducted in-
volved repeating the above analyses: 1/ after excluding
aim guessers, 2/ treating education level as a continuous
measure (see Additional file 1 – section 7). We also used
the same analysis approach to examine total energy or-
dered (mains, sides and desserts) on the pooled data.
Additionally, if we found evidence that the effect of an
intervention on energy ordered was moderated by SEP,
moderated mediation was tested by estimating the differ-
ence of the conditional indirect effect of highest educa-
tional qualification on the energy of the main through 1/
health motivation (Study 1 and Study 2), 2/ weight
control motivation (Study 1 and Study 2), 3/ general

nutrition knowledge (Study 2), 4/ trait impulsivity (Study
2) and 5/ discount rate (Study 2) between labelling and
no labelling conditions. We used the PROCESS macro
(Model 15) on SAS version 9.3 that provides asymmetric
bias-corrected bootstrap confidence intervals for infer-
ence about the conditional indirect effects using 5000
bootstrap samples [44]. SAS version 9.3 (SAS Institute,
Inc., 2012 SAS® 9.3. Cary, NC) was used for the majority
of analyses (described above). Significance levels of
p < 0.05 were used for the main and sensitivity analyses,
and for the purpose of secondary analyses p < 0.01 was
used to adjust for multiple tests. To further examine evi-
dence for the hypotheses, Bayesian analyses using default
priors were performed on pooled data across studies
(JASP Version 0.9.2).
A 7% reduction in energy purchased at restaurants at-

tributable to energy labelling was reported in a recent
systematic review and meta-analysis [32]. Studies that
have examined the impact that altering availability of
lower-energy options have tended to report similar sized
or larger sized effects than that of energy labelling [45, 46].
Therefore, we powered each study (α = 0.05, 1 – β = 0.8) to
detect a 2% reduction in energy ordered as a result of
energy labelling or availability and an additional 2% energy
reduction due to an interaction with highest educational
qualification (n = 1000 participants). See Additional file 1 –
section 8 for full power calculation information.

Results
Across both studies, 2251 participants consented to take
part and data from 2091 completing participants was
analysed (Fig. 1). A summary of participants’ characteris-
tics is presented Table 1. The final samples for Study 1
and Study 2 were similar in demographic characteristics
and across experimental conditions (Additional file 1 –
section 9).

Energy content of main meal dish ordered
Statistical models are reported in Table 2. In Study 1
there was a significant main effect of availability on
energy of ordered main, but no interaction with highest
educational level. There was also a significant main
effect of energy labelling on energy of ordered main and
this was qualified by an interaction with highest educa-
tion level, whereby labelling only decreased energy of
ordered main in participants of higher educational quali-
fication. Cuisine familiarity did not influence the effect
of the interventions (Additional file 1 – section 10). The
same pattern of results was observed in Study 2 and it
was unchanged in sensitivity analyses (Additional file 1
– section 11). Analyses on the pooled data confirmed
the pattern of results found in Study 1 and Study 2 using
both frequentist analyses (Table 2 and Fig. 2) and Bayes-
ian analyses (Additional file 1 – section 12). Across the
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two studies, participants ordered on average a main meal
dish of 954 kcal (95% CI [948; 960]) in A- conditions
and 824 kcal (95% CI [817; 832]) in A+ conditions; the
difference between A+ and A- was − 129 kcal (95% CI
[− 139; − 119]). They ordered on average a main meal
dish of 904 kcal (95% CI [897; 911]) in L- conditions and
875 (95% CI [868; 882]) in L+ conditions; the difference
between L+ and L- was − 29 kcal (95% CI [− 39; − 19]).

Energy content of all dishes ordered
Analyses on pooled data showed a significant main effect
of availability and labelling on energy of all dishes or-
dered. Across the two studies, participants ordered on
average 1677 kcal in total (95% CI [1661; 1692]) in A-
conditions and 1559 kcal (95% CI [1543; 1576]) in A+
conditions; the difference between A+ and A- was − 117
kcal (95% CI [− 138; − 95]). They ordered on average
1660 kcal (95% CI [1644; 1676]) in the L- conditions and
1577 kcal (95% CI [1561; 1593]) in the L+ conditions;
the difference between L+ and L- was − 83 kcal (95% CI
[− 105; − 60]). There was also a significant main effect of
highest educational qualification, whereby participants of
lower educational level ordering more energy than par-
ticipants of higher educational level (Additional file 1 –
section 13). No interaction was found between availabil-
ity or labelling and highest educational level (Fig. 2b).

