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Abstract

Background In England, the number of takeaway food outlets (‘takeaways’) has been increasing for over two
decades. Takeaway management zones around schools are an effective way to restrict the growth of new takeaways
but their impacts on population health have not been estimated.

Methods To model the impact of takeaway management zones on health, we used estimates of change

in and exposure to takeaways (across home, work, and commuting buffers) based on a previous evaluation suggest-
ing that 50% of new outlets were prevented from opening because of management zones. Based on previous cross-
sectional findings, we estimated changes in body mass index (BMI) from changes in takeaway exposure, from 2018
to 2040. We used PRIMEtime, a proportional multistate lifetable model, and BMI change to estimate the impact

of the intervention, in a closed-cohort of adults (25-64 years), on incidence of 12 non-communicable diseases,
obesity prevalence, quality-adjusted life years (QALYs), and healthcare costs saved by 2040 in six local authorities (LAs)
across the rural-urban spectrum in England (Wandsworth, Manchester, Blackburn with Darwen, Sheffield, North
Somerset, and Fenland).

Results By 2031, compared to no intervention, reductions in outlet exposure ranged from 3 outlets/person

in Fenland to 28 outlets/person in Manchester. This corresponded to mean per person reductions in BMI of 0.08

and 0.68 kg/m?, respectively. Relative to no intervention, obesity prevalence was estimated to be reduced

in both sexes in all LAs, including by 2.3 percentage points (PP) (95% uncertainty interval:2.9PP, 1.7PP) to 1.5PP
(95%UI:1.9PP, 1.1PP) in males living in Manchester and Wandsworth by 2040, respectively. Model estimates showed
reductions in incidence of disease, including type Il diabetes (e.g. 964 (95% Ul: 1565, 870) fewer cases/100,000 popula-
tion for males in Manchester)), cardiovascular diseases, asthma, certain cancers, and low back pain. Savings in health-
care costs (millions) ranged from £1.65 (95% Ul: £1.17, £2.25)/100,000 population in North Somerset to £2.02 (95% U!:
£1.39, £2.83)/100,000 population in Wandsworth. Gains in QALYs/100,000 person were broadly similar across LAs.
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Conclusions Takeaway management zones in England have the potential to meaningfully contribute towards reduc-
ing obesity prevalence and associated healthcare burden in the adult population, at the local level and across the

rural-urban spectrum.

Keywords Takeaway (fast-') food outlets, Management zones around schools, Health impact modelling, Body mass
index, Obesity, Non-communicable diseases, Quality-adjusted life years, Healthcare cost savings, PRIMEtime

Background

Meals purchased out-of-home, including foods from
takeaway food outlets (‘takeaways’), are typically energy
dense and high in sugar and salt, but low in micronutri-
ents, and tend to be served in large portions [1-3]. Con-
sumption of takeaway food is associated with lower diet
quality, higher energy intake and body mass index (BMI),
weight gain, and greater risk of obesity [4, 5]. This may be
a result of passive over-consumption of takeaway foods,
which bypass regular human satiety mechanisms [6]. In
turn, poor diet and excess weight are risk factors for dis-
eases including type II diabetes and cardiovascular dis-
ease [7-9].

Neighbourhood food environments have become a
focus for public health action as they may encourage
unhealthy dietary behaviours [10]. Residential exposure
to takeaways has been associated with takeaway food
consumption, BMI, and risk of obesity in adults living in
England and elsewhere [11-15] and also in children [16].
However, this relationship has not been observed in all
studies [17]. Most evidence linking takeaway exposure
to BMI has emerged from observational, cross-sectional
studies [18]. Longitudinal studies have been conducted
outside the UK but have been fewer in number and their
inconsistent findings suggest differences between coun-
tries in this relationship [15, 19]. Differences between
takeaway exposure and change in BMI have been hypoth-
esised to differ between neighbourhoods in urban and
rural areas due to differences in the structure of the built
environment and in the dietary patterns and levels of
overweight of residents [20, 21]. However, one study in
the Netherlands found that takeaway exposure within
1 km of the home was associated with higher BMI in
both rural and urban populations [22].

In the UK, takeaways continue to increase in num-
ber, with 47,961 registered in 2023, equating to a 2.8%
increase per year from 2018 onwards [23]. In one study in
Norfolk, England, longer term data suggests that the den-
sity of takeaways increased by approximately 43% over an
18-year period from 1990 to 2008 [24]. Furthermore, an
increase in nominal expenditure on takeaway food from
£7.9 billion in 2009 to £9.9 billion in 2016 has previously
been reported by the takeaway food industry [24].

Takeaways have been shown to cluster within walking
distance of schools in England and other countries [25,

26]. In England, and often with the stated intention of
improving health, urban planners can use existing pow-
ers to prevent new takeaways opening, thereby limiting
growth in people’s future exposure to takeaways. These
‘takeaway management zones’ are commonly centred on
schools, for example where no new takeaways are per-
mitted within 400 m radius of a school site. These are
also sometimes referred to by local authorities (LAs) as
takeaway ‘exclusion zones. It has previously been esti-
mated that management zones in England covered an
average of 17% of land area in the LAs in which they have
been adopted, a significant spatial footprint with capacity
therefore to affect whole populations, in addition to chil-
dren [27]. A recent study showed that implementation of
management zones was associated with a 54% reduction
in the number of new takeaways at up to six years post-
intervention [28]. This is likely due to a combination of
a decrease in the number of planning applications sub-
mitted for new takeaways, and an increase in the per-
centage of these applications being rejected, which was
also observed in these areas [27]. However, the extent to
which takeaway management zones around schools may
benefit population health due to this retail change has
not been explored.

