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Executive summary 
In this report we present the findings from a review of the evidence on fiscal and pricing 

strategies for food and non-alcoholic drinks commissioned by safefood. The review of the 

evidence comprised two umbrella reviews of the literature and two empirical studies. The 

umbrella reviews examined evidence for whether and how such fiscal and pricing policies in 

relation to food and non-alcoholic drinks might improve diet and prevent non-communicable 

diseases (NCDs). They also examined the effects of such policies with respect to equity and to 

the public and political acceptability of fiscal and pricing measuresintended to improve diet. In 

addition to this, empirical studies were undertaken to examine the relationship between the 

taxation of sugar-sweetened beverages (SSBs) in Northern Ireland with, on one hand, their 

consumption and, on the other, treatment for dental caries.   

The key findings are: 

• There is sufficient evidence (mainly from SSBs) to suggest that taxes affect 

consumption if applied appropriately (that is, at the right level and where consumers 

have limited opportunity to buy untaxed sugary alternatives instead). 

• While there is evidence of public support for measures to address obesity/overweight, 

there is limited evidence of support for using taxes to achieve this. Consensus must 

therefore be sought as to the merits of such policies, providing credible evidence that 

they succeed and will mitigate any regressive effects that disadvantage lower-income 

groups. 

• There is currently a lack of evidence on the impact of taxes and pricing policies on 

health outcomes. This is an important gap in itself, and also matters because of its 

potential to undermine arguments for the use of taxes and pricing policies in the 

future. While our preliminary evidence suggests they affect the use of healthcare 

services, further evidence of health effects is required.  

• We recommend that the use of fiscal instruments be considered beyond those 

currently applied to SSBs, with a view to improving public health and reducing health 

inequalities.  

Recommendations 

Adopted at the correct level, fiscal measures have the potential to influence consumption, and 

may influence health. Hence, our work gives rise to the following recommendations to improve 

the effectiveness and acceptability of FIs: 



 

4 

• If the intention is to minimise the administrative burden, then a value-added tax may 

be most appropriate as this fits within the existing tax structure and automatically 

adjusts for inflation. However, it may drive consumers towards more unhealthy but 

cheaper goods. 

• If the intention is to raise government revenue, then a lower (<15-25% increase in the 

price faced by consumers) ad-quantum tax on individual products may be most 

appropriate as it would provide a more consistent revenue stream. However, it may not 

change behaviour sufficiently to improve health. 

• If the intention is to improve health (as was assumed to be the case in these reviews), 

then a higher (>15-25% increase in the price faced by consumers) ad-quantum tax on 

health-harming nutrients may be most appropriate as it would reduce leakage to 

cheaper alternative SSBs. Also, if announced far enough in advance of its introduction, 

this tax may encourage manufacturers to reformulate their products. 

• To improve the acceptability of an FI, the government should:  

o Be clear about the intention and of the FI and how its design is fit for purpose 

o Provide credible evidence on how effectively FIs can achieve their goals 

o Set out measures to mitigate costs or create positive financial advantages for 

lower-income consumers (distributional effects)  

o Set measurable goals to assess how effectively the FI achieves its intention, and 

audit its progress 

o Promise to share information on progress towards the stated  goals and 

mitigations 

• In the cases of diet-related taxes specifically, government should: 

o Where feasible, target health-harming nutrients as opposed to individual 

products 

o Where this is not feasible, identify a list all health-harming products which may 

act as substitutes and may require taxation 

o Coordinate with neighbouring jurisdictions to avoid possible cross-border 

leakage 

o Undertake educational and promotional campaigns to highlight the potential of 

such instruments to improve health  

o Use revenues raised through such measures to mitigate costs to lower-income 

groups – for example, by subsidising fruit and vegetables – and promote these 

alternatives to the public  

o Audit and publicise the allocation of revenues to these initiatives. 
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• In addition to promoting the positive intentions and impacts of taxes, government 

should counter opposition narratives about how taxes can damage the economy (e.g. 

causing unemployment), including by fact-checking and countering industry-

sponsored studies.  

• Furthermore, where opposition groups publicise anti-tax narratives, government 

should, as part of their promotion strategy, highlight the sources of this messaging 

and show how it stems from the biases of these groups. 
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1 Introduction 
Background 

Non-communicable diseases (NCDs) are a leading cause of morbidity and mortality globally1. 

They present a significant avoidable burden to the health and social care system as well as the 

wider economy. Poor diet is a major contributor to the rise in NCDs and has been linked with the 

development of a range of conditions, includingtype 2 diabetes, cardiovascular disease, several 

cancers and overweight/obesity2. In Ireland, it is estimated that 60% of adults are living with 

overweight or obesity, with similar figures for Northern Ireland. A social patterning in 

prevalence is also evident. There is also evidence of excessive salt and fat consumption, with 

associated social patterning. Overweight and obesity in 2009 were estimated to cost €1.13 billion 

in Ireland and €0.51 billion in Northern Ireland3. Other studies have estimated the cost of 

diabetes, heart failure and stroke. Consistent with the socio-economic gradient in many of 

these conditions, lower socio-economic groups are likely to experience a disproportionate share 

of morbidity attributable to diet. 

A body of literature has suggested that measures such as taxes and subsidies on specific 

nutrients including sugar, salt, fats and fibre or on categories such as energy-dense foods, fruit 

and vegetables may be successful in changing consumption patterns4-8. Compared to 

interventions targeted at individuals – based on public health information messages and 

education, for example – evidence suggests fiscal measures may be more effective and, by 

involving less personal agency, may also reduce inequalities7. The literature in this area 

continues to evolve as new evidence becomes available and as researchers seek to address 

specific gaps in our current knowledge and identify options for interventions. How transferable 

these findings are to the context in Ireland and Northern Ireland is unclear, given differences 

such as price elasticity; the coordination of pricing with other measures aimed at improving 

diet; the healthcare system; and broader societal issues including attitudes to inequality.9    

Recent systematic reviews of evidence have taken place on pricing and fiscal policies and on the 

public and political acceptability of fiscal policies, though evidence continues to evolve10. With 

regard to evidence in Ireland, the potential impact of a fiscal measure has been estimated – for 

example, the tax on sugar-sweetened beverages (SSBs)11. However, the value of these estimates 

is open to question as they were based on a modelling exercise whose parameters did not 

match those of the tax that was introduced. In addition, the model could not take account of 

efforts by manufacturers to avoid the tax through reformulating their products. No work 
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appears to have been published specific to Northern Ireland on the effect of the tax or its impact 

on consumption by different groups.  

While the upward trend in prevalence of overweight and obesity on the island of Ireland (IOI) 

appears to have stabilised in recent years, obesity and overweight continue to present a 

significant burden to the health and social care system, the economy and people’s lives, as does 

cardiovascular disease related to salt and fat consumption3,12.  Globally, governments and 

international agencies have prioritised a coordinated response among state and non-state 

agencies to address unhealthy diets. In concert with international agencies such as the World 

Health Organization, various countries have adopted a range of fiscal and pricing policies. Policy 

makers on the IOI can look to these policies to assess what measures others have used, to what 

effect, for whom, how and over what time period. They may also help shed light on barriers and 

facilitators (B/F) – the factors that make it politically possible or difficult to adopt such 

measures. 

Recent systematic reviews of fiscal and pricing policies that have been adopted internationally 

have examined  (a) their effectiveness in changing behaviours with respect to specific nutrients 

and food groups4-8; and (b) the public and political acceptability of fiscal policies aimed at 

changing behaviour10. In both areas, evidence continues to evolve but its transferability to the 

IOI remains unexamined. This omission makes it difficult for policy makers on the IOI to 

develop policy instruments. 

To the best of our knowledge, no analysis based on real-world data has examined the impact of 

fiscal instruments (FIs) on consumption patterns on the IOI. In other jurisdictions, such studies 

have used real-world evidence (RWE) to examine the impact of FIs on consumption, but there is 

little evidence about their impact on health. We know of no studies that have examined this 

issue on the IOI. 

In this report: 

• We provide an overview and data synthesis of systematic reviews of fiscal and pricing 

policies directed at changing diet and reducing the risk of non-communicable disease.  

• We consider how such measures affect socio-economic inequality and how far the 

evidence is transferable to the IOI.  

• We undertake an overview and data synthesis of systematic reviews examining the 

public and political acceptability of fiscal and pricing strategies, and identify the key 

factors associated with support for such measures.   
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• Using data from expenditure surveys, we examine changes in consumption in Northern 

Ireland that coincided with the introduction of the tax on SSBs introduced in the UK in 

2018. This is the first work of its type we are aware of on the IOI. 

• We examine changes, coinciding with the introduction of the tax, in patterns of publicly 

funded treatment of caries among children, using dental claims data in Northern 

Ireland. This is the first work of its type we are aware of on the IOI. 

• Based on our overviews of the literature and our original empirical work, we identify 

gaps in our knowledge and set out policy recommendations grounded in evidence 

relevant to the IOI. 

Research methods 

The work was divided across three work packages (WPs): 

• WP1 comprised two overviews of systematic reviews and an assessment of their 

transferability to the IOI. 

• WP2 comprised the analyses of secondary data on the association between taxing SSBs 

on the IOI, consumption of SSBs and treatment for caries. 

• WP3 comprised the development of a series of policy recommendations grounded in 

the evidence of what works and what is politically sustainable for adoption on the IOI; 

as well as an assessment of threats and opportunities to the attainment of these 

policies.  

The specific aims, methods, results and conclusions are set out in the chapters that follow. 
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2 An umbrella review of the 
effectiveness of fiscal and pricing 
policies to reduce diet-related non-
communicable disease 

Introduction 

Poor-quality diets, specifically those high in salt, sugar and fat and low in fruit, vegetables, 

legumes and nuts, represent major risk factors for the global burden of disease1-3. Unhealthy 

eating patterns are common on the island of Ireland (IOI), as are socio-economic disparities in 

such eating behaviours, ultimately affecting the health of the population4-8. Evidence in Ireland 

from modelling studies indicates a potential for fiscal policies to change behaviour and reduce 

risks9, 10. The policy environment (the context in which governments make policies about food, 

or the policies affecting food choice, or the general availability and cost of the foods people buy) 

in which food choices are made on the IOI has also changed in recent years, which could limit or 

increase the effectiveness of fiscal and other pricing policies11, 12. While the upward trend in the 

prevalence of overweight and obesity on the IOI appears to have stabilised in recent years, these 

conditions continue to present a significant burden to the health and social care system and the 

economy, while high levels of salt and fat consumption in the obese and non-obese remain 

linked to rates of cardiovascular disease13, 14. In line with international agencies such as the 

World Health Organization, governments have prioritised a coordinated response involving 

state and non-state agencies to address current dietary intake15. This has sparked interest in a 

range of fiscal and other pricing measures that policymakers on the IOI may wish to consider as 

public health measures. 

Fiscal and pricing policies (henceforth referred to as fiscal interventions [FI]), such as taxes or 

subsidies, are seen as an important tool for changing consumer behaviour – both by affecting 

the price of goods and by encouraging manufacturers to reformulate their products – and 

ultimately for improving the health of the population16-18. Government-level measures such as 

these do not remove personal choice but rely less on an individual’s ability to comply, which 

may be linked to socioeconomic factors (e.g. health literacy or level of education)19-21. The 

distributional impacts of FIs (how the costs and benefits of the policies affect various 

socioeconomic groups) can be positive and negative. For instance, a tax on sugar-sweetened 

beverages (SSB) might impose a relatively large tax burden on low-income families but also 
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confer a greater health benefit22-25. Much of the evidence on the distributional impacts of FIs as 

well as their overall effect on health comes from modelling studies rather than real-world 

evidence (RWE)25. As the number of jurisdictions implementing FIs has grown, however, so too 

has the number of studies examining their effectiveness, as well as reviews synthesising these 

studies. Umbrella reviews provide an important tool for policymakers by summarising the 

highest level of evidence, namely systematic reviews and meta-analyses, on a research 

topic/question26. 

In this chapter, we present an umbrella review of the effectiveness of fiscal and pricing policies 

in reducing diet-related non-communicable disease (NCD). We also consider intermediate 

outcomes which may help to reduce NCDs, such as changing consumer behaviour or 

reformulating products. We use an updated framework from Bowen et al (2015) to consider FIs in 

the context of factors which may affect their success and are part of the current system (Figure 

2.1), for example the availability and healthiness of substitutes not directly affected by the FI27. 

As disparities in diet-related NCDs are evident across socioeconomic and minority groups28, they 

are critical in assessing the success of such fiscal policies. Where possible, we examine the 

distributional impacts of policies according to PROGRESS+ categories29. 

Figure 2.1: Framework contextualising the complex system within which fiscal and pricing 

policies to reduce diet-related non-communicable diseases are implemented 

 

Adapted from Bowen et al (2015) 

Methods 

Search strategy 

The protocol for the umbrella review was registered at the International Prospective Register of 

Systematic Reviews (PROSPERO; registration number CRD42021249212, Appendix 2.1). A search of 

the following databases was conducted on 10 June 2021: MedLine, EMBASE, PsychINFO, SCI, SSCI, 
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Web of Science, Scopus, EconLit, the Cochrane Library, Epistemonikos, and the Campbell Library. 

For Google Scholar, we first completed the review on all other databases and then compared 

this final list to the returns from the first five pages (50 studies) returned to see if any additional 

studies merited inclusion.  

We used a range of search terms (Appendix 2.2) classified under three themes: study type, 

intervention and outcome. Search terms for ‘study type’ focused on systematic reviews or 

meta-analyses. Terms for ‘intervention’ and ‘outcomes’ focused on the policy variables, 

behaviour and health categories outlined in Figure 2.1. ‘Intervention’ terms included those 

related to government fiscal and pricing policies. ‘Outcome’ terms included intermediate 

outcomes, such as consumer behaviour or product reformulation, and tertiary outcomes, 

namely bodyweight or diet-related NCDs. Within each theme “or” operators were used to 

combine terms, and across each theme “and” operators were used. Searches were tailored 

according to the functionality of each database. Where possible, we used MeSH terms (MedLine, 

EMBASE, PsychInfo) which corresponded to the thematic areas (Appendix 2.2). Where a database 

provided tools to further limit the search strategy, we restricted it to studies of ‘humans’ 

(MedLine, EMBASE, PsychInfo) and applied a database tool designed to achieve the best balance 

between sensitivity and specificity of searches for systematic reviews (MedLine)30.  

To further ensure the specificity of our search, we identified four systematic reviews from the 

outset22, 24, 31, 32, which we had expected to include based on the inclusion/exclusion criteria used. 

These were used to test the search strategy but not to design it. We validated our search 

strategy across search engines, based on whether or not they returned these articles. No 

restrictions were placed on language. We followed the Peer Review of Electronic Search 

Strategies (PRESS) guidelines in designing our search strategy, though it was not peer 

reviewed33.  

Screening 

One reviewer (LB) executed the search strategy, collated the results and removed the duplicates 

in EndNote 20 software34. Two reviewers (CON and LB) independently screened article titles first 

to remove redundancies, and compared results before finalising a list of articles for abstract 

screening. Disagreements were discussed until consensus was reached or input was sought 

from a third reviewer (FK), though ultimately this was not required. Next, abstracts were 

screened using the same process followed by a full-text screening. We searched reference lists, 

contacted authors and sought expert opinion to identify relevant studies or acquire full texts. 

