
1 

 

The estimated health and economic impacts of the introduction of taxation and 1 

warning labelling on foods high in fat, sugar or salt in England: A 2 

microsimulation study 3 

 4 
Running title: Impact of HFSS taxation and nutrient warning labelling 5 
 6 
I Gusti Ngurah Edi Putra, PhD1, Brendan Collin, PhD1, Zoé Colombet, PhD1, Rebecca Evans, PhD2, Ben 7 
Amies-Cull, PhD3, Prof Eric Robinson, PhD2, Prof Martin O’Flaherty, PhD1, Chris Kypridemos, PhD1  8 
 9 
1Department of Public Health, Policy and Systems, Institute of Population Health, University of 10 
Liverpool, Liverpool, UK 11 
2Department of Psychology, Institute of Population Health, University of Liverpool, Liverpool, UK 12 
3Sustainable Healthy Food Group, Nuffield Department of Primary Care Health Sciences, University of 13 
Oxford, Oxford, UK 14 
 15 
Corresponding author: 16 
I Gusti Ngurah Edi Putra 17 
Department of Public Health, Policy and Systems, Institute of Population Health, University of 18 
Liverpool, Whelan Building, Brownlow Hill, Liverpool L69 3GB, United Kingdom 19 
i.gusti.ngurah.edi.putra@liverpool.ac.uk  20 
  21 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 25, 2025. ; https://doi.org/10.1101/2025.09.23.25336465doi: medRxiv preprint 

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.

mailto:i.gusti.ngurah.edi.putra@liverpool.ac.uk
https://doi.org/10.1101/2025.09.23.25336465
http://creativecommons.org/licenses/by/4.0/


2 

 

Summary 22 
Background 23 
Foods high in fat, sugar, or salt (HFSS) increase risk of obesity and diet-related illnesses. Some policies, 24 
limiting HFSS placements, advertisement, and promotion, have been introduced in the UK to lower 25 
HFSS exposure, but evidence remains limited on other policy options and their potential impacts. In 26 
this study, we estimated the health and economic impacts of implementing taxation and nutrient 27 
warning (NW) labelling on HFSS products. 28 

Methods 29 
We used the IMPACTNCD, a validated open-cohort microsimulation model, to simulate the health and 30 
economic impacts of implementing, for HFSS products, i) 8% taxation, ii) NW labelling, and iii) both 31 
combined among English adults aged 30-99 years over 15 years (2026-2040). The IMPACTNCD model 32 
utilises nationally representative surveys and routine administrative data to simulate policy and 33 
counterfactual scenarios over individuals’ life course within a competing risk framework. Based on 34 
available evidence, we estimated the policy impacts based primarily on assumed consumer-driven 35 
changes in energy and salt intake, but also examined likely reformulation in sensitivity analyses.  36 

Findings 37 
Compared with the current counterfactual scenario (i.e., no taxation, voluntarily implemented multiple 38 
traffic light labelling), an 8% tax rate on HFSS products would reduce obesity prevalence by 2.19 39 
percentage points [95% uncertainty intervals (UI): (1.69, 2.73)], prevent 100 000 [95% UI: (65 000, 140 40 
000)] type 2 diabetes mellitus (T2DM), 83 000 [95% UI: (55 000, 130 000)] cardiovascular disease (CVD), 41 
64 000 [95% UI: (48 000, 96 000)] multimorbidity or multiple long-term condition (MLTC) (i.e., 42 
Cambridge Multimorbidity Score >1.5) cases, postpone 23 000 [95% UI: (14 000, 37 000)] deaths, and 43 
save a total of £53 billion [95% UI: (41, 67)] from a societal perspective (a sum of healthcare, social 44 
care, informal care, and productivity) over 15 years. NW labelling was estimated to reduce obesity 45 
prevalence by 0.48 percentage points [95% UI: (0.20, 0.85)], prevent 26 000 [95% UI: (13 000, 52 000)] 46 
T2DM, 24 000 [95% UIs: (10 000, 41 000)] CVD, 17 000 [95% UI: (8200, 29 000)] MLTC cases, and 47 
postpone 6200 [95% UI: (2200, 12 000)] deaths, and save £14 billion [95% UIs: (6.2, 24)]. Both policies 48 
implemented together would provide greater impacts with a 2.66 percentage-point [95% UI: (2.09, 49 
3.28)] reduction in obesity prevalence, 130 000 [95% UI: (80 000, 170 000)] T2DM, 110 000 [95% UI: (68 50 
000, 150 000)] CVD, 81 000 [95% UI: (58 000, 110 000)] MLTC cases prevented, and 29 000 [95% UI: (18 51 
000, 45 000)] deaths postponed, and £66 billion [95% UI: (52, 82)] saved. All modelled policies were 52 
estimated to be cost-effective and have greater health benefits for individuals in deprived groups. 53 
Sensitivity analysis involving both consumer behaviour and industry reformulation to reduce the 54 
number of products classed as HFSS yielded similar estimates.  55 

Interpretation 56 
This is the first modelled evidence on the health and economic impacts of HFSS taxation and NW 57 
labelling. Implementing both taxation and NW labelling as additional measures to reduce HFSS 58 
consumption in the UK may provide substantial benefits in addressing obesity and diet-related 59 
diseases.  60 

Funding 61 
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Keywords 63 
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Research in context 65 
Evidence before this study 66 
We searched modelling studies on taxation or nutrient warning (NW) labelling on products high in fat, 67 
sugar or salt (HFSS) on PubMed from 1st January 2000 to 30th June 2025 using the following search 68 
terms: ("food polic*"OR "fiscal polic*" OR tax* OR"label polic*" OR "nutr* label*" OR "food* label*" OR 69 
"front of pack label*" OR "front-of-pack label*" OR "warning label*") AND (*simulation OR "model* 70 
study") based on titles and abstracts, restricted to human subjects. We identified 241 articles.  71 