The lack of interaction effect between labelling and
highest educational level on energy of all dishes ordered
appeared to be due to a significant labelling effect in
both participants of lower and higher education when or-
dering sides and desserts (Additional file 1 – section 14).

Moderated mediation
In both Study 1 and Study 2 the primary analysis sug-
gested that highest educational qualification moder-
ated the effect of labelling on energy of the main.
Detailed moderated mediation analyses results are re-
ported in Additional file 1 – section 15. In summary,
in Study 1, no significant evidence for moderated me-
diation through health or weight control motivation
was found when they were measured with a single item
from the single Food choice motives questionnaire
[38]. In Study 2, using the more detailed food choice
motives questionnaire the indirect effect of educational
qualification on energy of ordered mains through
weight control motivation was significantly moderated
by labelling. Therefore, energy labelling being associ-
ated with less energy ordered in participants of higher
but not lower educational qualification was in part ex-
plained by lower levels of weight control motivation
among less educated participants. See Additional file 1
– section 15 for detailed statistics. There was no

Fig. 1 Study flow charts. a, Study 1. b, Study 2
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evidence of moderated mediation through general nu-
trition knowledge, trait impulsivity or delay
discounting.

Discussion
In two virtual online experiments we examined the effect
of providing menu energy labelling and increasing the
availability of lower energy main menu dishes on main
menu food choices and total amount of energy ordered
by participants of lower and higher SEP. Results were
consistent across the two studies. Pooled analysis of the
two studies indicated that increasing the availability of
lower energy main menu dishes (mains with ≤600 kcal)
from 10 to 50% resulted in participants choosing a main
menu dish with 130 fewer kcal on average, and reduced
the total amount of energy ordered (main dish in
addition to optional sides and dessert) by 118 kcal. These
effects were not moderated by SEP. Providing energy la-
belling significantly affected energy content of chosen
main menu dish in participants of higher SEP (− 41 kcal),
but did not significantly affect the energy content of
main menu dishes ordered by lower SEP participants (−
5 kcal). Energy labelling did result in a reduction to total
energy ordered and this effect was not moderated by
SEP.

In two recent similar experiments that examined or-
dering behavior in a fast-food restaurant environment,
we did not find evidence that energy labelling reduced
energy ordered [16]. In the present experiments we did
find evidence of ordering being affected by energy label-
ling and these findings are in line with a recent system-
atic review which suggests that energy labelling may
have a smaller impact on ordering behavior in fast-food
restaurant settings, compared to other outlets, such as
full-service restaurants [33]. These divergent findings
may be in part explained by sit-down restaurants having
more very high energy menu options than fast-food res-
taurants (meals ≥1000 kcal) and therefore more likely to
be avoided in the presence of energy labelling [4]. How-
ever, there are other differences between fast-food and
full-service restaurants and it would be informative to
understand the conditions under which energy labelling
is likely to impact on consumer behavior.
Although energy labelling did not affect initial food

choice (e.g. choice of higher vs. lower energy mains) in
lower SEP participants, labelling did affect the extent to
which lower SEP participants ordered additional food
items (as indicated by the effect of energy labelling on
total energy ordered not being moderated by SEP). This
finding is consistent with a recent real-world study

Table 1 Participants’ characteristics

Study 1
(n = 1001)

Study 2
(n = 1090)

Age, years, mean (SD) 35.3 (12.7) 44.9 (18.5)

Gendera, female, n (%) 532 (53.2) 624 (57.2)

Ethnicity, n (%)

White, non-hispanic 772 (77.1) 916 (84.0)

BMI, kg/m2, mean (SD) 28.2 (7.75) 28.1 (7.43)

Missing, implausibleb, n (%) 79 (7.9) 20 (1.8)

Employment status, n (%)

Full or part-time 606 (60.5) 482 (44.2)

Student 78 (7.8) 57 (5.2)

Retired 36 (3.6) 248 (22.7)

Sick or disabled 30 (3.0) 75 (6.9)

Looking after home 122 (12.2) 127 (11.7)

Other unemployed 129 (12.9) 101 (9.3)

Highest educational qualification binary, n (%)

Low (≤ High-school completion) 351 (35.1) 388 (35.6)

High (> High-school completion) 650 (64.9) 702 (64.4)

Years of higher education, mean (SD) 5.88 (2.37) 5.9 (2.57)

Household income, $, mean (SD) 56,432 (45831) 53,165 (49129)

