Thomas et al. Int J Behav Nutr Phys Act (2022) 19:93 International Journa] of Behavioral
https://doi.org/10.1186/512966-022-01331-y Nutrition and Physical ACtiVity

RESEARCH Open Access

.. )
The health, cost and equity impacts e

of restrictions on the advertisement of high fat,
salt and sugar products across the transport
for London network: a health economic
modelling study

Chloe Thomas' ®, Penny Breeze', Steven Cummins?, Laura Cornelsen?, Amy Yau? and Alan Brennan'

Abstract

Background: Policies aimed at restricting the marketing of high fat, salt and sugar products have been proposed
as one way of improving population diet and reducing obesity. In 2019, Transport for London implemented advertis-
ing restrictions on high fat, salt and sugar products. A controlled interrupted time-series analysis comparing London
with a north of England control, suggested that the advertising restrictions had resulted in a reduction in household
energy purchases. The aim of the study presented here was to estimate the health benefits, cost savings and equity
impacts of the Transport for London policy using a health economic modelling approach, from an English National
Health Service and personal social services perspective.

Methods: A diabetes prevention microsimulation model was modified to incorporate the London population and
Transport for London advertising intervention. Conversion of calorie to body mass index reduction was mediated
through an approximation of a mathematical model estimating weight loss. Outcomes gathered included incremen-
tal obesity, long-term diabetes and cardiovascular disease events, quality-adjusted life years, healthcare costs saved
and net monetary benefit. Slope index of inequality was calculated for proportion of people with obesity across
socioeconomic groups to assess equity impacts.

Results: The results show that the Transport for London policy was estimated to have resulted in 94,867 (4.8%) fewer
individuals with obesity, and to reduce incidence of diabetes and cardiovascular disease by 2,857 and 1,915 cases
respectively within three years post intervention. The policy would produce an estimated 16,394 additional quality-
adjusted life-years and save £218 m in NHS and social care costs over the lifetime of the current population. Greater
benefits (e.g. a 37% higher gain in quality-adjusted life-years) were expected to accrue to individuals from the most
socioeconomically deprived groups compared to the least deprived.

Conclusions: This analysis suggests that there are considerable potential health and economic gains from restricting
the advertisement of high fat, salt and sugar products. The population health and economic impacts of the Transport
for London advertising restrictions are likely to have reduced health inequalities in London.
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Health economic modelling

Background

Obesity is an increasingly important global problem.
According to the Global Burden of Disease Study, the
prevalence of obesity has continually increased in most
countries since 1980 [1], and number of deaths attributed
to high BMI has more than doubled between 1990 and
2017 [2]. Obesity is associated with higher risk of many
diseases including type 2 diabetes, cardiovascular dis-
ease (CVD), chronic kidney disease, many cancers, and
musculoskeletal problems such as osteoarthritis and
chronic back pain [1], in addition to higher risk of poorer
outcomes from COVID-19 [3], and impacts on mental
health [4]. In England, 27% of men and 29% of women
were estimated to be living with obesity in 2019, with a
further 41% of men and 31% of women being overweight
[5]. Obesity shows extensive socioeconomic patterning,
with women in the most deprived quintile of the English
population having almost double the rate of obesity com-
pared with women in the least deprived quintile [5]. Soci-
oeconomic differences are even more marked in children,
where the most deprived children of primary school age
have over double the rate of obesity and 4-5 times the
rate of severe obesity than the least deprived [6].

Many different public health interventions have been
proposed to tackle rising obesity rates and their conse-
quences, ranging from weight loss interventions tar-
geted specifically at individuals with obesity, to dietary
policies that aim to reduce consumption of calories, fat,
sugar and/or salt at the population level either through
taxation, reformulation or labelling [7]. Another popula-
tion level approach is to restrict advertising for particu-
lar products. It has been demonstrated that children eat
more calories after watching advertising for high fat,
sugar and salt (HESS) products [8], and several studies
have modelled the potential health benefits for children
of restricting television advertising of junk food [9-11],
indicating that substantial reductions in childhood obe-
sity may be achieved through such methods.