To date, no modelling studies have estimated multiple policy options, such as taxation and NW 72 
labelling on all HFSS products in the UK. A handful of studies have reported the substantial impact of 73 
taxation on sugary drinks, including in the UK, but limited studies have estimated the impact of 74 
taxation on broader unhealthy or HFSS products. One study modelled an 8% tax rate on junk food in 75 
New Zealand and reported the policy would reduce the incidence of diabetes mellitus by 7%, coronary 76 
heart disease by 3%, and the all-cause mortality rate by 1% over 30 years. Evidence from Mexico 77 
suggests greater benefit from doubling the tax rate compared to the currently implemented 8% tax 78 
rate on non-essential energy-dense foods. For NW labelling, a previous study estimated that NW 79 
labelling on all liable packaged products would reduce obesity prevalence by 2.64 percentage points 80 
and prevent 46 000 obesity-related deaths in England over 20 years, but the specific impacts of NW 81 
labelling on HFSS products, as well as the broader benefits on different health outcomes and 82 
associated economic impacts, have not yet been estimated. A study from Mexico reported that NW 83 
labelling could reduce 1.3 million obesity cases or by 4.98 percentage points in its prevalence 5 years 84 
post-implementation.  85 

Added value of this study 86 
The present study is the first modelled evidence of the health and economic impacts of taxation (an 87 
8% tax rate, informed by the currently implemented tax rate in Mexico) and NW labelling in England. 88 
We used the IMPACTNCD – a validated dynamic, stochastic, discrete-time, open-cohort microsimulation 89 
model with a competing risk framework at its core – to simulate the health and economic impacts of 90 
implementing, for HFSS products, i) taxation, ii) NW labelling, and iii) both combined among English 91 
adults aged from 30 to 99 years over a 15-year simulation horizon (2026-2040). We estimated the 92 
impacts on a range of health outcomes, including obesity, type 2 diabetes mellitus, cardiovascular 93 
diseases, multimorbidity or multiple long-term conditions (MLTCs), and all-cause mortality. Economic 94 
impacts were projected from healthcare (medical) and societal (medical, social care, informal care, and 95 
productivity) perspectives. We estimated that implementing both policies together would have greater 96 
impacts in addressing obesity and diet-related diseases, while also resulting in considerable economic 97 
savings. The modelled policies may reduce absolute and relative social health inequalities, as greater 98 
benefits were estimated in individuals from deprived groups.  99 

Implications of all the available evidence  100 
The present study provides evidence to support the UK Government in considering both HFSS 101 
taxation and NW labelling as additional measures to existing policies (restrictions of HFSS placements, 102 
advertisements, and promotions) to address obesity and diet-related diseases.   103 

  104 
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Introduction 105 
Obesity is a major public health concern in the UK and costs the National Health Service (NHS) over 106 
£11.4 billion annually.1 The UK Government has measures in place to tackle obesity by targeting food 107 
products high in fat, sugar or salt (HFSS). The regulation to restrict HFSS products in key locations 108 
(e.g., store entrances) for retail stores (and equivalent key locations online) came into effect on 1 109 
October 2022.2 This is followed by restrictions on volume pricing (e.g., multibuy offers) coming into 110 
force on 1 October 2025, and related advertising on TV and online on 5 January 2026.2,3 Fiscal 111 
measures are also plausible, but the current implementation is limited to sugar-sweetened beverages 112 
(SSBs) (the Soft Drinks Industry Levy - SDIL) since April 2018.4 A controlled interrupted time series 113 
study found that SDIL decreased the daily intake of added or free sugar from drinks by 5.3 grams in 114 
adults.5 A modelling study suggested that SDIL may reduce the prevalence of overweight and obesity 115 
by 0.18 to 0.20 percentage points and prevent 12,000 type 2 diabetes mellitus (T2DM) cases and 3,800 116 
cardiovascular disease (CVD) cases over the first 10 years of implementation in the UK, with an 117 
estimated healthcare cost saving of £174 million.4  118 

In the UK, more than 40% of daily energy intake (700 to 800 kcal) is from HFSS products,6,7 while SSBs 119 
contribute to 10% of daily free sugar intake (~5 grams) in adults, which equates to less than 20 kcal 120 
per day.8 Therefore, greater public health benefits may be achieved if the currently implemented 121 
taxation on SSBs (SDIL) is also extended to HFSS products in the UK. A consumer-demand model 122 
estimating the price elasticity of HFSS products in Scotland suggested that a 10% tax on HFSS food 123 
groups may reduce purchases by 6-10%.9 However, evidence on the long-term health and economic 124 
impacts of HFSS taxation within the UK context remains limited, despite its importance for informing 125 
current public health policies and practices.  126 

Some countries have implemented taxation on unhealthy food. An 8% tax rate was imposed on 127 
unhealthy energy-dense food in Mexico in 2014, and this taxation led to a reduction in sales of taxed 128 
food from 4.8% in the first year to 7.4% in the second year after the implementation.10 In 2011, 129 
Hungary introduced “a public health product tax”, an excise tax on products exceeding the threshold 130 
of sugar or salt content, with a relative tax rate ranging from 5% to 10% for most products.11 Based on 131 
experience in Hungary, taxation effectively reduced the consumption of taxed food in the short term, 132 
but a complex intervention is required to attain sustainable healthy diets.11 Therefore, an additional 133 
intervention aimed at encouraging individuals to make informed and healthier choices, such as HFSS 134 
nutrient warning (NW) labelling, alongside taxation, could be considered as complementary measures 135 
to reduce HFSS consumption.  136 

The UK Government launched a consultation on front-of-pack nutrition labelling in 2020 and 137 
considered Chile’s NW labelling (Appendix Figure 1A) as an alternative to the current implemented 138 
voluntary multiple traffic light (MTL) labelling (Appendix Figure 1B).12 Implementing NW labelling on 139 
HFSS products may have greater impacts than MTL labelling in encouraging consumers to select 140 
healthier options.13 This aligns with findings from a network meta-analysis,14 suggesting that the effect 141 
of NW outperformed MTL labelling in reducing total energy purchased by 6.4% (95% CI: [0.4; 12.5]). A 142 
recent modelling study estimated greater impacts of implementing mandatory NW compared to MTL 143 
labelling on liable packaged products in preventing obesity and obesity-related mortality in England 144 
without widening current health inequalities.15      145 

There is a dearth of evidence on the likely population health impacts of taxation and NW labelling on 146 
HFSS products. The present study aimed to estimate the population-level impacts of taxation and NW 147 
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labelling on HFSS products, both separately and in combination, on obesity (body mass index – BMI ≥ 148 
30 kg/m2), T2DM, CVDs, multimorbidity or multiple long-term conditions (MLTCs), all-cause mortality, 149 
and related economic impact in England, as well as the socioeconomic (SES)-related health 150 
inequalities in the estimated impacts. 151 