Evaluating the future health impacts of takeaway man-
agement zones around schools is important to inform
uptake and implementation. A lack of evidence in this
regard has been cited as a barrier to adoption [29, 30],
and future studies should be designed as best as possible
to establish causal relationships. Such evidence is also
important in the defence of takeaway management zones
against legal challenges as the proportionality principle
requires potential harms to private interests be offset by
the likelihood of benefits to the public [31]. However, as
the future is uncertain, this is inherently difficult. The
potential positive health impacts of takeaway manage-
ment zones may also accrue over a long time-period,
making it challenging and untimely to observe the effects
of policy adoption. However, mathematical modelling
can be used to predict future impacts and help inform
decision making [32]. The PRIMEtime model is a multi-
state lifetable that has been used to estimate the health
impacts of other interventions such as the UK soft drink
industry levy and restrictions of television advertising of
unhealthy foods to children [33]. In this study, we aimed
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to estimate the future health impacts in the adult popula-
tion, to 2040, of the adoption of takeaway management
zones around schools in six different LAs across England.
Changes in levels of exposure to takeaway outlets and
population BMI were also estimated.

Methods

Takeaway outlet data

Here, we define takeaways as food outlets which sell hot
food intended to be consumed off the premises. They are
also known as use class A5 (otherwise known as class Sui
Generis since 2020) within the urban planning system in
England [34].

Scenarios of restricted future takeaway growth

We used data from a previously published forecast model
to the year 2031 of mean changes in population exposure
to takeaways in absence of the intervention, i.e. under
business-as-usual conditions [35]. Briefly, the model used
historical observed rates of growth in takeaways in non-
adopter LAs that were similar in terms of urban-rural
class to six purposively selected LAs: Wandsworth, Man-
chester, Sheffield, Blackburn with Darwen, North Som-
erset, and Fenland (Table 1). These LAs were selected to
represent classes across the rural-urban spectrum and to
ensure geographical breadth across England. The selec-
tion also represented LAs that were either adopters of
management zones around a similar year (Wandsworth,
Manchester, and Blackburn with Darwen) or hypothetical
adopters (Sheffield, North Somerset, and Fenland). Con-
sequently, we also focus on these six LAs in our analysis.
Population exposure to takeaways within LAs was meas-
ured across home, work, and commuting domains, using
census travel to work data [35]. Exposures across these
three domains were summed unless individuals worked
and lived within the same output area or they reported
working from home, in which case the exposure within
the home buffer was counted twice. Exposure to takea-
ways has previously been measured across these same
three domains [11]. Because the association between
takeaway exposure and BMI has not been estimated in
all age groups, and as it may differ between younger and
older adults, we restricted our study to adults in their
early to midlife (25—64 years old) at baseline, correspond-
ing to the age group studied in previous UK work relating
takeaway exposure to BMI [11].

In this study, relative to business-as-usual growth, we
modelled impacts of policy adoption under a realistic
scenario where there was a 50% reduction in new takea-
ways, informed by previous research [28]. While takea-
way management zones were adopted between 2015
and 2017, we aligned implementation dates to 2018 to
allow for comparison between LAs. We also carried out
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sensitivity analyses under perfect and optimistic imple-
mentation scenarios, whereby there was a 100% and 75%
reduction in new takeaways following the intervention,
respectively. We assumed the policy was in place between
2018 and 2031, but given that forecasting in the longer
term may lead to less precise estimates, we assumed that
any differences between business as usual and the inter-
vention remained constant thereafter to 2040. Estimation
of lower and upper confidence intervals was performed
in R version 4.1.0.

Relationship between change in takeaway exposure

and BMI

In a previous study of UK adults aged 29-62 years, those
most exposed (quartile 4) to takeaways across home,
work, and commuting domains had on average 1.21
kg/m? (95% CI 0.68, 1.74) greater BMI than those least
exposed (quartile 1) [11]. This is equivalent to an increase
in BMI of 0.0241 kg/m? for each additional takeaway
a person is exposed to on a regular basis (unpublished
results). This magnitude of association was similar to
findings from a separate study using data from the Fen-
land Study, which showed 0.14 kg/m? higher BMI per five
additional takeaways exposed to [36]. We used this figure
to estimate mean change in BMI attributable to change
in per person exposure to takeaways within each LA for
adults aged 25-64 years. Differences between takeaway
exposure and change in BMI have been hypothesised to
differ between neighbourhoods in urban and rural areas
due to differences in the structure of the built environ-
ment and in the dietary patterns and levels of overweight
of residents [20, 21]. However, one study in the Nether-
lands found that takeaway exposure within 1 km of the
home was associated with higher BMI in both rural and
urban populations [22].