Subjective socioeconomic status, mean (SD)c 4.68 (1.75) 4.98 (1.88)

Dieting status, yes, n (%) 138 (13.8) 116 (10.6)
aParticipants were asked about their gender, bBMI implausible values: BMI <10 or BMI > 60 [47], cHigher scores indicate higher perceived socioeconomic status,
scale range 1–10
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Table 2 Fixed effect statistics of complete and stratified linear mixed models with participant and menu effect as random,
dependant variable: energy of the main

Study 1

Type III tests Estimatea 95% LCL 95% UCL

Model F p

Complete (n = 1001)

(Intercept) 962.20 850.71 1073.68

Availability 256.43 < 0.001 − 128.41 − 153.81 − 103.01

Labelling 9.25 0.002 −3.53 −28.93 21.87

Education 1.62 0.203 11.00 −16.34 38.33

Availability*Education < 0.01 0.968 −0.64 −32.16 30.88

Labelling*Education 6.78 0.009 −41.85 −73.37 −10.33

Education = ‘low’ (n = 351)

(Intercept) 962.20 849.06 1075.33

Availability 105.86 < 0.001 −128.41 − 152.89 −103.93

Labelling 0.08 0.778 −3.53 −28.01 20.95

Education = ‘high’ (n = 650)

(Intercept) 973.19 864.55 1081.84

Availability 176.88 < 0.001 −129.05 − 148.08 − 110.03

Labelling 21.87 < 0.001 −45.38 −64.40 −26.35

Study 2

Type III tests Estimate 95% LCL 95% UCL

Model F p

Complete (n = 1090)

(Intercept) 957.16 917.50 996.83

Availability 243.80 < 0.001 − 115.16 − 140.67 −89.66

Labelling 7.24 0.007 −6.33 −31.90 19.23

Education 2.08 0.149 15.20 −12.12 42.52

Availability*Education 1.98 0.160 −22.80 −54.58 8.98

Labelling*Education 3.65 0.056 −31.03 −62.87 0.81

Education = ‘low’ (n = 388)

(Intercept) 957.16 923.58 990.74

Availability 82.46 < 0.001 −115.16 −140.04 −90.29

Labelling 0.25 0.619 −6.33 −31.26 18.60

Education = ‘high’ (n = 702)

(Intercept) 972.36 933.28 1011.44

Availability 198.04 < 0.001 − 137.96 − 157.18 − 118.74

Labelling 14.51 < 0.001 −37.36 −56.59 −18.13

Pooled data

Type III tests Estimate 95% LCL 95% UCL

Model F p

Complete (n = 2091)

(Intercept) 967.55 901.39 1033.71

Availability 498.83 < 0.001 − 121.44 −139.44 − 103.43

Labelling 16.49 < 0.001 −5.11 −23.13 12.90

Education 3.72 0.054 13.16 −6.17 32.48
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examining fast food purchases in which a reduction to
energy ordered was in part explained by customers or-
dering fewer menu items per visit [31]. These findings
highlights the need for studies to examine both the types
and amounts of food people order (e.g. number of side
dishes) when testing the efficacy of energy labelling [31].
We found evidence in Study 2 that the tendency for en-
ergy labelling to affect the main meal choices of higher,
but not lower SEP participants was in part explained by
SEP differences in food choice motives. Higher SEP was
associated with greater weight control motives (self-re-
ported) when making everyday food choices and weight
control motives predicted participants choosing a main
with less energy in response to energy labelling. These
findings are consistent with the proposition that
information-based interventions may be more likely to
benefit higher SEP than lower SEP populations because
they require a higher level of engagement and agency
(i.e. being motivated to change behavior). However,
when examining total energy ordered, we found no stat-
istical evidence of energy labelling benefiting higher SEP
participants more than lower SEP. Unlike energy label-
ling, increasing the availability of lower energy menu op-
tions resulted in participants of both higher and lower
SEP choosing a lower energy main and ordering less en-
ergy overall. This latter finding is consistent with the no-
tion that ‘structural’ interventions are more likely to be
equitable than information-based interventions [24, 25].
Strengths of the present research include the use of a

large sample of lower and higher SEP participants, pre-
registration of analyses and replication of findings across
independent samples of participants. Further strengths
of the study are that we were able to set tightly con-
trolled experimental conditions (e.g., we held price and

