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The United Kingdom’s exit from the European Union (Brexit) 
on 31 January 2020 sparked intense discussions on the future 
relationship between the United Kingdom and the European 

Union on the one hand, and the United Kingdom and other potential 
trading partners on the other. A new free-trade agreement between 
the European Union and the United Kingdom, the EU–UK Trade 
and Cooperation Agreement, has been negotiated and took effect on 
1 January 2021. However, many aspects are still uncertain, including 
questions of regulatory alignment and which form new domestic pol-
icies intended to replace former EU ones will take. In any case, with-
drawing from EU institutions and regulations can be expected to lead 
to changes across all sectors of the British economy1,2—with implica-
tions for public and private life in the United Kingdom and Europe.

In this article we focus on the impact that Brexit could have on 
the food supply in the United Kingdom3 and its implications for 
diets and diet-related health. Currently, about half of all food con-
sumed in the United Kingdom (by value) is produced domestically, 
with 30% imported from the European Union and 20% imported 
from elsewhere4. The import dependence for some commodities 
can be considerably higher: for example, more than three-quarters 
of fruits and vegetables consumed in the United Kingdom are 
imported4. Simultaneously, dietary risks, including low consump-
tion of fruits and vegetables and high consumption of red and 
processed meat, are the second biggest risk factor for mortality in 
the United Kingdom, after tobacco5. Any changes in the trade and 
regulatory regime between the United Kingdom and the European 
Union (and its partners) will pose serious challenges to the British 
food system that will have consequences not only for agricultural 
trade and production, but also for dietary risks and diet-related 
health in the United Kingdom6,7.

We use a coupled economic–health modelling framework to pro-
vide a comprehensive analysis of Brexit-related policy approaches 

and their potential impacts on the food system and dietary health in 
the United Kingdom. Our point of departure is the EU–UK Trade 
and Cooperation Agreement agreed to on 24 December 2020 and 
provisionally applied since 1 January 2021. The agreement includes 
free-trade provisions for all goods that comply with the appropriate 
rules of origin, as well as new regulations regarding customs pro-
cedures and product requirements, such as declarations, packaging 
and labelling. Trade with third countries that the European Union 
has free-trade agreements with, but which the United Kingdom has 
not yet been able to renegotiate, is governed by conditions set out by 
the World Trade Organization (WTO).

Policy responses to this kind of ‘soft Brexit’ range from inter-
national policies involving additional trade agreements and tariff 
reforms to domestic approaches involving national policy reforms. 
We constructed three policy scenarios, and combinations of these, 
to represent current policy initiatives and discussions.

First, we considered a ‘global Britain’ approach, in which the 
United Kingdom negotiates new trade agreements with the United 
States and Commonwealth countries. In this scenario, mutual tariffs 
between the trading partners are eliminated for all products.

Second, we considered a trade-focused ‘food security’ approach 
intended to address the high import dependence of fruits, veg-
etables and other horticultural products by safeguarding sufficient 
and affordable imports. In this scenario, tariffs on any horticultural 
imports, including fruits, vegetables, legumes and nuts, are elimi-
nated unilaterally, irrespective of the country of origin.

Third, we considered domestic policy responses and focused 
on an intended reform of agricultural subsidies as part of a ‘tak-
ing back control’ approach. In line with a ‘public money for public 
goods’ intention, we constructed scenarios in which a portion of 
subsidies are directed towards the production of food commodi-
ties with beneficial health and environmental characteristics. Any 
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changes to agricultural subsidies that have until now been governed 
by the European Union’s Common Agricultural Policy (CAP) could 
have major implications for the UK food system, which makes a 
stepwise introduction of new measures likely. In our main scenario, 
we therefore considered a redirection of a quarter of subsidies. 
Estimates for a repurposing of half and three-quarters are available 
in the Supplementary Information (Extended Data Figs. 4–6). We 
chose horticultural products, including fruits, vegetables, legumes 
and nuts, as eligible for such subsidies, in line with environmental 
and health assessments of foods8–10, and with an aim of mitigating 
the potential health impacts Brexit could have on health-promoting 
and trade-exposed food groups7 (Methods). Our scenario repre-
sents a stylized description of environmental and health-sensitive 
subsidy reform and not the UK Agricultural Bill in its current form.

