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ABSTRACT

Introduction Eating from out-of-home food outlets (OHFQ)
is common and linked to poor dietary quality, weight gain
and obesity. In response, England implemented mandatory
calorie labelling regulations in April 2022. The aim of this
evaluation study was to examine pre—post changes in the
energy content of menu items from large OHFO in England
after the labelling policy.

Methods Energy content of menu items from large OHFO
in England was obtained using MenuTracker, a longitudinal
database of online menus. Data were collected in two
waves: September 2021 (prepolicy) and September 2022
(postpolicy). Linear mixed regression models were used to
estimate pre—post changes in mean energy content (kcal)
for all items by food group and by chain type. We also
examined reformulation by estimating energy content for
removed, continuous and new items.

Results Overall, a small reduction of 9 (-2.0%)

(95% Cl: =16 to —1) kcal in mean energy content

per item was observed postpolicy. Significant mean
reductions per item were found in beverages (—36
(—=16.4%); 95% Cl: —52 to —21 kcal), burgers (-103
(=11.1%); 95% Cl: —150 to —56 kcal) and mains (=30
(—=4.2%); 95% Cl: —48 to —12 kcal). By chain type,
significant mean reductions per item were seen in
pubs, bars and inns (—52 (-8.8%); 95% Cl: —68 to
—36 kcal), restaurants (—23 (—4.9%); 95% Cl: —42 to
-5 kcal) and sports and entertainment venues (-49
(=13.4%); 95% Cl: =79 to —19 kcal). Changes were
driven by the removal of higher kcal items (458 kcal,
95% Cl: 394 to 523) and addition of lower kcal new
items (434 kcal, 95% Cl: 370 to 499). There was no
significant change in energy content for continuously
available items, indicating limited evidence of
reformulation.

Conclusions The 2022 mandatory calorie labelling policy
in England led to a small reduction in the mean energy
content of menu items, primarily driven by the removal of
higher calorie items and the addition of lower calorie items.
Further research is needed to assess long-term effects and
strategies to enhance policy impact.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Calorie labelling policies aim to improve public
health by providing consumers with calorie informa-
tion at the point of sale.

= Prior evidence, mostly from the USA, found small re-
ductions in menu item calorie content after labelling,
with limited evidence regarding which food catego-
ries were impacted most.

WHAT THIS STUDY ADDS

= Mandatory calorie labelling in England was asso-
ciated with a 9 kcal (2%) reduction in the energy
content of menu items.

= Changes were primarily due to removing higher
and adding slightly lower calorie items, rather than
reformulation.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= For the small calorie reductions observed to lead to
meaningful population health improvements, con-
sumers would need to shift purchases towards the
lower-calorie items.

INTRODUCTION

Eating from out-of-home food outlets (OHFO)
is common and associated with poorer dietary
quality, weight gain and obesity, posing signif-
icant challenges to public health.'™ A critical
issue in out-of-home (OOH) eating is that
individuals often underestimate their energy
consumption, particularly with energy-dense
foods from OHFO.'*® A 2018 study of UK
chains with 50 or more locations found 96%
of meals in full-service restaurants and 70%
in fastfood outlets exceeded 600 kcal—the
maximum for a single meal suggested by
Public Health England in 2017.° 7 Recog-
nising the urgency of addressing the public
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health implications of OOH food consumption, the UK
Government implemented mandatory calorie labelling
regulations on 6 April 2022.° These regulations require
large OHFOs in England, defined as those with 250 or
more employees, to display kilocalorie (kcal) informa-
tion for menu items at the point of sale. The regulations
apply to food and non-alcoholic drink items ready for
immediate consumption, excluding prepackaged foods
and exemptions.”

The evidence for the effect of energy labels on customer
selections is mixed. Studies conducted in the USA present
varying results, with some suggesting a reduction in daily
caloric intake, while others find no significant effect on
energy content ordered or consumed.'” In England,
we found no evidence of changes in kcal purchased or
consumed postimplementation.'” Furthermore, the type
of food outlet may influence customer behaviour, with
greater reductions observed in cafes and sit-down restau-
rants compared with fast-food outlets,"* potentially due
to varying customer expectations. Qualitative research
suggests customer expectations could be a key barrier to
the impact of menu labelling on ordering lower energy
items."

Energy labelling policies may not only act as an informa-
tion intervention to change customer behaviour but may
also incentivise retailers to change the energy content of
menu items.'” Recent qualitative work suggests that large
OHFOs may take a ‘health by stealth’ approach to refor-
mulation: gradually reducing the energy, sugar and salt
content of their products as a response to labelling regu-
lations to make food options slightly healthier without
being noticed by customers."” Menu changes may involve
reformulating existing products, discontinuing higher
energy products or adding lower energy products. A
recent meta-analysis of 45 studies found that mandatory
energy labelling was associated with a 15 kcal reduction
per menu item,'? which could translate into lower intakes
if consumers select lower-energy items.

Before mandatory labelling policies were implemented
in the USA and England, there was some evidence that
restaurants that implemented voluntary energy label-
ling sold lower fat and salt items than those without such
labelling.'® '” However, this finding could reflect a pref-
erence for labelling among those selling healthier items.
There is less evidence that demonstrates that mandatory
labelling reduces energy content. Most of the previous
evidence for national-level energy labelling policies
is from the USA,"™®! where a recent study found that
mandated energy labelling may have encouraged large
restaurant chains to introduce lower-energy items.*
Another study of locally implemented labelling policies
in the USA found no changes in mean energy on menus
between experimental and control fast-food chains but
did find locations with menu labelling offered a higher
proportion of items classified as ‘healthier’ based on
nutrient criteria.” Although meta-analyses suggest small
but potentially beneficial improvements to menus after
energy labelling," customers may not benefit from

average reductions if they do not select lower energy
products. Therefore, it is essential to identify which food
categories are most subject to change to determine where
dietary improvements can be made. Reformulation feasi-
bility is likely to vary by different food groups, which justi-
fies analysing food group changes.