Health impact modelling using PRIMEtime

We used PRIMEtime, a proportional multistate lifeta-
ble model, to simulate the impact of observed changes
in BMI on a range of diet-related chronic diseases and
other health outcomes. The PRIMEtime model works by
simulating a change in obesity prevalence attributable to
the intervention. It then estimates changes in incidence
of specified BMI-related diseases and in disease-specific
death rates while keeping deaths unrelated to obesity sta-
ble. The business-as-usual future BMI distribution was
based on data from the year 2018. The relative risk associ-
ating BMI to each condition was defined per unit of BMIL.
In our main analysis, we estimated the health impacts for
a closed cohort of adults aged 25—64 years across 22 years
(2018-2040) for each of the six LAs, assuming realistic
implementation. We used Microsoft Excel to conduct
1000 runs of a Monte Carlo analysis in PRIMEtime, to
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estimate lower and upper uncertainty intervals (UI) of
cases for 12 BMI-related non-communicable diseases
and their associated quality adjusted life years (QALYs)
benefits and healthcare cost saving outcomes.

Diseases related to BMI that were modelled in PRIME-
time were type II diabetes, ischaemic heart disease
(IHD), atrial fibrillation/flutter, stroke, hypertensive heart
disease, asthma, colon and rectum cancer, oesophageal
cancer, breast cancer (females only), osteoarthritis (hip
and knee), and low back pain. For estimating healthcare
costs in PRIMEtime, disease-specific costs for each mod-
elled disease are based on a range of routine national
datasets including hospital episodes statistics admissions
data; furthermore, a detailed description of the model,
including how healthcare costs are attributed to disease
burden, has been published previously [37]. QALYs were
also estimated using utility weights and discounted using
published National Institute for Health and Care Excel-
lence (NICE) rates at a flat 3.5% for all health outcomes
and costs [38]. Future disease costs not related to the
intervention were not included in any estimates of cost
savings. In our results section, we show total healthcare
cost savings and QALYs gained in specific LAs, and we
also adjust the values by dividing them by the number
of adults aged 25-64 living in a specific LA in 2018 and
then multiplying by 100,000 to show values per 100,000
population.

Our modelling assumed that during the course of the
study, the BMI of adults aged 65 years and older was no
longer influenced by a change in exposure to takeaways,
with any differences in BMI between business-as-usual
and the intervention scenario remaining constant in
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this cohort after this point. This decision was informed
by recent literature on dietary intake that showed how
in the UK younger adults (aged 19-29 years) were five
times as likely to eat takeaway meals at home relative to
adults aged over 70 years[39]. Thus, we took a cautious
approach to ensure we did not overestimate any poten-
tial impact of reduction in exposure to takeaway outlets
on BMI. Disease incidence estimates were based on time
lags from the effect of BMI changes from takeaway man-
agement zones. A time lag of five years was assigned for
diabetes and cardiovascular diseases based on World
Health Organization estimates of reversal of stroke and
heart disease [40], 10 years for cancer based on cohort
study findings examining intentional weight loss and
breast cancer risk [41], and one year for all other dis-
eases. A schematic diagram of our analytical strategy is
shown in Fig. 1.

In a sensitivity analysis, relative to business-as-usual
growth, we modelled impacts of policy adoption under a
‘perfect implementation’ scenario where there was a total
(100%) reduction in new takeaway growth in the takea-
way management zones.

Results

Demographic characteristics of the six LAs are described
in Table 1. Wandsworth, a major urban LA in London,
has a population density approximately 50 times higher
than Fenland, an LA that is mainly rural. Urban LAs had
populations with a higher proportion of younger adults
(aged 25-44 years). For example, 69% of the population
of Wandsworth is within this age group, whereas it con-
stitutes only 46% of Fenland’s population.

1.Takeaway exposure

‘ ‘ Change in mean exposure to takeaway outlet after implementation®

P Difference in takeaway outlets held constant ‘

2. Body Mass Index

‘ l Change in mean body mass index due to change in exposure to takeaway outlet )

s? N Difference in BMI held constant ‘

3.PRIMEtime modelling ‘ l Modelled health impacts of adoption of takeaway management zones around schools in closed cohort of adults (25-64 years)® ‘
N N N
o o (=]
(= w I
o = o

Adoption of intervention

Analysis of outlet exposure and
corresponding BMI change

Health impacts

Fig. 1 Strategic diagram of analysis strategy. The symbol ' indicates the following: change in mean exposure to takeaways (by 2031) is calculated
by comparing the difference in outlet exposure from a business-as-usual model (see Liu et al. 2024) to an intervention that reduces outlet growth
between by 50%. The symbol “*"indicates the following: for each additional takeaway an individual is exposed to, mean BMI increases by 0.0241 kg/

m? (see Burgoine et al. 2024). The symbol "

indicates the following: For PRIMEtime modelling, the oldest age of a cohort member would be aged

64 years old at baseline (2018) and would be 86 years old by 2040. Some adults will be lost to follow-up, for example due to premature mortality
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Takeaway exposure following adoption of management
zones

Mean exposure to takeaways at baseline varied between
the six LAs, with populations of rural LAs (North Som-
erset and Fenland) exposed on average to approximately
two thirds fewer takeaways than in other more urban
LAs (Table 2). Adoption of takeaway management zones,
assuming realistic implementation, led to exposure to
fewer takeaways on average, per person, across all LAs
relative to business as usual, with the highest absolute
reductions in more urban areas. For example, in Man-
chester, realistic implementation was estimated to reduce
average exposure to 28.4 (95% CI 25.8, 31.0) fewer new
takeaways per person by 2031, relative to business as
usual. Reductions in takeaway exposure were lower in
other LAs, with exposure to 3.2 (95% CI 1.98, 4.43) fewer
new takeaways in Fenland, relative to business as usual.
Reductions were stronger under an optimistic implemen-
tation scenario, and strongest under perfect implementa-
tion, where we estimated in Manchester that takeaway
management zones with those stringencies would lead
to exposure to 42.6 (95% CI 38.7, 46.5) and 56.8 (95% CI
51.6, 61.9) fewer takeaways per person, relative to busi-
ness as usual (Table S1).