The different Brexit-related policies and scenarios are not mutu-
ally exclusive. For example, a subsidy reform as part of a ‘taking 
back control’ approach can be pursued alongside new free-trade 
agreements with the United States and Commonwealth countries. 
However, in practice, each policy will have a different time horizon. 
We therefore first analyse each policy’s impact on the food system 
and health in isolation, and then consider different policy combi-
nations. The latter is meant to provide information on which poli-
cies are suitable for being part of a health-sensitive food–policy mix  
post Brexit.

We built a coupled economic–health modelling framework to 
analyse the different policy approaches to Brexit (Methods). In the 
economic analysis, we used a computable general equilibrium model 
with agricultural detail, the Modular Applied General Equilibrium 
Tool (MAGNET)11, to estimate the potential impacts that changes 
in trade costs could have on agricultural trade, production and con-
sumption in the United Kingdom. The model combines economic 
theory and empirical data according to which relative prices of 
commodities adjust so that supply matches demand across differ-
ent sectors and regions. Due to its structure, the model allows for 
the identification of causal effects of policy experiments and other 
external factors on parameters, such as economic output per sector, 
interregional trade and national consumption.

We paired the outputs of the economic analysis with a national 
risk–disease model to estimate the impacts that dietary changes 
related to Brexit could have on disease mortality in the United 
Kingdom. The risk–disease model is based on the concept of com-
parative risk assessment, used regularly by the Global Burden of 
Disease project, and relates changes in risk factors (such as reduc-
tions in fruit and vegetables) to changes in cause-specific mortality  

(such as cancer and coronary heart disease)12,13. Our UK-based 
model included eight diet- and weight-related risk factors and five 
disease end points, and it was parameterized with country- and 
age-specific data on mortality, population and body weight14,15. We 
used the model to estimate Brexit-related changes in the diet-related 
disease burden in the United Kingdom expressed as attributable 
deaths. Additional parameters, including deaths before age 70 and 
years of life lost, are included in the Supplementary Data File.

results
The United Kingdom’s food trade. The United Kingdom is 
highly dependent on food imports, most of which come from the 
European Union (Table 1). In 2019, the value of imports was espe-
cially high for horticultural products such as vegetables, fruits, roots 
and legumes (US$9.5 bn), followed by dairy (US$4.1 bn) and other 
animal products such as poultry (US$3.8 bn) and pork (US$3.0 bn). 
The value of imports from the European Union constituted about 
half of the value of all imports for horticultural products, and 
above 80% for pork and poultry. The export values were generally 
smaller, with dairy having the greatest value (US$2.4 bn), two-thirds 
of which went to the European Union. The self-sufficiency ratio, 
which indicates how much consumer demand is met by domestic 
production, was high for sheep and goat meat (108%), part of which 
is produced for export, dairy products (86%), and wheat and other 
grains (82–89%). In contrast, self-sufficiency was low for horticul-
tural products (24%).

After Brexit, trade is governed by newly negotiated trade agree-
ments with a set of trading partners (Supplementary Table 3), and 
the remaining trade by conditions set out by the WTO. Based on 
WTO conditions, the United Kingdom has issued global tariff 
lines that will apply to imports from countries with which it has 
no mutual trade agreement (Table 1). The tariffs are especially high 
for sheep and lamb meat (47%), beef (42%), dairy (33%) and sugar 
(31%), but still substantial for other commodities such as wheat 
(17%), poultry (17%), pork (14%) and horticultural products (11%). 
For trade between the United Kingdom and the European Union, 
tariffs continue to be set to zero, but new non-tariff measures asso-
ciated with customs checks, product declarations and divergences of 
regulation and standards are expected to apply16.