In 2019, Transport for London (TfL) implemented
restrictions on advertisements of HFSS food on its trans-
port network [12]. One of the stated aims was to reduce
advertising to children and hence address childhood obe-
sity; however, there was potential for this intervention
to also act on adult behaviour. A controlled interrupted
time series analysis based on data from 1,970 house-
holds in the Kantar Fast Moving Consumer Goods panel
showed that the intervention led to changes in house-
hold purchases of HESS food equivalent to a 6.7% (95%

CI: 3.2% to 10.1%) reduction in calories compared to the
North of England control [13], together with associated
reductions in purchases of fat, saturated fat and sugar.
The other stated aim was to reduce inequalities in obe-
sity and health outcomes related to obesity, and there
was some indication of greater reductions in purchase of
HESS products, and hence potentially reductions in calo-
rie intake, in households of middle or low socioeconomic
status compared to those of high socioeconomic status.

Health economic modelling enables medium to long
term benefits of health policies to be predicted, providing
evidence to inform decisions about future implementa-
tion. In this analysis we use a microsimulation modelling
approach to assess the potential health benetfits, cost sav-
ings and equity impacts of the TfL advertising interven-
tion on adults compared to no intervention.

Methods

Model background

This analysis was undertaken by adapting a pre-existing
health economic model: the School for Public Health
Research (SPHR) diabetes prevention model version 4,
which has previously been used to evaluate a variety of
different diabetes prevention and weight loss interven-
tions [14—17]. The model is an individual patient level
microsimulation model built in R software, with annual
cycles and a lifetime horizon, which takes an English
National Health Service (NHS) and Personal Social Ser-
vices (PSS) perspective. It simulates the life course of
individuals aged 16 and over from Health Survey for
England (HSE) 2014 [18], representing the adult popu-
lation of England. The model is unable to simulate the
life course for children aged under 16 due to the differ-
ing data requirements for this population, thereby limit-
ing its use to modelling intervention impacts on adults.
Over their lifetime, modelled individuals may develop
diabetes, hypertension, cardiovascular disease, heart fail-
ure, microvascular complications of diabetes, dementia,
breast and bowel cancer, osteoarthritis or depression.
Disease risk is driven by personalised trajectories of cor-
related metabolic risk factors including BMI, systolic
blood pressure (SBP), cholesterol and HbAlc. Diagnosis
and treatment of diseases is associated with costs to the
NHS and social care system, and disease health states are
associated with reduction in health-related quality of life.
A full description of the model methodology, parameters
and assumptions can be found in the supplementary
materials.
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Population

The analysis estimates effects on the population aged
16 and over of the Greater London area (n=7,149,281
based on UK mid-year estimates for 2020) [19]. The
baseline population in the SPHR model is comprised of
individuals aged 16 and over from HSE 2014 (n=8077).
HSE 2014 contains a set of survey weights that enable
the sample to be representative of England by either
increasing or reducing the importance of each individual.
The modelled population was reweighted to reflect the
sociodemographic characteristics of the Greater Lon-
don area. Sets of survey weights representing each local
authority (LA) in England were developed using two
dimensional iterative proportional fitting of local data
about age, sex, ethnicity and deprivation quintile. Age,
sex and ethnicity data came from the 2011 Census [20],
whilst deprivation data came from the 2015 English Indi-
ces of Deprivation [21]. The greatest possible number of
population demographic characteristic breakdowns was
used to give the best possible fit to LA populations (16
age groups, two sex groups, three ethnic groups [white,
Asian and other]| and five deprivation groups [Index of
Multiple Deprivation IMD quintiles]). Weights from the
33 local authority areas that make up the Greater Lon-
don area were summed for each individual, and data nor-
malised to reflect the most recent estimates of population
size (7,149,281) [19]. Baseline characteristics for the
reweighted model population are summarised in Table 1,
with additional obesity-related summary statistics for
IMD quintiles shown in Supplementary Table 1.