To address these research gaps, this study examines pre—
post changes in the energy content of menu items before
and after the calorie labelling (Out of Home Sector)
(England) regulations. Our aims were to examine: (1)
pre—post differences in energy content of items overall
and by food group and chain type and (2) whether any
changes were driven by changes in energy content of
items offered or reformulation of existing items.

METHODS

Using the MenuTracker database, the first longitudinal
nutritional database of food prepared out of the home
in the UK,24 we assessed both reformulation and menu
changes from before to after introduction of the label-
ling regulations. Reformulation was defined as changes
in continuously available items at both time periods,
and menu changes included removals or additions of
items. We examined changes in mean kcal content of
new, removed and continuously available items, as well
as changes in mean kcal by food category and chain type.
Additionally, we examined the proportions of menu
items exceeding recommended energy intake per meal
(>600kcal) according to current guidance in England.7
These analyses were conducted for chains that were
present in the database at both time periods (ie,‘core
chains’). Finally, we conducted a full landscape analysis
using all available data from all available chains at both
time periods.

Data source

Data in the longitudinal database MenuTracker were
collected using web scraping techniques and PDF extrac-
tion tools from food businesses that posted calorie infor-
mation for menu items online and were subject to the
regulations.”* If available on business websites, Menu-
Tracker collects food item name and description, serving
size, energy, macronutrients, fibre, salt, allergens, special
dietary information and menu section (used to determine
whether items are children’s items or sharing items). We
used data collected in September 2021 (prepolicy) and
September 2022 (postpolicy) to minimise seasonal varia-
tion. A single scrape of data collection was done for each
chain website and ran from 25 to 31 August 2021 for the
September 2021 data collection and from 17 August to
3 September for the September 2022 data collection.
Using data collected in September 2021 to represent the
prepolicy period also allowed us to minimise the effect
of early changes associated with implementation in April
2022 that might have occurred during the 6months
before the policy came into force.
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Core Chains
n=78

Core outlets vs full
landscape outlets

n=12

chains
n=90

A

Analysis 1 - Pre-post
changes for core chains:
overall, by food group, by

chain type

Core Chains
78 chains
31,045 total items

Analysis 2 - Menu
change and
reformulation analysis:
Changes in removed,
continuous, new items
at core chains

removed
6,165
items

new
8,557
items

continuous
16,323 items

Figure 1

MenuTracker September 2021 (preperiod) data
included 79 unique OOH food businesses (henceforth
referred to as chains) subject to the regulations. Menu-
Tracker September 2022 (postperiod) included 90
chains. One chain from the preperiod did not present
information online in the postperiod, and therefore,
our main analysis includes the 78 chains operating at
both time periods. For simplicity, these 78 chains will be
referred to as core chains (online supplemental table
1). We also conducted a full landscape analysis using all
available data from all chains at both time periods (ie, 79
pre and 90 post). This expanded database is described in
online supplemental table 2.

Sample size

The preperiod data included 19 392 menu items, reduced
to 17455 after removing duplicates. Macronutrient data
were used to calculate missing kcal values where appli-
cable (59 items). 2370 items were deleted due to having
no kcal information, resulting in 15085 unique items
with kcal information. The postperiod data included
24097 menu items. After removing 4795 duplicates and
1406 items with no kcal information, there were 17896
unique items with kcal information remaining. Thus,
our full landscape analysis consisted of a total of 32981
items (online supplemental figure 1). When restricting
the analysis to the 78 core chains, there were 15057 items
prepolicy and 15988 items postpolicy, totalling 31045
(figure 1).

Food groups

Menu items were classified via a semiautomated process
by ME into 12 food groups used in previous work in both
the USA and UK' ' * (online supplemental table 3).
Following previous work, all variations on items were
included as separate items.'® A reliability check of food
group assignments was conducted on a 2% random

Full Landscape

o

Full Landscape Analysis
90 chains
32,981 total items

Analysis 4
(Supplementary) -
Pre-post changes for full
landscape: overall, by
food group, by chain type

( Analysis 3 (Threshold) -
Pre-post changes in %
items >600 kcal for core
chains: overall, by food
group, by chain type

Core Chains
78 chains
31,045 total items

Conceptual diagram for analyses, including total number of chains and items.

sample of items (n=648) with 91% agreement and coding
decisions resolved between the two coders (ME and YH).

Chain types

Chains were classified into six chain types: cafes and
bakeries (henceforth referred to as cafes); Western fast
food and takeaways; pubs, bars and inns; restaurants;
sports and entertainment; and Asian fast food based on
how chains described their outlets and food offerings on
their websites. All chains are listed within each category
in online supplemental tables 1 and 2.

Removed, continuous and new items

To distinguish reformulation from other menu changes,
we categorised all items at the 78 core chains into
removed, continuous and new items. Continuous items
were defined as items with the same name at the same
outlet present in both preperiods and postperiods. We
defined removed items as present in the preperiod but
not the postperiod, and we defined new items as present
in the postperiod but not preperiod.

Probabilistic record linkages were conducted according
to published best practices, followed by manual checking,
to identify items with the same name at the same period
at both time points.”” *” Matches required the identical
chain name, but item names could be a fuzzy (ie, similar
but imperfect) match. Details of the linkage procedure
are described in the online supplemental materials.

ANALYSIS

All statistical analyses were conducted in Stata V.17. We

conducted four analyses, displayed in the concept map

(figure 1) for clarity and described in greater detail

below. These analyses were:

1. Estimate pre—post differences in mean energy (kcal)
per item at core chains (n=78) overall, by food group
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and by chain type. This addresses aim 1 (to examine

differences in energy content of items overall and by

food group and chain type).