The impacts of Brexit policies on food trade and production. In 
our analysis, the Brexit-related changes in trade costs associated 
with new non-tariff measures with the European Union, and the 
imposition of United Kingdom’s global tariffs on trade with third 

Table 1 | UK statistics on food trade, self-sufficiency ratio and tariffs on imports from countries without mutual trade agreements

Food commodity Imports exports Self-sufficiency 
ratio (%)

UK global 
tariffs (%)total (US$ m) Share eU (%) total (US$ m) Share eU (%)

Wheat 319 49 228 89 89 17

Other grains 688 42 430 89 82 4

Vegetables, fruits, nuts 9,539 56 783 78 24 11

Oil seeds 532 36 76 95 72 0

Beef 1,323 92 683 84 71 42

Sheep and goat meat 418 19 588 91 108 47

Poultry 3,803 83 618 73 75 17

Pork 2,983 86 805 55 60 14

Vegetable oils and fats 3,035 53 787 87 59 11

Dairy products 4,064 99 2,403 76 86 33

Sugar 800 60 261 67 69 31

Non-tariff measures associated with customs procedures and product requirements apply to all food trade between the European Union and the United Kingdom. In line with previous analysis, we have 
assumed they amount to a tariff equivalent of 7.5% (Methods).
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countries had a significant influence on agricultural trade and pro-
duction (Fig. 1a). Imports declined for all agricultural commodi-
ties, with greatest reductions for beef (−20%), dairy (−19%), wheat 
(−13%) and pork (−13%). Concomitant reductions in exports and 
increases in domestic production mitigated some of those declines. 
Exports decreased by a quarter or more for beef (−37%), pork 
(−31%), wheat (−28%), poultry (−26%) and dairy (−26%), whereas 
production increased for the same set of commodities, including 
by 8% for pork, 3% for dairy and 2% for beef. At the same time, 
production decreased for lamb (−13%) and vegetable oils (−7%).

The Brexit-related policies affected those changes in various 
ways. Negotiating global trade deals with the United States and 
Commonwealth countries as part of a ‘global Britain’ approach par-
tially mitigated many of the Brexit-related reductions in imports 
and led to net increases in imports of beef (29%), wheat (10%) and 
pork (6%) (Fig. 1b). Those increases were accompanied by reduc-
tions in domestic production, especially of pork (−8%) and beef 
(−5%). Eliminating import tariffs on horticultural products as 
part of a ‘food security’ approach led to a 40% less drastic reduc-
tion in horticultural imports, without affecting other commodities 
(Fig. 1c). A reform of agricultural subsidies as part of a ‘taking back 
control’ approach led to substantial increases in the production and 
export of horticultural products (18% each), with most of the addi-
tional production replacing the production of grains (−2%) (Fig. 
1d). Combining the different policies largely preserved each policy’s 
specific trends (Extended Data Fig. 1).

The impacts of Brexit policies on food consumption. The changes 
in trade and production impacted incomes and the relative prices 

of foods that in turn influenced what is consumed by households 
(Fig. 2 and Extended Data Fig. 2). Under Brexit, the additional 
trade costs increased the price of foods, which in our analysis was 
associated with a reduction in total energy intake (−81 kcal wk−1 
per person), most of which was from dairy (−21 kcal wk−1, equiva-
lent to −40 g wk−1 per person), red meat (−17 kcal wk−1, −5 g wk−1), 
and fruits and vegetables (−15 kcal wk−1, −34 g wk−1). In contrast, 
eliminating mutual tariffs with new trading partners in the ‘global 
Britain’ scenario lowered trade costs, which was associated with 
a net increase in energy intake (67 kcal wk−1), mostly from foods 
whose imports increased, including grains (42 kcal wk−1, 15 g wk−1), 
vegetable oils (21 kcal wk−1, 2 g wk−1) and red meat (24 kcal wk−1, 
9 g wk−1). Policy combinations that included new global trade deals 
were associated with similar increases.

Tariff and subsidy reforms had less impact on the Brexit-related 
reductions in energy intake (Fig. 2). Eliminating tariffs on horti-
cultural products mitigated some of the Brexit-related increases in 
trade costs, which was associated with a 50% less drastic reduction 
in fruit and vegetable intake and a quarter less severe reduction 
in energy intake. On the other hand, agricultural subsidy reform 
lowered commodity prices by increasing domestic production; this 
mitigated two-thirds of the reduction in fruit and vegetable intake, 
but did not affect the Brexit-related reduction in energy intake as 
grain intake decreased. Combining tariff and subsidy reforms com-
pletely mitigated the Brexit-related reduction in fruit and vegetable 
intake, but led to similar reductions in energy intake.