  152 

Methods 153 
We used the IMPACTNCD model (see the model description16 and appendix p 3) to estimate the 154 
impacts of taxation and NW labelling on HFSS products over a 15-year modelling horizon (2026-2040) 155 
in England. IMPACTNCD is a validated dynamic, stochastic, discrete-time, open-cohort microsimulation 156 
model that has been used to estimate the health and economic impacts of public health policies on 157 
non-communicable diseases (NCDs) in different countries.17,18 The model employs a competing risk 158 
framework, enabling individuals to die from other modelled diseases when a specific policy may 159 
extend their lifespan by reducing the risk of death from the disease of interest.    160 

We simulated the impact of HFSS taxation and NW labelling in the population of England aged 30 to 161 
99 years, as we estimated the policy impacts on a range of diseases (e.g., T2DM, CVDs, MLTCs) that 162 
are rare in younger age groups. Three main scenarios (taxation, NW labelling, and both combined) 163 
were modelled. We followed Mexico’s tax rate of 8%.19 This tax rate is comparable to a range of 5% to 164 
10% for most unhealthy products in Hungary.11 For HFSS NW labelling, our scenario was informed by 165 
evidence from a meta-analysis (see below).14 In the final scenario, we modelled the impacts of both 166 
policies combined, assuming they are independent (see below). The scenarios above were compared 167 
to a counterfactual baseline scenario representing the current situation or policy (no taxation on HFSS 168 
products and the currently implemented voluntary MTL labelling policy).  169 

For each scenario, we modelled the policy effects on reducing energy (kcal) and salt intake (grams) 170 
that would immediately impact BMI and systolic blood pressure (SBP), respectively. Changes in BMI 171 
and SBP affected the probability of modelled disease outcomes. We implemented taxation and NW 172 
labelling on all HFSS products (defined using the UK nutrient profiling model - NPM),6 consumed from 173 
non-out-of-home food businesses (e.g., supermarkets, retailers) (appendix p 5). 174 

The effects of taxation and NW labelling on HFSS products 175 
Effect of taxation 176 
We estimated the effect of an 8% tax rate through consumer responses to price changes. We used 177 
empirical evidence from Scotland, suggesting that a 10% tax on HFSS food groups may result in a 6-178 
10% reduction in HFSS products purchased (assuming the quantity purchased equates to its 179 
consumption).9 Therefore, an 8% tax rate equates to a 4.8 to 8% reduction in consumption of HFSS 180 
products, applied equally to both energy and salt intake (appendix p 6). This assumed effect aligns 181 
with findings from a meta-analysis by Afshin et al.,20 suggesting that a 10% price increase reduced 182 
consumption of unhealthy foods (excluding SSBs and fast food) by 9% (95% CI: [6, 12]). The assumed 183 
effect of 4.8% to 8% for an 8% tax rate is consistent with empirical data from post-taxation in Mexico,  184 
which showed reductions in sales of taxed food ranging from 4.8% in the first to 7.4% in the second 185 
year post-implementation.10 We assumed effects on consumer responses would be similar across SES 186 
groups due to limited direct evidence, supported by findings from sugary drink taxation.21 However, 187 
we conducted a sensitivity analysis assuming differential effects of taxation by income groups (see 188 
below). A complete pass-through rate was assumed, following an assumption in a previous modelling 189 
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study22 and evidence of average pass-through rates of 105-108% for SDIL23. Based on evidence from 190 
the same study used to inform the taxation effect,9 we also assumed reductions in non-HFSS products, 191 
such as fruit and vegetable consumption by 2% and 5%, respectively, due to a 10% tax rate 192 
(equivalent reductions for an 8% tax rate: 1.6% and 4%, respectively) in addition to the taxation effects 193 
on energy and salt intake. These reductions in fruit and vegetable consumption would increase the 194 
risk of CVDs. We conducted a sensitivity analysis, not including reductions in fruit and vegetables. We 195 
did not consider compensation (i.e., reduced intake being partially offset by intake from non-taxed 196 
foods), following empirical evidence of no impacts on untaxed food in Mexico.19  197 

Effect of NW labelling 198 
We used evidence from a network meta-analysis by Song et al.,14 suggesting that NW labelling would 199 
reduce energy by 3.8% (95% CI: [0.9%, 6.8%]) and salt by 2.1% (95% CI: [-4.0%, 8.2%]) per 100 grams 200 
of food purchased (assuming the quantity of food purchased equates to its consumption), but may 201 
not outperform MTL labelling. This is consistent with a meta-analysis by Crocker et al.24 demonstrating 202 
similar effects between NW and MTL labelling (appendix p 8). As 75% of all the packaged products 203 
currently feature MTL labelling in the UK,15,25 we assumed that implementing NW labelling would only 204 
affect the remaining HFSS products without MTL labelling (25%). We assumed similar effects across 205 
sociodemographic characteristics, following the current literature.14,15,26  206 

Combined effects  207 
We assumed that taxation and NW labelling policies would have independent effects; therefore, we 208 
modelled the simultaneous effects of the policies using a multiplicative approach. We followed the 209 
SimSmoke tobacco control policy simulation model approach27 used to estimate the impact of 210 
different policies combined (e.g., taxation, health warning) (appendix p 10).  211 

Sensitivity analyses 212 
In our primary analysis, we opted to focus on consumer responses only, as there is greater uncertainty 213 
when estimating the likely degree of reformulation. In sensitivity analyses, we estimated the policy 214 
impacts through both consumer response and reformulation (i.e., reduction in energy and salt content 215 
of HFSS products). For taxation, we assumed a 6% reduction in energy content and a 15% reduction in 216 
salt content of HFSS products, calculated using evidence from the Institute for Fiscal Studies (appendix 217 
p 7).28 We used findings from a meta-analysis29 on potential reduction in energy and salt contents due 218 
to reformulation, by 0.9% (95% CI: [–3.1, 4.9]) and 8.9% (95% CI: [0.6%, 17.3%]), respectively. We 219 
assumed reformulation coverages of 40% for taxation and 20% for NW labelling, following evidence 220 
from Mexico and Chile, respectively. We adjusted the policy coverages when examining the effects of 221 
both consumer response and reformulation (i.e., product reformulation reduces the proportion of 222 
liable HFSS products subjected to taxation or NW labelling; appendix pp 7-10).  223 