2. Estimate pre—post differences in mean energy (kcal)
for each of the removed, continuous and new items
at core chains (n=78) overall, by food group and by
chain type. This addresses aim 2 (to examine whether
any changes were driven by changes in items offered
or reformulation of existing items).

3. Estimate pre—post differences in prevalence of items
that exceed 600 kcal threshold at core chains (n=78)
overall, by food group and by chain type. This con-
tributes to addressing aim 1 but uses a more policy-
relevant threshold, rather than the continuous metric
in analysis 1.

4. Estimate pre—post differences in mean energy (kcal)
using the full landscape of chains (n=90) overall, by
food group and by chain type. This tests the sensitivity
of analysis 1 to the chains included.

We detail the general modelling approach for anal-
ysis 1 and its adaptations for analyses 2—4. All analyses
treated each menu item with equal weight, regardless
of its sales volume, as we did not have access to sales
data.

Analysis 1: estimate pre—post differences in mean energy
(kcal) at core chains (n=78) overall, by food group and by
chain type

We used linear mixed regression models with random
intercepts to estimate the mean energy content (kcal) for
items overall, by food group and by chain type. Models
included a three-level hierarchical structure to account for
inherent clustering of data: menu items represented the
first level (level 1), nested within chains (level 2), which
were further nested within chain types (level 3). Models
were adjusted at the item-level for children’s menu item
status, sharing items and food group. Including item-
level covariates adjusts for differences across outlets, as
sharing platters, children’s menus and food groups differ
in calorie content and size and are associated with energy
content. We also conducted a sensitivity analysis that
removed food group from the adjustment set, which may
more closely reflect what customers see on menus. We
estimated mean kcal and 95% CIs using average marginal
effects, and two-way interactions between time (binary)
with food group and with chain type to estimate mean
kcal and 95% CIs for each combination of time and cate-
gory. Pairwise comparisons of margins were conducted to
assess differences between time periods for each level of

Table 1 Summary statistics for item availability at core chains (n=78) and full landscape chains (n=90)
Core chains Full landscape
Prepolicy Postpolicy Prepolicy Postpolicy
(September 2021) (September 2022) (September 2021) (September 2022)
Chains, n 78 78 79 90
Menu items, n 15057 15988 15085 17896
Menu items by food group, n (%)
Appetisers and sides 1869 (12.4) 2409 (15.1) 1869 (12.4) 2824 (15.8)
Baked goods 397 (2.6) 451 (2.8) 410 (2.7) 519 (2.9)
Beverages 3474 (23.1) 4110 (25.7) 3474 (23.0) 4454 (24.9)
Burgers 411 (2.7) 388 (2.4) 411 (2.7) 490 (2.7)
Desserts 1164 (7.7) 1493 (9.3) 1171 (7.8) 1642 (9.2)
Fried potatoes 222 (1.5) 202 (1.3) 222 (1.5) 228 (1.3)
Mains 3427 (22.8) 2926 (18.3) 3428 (22.7) 3461 (19.3)
Pizza 2093 (13.9) 2008 (12.6) 2086 (13.8) 2044 (11.4)
Salads 338 (2.2) 439 (2.8) 338 (2.2) 494 (2.8)
Sandwiches 796 (5.3) 905 (5.7) 801 (5.3) 1015 (5.7)
Soup 102 (0.7) 110 (0.7) 102 (0.7) 133 (0.7)
Toppings and ingredients 764 (5.1) 547 (3.4) 771 (5.1) 587 (3.3)
Menu items by chain type, n (%)
Cafes 3792 (25.2) 3558 (22.3) 3792 (25.1) 3861 (21.6)
Fast food and takeaway 4136 (27.5) 3813 (23.9) 4164 (27.6) 3879 (21.7)
Pubs, bars and inns 3584 (23.8) 4071 (25.5) 3584 (23.8) 4735 (26.5)
Restaurants 2412 (16.0) 3045 (19.1) 2412 (16.0) 3830 (21.4)
Sport and entertainment 901 (6.0) 1164 (7.3) 901 (6.0) 1254 (7.0)
Asian fast food 232 (1.5) 337 (2.1) 232 (1.5) 337 (1.9)
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the categorical variable, and each contrast is presented
with 95% Cls.

Analysis 2: estimate pre—post differences in mean energy
(kcal) for each of the removed, continuous and new items at
core chains (n=78) overall, by food group and by chain type
For the second analysis, we used the same modelling
approach as outlined above but also included an indi-
cator variable for whether items were new, continuous
or removed. This analysis was restricted to core chains,
which allows for like-for-like comparisons of changes
over time within the same businesses. We estimated the
marginal mean kcal and 95% CIs for removed items,
new items and for continuous items. Pairwise compari-
sons of margins were conducted to assess differences for
removed vs continuous, new versus continuous and new
versus removed. We interpreted the pre—post changes in
continuous items as an analysis of reformulation.

Analysis 3 (threshold): estimate pre—post differences in
prevalence of items that exceed 600 kcal threshold at core
chains (n=78) overall, by food group, by chain type and by
new, continuous and removed

Our third analysis examined the proportion of items
that exceeded England’s per meal recommendations
(>600kcal) before and after the policy using the same
three-level hierarchical structure but in this case mixed
effects logistic regression models for the binary outcome
(25). We estimated the marginal probability of this

Food Group
Appetisers & Sides

e

Baked goods ®
Beverages ®
Burgers
Desserts
Fried potatoes
Mains
Pizza
Salads L
Sandwiches
Soup ®

Toppings and ingredients )
Outlet Type
Cafes

Western Fast Food Takeaway hd
Pubs Bars Inns

Restaurants

Sport and Entertainment ®

Asian Fast Food ®
Overall

0 100 200 300

400

outcome (>600kcal) by overall menu items, food group
and chain type at each time period.