The impacts of Brexit policies on dietary health. Changes in 
food composition and total energy intake impact chronic-disease 
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Fig. 1 | Percentage changes in agricultural imports, exports, production and consumption for various Brexit-related policies. a, Changes for a ‘soft 
Brexit’ in line with the EU–UK Trade and Cooperation Agreement. b–d, Changes for three related UK-based policies implemented in addition: a ‘global 
Britain’ approach in which free-trade agreements with the United States and Commonwealth countries are negotiated (b), a trade-focused ‘food security’ 
approach in which tariffs on horticultural imports from any country are eliminated (c), and a ‘taking back control’ approach in which agricultural subsidies 
are reformed such that a quarter are used to support horticultural production (d). Hort, horticultural products.
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incidence and mortality (Fig. 3). In our analysis, Brexit was associ-
ated with an increase in dietary risks, especially from lower fruit 
and vegetable consumption (associated with 420 and 520 additional 
deaths, respectively), and a reduction in weight-related risks, espe-
cially from reductions in obesity (associated with 650 fewer deaths). 
These changes resulted in a net increase in mortality (450 additional 
deaths; 95% confidence interval, 410–500), most of which were 
from coronary heart disease and cancers (Extended Data Fig. 3).

The Brexit-related policies affected diet- and weight-related risks 
in different ways (Fig. 3). New global trade agreements were associ-
ated with reductions in dietary risks from low fruit and vegetable 
intake, but also with increased risks from high red meat intake. 
In addition, the higher energy intake in that scenario was associ-
ated with increases in weight-related risks from greater levels of 
obesity. This reversal from weight-related gains to losses increased 
Brexit-related mortality impacts by a factor of three (1,500 addi-
tional deaths; 95% confidence interval, 1,460–1,530). Combining 
new trade agreements with tariff and/or subsidy reforms affected 
dietary risks, but had little impact on weight-related risks and, as 
a result, was also associated with increased mortality (340–1,170 
additional deaths across scenarios).

In contrast, the scenarios on tariff and subsidy reforms preserved 
the Brexit-related reductions in weight-related risks, while also 
reducing the Brexit-related increases in dietary risks, in particular 
from low fruit and vegetable intake (Fig. 3). Eliminating tariffs on 
horticultural products reduced dietary risks enough to compensate 
most of the overall mortality impacts associated with Brexit (to 22 
additional deaths; 95% confidence interval, 6–50). Reforming agri-
cultural subsidies such that fruit and vegetable production is incen-
tivized was associated with net health gains (400 fewer deaths; 95% 
confidence interval, 370–430) because dietary risks were reduced 
further. Combining both types of reforms led to net improvements 
in both diet- and weight-related risks and, as a result, was associated 

with the greatest reduction in mortality across the Brexit-related 
policy scenarios (810 fewer deaths; 95% confidence interval, 
790–830).

discussion
Brexit is expected to have significant impacts on the UK food 
system, which has implications for dietary risk factors and pub-
lic health. The general chain of impacts leads from Brexit-related 
increases in trade costs to increases in prices and a decrease in 
income, which, all things being equal, results in reductions in con-
sumption. Our analysis suggests that Brexit-related reductions in 
consumption could have two opposing effects. On the one hand, 
the reduced consumption of health-promoting foods, such as fruits 
and vegetables, is associated with increases in diet-related mortality. 
On the other hand, reduced energy intake is associated with reduc-
tions in mortality from obesity-related diseases. According to our 
analysis, the net population impact of a ‘soft Brexit’ as negotiated 
with the EU–UK Trade and Cooperation Agreement would be an 
increase in diet-related mortality of about 450 deaths (and double 
that for a ‘hard Brexit’ without such an agreement; Extended Data 
Figs. 4–6). Although this magnitude of impact might be considered 
low when compared to all diet-related deaths or the deaths due to 
COVID-19 (with more than 100,000 attributable deaths each in the 
United Kingdom), this finding nevertheless highlights that Brexit 
could have a detrimental impact for dietary and public health in the 
United Kingdom.