number of options constant across conditions and coun-
terbalanced presentation of dishes) and test psycho-
logical mechanisms as explanations of SEP differences in
response to energy labelling interventions. If replicated
in real-world settings the findings of the present re-
search may have implications for public health interven-
tions. In particular, it will be important for evaluations
of menu energy labelling policies to consider their im-
pacts on people of lower and higher SEP. For example,
in situations where people primarily choose between two
similar dishes (e.g. choice of sandwich filling), energy la-
belling may primarily benefit people of higher SEP. The
present research also identified that energy labelling is
less impactful on main dish choice in lower SEP
populations because food choice motives differ based
on SEP. Based on this finding, any impact of energy
labelling in lower SEP groups may be maximised by
introducing paired initiatives that encourage people to
be more motivated by weight control when making
food choices. It is also important to note that energy
labelling may improve diet without changing restaur-
ant ordering behavior, such as labelling laws resulting
in restaurants reformulating dishes to reduce energy
or by decreasing energy consumed at home, both of
which may or may not differ according to SEP. Yet,
the relatively small effects (compared to altering avail-
ability) of energy labelling observed in the present
studies indicate that policies in addition to energy la-
belling will be required to substantially reduce popu-
lation level energy intake.

Limitations
Although menus were based on popular US cuisines
from common US restaurants, studies were online

Table 2 Fixed effect statistics of complete and stratified linear mixed models with participant and menu effect as random,
dependant variable: energy of the main (Continued)

Availability*Education 1.14 0.285 −12.20 −34.59 10.19

Labelling*Education 10.01 0.002 −36.16 −58.56 −13.76

Study 7.61 0.006 −19.81 −33.89 −5.73

Education = ‘low’ (n = 739)

(Intercept) 970.70 903.09 1038.31

Availability 185.94 < 0.001 −121.44 −138.90 −103.98

Labelling 0.32 0.570 −5.07 −22.56 12.41

Study 4.08 0.044 −23.63 −46.57 −0.69

Education = ‘high’ (n = 1352)

(Intercept) 978.65 914.01 1043.29

Availability 374.97 < 0.001 − 133.64 − 147.16 − 120.11

Labelling 35.74 < 0.001 −41.27 −54.80 −27.73

Study 3.57 0.059 −17.06 −34.76 0.64
aIntercept estimate for the reference group: baseline availability, no labelling, low education level (complete models), study 1 (pooled data); estimates of the fixed
effects must be interpreted as differences with the reference group
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virtual experiments. In addition, because participants
were not spending money and were not required to eat
the food choices made it is unclear whether the same
pattern of results would be observed in real-world con-
ditions. Likewise, although we stratified recruitment to
approximately resemble key features of the US popula-
tion (e.g. SEP), the types of people who participate in
online experiments may differ to the general population.
We aimed to recruit a sample largely representative of
the US adult population, but our sample had slightly
more females (55% female, 45% male) and more highly
educated participants than planned. Like other energy
labelling research, the present studies also provide infor-
mation about short-term choice behavior and it will be

important to understand effects of energy labelling over
longer periods of time and any effects on other behav-
iors (e.g. physical activity).

Conclusions
In two virtual experiments, increasing the availability
of lower energy restaurant main menu options im-
pacted on main menu dish choice and decreased total
energy ordered irrespective of SEP. Energy labelling
had a less pronounced effect on total energy ordered
and had a larger impact on the energy content of
main menu dish choice in higher as opposed to lower
SEP participants.

Fig. 2 Mean energy (+ SD) from the main meal dish ordered (a) and from all dishes orders (b) across the two studies

Marty et al. BMC Public Health          (2021) 21:975 Page 9 of 11



Abbreviations
BMI: Body mass index; ED: Effective delay; HE: Higher energy; LE: Lower
energy; SEP: Socioecomonic position

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-021-11007-0.

Additional file 1. All additional materials and data.

Acknowledgements
Not Applicable.

Authors’ contributions
All authors collaborated in designing the study protocol. LM collected study
data and performed the analyses. ER and LM drafted the manuscript, AJ and SR
provided critical revisions. All authors read and approved the final manuscript.

Funding
Robinson and Marty are supported by the European Research Council (ERC)
under the European Union’s Horizon 2020 research and innovation
programme (Grant reference: PIDS, 803194). Reed and Jones were not
supported financially. The study sponsor had no role in study design;
collection, analysis, and interpretation of data; writing the report; and the
decision to submit the report for publication.

Availability of data and materials
The datasets generated and analysed during the current study are available
in the OSF repository: https://osf.io/amdnq/.

