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ABSTRACT
Introduction  Large out-of-home (OOH) food businesses 
in England have been required by law to display calorie 
information on menus since 6 April 2022. This study 
investigated whether the implementation of this policy was 
associated with changes in calories purchased OOH by 
consumers.
Methods  Controlled interrupted time series analysis was 
used to estimate changes in calories purchased from all 
OOH outlets in England (intervention group). Secondary 
outcomes included purchases from large chains, non-
chain outlets and five subtypes of purchases (meals, 
lower-calorie coffee, higher-calorie coffee, sandwiches 
and fish and chip meals). The control series consisted of 
purchases from non-chain outlets in Scotland and Wales 
to avoid spillover labelling in chains across Great Britain. 
We aggregated self-reported itemised OOH food and non-
alcoholic drink purchases from a rolling consumer panel of 
~7500 individuals spanning 13 weeks pre intervention and 
34 weeks post intervention to population-level average 
weekly per-person calorie (kcal) purchase estimates. 
Linear regression, adjusted for season and inflation, 
modelled level and trend changes compared with the 
counterfactual of no mandatory policy. Subgroup analyses 
explored effects by age, sex, occupational socioeconomic 
status, weight status and weekday/weekend purchases.
Results  Compared with the counterfactual, we found no 
evidence of a change in overall calories purchased OOH 
associated with mandatory calorie labelling (level change 
−95.6 kcal, 95% CI −471.2 to 280.0; trend change 5.1 
kcal, 95% CI −5.5 to 15.8). There was also no robust 
evidence of changes in calories purchased OOH for 
secondary outcomes and by subgroups compared with 
the counterfactual of no mandatory calorie labelling. Small 
changes observed in these analyses were sensitive to 
analytical choices.
Conclusions  This study supports existing evidence that 
calorie labelling alone is unlikely to secure significant 

changes in food purchasing behaviour at population level. 
Possible changes to menus were not included in the study 
and warrant further investigation.

INTRODUCTION
Diet-related diseases are a global public health 
concern.1 2 More than 25% of UK adults live 
with obesity and a further 38% with over-
weight, with disadvantaged groups dispropor-
tionately affected.3 Diets high in energy-dense 
and nutrient-poor foods are a key contributor 
to unhealthy weight and poor dietary health. 
Food prepared away from home contributes 
on average around 300 kcal per person per 
day4 and tends to be less healthy compared 
with food prepared at home.5 6 Meals served 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Large out-of-home (OOH) food businesses in 
England are required to show calories.

	⇒ Population-wide impact of the policy on consumer 
behaviour is unknown.

WHAT THIS STUDY ADDS
	⇒ Calorie labelling regulations were not associated 
with changes in calories purchased for OOH con-
sumption at the population level.

	⇒ Exploratory analysis did not find changes in sub-
groups by sociodemographic characteristics.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Information provision alone may not be enough to 
improve population-wide dietary health.
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in large UK restaurant and fast-food chains have been 
reported to typically exceed 600 kilocalories (kcal) 
recommended per serving.7–9

In an effort to improve population diets, mandatory 
calorie labelling in the out-of-home (OOH) food sector 
in England was introduced on 6 April 2022, following 
similar nation-wide and local policies in the USA, Canada, 
Australia and other countries.10 The calorie labelling 
regulations apply to all OOH food businesses with ≥250 
employees that offer prepared food ready for immediate 
consumption.11 In 2022, businesses with ≥250 employees 
accounted for nearly half (47%) of the Accommodation 
and Food Service sector’s turnover.12 The calorie label 
must be displayed at the point of choice and in kcal, 
correspond to the serving size offered, and be accompa-
nied by the statement ‘adults need around 2000 kcal a 
day’.11

Calorie labelling is hypothesised to reduce overall calo-
ries consumed, and thereby improve population diet, 
via two pathways. The first is via individual behaviour 
change whereby consumers select lower-calorie foods as a 
result of having access to nutritional information.13 This 
requires the consumer to notice this information, gain 
additional information through the label they would not 
have had otherwise and be able and willing to use it to 
make healthier food choices.14 The second mechanism is 
via change in the offer whereby mandating calorie labels 
to be shown encourages food businesses to change their 
menus by removing higher-calorie options, offer more 
lower-calorie options or reformulate existing dishes to 
reduce calorie content.15

Most evidence on the effectiveness of calorie label-
ling to improve diets focusses on individual behaviour 
change and originates from the USA, where despite a 
mixed evidence base, an overall significant calorie reduc-
tion following calorie labelling has been established by 
meta-analyses.13 The most recent meta-analysis suggests a 
reduction in selected calories of 11 kcal per meal.16

There is limited knowledge on the calorie labelling 
regulations’ impact on population health in England. 
Experimental studies that randomised participants into 
viewing menus with or without calories have found 
generally fewer calories ordered among those who were 
provided calorie labels.17–19 A modelling study assuming 
a 47 kcal-per-meal reduction suggested by a previous 
meta-analysis20 concluded that as currently implemented, 
the policy would reduce obesity prevalence by 0.31% over 
20 years.21 Recently published studies conducted in real-
world settings examining the effects of the mandatory 
policy have relied on surveys with limited geographical 
reach22 or have been limited to specific settings such 
as the workplace.23 To our best knowledge, there is no 
research to date considering the effects of the calorie 
labelling regulations on consumer behaviour at the 
population level in England.

In this study, we seek to address this knowledge gap by 
examining changes in OOH food and non-alcoholic drink 
purchasing following the introduction of mandatory 

calorie labelling in the OOH food sector in England 
using a controlled interrupted time series (CITS) design.

MATERIALS AND METHODS
We adopted a CITS design to estimate the effect of 
England’s calorie labelling regulations on calories 
purchased from OOH food and non-alcoholic drinks 
using transaction-level consumer purchase data from 
January to November 2022. The CITS design, commonly 
used in public health research,24–26 compares observed 
purchases in England following implementation of calorie 
labelling on 6 April 2022 (the intervention) with a coun-
terfactual where the policy had not been implemented. 
The inclusion of a control series allows one to estimate 
intervention effects in the presence of confounders that 
are common to both series, thereby avoiding bias due to 
temporal changes unrelated to the intervention.27

Data
A detailed description of the data source and data 
preparation process is provided in online supplemental 
material 1. In brief, we used transaction-level food and 
drink purchasing data from Worldpanel by Numerator’s 
OOH Purchase Panel for the period 3 January 2022 to 27 
November 2022. This rolling panel, consisting of approx-
imately 7500 individuals annually who are representative 
in terms of individual characteristics (age group and sex) 
and region of residence of the population aged 13–79 
years in Great Britain, continuously record purchases of 
prepared food and non-alcoholic drinks for consump-
tion away from home or prepared food purchased for 
at-home consumption (takeaways), including via online 
food delivery. Individuals sign up to the consumer panel 
and receive rewards, for example, shopping vouchers, in 
return for recording their purchases. In 2022, individ-
uals recorded purchases for an average of 16 weeks, with 
54% of reporters recording in both pre-intervention and 
postintervention period.

Transaction-level purchase information was linked to a 
dataset provided by Worldpanel by Numerator of calorie 
information. This information was collected separately 
from retailer websites at one point in time, with most 
information collected between June and August 2022. 
Where no calorie information was available (68.90% of 
products), calorie values were imputed based on similar 
products purchased from similar stores (see online 
supplemental material 1).