Intervention

The intervention modelled the impact of changes in
calorie purchase following advertising restrictions
across the TfL network for high fat, salt and sugar
(HESS) products, compared to a scenario in which
no advertising restrictions were implemented and no
change in purchasing or consumption of calories took
place. A previously published study used a controlled
interrupted time series analysis of data from the Kan-
tar Fast Moving Consumer Goods panel to assess the
impact of the TfL intervention on household purchas-
ing [13]. The study randomly selected 1,970 house-
holds from London and the North of England (with
households having an average of 2.6 individuals), each
of whom recorded all food and drink items purchased
and brought into the home. Kantar collects data about
number of packs purchased of different food types, and
directly measures nutritional data twice per year. Prod-
ucts were scored as HFSS or not according to the Nutri-
ent Profiling Model, which had been used to determine
advertising restrictions for the TfL intervention [22].
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Table 1 Summary statistics for the modelled baseline
population, based on sampling of 100,000 individuals aged
16 and over from the Health Survey for England 2014 [18],
reweighted to reflect the age, sex, ethnicity and socioeconomic
distributions of Greater London

Characteristic Mean Standard Deviation
Age (years) 431 176
Body mass index (kg/m?) 273 56
Systolic blood pressure (mm ~ 123.5 16.3
Ha)
Total cholesterol (mmol/L) 5.02 1.07
Glycated Haemoglobin 561 0.90
(HbATc, %)

Percentage  Number Greater London

of Popula-

tion
Male 48.8% 3,488,206
White ethnicity 63.5% 4,543,225
Asian ethnicity 14.5% 1,035,859
Other ethnicity 18.5% 1,324,190
NS-SEC: High (least deprived) 31.4% 2,245,232
NS-SEC: Mid 51.6% 3,691,817
NS-SEC: Low (most deprived) 17.0% 1,212,232
IMD1 (least deprived) 10.2% 726,510
IMD2 15.8% 1,127,084
IMD3 21.2% 1,515,719
IMD4 30.7% 2,193,542
IMD5 (most deprived) 22.2% 1,586,425
Obese 27 4% 1,957,963
Overweight 38.0% 2,713,470

NS-SEC National Statistics Socioeconomic Classification, IMD Index of multiple
deprivation

A two-part logit-generalised linear model was fitted to
firstly estimate the probability of purchasing a product,
and if so, to determine how much product was pur-
chased. The study found that purchases of HFSS food
increased over time in both locations. However; follow-
ing the TfL intervention in London, relative purchases
of energy decreased by an average of 1,001 (95% CI: 456
to 1,546) calories per household each week compared
to the counterfactual, which was constructed using the
pre-intervention trend in London and incorporating
the changes seen in the North of England (to account
for seasonal and secular changes common to both
areas). As household purchases are made by adults, no
information was available about potential differences in
HESS purchase or consumption by children. The find-
ings also showed that reductions in purchased energy
tended to be lower if the main food shopper was of
high socioeconomic status (SES) (Table 2), with socio-
economic position classified according to the National
Readership Survey (NRS) occupational social grade
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Table 2 Intervention effects applied in the basecase and sensitivity analysis scenarios, based on household weekly calorie reduction

from the TfL study [13]
Population Household reduction in Individual reduction in Mean individual reduction during first 12 months
calories per week (data) calories per day (model)
BMI (kg/mz) SBP Total Chol HbA1c (%)
(mm Hg) (mmol/l)

Basecase NS-SEC: High 586.6 322 0.295 0.676 0.0285 0.00273
NS-SEC: Mid 11394 62.6 0.575 1316 0.0555 0.00524
NS-SEC: Low 875.5 48.1 0470 1.068 0.0452 0.00406
IMD1 N/A 46.8 0430 0.986 0.0418 0.00407
IMD2 N/A 47.5 0438 0.995 0.0424 0.00407
IMD3 N/A 50.3 0.464 1.058 0.0447 0.00414
IMD4 N/A 512 0477 1.095 0.0460 0.00430
IMD5 N/A 54.0 0.503 1.150 0.0484 0.00452
Mean 1001.0 50.6 0.469 1.073 0.0453 0.00425

SA1 NS-SEC: High N/A 55.0 0.483 1.107 0.0467 0.00449
NS-SEC: Mid N/A 55.0 0496 1.133 0.0479 0.00449
NS-SEC: Low N/A 55.0 0.506 1.150 0.0486 0.00433
IMD1 N/A 55.0 0.489 1.117 0.0474 0.00461
IMD2 N/A 55.0 0.490 1.115 0.0474 0.00454
IMD3 N/A 55.0 0.491 1121 0.0474 0.00438
IMD4 N/A 55.0 0496 1.137 0.0479 0.00446
IMD5 N/A 55.0 0.497 1.133 0.0478 0.00444
Mean 1001.0 55.0 0.493 1.127 0.0476 0.00446