Declarations

Ethics approval and consent to participate
Ethical approval as granted by the Health and Life Sciences Research Ethics
Committee at the University of Liverpool (reference number: 4612). Informed
written consent was required from participants before beginning the study.

Consent for publication
Not applicable.

Competing interests
ER has previously been the recipient of research funding from Unilever and
the American Beverage Association for unrelated work. The other authors
declare that they have no competing interests.

Author details
1Department of Psychological Sciences, University of Liverpool, Bedford
Street South, Liverpool L69 7ZA, UK. 2Centre des Sciences Du Goût et de
l’Alimentation, Agrosup Dijon, CNRS, INRAE, Université Bourgogne
Franche-Comté, 17 Rue Sully, 21065 Dijon Cedex, France.

Received: 16 June 2020 Accepted: 7 May 2021

References
1. Lachat C, Nago E, Verstraeten R, Roberfroid D, Van Camp J, Kolsteren P.

Eating out of home and its association with dietary intake: a systematic
review of the evidence. Obes Rev. 2012;13(4):329–46. https://doi.org/1
0.1111/j.1467-789X.2011.00953.x.

2. Nago ES, Lachat CK, Dossa RAM, Kolsteren PW. Association of out-of-Home
Eating with anthropometric changes: a systematic review of prospective
studies. Crit Rev Food Sci Nutr. 2014;54(9):1103–16. https://doi.org/10.1080/1
0408398.2011.627095.

3. Hearst MO, Harnack LJ, Bauer KW, Earnest AA, French SA, Michael OJ.
Nutritional quality at eight U.S. fast-food chains: 14-year trends. Am J Prev
Med. 2013;44(6):589–94. https://doi.org/10.1016/j.amepre.2013.01.028.

4. Robinson E, Jones A, Whitelock V, Mead BR, Haynes A. (over) eating out at
major UK restaurant chains: observational study of energy content of main
meals. BMJ. 2018;363:1–8. https://doi.org/10.1136/BMJ.K4982.

5. Muc M, Jones A, Roberts C, Sheen F, Haynes A, Robinson E. A bit or a lot on
the side? Observational study of the energy content of starters, sides and
desserts in major UK restaurant chains. BMJ Open. 2019;9(10):1–7. https://
doi.org/10.1136/bmjopen-2019-029679.

6. Roberts SB, Das SK, Suen VMM, Pihlajamäki J, Kuriyan R, Steiner-Asiedu M,
et al. Measured energy content of frequently purchased restaurant meals:
multi-country cross sectional study. BMJ. 2018;363:1–10. https://doi.org/1
0.1136/bmj.k4864.

7. Wu HW, Sturm R. What’s on the menu a review of the energy and
nutritional content of US chain restaurant menus. Public Health Nutr. 2014;
16(1):87–96. https://doi.org/10.1017/S136898001200122X.

8. Kraak VI, Englund T, Misyak S, Serrano EL. A novel marketing mix and choice
architecture framework to nudge restaurant customers toward healthy food
environments to reduce obesity in the United States. Obes Rev. 2017;18(8):
852–68. https://doi.org/10.1111/obr.12553.

9. Hillier-Brown FC, Summerbell CD, Moore HJ, Routen A, Lake AA, Adams J,
et al. The impact of interventions to promote healthier ready-to-eat meals
(to eat in, to take away or to be delivered) sold by specific food outlets
open to the general public: a systematic review. Obes Rev. 2017;18(2):227–
46. https://doi.org/10.1111/obr.12479.

10. Cleveland LP, Simon D, Block JP. Compliance in 2017 with federal calorie
labeling in 90 chain restaurants and 10 retail food outlets prior to required
implementation. Am J Public Health. 2018;108(8):1099–102. https://doi.org/1
0.2105/AJPH.2018.304513.

11. Government of Ontario. Healthy Menu Choices Act.; 2015:S.O. 2015, Chapter
7, SCHEDULE 1. https://www.ontario.ca/laws/statute/15h07. Accessed 27 Apr
2021.

12. NSW Government - Food Authority. kJ labelling nutrition information.
Published 2017. Accessed December 17, 2019. http://www.foodauthority.nsw.
gov.au/ip/legislation/proposals-and-policy/kJ-labelling-nutrition-information

13. Robinson E, Burton S, Gough T, Jones A, Haynes A. Point of choice
kilocalorie labelling in the UK eating out of home sector: a descriptive study
of major chains. BMC Public Health. 2019;19(649):1–6.