For any articles that required translation into English, we initially used online translation 

software to identify any clear reasons for exclusion and otherwise used a professional 

translation service. 
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Inclusion/exclusion criteria 

We included all systematic reviews examining the effectiveness of fiscal and pricing policies 

implemented by governments to improve diet at population level. Eligible reviews for inclusion 

were those that: 

• Conducted a systematic review with or without meta-analysis 

• Examined at least one government-enacted fiscal intervention (FI) 

• Used real-world evidence (RWE), i.e. not simulated models of expected effectiveness  

• Examined policies that targeted the consumption of food and non-alcoholic beverages, 

i.e. not agricultural policies with unintended impacts upon consumption 

• Examined impact upon tertiary outcomes, i.e. diet-related NCDs, or upon intermediate 

outcomes, e.g. consumer behaviour or product reformulation 

• Examined policies that applied to the entire population of its jurisdiction, e.g. we 

excluded experiments with price discounts in supermarkets or subsidies provided to 

selected groups 

Criteria for qualification as a systematic review were taken from the Cochrane Handbook for 

Systematic Reviews of Interventions35. Reviews were therefore excluded if they did not provide 

all of the following:  

1. A clearly stated set of objectives with pre-defined eligibility criteria for studies  

2. An explicit, reproducible methodology  

3. A systematic search that attempted to identify all studies that would meet our 

eligibility criteria  

4. An assessment of the validity of the findings of the included studies  

5. A systematic presentation and synthesis of the characteristics and findings of the 

included studies  

We also excluded reviews if the authors stated explicitly that they had not conducted a 

systematic review. 

We excluded reviews of modelling/simulation studies (i.e. those that simulate a result) and 

theoretical studies. If a review included studies which satisfied the inclusion criteria (i.e. RWE 

examining an implemented fiscal policy applied across an entire population of its jurisdiction) 

as well as studies which did not (e.g. a modelling study of the same intervention), and if it 

presented these different types separately, we included the review and reported results only 

relating to the relevant studies. If the original reviewers had combined the findings of modelling 

or theoretical studies with those examining RWE, we used the combined results while noting 

reviews that included a mix of results in our synthesis. The same process was followed where a 
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review examined price changes in relation to an FI as well as variations in prices for other 

reasons, e.g. supermarket promotions. We excluded reviews evaluating interventions that 

applied only within a limited setting such as supermarkets, airports or schools; reviews that 

only involved price variation unrelated to an implemented government policy; and reviews that 

targeted only a specific group, such as low-income groups, children or pregnant women. Where 

a review reported on FIs targeted at a specific group of the population as well as ones applied to 

an entire population, we reported on both.  

Data extraction 

Data extraction was carried out using an online form that included questions on: aims; 

methods; eligibility criteria and search strategy; funding sources; setting; participants; 

intervention (and comparator where available); outcomes measured; research design; any sub-

group analyses related to specific groups of participants; any distributional impacts on 

outcomes or the tax burden; and criteria relevant to our quality appraisal (see below), for 

example whether any conflicts of interest were reported. Distributional impacts of the tax 

burden or NCD outcomes were examined using axes of differentiation according to PROGRESS-

Plus29, given that inequalities may arise across groups differentiated in ways other than by 

socio-economic status36, 37.  

The extraction form was trialled by two reviewers (LB and CON), each using three systematic 

reviews before finalising the form38. As part of the original protocol, we intended to conduct 

data extraction and quality appraisal in duplicate. However, due to time constraints, extraction 

was performed in duplicate (LB and CON) on 25% of articles. These results were compared and 

guidelines developed on how best to extract information from the remaining studies in a 

consistent manner, and this task was completed by one reviewer (LB). For example, it was 

decided ‘research design’ should be documented according to whether the systematic review 

included studies that were: randomised-controlled trials (RCTs); non-random studies of 

interventions (NRSIs) (e.g. controlled before-and-after, cohort, longitudinal or cross-sectional 

studies); modelling studies (which simulated results); or other reviews39.  

Quality appraisal 

We assessed the methodological quality of 25% of the systematic reviews included for final 

review in duplicate (LB and CON) using the AMSTAR2 tool40. Disagreements were resolved by 

discussion and where necessary by reference to a third reviewer (FK), though this was not 

required. The rest of the reviews were appraised by one reviewer (LB) and results discussed with 

an independent expert advisory panel (EAP) established to advise on the conduct of the 

overview. The EAP comprised researchers with international reputations in the areas of public 
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health and economics for work in this area. Details of the EAP are shown in Appendix 2.3. The 

AMSTAR2 tool allows a broad indication of whether the quality of a study is high, moderate, low 

or critically low. Studies which received a critically low score were excluded from the final review 

but were listed for transparency. The quality rating applied to studies in this systematic review 

does not necessarily reflect the overall quality of the study but rather reflects how well it 

addresses the aim of our umbrella review. For example, a review may have included information 

which merited inclusion as part of our review criteria even where this information may not have 

been the focus of the original study.  

Synthesis 

Relatively few of the heterogeneous reviews we looked at met our eligibility criteria, including 

only one meta-analysis.  Having excluded some studies through quality appraisal, we made a 

narrative synthesis of those systematic reviews we chose to include. A summary of each review 

is presented in Table 2.1.  

Table 2.2 provides an overview of the evidence on the use of FI in affecting outcomes. We 

structure the table according to evidence related to the intermediate and tertiary outcomes that 

each study examined (Figure 2.1). Thus a review article may be named more than once within 

Table 2.2. Results are documented according to whether there is evidence or a lack of evidence 

for the effectiveness of FIs according to the review authors’ qualitative assessment. Where 

quantitative results were provided as part of a meta-analysis, these are reported in Table 2.2, as 

are any distributional or subgroup impacts. 

Robustness check 

Reviews which have more than one critical flaw, according to the AMSTAR2 rating, received a 

critically low score. As a robustness check, we examined characteristics and results from reviews 

which had only two critical flaws (i.e. those studies which, given one change in score, would 

have been included in our final review). We compared results from our main synthesis with the 

results from these lower-rated reviews to check whether including them would have led us to 

different conclusions. 

While umbrella reviews summarise high-level evidence from systematic reviews, they are not 

fully up to date as they can only summarise primary studies published up to the most recent 

systematic review search date. While our search covered work published up to June 2021, the 

most recent systematic review search date was October 2019. As countries have continued to 

implement FIs, we conducted a literature review of primary studies published between January 

2020 and November 2021 to examine whether these supported or conflicted with the results of 

our umbrella review. This literature review used the search strategy from the umbrella review. 
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However, it was applied only to EMBASE and updated to focus only on English-language journal 

articles whose titles referenced tax or subsidies and excluded references to alcohol or tobacco 

(Appendix 2.4). The literature review search was more restricted than the umbrella review (e.g. 

by language), was conducted at a high level by only one reviewer (LB) and did not involve any 

quality assessment. It provides a useful overview of primary studies after 2019 on the 

intermediate and tertiary (including distributional) impacts of taxes and subsidies to compare 

with our umbrella review results. 

Results 

Screening 

A total of 16,883 records were identified through database searches, resulting in 9,996 unique 

records once duplicates were removed (Figure 2.2). After abstract screening this was reduced to 

75 records, with an additional four records included following recommendations from experts in 

the field and searches of reference lists, though these four were excluded in subsequent 

screening. The Google Scholar search found no new records to include which had not already 

been identified in the original database search. One study in Russian was translated online for 

full-text screening and all others were in English. Following full-text screening, a further 54 

records were excluded (the Russian paper was excluded as it did not qualify as a systematic 

review), leaving 25 potentially relevant records for data extraction. All 25 are listed in Appendix 

2.5 along with a summary of the databases in which they were indexed. 100% (25/25) of reviews 

were indexed across only two databases (EMBASE for 96% [24/25] and Web of Science for 84% 

[21/25]). 

Quality appraisal 

Following quality appraisal, only four systematic reviews/meta-analyses were included as part 

of our synthesis. Two reviews were rated as ‘high’41, 42 and two as ‘low’43, 44; while the rest 

received a ‘critically low’ AMSTAR2 rating. Six reviews received a marginal ‘critically low’ rating 

and were therefore included in sensitivity analysis (below). Not including a list of potentially 

relevant but excluded studies (n=6/6) and not justifying publication restrictions (n=4/6) were 

the main reasons for these ratings (Appendix 2.6). Where a review restricted inclusion to studies 

of humans only, no justification was necessary and thus no penalty was incurred in the 

AMSTAR2 rating. All the included reviews either reported no conflicts of interest or, where 

conflicts of interest were reported, described how these were managed so as not to influence 

results.
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Figure 2.2: PRISMA flow diagram for systematic identification of umbrella review literature 

 

Characteristics of included reviews 

Table 2.1 provides an overview of each of the included reviews. These were published between 

2017 and 2020, had no publication restrictions (except humans) and had few restrictions on the 

populations they analysed. One review focused broadly on changes to healthy/unhealthy eating 

resulting from FIs as well as other non-FI interventions such as menu labelling44. Two reviews 

focused more specifically on taxes on sugar and sugary food and beverages41, 43 and one on taxed 
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fat42. None of these reviews included results from modelling studies as they all examined NRSIs 

using RWE on the implementation of FIs.  Two of these were conducted as Cochrane reviews41, 42, 

which were also the reviews that received a ‘high’ quality rating. They included a combined total 

of only four studies,  suggesting the Cochrane systematic review evidence base had meagre 

data for the effectiveness of taxes on the sugar, fat or other nutrient content of foods in 

changing behaviour or health.  
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Table 2.1: Characteristics of reviews included in the narrative synthesis 

 Lhachimi et al 2020 Pfinder et al 2020 41 Sisnowski et al 2017 44 Teng et al 2019 43 

Research designs NRSI NRSI NRSI NRSI 

Synthesis method Narrative synthesis Narrative synthesis Narrative synthesis Meta analysis 

Population Healthy population, 

any age, any setting, 

any country 

Healthy population, 

any age, any setting, 

any country 

General population, any age, 

any setting, any country 

Any population, any age, any 

country, distinct local or 

central government setting 

(e.g., city, region, or nation) 

Intervention FI (taxes) on the fat 

content in foods 

FI (taxes) on 

unprocessed sugar or 

sugar-added foods 

FI (taxes and subsidies) and 

other non-FI interventions (e.g. 

labelling) to reduce the 

consumption of energy-dense 

foods and beverages and 

increase consumption of 

healthy foods 

FI (taxes) on sugar-sweetened 

beverages 

No. of  databases 20 29 16 4 

Search period Earliest date up to 

September/October 

2019 

Earliest date up to 

September/October 

2019 

2005 to 31 October 2015 Earliest date up to June 2018 

Search restrictions Humans Humans Humans None 

No. of included 

studies 

3 1 36 15 
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NRSI - non-random studies of interventions; FI – fiscal intervention 

Note: We have described the populations as they were described by the review authors. Where 

the population inclusion criteria were not described in the review, we have assumed that ‘any’ 

population, age, setting or country could be included.
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Table 2.2: Effects of intervention strategies synthesised by included systematic reviews on intermediate and tertiary outcomes 

Author/year Intervention Outcome Narrative synthesis results Meta-analysis results Distributional 

effects 

Quality 

rating 

Intermediate outcomes: direct effects 

Lhachimi et 

al, 2020 

FI (taxes) on the fat 

content in foods 

Total fat 

consumption 

Evidence to support effectiveness of taxes 

in reducing fat consumption –  

"Very uncertain evidence that taxing the 

fat content of foods reduces estimated 

total fat consumption by 41.8 grams per 

week, per person in a household (P < 

0.001)." 

No meta-analysis 

conducted 

No subgroup 

analysis 

conducted 

High 

Total 

saturated fat 

consumption 

Evidence to support effectiveness of taxes 

in reducing saturated fat consumption –  

"There is very uncertain evidence that 

taxing the fat content of foods reduces 

the estimated saturated fat content of 

sales by 4.2% for minced beef and by 5.8% 

for cream, and increases the estimated 

saturated fat content of sales by 0.5% for 

sour cream. (No measure of statistical 
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precision was reported for any of these 

results.)" 

Pfinder et 

al, 2020 

FI (taxes) on 

unprocessed sugar or 

sugar-added foods 

Taxed sugar-

added food 

consumption

/purchasing 

Evidence to support effectiveness of taxes 

in reducing sugar-added food 

consumption –  

"There was a decrease in the mean 

consumption of taxed sugar-added foods 

by 4.0% (SMD −0.040, 95% CI −0.07 to 

−0.01) after implementation of the 

Hungarian public health product tax 

intervention. The effect is based on very 

low-certainty evidence." 

No meta-analysis 

conducted 

No subgroup 

analysis 

conducted 

High 

Taxed sugar-

added food 

expenditure 

Evidence to support effectiveness of taxes 

in reducing taxed sugar-added food 

expenditure –  

"There was an effect of the intervention on 

the mean expenditure of taxed sugar-

added foods. Data show that the mean 

expenditure decreased after the 

implementation of the intervention. 

slightly by 0.6% (SMD −0.006, 95% CI 
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−0.03 to 0.02). The effect is based on very 

low certainty evidence." 

Sisnowski 

et al, 2017 

FI (taxes and 

subsidies) and other 

non-FI interventions 

(e.g. menu labelling) 

to reduce the 

consumption of 

energy-dense foods 

and beverages and 

increase 

consumption of 

healthy foods (fruit 

and vegetables) 

Taxed 

unhealthy 

food and 

beverage 

consumption 

and 

subsidised 

healthy food 

consumption 

Evidence to support effectiveness of taxes 

& subsidies in reducing 

consumption/purchasing of unhealthy 

foods and increasing 

consumption/purchasing of healthy foods  

“…recent studies at national level and in 

hotspots of obesity prevention activities 

such as New York City have found both a 

shift in the attitudes of consumers 

towards sugary drinks and an actual 

reduction in average soft drink 

consumption.” 

No meta-analysis 

conducted 

No subgroup 

analysis 

conducted 

Low 

Teng et al, 

2019 

FI (taxes) on SSBs Taxed SSB 

consumption

/purchasing 

Evidence to support effectiveness of taxes 

in reducing consumption/purchasing of 

SSBs –  

“This examination of real‐world SSB tax 

evaluations through meta-analysis 

presents compelling evidence that SSB 

taxes are associated with decreased sales, 

Each 10% increase in 

the price (of SSBs) is 

associated with a 

10.2% (-5.0 to -14.7; 

n=17 studies/6 

jurisdictions) decrease 

in 

Estimate of 

own-price 

elasticity 

(1.02) was not 

significantly 

different for 

adults (0.64) 

Low 
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purchasing, and dietary intake of taxed 

beverages.” 

consumption/purchasi

ng of SSBs. The 

random effects model 

was justified given the 

high level of 

heterogeneity between 

jurisdictions (I-squared 

= 97%) 

vs children 

(0.77), p = 

0.91.  

Intermediate outcomes: indirect effects 

Lhachimi et 

al, 2020 

FI (taxes) on the fat 

content in foods 

Taxed 

medium/low-

fat foods 

Evidence to support effectiveness of taxes 

in switching consumers from high-fat to 

medium/low-fat foods consumption –  

"Jensen 2015 reported the changes in the 

distribution of sales as a consequence of 

the tax for all three included food 

products, i.e. from a high-fat variety to a 

medium- or low-fat variety, based on 

supermarket sales data. The authors, 

however, did not report confidence 

intervals, significance levels (i.e. p-values), 

No meta-analysis 

conducted 

No subgroup 

analysis 

conducted 

Low 
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or any other measure about the statistical 

precision of their effect estimates." 

Pfinder et 

al, 2020 

FI (taxes) on 

unprocessed sugar or 

sugar-added foods 

Untaxed 

sugar-added 

food 

consumption

/purchasing 

Lack of evidence to support effectiveness 

of taxes in increasing untaxed sugar-

added food consumption –  

"There was no direct substitution effect. 

The mean consumption of untaxed sugar-

added foods even decreased after the 

implementation of the tax by 1.3% (SMD 

−0.013, 95% CI −0.05 to 0.02). The effect is 

based on very low certainty evidence." 

HOWEVER "The mean consumption of 

taxed sugar-added foods differed from the 

mean consumption of untaxed sugar-

added foods after the implementation of 

the intervention by 2.8% (SMD −0.028, 

95% CI −0.07 to 0.02). The effect is based 

on very low-certainty evidence." 