The Brexit-related policy approaches had different impacts 
on diet-related risk factors. Negotiating new global trade agree-
ments with the United States and Commonwealth countries 
increased imports and consequently energy intake, but not of 
the health-promoting foods whose reductions are responsible 
for most of the increases in diet-related mortality. As a result, the 
‘global Britain’ approach was associated with a greater increase in 
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diet-related mortality. In contrast, eliminating import tariffs on 
health-sensitive horticultural products as part of a trade-focused 
‘food security’ approach compensated the negative health impacts 
of Brexit by reducing dietary risks without increasing weight-related 
risks. Reforming agricultural subsidies such that a portion of subsi-
dies is coupled to producing foods with beneficial health and envi-
ronmental benefits led to further reductions in dietary risks without 
increasing weight-related ones. These changes resulted in a net pos-
itive impact on mortality, and combining tariff and subsidy reforms 
maximized this impact.

Our analysis demonstrates how Brexit-related policies impact 
the UK food system and a comprehensive set of dietary risk factors. 
Our agriculture–economic analysis tracked the changes in trade, 
production and final consumption of food commodities, taking into 
account the supply–demand relationships across all economic sec-
tors and countries. This level of detail is particularly important for 
analysing changes to the United Kingdom’s global trade regime. The 
coupling of changes in both energy intake and dietary composition 
allowed us to analyse the health implications for a comprehensive 
set of risk factors. The scope of analysis advances the current level 
of understanding of Brexit-related health impacts because previ-
ous studies focused primarily on changes in fruit and vegetable 
consumption7.

As any study, our analysis is subject to several caveats. The 
agricultural analysis took into account detailed land-use maps, 
but our analysis was undertaken at a national level. Estimating 
the impacts of Brexit-related policies at a more regional level and 
for specific income groups would increase the relevance for local 
decision-making and be an important avenue for future research. 
Similarly, estimating impacts with greater sectoral detail would 
increase the relevance for specific industries. Our analysis included 
26 agricultural sectors, which can be considered detailed compared 
to similar assessment. However, this aggregation is coarse when 
compared to the almost 12,000 tariff lines that govern trade in spe-
cific commodities. More detailed impact assessments are therefore 
encouraged. Finally, the trade-related scenarios used values for 
non-tariff barriers that were estimated for trade between similar 
countries and regions, but not specifically between the European 
Union and the United Kingdom. Although these values are  

commonly applied to analyse the potential impacts of Brexit16,17, the 
analysis would benefit from being updated with sectorally detailed 
tariff-equivalent values estimated specifically for EU–UK trade 
once those become available.

Other caveats relate to the policies analysed—especially our 
stylized scenario on agricultural subsidy reform, which can be 
considered ambitious. Agricultural policy is a devolved issue 
in the United Kingdom, which complicates coordinated policy 
approaches. In addition, redirecting agricultural support to spe-
cific commodities, such as horticultural products, might be seen 
as trade-distorting measure by the WTO and therefore be con-
testable. However, the total value of agricultural support in the 
United Kingdom (around US$3.4 bn18) is currently well below 
agreed-to thresholds (around £5 bn specified as the Bound Total 
Aggregate Measurement of Support19) and is expected to stay 
fixed at this level until at least 202720. Better political coordina-
tion across the devolved nations of the United Kingdom and 
more explicitly connecting the health and environmental char-
acteristics of food groups to landscape-related indicators, such 
as ecosystem services, could further improve the applicability of 
the type of agricultural subsidy reform analysed here, but both 
approaches are to a large degree analogous when implemented  
consistently (Methods).