We conducted additional sensitivity analyses on consumer-driven changes in energy and salt intake. 224 
Due to limited evidence within the UK context, we assumed a gradient in tax effects on reducing taxed 225 
food purchases by income levels based on evidence from Mexico’s 8% taxation: low (10.2%), middle 226 
(5.8%), and high (0%) household income groups (with an overall effect of 5.1%).19   227 

Following a previous modelling study,15 we conducted a sensitivity analysis based on reductions in 228 
total energy and salt intake (as opposed to reduction per 100-gram unit) for NW labelling. Song et 229 
al.,14 reported that NW labelling reduced total energy (kcal) purchased by 12.9% (95% CI: [8.0%; 230 
17.9%]) and outperformed MTL labelling by 6.4% (95% CI: [0.4%; 12.5%]) in reducing total energy 231 
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purchased. The effects on salt were not statistically significant for i) NW labelling vs. control (7.8%; 232 
95% CI: [-1.2%; 16.8%]) and ii) NW vs. MTL labelling (1.3%; 95% CI: [-7.7%; 10.3%]) in reducing total 233 
salt.  234 

Table 1. Modelling scenarios and key assumptions 235 

Main analysis (consumer response) 

Taxation An 8% tax rate leads to a consumer-driven reduction of 4.8 to 8% in energy 

and salt intake from HFSS products. 

Nutrient warning 

labelling 

NW labelling results in a consumer-driven reduction of 3.8% (95% CI: [0.9%, 

6.8%]) in energy intake and 2.1% (95% CI: [-4.0%, 8.2%]) in salt intake (per 

100 grams of food) for the remaining 25% HFSS products (without MTL). 

Taxation and nutrient 

warning labelling 

The combined effects of both taxation and NW labelling (as above) in 

reducing energy and salt intake from HFSS products. 

Sensitivity analysis (consumer response and reformulation) 

Taxation  An 8% tax rate leads to a consumer-driven reduction of 4.8 to 8% in energy 

and salt intake from HFSS products. 

Reformulation due to taxation reduces energy and salt content from HFSS 

products by 6% and 15%, respectively. 

NW labelling  NW labelling results in a consumer-driven reduction of 3.8% (95% CI: [0.9%, 

6.8%]) in energy intake and 2.1% (95% CI: [-4.0%, 8.2%]) in salt intake (per 

100 grams of food) for the remaining 25% HFSS products (without MTL). 

Reformulation due to NW labelling reduces energy and salt content from 

HFSS products by 0.9% (95% CI: [–3.1, 4.9]) and 8.9% (95% CI: [–17.3%, –

0.6%]), respectively. 

Taxation and nutrient 

warning labelling 

The combined effects of both taxation and NW labelling (as above) in 

reducing energy and salt intake from HFSS products. 

Sensitivity analysis (consumer response) 

Taxation Differential taxation effects on consumer-driven reduction in energy and 

salt intake by income levels: low (10.2%), middle (5.8%), and high (0%) 

household income groups. 

Nutrient warning 

labelling  

NW labelling reduces consumer-driven energy intake by 6.4% (95% CI: 

[0.4%; 12.5%]) in 75% of HFSS products featuring MTL labelling and by 

12.9% (95% CI: [8.0%; 17.9%]) in the remaining 25% (without MTL). 

NW labelling reduces consumer-driven salt intake by 1.3% (95% CI: [-7.7%; 

10.3%]) in 75% of HFSS products featuring MTL labelling and by 7.8% (95% 

CI: [-1.2%; 16.8%]) in the remaining 25% (without MTL). 

 236 

Data sources 237 
A close-to-reality synthetic population of England was created using data from the Health Survey for 238 
England (HSE) (to inform individual traits and trends in risk factors), Office for National Statistics (ONS) 239 
(population projection by age, sex, and socioeconomic status), and Clinical Practice Research Datalink 240 
Aurum, Hospital Episode Statistics, and ONS mortality records (to inform trends in disease-specific 241 
prevalence and mortality) (appendix p 3). Using the National Diet and Nutrition Survey (NDNS) years 1 242 
(2009) to 11 (2019), we fitted generalised additive models for location, shape, and scale (GAMLSS) 243 
models to estimate the trends of energy (kcal), salt (grams) intake, and food weight (grams) from 244 
HFSS products throughout the simulation horizon (appendix p 5).  245 

 246 
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Model engine  247 
The IMPACTNCD simulated trends of non-communicable disease risk factors, including BMI, SBP, 248 
smoking status, second-hand smoking, fruit and vegetable consumption, alcohol intake, total 249 
cholesterol and active days based on data from HSE from 2003 to 2014 (Appendix Figure 2). GAMLSS 250 
were used to model trends in these risk factors conditional on some functions of year, sex, age, 251 
ethnicity, and deprivation level as independent variables (see IMPACTNCD documentation16, appendix p 252 
3). This enables us to model the impact of taxation and NW labelling on health outcomes through 253 
reduced energy and salt intake while accounting for other relevant disease risk factors in a competing 254 
risk framework. Under the policy scenarios, we calculated changes in energy and salt intake based on 255 
baseline intake and the policy effects. Changes in energy consumption were then transformed into 256 
equivalent changes in BMI, guided by a dynamic model of weight change introduced by Hall.30,31 We 257 
also accounted for the immediate impact of BMI changes on SBP (appendix p 11). To translate 258 
changes in salt into SBP, we used a meta-regression equation reported in a meta-analysis of 103 trials 259 
by Mozaffarian, Fahimi 32 (appendix p 11). The IMPACTNCD assumed multiplicative risk effects to 260 
combine the impact of changes in multiple risk factors on the probability of developing a modelled 261 
disease. Based on BMI and SBP changes, we estimated subsequent changes in risk of CVDs, as well as 262 
other diseases, to inform MLTCs with a mean lag time of 4-5 years between most exposure and 263 
disease pairs. The IMPACTNCD used evidence from high-quality meta-analyses to model changes in risk 264 
of developing modelled diseases due to changes in risk factors (see IMPACTNCD documentation16 and 265 
appendix pp 11-12).   266 