No meta-analysis 

conducted 

No subgroup 

analysis 

conducted 

High 
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Untaxed 

sugar-added 

food 

expenditure 

Evidence to support effectiveness of taxes 

in increasing untaxed sugar-added food 

expenditure –  

"The mean expenditure on untaxed sugar-

added foods increased after the 

implementation of the intervention by 

3.0% (SMD 0.03, 95% CI −0.01 to 0.07). The 

effect is based on very low-certainty 

evidence." AND "The mean expenditure on 

taxed sugar-added foods differed from the 

mean expenditure on untaxed sugar-

added foods after the implementation of 

the intervention by 3.7% (SMD −0.037, 

95% CI −0.08 to 0.01). The effect is based 

on very low-certainty evidence." 

Teng et al, 

2019 

FI (taxes) on SSBs Untaxed 

beverage 

consumption

/purchasing 

(e.g. milk, 

water, juice, 

or diet/zero 

Lack of evidence to support effectiveness 

of SSB tax in increasing untaxed beverage 

consumption (e.g. milk, water, juice, or 

diet/zero and light beverages) – 

“There was no statistical evidence of an 

increase in total untaxed beverage 

Each 10% increase in 

the price (of SSBs) is 

associated with a 1.9% 

(-2.1 to 6.1; n=6 

studies/4 

jurisdictions) increase 

in untaxed beverage 

No subgroup 

analysis 

conducted 

Low 
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and light 

beverages) 

consumption nor for water, juice, milk, or 

diet/zero and light beverage volumes.” 

HOWEVER “… there were significant 

increases in untaxed beverage 

consumption in three of the four 

jurisdictions (Berkeley, Mexico, and other 

United States), with only the combined 

Chile studies showing a non‐significant 

decrease.” 

consumption. Each 

10% increase in the 

price (of SSBs) is 

associated with a 2.9% 

(-6.2 to 12.7; n=6/4) 

increase in water 

consumption. Each 

10% increase in the 

price (of SSBs) is 

associated with a 2% 

(-10.5 to 7.2; n=3 

studies) decrease in 

juice consumption. 

Each 10% increase in 

the price (of SSBs) is 

associated with a 

47.4% (-35.5 to 237.1; 

n=2 studies) increase 

in milk consumption. 

Each 10% increase in 

the price (of SSBs) is 

associated with a 4.5% 

(-12.7 to 25.1; n=2 
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studies) increase in 

diet/zero and light 

beverage 

consumption. 

Tertiary outcomes 

Sisnowski 

et al, 2017 

FI (taxes and 

subsidies) and other 

non-FI interventions 

(e.g. menu labelling) 

to reduce the 

consumption of 

energy-dense foods 

and beverages and 

increase 

consumption of 

healthy foods (fruit 

and vegetables) 

Overweight, 

obesity, and 

diet-related 

non-

communicabl

e disease 

Lack of evidence to support effectiveness 

of taxes and subsidies in improving health 

– 

"…the interventions assessed here fail to 

achieve an effect on consumption that 

could plausibly be considered as clinically 

significant, i.e. as having an effect on 

individuals' nutritional intake to the 

extent that it would reduce the incidence 

of overweight, obesity, and related chronic 

diseases." 

No meta-analysis 

conducted 

No subgroup 

analysis 

conducted 

Low 

FI – fiscal intervention; SMD – standardised mean difference; SSB – sugar-sweetened beverage
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Effectiveness of fiscal interventions 

Intermediate outcomes – direct effects 

All four of the included reviews provided information on the effectiveness of FIs, namely taxes, 

in changing consumption or purchasing of the targeted food or non-alcoholic beverage(s). The 

reviews covered 55 primary studies with some overlap of included studies between reviews, 

while Sisnowski et al (2017) also included studies of non-FIs, e.g. menu labelling44. The evidence 

across reviews consistently supported the effectiveness of taxes on unhealthy foods or non-

alcoholic beverages – in particular SSBs – in reducing their consumption, often proxied by 

purchasing behaviour. Those reviews with the highest quality rating included the fewest 

studies41, 42 but also focused on more specific nutrients in foods; see Table 2.1.  

Estimates of own-price elasticity (how the quantity demanded changes according to the price of 

the product) were only identified for SSBs, with one review conducting a meta-analysis that 

examined the effect of taxes on SSBs from studies conducted up to June 201843. The authors 

present strong evidence that taxes on SSBs are associated with reduced purchases by using a 

two-step approach to adjust for both jurisdiction (n=6) and study-level heterogeneity (n=17) 

while also conducting a range of sensitivity analyses. The authors estimated an own-price 

elasticity of -1.00 (95% confidence interval [CI]: 0.57 to 1.47), noting that higher taxes tended to 

have a larger impact on consumption. No statistically significant differences (p < 0.05) were 

observed across study designs (interrupted time-series, before-after or cross-sectional); tax 

types (ad valorem1

1 Duty levied as a percentage of value of the services or goods being imported, rather than on their 
weight or the number of units. Ad valorem duty | Access2Markets (europa.eu)

, volumetric or threshold values); study quality (high or medium/low); 

consumption measure (self-report or purchasing/sales data); peer-review (Y/N); funding source 

(NGO/public, other/unclear or industry); or when comparing adults to children.  

Pfinder et al (2020) reviewed studies conducted up to September/October 2019 examining the 

effect of taxes on sugar and sugar-added foods. They judged only one study from Hungary as 

having sufficient quality and relevance to be included (the Hungarian Public Health Product tax 

on foods with a specific sugar content as well as certain beverages and foods high in sugar or 

caffeine). Lhachimi et al (2020) reviewed studies examining taxes on the fat content of food (an 

excise tax approximately equivalent to USD$2.70/kg on certain food types such as meat and 

full-fat dairy, while exempting those with a saturated fat content of 2.3% or less) up to the 

same date; they included two primary studies conducted in Denmark and one supporting study 

noted as relevant but having a high risk of bias. Though the evidence from these reviews 

 

https://trade.ec.europa.eu/access-to-markets/en/glossary/ad-valorem-duty


 

30 

supported the idea that taxes could change consumer behaviour, the review authors noted a 

high level of uncertainty as to these results, given the relatively few studies included. Sisnowski 

et al (2017) also included these Danish and Hungarian studies, along with studies examining 

other FIs that aim to encourage healthy diet more generally. They reported that FIs have the 

potential to change behaviour, especially when combined with other types of interventions, 

such as menu labelling, that aim to change consumer attitudes towards nutrition. A number of 

studies commented on the failure of adopted policies to implement taxes at a level thought to 

change behaviour – a threshold around 15-25% on the price faced by the consumer45-47. 

Sisnowski et al also noted that studies of subsidies, although not applied to an entire 

population within a jurisdiction, often noted increased purchasing of subsidised goods, e.g. 

fruit and vegetables.  

Intermediate outcomes – indirect effects 

Three out of the four reviews reported on indirect effects: namely, substitution to different food 

products as a result of a tax. Significantly, no reviews reported on product reformulation, 

despite its potential to influence consumption. Lhachimi et al (2020) noted some substitution 

from high-fat to medium/low-fat foods following the introduction in October 2011 of a tax in 

Denmark on the fat content of food (this tax being eventually repealed and removed in 

December 2012). Pfinder et al (2020) reported mixed evidence of the effects of substitution 

following the introduction in Hungary of a tax on the sugar content of foods in September 2011. 

The consumption and purchasing of both taxed and untaxed sugar-added food (measured in 

units of kg) dropped after the tax was implementedt, while average expenditure on untaxed 

sugar-added foods increased, though not significantly (p > 0.05). They noted that both mean 

expenditure and consumption/purchasing of untaxed sugar-added foods differed from that of 

taxed sugar-added foods after the tax was introduced, though not significantly (p > 0.05). 

Finally Teng et al (2019), in their meta-analysis of taxes on SSBs, found no statistically 

significant (p > 0.05) differences in the consumption of untaxed beverages43. Compared to their 

meta-analysis of direct effects, fewer studies (n = 6) across fewer jurisdictions (n = 4) were 

available for this analysis, and the authors also noted that this non-significant result was driven 

by results in one jurisdiction (Chile). Low-sugar or no-sugar items with a lower tax rate were 

included in the “taxed” category in Chile, which may complicate this analysis. When Chile was 

excluded from the meta-analysis, a significant increase in the use of untaxed beverages was 

observed in the remaining jurisdictions (Berkeley, Mexico and the US). 

Tertiary outcomes 

Only one review examined RWE of tertiary outcomes; that is, whether the tax altered nutrient or 

energy intake at population level enough to affect health. Sisnowski et al (2017) found little 
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evidence that, at the levels of tax used, taxes or subsidies to encourage healthy eating would 

have a strong enough impact to affect overweight or obesity and related NCDs. They caution, 

however, that such policies may still be able to affect tertiary outcomes. The design of such 

policies is critical in establishing such evidence and in properly analysing real-world policies in 

action (where substitution can be taken into account) rather than modelling studies. Two 

reviews included tertiary outcomes (overweight, obesity, health-related quality of life, mortality 

and other diet-related NCDs such as type 2 diabetes or cardiovascular disease) as part of their 

search strategy41, 42.  However, they found no evidence on the effectiveness of FIs in relation to 

these outcomes. 

Robustness check 

Review characteristics and results were extracted for reviews (n=6) which had only two critical 

flaws in the AMSTAR2 quality rating22, 48-52 and therefore received a marginal critically low rating 

(Appendices 2.7 and 2.8). When considering the results of these reviews, the key messages from 

our narrative synthesis were unchanged:  

1. There is evidence to support the use of taxes and subsidies in changing the 

consumption or purchasing of taxed/subsidised goods.  

2. There is some evidence of substitution, i.e.  consuming or purchasing untaxed 

goods or crossing borders to buy them in jurisdictions where they are not taxed.  

3. There is a lack of RWE to show that FIs are effective in changing health 

outcomes.  

Many of these additional reviews included modelling studies, which were more likely to indicate 

that FIs would affect tertiary outcomes (e.g. BMI or diet-related NCDs).  

Finally, three of the reviews examined the distributional impacts of FIs22, 49, 52. They found some 

evidence that FIs which apply to entire populations either improved inequalities or at least did 

not make them worse with respect to outcome and only to a small degree have made inequality 

with respect to taxation worse (i.e. increased the tax burden on the poor). However, most of this 

evidence came from modelling studies, and the selection of primary studies using RWE found 

that taxes had a neutral impact on health conditions among different socioeconomic groups. 

Our literature review identified 24 primary studies, published between January 2020 and 

November 2021, which presented RWE of the effectiveness of taxes and subsidies on food and 

non-alcoholic beverages in improving diet and preventing diet-related NCDs (Appendices 2.9 

and 2.10). These covered FIs implemented in India53, Spain54, France and Hungary55, Denmark56, 

South Africa57, 58, Cook Islands59, Tonga60, Saudi Arabia61-63, Thailand64, Mexico65, 66, and various 

jurisdictions within the US67-76. The majority of these (n = 23) examined taxes on non-alcoholic 
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beverages, namely SSBs. The other study, conducted on the Navajo Nation, examined the effect 

of subsidies on healthy food and found that the availability of fruits and vegetables increased 

by comparison to neighbouring unsubsidised jurisdictions67.  

Twenty studies found evidence that taxes were effective in reducing consumption of taxed 

items54-60, 62-66, 68-76. Two of these showed that reformulation was part of the mechanism 

underlying reduced sugar intake58, 69. Three studies showed that when a tax was reduced or 

repealed there was a subsequent increase in the consumption of taxed or previously taxed 

beverages56, 59, 70. Many studies found evidence of substitution, whereby consumers switched to 

untaxed alternatives within stores or shopped in untaxed jurisdictions. In some cases 

substitution was implied rather than explicit, either because people were consuming as much 

sugar as before despite buying fewer taxed items, or because effects were negligible at a 

population level54, 55, 57, 58, 60, 65, 69, 71-74. Only one study examined tertiary outcomes, and it found no 

evidence that an SSB tax in South Africa (known as the Health Promotion Levy) reduced BMI at 

the tax levels implemented57. 

Finally, a selection of studies (n = 5) examined the distributional impacts of the taxes. These 

focused on inequalities in outcomes rather than on the tax burden. All except one study 

consistently found evidence that the tax was most effective in reducing consumption among 

lower-income, lower-educated or unemployed individuals/households, and among those with 

high baseline intake57, 60, 64, 68. The study that found greater reduction in SSB consumption among 

higher-educated individuals was from a distinct sample of employees from a healthcare 

provider66. One study conducted among a sample of high-consuming and low-income 

individuals found large reductions in taxed beverage intake58. We did not conduct a quality 

assessment of these studies, but results were consistent with those described above when we 

restricted the sample of included studies to those which analysed both a pre- and post-tax 

implementation period as well as figures from untaxed jurisdictions54, 67-71, 73-75. 

Discussion 

We conducted an umbrella review to summarise the highest-level evidence of the effects of FIs 

on food and non-alcoholic beverages in improving diet and preventing diet-related NCDs. We 

considered four systematic reviews, one including a meta-analysis, in our final sample41-44. We 

found evidence to support the effectiveness of FIs (taxes and subsidies) in changing the 

consumption of taxed/subsidised goods, and some evidence of taxes leading consumers to 

substitute untaxed products or those with a lower tax rate. However, there was a lack of RWE to 

show that FIs effectively improved population health. There was little evidence from the 

included reviews as to the distributional impacts of FIs. Teng et al (2019) found no difference 
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between adults and children in their meta-analytic estimate of elasticity (change in demand) 

due to taxes on SSB consumption43. 

Relatively few of the reviews that we identified as being potentially relevant (n=25) were 

included in our final sample (Appendix 2.5). As a robustness check, we examined those studies 

which were closest to being included (<=2 critical-domain flaws in their AMSTAR2 rating). These 

reviews showed FIs to be effective in changing consumer behaviour48-51, improving population 

health49, 51, and reducing disparities in health22, 49 or at least not increasing disparities52. They also 

found that taxes are likely to be regressive (paid by everyone regardless of income, therefore a 

greater burden on low-income groups) though not substantially so49. This is supported by other 

reviews which showed that taxes reduce health inequalities and, while they may be regressive, 

are often more cost-effective for lower rather than higher socioeconomic groups in terms of 

leading to better health and less expenditure on healthcare22, 23, 77.  

Much of this evidence came from modelling studies (which often fail to account for 

substitution effects), highlighting the relative lack of detailed real-world analyses on the impact 

of FIs and consequently a readiness to resort to modelling studies. Although modelling studies 

have a greater risk of bias, they can also model higher tax rates than those actually 

implemented by governments, given these usually meet opposition from affected groups such 

as manufacturers44. Teng et al (2019) in analysing RWE found that higher taxes had larger 

impacts on consumption. It remains important to treat the results of modelling studies with 

caution, given their dependence on assumptions – for example, the assumption that there 

would be  the political will to adopt FIs at higher, more effective levels. 

The two reviews which received a high quality AMSTAR2 rating were conducted as Cochrane 

reviews (which follow a standard and internationally respected methodology to limit bias and 

error). This supports the validity of our quality assessment while demonstrating the importance 

of Cochrane reviews as part of a rigorous examination of the highest-quality evidence on health 

interventions. These were the two most recent reviews, published in 2020, and they provide a 

relatively up-to-date assessment of the current body of evidence showing that FIs effectively 

improve population health by targeting the sugar and fat content of foods. They found that 

taxes are likely to change consumption of these nutrients but report low certainty in this result, 

given that the two reviews covered only four primary studies in total. Further Cochrane reviews, 

such as the upcoming review by Heise et al on SSB taxes78, are needed to assess the 

effectiveness of FIs in relation to other nutrients or products and also to assess the certainty of 

such evidence.  

A general limitation of umbrella reviews can be their timeliness. As they are reviews of reviews 

of primary studies, they may lag behind emerging evidence. The estimate of own-price elasticity 
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of demand (how demand responds to the changing price of a particular product) resulting from 

SSB taxation (-1.00 [95% CI: -1.47 to -0.57]) in Teng et al (2019) was consistent with another 

meta-analysis published too late for our search. This study calculated the elasticity of demand 

due to SSB taxes to be -1.47 (95% CI -2.11 to -0.83) across 26 estimates from 19 studies79. When 

accounting for cross-border shopping in the subset of studies which examined substitution (n = 

5), this elasticity was reduced to -1.05 (95% CI: -1.54 to -0.57). A systematic review examining the 

effectiveness of taxes on SSBs to reduce overweight and obesity was also published after the 

closure of our search window80. It found that an SSB tax could be effective in reducing 

consumption of SSBs and the prevalence of overweight/obesity. It also noted a dose-response 

effect, with higher taxes leading to lower energy intake. However, much of this evidence came 

from modelling studies, and the three real-world studies examining health outcomes reported 

no significant effects of taxes on BMI. The authors call for more longitudinal studies of 

implemented taxes, repeating observations over a longer timespan, to better assess their effect 

on health.  