Changes in mean BMI after takeaway management zone
implementation

Realistic implementation was associated with an esti-
mated mean per person reduction in BMI that was
greatest in Manchester (0.68 kg/m% 95% CI 0.62, 0.75)
and lowest in Fenland (0.08 kg/m? 95% CI 0.05, 0.11) in
2031 compared to business-as-usual and that was overall
greater in more urban LAs (Table 3). These patterns were
consistent, but effects were stronger under an optimistic
implementation scenario, and stronger still under perfect

Page 6 of 13

Table 3 Change in mean BMI in the adult population (2018 to
2040) in six specified local authorities, following implementation
of takeaway management zones in 2018

Local authority Baseline obesity  Estimated change

level (%)? in BMI (kg/m?)
Wandsworth 144 —0.30(-0.23,-0.38)
Manchester 254 —-0.68 (—0.62,—0.75)
Sheffield 253 —0.52(-042,-061)
Blackburn with Darwen 230 -0.38(=0.23,-0.53)
North Somerset 230 —0.10 (-0.08,-0.11)
Fenland 40.1 —0.08 (-0.05,-0.11)

Trajectories of BMI were assumed to change until 2031 and then stabilise
between 2031 and 2040

The intervention was based on a realistic scenario where new takeaway growth
reduces by 50% each year following the intervention

? Percentage of adults aged 18 +who are living with obesity

implementation, where in Manchester the intervention
would result in BMI of 1.03 kg/m? (95% CI 0.93, 1.25) and
1.37 kg/m? (95% CI 1.24, 1.49) lower respectively, relative
to business as usual (Table S2).

Change in prevalence of obesity, QALYs and healthcare
cost savings to 2040

We estimated reductions in obesity prevalence for all
LAs, compared to business as usual. In males, percent-
age point (PP) reductions in obesity prevalence ranged
from 2.3PP (95% UI 2.9, 1.7) in Manchester to 1.5PP (95%
Ul 1.9, 1.1) in Wandsworth (Table 4). In females, these
reductions ranged from 1.9PP (95% UI 2.4, 1.4) in Man-
chester and Sheffield to 1.5PP (95% UI 1.9, 1.2) in Wands-
worth. Our models also estimated gains in total QALYs
for all LAs, which ranged from a gain of 249 QALYs per
100,000 population for adults living in Wandsworth, to
a gain of 194 QALYS per 100,00 adults living in North

Table 2 Estimated difference in mean number of takeaways an adult is exposed to in 2040 due to the intervention compared to

business-as-usual

Local authority

Baseline exposure in  Estimated exposure by 2040 with no

Mean difference in outlet exposure per

2018° takeaway management zones person compared to business-as-usual
scenario
Wandsworth 735 98.6 —-126(=9.51,-156)
Manchester 914 148.2 7284( 25.8,—-31.0)
Sheffield 749 177 4(=173,-255)
Blackburn with Darwen 66.6 98.0 —15.7 (=943,-22.0)
North Somerset 186 26.8 —4.09 (—3.50,—4.69)
Fenland 17.7 24.1 —-3.20(-1.98,-443)

Upper and lower confidence intervals are indicated in brackets

Trajectories of takeaway growth were assumed to increase until 2031 and then stabilise between 2031 and 2040

The intervention was based on a realistic scenario where new takeaway growth reduces by 50% each year following the intervention

? Estimated outlet exposure (from home, work and commuting) in 2018
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Table 4 Impact of the intervention on quality adjusted life years (QALYs), healthcare cost savings, and obesity prevalence in the adult

population (2018 to 2040) in six specified local authorities

Total QALYs gained

Healthcare cost savinga'b (£ in millions)

Percentage point
reduction in obesity

prevalence
Males Females QALYs Males Females Savings Males Females
gained/100,000 per 100, 000
population population
Wandsworth 282 (204,367)  231(169,300) 249.19 1.81(1.26,247) 236(1.61,3.35) 202(1.39,283) —15 -15
(=1.9,-1.1) (=19,-1.2)
Manchester 425(317,546)  270(202,343)  240.70 2.62(1.88,3.53) 2.82(1.99,392) 1.88(1.34,258) —23 -19
(=29,-1.7) (=24,-14)
Sheffield 344 (257,437)  252(189,321)  205.00 222(161,297) 273(193375 170(1.22,231) -22 -19
(—=2.8,—-1.6) (=24,-14)
Blackburn 101 (76, 128) 75 (56, 95) 231.88 0.64 (045,0.86) 0.80(0.56,1.12) 1.90(1.33,261) —19 -1.8
with Darwen (=24,-1.5) (=2.2,—-1.3)
North Som- 284(213,363) 248(185,315) 193.64 1.93(1.39,259) 2.59(1.82,359) 165(1.17,2.25) —16 -17
erset (-=20,-1.2) (-=20,-1.2)
Fenland 61.2(45.7,784) 515(386,65.5) 221.57 0.40(0.29,0.54) 0.50(0.35,0.69) 1.77(1.26, -19 -1.7
242) (=24,-14) (=2.1,-1.3)