SA2 Mean 1001.0 50.6 0.493 0 0 0

SA3 Mean 500.5 253 0.230 0.526 0.0222 0.00208

SA4 Mean 1001.0 50.6 0.469 1.073 0.0453 0.00425

SA5 Mean 1001.0 50.6 0.469 1.073 0.0453 0.00425

SES Socioeconomic status, BMI Body mass index, SBP Systolic blood pressure, Chol Cholesterol, HbA1c Glycated haemoglobin, SA Sensitivity analysis, SAT No
socioeconomic gradient in calorie input, SA2 No indirect metabolic effects, SA3 Half calorie reduction, SA4 3 year duration of effect, SA5 1 year return to baseline BMI

classification (A, B, C1, C2, D, E) [23], and distributed
into three groups: high (AB), middle (C1C2) and low
(DE).

In our analysis it was assumed that reductions in
weekly calorie purchase could be directly equated with
reductions in weekly calorie consumption. This assump-
tion was supported by two pieces of evidence. Firstly; the
TfL study found no substitutions of HFSS to non HFSS
foods suggesting that calories are not compensated for
elsewhere [13]. Secondly, surveys of household food
wastage suggest that HFSS foods are only infrequently
wasted compared to other foods (e.g. only about 5%
wastage for confectionary and snacks) [24]. It was further
assumed that weekly household calorie reductions were
evenly divided between days of the week and the average
number of individuals in the household to obtain a per
person daily reduction of 55 cal. Whilst trial follow-up
was 10 months, the SPHR model used annual cycles, so it
was assumed the calorie reduction was maintained for a
further two months. Conversion of reduction in calories
to change in weight was based upon an approximation of
the mathematical model developed by Hall et al. based

on the National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDKD) Body Weight Planner online
tool [25, 26]. This took daily reduction in calories over the
12 month period as an input to estimate change in weight
at 12 months. A dataset of 1000 outputs from the Body
Weight Planner tool was extracted to estimate the impact
of changes in calories, % carbohydrate and sodium after
12 months of a sustained dietary change. An ordinary
least squares regression model was specified to describe
the changes in calories, percentage carbohydrate, sodium
and how these are modified by baseline weight, age and
sex. Goodness of fit was assessed using the R? and Akaike
Information Criterion. Full methods and regression coef-
ficients can be found in Sect. 11 of the supplementary
technical appendix.

For the TfL intervention, per person changes in daily
calories for each SES group were converted to change in
weight at 12 months, assuming no change in % carbo-
hydrate or sodium intake (Table 2). NRS socioeconomic
classifications were not available within HSE and so could
not be directly mapped onto the model baseline popula-
tion. HSE does have National Statistics Socioeconomic



Thomas et al. Int J Behav Nutr Phys Act (2022) 19:93

Classification (NS-SEC) groupings [27]. These were dis-
tributed into three SES groups: high (higher managerial,
lower managerial and professional), middle (intermedi-
ate occupations, small employers and own account, lower
supervisory and technical, semi-routine and other), and
low (routine, never worked and long-term unemployed),
and these categories were assumed to align with the three
NRS groups to enable intervention effectiveness to be
stratified by SES.

Each modelled individual has a personal height meas-
urement, enabling 12 month BMI change to be calculated
at the individual level. Whilst there was no direct infor-
mation about changes to SBP, cholesterol or HbA1; in
the basecase scenario indirect impacts of BMI on these
metabolic factors were included based on a statistical
analysis of the Whitehall II cohort (Table 2) [28]. There
is no evidence about the long-term effect of the policy. In
the basecase scenario it was assumed that the TfL inter-
vention was effective in reducing calorie consumption
for the year of the intervention only and that the calo-
rie intake of individuals would return to the level prior
to the intervention after that first year. The Body Weight
Planner Tool was used to assume that this would result
in a return to baseline BMI by four years following the
intervention [25], with this time frame also supported by
evidence from long-term follow-up of structured weight
loss interventions [29]. It was assumed that no costs were
incurred as a result of the TfL intervention, as there was
not found to be any reduction in advertising revenue as a
consequence of the intervention [13], nor were any costs
to the NHS or social care incurred in implementing the
intervention.