Information on the individuals reporting OOH 
purchases included their age, sex, occupational socioeco-
nomic status (SES), body mass index (BMI) calculated 
from self-reported height and weight, and region of resi-
dence. SES is based on the individual’s occupational social 
grade following the classification by the National Read-
ership Survey.28 We operationalised SES as follows: high 
(AB: “Higher and intermediate managerial, administra-
tive and professional” and C1: “Supervisory, clerical and 
junior managerial, administrative and professional”) and 
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low (C2: “Skilled manual workers” and DE: “Semi-skilled 
and unskilled manual workers; and State pensioners, 
casual and lowest grade workers, unemployed with state 
benefits only”). SES was unknown for four individuals, 
who were excluded from the respective subgroup anal-
ysis. We used BMI information to determine the individ-
ual’s weight status as follows29: underweight and healthy 
weight, grouped together due to the low prevalence 
of underweight in the sample: <25 kg/m2; overweight: 
25–29.9 kg/m2; obesity: ≥30 kg/m2. Due to the voluntary 
nature of BMI reporting, 26% of reporters’ weight status 
was unknown. Although missingness was not associated 
with calories purchased, findings of the subgroup anal-
ysis by weight status should be interpreted as exploratory. 
Region of residence was dichotomised into intervention 
(England, 88.9% of underlying reporters) and control 
group (Scotland and Wales, 7.1% and 4.0% of under-
lying reporters, respectively).

Outcomes
The primary outcome was population-level mean calo-
ries (kcal) purchased from OOH food businesses per 
person per week. OOH food businesses were defined as 
any business that offered unpackaged, prepared food 
and drink ready for immediate consumption. Such busi-
nesses include restaurants, cafes, pubs and takeaways as 
well as all-paid-for workplace canteens and entertain-
ment venues.

Secondary outcomes included calories purchased from 
large chain restaurants and takeaways, referred to as large 
chains. These were businesses that were sufficiently large 
(250+ employees) to be required to show calories. We iden-
tified 92 large chains from the data. We also considered 
purchases made from OOH food businesses excluding 
the identified chains, referred to as non-chains, to assess 
potential intervention effects beyond large chains. 
Further outcomes included purchases of calories from all 
meals (pre-defined by Worldpanel by Numerator in the 
purchase data), coffees (distinguishing higher-calorie 
and lower-calorie options defined as coffees with high 
milk content such as cappuccino and low milk content 
such as filter coffee), sandwiches (including baguettes, 
wraps and other types of bread, but excluding hot dogs 
and burgers) and fish and chip meals. These outcomes 
were chosen to reflect a range of products commonly 
purchased from chains for individual rather than shared 
consumption and were comparable across businesses, for 
example, precluding pizzas which are often for sharing, 
and burgers which may be sold with or without chips on 
the side.

Analytical dataset
While mandated only in England, spillover effects of 
calorie labelling to Scotland and Wales were highly likely, 
as some large cross-border food businesses operate across 
the UK. Authors’ communication with The Food Founda-
tion, an independent charity focused on improving food 
systems in the UK, and email correspondence with four 

large restaurant chains confirmed that these businesses 
implemented calorie labelling uniformly across their UK 
branches, effectively treating the regulations as UK-wide 
policy. These four businesses contributed 20.2% of OOH 
purchases in Scotland and Wales. In addition, emerging 
research suggests that calorie labelling was adopted 
widely across the UK by large chains.30 As this violates an 
identifying assumption, namely the stable unit treatment 
value assumption (SUTVA),31 we removed purchases 
from chains identified in the data from the control series. 
We are confident that we have captured the majority of 
large chains, as we estimate that sales from these chains 
account for 37.4% of OOH expenditure, comparable to 
47% of turnover from businesses with ≥250 employees in 
the Accommodation and Food Service Sector.12

The study period was restricted to 3 January to 27 
November 2022, comprising 13 weeks pre intervention 
and 34 weeks post intervention, excluding the Christmas 
period. The intervention was assumed to begin the week 
including the implementation date (6 April), which 
started on Monday, 4 April 2022. Data predating January 
2022 were not sought due to this period coinciding with 
measures related to the COVID-19 pandemic, which 
restricted interaction with the OOH food sector.32 Study 
data included 542 671 purchase records (119 378 pre 
intervention and 423 293 post intervention) made during 
331 966 purchase occasions (74 691 pre and 257 275 post).

Purchases of calories were then aggregated to weekly 
population-level purchases per person using sampling 
weights provided by Worldpanel by Numerator. The 
weights refer to the population purchasing food and 
drink away from home, consisting of ~50 million indi-
viduals aged 13–79 years in Great Britain, and were 
designed to achieve representativeness in terms of age, 
sex, presence of children in the household and region 
of residence. They also incorporate weighting specific 
to under-reporting of products and reporters’ SES. 
Further details of the weights are Worldpanel by Numer-
ator proprietary information, but we confirmed that the 
weighting process was not changed during the study 
period, thus we have no reason to expect biases from 
applying weights (unpublished author communication). 
The final analytical dataset consisted of 47 weekly obser-
vations each in the intervention and control series.

Covariates
To account for rapid rises in inflation throughout 
2022, we included the monthly change rate in the UK 
Consumer Price Index (CPI) as a covariate.33 To account 
for seasonality of purchasing, we included indicator vari-
ables for spring, summer, autumn and winter expressed 
as 3-month periods.

Statistical analysis
The primary analysis concerns calories purchased OOH 
overall, the primary outcome. We further assessed 
secondary outcomes and subgroups in an exploratory 
analysis, with the order of analyses shown in table 1.
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We modelled immediate (level) and trend changes 
in weekly per-person calories purchased OOH associ-
ated with the implementation of calorie labelling using 
linear regression.34 We explored non-linear trends by 
adding quadratic terms and found that these did not fit 
the data better than the linear models. Models for all 
studied outcomes were structured as follows (suppressing 
coefficients):

Estimated outcome=group + time + intervention + time 
after intervention + intervention × group + time after 
intervention × group + season + CPI change + CPI change 
× group.

Group is a binary indicator of whether the observation 
belongs to the intervention (1) or control series (0). Time 
(in weeks) was included as a linear term, which yielded 
a better model fit than a quadratic term. The interven-
tion effect was modelled as level change (intervention 
× group) and trend change (time after intervention × 
group). Post-intervention trend (time after intervention) 
was set to 0 at the time of intervention and as 1, 2, …33 
in the following weeks, facilitating interpretation of the 
intervention’s coefficient as level change. Inflation was 
allowed to have separate effects in the intervention and 
control series (CPI × group). Consequently, the coun-
terfactual was constructed from a combination of pre-
intervention purchasing levels in the intervention group, 
common pre-intervention trends and post-intervention 
level changes and purchasing trends in the control group.

At first, we fitted unadjusted and fully adjusted models 
allowing pre-intervention time trends to vary between 
treatment and control group, but found that the inter-
action term between group and time was non-significant, 

indicating parallel trends (see model building in online 
supplemental material 2: table S1). We therefore 
proceeded with the analysis without this interaction term. 
While there is some lack of consensus in the literature as 
to whether the inclusion of this term is necessary,27 35 we 
follow St.Clair et al.36 who argue that if there are parallel 
trends in the pre-intervention series, this interaction 
term should not be included to allow greater precision of 
the effect estimates.

We present level and trend changes for all analyses 
undertaken. Where residuals were found to be auto-
correlated (using the Durbin-Watson test), we present 
robust standard errors. For the main outcome and where 
intervention effects were observed, we also present plots 
showing observed, predicted and counterfactual values.