2 Based on the following conditions: type Il diabetes, ischemic heart disease, hypertensive heart disease, stroke, atrial fibrillation and flutter, colon and rectal cancer,
oesophageal cancer, breast cancer (females only), asthma, low back pain, hip and knee arthritis

b Healthcare costs and population health are discounted as per NICE recommendations for public health interventions

Somerset. In terms of healthcare cost savings, these
ranged from £2.02 million saved per 100,000 adults in
Wandsworth to £1.65 million saved per 100,000 adults
living in North Somerset over the 22-year period. In a
sensitivity analysis, perfect implementation (i.e. no new
takeaways being allowed to open after policy adoption)
resulted in healthcare cost savings, QALYs, and changes
in prevalence of obesity being approximately twice that
observed under a realistic implementation scenario in the
main analysis (Table S3).

Change in incident cases of disease to 2040

The largest estimated reductions in cases of disease were
for type II diabetes, with an estimated reduction of 1013
(95% UI 1285, 735) male and 837 (95% UI 1048, 634)
female cases per 100,000 population, by 2040, in Black-
burn with Darwen (Table 5). Reductions in all forms of
cardiovascular disease were also observed, with reduc-
tions in IHD (e.g. Blackburn with Darwen, males: 153
cases/100,000 population, 95% UI 192, 117) and atrial
fibrillation (e.g. Blackburn with Darwen, males: 73
cases/100,000 population, 95% UI 102, 48) strongest
in all LAs, and consistently more pronounced in males.
Improvements for respiratory health, with marked reduc-
tions in asthma, particularly for females (e.g. Blackburn
with Darwen: 402 cases/100,000 population, 95% UI 603,
220), were also observed. Smaller reductions were esti-
mated for oesophageal, breast, and colon and rectum
cancers across all LAs. Of all cancers, case reductions
were greatest for breast cancer. In terms of impacts on

musculoskeletal disease, reductions were estimated for
low back pain and more so for females than males (e.g.
Blackburn with Darwen: 326 cases/100,000 population,
95% UI 644, 17). Small increases in incidence rates for
hip and knee osteoarthritis were consistently estimated
for both sexes in all LAs. In sensitivity analysis, perfect
implementation resulted in an almost doubling of reduc-
tions, in disease incidence across all LAs, relative to real-
istic implementation (Table S4).

Discussion

Summary of findings

Our findings suggest that takeaway management zones
around schools could make a substantive contribution to
improving adult health and associated healthcare costs.
We estimated that this intervention would reduce preva-
lence of obesity by 1.5 to 2.3 percentage points by 2031,
leading to improvements in BMI-related health outcomes
to 2040. These estimates were forecast to result in reduc-
tions in incidence of a range of diseases, including type II
diabetes, cardiovascular diseases, and asthma. Estimated
healthcare cost savings and gains in QALYs were similar
in magnitude across LAs, with healthcare savings ranging
between £1.65 and £2.02 million per 100,000 population,
and gains in QALYs ranging from between 194 and 249
QALYs gained/100,000 population in North Somerset
and Wandsworth, respectively. We also found that more
stringent implementation of the policy, in alternate opti-
mised or perfect scenarios, would result in even greater
population health benefits.
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Table 5 Change in incident cases of disease/100,000 adult population (2018 to 2040), in six specified local authorities
Blackburn with Fenland Manchester Sheffield North Somerset ~ Wandsworth
Darwen
Males
Metabolic
Type Il diabetes —-1013 —995 —964 —-803 -804 —1206
(=1285,-753) (=1262,-740) (=1565,-870) (=1023,-594) (=1018,-600) (=1565,-870)
Cardiovascular
disease
Ischaemic heart  —153(=192,—117) —105 —124 -118 -91.1 —-99.2(-125,-753)
disease (—131,-80.6) (=157,-94.1) (—149,-90.0) (—114,-70.3)
Hypertensive -8.16 -832 -6.89 —-791 —-842 -6.73(=119,-203)
heart disease (—135,-3.22) (—13.6,-345) (=119,-2.13) (—13.1,-3.09) (=13.7,-3.59)
Stroke -9.32 -159 =211 -17.3 —152 —-189(-253,-129)
(—125,-641) (=21.1,-11.0 (—283,-14.5) (-233,-11.9) (=20.1,-10.5)
Atrial fibrillation ~ —72.5 -61.7 -60.6 -59.7 -573 —62(-87.7-40.6)
and flutter (—102,-47.8) (—86.6,—40.7) (—855,-39.8) (—83.8,-394) (—803,-4.17) -
Cancer
Colon and rec- —1.05 —1.58 -1.59 -1.76 -1.22 —0.91.(=1.31,-0.50)
tum cancer (=1.57,-052) (=2.77,-0.79) (=2.41,-0383) (—2.64,-0.93) (=1.79,-0.69) <0.01(0.01,0.01)
Oesophageal -0.03 -3.16 -3.28 -294 -358
(=0.05,-0.03) (—=4.35,-1.98) (—=4.54,-2.24) (—4.04,-2.02) (=5.00,—2.44)
Respiratory
Asthma —196(-293,-107) —187(-283,—101) —192(-288,—105) —169 -182 —238 (—366,—125)
(—252,-934) (—278,-97.2)
Musculo-skeletal
Low back pain —272(=532,-210) -278 —332 =277 —332(-676,158) —249(-534,222)
(—556,—-5.03) (—650,—29.0) (—534,-31.6)