Model outputs and uncertainty 267 
We estimated the health impacts of the policies on cases and case-years (i.e., the number of cases and 268 
the length of time the condition) prevented or postponed of obesity, type 2 DM, CVDs (a sum of 269 
coronary heart disease (CHD), stroke, atrial fibrillation, heart failure), MLTCs, and all-cause mortality in 270 
England. We used the Cambridge Multimorbidity Score (CMS) to define the level of multimorbidity or 271 
MLTCs.33 In brief, 20 conditions: “dementia, cancer, chronic obstructive pulmonary disease, atrial 272 
fibrillation, heart failure, constipation, chronic pain, epilepsy, stroke/transient ischaemic attack, DM 273 
(type 1 or 2), alcohol problems, psychosis/bipolar disorder, chronic kidney disease, anxiety/depression, 274 
CHD, connective tissue disorders, irritable bowel syndrome, asthma, hearing loss, and hypertension”, 275 
were assigned a weight or score based on the impacts of illness on the use of primary care, 276 
emergency health services, and risk of death.16,33 We defined MLTCs as a CMS score >1.5 (e.g., as in 34). 277 
We calculated quality-adjusted life years (QALYs) by multiplying the predicted years of life lived by 278 
disease-specific utility weights (appendix p 12). Based on the economic evaluation perspective, 279 
economic impacts were estimated from healthcare (i.e., medical) and societal (i.e., a sum of medical, 280 
social care, informal care, and productivity) perspectives (appendix pp 12-15).18 We also calculated net 281 
monetary benefit (NMB), cost-benefit ratio (CBR), and incremental cost-effectiveness ratio (ICER). We 282 
applied a discount rate of 3.5% per annum from 2026 to QALYs and costs based on guidance from the 283 
UK Treasury (appendix pp 12-18, Appendix Tables 1 and 2). 284 

Following a previous study,35 we calculated two regression-based metrics, the “absolute equity slope 285 
index” and the “relative equity slope index”, using the quintile groups of Index of Multiple Deprivation 286 
(QIMD) as an SES measure, taking into account the population distribution by QIMD. We focused on 287 
QALYs as this provides a comprehensive view of how the modelled policies reduce burden of a range 288 
of diseases within a competing risk framework. The former index indicates the policy impact on 289 
absolute inequality (i.e., the number of QALYs gained in most deprived compared to least deprived 290 
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areas). The latter accounts for pre-existing QIMD gradient of disease burden and represents the policy 291 
impact on relative inequality (i.e., positive values indicate the policy tackles relative inequality). 292 

We ran 100 iterations using a Monte Carlo method implemented in the IMPACTNCD to incorporate 293 
uncertainties of all the model parameters (appendix p 18 and Appendix Tables 3 and 4). Outputs were 294 
reported as medians and 95% uncertainty intervals (UIs) up to two significant figures. UIs indicate a 295 
plausible range of estimated impacts after accounting for uncertainties in the underlying data, and 296 
these are not equivalent to confidence intervals. 297 

  298 

Results 299 
The impacts of taxation and NW labelling 300 
Table 2 presents the projected health and economic impacts of an 8% tax rate on HFSS food through 301 
the assumed change in consumer response in England. Taxation was estimated to prevent 430 000 302 
obesity cases [95% UI: (330 000, 530 000)] and reduce the prevalence of obesity by 2.19 percentage 303 
points [95% UI: (1.69, 2.73)] over the next 15 years (2026 – 2040). The taxation could also prevent 100 304 
000 T2DM cases [95% UI: (65 000, 140 000)], 83 000 CVD cases [95% UI: (55 000, 130 000)], and 64 000 305 
MLTC cases (CMS score >1.5) [95% UI: (48 000, 96 000)]. We projected that 23 000 fewer deaths [95% 306 
UI: 14 000 to 37 000] would occur if the taxation were implemented. Through reductions in relevant 307 
risk factors (BMI, SBP) and subsequent health conditions, 880 000 QALYs could be gained over 15 308 
years with the 8% tax on HFSS products. We also estimated that £53 billion could be saved over 15 309 
years. A sensitivity analysis excluding reductions in fruits and vegetables showed similar findings 310 
(Appendix Table 5). We estimated smaller impacts when assuming differential taxation effects by 311 
income levels due to a smaller overall assumed taxation effect (Appendix Table 6). 312 

We estimated that implementing NW labelling over the next 15 years (2026 – 2040) would prevent 313 
120 000 obesity cases [95% UI: (48 000, 200 000)], or a 0.48 percentage point reduction [95% UI: (0.20, 314 
0.85)] (Table 2). The NW labelling was also estimated to prevent 26 000 T2DM [95% UI: (13 000, 52 315 
000)], 24 000 CVD [95% UI: (10 000, 41 000)], and 17 000 MLTC cases [95% UI: (8200, 29 000)]. NW 316 
labelling would postpone 6200 deaths [95% UI: 2200 to 12 000]. We estimated 230 000 QALYs could 317 
be gained over 15 years by implementing NW labelling on HFSS products. The policy could save £14 318 
billion by 2040. We estimated greater impacts when reductions in total energy and salt intakes were 319 
modelled (as opposed to reductions per 100 grams of food) (Appendix Table 7). 320 

Larger impacts were estimated from implementing both taxation and NW labelling (Table 2). We 321 
estimated 460 000 [95% UI: (350 000, 550 000)] obesity cases could be prevented, contributing to a 322 
reduction in obesity prevalence by 2.66 percentage points [95% UI: (2.09, 3.28)]. In addition, 130 000 323 
T2DM cases [95% UI: (80 000, 170 000)], 110 000 CVD cases [95% UI: (68 000, 150 000)], and 81 000 324 
MLTC cases [95% UI: (58 000, 110 000)] could be prevented if both policies were implemented. The 325 
policies combined would result in 29 000 (18 000, 45 000) fewer deaths, 1 100 000 QALYs gained and 326 
a total of £66 billion saved, over 15 years. 327 