We also conducted a literature review of primary studies published between January 2020 and 

November 2021, which examined the effectiveness of taxes or subsidies on food and non-

alcoholic beverages in improving diet and preventing diet-related NCDs. We found further 

evidence that taxes on unhealthy nutrients or products reduced the amount consumed, along 

with even more evidence showing a substitution effect – which often negated the impact of the 

tax. In the case of SSBs for example (which accounted for c.95% of the primary studies 

identified), consumers switched to other untaxed sugary products or shopped in neighnouring 

jurisdictions where no tax applied, with little to no net decline in sugar intake. This helps 

explain the lack of evidence we found regarding the effectiveness of taxes in affecting tertiary 

health outcomes such as BMI. However, there were examples of individuals switching to 

healthier beverages such as water or reducing their net sugar consumption in spite of 

substitution60, 69. Furthermore, the greatest reductions in consumption of unhealthy products 

took place among lower socioeconomic groups or those with high baseline intake57, 60, 64, 68. This 

suggests that the tax is likely to benefit those most at risk of the harms of unhealthy diets, 

highlighting the importance of tax design in improving public health.  

FIs have the potential to correct market failures such as externalities, where the consumption of 

harmful goods imposes a cost to society, such as on the health system. They can also correct 

internalities2, where consumers take actions that are not in their own best interest81. In the case 

 

2 a long-term benefit or cost to an individual that they do not consider when making the 
decision to consume a good or service 
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of SSB taxes, Allcott et al (2019) present a number of principles which help guide measures to 

reduce diet-related NCDs in general82. They argue that:  

1. Taxes are an important tool for counteracting these market failures while still 

allowing individual agency (as opposed to bans, for example).  

2. Internalities and externalities are concentrated among different groups, e.g. 

differing by socioeconomic status (SES), and tax policies should account for this 

as well as their potential regressivity (disproportionate burden on different 

groups).  

3. The quantity of the health-harming ingredients should be taxed, which for SSBs 

would mean taxing the amount of sugar in grammes rather than the volume or 

value.  

4. Taxation policy address the potential for substitution within and across tax 

jurisdictions to attain maximum effect. 

In relation to these principles, we found the following:  

• Excise taxes on the sugar or fat content of foods and non-alcoholic beverages were 

likely to reduce their consumption. This suggests that they are normal goods (where 

demand increases in line with an increase in consumers’ income) – since Teng et al 

(2019) show that demand for SSBs goes down when the price rises (negative own-price 

elasticity of demand). It also shows that excise taxes are to some extent passed 

through to consumers (i.e., prices rise to reflect some of the tax) despite the 

availability of substitutes. A meta-analysis by Powell et al (2021) estimated that SSB 

excise taxes in the US have a pass-through rate of 65% (95% CI: 50-79%)83. However, 

many of the reviews included here found that taxes often did not increase the price of 

a good by enough to change behaviour (for example a 15-25% increase in retail price)44, 

45, 47, 84.  

• Where there are distributive concerns, Allcott, Lockwood and Taubinsky (2019) show 

that internalities resulting from SSB consumption in the US, such as inattention, are 

concentrated among lower SES groups, and a tax on SSBs would particularly benefit 

these groups by reducing these unforeseen consequences84. In Ireland, poor diet is 

concentrated among lower SES groups85, which suggests this principle may be 

transferable, as evidenced from primary studies outside of the US showing that taxes 

reduce consumption more among those in lower SES groups57, 60, 64 and are likely more 

cost-effective for these groups82. Farhi and Gabaix (2019) show that where externalities 

(wider consequences to society) and internalities apply across all SES groups, subsidies 

alongside taxes may be more effective than taxes alone in correcting market failure86, 
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for example a 10% reduction in the price of fruits and vegetables15. FIs are still unlikely 

to be a silver bullet, and we found evidence that to improve public health they may be 

more effective when implemented alongside other measures44. These could include 

public information programmes around food content and health. They could also 

include labelling or interventions to promote lifestyle change, such as more physical 

activity, given the links between other lifestyle behaviours and NCDs87 as well as the 

correlation in Ireland between unhealthy diet and sedentary behaviour88. 

• An ad valorem tax, such as a sales tax based on the value of the goods being sold, 

increases the price in percentage terms. However, it is likely to push consumers 

towards cheaper but not necessarily healthier options45. In countries like the US where 

the shelf price often does not include the sales tax, it may be even less effective. Ad 

quantum taxes on the quantity of the health-harming nutrient, such as sugar, are 

preferable. Excise taxes on suppliers allow for this but are effective only when 

manufacturers pass through enough of the tax to the consumer to change behaviour. 

The more own-price elasticity there is in the demand for the product (which depends 

on how many substitutes are available), the less likely a producer is to pass through 

the cost to the consumer. However, as described in (1), a substantial proportion of a tax 

is often passed through. Although this makes for a more complex intervention, such 

ad quantum taxes – targeting the helath-harming nutrient – are more effective82. 

Denmark provides an important example of taxing a nutrient – fat. However, this tax 

has been repealed42, which suggests that the acceptability of FIs to both policymakers 

and the public merits further research.  

• These principles generally assume a paternalistic government intending to correct 

market failure in relation to health. However, different tax designs may serve different 

aims. For example, an ad valorem tax may be the least burdensome administratively, 

or ad quantum taxes on products rather than nutrients may generate more revenue89. 

In Mexico, an added-sugar and calorie-dense tax appears so far to have failed to correct 

such externalities due to substitution65, but has been maintained and has become 

more acceptable due to yielding government revenue that is earmarked for improved 

drinking water15, 90. 

• Only one meta-analysis – taxes on SSBs – was included in our final sample. Its estimate 

of cross-price elasticity was insignificant but likely underpowered43 as we found many 

other examples of substitution to untaxed products as a result of a tax. Where 

substitution occurs, then too high a tax may lead to loss of welfare as people switch to 

untaxed products or shop in untaxed jurisdictions91. In this case, other health-harming 
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substitutes should also be taxed – but with caution where such substitutes also 

provide micronutrients; e.g. fruit juices contain vitamins as well as sugar82, 92.  

• The design of FIs should consider the complex setting/environment in which they are 

implemented (Figure 2.1) and neighbouring jurisdictions should coordinate their 

policies to avoid leakage. In the case of the IOI, cross-border shopping is likely between 

the north and south and may negate the purpose of a tax, especially in border 

counties, if adopted without coordination with the neighbouring jurisdiction.  

• Analyses are warranted of the direct and indirect effects of the SSB tax implemented by 

the UK and Ireland in April/May 2018. This involved taxing the sugar content of drinks 

through a two-tier system, which can both encourage substitution towards lower-

sugar drinks and encourage manufacturers to reformulate their products to avoid the 

higher tax rate16. This observation is borne out elsewhere58, 69, though we should 

consider the healthiness of the substituted ingredients. Our observations on 

substitution effects explain the lack of evidence regarding FIs on health outcomes, 

though more high-quality longitudinal studies are needed.  

Limitations 

Our study’s limitations point to directions for future research.  

Firstly, we restricted our review to policies which applied across an entire population within a 

jurisdiction. This was because we intended to avoid FIs implemented in controlled settings, 

such as experiments in supermarkets. Instead we aimed to examine how FIs affected different 

social groupings in different ways. 36, For example, although there are no US government 

programmes to support increased fruit and vegetable consumption nationally for the whole 

population93, a number of reviews focused on the US Supplemental Nutrition Assistance 

Program (SNAP), which subsidises healthy eating for low-income households. However, these 

reviews were subsequently excluded (unless reviewed alongside eligible FIs). Additional research 

is required to examine policies such as these, which aim to encourage healthy eating among 

targeted subgroups of the population, as they provide a figurative (and potentially literal) carrot 

alongside the stick of taxation to encourage consumption of important micronutrients and 

macronutrients92.  

Missing also from this review were efforts by governments to control promotional offers by 

private enterprises, such as bans on buy-one-get-one-free, or minimum pricing laws such as 

those related to alcohol in Ireland, which may be effective in the case of other health-harming 

goods94. Synergies may also exist with policies related to climate change or environmental 

sustainability95, 96, as many of the foods consumed on the island of Ireland which are nutrient 
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dense, such as fruits, vegetables and nuts, also have a lower environmental impact than 

unhealthy processed foods8.  

We found mixed evidence on how far the effect of taxes waned over time53, 69, 75 and therefore 

cannot draw any conclusions on the long-term impact of FIs. The length of follow-up when 

analysing the effect of taxes is generally short, as most examples and analyses of FIs were less 

than five years old, and more research is needed.  

As noted above, our umbrella review was restricted to evidence within the search windows of 

our selected systematic reviews, which can mean the research may be out of date. We thus 

discussed systematic reviews and meta-analyses conducted after our search date, examined 

reviews which were narrowly excluded in our quality assessment, and conducted a brief 

literature review of more recent studies examining the effectiveness of taxes and subsidies to 

reduce NCDs. We consistently found there is:  

1. Evidence to support the use of taxes and subsidies in changing consumption or 

purchasing of taxed/subsidised goods  

2. Evidence that FIs encourage substitution in terms of consuming or purchasing 

untaxed goods or goods in untaxed jurisdictions  

3. A lack of RWE to support the effectiveness of FIs in changing health outcomes  

We also found that when taxes were repealed or cut, consumption of unhealthy products 

returned to previous levels and potentially even higher. This highlights the importance of 

further research to understand the political and public acceptability of such interventions. 

Conclusion 

We find that taxes and to some extent subsidies are effective in changing the levels of 

consumption of taxed/subsidised items. However, substitution is likely to occur. Therefore, FIs 

present an important policy tool for improving public health but their design is critical. The fact 

that substitution can negate the effect of the FI undermines its goals and may also undermine 

public confidence. This could reduce support for such policies or lead to their repeal, further 

undermining the success of FIs globally. The lack of evidence we identify regarding the impact 

of FIs on health outcomes is therefore a concern, and more high-quality RWE longitudinal 

studies are needed. The implementation of an FI to improve diet and reduce diet-related NCDs 

can act as a signal to the public as to the importance (both negative and positive) of the taxed 

products or nutrients in relation to diet. The revenues from taxes in particular can also make FIs 

more acceptable to the public. However, further research is needed to better understand 

whether FIs can be implemented and optimised In a politically acceptable manner so as to 

achieve their aims.  
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Appendices 

Appendix 2.1: PROSPERO umbrella review protocol (CRD42021249212) 
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A systematic review of systematic reviews on the effects of fiscal and pricing policies for food 
and non-alcoholic drinks on improving diet and preventing non-communicable disease (NCD).   

Anticipated Start date 

16 April 2021 
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31 July 2021 

Stage of review at time of PROSPERO submission 
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Named Contact 
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The Food Safety Promotion Board (Safefood) [Project Ref: 02A-2020].  
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Collaborators 
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Review Question 
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What is the evidence that fiscal and other pricing strategies relating to food and non-alcoholic 

drinks: improve diet, reduce non-communicable diseases (NCDs), and induce behaviour change 

in anticipation of the adoption of a policy?  

Secondary Review Question 

What is the evidence of the impact of these fiscal and other pricing policies on inequalities, 

according to PROGRESS-Plus (1, 2), with respect to the outcomes of interest? 

Searches 

We will search for eligible systematic reviews published between January 1990 and February 

2021. The resources searched will include PubMed, MedLine, Web of Science, Scopus, Psycinfo, 

SCI, SSCI, Google Scholar, EconLit and EMBASE. We will also search repositories of reviews 

(epistemonikos for published reviews and PROSPERO for registered reviews) and the Cochrane 

and Campbell Libraries. We will contact relevant individuals working in this field (including 

those in academia, policy and government), and authors of relevant reports and publications to 

ask for information on potentially eligible published or unpublished reviews, reports or contacts 

that might support the overview. Included studies must be conducted as systematic reviews 

and can be published or unpublished. This will be documented in our review and quality/risk of 

bias will be assessed and reported using the AMSTAR 2 tool. 

Search strategy 

We will use already identified reviews  (3-6) to build a list of topic-related search terms, which 

will be used alongside terms and filters for systematic reviews and meta-analyses. 

Condition or domain being studied 

This overview will focus on health impacts related to poor diet. This covers excessive or 

imbalanced intake of nutrients leading to diet-related NCDs (e.g. Type 2 diabetes, cancer, dental 

caries and cardiovascular disease), overweight and obesity (7). We will also consider 

intermediate impacts such as expenditure on, or consumption of, specific nutrients (including 

sugar, fats, fibre and salt) and energy-dense foods and non-alcoholic drinks, as well as product 

reformulation by manufacturers. A final consideration will be the impact of these fiscal and 

other pricing policies on inequalities, according to PROGRESS-Plus (1, 2), with respect to the 

outcomes of interest. 

Participants/Population 

All populations will be eligible for inclusion. The population examined as part of each systematic 

review will be documented as part of data extraction. Any population subgroups and outcomes 

for these subgroups will also be examined. 
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Intervention/Exposure 

National, regional or local fiscal or pricing policies, such as taxes or subsidies, which target the 

intermediate or tertiary outcomes described above. Our analyses will consider the scalability of 

regional and local policies to the national level and transferability to the Island of Ireland. 

Comparator/Control 

As this is a study of fiscal and pricing policies targeting diet or risk of NCD at a population level 

it is unlikely that randomised trials will have been conducted and included in the eligible 

systematic reviews. Therefore, we will extract information on the availability and strength of any 

comparators but reviews will not be excluded because of a lack of comparator. 

Type of studies to be included 

We will include systematic reviews of randomised or non-randomised design studies that 

assessed fiscal and pricing policies targeting the conditions/domains described. Where reviews 

focus solely on modelling or theoretical studies, these will be excluded as they do not analyse 

original data. Where modelling or theoretical studies were included as part of a review including 

experimental or observational studies, we will include those findings relating to the 

experimental or observational studies but if the original reviewers have combined the findings 

of modelling or theoretical studies with those of experimental or observational studies we will 

use the combined results. Search methods will be developed to include only systematic reviews, 

this will involve restriction of searches to include “systematic review” or “meta-analysis” in the 

title, abstract or keywords, as well as using specific features of some search engines to focus 

only on systematic reviews while optimising balance between sensitivity and specificity (8-10). 

Context 

No restrictions will be placed on the context of the research provided the review includes the 

relevant Population (P), Intervention (I), Comparators (C) (where available) and Outcomes (O). 

Our analysis will consider the scalability of identified policies as well as transferability in the 

context of implementation on the Island of Ireland. 

Main outcome(s) 

Non-communicable disease (e.g. Type 2 diabetes) 

Obesity 

Overweight 

Weight change 

Nutrient intake  



 

49 

Nutrient balance 

Food and non-alcoholic drink consumption 

Food and non-alcoholic drink sales (quantity) 

Food and non-alcoholic drink expenditure (price * quantity) 

Additional Outcome(s) 

Distributional impacts of policies  

Product reformulation by manufacturers 

Data extraction (selection and coding) 

Study Selection 

Titles identified in our searches will be screened independently by two reviewers (LB & CON), and 

the abstracts of those judged to be potentially eligible will be checked by the same two 

reviewers. Where disagreements exist, these will be resolved by discussion and if necessary 

following reference to a third reviewer (FK/MC). All articles deemed potentially eligible will be 

retrieved for full text review. Full text articles will be screened independently by two reviewers 

(LB & CON). Disagreements will be resolved by discussion and if necessary, by reference to a 

third reviewer (FK/MC). References will be collated, duplicates removed, and titles and abstracts 

screened using EndNote 20 software. 