Five sensitivity analyses were carried out to investigate
structural uncertainties around intervention effective-
ness. In the first sensitivity analysis (SA1), socioeconomic
differences in calorie reduction were removed and
instead all individuals were given the mean calorie reduc-
tion. In SA2, the indirect effects of calorie reduction on
SBP, cholesterol and HbAlc were removed so only the
direct impacts on BMI would contribute to the outcomes.
In SA3, the calorie reduction was halved to represent a
lower effectiveness scenario. In SA4, it was assumed that
calorie intake and BMI reductions would endure at the
same level for three years rather than just one year, before
BMI returned to the level prior to intervention over the
subsequent four years. In SA5 it was assumed that the
BMI reductions would endure one year as in the base-
case, but then return to the level prior to intervention in
the subsequent year.

Outcomes
Model outcomes included lifetime costs and quality-
adjusted life years (QALYs), new type 2 diabetes cases
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and cardiovascular disease (CVD) events throughout the
20 years following intervention implementation, and the
proportion of the population obese or overweight imme-
diately following intervention implementation. Lifetime
net monetary benefit was calculated using both £20,000
and £30,000 as the monetary values of a QALY [30].
Unit health and social care costs were based on 2020 UK
pounds (£). Costs and QALYs were discounted at 3.5% as
recommended by NICE [30]. Incremental analysis was
performed by comparing basecase and sensitivity analy-
sis scenarios against a no intervention control. Results
were collected for the entire population of London, and
per 100,000 individuals in each IMD quintile. A graphi-
cal representation of cross-tabulation between IMD
quintiles and the three NS-SEC groups used in the mod-
elling can be seen in Supplementary Fig. 1. An inequali-
ties analysis was carried out to determine whether the
intervention had reduced inequity across IMD quintiles,
using proportion obese as the outcome of interest, and
the slope index of inequalities (which is commonly used
to assess public health inequalities in England [31]) as the
measure [32].

The model was run using probabilistic sensitivity analy-
sis (PSA) to enable an accurate estimation of mean val-
ues, taking model non-linearity into account, and to
enable uncertainty around model outcomes to be esti-
mated using 95% credible intervals. For each of the base-
case and the four structural sensitivity analysis scenarios,
1,000 PSA loops were run, each comprising 100,000 sam-
pled individuals.

Results
Basecase analysis
The modelling suggests that there were 1.96 million
obese and 2.71 million overweight individuals in Greater
London prior to intervention implementation (Table 1).
Twelve months after implementation of the TfL inter-
vention, the model estimates that 94,867 (-4.8%) fewer
people would be expected to be obese and 49,145 (-1.8%)
fewer people would be expected to be overweight, com-
pared to projected increases in obesity in the no inter-
vention control (Panels A & C, Fig. 1). Each IMD quintile
group shows reductions in obesity, and, whilst there is no
visual trend in obesity reduction by IMD quintile (Panel
B, Fig. 1), the slope of inequalities for proportion of obese
was slightly lower in the intervention arm (0.2155) than
in the control arm (0.2218 indicating that there was a
greater reduction in obesity-among people living in more
deprived areas, and hence a small reduction in health
inequity due to the intervention.