Hip osteoarthritis

Knee osteoarthritis

Females
Metabolic
Type Il diabetes

Cardiovascular
disease

Ischaemic heart
disease

Hypertensive
heart disease

Stroke

Atrial fibrillation
and flutter

Cancer

Colon and rec-
tum cancer

Oesophageal

Breast cancer

Respiratory
Asthma

Musculo-skeletal
Low back pain

0.52(0.52,0.79)
262(2.10,262)

-837
(~1048,-634)
-498
(-623,-383)
—547
(-872,-2.38)
-190
(-256,-135)
-327
(-459,-216)
-102
(~150,-057)

<0.01(0.01,0.01)
—643
(—8.63,-4.49)

—402 (-603,-220)

—326 (-644,16.5)

0.40 (0.40,-0.40)
1.98 (1.58,2.37)

- 987
(~1228,—754)
-392
(-489,-302)
-592
(-9.18,-2.77)
~15.2
(-204,-108)
-309
(~433,-205)
-078
(~1.56,-039)
-078
(-0.78,-039)
—6.65
(~8.99,-4.69)

—327(=490,-179)

-312(-613,16.7)

0.6 (047,0.73)
2.74(2.20,3.34)

—725(=911,-546)

-41.8
(=52.7,-31.8)

—4.68
(=7.52,-1.86)

—-20.1
(=27.2,-139)

-309
(=43.3,-20.5)

-0.95
(—1.40,-0.53)
<0.01(0.01,0.01)
—6.56
(—8.82,-4.58)

—361 (=542,-199)

-325
(—~638,-23.8)

0.55(041,0.62)
241(1.92,2.96)

0.15(0.15,0.22)
0.97(0.75,1.19)

0.30(0.20,-0.81)
1.21(0.91,1.51)

~677(~847,-513) —801(~997,—612) —879 (—1116,~648)
—411 ~344 ~314(~39.7,-239)
(-517,-314) (~42.8,-266)

-537 -6.18 ~4.40 (~7.40,-159)
(~840,—234) (-9.73,-291)

-167 ~153 ~152(-20.7,-105)
(-225,-116) (~204,-109)

-272 -318 —24.1(~341,-158)
(-381,-180) (~446,-21.1)

-096 ~1.14 ~067 (-1.03,-037)
(~145,-0.55) (=1.71,-064) <001 (0.01,001)
-048 <001(001,001)  —6.28 (~8:43,~4.40)
(~0.69,~034) ~6.68

—661 (~8.95,~4.69)

(~888,-461)

—325(-485,-180) —318(-483,—171) —444 (~681,-235)

-319(-618,31.2) —-316(-613,1.51) —=318(-666,11.3)
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Table 5 (continued)
Blackburn with Fenland Manchester Sheffield North Somerset Wandsworth
Darwen
Hip osteoarthritis  0.26 (0.26, 0.26) 004 (0.03,0.05) 0.22(0.14,0.22) 0.14(0.14,0.21) 0.14(0.14,0.21) 0.09 (0.09, 0.09)
Knee osteoar- 1.06(0.79,1.32) 0.78(0.78,1.17) 1.08 (0.86, 1.37) 0.96 (0.76,1.17) 0.78(0.78,1.17) 0.47 (0.37,0.66)

thritis

Comparison with other studies

This is the first study attempting to estimate health
impacts of takeaway management zones, making it chal-
lenging to make direct comparisons with other studies.
However, reductions in obesity prevalence in relation
to takeaway management zones were consistent across
LAs and in line with a number of other studies that have
found a relationship between higher exposure to takea-
ways and increased BMI or risk of obesity in adults [11—
13]. Meaningful reductions were estimated for future
incidence of 12 obesity-related diseases to 2040 across
all LAs irrespective of rural-urban classification. The
most pronounced reductions, in all LAs, were in inci-
dence of type II diabetes, which in males ranged from
reductions of 803 cases/100,000 population in Sheffield
to 1206 cases/100,000 population in Wandsworth. Con-
sistent with this finding, previous studies have shown a
positive association between residential takeaway expo-
sure and prevalence of type II diabetes [7, 9]. This is an
important finding because aside from older age, type II
diabetes incurs the biggest financial cost of any single
disease to the national healthcare service, accounting for
8% of secondary care costs and occupying 17% of hos-
pital day-beds [42]. Our estimates also showed substan-
tial reductions in incidence of cardiovascular diseases in
response to adoption of management zones. The larg-
est reductions in incident cases were seen in ischaemic
heart disease (IHD), with smaller reductions in stroke
and hypertensive heart disease. Consistent with this find-
ing, a recent systematic review highlighted evidence of a
relationship between takeaway exposure and cardiovas-
cular disease risk [43]. Furthermore, another study found
that incidence of CVD and to a lesser extent stroke was
also higher in adults exposed to more takeaways, which
mirrors our observations [8]. Our model also estimated
meaningful reductions in the incidence of some cancers,
asthma, and low back pain. While research on the link
between takeaway exposure and these conditions is lack-
ing, each has been found to be associated with living with
obesity [44—46].