Analysis 4 (supplementary): estimate pre—post differences in
mean energy (kcal) using the full landscape of chains (n=90)
overall, by food group and by chain type

The final analysis was a full landscape analysis using all
available data, which includes all items from chains that
are included in MenuTracker and posted calorie infor-
mation online either prepolicy (n=79) or postpolicy
(n=90). We followed the same modelling approach as the
first analysis. We also estimated the same two-way inter-
action marginal effects for each food type over time and
each chain type over time.

RESULTS

Descriptive statistics for item availability at each data
collection wave

Descriptions of item availability in each data collec-
tion wave (prepolicy September 2021 and postpolicy
September 2022) at core chains and full landscape chains
are presented in table 1. There were approximately 2000
more menu items present in the full landscape analysis
than the core chain analysis (table 1). The most common
food groups at both prepolicy and postpolicy were bever-
ages and mains, and the least common items were soup
and fried potatoes (table 1). The number of items at each

95% CI

286 (219 to 352)
283 (216 to 349)
355 (282 to 429)
341 (269 to 414)
220 (154 to 286}
184 (178 to 249
° 924 (852 to 997)
4 821 (748 to 894)
383 (315 to 451)
404 (337 to 471)
407 (328 to 486)
349 (269 to 429)

° 706 (640 to 772)

hd 676 (610 to 741)
° 698 (629 to 767)
d 712 (643 to 781)

355 (281 to 429)
370 (298 to 443)
° 559 (489 to 627)
. 646 (578 to 715)
242 (149 to 335)
322 (231 to 414)

79 (10 to 148)

90 (19 to 161)
467 (404 to 530)
468 (405 to 531)
339 (283 to 396)
381 (325 to 438)
® 591 (533 to 650)
L 539 (481 to 598)
° 470 (404 to 536)
g 447 (381 t0 513)
367 (22110 513)
318 (172 to 464{
353 (202 to 504
388 (240 to 537)
445 (386 to 501)
436 (372 to 501)

1000

[ 2 J

e

500 600 700 800 900

mean kcal of menu items for each food group and outlet type

® Pre-Implementation

@ Post-Implementation

Figure 2 Marginal mean kcal from linear mixed model overall, by food group and by chain type for all items available at
core chains (n=78) using MenuTracker data from prepolicy (September 2021) and postpolicy (September 2022), total n

items=31045.
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Figure 3 Pre—post differences in kcal overall, by food group and by chain type estimated from linear mixed model for all items
available at core chains (n=78) using MenuTracker data from prepolicy (September 2021) and postpolicy (September 2022),

total n items=31045.

chain as well as the chain type classifications is presented
in online supplemental tables 1 and 2.

Analysis 1: estimate pre—post differences in mean energy
(kcal) at core chains (n=78) overall, by food group and by
chain type

Figure 2 presents mean kcal content for items at core
chains, both before and after the implementation of
the policy, overall, by food group and by chain type, and
figure 3 presents pre—post differences for items at core
chains overall, by food group and by chain type. Prior
to the policy, the estimated mean kcal for all items was
445 kcal, and following the policy, the estimated mean
kcal decreased to 436 kcal, a9 (-2.0%) (95% CI: 16 to
-1) kcal reduction (figure 2). According to the sensitivity
analysis that did not adjust for food group, overall mean
kcal was 446 (95% CI 357 to 535) in the prepolicy period
and 424 (95% CI 336 to 513) in the postpolicy period, a
difference of 21 kcal (95% CI -30 to —12).

The highest kcal per item food groups were burgers,
mains and pizzas, and the highest kcal per item chain
types were restaurants, and pubs, bars and inns (figure 2).
After the policy, the largest significant reductions were
-103 (-11.1%) (95% CI: =150 to —56) kcal for burgers,
-36 (-16.4%) (95% CI: =52 to —21) kcal for beverages
and -30 (-4.2%) (95% CI: -48 to -12) kcal for mains
(figure 3). Few soups were available, resulting in wide
CIs for changes (figure 3). Sandwiches increased by 88
(15.8%) (95%CI: 56 to 121) kcal pre—post (figure 3).
When analysed by chain type, statistically significant
results included a reduction of -52 (-8.8%) (95% CI: —68
to —36) kcal at pubs, bars and inns, a reduction of -23

(-4.9%) (95% CI: —42 to -5) kcal for restaurant items,
and a reduction of -49 (-13.4%) (95% CI: =79 to -19)
kcal for Sports and Entertainment items. There was
an increase of 42 (11.0%) (95% CI: 27 to 57) kcal for
Western Fast Food and Takeaway items (figure 3).

Analysis 2: estimate pre—post differences in mean energy
(kcal) for removed, continuous and new items at core chains
(n=78) overall, by food group and by chain type

Figure 4 presents estimated mean kcal content from the
linear mixed model for items categorised as removed, new
and continuously available, before and after the policy
implementation. Prior to the policy, removed items had
an estimated mean energy content of 458 (95% CI: 394
to 523) kcal, and continuously available items had 437
(95% CI: 373 to 501) kcal. After the policy, new items had
434 (95% CI: 370 to 499) kcal, and continuously avail-
able items had 439 (95% CI: 374 to 503) kcal, no change
compared with prepolicy (figure 4). Removed items
contained 21 (95% CI: 8 to 34) more kcal than contin-
uous items and 25 (95% CI: 9 to 41) more kcal than new
items (online supplemental figure 2).

Analysis 3 (threshold): estimate pre—post differences in
prevalence of items that exceed 600 kcal threshold at core
chains (n=78) overall, by food group, by chain type and by
new, continuous and removed

Online supplemental figure 3 presents the proportion of
items over the 600-kcal threshold for core chains, both
before and after the implementation of the policy. Prior
to the policy, 21.8% of items (95% CI: 15.3% to 28.3%)
were over 600 kcal, and after the policy, 22.2% of items
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Figure 4 Marginal mean kcal for removed, continuous and new items estimated from linear mixed model at core chains
(n=78) using MenuTracker data from prepolicy (September 2021) and postpolicy (September 2022), total n items=31045.