Subgroup analysis
In further exploratory analyses (see table 1), we explored 
effect heterogeneity in the primary outcome (weekly per-
person calories purchased OOH) by available respondent 
characteristics, namely age (three age bands: <35 years; 
35–54 years; 55+ years), sex (male, female), SES (high, 
low) and weight status (under and healthy weight, over-
weight, obesity). We also explored differences in whether 
purchases occurred as dine-in or takeaway, and whether 
they were made on a weekday or weekend. As these char-
acteristics are generally associated with diet and dietary 
health,37 38 there is a need to understand whether the 
impact of calorie labelling varies among these groups. 
Data were separately aggregated to create subgroup data-
sets of weekly calories purchased in the intervention and 
control group. The intervention effect was estimated 

Table 1  Order of analyses

Primary analysis Analysis of the primary outcome (all calories purchased out of home per person per week)

Secondary analysis Analysis of secondary outcomes: calories per person per week purchased from
	► Large chains
	► Non-chains
	► Meals
	► Coffees (higher-calorie and lower-calorie options)
	► Sandwiches
	► Fish and chip meals

Exploratory analysis Subgroup analysis of the primary outcome by:
	► Age group
	► Sex
	► Socioeconomic status
	► Weight status
	► Weekend/weekday purchase
	► Takeaway/dine-in purchase

Robustness checks Sensitivity analysis of primary and secondary outcomes:
	► Including varying pre-intervention trends
	► Purchases made for the individual themselves only
	► Purchases made by individuals≥18 years only
	► Excluding the top 1% and 10% of high-calorie purchase occasions
	► Balanced observations
	► Temporal falsification
	► Including a price index

https://dx.doi.org/10.1136/bmjph-2025-003957
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through the same model as described above using the 
stratified data. For the comparative analysis by weekday or 
weekend, the outcome was rescaled to calories purchased 
per person per day.

Robustness checks
To understand the robustness of our findings to analyt-
ical choices made, we undertook several robustness 
checks (see table  1). First, we explored how sensitive 
findings were to our model specification by allowing 
the pre-intervention trends to vary between treatment 
and control group. Second, we restricted the purchase 
records to only those recorded as made for the indi-
vidual, excluding purchases made for other adults or 
children. This reduced the transaction-level dataset to 
57.8% of observations. Third, we restricted purchase 
records to those made by individuals aged 18 years and 
above as the policy is targeted at adults (98.7% of trans-
actions). Fourth, to assess the influence of outlier obser-
vations, we excluded the top 1% and top 10% purchase 
occasions by calorie content, respectively. Fifth, we used 
balanced observations by restricting the post series to 
until 3 July 2022, leaving 13 weeks each pre intervention 
and post intervention. Sixth, we explored if the actual 
date of policy implementation (week 14, starting 4 April) 
reflected the start of the intervention by moving the start 
of the modelled intervention backwards by 1 month, to 
the week commencing on 7 March 2022. Some outlets 
may have introduced calorie labels on menus in antici-
pation of the policy ahead of 6 April. If the start of the 
intervention was correctly specified, we would expect to 
see smaller intervention effects by moving it backwards, 
particularly in the level change (as the true interven-
tion was still captured in the post series). Lastly, to assess 
whether UK-wide CPI sufficiently captured the impact of 
inflation on OOH food and drink purchases, we included 
a price index of average price per item purchased OOH 
(considering items purchased from all OOH outlets) 
per week and group. This index was not sales weighted 
to avoid capturing possible substitution from more 
expensive to less expensive menu items that might have 
occurred as a response to inflation.

All data preparation and analysis tasks were carried out 
in R V.4.4.1, specifically using the packages tidyverse,39 
performance,40 marginaleffects,41 report42 and rempsyc.43 
Alpha, representing the type 1 error rate, was set as 0.05.

Patient and public involvement
Due to the nature of this study, using secondary data in 
a prespecified quasiexperimental framework, it did not 
include patient and public involvement.

RESULTS
Table  2 shows descriptive statistics of population-level 
calories purchased in the intervention and control series. 
Per-person weekly average calories purchased OOH in 
the intervention series pre-intervention were 2348.6 
kcal, of which 922.2 kcal were purchased from large 

chains. Overall, there was a decreasing trend in calo-
ries purchased OOH in both intervention and control 
groups, although this was not statistically significant for all 
outcomes studied. Note that the control series excludes 
purchases made from large chains and therefore levels 
are not directly comparable with the intervention series.

Main analysis
Effect estimates (level and trend coefficients) for all 
outcomes following the final model specification are 
shown in table 3. Full model coefficients and graphs are 
provided in online supplemental material 3.

All of the following changes are with respect to the 
counterfactual where mandatory calorie labelling had 
not been implemented. We observed no evidence of 
changes in calories purchased OOH. Observed, predicted 
and counterfactual values for calories purchased OOH 
are shown in figure  1. There was some evidence of an 
increasing trend in calories purchased from chains 
by 9 kcal per person per week (95% CI 0.15 to 18.32) 
(see figure 2). Further, there was strong evidence of an 
increasing trend in calories purchased from lower-calorie 
coffees (0.3 kcal per person per week, 95% CI 0.19 to 
0.41) (see figure 3). We did not find statistically signifi-
cant changes at conventional levels in calories purchased 
OOH in any of the remaining outcomes either as imme-
diate (level) or trend changes associated with mandatory 
calorie labelling.

Subgroup analysis
Results from the subgroup analysis are provided 
in online supplemental material 4. We observed no 
evidence of effects of mandatory calorie labelling on 
calories purchased OOH in the analysed subgroups 
by age, sex, SES and whether it was a dine-in/take-
away or weekday/weekend purchase. However, we 
found some evidence for an increasing trend in calo-
ries purchased OOH of 14 kcal per person per week 
(95% CI 0.4 to 28.3) associated with calorie labelling 
among people living with overweight.

Robustness checks
Online supplemental material 5 contains the 
robustness checks undertaken. When allowing pre-
intervention trends to vary by group, point estimates 
were broadly in line with our main analysis, while CIs 
were wider, resulting in no statistically significant 
intervention effects. Similarly, no intervention effects 
were observed when using balanced observations as 
well as including purchases from individuals ≥18 years 
only. Findings from an analysis that considered only 
purchases made for the individual themselves were 
similar to the main analysis with the following excep-
tions: the trend change in calories purchased from 
large chains, which was no longer statistically signif-
icant, while there was an increase in calories from 
OOH meals (3.7 kcal per person per week, 95% CI 
0.01 to 7.5) and higher-calorie coffees (0.47 kcal per 
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person per week, 95% CI 0.06 to 0.89) but a decrease 
of calories purchased from sandwiches (−2.5 kcal per 
person per week, 95% CI −4.3 to −0.64). Findings 
were similar to those observed in the main analysis 
when excluding the top 1% of occasions by calorie 
content, with the exception that we did not observe 
the trend change in calories purchased from large 
chains. Excluding the top 10% of purchase occasions 
by calorie content also led to similar results for the 
main outcome and lower-calorie coffee, while the 
increasing trend change for calories purchased from 
large chains was not observed. However, this analysis 
indicated an immediate (level) reduction of 97 kcal 
per person (95% CI −188.8 to −5.2) from OOH meals, 
and a negative trend change in calories purchased 
from fish and chip meals (−1.3 kcal per person per 
week, 95%CI −2.0 to −0.6). When considering the 
beginning of the intervention period on 7 March 
2022, we observed no intervention effects except the 
positive trend change in calories from lower-calorie 

coffee. Finally, including a price index did not change 
results.