In the longer term, a reduction in diabetes diagnoses
and CVD cases is expected, peaking around three years
after policy implementation at 2,857 fewer diabetes cases
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and 1915 fewer CVD cases in the Greater London area.
Subsequently cases are expected to rise as individu-
als experience delayed onset of these diseases. These
health benefits at three years post policy implementa-
tion also show a clear socioeconomic gradient with the
most deprived IMD quintiles tending to have a more
extreme reduction in diabetes and CVD cases than the
less deprived quintiles (Panels F & H, Fig. 1). Whilst
this socioeconomic gradient persists over time for CVD
cases, for diabetes cases it starts to reverse from about
ten years following intervention implementation, indicat-
ing a greater tendency to experience later onset of diabe-
tes delayed by intervention in the most deprived groups.
It is predicted that the expected reduction in obesity
and related diseases due to the TfL intervention would
result in a total NHS and PSS cost saving of £218 m
(95% CI £49 m-£438 m) over the lifetime of the Greater
London population, and a QALY gain of 16,394 (95%
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CI 990-36,951) (Table 3). The intervention has a high
probability of saving costs and gaining QALYs, which
can be observed by the distribution of points on the
cost-effectiveness plane (Supplementary Fig. 2). Over
half of the cost savings come from osteoarthritis and
CVD prevention, which account for about 29% and 27%
of the total respectively (Supplementary Table 2). The
incremental net monetary benefit at the £20,000 value
of a QALY was £546 m (95% CI £125 m-£1,088 m). In
line with the long-term disease reductions; costs saved,
QALYs gained and incremental net monetary benefits
tend to show a gradient where they are highest in the
most deprived socioeconomic quintiles (Table 3). Note
that IMD subgroup results are more uncertain than
those for the population average due to the smaller
numbers of modelled individuals in each subgroup
compared to the total population.

Table 3 Incremental cost-effectiveness results for the Transport for London intervention (basecase scenario) compared with no
intervention. All outcomes are accumulated over a lifetime horizon. Cost savings are shown as negative values

Outcomes (incremental) Mean Lower 95% ClI Upper 95% CI
TOTAL NHS & PSS COSTS
Total Population Greater London -£218,703,431 -£437,582,367 -£48,711,680
Per 100,000 IMDT1 (least deprived) -£2,485,362 -£8,178,280 £2,745,347
IMD2 -£2,658,155 -£7,725,675 £2,070,542
IMD3 -£3,244,109 -£7,773,152 £804,521
IMD4 -£2,992,482 -£7,084,304 £292,685
IMD5 (most deprived) -£3,455,994 -£8,368,168 £833,012
QALYs
Total Population Greater London 16,394 990 36,951
Per 100,000 IMD1 (least deprived) 187 -315 677
IMD2 199 -203 656
IMD3 242 -110 646
IMD4 230 -81 589
IMD5 (most deprived) 257 -90 673
NET MONETARY BENEFIT (£20,000 per QALY THRESHOLD)
Total Population Greater London £545,591,744 £125,122911 £1,088,464,368
Per 100,000 IMD1 (least deprived) £6,221,094 -£5,151,238 £18,712,669
IMD2 £6,642,525 -£3,419,224 £17,763,377
IMD3 £8,088,383 -£559,234 £18,357,648
IMD4 £7,589,376 -£23,340 £16,927,201
IMD5 (most deprived) £8,593,878 -£231,314 £18,975,049
NET MONETARY BENEFIT (£30,000 per QALY THRESHOLD)
Total Population Greater London £709,535,901 £139,093,456 £1,445,703,565
Per 100,000 IMD1 (least deprived) £8,088,960 -£8,422,256 £24,890,241
IMD2 £8,634,710 -£4,968,504 £23,748,141
IMD3 £10,510,520 -£1,614,656 £24,104,387
IMD4 £9,887,824 -£784,264 £22,131,660
IMD5 (most deprived) £11,162,820 -£1,062,051 £25,375454

NHS National Health Service, PSS Personal Social Services, QALY Quality-adjusted Life Year, IMD Index of Multiple Deprivation, C/ Credible Interval
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Sensitivity analyses

All four sensitivity analysis results confirm that the TfL
intervention is likely to reduce obesity overall and reduce
the slope of inequalities for the proportion obese, reduce
CVD and diabetes cases, save costs and produce QALYs
and net monetary benefit, although the absolute magni-
tude and statistical significance of these values changes
depending upon the sensitivity analysis (Table 4, Fig. 2
and Supplementary Table 3). Overall, SAl: assuming
each socioeconomic subgroup experiences the popula-
tion average, produces slightly greater benefits than the
basecase analysis. This is because the average calorie
reduction in SA1 is slightly higher than in the basecase
because the modelled population has a lower propor-
tion of individuals in the mid NS-SEC category than the
intervention study sample. Socioeconomic gradients
in long-term outcomes are still apparent in SA1 despite
the calorie reduction being identical between subgroups
(Table 2), suggesting that a substantial proportion of the
difference in long-term outcomes between socioeco-
nomic groups is due to the underlying poorer health and