(95% CI: 15.6% to 28.7%) were over 600 kcal, with no
difference between prepolicy and postpolicy.

The food groups with the most items over 600 kcal
were burgers, mains and pizzas, and the chain types with
the most items over 600 kcal were restaurants and pubs,
bars and inns (online supplemental figure 3). After the
policy, the proportion of items exceeding 600 kcal was
3.2% (95% CI: -5.6 to -0.8) lower for beverages, 9.5%
(95% CI: -15.6% to -3.4%) lower for burgers and 3.4%
(95% CI: -5.6% to —-1.3%) lower for mains. The propor-
tion of items exceeding 600 kcal increased by 9.0% (95%
CI6.4% to 11.6%) for pizzas (online supplemental figure
4). When analysed by chain type, the proportion of items
exceeding 600 kcal was 3.9% (95% CIL: -5.7% to -2.2%)
lower at pubs, bars and inns (online supplemental figure
4).

Analysis 4: estimate pre—post differences in mean energy
(kcal) using the full landscape of chains (n=90) overall, by
food group and by chain type

The results from the full landscape analysis are presented
in online supplemental table 4. The overall mean kcal
was 458 (95% CI 412 to 505) in the prepolicy period and
450 (404 to 497) in the postpolicy period, and a differ-
ence of 8 fewer kcal (-8 to 0.2) in the postperiod that was
not statistically significant. The overall pattern of results
reflected analysis 1, with lower kcal values in beverages,
burgers and mains, lower kcal values at restaurants and
pubs, bars and inns, and an increase in kcal offered by
Western fast-food chains.

DISCUSSION

Statement of principal findings

To our knowledge, this study is the first to examine menu
changes at OOH food chains following England’s 2022
calorie labelling policy. We found a small reduction in
mean kcal after implementation of the calorie labelling
policy compared with before. These mean changes were

driven by the removal of higher calorie items on menus.
There were no pre—post changes in kcal for continuously
available items. Thus, we find some evidence for changes
in menus but limited evidence for reformulation. The
greatest changes in food groups were for burgers, bever-
ages and mains. When analysed by chain type, the signifi-
cant changes included reductions in kcal of items at pubs,
bars and inns, restaurants and entertainment chains, and
an increase at Western fast food and takeaway chains.
The food groups with the most items over 600 kcal were
burgers and pizzas, and the chain types with the most
items over 600 kcal were restaurants and pubs, bars and
inns. The full landscape analysis found a similar pattern
of results to the core chain analysis.

Interpretation of findings

The small reduction in average kcal of items available on
menus we found is likely to have modest to limited impact
on population health, consistent with a recent study of
approximately 3000 customers that found no change in
kcal purchased or consumed."” Chains may have refor-
mulated some items between the policy announcement
in July 2021 and the initial data collection for this study,
in September 2021.

We identified greater reductions in kcal among food
groups and chain types with higher baseline kcals on
menus. Changing larger kcal items may be easier due to
a larger baseline portion size or high calorie density, and
reducing fat content of high-calorie items could reduce
energy density.® Another explanation for the reductions
in larger food groups could be that there is some potential
embarrassment in having extremely high kcal items on
menus once labelling is mandatory.”” Calorie reductions
may be easier for beverages, where low or zero calorie
options are more feasible. To account for differences in
baseline kcal across item types and to improve interpret-
ability, key results are presented as per cent differences
alongside absolute differences.
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We found more evidence of menu change rather
than reformulation with items removed from menus
being higher energy than continuous items. Thus, the
impact of a calorie labelling policy on food may differ
from other policies like the Soft Drinks Industry Levy,
which created an economic incentive for, and was asso-
ciated with substantial, reformulation.” If food industry
actors successfully market OOH eating as a treat where
customers should indulge in high-calorie options, then
business may not be incentivised to reduce the kcal of
items offered."” Evidence from focus groups in Ireland
found that OOH eating is commonly perceived by fami-
lies as a treat, with health considered a lower priority.*

Models not adjusted for food group changes, which
indicate what customers may perceive on menus, showed
a greater difference than adjusted findings. The greater
reduction in mean kcal when not adjusting for food group
(difference of —21 kcal, 95% CI -30 to —12) suggests that
the fully adjusted model (difference of -9 kcal, 95% CI
-16 to —1) may underestimate the overall effect of the
calorie labelling policy. By controlling for food group,
our analysis accounts for differences in the types of food
items offered before and after the policy implementation.
A postpolicy shift towards offering more low-calorie food
groups could explain the smaller effect observed in the
adjusted model. This suggests that businesses might be
strategically altering their menu offerings by including
more lower-calorie items. Although the results from this
study demonstrate changes in items offered on menus,
without linking these menu items to sales or dietary intake
data, we cannot determine whether these changes in
menu composition translated into changes in consumer
intake or improvements in public health outcomes.

Comparison to previous literature

Our observed overall reduction of 9 kcal aligns with
a recent meta-analysis that found mandatory calorie
disclosure was associated with a 15 kcal reduction in
menu items.'” Similar to our reformulation analysis,
more recent work from the USA also found no signifi-
cant pre—post changes in continuously available items
but observed some small reductions in mean kcal due
to new items having lower kcal.”* Our study did identify
lower mean kcal from new items, but these differences
were only significant compared with removed items, not
compared with continuous items. Items were similar in
total kcal: 445 kcal in the preperiod and 436 kcal in the
postperiod in our study, and 399 kcal in the preperiod
and 388 kcal in the postperiod in the USA study.” Our
analysis separates foods into more categories (12 groups
instead of 5), allowing for more detailed analysis of
where changes occurred. Other studies, including from
Ontario, Canada and King County, Washington, also
reported minimal changes overall but larger reductions
in full-service or sit-down restaurants.* *'

Policy implications
Overall, we found limited evidence that mandatory
calorie labelling in England was associated with significant

changes in menu items. Alongside prior findings of no
pre—post changes in kcal purchased or consumed,'” this
suggests that while the policy’s immediate impact may be
modest, even small changes can be meaningful at a popu-
lation level. The limited impact observed may be related
to less than perfect implementation, with only 80% of
outlets displaying any calorie labelling postpolicy and
only 15% meeting all implementation requirements®
along with low intention from local authorities to proac-
tively check implementation in chains."