Our findings have clear policy implications for Brexit and other 
trade-related policies. The differentiated impacts that trade agree-
ments could have on dietary composition and energy intake suggest 
that careful impact assessments are required to ensure trade agree-
ments are in line with public health concerns. A too narrow focus on 
food prices and general food availability needs to be complemented 
by considering the potential changes in foods of public health 
importance, such as fruits and vegetables, and of weight-related 
risks. Trade agreements that only focus on food availability risk 
exacerbating the burden of overweight and obesity with detrimen-
tal impacts on public health. A two-way focus on food availability 
and dietary risks would benefit the design of domestic policies as 
exemplified by a health-sensitive reform of agricultural subsidies. 
Combining domestic and international policy approaches that are 
health-sensitive offers the best chances for improving public health 
while avoiding unintended consequences.
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Methods
Agriculture–economic model. We used an economic–health modelling 
framework to estimate the potential impacts that Brexit could have on agricultural 
trade, food consumption and diet-related health in the United Kingdom. The 
economic model consists of a computable general equilibrium (CGE) model of the 
global economy with a particular focus on agriculture in the European Union. CGE 
models combine economic theory and empirical data according to which relative 
prices of commodities adjust so that supply matches demand across different 
sectors and regions. CGE models represent the whole economy, and include the 
agriculture sector, as well as industrial and service sectors. Their focus is on real 
instead of financial variables; therefore, instead of changes in nominal exchange 
rates, they typically account for changes in real exchange rates, that is, the relative 
price of traded versus non-traded goods. Due to their structure, CGE models allow 
for the identification of causal effects of policy experiments and other external 
factors on parameters, such as economic output per sector, interregional trade and 
national consumption.

For this analysis, we used a CGE model with agricultural detail, MAGNET, 
to estimate the potential impacts that changes in trade costs could have on 
agricultural trade, production and consumption in the United Kingdom. One 
of the main features of MAGNET is the comprehensive representation of land 
resources as a factor of production, as well as its representation of agricultural 
policies such as the European Union’s CAP and production quotas11. The price 
elasticities of food products that determine supply–demand reactions are in line 
with available meta-analyses21. Due to its specific focus, MAGNET is regularly 
employed to inform policy-makers and other stakeholders about the economic 
implications of various policies and other external factors related to agriculture22–24.

In this version, MAGNET resolves 19 countries and regions, each with 34 
sectors, including 26 agricultural ones (Supplementary Tables 1 and 2). Integrated 
into the model are projections of future socioeconomic development, which 
allows for the analysis of economic impacts and feedback effects of policies at a 
medium time scale. The development trajectory to 2030 uses baseline data on trade 
and economic output for the year 2014 from the Global Trade Analysis Project 
(GTAP) and then takes into account projections of a middle-of-the-road growth 
path of real gross domestic product25, including labour growth, and projections 
of biophysical yield developments of crops and pastures caused by climate and 
area changes. Free-trade agreements that have been agreed to (for example, 
between the European Union and Canada) are phased in gradually. Information 
on agricultural subsidies in the United Kingdom are based on GTAP data which 
reflect Organisation for Economic Co-operation and Development producer 
support estimates18. A detailed model description is provided in the Supplementary 
Information and by Woltjer et al.11. Brexit was not included in the baseline, and we 
instead specified it as individual scenarios to isolate its impacts.

We linked MAGNET to a dietary risk model to analyse the consequences 
of Brexit-related policies for public health in the United Kingdom. For that 
purpose, we used MAGNET’s estimates of percentage changes in consumption, 
applied these to baseline consumption data and used these data in a comparative 
risk assessment of dietary and weight-related risk factors to estimate changes in 
mortality. We estimated baseline food consumption by adopting estimates of food 
availability from the Food and Agriculture Organization’s food balance sheets, and 
adjusting these for the amount of food wasted at the point of consumption26,27 (see 
Supplementary Information for additional details on the consumption data).

Dietary risk model. We used a national risk–disease model to estimate the impacts 
that dietary changes related to Brexit could have on disease mortality in the United 
Kingdom. The model is based on the concept of comparative risk assessment 
which relates changes in risk factors, such as reductions in fruit and vegetables, to 
changes in cause-specific mortality, such as cancer and coronary heart disease12. 
The same concept forms the basis of the Global Burden of Disease project, which 
tracks the impacts of different risk factors on mortality and morbidity in different 
regions and globally5.