Data Extraction 

Data will be extracted independently by two reviewers (LB & CON) and will include design 

features: aims, methods, eligibility criteria and search strategy, funding sources, setting, 

participants, intervention (and comparator where available), outcomes measured, length of 

follow-up, outcomes reported, any sub-group analyses related to specific groups of 

participants, and any distributional impacts on outcomes or the tax burden. A Google Form will 

be developed based on the list of data to be extracted. Once complete, the meta-data will be 

used to generate separate spreadsheets of extracted data for each reviewer, which will be 

compared and any disagreements resolved by a third reviewer (FK/MC).  

Risk of Bias 

The methodological quality of each systematic review will be independently assessed by two 

reviewers (LB & CON) using the AMSTAR2 tool (8). Furthermore, how the quality of any estimates 

were assessed within reviews will be documented, for example use of the Phillips checklist (9). 

Disagreements will be resolved by discussion and where necessary by reference to a third 

reviewer (FK/MC). Care will be taken when assessing evidence to avoid collider stratification bias 
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that could arise when stratifying results by quality through sensitivity analyses on thresholds. 

Studies which receive a critically low score according to AMSTAR 2 will be excluded from the 

final review but will be listed for transparency. 

Strategy for data synthesis 

A narrative synthesis is planned given the complexities involved in attempting meta-analyses of 

systematic reviews. Data will be extracted from the included studies into a  Microsoft Excel 

spreadsheet and an examination of the data for narrative synthesis will be conducted,  for 

example to produce summary tables of the scope of included reviews and their results or 

graphical analysis using harvest plots. If more advanced analyses are feasible, for example 

unpicking individual treatment effects from studies to remove overlap and conduct a meta-

analysis, we will use Stata (for example the metan command). 

As fiscal and other pricing measures may have been adopted as part of more complex 

interventions, the assessment of reviews will explicitly address the approaches used for data 

synthesis of complex interventions. This will include an examination of stated purpose of the 

synthesis, heterogeneity in the studies from which data were synthesised, level of detail 

available from the studies included in the reviews, nature of the results reported and the 

resources available to the research team engaged in the review. The intervention will be detailed 

in terms of the nature and magnitude of tax or subsidy, minimum price etc.; what this is levied 

on, when it was announced and when it was introduced. Any effect on inequalities in outcomes 

or tax burden attributed to the intervention will be noted, as will any evidence regarding 

indirect effects, transaction costs and deadweight loss. Inequalities will be examined using axes 

of differentiation according to PROGRESS-Plus (1), given the potential for inequalities to arise 

across groups differentiated in ways other than socio-economic status (10). 

Analysis of Subgroups 

In line with the planned examination of inequalities in relation to study outcomes and/or policy 

tool/mechanism, any reporting of results according to subgroups captured under PROGRESS-

Plus will be reported. If, as expected, we need to present this overview as a narrative synthesis, 

these will be reported discursively. 

Type and method of review 

Type of review 

Intervention 

Narrative Synthesis 

Review of reviews 
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Systematic review 

Health area of review 

Cardiovascular 

Child health 

Endocrine and metabolic disorders 

Health inequalities/health equity 

Public Health 

Language 

English 

Country 

United Kingdom – Northern Ireland 
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Appendix 2.2: Search used across databases according to key themes 

Study type AND Intervention AND Outcome 

Systematic review* Tax* Nutrient* obesity 

Meta-analys?s Subsid* nutrition overweight 

Levy energy Diet* 

Levies Food* BMI 

Price healthy eating body mass 

demand Vegetable* body weight 
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fiscal non-communicable disease* Drink* 

pricing Cancer* Calori* 

supply cardiovascular disease* Sweeten* 

Isch?emic heart disease* caries 

Hypertensi* DMFT 

Diabet* DMFS 

Sugar* carious surface 

fat* Expen* 

Sodium Consum* 

Salt* Purchas* 

SSB Reformulate* 

Beverage* 
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Note: ‘*’ represents truncation as part of the search strategy; ‘?’ represents a wildcard for word spellings. Different terms were used depending on the 

search engine.
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Appendix 2.3: Expert Advisory Panel Members 

Name Affiliation 

Michael Donaldson Health and Social Care Board, Northern Ireland 

(HSCNI) 

David Frisvold University of Iowa 

Susan Jebb Oxford University 

Mark Petticrew London School of Hygiene and Tropical Medicine 
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Appendix 2.4: EMBASE search strategy for identification of primary studies examining the 

effectiveness of taxes or subsidies on food and non-alcoholic beverages in improving diet 

and preventing diet-related non-communicable disease, conducted between January 2020 

and November 2021 

1 Systematic Review/ 

2 systematic review$.ab,kw,ti. 

3 Meta-Analysis/ 

4 meta-analys?s.ab,kw,ti. 

5 (tax$ or subsid$ or levy or levies or price or pricing or demand or supply or elastic$ or 

fiscal).ab,kw,ti. 

6 (nutrient$ or energy or food$ or "healthy eating" or vegetable$ or "fruit$" or "non-

communicable disease$" or cancer$ or "cardiovascular disease$" or "isch?emic heart 

disease$" or hypertensi$ or diabet$ or sugar$ or fat$ or sodium or salt$ or SSB or 

beverage$ or obesity or overweight or diet$ or BMI or "body mass" or "body weight" or 

"non-alcoholic" or drink$ or calori$ or sweeten$ or caries or DMFT or DMFS or "carious 

surface" or expen$ or consum$ or purchas$ or reformulat$).ab,kw,ti. 

7 Taxes/ 

8 Fiscal Policy/ 

9 Nutrients/ 

10 Energy Drinks/ or Energy Intake/ 

11 Food/ or "Diet, Food, and Nutrition"/ or Food, Formulated/ 

12 Diet, Healthy/ 

13 Vegetables/ 

14 Fruit/ 

15 Noncommunicable Diseases/ 

16 Neoplasms/ 

17 Cardiovascular Diseases/ 

18 Coronary Disease/ or Heart Failure/ or Myocardial Ischemia/ 

19 Hypertension/ 

20 Diabetes Mellitus, Type 2/ or Diabetes Mellitus/ 

21 Sugars/ 

22 Dietary Fats, Unsaturated/ or Dietary Fats/ or Fats, Unsaturated/ or Fats/ 

23 Sodium/ or Sodium Chloride/ or Sodium, Dietary/ or Sodium Chloride, Dietary/ 

24 Salts/ 

25 Sweetening Agents/ or Beverages/ or Dietary Sucrose/ or Sugar-Sweetened Beverages/ 
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26 Obesity/ 

27 Overweight/ or Adipose Tissue/ or Body Weight/ 

28 Diet/ 

29 Body Mass Index/ 

30 Sucrose/ or Sweetening Agents/ or Dietary Carbohydrates/ 

31 Dental Caries Susceptibility/ or Dental Caries/ 

32 DMF Index/ or Oral Health/ 

33 Economics/ 

34 Consumer Behavior/ 

35 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 

or 27 or 28 or 29 or 30 or 31 or 32 or 34 

36 6 or 35 

37 5 or 7 or 8 or 33 

38 1 or 2 or 3 or 4 

39 36 and 37 

40 39 not 38 

41 ("tax" or "taxing" or "taxation" or "taxes").m_titl. 

42 ("subsidy" or "subsidi#ation" or "subsidi#e" or "subsidi#ed" or "subsidies").m_titl. 

43 41 or 42 

44 40 and 43 

45 limit 44 to human 

46 limit 45 to yr="2020 -Current" 

47 limit 46 to ((article or article in press) and journal) 

48 tobacco consumption/ or tobacco smoke/ or "tobacco use"/ or tobacco/ or tobacco snuff/ 

or smokeless tobacco/ or tobacco dependence/ or chewing tobacco/ or tobacco.mp. or 

dipping tobacco/ or tobacco industry/ 

49 47 not 48 

50 alcohol psychosis/ or alcohol blood level/ or alcohol intoxication/ or alcohol liver disease/ 

or alcohol abuse/ or alcohol tolerance/ or alcohol liver cirrhosis/ or alcohol consumption/ 

or alcohol abstinence/ or alcohol/ or alcohol.mp. 

51 49 not 50 

52 limit 51 to english language 
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Appendix 2.5: Matrix of databases searched and which of these indexed the 25 potentially relevant systematic reviews identified following 

screening 

Reference MedLine EMBASE PsychInfo 

Web of 

Science Scopus EconLit 

Cochrane 

Library Epistemonikos 

Campbell 

Library 

Google 

Scholar 

Afshin et al, 2017 97 X X X X X X 

Alagiyawanna et al 2015 98 X X X X X X 

Backholer et al 2016 49 X X X X X X 

Bandy et al 2019 48 X X X X X 

Dodd et al 2020 50 X X X X X X 

Escobar et al 2013 99 X X X X X 

Gittelsohn et al 2017 100 X X X X X X 

Lhachimi et al 2020 42 X X X X X 

Maniadakis et al 2013 101 X X X X 

McGill et al 2015 102 X X X X X 

Miracolo et al 2021 51 X 

Moran et al 2020 103 X X 

Nakhimovsky et al 2016 104 X X X X X 

Niebylski et al 2015 24 X X X X X X 

Olstad et al 2016 52 X X X X X 

Pfinder et al 2020 41 X X X X X 

Powell et al 2009 46 X X 

Powell et al 2013 31 X X X X X X 
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Reference MedLine EMBASE PsychInfo 

Web of 

Science Scopus EconLit 

Cochrane 

Library Epistemonikos 

Campbell 

Library 

Google 

Scholar 

Redondo et al 2018 105 X X X X X 

Sisnowski et al 2017 44 X X X X X 

Sobhani et al 2019 106 X 

Teng et al 2019 43 X X X X X 

Thow et al 2014 32 X X X X X X 

Thow et al 2010 107 X X X X X X 

Wright et al 2017 108 X X X X X X 

No. referenced 19 24 0 21 23 0 2 18 0 13 

% referenced 76% 96% 0% 84% 92% 0% 8% 72% 0% 52% 

          

          

                  

          

        

        

        

  

Note: Indexed reviews are marked with an ‘X’.  
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Appendix 2.6: Quality rating using AMSTAR2 checklist (studies with two or more critical domain flaws receive a critically low rating) 

  CRITICAL DOMAINS NON-CRITICAL DOMAINS       

Author Item 

2 

Item 

4 

Item 

7 

Item 

9 

Item 

11 

Item 

13 

Item 

15 

No. "N" 

for 

critical 

domains 

Item 

1 

Item 

3 

Item 

5 

Item 

6 

Item 

8 

Item 

10 

Item 

12 

Item 

14 

Item 

16 

No. "N" 

for non-

critical 

domains 

Quality 

Rating 

Afshin et al N PY N N N Y Y 4 Y Y N Y N N Y Y Y 3 CL 

Alagiyawanna et al N N N Y N/A Y N/A 3 N Y N Y PY N N/A Y Y 3 CL 

Backholer et al PY Y N N N/A Y N/A 2 N N Y Y PY N N/A Y Y 3 CL 

Bandy et al PY N N Y N/A Y N/A 2 N N Y Y PY N N/A Y Y 3 CL 

Dodd et al PY Y N PY N/A N N/A 2 N Y Y Y N N N/A Y Y 3 CL 

Escobar et al N N N N N N Y 6 N Y N N N N N Y Y 6 CL 

Gittelsohn et al N N N N N/A Y N/A 4 N N Y Y PY N N/A Y Y 3 CL 

Lhachimi et al Y Y Y Y N/A Y N/A 0 Y Y Y Y Y Y N/A Y Y 0 H 

Mandiakis et al N N N N N/A N N/A 5 N N Y Y N N N/A N Y 5 CL 

McGill et al PY N N PY N/A Y N/A 2 Y Y N N PY N N/A Y Y 3 CL 

Miracolo et al PY N N Y N/A Y N/A 2 Y Y N N PY Y N/A Y Y 2 CL 

Moran et al N N N N N/A N N/A 5 N Y Y Y PY N N/A Y Y 2 CL 

Nakhimovsky et al PY N N N N/A Y N/A 3 N Y N Y PY N N/A Y Y 3 CL 

Niebylski et al N N N PY N/A Y N/A 3 N Y N N N N N/A Y N 6 CL 

Pfinder et al Y Y Y Y N/A Y N/A 0 Y Y Y Y Y Y N/A Y Y 0 H 
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  CRITICAL DOMAINS   NON-CRITICAL DOMAINS     

Author Item 

2 

Item 

4 

Item 

7 

Item 

9 

Item 

11 

Item 

13 

Item 

15 

No. "N" 

for 

critical 

domains 

Item 

1 

Item 

3 

Item 

5 

Item 

6 

Item 

8 

Item 

10 

Item 

12 

Item 

14 

Item 

16 

No. "N" 

for non-

critical 

domains 

Quality 

Rating 

Olstad et al  Y N N Y N/A Y N/A 2 Y Y Y Y PY N N/A Y Y 1 CL 

Powell et al N N N PY N/A Y N/A 3 N Y Y N N N N/A Y N 5 CL 

Powell et al  N N N N N/A Y N 5 N Y N N N N Y Y Y 5 CL 

Redondo et al N N N Y N Y N/A 4 N Y Y Y Y Y Y Y Y 1 CL 

Sisnowski et al  PY PY N Y N/A Y N/A 1 Y Y N N PY N N/A Y Y 3 L 

Sobhani et al N N N N N/A N N/A 5 N Y Y N PY N N/A N Y 4 CL 

Teng et al Y PY PY Y N Y Y 1 Y Y Y Y Y Y Y Y Y 0 L 

Thow et al N N N N N/A Y N/A 4 N N N N N N N/A Y Y 6 CL 

Thow et al N N N N N/A N N/A 5 N Y N N PY N N/A Y Y 4 CL 

Wright et al N N N N N/A N N/A 5 N Y Y Y N N N/A Y Y 3 CL 

Y - Yes; PY - Partial Yes; N – No; N/A – Not Applicable; H - High; M - Moderate; L - Low; CL - Critically Low 
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Appendix 2.7: Characteristics of reviews outlined in sensitivity as having a marginal AMSTAR2 critically low quality rating 

Review eligibility criteria Search strategy 

Author/year Research 

design 

Synthesis 

method 

Population Intervention No. of  

databases 

Search period Search 

restrictions 

No of 

included 

studies 

Backholer et 

al, 2016 

NRSI; models Narrative 

synthesis 

Any 

population, 

any age, any 

setting, High-

income 

countries 

FI (taxes) on 

SSB's 

5 Earliest date 

up to June 

2015 

None 11 

Bandy et al, 

2019 

NRSI; models Narrative 

synthesis 

Any 

population, 

any age, any 

setting, any 

country 

FI (taxes and 

subsidies) on 

unhealthy foods 

and beverages 

and other 

applications of 

commercial 

purchase data 

for public health 

nutrition 

research 

5 Earliest date 

up to March 

2018 

English 

language 

69 
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Review eligibility criteria Search strategy 

Author/year Research Synthesis Population Intervention No. of  Search period Search No of 

design method databases restrictions included 

studies 

Dodd et al, 

2020 

NRSI; models; 

experiments 

Narrative 

synthesis 

Any 

population, 

any age, any 

setting, any 

country 

FI (taxes) on salt 

and foods high 

in salt 

12 January 2000 

to October 

2019 

None 18 

McGill et al, 

2015 

RCT; NRSI; 

models 

Narrative 

and 

graphical 

(harvest 

plot) 

synthesis 

Healthy 

population, 

any age, any 

setting, any 

country 

FI (taxes and 

subsidies) and 

other non-FI 

interventions 

(e.g. labelling) 

to promote 

healthy diet 

9 1980 to NR 

(publication 

date: May 

2015) 

English 

language 

36 

Miracolo et al 

2021 

NRSI; models; 

reviews 

Narrative 

synthesis 

Any 

population, 

any age, any 

setting, Latin 

American 

countries 

FI (taxes) on 

‘harmful’ goods 

(alcohol, sugar, 

salt, junk food 

(i.e. calorie-

dense foods) 

11 1 January 2000 

to 31 

December 

2018 

English and 

Spanish 

language 

34 
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Review eligibility criteria Search strategy 

Author/year Research Synthesis Population Intervention No. of  Search period Search No of 

design method databases restrictions included 

studies 

and/or tobacco 

products) 

Olstad et al 

2016 

RCT; NRSI Narrative 

and 

graphical 

(harvest 

plot) 

synthesis  

Healthy 

population, 

any age, any 

setting, any 

country 

FI (taxes and 

subsidies) and 

other non-FI 

interventions 

(e.g. labelling) 

to reduce 

obesity and 

obesity-related 

behaviours 

3 January 2004 

to August 2015 

English 

language, 

Humans 

36 
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Appendix 2.8: Effects of intervention strategies on intermediate and tertiary outcomes synthesised by reviews outlined in sensitivity as 

having a marginal AMSTAR2 critically low quality rating  

Author/year Intervention Outcome Narrative synthesis results Meta-analysis 

results 

Distributional 

effects 

Quality 

rating 

Intermediate Outcomes: Direct Effects 

Backholer et al, 

2016 

FI (taxes) on SSB's Taxed SSB 

consumption 

Some evidence (mainly 

modelling studies) to support 

effectiveness of taxes in 

reducing SSB consumption –  

"Current evidence suggests that 

a tax on SSB is likely to be an 

effective policy to reduce SSB 

consumption" 

No meta-

analysis 

conducted 

Evidence (mainly 

modelling studies) 

that an SSB tax 

would be regressive 

but only to a small 

degree –  

"An SSB tax would 

be regressive, but 

with small 

differences between 

higher- and lower-

income households 

(0·10–1·0% and 

0·03%–0·60% of 

annual household 

income paid in SSB 

Critically 

low 
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tax for low- and 

high-income 

households, 

respectively)." 