Table 4 Comparison of incremental cost-effectiveness results
for basecase and sensitivity analysis scenarios. All outcomes
are accumulated over a lifetime horizon and are for the total
population of Greater London. Cost savings are shown as
negative values

Outcome Mean Lower 95% Cl Upper 95% CI
TOTAL NHS & PSS COSTS
Basecase -£217,703,431 -£437,582,367 -£48,711,680
SA1 -£226,718,104 -£475,058,585 -£37,773,383
SA2 -£151,531,984 -£333,771,635 -£5,927,436
SA3 -£107,991,545 -£255,351,553 £16,979,751
SA4 -£393,625,146 -£752,241,459 -£138,109,426
SA5 -£79,789,371 -£223,685,840 £40,117,017
QALYs
Basecase 16,394 990 36,951
SA1 17,377 814 40,812
SA2 10,342 -4,268 27,952
SA3 8,026 -2,991 21,643
SA4 29,865 6,060 64,508
SAS5 5997 -5,139 17,036
NET MONETARY BENEFIT (£20,000 per QALY THRESHOLD)
Basecase £545,591,744 £125,122,911 £1,088,464,368
SA1 £574,259,454 £125,502,640 £1,199,502,240
SA2 £358,372911 £11,893,203 £840,304,073
SA3 £268,518915 £3,417,367 £602,086,044
SA4 £990,928,187 £336,178,002 £1,917,914,385
SAS5 £199,739,062 -£49,302,909 £462,881,219

QALY Quality-adjusted life-year, NMB Net monetary benefit, SA Sensitivity
analysis, SAT No socioeconomic gradient in calorie reduction, SA2 No indirect
metabolic effects, SA3 Half calorie reduction, SA4 3 year duration of effect, SA5
1 year return to baseline BMI
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hence greater capacity for improvement within the more
deprived subgroups.

The impact of removing indirect effects on other meta-
bolic factors (SA2) indicates the relative importance of
the intervention in reducing BMI compared to reduc-
ing other metabolic factors. Only about 350 CVD cases
are prevented at three years post intervention compared
with almost 2000 when indirect metabolic impacts are
included, indicating the particular importance of blood
pressure and cholesterol in CVD (Fig. 2). A reduction in
diabetes cases by about 1,400 at three years post inter-
vention is estimated for SA2, compared to 1,857 in the
basecase, despite no change in HbAlc. This is because
the probability of being tested and diagnosed with dia-
betes (mediated through the QDiabetes risk equation in
the model [33]) is partly conditional upon BMI. However,
despite the significantly lower prevention of CVD and
diabetes disease cases, 63% of total QALY gains and 70%
of cost savings are still accrued compared to the base-
case scenario. This is because there are only small differ-
ences between scenarios in the costs saved and QALYs
gained due to other modelled conditions that are related
primarily to obesity and less to other metabolic factors,
particularly the 29% of basecase cost savings related to
osteoarthritis, but also for depression, breast and bowel
cancers.

As expected, smaller calorie reductions (SA3), and
shorter duration of effect (SA5) produce smaller reduc-
tions in long-term disease, cost-savings and QALY gains
(and no significant reduction in diabetes cases estimated
with SA5), whilst increasing the duration of effect of the
calorie reduction (SA4) produces greater reductions in
long-term disease, cost-savings and QALY gains. Whilst
net monetary benefit varies in line with the benefits pro-
duced, all sensitivity analyses indicate a very high prob-
ability of being cost-saving (Table 4).