We are likely to underestimate NMB, BCR, and ICER for i) taxation and ii) combined taxation and NW 328 
labelling because we did not include tax revenue due to limited product-level data. Nevertheless, all 329 
the modelled policy scenarios were cost-saving and cost-effective because the BCR is > 1 (greater 330 
economic benefits than policy costs), and the ICER is dominant (a cost saving per QALY).  331 
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Socioeconomic inequalities in the impacts 332 
Under the assumption of similar effects across SES groups for the main analysis, as supported by 333 
previous studies,14,15,21,26 Figures 1, 2, and 3 present evidence across the policy scenarios (8% tax rate, 334 
NW labelling, and both combined) showing more obesity, type 2 DM, and MLTCs cases prevented and 335 
QALYs gained in the most deprived (QIMD 1) compared to the least deprived (QIMD 5), but the UIs 336 
overlapped. However, overlapping UIs are not evidence for a lack of statistical significance because 337 
the comparisons (QIMD 5 vs. 1) are not independent. The number of CVD cases and deaths 338 
postponed generally appeared similar between these two quintiles. We projected greater cost savings 339 
in most deprived areas (Figure 4). Our estimates of the absolute and relative equity slope indexes for 340 
QALYs gained, accounting for population distribution, suggest that the modelled policies may reduce 341 
both absolute and relative inequalities (Appendix Table 8). When assuming differential taxation effects 342 
by income groups (as opposed to the same effect in the main analysis), we found stronger evidence 343 
on reducing these inequalities (Appendix Table 6).  344 

Consumer response and reformulation 345 
We assumed that product reformulation induced by the modelled policy would reduce the proportion 346 
of liable HFSS products subjected to either taxation or NW labelling. Findings from considering both 347 
consumer response and reformulation (Appendix Table 9) are similar to consumer response only 348 
(Table 2). Similar to the main analysis, more obesity, T2DM, and MLTC cases prevented, and QALYs 349 
gained were estimated for the most compared to least deprived areas (Appendix Figures 3, 4, and 5). 350 
We also projected greater cost savings in the most deprived groups (Appendix Figure 6). The absolute 351 
and relative equity slope indexes are similar to those reported in the main analysis (Appendix Table 352 
10).  353 

 354 

 355 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 25, 2025. ; https://doi.org/10.1101/2025.09.23.25336465doi: medRxiv preprint 

https://doi.org/10.1101/2025.09.23.25336465
http://creativecommons.org/licenses/by/4.0/


11 

 

Table 2. Estimated health and economic impacts of an 8% tax rate, NW labelling, and both policies combined on HFSS food based on consumer responses 356 
(2026 – 2040) 357 
 Taxation (an 8% tax rate) NW labelling Taxation and NW labelling 

Health impacts 

Obesity     

- Cases  430 000 (330 000, 530 000) 120 000 (48 000, 200 000) 460 000 (350 000, 550 000) 

- Case-years 14 000 000 (11 000 000, 17 000 000) 3 400 000 (1 500 000, 6 100 000) 17 000 000 (13 000 000, 21 000 000) 

- Percentage point reduction in obesity 2.19 (1.69, 2.73) 0.48 (0.20, 0.85) 2.66 (2.09, 3.28) 

Type 2 diabetes mellitus    

- Cases  100 000 (65 000, 140 000) 26 000 (13 000, 52 000) 130 000 (80 000, 170 000) 

- Case-years 500 000 (250 000, 780 000) 130 000 (54 000, 280 000) 610 000 (310 000, 960 000) 

Cardiovascular diseases    

- Cases  83 000 (55 000, 130 000) 24 000 (10 000, 41 000) 110 000 (68 000, 150 000) 

- Case-years 400 000 (250 000, 650 000) 120 000 (45 000, 220 000) 520 000 (310 000, 770 000) 

Multiple long-term conditions    

- Cases 64 000 (48 000, 96 000) 17 000 (8200, 29 000) 81 000 (58 000, 110 000) 

- Case-years 290 000 (200 000, 430 000) 76 000 (36 000, 150 000) 370 000 (260 000, 500 000) 

All-cause deaths 23 000 (14 000, 37 000) 6200 (2200, 12 000) 29 000 (18 000, 45 000) 

QALYs gained 880 000 (680 000, 1 100 000) 230 000 (100 000, 390 000) 1 100 000 (860 000, 1 300 000) 

Economic impacts (in £ billion, except for BCR, ICER) 

Healthcare perspective    

- Cost savings  21 (17, 27) 5.5 (2.5, 9.8) 27 (21, 33) 

- NMB (NICE’s lower value) 39 (30, 48) 10 (4.3, 17) 48 (38, 59) 

- NMB (NICE’s upper value) 47 (37, 59) 12 (5.3, 21) 59 (46, 73) 

- NMB (UK Government’s value) 83 (64, 100) 21 (9.3, 37) 100 (81, 130) 

- BCR (NICE’s lower value) 1500 (1200, 1900) 58 (26, 100) 250 (200, 310) 

- BCR (NICE’s upper value) 1900 (1500, 2400) 72 (32, 120) 310 (240, 380) 

- BCR (UK Government’s value) 3300 (2600, 4100) 120 (55, 210) 530 (420, 650) 

- ICER 24 000 (23 000, 25 000) 24 000 (22 000, 25 000) 24 000 (23 000, 25 000) 
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Societal perspective    

- Cost savings 53 (41, 67) 14 (6.2, 24) 66 (52, 82) 

- NMB (NICE’s lower value) 71 (55, 88) 18 (8.1, 3.2) 88 (69, 110) 

- NMB (NICE’s upper value) 80 (62, 99) 21 (9.1, 36) 99 (77, 120) 

- NMB (UK Government’s value) 110 (89, 140) 30 (13, 51) 140 (110, 180) 

- BCR (NICE’s lower value) 2800 (2200, 3500) 110 (47, 180) 460 (360, 560) 

- BCR (NICE’s upper value) 3200 (2500, 4000) 120 (53, 210) 510 (400, 630) 

- BCR (UK Government’s value) 4600 (3600, 5700) 170 (76, 300) 740 (580, 910) 

- ICER 61 000 (59 000, 62 000) 60 000 (58 000, 62 000) 61 000 (59 000, 62 000) 

BCR = Benefit-cost ratio; ICER = Incremental cost-effectiveness ratio; NICE = National Institute for Health and Care Excellence (NICE’s lower value = £20,000, 358 
NICE’s upper value = £30,000, UK Government’s value = £70,000); NMB = Net Monetary Benefit; QALYs = Quality-adjusted life years 359 
Median and 95% uncertainty intervals (UIs) are presented, unless otherwise specified. 360 
ICER is presented as a cost saving per QALY; a positive value indicates the modelled policy improves health and saves money (dominant). 361 
 362 
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 363 

Figure 1. Cumulative cases or deaths prevented or postponed and QALYs gained (median; 95% UI) due to taxation (8%) on HFSS food based on consumer 364 
response by QIMD (2026 – 2040) 365 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 25, 2025. ; https://doi.org/10.1101/2025.09.23.25336465doi: medRxiv preprint 

https://doi.org/10.1101/2025.09.23.25336465
http://creativecommons.org/licenses/by/4.0/