Bandy et al, 

2019 

FI (taxes and 

subsidies) on 

unhealthy foods 

and beverages 

and other 

applications of 

commercial 

purchase data for 

public health 

nutrition 

research 

Taxed unhealthy 

food and 

beverage 

consumption 

and subsidised 

healthy food 

consumption 

Evidence to support 

effectiveness of taxes and 

subsidies in encouraging healthy 

food consumption and 

discouraging unhealthy food 

and beverage consumption  

No meta-

analysis 

conducted 

No subgroup 

analysis conducted 

Critically 

low 

Dodd et al, 

2020 

FI (taxes) on salt 

and foods high in 

salt 

Taxed salt and 

salty food 

consumption 

Evidence (mainly modelling 

studies) to support effectiveness 

of taxes in reducing taxed salt 

consumption –  

"Although there is some 

evidence on the potential 

No meta-

analysis 

conducted 

No subgroup 

analysis conducted 

Critically 

low 



 

66 

effectiveness and cost-

effectiveness of salt taxation, 

especially from modelling 

studies, uptake of salt taxation 

is limited in practice." 

McGill et al, 

2015 

FI (taxes and 

subsidies) and 

other non-FI 

interventions 

(e.g. labelling) to 

promote healthy 

diet 

Taxed unhealthy 

food and 

beverage 

consumption 

and subsidised 

healthy food 

consumption 

Review examined distributional 

impacts of interventions and did 

not provide results on the 

overall effectiveness of 

interventions 

No meta-

analysis 

conducted 

Lack of evidence 

(except modelling 

studies which 

accounted for 17/18 

interventions) to 

support 

effectiveness of 

taxes and subsidies 

in reducing 

inequalities in 

healthy eating 

according to SEP –  

"ten of the eighteen 

“Price” 

interventions were 

likely to reduce 

inequalities by 

Critically 

Low 
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preferentially 

improving healthy 

eating outcomes in 

lower SEPs. All six 

studies reporting 

interventions which 

consisted of a 

combination of 

taxes and subsidies 

consistently had a 

greater impact on 

lower SEP." 

Results did not 

differ comparing 

distributional 

impacts across 

ethnicity 

Miracolo et al, 

2021 

FI (taxes) on 

‘harmful’ goods 

(alcohol, sugar, 

salt, junk food 

(i.e. calorie-dense 

Taxed energy-

dense food and 

beverage 

consumption 

Evidence to support 

effectiveness of tax in reducing 

consumption/purchasing of 

harmful goods (mainly SSB's)  -  

No meta-

analysis 

conducted 

No subgroup 

analysis conducted 

Critically 

low 
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foods) and/or 

tobacco 

products) 

"The majority of studies 

reported that implementation of 

sin taxes in Latin America 

resulted in reductions in harmful 

goods consumption" 

Olstad et al, 

2016 

FI (taxes and 

subsidies) and 

other non-FI 

interventions 

(e.g. labelling) to 

reduce obesity 

and obesity-

related 

behaviours 

Taxed unhealthy 

food and 

beverage 

consumption 

and subsidised 

healthy food 

consumption 

Review examined distributional 

impacts of interventions and did 

not provide results on the 

overall effectiveness of 

interventions 

No meta-

analysis 

conducted 

Evidence to support 

taxes and subsidies 

in having a neutral 

effect on 

inequalities in 

outcomes according 

to SEP –  

"The majority of 

agento-structural 

policies (including 

taxes and subsidies) 

had a neutral (68%) 

or positive (18%) 

impact on inequities 

in behavioural or 

anthropometric 

Critically 

low 
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outcomes (negative 

[14%])"  

Results did not 

differ comparing 

distributional 

impacts in adults vs 

children separately 

Intermediate outcomes: indirect effects 

Dodd et al, 

2020 

FI (taxes) on salt 

and foods high in 

salt 

Untaxed salt and 

salty food 

consumption 

Evidence (mainly modelling 

studies) to support effectiveness 

of taxes in increasing untaxed 

salt consumption – 

"Indeed, as in the modeling 

studies, there is some evidence 

that product substitution could 

have unintended negative 

effects on salt consumption: 

Tonga found that taxes on fatty 

meats (turkey tails, mutton 

flaps) led to substitution with 

salted beef and corned beef, 

No meta-

analysis 

conducted 

No subgroup 

analysis conducted 

Critically 

low 
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which were exempt from 

taxation." 

Tertiary outcomes 

Backholer et al, 

2016 

FI (taxes) on SSB's BMI and other 

weight outcomes 

Lack of evidence (except 

modelling studies) to support 

the effectiveness of taxes on 

SSB's in clinically improving 

weight outcomes at the 

population level –  

"Powell et al.(27) reported no 

relationship between variation 

in SSB taxes and adolescents’ 

BMI for any parental education 

group" AND "In the study by 

Sturm et al.(28) associations 

between variations in existing 

SSB tax rates and SSB 

consumption and BMI were 

examined for the entire 

population and for children from 

low-income households. For the 

No meta-

analysis 

conducted 

Evidence (mainly 

modelling studies) 

that an SSB tax 

would improve 

weight outcomes 

for individuals in 

lower SEP –  

"a tax on SSB will 

deliver similar 

population weight 

benefits across 

socio-economic 

strata or greater 

benefits for lower 

SEP groups." 

Critically 

Low 
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whole population, no 

association was observed 

between SSB taxes and overall 

SSB consumption or mean BMI 

change" AND "Fletcher et al.(29) 

reported a stronger relationship 

between variation in SSB taxes 

and weight outcomes for adults 

with lower (compared with 

higher) income and for those 

with a higher (compared with a 

lower) education level. Between 

1990 and 2006, a 1 percentage 

point increase in existing SSB tax 

rates was associated with a 

significant 0·015 kg/m2 

reduction in BMI for low-income 

adults and a 0·008 kg/m2 

decrease in BMI for high-income 

adults." 
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Miracolo et al, 

2021 

FI (taxes) on 

‘harmful’ goods 

(alcohol, sugar, 

salt, junk food 

(i.e. calorie-dense 

foods) and/or 

tobacco 

products) 

Diabetes, stroke, 

heart attack, 

death 

Lack of evidence (except 

modelling studies) to support 

effectiveness of tax in improving 

health outcomes –  

"Since the majority of our 

included 'Price' interventions 

were modelling studies, there is 

an urgent need to investigate 

the feasibility and impact of 

such taxes and subsidies using 

additional research methods." 

No meta-

analysis 

conducted 

No subgroup 

analysis conducted 

Critically 

low 
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Appendix 2.9: PRISMA flow diagram for identification of primary studies examining the 

effectiveness of taxes or subsidies on food and non-alcoholic beverages in improving diet 

and preventing diet-related non-communicable disease which were indexed in EMBASE and 

conducted between January 2020 and November 2021 
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Appendix 2.10: Literature review results of primary studies examining the effectiveness of taxes or subsidies on food and non-alcoholic 

beverages in improving diet and preventing diet-related non-communicable disease which were indexed in EMBASE and conducted between 

January 2020 and November 2021 

Title Y

e

a

r 

Population Intervention Comparator Outcome Timeframe Setting Design Effect 

category 

Evidence 

summary 

Distributional 

evidence 

Changes in 

take-home 

aerated 

soft drink 

purchases 

in urban 

India after 

the 

implement

ation of 

Goods and 

Services 

Tax (GST): 

An 

interrupted 

2

0

2

1 

General 

population 

(as measured 

by state-level 

monthly 

take-home 

purchases) 

Goods and 

Service Tax 

(GST) change 

on 

carbonated 

drinks 

Pre- and 

post- 

implementa

tion 

Purchases 

of 

carbonate

d drinks 

January 

2013 to 

June 2018 

Urban 

India 

NRSI: 

interru

pted 

time 

series 

(ITS) 

analysi

s 

Intermed

iate: 

Direct 

Lack of 

evidence 

to 

support 

effectiven

ess of tax 

in 

reducing 

carbonate

d drinks 

purchases 
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time series 

analysis 

How do 

consumers 

respond to 

"sin taxes"? 

New 

evidence 

from a tax 

on sugary 

drinks 

2

0

2

1 

Loyalty card 

data of 

monthly 

purchases by 

884,843 

households 

SSB tax Pre- and 

post- 

implementa

tion and 

Catalonia vs 

rest of Spain 

(no tax) 

Purchased 

quantity 

of 

beverages 

and sugar 

May 2016 

to April 

2018 

Catalonia NRSI: 

Differe

nce in 

Differe

nce 

(DiD) 

analysi

s 

Intermed

iate: 

direct 

and 

indirect 

Evidence 

to 

support 

effectiven

ess taxes 

in 

reducing 

taxed 

beverage 

consump

tion; 

evidence 

to 

support 

effectiven

ess of 

taxes in 
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increasin

g untaxed 

beverage 

consump

tion 

Assessing 

sugar-

sweetened 

beverage 

intakes, 

added 

sugar 

intakes 

and BMI 

before and 

after the 

implement

ation of a 

sugar-

sweetened 

beverage 

tax in 

2

0

2

1 

Adolescents, 

young adults 

and middle-

aged adults 

(n = 617) 

April 2018, 

SSB tax 

(Health 

Promotion 

Levy) 

1 year pre- 

and 1 year 

post- 

implementa

tion 

SSB and 

added 

sugar 

intakes, as 

well as 

BMI 

May 2017 

to May 

2019 

Soweto, 

Johannes

burg, 

South 

Africa 

NRSI: 

Longit

udinal 

analysi

s 

Intermed

iate: 

direct 

and 

indirect; 

Tertiary: 

BMI 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

decreasin

g SSB 

consump

tion; lack 

of 

evidence 

to 

support 

effectiven

ess of 

taxes in 

Greatest 

reduction in 

SSB 

consumption 

for those with 

high baseline 

intake 
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South 

Africa 

reducing 

total 

energy 

consump

tion from 

added 

sugar; 

lack of 

evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

BMI 

Impact of 

sugar-

sweetened 

beverage 

taxes on 

price, 

2

0

2

1 

General 

population 

Import 

tariffs on 

sweetened 

beverages 

Pre- and 

post- 

implementa

tion and 

sugary 

Quarterly 

price of an 

indicator 

beverage, 

monthly 

beverage 

2001-2017 Cook 

Islands 

NRSI: 

interru

pted 

time 

series 

(ITS) 

Intermed

iate: 

direct 

Evidence 

to 

support 

effectiven

ess of 

taxes in 



 

78 

import and 

sale 

volumes in 

an island: 

interrupted 

time series 

analysis 

snacks 

control 

import 

volumes 

(both 

2001-2017) 

and 

quarterly 

sales 

volumes 

(2012-2017) 

analysi

s  

decreasin

g soft 

drink 

import 

volumes, 

and in 

increasin

g import 

volumes 

when the 

tax was 

decreased 

The impact 

of sugar-

sweetened 

beverage 

taxes on 

purchases: 

evidence 

from four 

city-level 

taxes in 

2

0

2

0 

1477 

households 

in the US 

SSB tax Adjacent 

areas and 

matched 

households 

nationally 

Monthly 

household 

purchases 

of 

beverages 

6 months 

pre-tax 

and 6 

months 

post-tax 

implement

ation 

(exact 

dates 

Philadelp

hia, PA; 

San 

Francisco, 

CA; 

Seattle, 

WA; and 

Oakland, 

CA 

NRSI: 

Differe

nce in 

Differe

nce 

(DiD) 

analysi

s 

Intermed

iate: 

direct 

Evidence 

to 

support 

he 

effectiven

ess of 

taxes in 

reducing 

consump

This decline in 

purchasing 

was 

concentrated 

in only 1 out of 

the 4 cities 

(Philadelphia) 
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the United 

States 

varied by 

city) 

tion of 

SSBs 

Changes in 

food 

pricing and 

availability 

on the 

Navajo 

Nation 

following a 

2% tax on 

unhealthy 

foods: The 

Healthy 

Dine 

Nation Act 

of 2014 

2

0

2

1 

71 stores (51 

in the Navajo 

Nation and 

20 in border 

towns) - 

measured 

using 

Nutrition 

Environment 

Measuremen

t Survey-

Stores 

(NEMS-S) 

adapted for 

The Healthy 

Dine Nation 

Act of 2014 - 

2% tax on 

foods of 

'minimal-to-

no-

nutritional 

value' and 

waiver of 

5% sales tax 

on healthy 

foods 

Pre- and 

post- 

implementa

tion and 

Navajo 

nation 

stores vs 

border 

towns (no 

tax) 

Changes in 

pricing 

and food 

availability 

in stores 

on the 

Navajo 

Nation 

2013 and 

2019 

Navajo 

Nation 

NRSI: 

Differe

nce in 

Differe

nce 

(DiD) 

analysi

s 

Intermed

iate: 

direct 

Evidence 

to 

support 

effectiven

ess of 

subsidies 

in 

increasin

g 

availabilit

y of fruits 

and 

vegetable

s in 
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the Navajo 

Nation 

affected 

stores 

Taxed and 

untaxed 

beverage 

intake by 

South 

African 

young 

adults 

after a 

national 

sugar-

sweetened 

beverage 

tax: A 

before-

2

0

2

1 

adults aged 

18-39 years  

(pre-tax, n = 

2,459; post-

tax, n = 

2,489)  

April 2018, 

SSB tax 

(Health 

Promotion 

Levy) 

Pre- and 

post- 

implementa

tion and 

taxed and 

untaxed 

beverages 

Food 

compositi

on tables 

(FCTs) for 

South 

African 

beverages 

before and 

after the 

tax, linked 

with the 

diet recalls 

Feb/Mar 

2018 - 

Feb/Mar 

2019 

Langa, 

South 

Africa.  