It is challenging to benchmark our modelled estimates
of health benefits associated with management zones
against those from other public health interventions.
Direct comparisons are problematic due to differences in
study populations, baseline levels of disease risk, type of

cohort (open or closed), duration of study, and outcomes
studied as well as differences in the type, intensity, and
reach of the intervention being studied. However, we
are aware of the modelled impacts of two public health
interventions that yield similar health benefits to our esti-
mates and suggest our findings are plausible [47]. Gains
in QALYs over 10 years as a result of reformulating food
in England such that it meets the 2017 Food Standards
Agency salt targets were broadly comparable to our own.
For example, 126 QALYs/100,000 population gained
in men aged 70-74 years was estimated, compared to
gains in our study that ranged from 194 to 249 in adults
aged 26-65 years. Elsewhere, another intervention was
the nationwide expansion of Birmingham’s ‘Be Active’
scheme, which provides free access to council leisure
centres at certain times. This intervention was estimated
to reduce the incidence rate of ischemic heart disease
by 144 and 61/100,000 population in males and females,
respectively. These gains are comparable with those from
our study, where males, for example, saw a reduction in
incidence between 91/100,000 population (males and
females combined) in North Somerset and 153/100,000
population in Blackburn, respectively.

Interpretation of findings

Recent data from the Health Survey for England sug-
gested that approximately 26% of adults are obese, with
the highest prevalence in age-groups 45-74 years [48].
This suggests that adults in this age group may be an
important group to target, especially given the relation-
ship between obesity and disability and chronic disease
in older adults [49]. However, while the significant reduc-
tions in obesity prevalence estimated by our models are
encouraging (e.g. 1.9 PP in females in Sheffield), they also
illustrate the need for a broader set of diet-related inter-
ventions to further reduce prevalence of obesity. Many
public health interventions are cost saving [50], and
while the financial costs of the implementation of takea-
way management zones were not included in our study
and should be integrated into future analyses, health-
care savings were estimated to range from £1.65 million
per 100,000 population in North Somerset to £2.02 mil-
lion per 100,000 population in Wandsworth by 2040. If
sustained over a period of 22 years, our modelling also
showed that takeaway management zones could add
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between 612 (Fenland) and 425 (Manchester) QALYs
for males alone, suggesting that the intervention has
the potential to make meaningful improvements to the
quality of life of whole populations. Our models also
estimated slight increases in incidence of knee and hip
osteoarthritis. While BMI is associated with osteoar-
thritis [51], this finding can be explained by the higher
proportion of older adults surviving in the population
because of the intervention [52]. While our findings
estimate larger BMI reductions in more urban LAs, our
modelling of health impacts does not mirror this differ-
ence between urban and rural areas with incidence of
non-communicable diseases and change in obesity preva-
lence, healthcare savings, and QALYs per person. This
finding may reflect differences in the demographics of
selected LAs including baseline obesity levels, depriva-
tion and age, which are risk factors for poor health.

Study limitations

Limitations: forecasting model of takeaway growth

Our study makes use of unique forecasts of long-term
population exposure to takeaways in the absence of inter-
vention, in six different types of LAs, based on continu-
ation of pre-existing trends in takeaway growth. As the
intervention can only stop future growth in takeaway
retail, the benefits of the intervention are contingent
on this continued growth (in the absence of interven-
tion), but this is inherently uncertain. For example, to
what extent will growth in numbers of physical prem-
ises continue if online takeaway delivery use continues
to rise. Further details on the limitations of this forecast-
ing method have been published previously [53]. There
is also uncertainty around the impact of local differ-
ences in implementation on long-term health outcomes.
To address this, in addition to a core scenario based on
recent estimates of real-world impact [28], we also pro-
vided estimates based on alternative scenarios.

Limitations: exposure to takeaway outlets and BMI

We were unable to capture the amount of time spent at
work, home and commuting. However, we draw on exist-
ing evidence that higher levels of exposure to takeaway
outlets in these three domains is associated with higher
BMI in the population regardless of the time spent in
each [11].

This study builds on previous evidence suggesting
an association between exposure to takeaway outlets
and BMI A linear relationship between takeaway out-
let exposure and BMI was reported using data from an
observational, cross-sectional analysis of Fenland Study
data in the UK, and the magnitude of this association
underpinned our modelling [11]. Other studies using
more robust causal methods including experimental and
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longitudinal studies have not been conducted in the UK.
This is important because where such studies have been
conducted elsewhere around the world, this relationship
has been found to be inconsistent across studies, suggest-
ing potential differences between countries. For example,
a longitudinal study of adults living in the Netherlands
found that increases in fast-food outlet density within
1 km of the home was associated with increases in BMI
up to 4 years later [15]. However, a US study found no
consistent relationship between access to fast-food estab-
lishments and BMI [19].