14 

 

 366 

Figure 2. Cumulative cases or deaths prevented or postponed and QALYs gained (median; 95% UI) due to NW labelling on HFSS food based on consumer 367 
response by QIMD (2026 – 2040) 368 
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 369 

Figure 3. Cumulative cases or deaths prevented or postponed and QALYs gained (median; 95% UI) due to both taxation (8%) and NW labelling on HFSS food 370 
based on consumer response by QIMD (2026 – 2040) 371 
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 372 

Figure 4. Cumulative cost savings (median; 95% UI) due to policy options based on consumer response by QIMD (2026 – 2040) 373 
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Discussion 374 
The present study offers the first modelling of the impacts of taxation, NW labelling, and both policies 375 
combined on HFSS products on a range of health outcomes, including CVDs, MLTCs, and related 376 
economic impact within the UK context. We estimated greater impacts would be achieved if taxation 377 
and NW labelling on HFSS products were implemented together. Under the assumption that the 378 
policies have the same effects across SES, both policies, separately and in combination, could reduce 379 
absolute and relative inequality as greater benefits were estimated in the most deprived areas.   380 

Our findings are consistent with previous modelling studies on the impacts of taxation or NW 381 
labelling on unhealthy food. A modelling study from New Zealand supports our findings, 382 
demonstrating benefits from implementing Mexico’s 8% tax rate.36 The 8% tax on ‘junk food’ was 383 
projected to reduce DM incidence by 7%, CHD incidence by 3%, and the all-cause mortality rate by 1% 384 
over a 30-year simulation period, and to gain 561,000 health-adjusted life years over the population's 385 
remaining lifetime. In England, a previous modelling study estimated a 2.64 percentage point 386 
reduction in obesity prevalence and 46 000 obesity-related deaths prevented if NW labelling were 387 
implemented on all liable packaged products over 20 years.15 Evidence from Mexico suggests that NW 388 
labelling could reduce 1.3 million obesity cases, or by 4.98 percentage points in its prevalence over 389 
five years.37  390 

Our research highlights the benefits of implementing multiple measures, here taxation and NW 391 
labelling, on HFSS products to combat obesity in the UK. We also estimated equitable public health 392 
impacts from both policies, supported by a previous study on NW labelling in England.15 Taxation and 393 
NW labelling could be introduced as part of a broader set of policies targeting HFSS products, 394 
complementing existing measures (HFSS placement, advertising, and promotions), following Chile’s 395 
multi-policy strategy to address unhealthy foods, implemented since 2016.38 HFSS taxation and NW 396 
labelling could together reduce healthcare costs alone by £27 billion over 15 years (approximately 397 
£1.8 billion per year), equivalent to a 16% reduction in the current obesity-related NHS burden of 398 
£11.4 billion annually.1   399 

The present study may be the first modelled evidence of food policy impact on multimorbidity or 400 
MLTCs. Given the growing challenge of MLTCs, with its prevalence predicted to increase by one-third 401 
from 2019 to 2049 in England,39 our findings also offer important insights for current prevention 402 
efforts. Our modelling with IMPACTNCD was supported by high-quality data, including routine health 403 
records (e.g., CPRD Aurum, HES, ONS mortality records) calibrated with national estimates that 404 
increase confidence in the estimated policy impacts. We also conducted a range of sensitivity analyses 405 
that largely support the findings from the main analyses.    406 

The present study has some limitations. We broadly classified foods into HFSS and non-HFSS based 407 
on the UK NPM. The assumed taxation effect on consumer response was derived from a consumer 408 
demand model specific to Scotland,9 which mainly defined HFSS based on discretionary foods. 409 
However, non-discretionary HFSS food groups also have own-price elasticities similar to discretionary 410 
ones (appendix p 6).9 Importantly, the assumed tax effect in the present study aligns with findings 411 
from a published meta-analysis20 and empirical data from post-taxation in Mexico.10 While a broad 412 
classification of HFSS may overlook cross-price elasticity and potential substitution effects, we also 413 
included the impact of HFSS food taxation on non-HFSS foods, such as a small decrease in fruit and 414 
vegetable intake in the main modelling scenario, as informed by the same demand model.9 We found 415 
similar impacts when reductions in fruits and vegetables were not accounted for (Appendix Table 5). 416 
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The tax effect on the intake of other non-taxed foods may be minimal, as empirical data from Mexico 417 
suggested no changes in sales of untaxed foods after the implementation of the 8% tax rate on 418 
unhealthy foods.19 Therefore, we assumed no compensation in the main analysis. However, we 419 
conducted a sensitivity analysis assuming minimal compensation of energy intake (11%) (Appendix 420 
Tables 11 and 12). This is based on evidence from a meta-analysis suggesting a non-significant energy 421 
intake compensation (11%) following reduced energy intake due to manipulations of food energy 422 
density.40 Future studies are now warranted to provide insights into the relevance of this assumption.  423 

Assuming linearity in the policy effect, increasing the tax rate on HFSS products (e.g., doubling the tax 424 
rate to 16%) is likely to yield greater benefits, as demonstrated by a modelling study in Mexico.22 425 
Substantially increasing the tax rate on all HFSS products may be important to avoid unhealthy food 426 
substitutions and reduce demand for these products.41 However, increased price of HFSS products 427 
may not only shift demand away from these items, but also affect the consumption of non-HFSS 428 
products, such as a potential further decrease in fruit and vegetable intake,9 which at present, has also 429 
been considered in our modelling. While changes in purchases of untaxed foods were not observed 430 
following the taxation in Mexico,19 the health benefits of increasing the HFSS tax rate may be partially 431 
offset by a decrease in the consumption of healthy products to some extent. Therefore, tax revenues 432 
could be used to subsidise fruits and vegetables, particularly for low SES groups who are likely to be 433 
disproportionately impacted by price increases.41,42    434 