DISCUSSION
Summary of findings
This study aimed to evaluate the impact of implementing 
mandatory calorie labelling in large food businesses 
in England on population-level OOH food and drink 
purchasing. Using transaction-level purchase data in 
a CITS design, we found limited robust evidence of 
changes in consumer purchasing following implemen-
tation of the calorie labelling regulations. While there 
was no evidence for an intervention effect on overall 
calories purchased OOH, the primary outcome, we 
observed changes among secondary outcomes, specif-
ically increases in calories purchased following policy 
implementation from large chains as well as from 
lower-energy coffee compared with the counterfactual. 
However, these findings were sensitive to the analytical 

Table 2  Mean calories (kcal) per person per week purchased in intervention and control series before and after calorie 
labelling introduction

Outcome (kcal per person per 
week purchased OOH)

Mean (SD) kcal per person per week

Pre intervention (13 weeks) Post intervention (34 weeks)
Δ pre intervention and 
post intervention

Intervention series

All calories purchased OOH 2348.6 (107.0) 2273.5 (140.4) −3.2%

Secondary outcomes

From large chains* 922.2 (75.4) 911.7 (78.6) −1.1%

From non-chains 1426.5 (71.8) 1361.8 (77.9) −4.5%†

From meals 1548.9 (95.6) 1491.7 (113.1) −3.7%

From higher-calorie coffees 98.0 (6.7) 94.3 (5.3) −3.8%

From lower-calorie coffees 13.3 (1.1) 11.9 (0.9) −10.5%†

From sandwiches 245.8 (21.4) 229.6 (18.1) −6.6%†

From fish and chip meals 144.4 (13.9) 129.8 (16.5) −10.1%†

Control series

All calories purchased OOH 1490.2 (153.9) 1489.1 (154.8) −0.1%

Secondary outcomes

From large chains Excluded  �   �

From non-chains 1490.2 (153.9) 1489.1 (154.8) −0.1%

From meals 1022.0 (114.4) 983.9 (132.5) −3.7%

From higher-calorie coffees 59.2 (8.6) 56.5 (9.8) −4.6%

From lower-calorie coffees 15.2 (2.1) 13.8 (2.3) −9.2%

From sandwiches 159.4 (30.8) 166.5 (34.9) +4.5%

From fish and chip meals 135.8 (26.2) 113.4 (29.1) −16.5%†

Authors’ analysis of Worldpanel by Numerator’s OOH Purchase panel, 47 weeks ending 27 November 2022.
*Large chains denote restaurant and takeaway businesses identified in the data that have ≥250 employees; purchases from large chains 
were excluded from the control series because of cross-border spillover effects of labelling among businesses operating across the UK, 
therefore the absolute figures presented above are not directly comparable.
† p<0.05 (two-sample t-test, unequal variances). 
OOH, out of home (excluding purchases from supermarkets).
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specifications tested in robustness checks and should 
thus be interpreted with caution. Exploratory subgroup 
analyses were mostly in agreement with the main finding 
of no changes in overall calories purchased OOH, except 

for an increasing trend in purchases among individuals 
living with overweight.

Table 3  Immediate and trend effects of mandatory calorie labelling at population level

Outcome (OOH kcal 
per person per week) Level change (95% CI) % change (95% CI)*

P 
value Trend change (95% CI) % change (95% CI)*

P 
value

All calories purchased 
OOH

−95.6 (−471.2 to 280.0) −4.1 (−20.1 to 11.9) 0.618 5.1 (−5.5 to 15.8) 0.2 (−0.2 to 0.8) 0.344

Secondary outcomes

From large chains† −31.2 (−351.8 to 289.4) −3.4 (−38.1 to 31.4) 0.849 9.2 (0.2 to 18.3) 1.0 (0.02 to 2.0) 0.046

From non-chains −155.0 (−466.8 to 156.8) −10.9 (32.7 to 11.0) 0.330 4.2 (−4.6 to 13.1) 0.3 (−0.3 to 0.9) 0.349

From meals −78.6 (−390.0 to 232.9) −5.1 (25.2 to 15.0) 0.621 8.3 (−0.6 to 17.1) 0.5 (−0.04 to 1.1) 0.067

From higher-calorie 
coffees

−6.3 (−28.0 to 15.3) −6.4 (−28.6 to 15.6) 0.566 0.4 (−0.2 to 1.1) 0.4 (−0.2 to 1.1) 0.161

From lower-calorie 
coffees

1.2 (−2.8 to 5.1) 9.0 (−21.1 to 38.4) 0.565 0.3 (0.2 to 0.4) 2.3 (−1.5 to 3.0) <0.001

From sandwiches −31.7 (−106.4 to 43.0) −12.9 (−43.3 to 17.5) 0.405 −2.0 (−4.1 to 0.2) −0.8 (−1.7 to 0.1) 0.070

From fish and chip 
meals

13.2 (−53.3 to 79.7) 9.1 (−36.9 to 55.2) 0.697 0.1 (−1.8 to 2.0) 0.1 (−1.2 to 1.4) 0.893

Authors’ analysis of Worldpanel by Numerator’s OOH Purchase panel, 47weeks ending 27 November 2022.
*Refers to mean pre-intervention outcome levels in England.
†Large chains denote restaurant and takeaway businesses identified in the data that have ≥250 employees. 
OOH, out of home (excluding purchases from supermarkets).

Figure 1  Overall calories purchased out of home. The graph shows observed (points) and predicted (solid lines) calories 
with counterfactual (grey dashed line) and 95% CIs (ribbons). Implementation of mandatory calorie labelling=week 14. The 
intervention series includes all out-of-home food and drink purchases in England. The control series is constructed from 
purchases made in Scotland and Wales and excludes purchases from large chains. Large chains denote restaurant and 
takeaway businesses identified in the data that have ≥250 employees. Authors’ analysis of Worldpanel by Numerator’s OOH 
Purchase panel, 47 weeks ending 27 November 2022.
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Comparison with other studies
The evidence on the effectiveness of calorie labelling 
on menus remains mixed. A recent Cochrane system-
atic review and meta-analysis reported a reduction of 
1.8% in calories selected, corresponding to 11 kcal of a 

typical meal, as a result of calorie labelling.16 However, 
the studies that informed this estimate were predomi-
nantly conducted in laboratory settings in the USA and 
included different types of calorie labels. In contrast, 
an earlier review of high-quality real-world studies with 

Figure 2  Calories purchased from large out-of-home chains. The graph shows observed (points) and predicted (solid lines) 
calories with counterfactual (grey dashed line) and 95% CIs (ribbons). Implementation of mandatory calorie labelling=week 14. 
Large chains denote restaurant and takeaway businesses identified in the data that have ≥250 employees. The intervention 
series includes purchases made from large out-of-home chains in England. The control series is constructed from purchases 
made in Scotland and Wales and excludes purchases from large chains. Authors’ analysis of Worldpanel by Numerator’s OOH 
Purchase panel, 47 weeks ending 27 November 2022.

Figure 3  Calories purchased from lower-calorie coffees. The graph shows observed (points) and predicted (solid lines) 
calories counterfactual (grey dashed line) 95% CIs (ribbons). Implementation of mandatory calorie labelling=week 14. The 
intervention series includes purchases in England. The control series is constructed from purchases made in Scotland and 
Wales and excludes purchases from large chains. Large chains denote restaurant and takeaway businesses identified in the 
data that have ≥250 employees. Authors’ analysis of Worldpanel by Numerator’s OOH Purchase panel, 47 weeks ending 27 
November 2022.
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the majority employing text-based labels akin to those 
mandated by the English calorie labelling regulations 
found no change in calories selected.44 Findings from 
these reviews may not be directly applicable to England 
because of differences in food environments and how 
calorie labels are presented in terms of text/visual label 
and business compliance.