Discussion

The TfL HFSS advertising policy is very likely to have
reduced obesity and obesity-related disease, saved NHS
and PSS costs, and produced QALYs and net monetary
benefit compared to the no intervention control. Whilst
there is considerable uncertainty within the effectiveness
data, particularly in the assumption that calorie purchase
equates to calorie consumption; the scenario analyses
undertaken suggest that these conclusions are robust to
both model parameter uncertainty and a range of dif-
ferent assumptions around magnitude and duration of
intervention effect. Whilst other explanations for the dif-
ference in calorie purchase between the two study arms
cannot be ruled out, the TfL analysis found that the pur-
chase differences were specific for HESS foods, and that
greater effects were observed in people who used public
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transport regularly, suggesting that the advertising policy
was indeed the reason for the difference [13]. Obesity has
been increasing over time, and is projected to increase
further both in England and elsewhere [34, 35], which is
reflected in the modelling results presented here. In line
with this, the published TfL evaluation indicated that
purchase of HFSS products actually increased in both
arms during the intervention period [13]; however, a
smaller increase was found in the London arm exposed
to the advertising restrictions compared with the North
of England unexposed arm. This suggests that whilst
advertising restrictions may have some role in slowing
the growth in obesity at the population level, other strat-
egies will be required if obesity levels are to be actively
reduced.

A stated aim of the TfL advertising restrictions was to
reduce inequalities and there was some evidence that
this was achieved both in terms of reduction in calorie
purchase [13], which is in line with what is known about
socioeconomic differences in exposure to HFSS advertis-
ing [36], and subsequent modelled reductions in short-
term obesity. However, the modelling results suggest
that even a uniform reduction in calories across socio-
economic groups would produce significantly greater
long-term benefits in the most deprived subgroups, with
those who are most unhealthy at baseline likely to ben-
efit most from small reductions in weight that will have
less of an impact on healthier, wealthier individuals.
Given that lower calorie purchase is likely to be associ-
ated with lower household expenditure, this suggests that
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advertising interventions are likely to be a highly progres-
sive way of reducing obesity.

This is the first modelling study to investigate the
potential long-term impacts of outdoor advertising
restrictions (i.e. those not in the home); however several
other studies have investigated the benefits of restric-
tions on television advertising in children and estimated
that there would be significant reductions in child-
hood obesity resulting in long-term health benefits and
reductions in healthcare costs [9-11]. This study there-
fore adds to the growing body of evidence that reducing
exposure to HFSS advertising may help reduce obesity
and overweight and improve long-term health. Reduc-
tion of childhood obesity was a particular aim of the TfL
intervention; however, currently there is no information
on how the intervention may have impacted children
beyond the household purchasing data. The modelling
presented here has assumed that the reductions in calo-
rie purchase result in reductions in consumption that are
evenly spread between all individuals in the household;
this should include children of the household as well as
adults. Whilst there is good evidence for the link between
household purchase and household consumption of food
[37], the distribution of intervention impacts within the
household is likely to be more complex than modelled,
and in particular will not capture impacts of older chil-
dren or adults choosing HESS foods for themselves out-
side the home, which will have likely underestimated
total benefits. Furthermore, the model does not actually
include individuals aged under 16 and therefore cannot
estimate the impact on children and will likely underes-
timate the potential long-term benefits accrued through
the household purchase reduction. Public health inter-
ventions acting on complex behaviours also have the
potential to have unexpected spill-over effects that can
lead to wider benefits, such as changes in social norms
and attitudes leading to long-term healthier eating, or
reformulation of products to fit within advertising guide-
lines. Equally, benefits may be mitigated in the longer
term if for example industry behaviour shifts to focus
investment in other marketing activities not covered by
the advertising restrictions, or price decreases to offset
reduced demand [38].

This analysis focussed on a policy that reduced adver-
tising of HFSS foods only within the region of Greater
London. Extending the policy to other regions of the
UK and beyond should be feasible and relatively easy to
achieve, although intervention effectiveness might be
reduced in areas with lower population density and less
well-connected transport networks. Whilst no interven-
tion costs were relevant to this analysis, direct costs of
changing or enforcing policy, or indirect costs due to loss
of advertising revenue are likely to have been incurred
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elsewhere. Further research should examine the poten-
tial impact of the policy in other regions and other coun-
tries, which would enable local and national governments
to make decisions about whether or not to implement it
based on evidence relevant to their particular context.
Using a societal perspective for future analyses would
also enable business or local authority costs to be taken
into account.

Conclusions

In conclusion, restricting advertisement of HFSS prod-
ucts on the public transport network in London is
likely to have led to considerable health and economic
gains, whilst also reducing health inequalities. Out-of-
home advertising policies represent an effective tool
to help reduce population obesity and its long-term
consequence.
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