NRSI: 

repeat

ed 

cross-

sectio

nal 

analysi

s 

Intermed

iate: 

direct 

and 

indirect 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

taxed 

beverage 

consump

tion and 

total 

sugar 

intake via 

reduced 

consump

Sample of low-

income and 

high-intake 

users 
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and-after 

study 

tion and 

reformula

tion; 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

increasin

g untaxed 

beverage 

consump

tion 

(offsettin

g some of 

the 

effect) 
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Impact of 

Sugar Tax 

on Sugar-

sweetened 

Beverage 

Consumpti

on among 

Saudi 

Schoolchil

dren 

2

0

2

1 

Schoolchildre

n aged 12-14 

years (pre-

tax, n = 453; 

post-tax, n = 

2,334)  

A 2017 120% 

tax on 

energy 

drinks and a 

50% tax on 

soft drinks 

Pre- and 

post- 

implementa

tion 

SSB 

consumpti

on  

Pre-tax 

data were 

collected 

in May 

2017 and 

post-tax 

data in 

April 2018 

Tri-city 

metropoli

tan area 

of 

Dammam

-Khobar-

Dhahran, 

Eastern 

Province, 

Saudi 

Arabia 

NRSI: 

repeat

ed 

cross-

sectio

nal 

analysi

s 

Intermed

iate: 

direct 

Lack of 

evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

consump

tion of 

energy 

and soft 

drinks 

Children only 

Changes in 

population

-level 

consumpti

on of taxed 

and non-

taxed 

sugar-

sweetened 

2

0

2

0 

General 

population (n 

= 5594) 

A 2017 SSB 

tax 

Pre- and 

post- 

implementa

tion and 

taxed and 

untaxed 

SSBs 

Taxed and 

non-taxed 

SSB 

consumpti

on 

2018 and 

2019 

Thailand NRSI: 

prospe

ctive 

cohort 

analysi

s 

Intermed

iate: 

direct 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

SSB 

Greatest 

reductions 

among male, 

older, lower 

income and 

unemployed 

individuals 
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beverages 

(Ssb) after 

implement

ation of 

ssb excise 

tax in 

Thailand: A 

prospectiv

e cohort 

study 

consump

tion 

The 

effectivene

ss of sin 

food taxes: 

Evidence 

from 

Mexico 

2

0

2

1 

General 

population 

(8,130 

households) - 

measured 

using 

scanner data 

containing 

weekly 

purchases of 

47,973 

barcodes 

2014 tax 

reform on 

sugar-added 

drinks and 

caloric-

dense food  

Pre- and 

post- 

implementa

tion 

Taxed and 

untaxed 

foods and 

beverages 

2013 and 

2014 

Mexico NRSI: 

regress

ion 

discon

tinuity 

Intermed

iate: 

direct 

and 

indirect 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

consump

tion of 

taxed 

food and 

beverages
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; evidence 

to 

support 

effectiven

ess of 

taxes in 

increasin

g 

consump

tion of 

untaxed 

food and 

beverages 

Associatio

n of a 

Sweetened 

Beverage 

Tax with 

Purchases 

of 

Beverages 

and High-

2

0

2

1 

116 

independent 

stores and 

4738 

customer 

purchases 

1.5 cent-per-

fluid-ounce 

excise tax on 

sugar- and 

artificially 

sweetened 

beverages  

Independen

t stores in 

Philadelphia 

and 

Baltimore, 

Maryland (a 

nontaxed 

control) 

before and 2 

Changes in 

mean 

price 

(measured 

in cents 

per fluid 

ounce) of 

taxed and 

nontaxed 

2017-2019 Philadelp

hia, 

Pennsylva

nia 

NRSI: 

Differe

nce in 

Differe

nce 

(DiD) 

analysi

s 

Intermed

iate: 

direct 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

increasin

g prices 

and 

Greatest 

reductions in 

low-income 

neighbourhoo

ds and among 

individuals 

with lower 

reductions 

levels 
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Sugar 

Foods at 

Independe

nt Stores in 

Philadelphi

a 

years after 

tax 

implementa

tion 

beverages, 

mean fluid 

ounces 

purchased 

of taxed 

and 

nontaxed 

beverages, 

and mean 

total 

calories 

purchased 

from 

beverages 

and high-

sugar 

foods 

decreasin

g 

purchasin

g of SSBs 

Evaluation 

of Changes 

in Grams 

of Sugar 

Sold after 

2

0

2

1 

General 

population 

(Nielsen 

scanner data 

from 

Sweetened 

Beverage Tax 

(SBT) on 

January 1, 

2018. 

Taxed and 

untaxed 

products in 

Seattle 

compared 

Changes in 

grams of 

sugar sold 

from taxed 

beverages, 

Pre-tax 

period 

(January 8-

December 

30, 2017) 

Seattle, 

Washingt

on and 

Portland, 

Oregan 

NRSI: 

Differe

nce in 

Differe

nce 

Intermed

iate: 

direct 

and 

indirect 

Evidence 

to 

support 

effectiven

ess of 
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the 

Implement

ation of 

the Seattle 

Sweetened 

Beverage 

Tax 

supermarket

s and mass 

merchandise 

as well as 

grocery, 

drug, 

convenience, 

and dollar 

stores on 

unit sales 

and 

measuremen

ts for 

beverage and 

food product 

universal 

product 

codes (UPCs). 

with 

Portland, 

Oregon, at 

year 1 and 

year 2 post 

tax 

untaxed 

beverages, 

sweets, 

and stand-

alone 

sugar 

and the 

correspond

ing weeks 

in year 1 

post tax 

(2018) and 

in year 2 

post tax 

(2019). 

(DiD) 

analysi

s 

taxes in 

reducing 

sugar 

purchases 

via 

reduced 

taxed 

beverage 

purchases 

and 

reformula

tion; 

evidence 

to 

support 

effectiven

ess of 

taxes in 

increasin

g untaxed 

sugar 

consump

tion 
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Evaluation 

of Changes 

in 

Beverage 

Prices and 

Volume 

Sold 

following 

the 

Implement

ation and 

Repeal of a 

Sweetened 

Beverage 

Tax in Cook 

County, 

Illinois,  

2

0

2

0 

General 

population 

(Nielsen food 

store scanner 

data were 

obtained for 

weekly 

volume and 

dollar 

amount sold 

of non-

alcoholic 

beverage 

universal 

product 

codes (UPCs) 

for each site 

in 

supermarket

s and mass 

merchandise, 

grocery, 

drug, 

Implementa

tion and 

repeal of the 

Cook 

County, 

Illinois, 

Sweetened 

Beverage Tax 

(SBT) 

St Louis 

County and 

city, 

Missouri, 

which did 

not impose 

a tax  

Changes in 

taxed and 

untaxed 

beverage 

prices and 

volume 

sold 

16 510 

UPCs for 

volume 

and 2141 

UPCs 

(balanced 

sample) 

for prices 

for 122 pre-

tax weeks, 

16 tax 

weeks, and 

35 post 

repeal 

weeks 

Cook 

county, 

Illinois 

and St 

Louis 

County 

and city, 

Missouri 

NRSI: 

Differe

nce in 

Differe

nce 

(DiD) 

analysi

s 

Intermed

iate: 

direct 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

increasin

g prices 

and 

decreasin

g 

volumes 

sold of 

taxed 

beverages

, and in 

increasin

g prices 

and 

volumes 

sold 

when tax 
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convenience, 

and dollar 

stores) 

is 

repealed 

Sugar-

sweetened 

and diet 

beverage 

consumpti

on in 

Philadelphi

a one year 

after the 

beverage 

tax 

2

0

2

0 

General 

population 

(random-

digit-dialling 

phone survey 

was 

administered 

to a 

population-

based cohort 

(N = 515)) 

A 2017 excise 

tax ($ 

0.015/ounce) 

on sugar-

sweetened 

and diet 

beverages in 

Philadelphia 

(Pennsylvani

a) 

Nearby 

comparison 

cities 

(Trenton, 

New Jersey; 

Camden, 

New Jersey; 

and 

Wilmington, 

Delaware)  

Changes in 

30-day 

consumpti

on 

frequency 

and 

ounces of 

sugar-

sweetened 

and diet 

beverages 

(and a 

substituti

on 

beverage, 

bottled 

water) in 

the 

Baseline 

(December 

2016-

January 

2017) vs. 

12-month 

follow-up 

(December 

2017-

February 

2018).  

Philadelp

hia; 

Trenton, 

New 

Jersey; 

Camden, 

New 

Jersey; 

and 

Wilmingt

on, 

Delaware 

NRSI: 

Differe

nce in 

Differe

nce 

(DiD) 

analysi

s 

Intermed

iate: 

direct 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

SSB 

consump

tion  
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analytic 

sample  

The effects 

of soda 

taxes on 

adolescent 

sugar 

intake and 

blood 

sugar 

2

0

2

0 

Adolescents 

aged 12-19 

years  - 

measured 

using a 

restricted-

use version 

of the 1999-

2014 National 

Health and 

Nutrition 

Examination 

Survey 

(NHANES)  

Soda sales 

taxes 

Within-

state 

variation in 

soda sales 

tax rates 

over time 

Total daily 

sugar 

intake and 

blood 

sugar  

1999-2014 US NRSI: 

longit

udinal 

analysi

s 

Intermed

iate: 

direct 

and 

indirect 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

calories 

consume

d from 

taxed soft 

drinks; 

evidence 

to 

support 

effectiven

ess of tax 

in 

increasin

g calorie 
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intake 

from 

untaxed 

beverages 

Impact of 

sin taxes 

on 

consumpti

on 

volumes of 

sweetened 

beverages 

and soft 

drinks in 

Saudi 

Arabia 

2

0

2

1 

General 

population 

Excise tax on 

sugar-

sweetened 

beverages in 

Saudi 

Arabia, 2017 

Pre- and 

post- 

implementa

tion 

Consumpt

ion level of 

SSB's 

2010-2020 Saudi 

Arabia 

NRSI: 

time-

series 

analysi

s  

Intermed

iate: 

direct 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

sales 

volumes 

of soft 

drinks 

The causal 

impact of 

sugar taxes 

on soft 

drink sales: 

evidence 

2

0

2

1 

General 

population 

(Euromonitor 

International

) 

Sugar tax Pre- and 

post- 

implementa

tion 

SSB sales 2004-2018 France 

and 

Hungary 

NRSI: 

Synthe

tic 

control 

Intermed

iate: 

Direct 

and 

Indirect 

Evidence 

to 

support 

effectiven

ess of tax 

in 
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from 

France and 

Hungary 

analysi

s 

reducing 

SSB sales; 

Lack of 

evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

overall 

soft drink 

sales 

Do prices 

and 

purchases 

respond 

similarly to 

soft drink 

tax 

increases 

and cuts? 

2

0

2

0 

General 

population 

(longitudinal 

scanner data 

of 1,282 

Danish 

households) 

Increases 

and cuts of 

the soft 

drink tax in 

Denmark 

Pre- and 

post- 

implementa

tion 

Within-

product 

changes in 

prices and 

within-

household 

changes in 

purchase 

quantity 

2012-2014 Denmark NRSI: 

longit

udinal 

analysi

s 

Intermed

iate: 

direct 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

decreasin

g soft 

drink 
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consump

tion, and 

in 

increasin

g 

consump

tion when 

tax is 

repealed; 

lack of 

evidence 

to show 

repeal of 

tax is 

associate

d with a 

decrease 

in 

untaxed 

beverages 

(greater 

net 
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calorie 

intake) 

Oakland's 

sugar-

sweetened 

beverage 

tax: 

Impacts on 

prices, 

purchases 

and 

consumpti

on by 

adults and 

children 

2

0

2

0 

Oakland 

stores and 

their 

customers 

and a 

matched 

group of 

stores in 

surrounding 

counties and 

their 

customers 

A July 1, 2017, 

tax of one 

cent per 

ounce on 

SSBs 

Pre- and 

post- 

implementa

tion and 

Oakland 

and stores 

outside of 

the city 

(1) Prices, 

(2) 

purchase 

informatio

n from 

customers 

exiting the 

stores, and 

(3) a 

follow-up 

household 

survey of 

adults and 

child 

beverage 

purchases 

and 

consumpti

on 

2017-2018 

(months 

prior to 

the 

implement

ation of 

the tax 

and again 

a year later 

on) 

Oakland, 

California 

NRSI: 

Differe

nce in 

Differe

nce 

(DiD) 

analysi

s 

Intermed

iate: 

direct 

and 

Indirect 

Evidence 

to 

support 

effectiven

ess of tax 

in 

reducing 

SSB 

consump

tion in 

stores in 

taxed 

jurisdictio

n; 

evidence 

to 

support 

effectiven

ess of tax 

in 



 

94 

increasin

g SSB 

consump

tion in 

stores in 

bordering 

untaxed 

jurisdictio

ns 

Evaluating 

Saudi 

Arabia's 

50% 

carbonated 

drink 

excise tax: 

Changes in 

prices and 

volume 

sales,  

2

0

2

0 

General 

population 

(Saudi 

Arabia’s 

General 

Authority of 

Statistics 

(GASTAT) 

survey of 

average 

prices of 

goods and 

services and 

50 % excise 

tax on 

carbonated 

drinks in 

June 2017 

Pre- and 

post- 

implementa

tion 

Changes in 

taxed 

carbonate

d drinks’ 

monthly 

prices and 

annual 

volume 

sales 

(litres per 

capita). 

volume 

sales of 

2012-2018 Saudi 

Arabia 

NRSI: 

Differe

nce in 

Differe

nce 

(DiD) 

analysi

s 

Intermed

iate: 

direct 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

increasin

g prices 

and 

decreasin

g  

volumes 

sold of 
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Euromonitor’

s passport 

database for 

volume 

sales) 

untaxed 

beverages 

(water and 

juice) 

taxed 

beverages 

Associatio

n between 

tax on 

sugar 

sweetened 

beverages 

and soft 

drink 

consumpti

on in 

adults in 

Mexico: 

Open 

cohort 

longitudin

al analysis 

of Health 

2

0

2

0 

1770 

employees 

from a 

healthcare 

provider 

aged 19 years 

or older from 

three waves 

of the Health 

Workers 

Cohort Study 

SSB tax Pre- and 

post- 

implementa

tion 

Change in 

probability 

of 

belonging 

to one of 

four 

categories 

of soft 

drinks 

consumpti

on (non, 

low, 

medium, 

high) after 

the tax 

was 

2004-2018 Mexico NRSI: 

longit

udinal 

analysi

s 

Intermed

iate: 

direct 

Evidence 

to 

support 

effectiven

ess of tax 

in 

reducing 

SSB 

consump

tion 

among 

employee

s of 

healthcar

e 

providers 

Within this 

distinct 

population, 

higher 

education was 

associated 

with a greater 

reduction in 

SSB 

consumption 
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Workers 

Cohort 

Study 

implement

ed 

Equity of 

expenditur

e changes 

associated 

with a 

sweetened

-beverage 

tax in 

Tonga: 

repeated 

cross-

sectional 

household 

surveys 

2

0

2

1 

General 

population 

(the 

Household 

Income and 

Expenditure 

Surveys in 

2009 (n = 

1982) and 

2015/16 (n = 

1800)) 

T$0.50/L 

sweetened-

beverage 

(SB) excise in 

Tonga 2013 

Pre- and 

post- 

implementa

tion 

Changes in 

soft drink 

(taxed), 

bottled 

water, and 

milk (both 

untaxed) 

expenditur

e were 

examined 

namely: (i) 

prevalence 

of 

household

s 

purchasin

g the 

beverage; 

(ii) average 

2009-2016 Tonga NRSI: 

repeat

ed 

cross-

sectio

nal 

analysi

s 

Intermed

iate: 

direct 

and 

indirect 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

soft drink 

purchases

; evidence 

to 

support 

effectiven

ess of 

taxes in 

increasin

g untaxed 

beverage 

(water) 

Low-income 

households 

appeared to 

have slightly 

greater 

declines in 

soft drink 

expenditure 
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expenditur

e per 

person 

(inflation-

adjusted); 

(iii) 

expenditur

e as a 

proportion 

of 

household 

food 

budget; 

and (iv) 

expenditur

e per 

person as 

a 

proportion 

of 

equivalise

d income.  

expenditu

re  
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The impact 

of a 

sweetened 

beverage 

tax on 

beverage 

volume 

sold in 

cook 

county, 

Illinois, 

and its 

border area 

2

0

2

0 

General 

population 

(universal 

product 

code-level 

store scanner 

data from 

supermarket

s and 

grocery, 

convenience, 

drug, mass 

merchandise, 

and dollar 

stores) 