The UK-based comparative risk assessment model included eight diet- and 
weight-related risk factors and five disease end points. The risk factors were high 
consumption of red meat, low consumption of fruits, vegetables, nuts, legumes and 
fish, and being underweight, overweight and obese, the latter of which are related 
to changes in energy intake from all foods. The disease end points were coronary 
heart disease, stroke, type 2 diabetes mellitus, cancer (in aggregate and as colon and 
rectum cancers) and respiratory disease.

We used publicly available data sources to parameterize the comparative risk 
analysis. We adopted relative risk estimates that relate change in risk factors to 
changes in disease mortality from meta-analysis of prospective cohort studies to 
minimize bias from individual studies9,28–34. Age-specific mortality and population 
data for the United Kingdom were adopted from the Global Burden of Disease 
project14. Baseline data on the United Kingdom’s weight distribution were adopted 
from a pooled analysis of population-based measurements undertaken by the NCD 
Risk Factor Collaboration35. We estimated changes in body weight based on the 
statistical relationship between calorie availability from all foods and body weight36.

For our calculations, we assumed that the risk–disease relationships describe 
causal associations, an assumption supported by the existence of statistically 
significant dose–response relationships in meta-analyses, the existence of 

plausible biological pathways and supporting evidence from experiments, for 
example, on intermediate risk factors9,28–34,37,38. Based on evidence from trials and 
quasi-experiments, we also assumed that mortality rates adjust to changes in 
the associated risk factors within the same year39. For the uncertainty analysis, 
we used the low and high values of the 95% confidence intervals of the relative 
risk estimates. A detailed model description is provided in the Supplementary 
Information and by Springmann et al.40.

Brexit-related policy scenarios. We used the economic–health modelling 
framework to analyse Brexit and three related policy scenarios. The United 
Kingdom’s default position is represented by a ‘soft Brexit’ scenario. In that 
scenario, a new trade agreement in line with the EU–UK Trade and Cooperation 
Agreement is implemented. No tariffs are applied between the United Kingdom 
and the European Union, but non-tariff measures that are associated with 
new trade and product regulation (for example, border checks and product 
requirements) are introduced. A ‘hard Brexit’ scenario that includes non-tariff 
measures and tariffs is included in a sensitivity analysis (Extended Data Figs. 
4–6). In line with other analyses of Brexit16,17, we increased non-tariff measures 
between the European Union and the United Kingdom to a level that is lower 
than what would apply to countries without prior trade agreements and a 
history of regulatory alignment (Table 1). Imports from countries with which 
no new trade agreements have been negotiated are subject to their prior level of 
non-tariff measures in full, and to the United Kingdom’s Global Tariffs, which are 
simplified and partly liberalized tariff lines based on the European Union’s Most 
Favoured Nations tariffs. For the analysis, we mapped the detailed tariff lines 
to the commodities represented in the model by using the Tariff Analytical and 
Simulation Tool for Economists provided by the GTAP network41,42.

We constructed three scenarios that represent different ways the UK 
government could approach trade. First, for a ‘global Britain’ scenario, we assumed 
the United Kingdom focuses on negotiating new trade deals with the United States 
and Commonwealth countries. Mutual tariffs were reduced to zero in that scenario. 
Second, for a trade-focused ‘food security’ scenario, we assumed that tariffs on 
health-sensitive and import-dependent horticultural products (fruits, vegetables, 
legumes and nuts) are reduced to zero for imports from all countries.

Finally, for a ‘taking back control’ scenario, we focused on the domestic policy 
response of reforming agricultural subsidies. The UK government has announced 
its intention to reform agricultural spending, which within the European Union 
is regulated by the Common Agricultural Policy. In line with a ‘public money 
for public goods’ approach, the intention is that a portion of subsidies will be 
made conditional on the delivery of public benefits such as improvements 
in environmental sustainability and public health. In our policy scenario on 
agricultural subsidy reform, we represented this intention by coupling a quarter 
of subsidies to the production of food commodities with beneficial health and 
environmental characteristics (a portion we increased to half and three-quarters 
of subsidies in a sensitivity analysis; see Extended Data Figs. 4–6). In our model 
aggregation, we chose horticultural products (fruits, vegetables, legumes, 
nuts) for that purpose because these have beneficial health and environmental 
characteristics when compared to other foods represented in the model8,9, and 
increased production is required in pathways towards healthy and sustainable food 
systems10,43. This choice of food group is also in line with a focus on mitigating a 
Brexit-related reduction in fruit and vegetable consumption.