In England, a natural experiment assessing purchases 
from workplace canteens reported no change in calo-
ries purchased, but found small reductions in the mean 
calorie content of menu options at each menu change.23 
Another study using restaurant customer intercept 
surveys in four local areas before and after implementa-
tion of mandatory calorie labelling reported an increase 
in noticing calorie labels but found no changes in calo-
ries purchased or consumed.22 Our study, finding no 
evidence of an impact of mandatory calorie labelling 
on calories purchased OOH, aligns with this emerging 
evidence base.

Findings from our subgroup analysis have to be inter-
preted with caution as Worldpanel by Numerator sample 
weights are not constructed to reflect this subgroup split 
and weight status was not available for 26% of underlying 
reporters due to the voluntary nature of BMI reporting. 
Nevertheless, our findings for age and SES are broadly 
in line with previous research which has not found effect 
variation by sociodemographic characteristics. A pooled 
analysis of 12 randomised controlled trials, of which 5 
were UK-based, showed no effect modification by partic-
ipants’ age and SES,45 while a real-world customer inter-
cept study in England did not find varying effects by age, 
gender, ethnicity or SES.22 Differential impacts of calorie 
labelling may be more related to individual value orien-
tation and less to sociodemographic characteristics.46 47

Interpretation of findings
The present study adds to the emerging evidence 
base finding no impact of mandatory calorie labelling 
on menus alone on consumer behaviour change in 
England. Among secondary outcomes, we did observe 
some evidence, paradoxically, for an increasing trend 
in calories purchased from large OOH chains following 
the implementation of mandatory calorie labelling. This 
finding, however, needs to be interpreted with caution 
as it was not robust to analytical choices. While the 
increasing trend in lower-calorie coffees is seemingly in 
line with our hypothesis of substitution away from higher-
calorie coffees, it was not robust to the model specifica-
tion of varying pre-intervention trends by group. We 
also observed an increasing trend in calories purchased 
OOH among individuals with overweight. However, 
this exploratory finding is supported only by moderate 
evidence (p=0.044) and constructed from underlying 
data with a high rate of missing values (26%). Further 
research should specifically examine the relationship 
between mandatory calorie labelling, behaviour change 
and weight status in England.

Though not a primary objective of the study, we 
observed decreases in calories purchased OOH in both 
intervention and control groups following on from a 
steep increase in purchasing at the beginning of 2022. 
This initial increase may be explained by the start of 
the year coinciding with the end of various COVID-19 
pandemic-related restrictions affecting social and public 
life as well as individuals’ engagement with the OOH food 
sector.32 The following decrease may be a stabilising of 
behaviour and/or a response to inflation, which spiralled 
in spring 2022.48

We may have underestimated the effect of mandatory 
calorie labelling in our study due to study design elements. 
Specifically, the policy was not a sharp implementation 
as 21% of large food businesses had already provided 
calorie labels in the year prior to the policy, although 
inconsistently,49 including in the control group.50 Click 
or tap here to enter text. As such, we estimated the effect 
of mandatory calorie labelling compared with no and 
voluntary labelling. With respect to possible anticipa-
tory effects, we concluded from our robustness check of 
‘moving’ the intervention to a month earlier (7 March) 
which observed no effects that bias from anticipatory 
effects is unlikely. We were not able to explore setting the 
intervention date earlier, as that would have coincided 
with pandemic-related restrictions affecting the OOH 
food sector. We further estimated an intention-to-treat 
effect, as not every individual in the intervention group 
was exposed to calorie labelling due to business eligi-
bility, compliance or individuals noticing calorie labels, 
as discussed in more detail below. Finally, our analysis did 
not capture possible reformulation or menu changes. 
Previous research suggests an average reduction of 9 
kcal (95% CI −16 to −1) per menu item among large UK 
businesses following the calorie labelling regulations.51 
The present study offers an evaluation of the policy’s 
impact on population-wide consumer behaviour, while 
the combined effect of consumer behaviour change and 
menu change has been examined based on previous 
systematic reviews.21

Yet, our study’s findings are in line with the emerging 
literature on the calorie labelling regulations’ impact in 
England. A reason for the calorie labelling regulations’ 
lack of impact may be its reliance on behaviour change. 
The high level of individual agency required to benefit 
from calorie labelling, namely to understand and use 
calorie labels as a guide to healthier eating as well as a 
drive and willingness to change behaviour, may explain 
the policy’s limited effectiveness.52 Businesses commonly 
favour interventions focussing on individual behaviour 
change, including information provision, awareness 
raising and communication with consumers, despite these 
being less effective than structural changes involving 
pricing, reformulation and advertising restrictions.53

Another explanation, particularly pertaining to English 
context, may be the extent of exposure to calorie label-
ling dependent on (1) how many businesses are eligible 
for calorie labelling; (2) business compliance with the 
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regulations; and (3) customers noticing labels. While 
outlets under the legislation scope represented nearly half 
(47%) of the Accommodation and Food Service Sector’s 
turnover in 2022,12 a fifth did not provide calorie infor-
mation at all and only 15% met all guidelines of showing 
calories, with non-compliance particularly in relation to 
presenting information clearly and prominently.54 Addi-
tionally, even if calorie labels are present, these go widely 
unnoticed by consumers. Previous research recorded 
only 23% of takeaway consumers noticing calorie labels 
in past online orders, and of those, only 26% using them 
to reduce calories purchased.55 Consequently, if calorie 
labelling were effective in reducing calories purchased, it 
is likely that its effect would have been diluted as far as to 
not be detectable at population level.

The limited evidence of the calorie labelling regula-
tions’ effectiveness on reducing overall calorie intake 
is juxtaposed by the opposition to the policy by people 
with lived experience of eating disorders due to concerns 
of relapsing into more severe periods of disordered 
eating.56 Qualitative research among people with expe-
rience of eating disorders in England also suggests that 
calorie labelling adversely impacts eating disorders and/
or recovery.57 In this context, the risks posed to people 
with eating disorders need to be weighed against the effi-
cacy of calorie labelling identified.

Limitations
While CITS is a strong design for inferring causality,58 the 
following limitations pertain to our study. First, the key 
identifying assumption of no interference, or SUTVA,31 
may have been violated. Although calorie labelling is 
only mandatory in England, several large cross-border 
chains have introduced calorie labels uniformly across 
Great Britain.30 We reduced the bias from such spillover 
effects by removing purchases from identified large busi-
nesses from the control series, yet we cannot rule out that 
some outlets showing calories remained in the control 
series. Consequently, our analysis may have underesti-
mated intervention effects. As our analysis has captured 
most large, nation-wide chains and identified an esti-
mated 79% of sales from large chains, we believe that the 
extent of this bias is limited. Second, the common shock 
assumption, which requires idiosyncratic shocks in the 
post-intervention period to be similar in treatment and 
control group,59 may have been violated as the calorie 
labelling regulations’ implementation coincided with a 
period of high inflation60 which could have impacted the 
frequency, level and types of OOH purchases differen-
tially. As only UK-wide inflation data are available, we had 
to assume that inflation rates were the same in interven-
tion (England) and control series (Scotland and Wales). 
To mitigate this, we allowed the effects of inflation on 
calories purchased to vary by group. Findings were robust 
to including a further, group-specific price index. We are 
not aware of other events impacting OOH purchasing in 
intervention and control series differently. Fourth, the 
brief pre-intervention period (13 weeks) may preclude 

the assessment of seasonal patterns and the detection of 
small effects due to reduced statistical power. The pre-
intervention period was restricted to the start of the year, 
coinciding with the end of COVID-19-related restrictions 
on hospitality, which differed across Great Britain. Fifth, 
panellists select into the consumer panel, therefore we 
cannot fully rule out selection bias despite demographic 
weighting. Finally, calorie information was less available 
for purchases from non-chains, which is particularly rele-
vant for the control series.