Previous qualitative work identified that large OHFOs
within scope of the policy were hesitant to reduce portion
size due to concerns around customer satisfaction.'
Other strategies could support customer decisions to
select lower calorie options, including more actionable
contextual information beyond adults’ daily caloric
needs. For example, interpretive labels are more effec-
tive than information-based labels in grocery stores.”
Other strategies such as price adjustments, strategic
marketing or limiting total energy content of items may
be warranted.

Strengths and limitations

Our study has several strengths, including the use of the
most comprehensive data available on energy content of
menu items served by the OOH food sector in England
that also allows for comparisons of the same chains and
food items at both time points. Identifying removed, new
and continuously available items, and examining changes
by food and chain type, allowed us to account for system-
atic differences in how chains present their items. This
large natural experiment examining real-world changes
in a diverse set of large OHFOs may also be generalisable
to other countries with similar food environments.

However, our study also has limitations. MenuTracker
only includes menu information from chains that posted
kcal information online before and after the policy,
thus limiting how representative our findings are of the
English OOH food environment. In November 2021, 256
chains were estimated to fall within scope of the regu-
lations.”* We, therefore, expect our sample of 78 core
chains to cover 30% of the large chain OOH food sector
that posted nutrition information online at the time of
data collection. Given the largest chains with the highest
market share are likely to have the most resources to post
kcal information online, our data may represent a larger
proportion of actual OOH food sales.

Several limitations relate to the data structure. Our food
group categorisations reflect how items were presented
online, which varies by chain. Some chains present mixed
dishes as a single item—for example, fish and chips with
peas, categorised as a main—whereas others present fish,
chips and peas separately, categorised as a main, fried
potatoes and a side. This difference may partly explain
why restaurants and pubs had higher kcal items. We
adjusted for clustering at the chain and chain type level
to account for these variations in data structure.
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Although we assume posted kcal values are accurate, the
calorie labelling regulations allow for kcal information to
be within +20% and allow several different methods for
estimating energy content.” In a USA-based restaurant
food study, nearly one-fifth of the sample contained over
100 kcal more than the stated energy values. However,
most energy and nutrient values were consistent with
laboratory measurements.** Any systematic changes in
the accuracy of calorie estimates, or method of calculating
these, over time may also have impacted our findings.

The uncontrolled before-and-after study design poses
a challenge to attributing changes solely to the interven-
tion if there was an ongoing trend in kcal information
not related to the policy. However, previous work using
MenuTracker data found energy content remained
constant from 2018 to 2020.* Some businesses may have
reformulated before the policy, but they are not included
if they lacked prepolicy kcal data.

We were unable to weight analyses according to the
sales volume of menu items. As a result, all items were
treated equally in the estimation of pre—post changes.
While this approach captures changes in the energy
content of items offered, it does not reflect how those
changes translate to actual consumption. This limitation
is particularly relevant given that, in other work, we found
no statistically significant changes in energy purchased or
consumed by customers between before and after policy
implementation."”

Recommendations for future research

Further research is needed to determine whether there
will be greater long-term changes in kcal available at
OHFO via gradual reductions. Future evaluations of this
and similar policies in England may benefit from better
surveillance data, longer time series for causal attribu-
tion and linkages to purchase data. Future research is
also needed to understand whether and how consumer
purchases align with the changes in menu items identified
in this study. From a policy perspective, additional strate-
gies may be needed to ensure that lower-calorie options
are not only available but also selected by consumers.

CONCLUSIONS

This study found a 9 kcal (-2.0%) reduction per item
following mandatory calorie labelling in England. When
not adjusting for food group, a larger reduction was
observed, suggesting the change is partly influenced by
differences in food group distribution. Changes were
primarily driven by removing higher-calorie items rather
than reformulation. When analysed by food group,
the most significant reductions occurred in beverages,
burgers and mains, indicating that policy impact could
improve if customers select lower kcal items in these cate-
gories.

X Michael Essman @MichaelEssman10

Contributors Conceptualisation: ME, TB, AJ, ER, SJS, RS, MW and JA were
involved in conceptualising the study and the methodology. ME conducted

the formal analysis, checked by SJS. ME and YH maintained the MenuTracker
database. ME wrote the original draft. ME, TB, YH, AJ, MP, ER, SJS, RS, MW and JA
were involved in reviewing and editing the manuscript. ME created the figures and
tables. JA supervised and administered the project. TB, AJ, ER, SJS, RS, MW and
JA contributed to funding acquisition. ME is the guarantor.

Funding This study is funded by NIHR Policy Research Programme:
Implementation and assessment of mandatory kcal labelling in the out-of-home
sector, NIHR200689.

Disclaimer The views expressed are those of the authors and not necessarily those
of the NIHR or the Department of Health and Social Care.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are not
publicly available. We are not able to share data from menus of food businesses,
but the codebase for MenuTracker is publicly available on GitHub at https://github.
com/YuruHuang/MenuTracker.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iD
Michael Essman http://orcid.org/0000-0001-5017-3880

REFERENCES

1 Lachat C, Nago E, Verstraeten R, et al. Eating out of home and its
association with dietary intake: a systematic review of the evidence.
Obes Rev 2012;13:329-46.

2 Nago ES, Lachat CK, Dossa RAM, et al. Association of out-of-
home eating with anthropometric changes: a systematic review of
prospective studies. Crit Rev Food Sci Nutr 2014;54:1103-16.