Approaches that focus on conditioning subsidies explicitly to the actual 
health and environmental characteristics of food commodities are, despite some 
differences, to a large degree analogous to our more sectoral food-group approach. 
For example, life-cycle analyses indicate that although production practices play a 
role in the environmental impacts of the food system, the impacts of what type of 
food is grown far outweighs how it is grown—a trend that is especially pronounced 
when comparing animal-source foods to plant-based ones, and when comparing 
different foods within the same region8,44. A similar trend has been identified for 
dietary risks and the associated health impacts: non-starchy plant-based foods such 
as fruits, vegetables, legumes and nuts have been clearly associated with reduced 
risks for various diet-related diseases, while other foods have either been associated 
with increased risk (red meat) or are seen as relatively risk neutral (poultry and 
dairy) compared with baseline diets9,10. Here we focus on these general health and 
environmental characteristics, not excluding that additional differentiation might 
sometimes be appropriate.

Reporting summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

data availability
The results data are available as a Supplementary Data File.

Code availability
The code used for the analysis is described in the Supplementary Information.
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Extended Data Fig. 1 | Food-system changes for combinations of Brexit approaches. Percentage changes in agricultural imports (impt), exports (expt), 
production (prod), and consumption (cons) for different combinations of Brexit approaches, including new trade agreements and agricultural tariff reform 
(a), new trade agreements and agricultural subsidy reform (b), new trade agreements and agricultural tariff and subsidy reforms (c), and agricultural 
subsidy and tariff reforms (d).
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Extended Data Fig. 2 | Change in food consumption per person (g/wk) by food group and Brexit-related policy. The policies include a ‘Soft Brexit’ as 
baseline, as well as other policies implemented in addition, including new global trade agreements with the USA and Commonwealth countries, a tariff 
reform that eliminates import tariffs on horticultural products, an agricultural subsidy reform that incentivises horticultural production, and combinations 
thereof.
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Extended Data Fig. 3 | Number of attributable deaths by Brexit policy and cause of deaths. The policies include a ‘Soft Brexit’ as baseline, as well as 
other policies implemented in addition, including new global trade agreements with the USA and Commonwealth countries, a tariff reform that eliminates 
import tariffs on horticultural products, an agricultural subsidy reform that incentivises horticultural production, and combinations thereof. The causes of 
deaths include coronary heart disease (CHD), stroke, cancer, type-2 diabetes mellitus (T2DM), respiratory disease (Resp disease), as well as their sum 
(All causes).
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Extended Data Fig. 4 | Food-system changes for additional Brexit approaches. Food-system changes for combinations of Brexit approaches. Percentage 
changes in agricultural imports (impt), exports (expt), production (prod), and consumption (cons) for different combination of Brexit approaches, 
including different baselines (Soft Brexit without mutual tariffs vs Hard Brexit with mutual tariffs), and different levels of support for horticultural 
production (25% to 75%) in agricultural subsidy reforms.
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Extended Data Fig. 5 | Change in food consumption per person (kilocalories per week, kcal/wk) by food group for additional Brexit approaches. The 
approaches include two different baselines, a Soft Brexit without mutual tariffs vs Hard Brexit with mutual tariffs, and they include three scenarios of 
agricultural subsidy reform with different levels of support for horticultural production (25% to 75%).
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Extended Data Fig. 6 | Number of attributable deaths by risk factor for additional Brexit approaches. The approaches include two different baselines, a 
Soft Brexit without mutual tariffs vs Hard Brexit with mutual tariffs, and they include three scenarios of agricultural subsidy reform with different levels of 
support for horticultural production (25% to 75%).
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