CONCLUSION
This study used a natural experiment design to assess the 
impact of the calorie labelling regulations in England on 
calories purchased from OOH food venues. No robust 
evidence of changes in purchasing of OOH foods and 
non-alcoholic drinks related to the policy was observed, 
which is in line with existing evidence that calorie label-
ling alone is unlikely to secure significant changes in 
food purchasing behaviour. Further research may ascer-
tain if the policy led to a reduction in calories offered by 
restaurants and thereby led to changes in overall calorie 
consumption.

Author affiliations
1Population Health Innovation Lab, Department of Public Health, Environments and 
Society, Faculty of Public Health and Policy, London School of Hygiene & Tropical 
Medicine, London, UK
2MRC Epidemiology Unit, University of Cambridge, Cambridge, UK
3Department of Public Health and Sport Sciences, Faculty of Health & Life Sciences, 
University of Exeter, Exeter, UK
4Department of Population Health, Faculty of Epidemiology and Population Health, 
London School of Hygiene & Tropical Medicine, London, UK
5SCHARR, Sheffield Centre for Health and Related Research, Division of Population 
Health, School of Medicine and Population Health, University of Sheffield, Sheffield, 
UK
6Department of Public Health, Environments and Society, Faculty of Public Health 
and Policy, London School of Hygiene & Tropical Medicine, London, UK
7Department of Health Services Research and Policy, Faculty of Public Health and 
Policy, London School of Hygiene & Tropical Medicine, London, UK
8Department of Agri-Food Economics and Marketing, University of Reading, 
Reading, UK

Acknowledgements  The authors wish to thank colleagues from The Food 
Foundation, particularly Chloe MacKean, for liaising with large out-of-home food 
businesses over implementation of calorie labelling within their organisation. The 
authors further wish to thank the wider project team, particularly the public and 
practice advisors.

Contributors  Conceptualisation: AIK, LC, SO'N, CL, PB, JA, AB, DM, O-AT and KAB. 
Data curation, formal analysis and visualisation: AIK. Funding acquisition: LC, DM, 
PB, KAB, CL, SC and RS. Methodology: AIK, LC, SC, SO'N, AB, PB, CL, RS and JA. 
Project administration and writing—original draft: AIK and LC. Writing—review and 
editing: all authors. Guarantor: LC.

Funding  This study is funded by the National Institute for Health and Care 
Research (NIHR) School for Public Health Research (grant reference number 
NIHR 204000). JA is supported by the Medical Research Council (grant numbers 
MC_UU_00006/7). The views expressed are those of the authors and not 
necessarily those of the NIHR or the Department of Health and Social Care. 
Worldpanel by Numerator out-of-home data were partially acquired via project 
grant (NIHR133887) from the NIHR.

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.



Kalbus AI, et al. BMJ Public Health 2026;4:e003957. doi:10.1136/bmjph-2025-003957 11

BMJ Public Health

Patient consent for publication  Not applicable.

Ethics approval  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. Worldpanel by Numerator OOH service data used in this study 
cannot be shared but can be obtained from Worldpanel by Numerator (https://​
worldpanelbynumerator.com). Data were available for 1 January to 31 December 
2022. The analyses used data from 3 January to 27 November 2022. Analyses 
and interpretation were conducted independently of Worldpanel by Numerator. 
Worldpanel by Numerator can neither independently verify the findings nor endorse 
the views or findings of this study. While data are sourced from Worldpanel by 
Numerator, they are augmented by data from additional sources.

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 iDs
Alexandra Irene Kalbus https://orcid.org/0000-0002-7388-7074
Kerry Ann Brown https://orcid.org/0000-0002-6803-5336
Alan Brennan https://orcid.org/0000-0002-1025-312X
Dalya Marks https://orcid.org/0000-0003-2475-3122
Stephen O’Neill https://orcid.org/0000-0002-0022-0500
Richard Smith https://orcid.org/0000-0003-3837-6559

REFERENCES
	 1	 The GBD 2015 Obesity Collaborators. Health effects of overweight 

and obesity in 195 countries over 25 years. N Engl J Med 
2017;377:13–27. 

	 2	 Meier T, Gräfe K, Senn F, et al. Cardiovascular mortality attributable 
to dietary risk factors in 51 countries in the WHO European Region 
from 1990 to 2016: a systematic analysis of the Global Burden of 
Disease Study. Eur J Epidemiol 2019;34:37–55. 

	 3	 NHS digital. In: Health Survey for England, 2021 Part 1. Health 
Survey for England, 2022.

	 4	 Mariani E, Chacko A, Stewart I, et al. How eating out contributes to 
our diets. 2024.

	 5	 Bezerra IN, Curioni C, Sichieri R. Association between eating out of 
home and body weight. Nutr Rev 2012;70:65–79. 

	 6	 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. 

	 7	 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. 

	 8	 Muc M, Jones A, Roberts C, et al. 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:e029679. 

	 9	 Huang Y, Burgoine T, Theis DR, et al. Differences in energy and 
nutrient content of menu items served by large chain restaurants in 
the USA and the UK in 2018. Public Health Nutr 2022;25:1–9. 

	10	 Rincón-Gallardo Patiño S, Zhou M, Da Silva Gomes F, et al. Effects 
of Menu Labeling Policies on Transnational Restaurant Chains to 
Promote a Healthy Diet: A Scoping Review to Inform Policy and 
Research. Nutrients 2020;12:1544. 

	11	 UK Government. Calorie labelling in the out of home sector: 
implementation guidance. 2021. Available: https://www.gov.uk/​
government/publications/calorie-labelling-in-the-out-of-home-​
sector/calorie-labelling-in-the-out-of-home-sector-implementation-​
guidance

	12	 Office for National Statistics. Non-financial business economy, UK: 
employment size-band. 2025. Available: https://www.ons.gov.uk/​
businessindustryandtrade/business/businessservices/datasets/​
uknonfinancialbusinesseconomyannualbusinesssurveyemployments​
izeband/current

	13	 Agarwal D, Ravi P, Purohit B, et al. The effect of energy and fat 
content labeling on food consumption pattern: a systematic review 
and meta-analysis. Nutr Rev 2022;80:453–66. 

	14	 Burton S, Kees J. Flies in the Ointment? Addressing Potential 
Impediments to Population-Based Health Benefits of Restaurant 
Menu Labeling Initiatives. Journal of Public Policy & Marketing 
2012;31:232–9. 

	15	 Zlatevska N, Neumann N, Dubelaar C. Mandatory Calorie Disclosure: 
A Comprehensive Analysis of Its Effect on Consumers and Retailers. 
Journal of Retailing 2018;94:89–101. 

	16	 Clarke N, Pechey E, Shemilt I, et al. Calorie (energy) labelling for 
changing selection and consumption of food or alcohol. Cochrane 
Database Syst Rev 2025. 

	17	 Finlay A, Boyland E, Jones A, et al. The impact of calorie labelling 
and proportional pricing on out of home food orders: a randomised 
controlled trial study using a virtual food and drink delivery app. Int J 
Behav Nutr Phys Act 2023;20:1. 

	18	 Liddiard E, Hamshaw RJT. Body dissatisfaction and beyond: 
Investigating attitudes towards calorie labels on UK food menus. 
Appetite 2024;199:107418. 

	19	 Tanasache OA, Law C, Smith RD, et al. Impact of calorie labelling 
on online takeaway food choices: An online Menu-Based Choice 
Experiment in England. Appetite 2025;207:107894. 