3 Gesteiro E, Garcia-Carro A, Aparicio-Ugarriza R, et al. Eating out
of Home: Influence on Nutrition, Health, and Policies: A Scoping
Review. Nutrients 2022;14:1265.

4 Livingstone MBE, Pourshahidi LK. Portion size and obesity. Adv Nutr
2014;5:829-34.

5 Block JP, Condon SK, Kleinman K, et al. Consumers’ estimation
of calorie content at fast food restaurants: cross sectional
observational study. BMJ 2013;346:f2907.

6 Robinson E, Jones A, Whitelock V, et al. (Over)eating out at major
UK restaurant chains: observational study of energy content of main
meals. BMJ 2018;363:k4982.

7 Public Health England. A quick guide to the Government’s healthy
eating recommendations. 2018.

8 The calorie labelling (out of home sector) (England) regulations 2021.
UK Statut Instrum; 2021. Available: https://www.legislation.gov.uk/

9 Department of Health & Social Care. Calorie labelling in the out of
home sector: implementation guidance. 2021. Available: https://
www.gov.uk/

10 Todd JE, Mancino L, Restrepo BJ, et al. FOOD AWAY FROM HOME
AND CALORIC INTAKE: THE ROLE OF RESTAURANT MENU
LABELING LAWS. Econ Inq 2021;59:53-71.

11 Cantu-Jungles TM, McCormack LA, Slaven JE, et al. A Meta-
Analysis to Determine the Impact of Restaurant Menu Labeling
on Calories and Nutrients (Ordered or Consumed) in U.S. Adults.
Nutrients 2017;9:1088.

Essman M, et al. BMJ Public Health 2025;3:€001905. doi:10.1136/bmjph-2024-001905

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
‘1senb Aq GZ0z 18903100 8 uo wod fwg yesydigndliwg//:sdny wolj papeojumod ‘5Z0z 1990100 L U0 S06T00-7202-Udlwag/9eTT 0T Se paysiignd 1siy :yiesH aland NG


https://x.com/MichaelEssman10
https://github.com/YuruHuang/MenuTracker
https://github.com/YuruHuang/MenuTracker
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-5017-3880
http://dx.doi.org/10.1111/j.1467-789X.2011.00953.x
http://dx.doi.org/10.1080/10408398.2011.627095
http://dx.doi.org/10.3390/nu14061265
http://dx.doi.org/10.3945/an.114.007104
http://dx.doi.org/10.1136/bmj.f2907
http://dx.doi.org/10.1136/bmj.k4982
https://www.legislation.gov.uk/
https://www.gov.uk/
https://www.gov.uk/
http://dx.doi.org/10.1111/ecin.12923
http://dx.doi.org/10.3390/nu9101088

BMJ Public Health 3

12

13

14

15

16

17

18

19

Zlatevska N, Neumann N, Dubelaar C. Mandatory Calorie Disclosure:

A Comprehensive Analysis of Its Effect on Consumers and Retailers.
J Retail 2018;94:89-101.

Polden M, Jones A, Essman M, et al. Evaluating the association
between the introduction of mandatory calorie labelling and energy
consumed using observational data from the out-of-home food
sector in England. Nat Hum Behav 2025;9:277-86.

VanEpps EM, Roberto CA, Park S, et al. Restaurant Menu Labeling
Policy: Review of Evidence and Controversies. Curr Obes Rep
2016;5:72-80.

Essman M, Bishop T, Burgoine T, et al. Implementation and
enforcement of mandatory calorie labelling regulations for the out-
of-home sector in England: Qualitative study of the experiences

of business implementers and regulatory enforcers. PLoS ONE
2025;20:e0323452.

Theis DRZ, Adams J. Differences in energy and nutritional content
of menu items served by popular UK chain restaurants with versus
without voluntary menu labelling: A cross-sectional study. PLoS One
2019;14:e0222773.

Bleich SN, Wolfson JA, Jarlenski MP, et al. Restaurants With
Calories Displayed On Menus Had Lower Calorie Counts Compared
To Restaurants Without Such Labels. Health Aff (Millwood)
2015;34:1877-84.

Bleich SN, Wolfson JA, Jarlenski MP. Calorie Changes in Large
Chain Restaurants: Declines in New Menu Items but Room for
Improvement. Am J Prev Med 2016;50:e1-8.

Bleich SN, Wolfson JA, Jarlenski MP. Calorie changes in chain
restaurant menu items: implications for obesity and evaluations of

24

25

26

27

28

29

30

of local calorie-labeling policies, 2005-2011. Prev Chronic Dis
2013;10:E101.

Huang Y, Burgoine T, Essman M, et al. Monitoring the Nutrient
Composition of Food Prepared Out-of-Home in the United Kingdom:
Database Development and Case Study. JMIR Public Health Surveill
2022;8:€39033.

Huang Y, Theis DRZ, Burgoine T, et al. Trends in energy and
nutrient content of menu items served by large UK chain
restaurants from 2018 to 2020: An observational study. BMJ Open
2021.

Wasi N, Arbor A, Flaaen A. Record linkage using Stata:
Preprocessing, linking, and reviewing utilities. 2015.

Blasnik M. RECLINK: stata module to probabilistically match
records. Statistical Software Components S456876, Boston College
Department of Economics; 2010.

Alessandrini R, He FJ, Hashem KM, et al. Reformulation and
Priorities for Reducing Energy Density; Results from a Cross-
Sectional Survey on Fat Content in Pre-Packed Cakes and Biscuits
Sold in British Supermarkets. Nutrients 2019;11:1216.

Scarborough P, Adhikari V, Harrington RA, et al. Impact of the
announcement and implementation of the UK Soft Drinks Industry
Levy on sugar content, price, product size and number of available
soft drinks in the UK, 2015-19: A controlled interrupted time series
analysis. PLoS Med 2020;17:e1003025.