14. Long MW, Tobias DK, Cradock AL, Batchelder H, Gortmaker SL.
Systematic review and meta-analysis of the impact of restaurant menu
calorie labeling. Am J Public Health. 2015;105(5):e11–24. https://doi.
org/10.2105/AJPH.2015.302570.

15. Cantu-Jungles TM, McCormack LA, Slaven JE, Slebodnik M, Eicher-Miller HA.
A meta-analysis to determine the impact of restaurant menu labeling on
calories and nutrients (ordered or consumed) in U.S. adults. Nutrients. 2017;
9(10):20–2. https://doi.org/10.3390/nu9101088.

16. Marty L, Jones A, Robinson E. Socioeconomic position and the impact of
increasing availability of lower energy meals vs menu energy labelling on
food choice: Two randomized controlled trials in a virtual fast-food
restaurant. Int J Behav Nutr Phys Act. 2020;17(1):10. https://doi.org/10.1186/
s12966-020-0922-2.

17. 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. https://doi.org/10.1016/j.appet.2
015.12.022.

18. VanEpps EM, Roberto CA, Park S, Economos CD, Bleich SN. Restaurant menu
labeling policy: review of evidence and controversies. Curr Obes Rep. 2016;
5(1):72–80. https://doi.org/10.1007/s13679-016-0193-z.

19. Konttinen H, Sarlio-Lähteenkorva S, Silventoinen K, Männistö S, Haukkala A.
Socio-economic disparities in the consumption of vegetables, fruit and
energy-dense foods: the role of motive priorities. Public Health Nutr. 2012;
16(5):873–82. https://doi.org/10.1017/S1368980012003540.

20. Pechey R, Monsivais P, Ng YL, Marteau TM. Why don’t poor men eat fruit?
Socioeconomic differences in motivations for fruit consumption. Appetite.
2015;84:271–9. https://doi.org/10.1016/j.appet.2014.10.022.

21. Haushofer J, Fehr E. On the psychology of poverty. Science. 2014;344(6186):
862–7. https://doi.org/10.1126/science.1232491.

22. Hollands GJ, Carter P, Anwer S, et al. Altering the availability or proximity of
food, alcohol, and tobacco products to change their selection and
consumption. Cochrane Database Syst Rev. 2019, 2019;(8). https://doi.org/1
0.1002/14651858.CD012573.pub2.

23. Pechey R, Marteau TM. Availability of healthier vs. less healthy food and
food choice: an online experiment. BMC Public Health. 2018;18(1):1296.
https://doi.org/10.1186/s12889-018-6112-3.

24. Adams J, Mytton O, White M, Monsivais P. Why are some population
interventions for diet and obesity more equitable and effective than others?

Marty et al. BMC Public Health          (2021) 21:975 Page 10 of 11

https://doi.org/10.1186/s12889-021-11007-0
https://doi.org/10.1186/s12889-021-11007-0
https://osf.io/amdnq/
https://doi.org/10.1111/j.1467-789X.2011.00953.x
https://doi.org/10.1111/j.1467-789X.2011.00953.x
https://doi.org/10.1080/10408398.2011.627095
https://doi.org/10.1080/10408398.2011.627095
https://doi.org/10.1016/j.amepre.2013.01.028
https://doi.org/10.1136/BMJ.K4982
https://doi.org/10.1136/bmjopen-2019-029679
https://doi.org/10.1136/bmjopen-2019-029679
https://doi.org/10.1136/bmj.k4864
https://doi.org/10.1136/bmj.k4864
https://doi.org/10.1017/S136898001200122X
https://doi.org/10.1111/obr.12553
https://doi.org/10.1111/obr.12479
https://doi.org/10.2105/AJPH.2018.304513
https://doi.org/10.2105/AJPH.2018.304513
https://www.ontario.ca/laws/statute/15h07
http://www.foodauthority.nsw.gov.au/ip/legislation/proposals-and-policy/kJ-labelling-nutrition-information
http://www.foodauthority.nsw.gov.au/ip/legislation/proposals-and-policy/kJ-labelling-nutrition-information
https://doi.org/10.2105/AJPH.2015.302570
https://doi.org/10.2105/AJPH.2015.302570
https://doi.org/10.3390/nu9101088
https://doi.org/10.1186/s12966-020-0922-2
https://doi.org/10.1186/s12966-020-0922-2
https://doi.org/10.1016/j.appet.2015.12.022
https://doi.org/10.1016/j.appet.2015.12.022
https://doi.org/10.1007/s13679-016-0193-z
https://doi.org/10.1017/S1368980012003540
https://doi.org/10.1016/j.appet.2014.10.022
https://doi.org/10.1126/science.1232491
https://doi.org/10.1002/14651858.CD012573.pub2
https://doi.org/10.1002/14651858.CD012573.pub2
https://doi.org/10.1186/s12889-018-6112-3


The role of individual agency. PLoS Med. 2016;13(4):1–7. https://doi.org/1
0.1371/journal.pmed.1001990.