Limitations: generalisability

We make use of forecasts in six different types of LA
to promote some degree of generalisability across
the urban-rural spectrum. However, our findings are
unlikely to be generalisable to all LAs in England. Our
findings are not readily generalisable to children. In this
study, we focussed on the adult population, primar-
ily because previously published associations between
takeaway exposure and BMI were in UK adults [11].
Also, because takeaway management zones cover a wide
geographical area, it is reasonable to assume they will
also impact adults. Moreover, the geographic and social
determinants of takeaway consumption in children may
be different, and this should be the subject of future
research. While observational studies in children show an
association between takeaway consumption and energy
intake, no corresponding association between takea-
way consumption and body weight has been observed,
perhaps because energy demands tend to be higher for
growth and development [54]. Evidence on the relation-
ship between exposure to takeaways and body weight
in older populations is also currently lacking; thus, our
models did not include adults who were aged 65 years
and over at study baseline. However, a study using data
from the UK National Diet and Nutrition Survey found
that adults aged 70 years and over were one fifth as likely
to eat takeaway meals at home compared to young adults
aged 19-29 years. This supports the idea that dietary
behaviours are subject to change over the life course [39],
necessitating further modelling of intervention impacts
in this older age group.

Limitations: PRIMEtime modelling

The PRIMEtime model excludes some important diseases
associated with BMI, including depression and demen-
tia, potentially leading to our results being an underesti-
mation of effect sizes for savings in healthcare costs and
QALYs [55, 56]. In choosing to model a closed cohort,
we will have potentially further underestimated health
and healthcare cost savings. BMI is also positively linked
to need for social care provision [57], however, we have
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not modelled social care costs. In the UK, social care costs
(in contrast to healthcare costs) are borne by the local
authority, and so the returns to the body that bears the
risks and costs of the intervention are not quantified here.

PRIMEtime assumes remission from disease to be zero,
which may affect the estimate of cases prevented by the
modelling. As the prevalence of disease is dynamically
modelled over age in the model, the slightly decreased
prevalence rate could lead to an overestimate of the impact
of the intervention on incidence rate (via the Population
Impact Fraction). However, as the number of cases of can-
cers is much smaller than those of other diseases, it does
not appear this effect could be meaningfully biasing results.

Limitations: online food delivery

We were unable to account for the impact of online food
delivery services (e.g. Just Eat, Deliveroo), which may
attenuate the relationship between takeaway manage-
ment zones and health. These fast-growing services are
likely to increase the availability of takeaway food, which
the intervention was designed to reduce, thereby reduc-
ing its impact. In one UK study, online food delivery ser-
vices were used at least once per week by approximately
15% of adults in 2018 [58], and there is evidence that
access is unequal between urban and rural areas [59].
From 2020 to 2022, access to online delivery takeaways
was found to have increased by 10% for those living in the
most deprived areas of England [60]. Adults living in the
UK who have access to the greatest number of takeaways
online were also found to have the greatest odds of using
online food delivery services [58, 61]. Future research
should consider the possibility that place-based interven-
tions such as management zones may to some extent be
undermined by new modes of takeaway food purchasing.

Policy implications and future directions
A lack of evidence of health benefits associated with the
adoption of takeaway management zones around schools
has been cited as a barrier to policy adoption and effective
implementation [29, 30]. Building on recent studies that
have observed the retail impacts of policy adoption [28,
62], our modelling work now provides evidence on the
population health impacts that could be achieved through
the adoption and (even imperfect) implementation of
takeaway management zones around schools. We also
showed how stricter, perfect, or even optimised imple-
mentation (preventing takeaway growth by 100% and 75%,
respectively) would result in even greater health to 2040.
Local decision makers should therefore remain diligent in
the strict implementation of takeaway management zones
if optimum population health is to be achieved.

In addition to a range of health benefits, we also mod-
elled health care expenditure benefits associated with
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the adoption of takeaway management zones around
schools, which were achieved through a reduction in
healthcare costs. Although these economic benefits
may not accrue locally, these cost savings are important
evidence for those working in LAs who seek to under-
stand the wider health benefits of management zones
[63]. It is still possible, however, as argued by inspec-
tors from the national planning inspectorate, that
management zones could be detrimental to the econ-
omy, through denying business growth and curtailing
employment opportunities [30]. As public health inter-
ventions are liable to legal challenge under the princi-
ple of proportionality, future work should include a full
economic analysis, considering both health and social
care costs and benefits, alongside these other economic
considerations. Future studies should also account for
the continued emergence and growth of online food
delivery platforms, which could diminish the health
impacts of this intervention.

Conclusions

In response to a realistic intervention scenario and across
a range of different types of LAs, we found meaningful
reductions in population-level BMI and obesity preva-
lence, as well as reductions in a variety of associated
non-communicable diseases including incidence of type
II diabetes, cardiovascular diseases, cancers, asthma, and
low back pain, to the year 2040. We also found associated
health-related benefits including gains in QALYs and sav-
ings in healthcare costs. Takeaway management zones
around schools may be an effective population-level
intervention to improve diet-related health in adults in
the UK [64].
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