	20	 Crockett RA, King SE, Marteau TM, et al. Nutritional labelling for 
healthier food or non-alcoholic drink purchasing and consumption. 
Cochrane Database Syst Rev 2018. 

	21	 Colombet Z, Robinson E, Kypridemos C, et al. Effect of calorie 
labelling in the out-of-home food sector on adult obesity prevalence, 
cardiovascular mortality, and social inequalities in England: a 
modelling study. Lancet Public Health 2024;9:e178–85. 

	22	 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. 

	23	 Luick M, Bandy L, Jebb SA, et al. The impact of the English 
calorie labelling policy on the energy content of food offered and 
purchased in worksite cafeterias: a natural experiment. BMC Nutr 
2024;10:110. 

	24	 Anderson P, Llopis EJ, O’Donnell A, et al. Impact of COVID-19 
Confinement on Alcohol Purchases in Great Britain: Controlled 
Interrupted Time-Series Analysis During the First Half of 2020 
Compared With 2015–2018. Alcohol Alcohol 2021;56:307–16. 

	25	 Rogers NT, Pell D, Mytton OT, et al. Changes in soft drinks 
purchased by British households associated with the UK soft drinks 
industry levy: a controlled interrupted time series analysis. BMJ 
Open 2023;13:e077059. 

	26	 Yau A, Berger N, Law C, et al. Changes in household food and 
drink purchases following restrictions on the advertisement of 
high fat, salt, and sugar products across the Transport for London 
network: A controlled interrupted time series analysis. PLoS Med 
2022;19:e1003915. 

	27	 Lopez Bernal J, Cummins S, Gasparrini A. The use of controls in 
interrupted time series studies of public health interventions. Int J 
Epidemiol 2018;47:2082–93. 

	28	 National Readership Survey. Social grade. 2018. Available: https://
www.nrs.co.uk/nrs-print/lifestyle-and-classification-data/social-​
grade/

	29	 World Health Organization. Obesity: preventing and managing the 
global epidemic. Report of a WHO consultation. World Health Organ 
Tech Rep Ser 2000;894:i–xii.

	30	 Kalbus A, Tanasache O-A, Law C, et al. How did labelling provision 
on menus for online food delivery change after implementation of 
england’s calorie labelling regulations. 103635Health Place [Preprint] 
2026. 

	31	 Kim Y, Steiner P. Quasi-Experimental Designs for Causal Inference. 
Educ Psychol 2016;51:395–405. 

	32	 UK Government. Prime minister confirms move to plan B in England. 
2021. Available: https://www.gov.uk/government/news/prime-​
minister-confirms-move-to-plan-b-in-england

	33	 Office for National Statistics. Consumer price inflation tables. 
2024. Available: https://www.ons.gov.uk/economy/inflationandpric​
eindices/datasets/consumerpriceinflation

	34	 Bernal JL, Cummins S, Gasparrini A. Interrupted time series 
regression for the evaluation of public health interventions: a tutorial. 
Int J Epidemiol 2017;46:348–55. 

https://worldpanelbynumerator.com
https://worldpanelbynumerator.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-7388-7074
https://orcid.org/0000-0002-6803-5336
https://orcid.org/0000-0002-1025-312X
https://orcid.org/0000-0003-2475-3122
https://orcid.org/0000-0002-0022-0500
https://orcid.org/0000-0003-3837-6559
http://dx.doi.org/10.1056/NEJMoa1614362
http://dx.doi.org/10.1007/s10654-018-0473-x
http://dx.doi.org/10.1111/j.1753-4887.2011.00459.x
http://dx.doi.org/10.1111/j.1467-789X.2011.00953.x
http://dx.doi.org/10.1136/bmj.k4982
http://dx.doi.org/10.1136/bmjopen-2019-029679
http://dx.doi.org/10.1017/S1368980022001379
http://dx.doi.org/10.3390/nu12061544
https://www.gov.uk/government/publications/calorie-labelling-in-the-out-of-home-sector/calorie-labelling-in-the-out-of-home-sector-implementation-guidance
https://www.gov.uk/government/publications/calorie-labelling-in-the-out-of-home-sector/calorie-labelling-in-the-out-of-home-sector-implementation-guidance
https://www.gov.uk/government/publications/calorie-labelling-in-the-out-of-home-sector/calorie-labelling-in-the-out-of-home-sector-implementation-guidance
https://www.gov.uk/government/publications/calorie-labelling-in-the-out-of-home-sector/calorie-labelling-in-the-out-of-home-sector-implementation-guidance
https://www.ons.gov.uk/businessindustryandtrade/business/businessservices/datasets/uknonfinancialbusinesseconomyannualbusinesssurveyemploymentsizeband/current
https://www.ons.gov.uk/businessindustryandtrade/business/businessservices/datasets/uknonfinancialbusinesseconomyannualbusinesssurveyemploymentsizeband/current
https://www.ons.gov.uk/businessindustryandtrade/business/businessservices/datasets/uknonfinancialbusinesseconomyannualbusinesssurveyemploymentsizeband/current
https://www.ons.gov.uk/businessindustryandtrade/business/businessservices/datasets/uknonfinancialbusinesseconomyannualbusinesssurveyemploymentsizeband/current
http://dx.doi.org/10.1093/nutrit/nuab035
http://dx.doi.org/10.1509/jppm.10.104
http://dx.doi.org/10.1016/j.jretai.2017.09.007
http://dx.doi.org/10.1002/14651858.CD014845.PUB2
http://dx.doi.org/10.1002/14651858.CD014845.PUB2
http://dx.doi.org/10.1186/S12966-023-01513-2
http://dx.doi.org/10.1186/S12966-023-01513-2
http://dx.doi.org/10.1016/J.APPET.2024.107418
http://dx.doi.org/10.1016/J.APPET.2025.107894
http://dx.doi.org/10.1002/14651858.CD009315.pub2
http://dx.doi.org/10.1016/S2468-2667(23)00326-2
http://dx.doi.org/10.1038/s41562-024-02032-1
http://dx.doi.org/10.1186/s40795-024-00914-1
http://dx.doi.org/10.1093/alcalc/agaa128
http://dx.doi.org/10.1136/bmjopen-2023-077059
http://dx.doi.org/10.1136/bmjopen-2023-077059
http://dx.doi.org/10.1371/journal.pmed.1003915
http://dx.doi.org/10.1093/ije/dyy135
http://dx.doi.org/10.1093/ije/dyy135
https://www.nrs.co.uk/nrs-print/lifestyle-and-classification-data/social-grade/
https://www.nrs.co.uk/nrs-print/lifestyle-and-classification-data/social-grade/
https://www.nrs.co.uk/nrs-print/lifestyle-and-classification-data/social-grade/
https://pubmed.ncbi.nlm.nih.gov/11234459
https://pubmed.ncbi.nlm.nih.gov/11234459
http://dx.doi.org/10.1080/00461520.2016.1207177
https://www.gov.uk/government/news/prime-minister-confirms-move-to-plan-b-in-england
https://www.gov.uk/government/news/prime-minister-confirms-move-to-plan-b-in-england
https://www.ons.gov.uk/economy/inflationandpriceindices/datasets/consumerpriceinflation
https://www.ons.gov.uk/economy/inflationandpriceindices/datasets/consumerpriceinflation
http://dx.doi.org/10.1093/ije/dyw098


12 Kalbus AI, et al. BMJ Public Health 2026;4:e003957. doi:10.1136/bmjph-2025-003957

BMJ Public Health

	35	 St.Clair T, Hallberg K, Cook TD. The Validity and Precision of the 
Comparative Interrupted Time-Series Design. J Educ Behav Stat 
2016;41:269–99. 