25. Beauchamp A, Backholer K, Magliano D, Peeters A. The effect of obesity
prevention interventions according to socioeconomic position: a systematic
review. Obes Rev. 2014;15(7):541–54. https://doi.org/10.1111/obr.12161.

26. Marty L, Jones A, Robinson E. Socioeconomic position and the impact of
increasing availability of lower energy meals vs. menu energy labelling on
food choice: two randomized control trials in a virtual fast-food restaurant.
Int J Behav Nutr Phys Act. 2020;17:10. https://doi.org/10.1186/s12966-020-
0922-2.

27. Lallukka T, Laaksonen M, Rahkonen O, Roos E, Lahelma E. Multiple socio-
economic circumstances and healthy food habits. Eur J Clin Nutr. 2007;
61(6):701–10. https://doi.org/10.1038/sj.ejcn.1602583.

28. Si Hassen W, Castetbon K, Cardon P, et al. Socioeconomic indicators are
independently associated with nutrient intake in French adults: A DEDIPAC
study. Nutrients. 2016;8(3). https://doi.org/10.3390/nu8030158.

29. Cohen AK, Rai M, Rehkopf DH, Abrams B. Educational attainment and
obesity: a systematic review. Obes Rev. 2013;14(12):989–1005. https://doi.
org/10.1111/obr.12062.

30. Giskes K, Avendaňo M, Brug J, Kunst AE. A systematic review of studies on
socioeconomic inequalities in dietary intakes associated with weight gain
and overweight/obesity conducted among European adults. Obes Rev.
2010;11(6):413–29. https://doi.org/10.1111/j.1467-789X.2009.00658.x.

31. Petimar J, Zhang F, Cleveland LP, Simon D, Gortmaker SL, Polacsek M, et al.
Estimating the effect of calorie menu labeling on calories purchased in a
large restaurant franchise in the southern United States: quasi-experimental
study. BMJ. 2019;367:l5837. https://doi.org/10.1136/bmj.l5837.

32. Crockett RA, King SE, Marteau TM, Prevost AT, Bignardi G, Roberts NW, et al.
Nutritional labelling for healthier food or non-alcoholic drink purchasing
and consumption. Cochrane Database Syst Rev. 2018;2:CD009315. https://
doi.org/10.1002/14651858.CD009315.pub2.

33. Bleich SN, Economos CD, Spiker ML, Vercammen KA, VanEpps EM, Block JP,
et al. A systematic review of calorie labeling and modified calorie labeling
interventions: impact on consumer and restaurant behavior. Obesity. 2017;
25(12):2018–44. https://doi.org/10.1002/oby.21940.

34. Peer E, Brandimarte L, Samat S, Acquisti A. Beyond the Turk: alternative
platforms for crowdsourcing behavioral research. J Exp Soc Psychol. 2017;70:
153–63. https://doi.org/10.1016/j.jesp.2017.01.006.

35. Litman L, Robinson J, Abberbock T. TurkPrime.com: a versatile
crowdsourcing data acquisition platform for the behavioral sciences. Behav
Res Methods. 2017;49(2):433–42. https://doi.org/10.3758/s13428-016-0727-z.

36. Ryan CL, Bauman K. Educational attainment in the United States: 2015. US
Census Bur. Published online 2016:20–578. doi: P20–578.

37. U.S. Department of Health and Human Services and U.S. Department
of Agriculture. 2015–2020 Dietary guidelines for Americans. 8th
edition. Published online 2015:1–46. https://www.census.gov/library/
publications/2016/demo/p20-578.html. Accessed 27 Apr 2021.

38. Onwezen MC, Reinders MJ, Verain MCD, Snoek HM. The development of a
single-item food choice questionnaire. Food Qual Prefer. 2019;71(August
2017):34–45. https://doi.org/10.1016/j.foodqual.2018.05.005.