We used the effects of NW labelling from a meta-analysis by Song et al.14 for main (Table 2) and 435 
sensitivity analyses (Appendix Table 7). Positive findings from both strengthen the case for 436 
implementing NW labelling alongside taxation. However, large differences in the estimated impacts 437 
indicate the need for careful consideration when assuming policy effects. Although this is the most 438 
recent available evidence and was also used in a previous modelling study,15 it was primarily estimated 439 
from studies in controlled settings and outside the UK, and may not accurately reflect shopping 440 
behaviour in real-world environments. However, there is some evidence that warning labels on 441 
packaged products affect choices made by UK consumers.43 We assumed 25% of HFSS products 442 
without MLT labelling, based on the proportion of packaged products without MLT labelling,15,25 and 443 
did not consider possible different coverages by food groups due to limited data. The actual coverage 444 
of HFSS products without MLT labelling may be higher, as indicated by a previous study on fewer 445 
HFSS products with front-of-pack nutrient labelling (59%) compared to non-HFSS products (46%) sold 446 
within in-store restricted areas.44 Therefore, we may underestimate the policy impacts to some extent. 447 
Moreover, we did not consider energy compensation in response to NW labelling in the main analysis 448 
due to a lack of supporting direct evidence. Compensation would, however, be predicted to be 449 
minimal (11%) as studies suggest consumers are largely insensitive to changes in product energy 450 
density due to reductions in fat or sugar.40 A sensitivity analysis considering compensation (11%) is 451 
presented in Appendix Tables 11 and 12. 452 

We assumed that household-level purchases were evenly distributed among individuals, and that 453 
potential differences in actual intake by sex and age are likely to be mitigated when comparing 454 
scenarios.15 Changes in purchases were assumed to reflect changes in intake without accounting for 455 
food waste.15,22 This is likely reasonable for non-out-of-home HFSS products, which are typically 456 
packaged and less perishable compared to fresh produce, and contribute to a small volume (16%, but 457 
high energy intake) of the total daily food weight (in grams).6 We assumed stable policy effects 458 
throughout the simulation period due to limited contrasting evidence. However, the assumed policy 459 
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effect may change over time if individuals habituated to information, relevant policy campaigns, 460 
market shifts, policy amendments, and the introduction of new policy.45 Conversely, it is also plausible 461 
that policy effects could become somewhat larger over time (e.g., increased understanding and 462 
importance attached to warning labels after initial implementation). We used NDNS data from 2009 to 463 
2019 to project trends in HFSS throughout the modelled horizon. This may not capture changes in 464 
dietary patterns resulting from the COVID-19 pandemic and recent economic downturns. We also 465 
simulated the policy effects in individuals aged 30-99 years, which did not account for impacts on 466 
children and younger adults. Nonetheless, this focus is relevant because middle-aged and older adults 467 
have a higher risk of developing the modelled health conditions.  468 

We assumed similar effects of taxation and NW labelling across age, sex, and SES due to limited 469 
evidence. While this aligns with mixed findings or no evidence on differential effects reported by 470 
meta-analyses on sugary drink taxation21 and energy labelling26, low SES group may be more affected 471 
by taxation because they are generally more responsive to price increases.41 Compared to the main 472 
analysis, which assumed the same effect across income groups (Table 2), our sensitivity analysis on 473 
greater tax effects for lower income groups provided consistent and stronger evidence of its impact 474 
on reducing inequalities (Appendix Table 6). 475 

We only estimated the policy effects on changes in energy and salt intake. We did not include 476 
pathways through reductions in sugar and total or saturated fat. Previous modelling studies assumed 477 
sugar and fat to operate through energy (e.g., 1 gram of sugar = 3.75 kcal),4,46,47 In addition, previous 478 
meta-analyses indicate less convincing evidence for the association between reduced dietary 479 
saturated or total fat and reduced CVD outcomes.48-51 A case-cohort study of nine European countries 480 
reported mixed findings on the link between dietary saturated fat and incident CHD, with the results 481 
varying by the food sources.52 482 

As part of the sensitivity analyses, the potential reformulation driven by HFSS taxation was derived 483 
from a study on sugar and salt reduction targets with assumed coverage from other settings due to a 484 
lack of direct evidence.28 We estimated similar impacts when considering both consumer response 485 
and reformulation (vs. consumer response alone) because we assumed that reformulation decreased 486 
the liable products subjected to either taxation or NW labelling. Future studies are needed to test the 487 
relevance of this assumption. Moreover, sugar and salt reduction targets are currently existing UK 488 
policies, and these may lessen the reformulation effects assumed in the present study.  489 

We did not consider some unintended consequences of HFSS taxation and NW labelling in our 490 
modelling. For example, evidence from an online survey in Hungary indicates adverse impacts of 491 
taxation on smaller producers, including financial loss and employment reduction.41,53 As the HFSS 492 
taxation and NW labelling would target key nutrients (e.g., sugar, salt), producers may respond by 493 
substituting them with artificial ingredients.41  494 

The present study provides support for the UK Government to consider taxation and NW labelling as 495 
additional measures to address HFSS products and tackle obesity and diet-related diseases. The 496 
combined policies also potentially ease the current burden of obesity on the NHS,1 and both policies 497 
garner support from the public.43,54 A modest tax rate of 8% is particularly relevant for initial 498 
implementation in the UK alongside NW labelling, especially since other policies are already in place 499 
(e.g., HFSS placement, advertisement, and promotions). Considering the public response to its initial 500 
implementation, the tax rate could be gradually increased in line with existing policy practices for 501 
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taxing ultra-processed food in Colombia55 and WHO’s recommendation of a 20% tax for SSBs.56 502 
Importantly, implementation of taxation and NW labelling would benefit from public campaigns, as 503 
evidenced by the success of SDIL.57 This aligns with the literature on the importance of tax saliency 504 
(i.e., providing explicit information on pricing, tax implications) to enhance consumer awareness and 505 
taxation impacts in reducing sales of targeted products.41,58    506 

Conclusion 507 
Implementing taxation and NW labelling on HFSS products could provide substantial and equitable 508 
public health benefits. These policies should be considered as additional measures to strengthen 509 
existing efforts to address obesity and diet-related diseases in the UK. 510 

Data sharing  511 
The IMPACTNCD is an open-source modelling framework implemented in R, and the model and 512 
associated R scripts can be accessed at https://github.com/ChristK/IMPACTncd_Engl. For the present 513 
modelling study, additional R scripts are available at https://github.com/ediputra-514 
ign/HFSS_taxation_and_NW_labelling. Detailed model description is available at 515 
https://www.health.org.uk/sites/default/files/2024-516 
04/health_inequalities_in_2040_technical_appendix.pdf.  517 
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