	36	 Hallberg K, Cook TD. The Validity and Precision of the Comparative 
Interrupted Time-Series Design: Three Within-Study Comparisons. J 
Educ Behav Stat 2016;41:269–99. 

	37	 Roberts K, Cade J, Dawson J, et al. Empirically Derived Dietary 
Patterns in UK Adults Are Associated with Sociodemographic 
Characteristics, Lifestyle, and Diet Quality. Nutrients 2018;10:177. 

	38	 Paddock J, Warde A, Whillans J. The changing meaning of eating 
out in three English cities 1995-2015. Appetite 2017;119:5–13. 

	39	 Wickham H, Averick M, Bryan J, et al. Welcome to the Tidyverse. 
JOSS 2019;4:1686. 

	40	 Lüdecke D, Ben-Shachar M, Patil I, et al. performance: An R 
Package for Assessment, Comparison and Testing of Statistical 
Models. JOSS 2021;6:3139. 

	41	 Arel-Bundock V. Marginaleffects: marginal effects, marginal means, 
predictions, and contrasts. r package version 0.6.0. 2022.

	42	 Makowski D, Lüdecke D, Patil I, et al. Automated Results Reporting 
as a Practical Tool to Improve Reproducibility and Methodological 
Best Practices Adoption. CRAN 2023.

	43	 Thériault R. rempsyc: Convenience functions for psychology. JOSS 
2023;8:5466. 

	44	 Kiszko KM, Martinez OD, Abrams C, et al. The influence of calorie 
labeling on food orders and consumption: a review of the literature. J 
Community Health 2014;39:1248–69. 

	45	 Robinson E, Boyland E, Christiansen P, et al. Is the effect of menu 
energy labelling on consumer behaviour equitable? A pooled 
analysis of twelve randomized control experiments. Appetite 
2023;182. 

	46	 Brissette I, Lowenfels A, Noble C, et al. Predictors of total calories 
purchased at fast-food restaurants: restaurant characteristics, 
calorie awareness, and use of calorie information. J Nutr Educ Behav 
2013;45:404–11. 

	47	 Berry C, Burton S, Howlett E, et al. Understanding the Calorie 
Labeling Paradox in Chain Restaurants. Source: Journal of Public 
Policy & Marketing 2019;38:192–213. 

	48	 Office for National Statistics. Consumer price inflation tables. 
2022. Available: https://www.ons.gov.uk/economy/inflationandpric​
eindices/datasets/consumerpriceinflation/current

	49	 Polden M, Jones A, Adams J, et al. Kilocalorie labelling in the 
out-of-home sector: an observational study of business practices 

and consumer behaviour prior to implementation of the mandatory 
calorie labelling policy in England, 2022. BMC Public Health 
2023;23:1088. 

	50	 Food Standards Scotland. Provision of calorie and nutrition 
information by branded out of home businesses in scotland. 2021.

	51	 Essman M, Burgoine T, Huang Y, et al. 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). 
BMJ Public Health 2025;3:e001905. 

	52	 Adams J, Mytton O, White M, et al. Why Are Some Population 
Interventions for Diet and Obesity More Equitable and Effective 
Than Others? The Role of Individual Agency. PLoS Med 
2016;13:e1001990. 

	53	 Knai C, Petticrew M, Durand MA, et al. Has a public–private 
partnership resulted in action on healthier diets in England? An 
analysis of the Public Health Responsibility Deal food pledges. Food 
Policy 2015;54:1–10. 

	54	 Polden M, Jones A, Essman M, et al. Point-of-choice kilocalorie 
labelling practices in large, out-of-home food businesses: a 
preobservational versus post observational study of labelling 
practices following implementation of The Calorie Labelling 
(Out of Home Sector) (England) Regulations 2021. BMJ Open 
2024;14:e080405. 

	55	 Cornelsen L, Tanasache OA, Law C, et al. Calorie labelling and 
other drivers of takeaway food choices. BMJ Nutr Prev Health 
2025;8:e001268. 

	56	 Public Health Scotland. Exploring the behaviours and experiences 
of those with lived experience of eating disorders when eating out of 
home. 2024.

	57	 Frances T, O’Neill K, Newman K. An extra fight I didn’t ask for’: A 
qualitative survey exploring the impact of calories on menus for 
people with experience of eating disorders. Br J Health Psychol 
2024;29:20–36. 

	58	 Chan GCK, Lim C, Sun T, et al. Causal inference with observational 
data in addiction research. Addiction 2022;117:2736–44. 

	59	 Nianogo RA, Benmarhnia T, O’Neill S. A comparison of quasi-
experimental methods with data before and after an intervention: 
an introduction for epidemiologists and a simulation study. Int J 
Epidemiol 2023;52:1522. 

	60	 Office for National Statistics. Inflation and price indices. 2024. 
Available: https://www.ons.gov.uk/economy/inflationandpric​
eindices

http://dx.doi.org/10.3102/1076998616636854
http://dx.doi.org/10.3102/1076998616636854/ASSET/IMAGES/LARGE/10.3102_1076998616636854-FIG6.JPEG
http://dx.doi.org/10.3102/1076998616636854/ASSET/IMAGES/LARGE/10.3102_1076998616636854-FIG6.JPEG
http://dx.doi.org/10.3390/nu10020177
http://dx.doi.org/10.1016/j.appet.2017.01.030
http://dx.doi.org/10.21105/joss.01686
http://dx.doi.org/10.21105/joss.03139
http://dx.doi.org/10.21105/joss.05466
http://dx.doi.org/10.1007/s10900-014-9876-0
http://dx.doi.org/10.1007/s10900-014-9876-0
http://dx.doi.org/10.1016/j.appet.2023.106451
http://dx.doi.org/10.1016/j.jneb.2013.01.019
http://dx.doi.org/10.2307/26992888
http://dx.doi.org/10.2307/26992888
https://www.ons.gov.uk/economy/inflationandpriceindices/datasets/consumerpriceinflation/current
https://www.ons.gov.uk/economy/inflationandpriceindices/datasets/consumerpriceinflation/current
http://dx.doi.org/10.1186/S12889-023-16033-8/TABLES/4
http://dx.doi.org/10.1136/bmjph-2024-001905
http://dx.doi.org/10.1371/journal.pmed.1001990
http://dx.doi.org/10.1016/j.foodpol.2015.04.002
http://dx.doi.org/10.1016/j.foodpol.2015.04.002
http://dx.doi.org/10.1136/bmjopen-2023-080405
http://dx.doi.org/10.1136/bmjnph-2025-001268
http://dx.doi.org/10.1111/bjhp.12685
http://dx.doi.org/10.1111/add.15972
http://dx.doi.org/10.1093/IJE/DYAD032
http://dx.doi.org/10.1093/IJE/DYAD032
https://www.ons.gov.uk/economy/inflationandpriceindices
https://www.ons.gov.uk/economy/inflationandpriceindices

	Changes in out-­of-­home food purchasing following the introduction of England’s calorie labelling regulations: a population-­level controlled interrupted time series analysis
	Abstract
	Introduction﻿﻿
	Materials and methods
	Data
	Outcomes
	Analytical dataset
	Covariates
	Statistical analysis
	Subgroup analysis
	Robustness checks
	Patient and public involvement

	Results
	Main analysis
	Subgroup analysis
	Robustness checks

	Discussion
	Summary of findings
	Comparison with other studies
	Interpretation of findings
	Limitations

	Conclusion
	References