McGuffin LE, Price RK, McCaffrey TA, et al. Parent and child
perspectives on family out-of-home eating: a qualitative analysis.
Public Health Nutr 2015;18:100-11.

menu labeling. Am J Prev Med 2015:48:70-5. 31 Scourboutakos MJ, Orr S, Hobin E, et al. Assessing the Early Impact
20 Bleich SN, Moran AJ, Jarlenski MP, et al. Higher-Calorie Menu of Menu-Labeling on Calories in Chain Restaurants in Ontario,
Items Eliminated in Large Chain Restaurants. Am J Prev Med Canada. Am J Prev Med 2019;56:e195-203. o )
2018;54:214-20. 32 Polden M, Jones A, Essman M, et al. Point-of-choice kilocalorie
21 Bruemmer B, Krieger J, Saelens BE, et al. Energy, saturated fat, labelling practices in large, out-of-home food businesses: a
and sodium were lower in entrées at chain restaurants at 18 months preobservational versus post observational study of labelling
compared with 6 months following the implementation of mandatory practices following implementation of The Calorie Labelling
menu labeling regulation in King County, Washington. J Acad Nutr (Out of Home Sector) (England) Regulations 2021. BMJ Open
Diet 2012;112:1169-76. 2024;14:e080405.
22 Grummon AH, Petimar J, Soto MJ, et al. Changes in Calorie Content 33 Cecchini M, Warin L. Impact of food labelling systems on food
of Menu ltems at Large Chain Restaurants After Implementation of choices and eating behaviours: a systematic review and meta-
Calorie Labels. JAMA Netw Open 2021;4:e2141353. analysis of randomized studies. Obes Rev 2016;17:201-10.
23 Namba A, Auchincloss A, Leonberg BL, et al. Exploratory analysis of 34 Urban LE, McCrory MA, Dallal GE, et al. Accuracy of stated energy
fast-food chain restaurant menus before and after implementation contents of restaurant foods. JAMA 2011;306:287-93.
10 Essman M, et al. BMJ Public Health 2025;3:6001905. doi:10.1136/bmjph-2024-001905

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
‘1senb Aq GZ0z 18903100 8 uo wod fwg yesydigndliwg//:sdny wolj papeojumod ‘5Z0z 1990100 L U0 S06T00-7202-Udlwag/9eTT 0T Se paysiignd 1siy :yiesH aland NG


http://dx.doi.org/10.1016/j.jretai.2017.09.007
http://dx.doi.org/10.1038/s41562-024-02032-1
http://dx.doi.org/10.1007/s13679-016-0193-z
http://dx.doi.org/10.1371/journal.pone.0323452
http://dx.doi.org/10.1371/journal.pone.0222773
http://dx.doi.org/10.1377/hlthaff.2015.0512
http://dx.doi.org/10.1016/j.amepre.2015.05.007
http://dx.doi.org/10.1016/j.amepre.2014.08.026
http://dx.doi.org/10.1016/j.amepre.2017.11.004
http://dx.doi.org/10.1016/j.jand.2012.04.019
http://dx.doi.org/10.1016/j.jand.2012.04.019
http://dx.doi.org/10.1001/jamanetworkopen.2021.41353
http://dx.doi.org/10.5888/pcd10.120224
http://dx.doi.org/10.2196/39033
http://dx.doi.org/10.1136/bmjopen-2021-054804
http://dx.doi.org/10.3390/nu11061216
http://dx.doi.org/10.1371/journal.pmed.1003025
http://dx.doi.org/10.1017/S1368980014001384
http://dx.doi.org/10.1016/j.amepre.2019.01.017
http://dx.doi.org/10.1136/bmjopen-2023-080405
http://dx.doi.org/10.1111/obr.12364
http://dx.doi.org/10.1001/jama.2011.993

	Changes in energy content of menu items at out-­of-­home food outlets in England after calorie labelling policy implementation: a pre–post analysis (2021–2022)
	Abstract
	Introduction﻿﻿
	Methods
	Data source
	Sample size
	Food groups
	Chain types
	Removed, continuous﻿﻿﻿﻿ and new items

	Analysis
	Analysis 1: estimate pre–post differences in mean energy (kcal) at core chains (n=78) overall, by food group and by chain type
	Analysis 2: estimate pre–post differences in mean energy (kcal) for each of the removed, continuous﻿﻿﻿﻿ and new items at core chains (n=78) overall, by food group﻿﻿﻿﻿ and by chain type
	Analysis 3 (threshold): estimate pre–post differences in prevalence of items that exceed 600 kcal threshold at core chains (n=78) overall, by food group, by chain type and by new, continuous﻿﻿﻿﻿ and removed
	Analysis 4 (supplementary): estimate pre–post differences in mean energy (kcal) using the full landscape of chains (n=90) overall, by food group﻿﻿﻿﻿ and by chain type

	Results
	Descriptive statistics for item availability at each data collection wave
	Analysis 1: estimate pre–post differences in mean energy (kcal) at core chains (n=78) overall, by food group and by chain type
	Analysis 2: estimate pre–post differences in mean energy (kcal) for removed, continuous﻿﻿﻿﻿ and new items at core chains (n=78) overall, by food group﻿﻿﻿﻿ and by chain type
	Analysis 3 (threshold): estimate pre–post differences in prevalence of items that exceed 600 kcal threshold at core chains (n=78) overall, by food group, by chain type﻿﻿﻿﻿ and by new, continuous﻿﻿﻿﻿ and removed
	Analysis 4: estimate pre–post differences in mean energy (kcal) using the full landscape of chains (n=90) overall, by food group﻿﻿﻿﻿ and by chain type

	Discussion
	Statement of principal findings
	Interpretation of findings
	Comparison to previous literature
	Policy implications
	Strengths and limitations
	Recommendations for future research

	Conclusions
	References