39. Steptoe A, Pollard TM, Wardle J. Development of a Measure of the Motives
Underlying the Selection of Food: the “Food Choice Questionnaire”.
Appetite. 1995;25(3):267–84. https://doi.org/10.1006/appe.1995.0061.

40. Dickson-Spillmann M, Siegrist M, Keller C. Development and validation of a
short, consumer-oriented nutrition knowledge questionnaire. Appetite.
2011;56(3):617–20. https://doi.org/10.1016/j.appet.2011.01.034.

41. Patton JH, Stanford MS, Barratt ES. Factor structure of the barratt
impulsiveness scale. J Clin Psychol. 1995;51(6):768–74. https://doi.org/10.1
002/1097-4679(199511)51:6<768::AID-JCLP2270510607>3.0.CO;2-1.

42. Koffarnus MN, Bickel WK. A 5-trial adjusting delay discounting task: accurate
discount rates in less than 60 seconds. Exp Clin Psychopharmacol. 2014;
22(3):222–8. https://doi.org/10.1037/a0035973.A.

43. Yoon JH, Higgins ST. Turning k on its head: comments on use of an ED50 in
delay discounting research. Drug Alcohol Depend. 2008;95(1–2):169–72.
https://doi.org/10.1038/jid.2014.371.

44. Hayes AF. PROCESS: a versatile computational tool for observed variable
mediation, moderation, and conditional Process modeling [White
paper]. Published 2012. Accessed July 15, 2020. http://www.afhayes.
com/index.html

45. Pechey R, Cartwright E, Pilling M, Hollands GJ, Vasiljevic M, Jebb SA, et al. Impact
of increasing the proportion of healthier foods available on energy purchased in

worksite cafeterias: a stepped wedge randomized controlled pilot trial. Appetite.
2019;133:286–96. https://doi.org/10.1016/j.appet.2018.11.013.

46. Van Kleef E, Otten K, Van Trijp HCM. Healthy snacks at the checkout
counter: a lab and field study on the impact of shelf arrangement and
assortment structure on consumer choices. BMC Public Health. 2012;12(1):1–
10. https://doi.org/10.1186/1471-2458-12-1072.

47. Laxy M, Teuner C, Holle R, Kurz C. The association between BMI and health-
related quality of life in the US population: sex, age and ethnicity matters.
Int J Obes. 2018;42(3):318–26. https://doi.org/10.1038/ijo.2017.252.

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

Marty et al. BMC Public Health          (2021) 21:975 Page 11 of 11

https://doi.org/10.1371/journal.pmed.1001990
https://doi.org/10.1371/journal.pmed.1001990
https://doi.org/10.1111/obr.12161
https://doi.org/10.1186/s12966-020-0922-2
https://doi.org/10.1186/s12966-020-0922-2
https://doi.org/10.1038/sj.ejcn.1602583
https://doi.org/10.3390/nu8030158
https://doi.org/10.1111/obr.12062
https://doi.org/10.1111/obr.12062
https://doi.org/10.1111/j.1467-789X.2009.00658.x
https://doi.org/10.1136/bmj.l5837
https://doi.org/10.1002/14651858.CD009315.pub2
https://doi.org/10.1002/14651858.CD009315.pub2
https://doi.org/10.1002/oby.21940
https://doi.org/10.1016/j.jesp.2017.01.006
https://doi.org/10.3758/s13428-016-0727-z
https://www.census.gov/library/publications/2016/demo/p20-578.html
https://www.census.gov/library/publications/2016/demo/p20-578.html
https://doi.org/10.1016/j.foodqual.2018.05.005
https://doi.org/10.1006/appe.1995.0061
https://doi.org/10.1016/j.appet.2011.01.034
https://doi.org/10.1002/1097-4679(199511)51:6<768::AID-JCLP2270510607>3.0.CO;2-1
https://doi.org/10.1002/1097-4679(199511)51:6<768::AID-JCLP2270510607>3.0.CO;2-1
https://doi.org/10.1037/a0035973.A
https://doi.org/10.1038/jid.2014.371
http://www.afhayes.com/index.html
http://www.afhayes.com/index.html
https://doi.org/10.1016/j.appet.2018.11.013
https://doi.org/10.1186/1471-2458-12-1072
https://doi.org/10.1038/ijo.2017.252

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study samples
	Design overview
	Measures and procedure
	Statistical analyses

	Results
	Energy content of main meal dish ordered
	Energy content of all dishes ordered
	Moderated mediation

	Discussion
	Limitations

	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