2017 Cook 

County, 

Illinois, 

Sweetened 

Beverage Tax 

(SBT) 

Pre- and 

post- 

implementa

tion and 

Cook 

county, 

Illinois and 

St. Louis 

City, 

Missouri 

Beverage 

volume 

sold of 

taxed and 

untaxed 

beverages, 

across 

product 

categories 

and sizes 

2016-2017 Illinois 

and 

Missouri, 

USA 

NRSI: 

Differe

nce in 

Differe

nce 

(DiD) 

analysi

s 

Intermed

iate: 

direct 

and 

indirect 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

volumes 

sold of 

taxed 

beverages 

in taxed 

jurisdictio

ns and 

overall; 

evidence 

to 

support 

effectiven

ess of tax 

in 

increasin

g 
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volumes 

sold of 

same 

beverages 

in 

untaxed 

jurisdictio

ns; lack of 

evidence 

to 

support 

effectives 

of taxes 

in 

increasin

g 

volumes 

sold of 

untaxed 

beverages 

in taxed 

and 

untaxed 
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jurisdictio

ns 

One-year 

changes in 

sugar-

sweetened 

beverage 

consumers' 

purchases 

following 

implement

ation of a 

beverage 

tax: A 

longitudin

al quasi-

experiment 

2

0

2

0 

Adult sugar-

sweetened 

beverage 

(SSB) 

consumers in 

Philadelphia 

(n = 306) and 

Baltimore (n 

= 297; a 

nontaxed 

comparison 

city) 

Philadelphia 

beverage tax 

on sugar-

sweetened 

and 

artificially 

sweetened 

beverages 

Baltimore ( 

a nontaxed 

comparison 

city) 

Changes in 

objectively 

measured 

beverage 

purchases  

From 2016 

to 2017 

participant

s 

submitted 

all food 

and 

beverage 

receipts 

during a 2-

wk period 

at: 

baseline 

(pre-tax) 

and 3, 6, 

and 12 mo 

post tax 

(91.0% 

retention; 

data 

Philadelp

hia, 

Pennsylva

nia 

NRSI: 

Differe

nce in 

Differe

nce 

(DiD) 

analysi

s 

Intermed

iate: 

Direct 

Evidence 

to 

support 

effectiven

ess of 

taxes in 

reducing 

taxed 

beverage 

purchases  
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analysed 

in 2019) 
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3 An umbrella review of the 
acceptability of fiscal and pricing 
policies to reduce diet-related non-
communicable disease 

Introduction 

As noted in the previous chapter poor quality diets (specifically those high in salt, sugar and fat 

and low in fruit, vegetables, legumes and nuts) represent major risk factors affecting the global 

burden of disease1-3. Unhealthy eating patterns are common on the island of Ireland (IoI), as are 

socio-economic disparities in such eating behaviours, ultimately impacting on the health of the 

population4-8. A number of policy actions have been promoted to help counter the rise in diet-

related non-communicable disease (NCD), including fiscal and pricing policies, henceforth fiscal 

interventions (FIs)9-11. Preventive policies such as these, rely only partly on an individual's ability 

to engage with the intervention, which may be linked to socio-economic factors12-14. While they 

may be more effective than downstream (personal-level) interventions, they can also be more 

complex to implement14-17. 

There is evidence in Ireland from modelling studies that FIs can be used to change behaviour 

and reduce health risks18, 19. However, the use of research evidence in public health policymaking 

bears little resemblance to the systematic and hierarchical process of decision-making in 

evidence-based medicine20, 21. Rather than a linear sequence covering all stages in a hierarchy of 

evidence from identifying a problem to treatment evaluation, policymaking usually occurs in a 

complex and non-linear fashion requiring a range of evidence of varying types depending on the 

problem21, 22. This multi-stranded approach can help to identify barriers and facilitators (B/F) 

affecting the acceptability of FIs, so highlighting the various points of influence on 

policymaking17, 23. Recent examples from outside the IoI of FIs which have been implemented but 

then repealed, with their effects reversed24, 25, highlight the need to consider acceptability and 

not just effectiveness in measuring the success of a health policy. 

Several political process theories have been developed in recognition of this complex 

policymaking endeavour17, 26. Kingdon’s Multiple Streams Framework (MSF) for agenda setting 

outlines three separate but complementary streams: problem, policy and politics27. When these 

streams are aligned it creates a window of opportunity for successful policy implementation. 

This theory has been widely used to address agenda setting as well as policy adoption and 
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implementation, especially for diet-related FIs17, 26, 28-30. The problem of diet-related NCDs is 

widely acknowledged, and here we focus on a specific type of policy: diet-related FIs. The 

parallel umbrella review reported in the preceding chapter has examined their effectiveness and 

distributional effects (CRD42021249212).  

In this chapter, we focus on politics by conducting an umbrella review of the acceptability of FIs 

applied to food and non-alcoholic beverages to improve diet and reduce diet-related NCDs. As 

the topic of acceptability of FIs has grown, so too have the number of studies and systematic 

reviews examining it31-36. Umbrella reviews provide an important tool for policymakers by 

summarising the highest level of evidence, namely systematic reviews and meta-analyses, in 

relation to a research topic or question37. 

Methods 

Acceptability is defined as the degree to which individuals’ or groups’ experience of 

barriers/facilitators (B/F) is linked to the implementation or proposed implementation of such 

policies33. We group B/F according to the criteria in the WHO-INTEGRATE framework, which is 

used to guide the process from collecting evidence to making decisions for complex health 

interventions, according to WHO norms and values 23. Our other review (CRD42021249212) 

sought to explain the criteria relating to: 

• ‘Balance of health and benefits’ – the scale and types of health benefit gained from

intervention

• ‘Health equity, equality and non-discrimination’ – an effort to improve health and

reduce structural differences (relating, for example, to socioeconomic or educational

status) in health across populations

This review includes the above criteria along with: 

• ‘Human rights and sociocultural acceptability’ – an intervention’s impact on human

rights, and how far people understand or feel it to be appropriate

• ‘Societal implications’ – an intervention’s wider economic, social and environmental

associations

• ‘Financial and economic considerations’ – the economic impact on the health system,

government and society

• ‘Feasibility and health system considerations’ – how an intervention fits into the

framework of legislation and governance, the structure of the health system, other

programmes, human resources and infrastructure



104 

• ‘Quality of evidence’, which is considered across these criteria and is described in the

‘Quality appraisal’ section

Search strategy 

The review protocol for this study was registered at the International Prospective Register of 

Systematic Reviews (PROSPERO; registration number CRD42021274454, Appendix 3.1). We 

searched MedLine, EMBASE, PsychInfo, SCI, SSCI, Web of Science, Scopus, EconLit, the Cochrane 

Library, Epistemonikos and the Campbell Library for eligible systematic reviews published from 1 

January 1990 up to June 2021. A range of search terms were used to cover three themes for 

relevant reviews. Specifically we required that:  

1. The study type must be a systematic review (defined according to the Cochrane

Handbook for Systematic Reviews of Interventions38) with or without meta-

analysis.

2. It must focus on fiscal or pricing policies, such as taxes or subsidies [referred to

here as fiscal interventions (FIs)].

3. The intent must be to change diet with a view to improving health.

We identified a list of search terms across these three themes using Boolean ‘or’ operators for 

terms within each theme and ‘and’ operators between each theme (Appendix 3.2). Where a 

database provided tools to further limit our search strategy, we restricted to studies of 

‘humans’ (MedLine, EMBASE, PsychInfo) and applied a database tool designed to achieve a  

balance between sensitivity and specificity of searches for systematic reviews (MedLine)39. We 

followed the Peer Review of Electronic Search Strategies (PRESS) guidelines in designing our 

search strategy, though it was not peer reviewed40. To help validate our search strategy, we 

identified two systematic reviews which we expected from the outset to be relevant to our 

umbrella review33, 34, and used these to test our strategy but not to design it; i.e. if a search 

database indexed our validation reviews then our search was required to include it. For Google 

Scholar, we first completed the review on all other databases and then compared this final list 

to the first five pages (50 studies) returned to see if any additional studies merited inclusion.  

Screening 

One reviewer (LB) carried out the search, collated the results and removed the duplicates in 

EndNote 20 software41. Two reviewers (CON and LB) independently screened article titles first to 

remove redundancies and compared results before finalising a list of articles for abstract 

screening. Disagreements were discussed until consensus was reached or input was sought 

from a third reviewer (FK), though ultimately the latter was not required. Next, abstracts were 

screened using the same process followed by a full-text screening. We searched reference lists, 



 

105 

contacted authors and sought expert opinion to identify any additional relevant studies and 

acquire full texts where necessary. For any articles that required translation into English, we 

initially used online translation software to identify any clear reasons for exclusion and 

otherwise used a professional translation service. 

Inclusion/exclusion criteria 

We included all systematic reviews examining B/Fs related to FIs that had been implemented by 

governments to improve diet quality across the population. Eligible reviews for inclusion: 

• Were conducted as a systematic review with or without meta-analysis 

• Examined acceptability in relation to an implemented or proposed government policy 

that targeted the price of a good 

• Used real-world evidence (RWE), i.e. not simulated models 

• Examined policies that targeted the consumption of food and non-alcoholic beverages, 

i.e. not agricultural policies with unintended impacts upon consumption 

• Examined real or perceived B/F experienced by the public or political groups, e.g. a real 

or perceived reduction in local employment resulting from a food tax, as well as 

actions taken in relation to such B/F, e.g. lobbying 

• Examined policies that applied to the entire population of a government’s jurisdiction, 

e.g. not experiments on price discounts in supermarkets or subsidies on selected 

samples 

Criteria for qualification as a systematic review were taken from the Cochrane Handbook for 

Systematic Reviews of Interventions38. Reviews were therefore excluded if they did not provide:  

1. A clearly stated set of objectives with pre-defined eligibility criteria for studies  

2. An explicit, reproducible methodology  

3. A systematic search that attempted to identify all studies that would meet the 

eligibility criteria  

4. An assessment of the validity of the findings of the included studies  

5. A systematic presentation and synthesis of the characteristics and findings of the 

included studies  

We excluded reviews of modelling/simulation studies (i.e. those that simulated a result) or 

theoretical studies. Some reviews included studies which satisfied the inclusion criteria (i.e. 

RWE examining a fiscal policy that had been applied across the entire population under its 

jurisdiction) as well as studies which did not satisfy the criteria (e.g. a modelling study of the 

same intervention). In these cases, we included the review and reported results only relating to 

the relevant studies, provided these results were presented separately. If the original reviewers 
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had combined the findings of modelling or theoretical studies with those examining RWE, we 

used the combined results while noting that they included a mix of results in our synthesis. 

Reviews noting the existence of a policy but not discussing the B/F it involved were not 

included. 

Quality appraisal 

As part of the original protocol, it was intended that quality appraisal and data extraction would 

be conducted in duplicate. However, due to time constraints, we assessed the methodological 

quality of 25% of the systematic reviews included for final review in duplicate (LB and CON) 

using the AMSTAR2 tool42. Disagreements were resolved by discussion and where necessary by 

reference to a third reviewer (FK), though in the event this was not required. The rest of the 

reviews were appraised by one reviewer (LB). The AMSTAR2 tool allows a broad indication of 

whether the quality of a review is high, moderate, low or critically low by counting the number 

of critical and non-critical domain flaws present. Given some reviews included qualitative 

studies, such as focus group discussions, these AMSTAR2 criteria were adapted. We did not 

require the reviews to explicitly specify a comparator (where one could be inferred, for example) 

and, where no quantitative analysis was conducted, reviews were not graded on related criteria. 

We planned to exclude all those reviews which had more than one critical domain flaw, but 

decided to relax this criterion as all the potentially included reviews (Appendix 3.3) had two or 

more critical domain flaws. As such, we have based our synthesis on those reviews with only 

two or three critical domain flaws. The quality rating applied to reviews in this systematic 

review does not necessarily reflect the overall quality of the review but rather reflects how well 

it addressed our umbrella review question.  

Data extraction 

Data extraction was carried out using an online form to document review features: aims; 

methods; eligibility criteria and search strategy; funding sources; setting; participants; 

intervention (and comparator where available); outcomes measured; research design; length of 

follow-up; outcomes reported; any sub-group analyses related to specific groups of 

participants; and any distributional impacts on groups defined according to PROGRESS-Plus 43 

(bearing in mind that inequalities could arise across other types of groups as well as socio-

economic 44). The extraction form was trialled by two reviewers (LB and CON), each using three 

systematic reviews, before being finalised45. As with the quality appraisal, extraction was 

performed in duplicate (LB and CON) on 25% of articles. These results were compared between 

reviewers, and guidelines were developed on how best to extract information from the 

remaining studies in a consistent manner. This extraction was completed by one reviewer (LB).  
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Synthesis 

Given the heterogeneity across studies, a narrative synthesis of the included systematic reviews 

was conducted46 following extraction and final exclusions based on our quality appraisal. Data 

were grouped using thematic analysis according to the nature of results being reported. This 

analysis involved categorising review results into sub-themes using an inductive approach (or 

by relying on themes identified by the review authors). Having extracted review results 

according to sub-themes, we further grouped them according to WHO-INTEGRATE criteria23. 

Because these criteria were designed to guide the evidence-to-decision-making process for 

complex health interventions, such as FIs to improve diet, they were suitable for structuring our 

results. They also improved transparency in defining themes, which can be an issue when using 

an inductive approach46 i.e. starting from observations. The number of results (relating to sub-

themes) which appear under each WHO criterion provided a useful way of identifying 

information gaps when considering the acceptability of FIs to improve diet. It also identified 

which criteria were more important to consumers and other groupsin the prioritisation of B/F. 

While we acknowledge that some sub-themes could be classified under multiple criteria, to 

allow for interpretation and prioritisation of the results we have selected the single criterion 

judged to be the most relevant to each sub-theme. 

A summary of each review is presented in Table 3.1. Table 3.2 provides an overview of the 

evidence regarding the documented B/F in relation to FIs, reported according to sub-themes and 

grouped according to WHO-INTEGRATE criteria23. Where quantitative results were provided as 

part of a meta-analysis, these are reported in Table 3.2, as are any distributional/subgroup 

results. 

Robustness check 

While umbrella reviews summarise high-level evidence from systematic reviews, they are 

restricted in their timescale as they can only deal with primary studies published up to the most 

recent systematic review search date. While our search covered the period up to June 2021, the 

most recent systematic review search date was October 2019. As countries have continued to 

implement FIs, we conducted a literature review of primary studies published between January 

2020 and November 2021 to examine whether these supported or conflicted with the results of 

our umbrella review. This literature review used the search strategy from the umbrella review. 

The strategy applied only to EMBASE but was updated to focus on journal articles in English 

only, with titles referring to tax or subsidies but not alcohol or tobacco (Appendix 3.4). Although 

the search was more restrictive (e.g. limited to articles in English), was conducted at a high level 

by only one reviewer (LB) and did not involve any quality assessment, the resulting review 
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provides a useful overview – to compare with our umbrella review results – of primary studies 

after 2019 on the acceptability of taxes and subsidies. 

Results 

Screening 

A total of 16,883 records were identified through database searches, resulting in 9,996 unique 

records once duplicates were removed (Figure 3.1). After abstract screening this was reduced to 

66 records, with four additional records included based on recommendations from experts in 

the field and searches of reference lists. The Google Scholar search added one new record which 

had not been identified in the original database search. One study in Dutch was translated 

online for full-text screening and the rest were in English. Following full-text screening, a 

further 60 records were excluded (the Dutch paper was excluded as it did not qualify as a 

systematic review), leaving 11 potentially relevant records for data extraction. The list of all 11 

potentially relevant reviews are detailed in Appendix 3.5 along with a summary of the databases 

in which they were indexed. Two of these reviews were identified after screening by searching 

Google Scholar and reference lists47, 48. Of the remaining nine reviews, 100% of these were 

indexed across two databases (MedLine = 8/9; EMBASE or Scopus = 7/9). 

Quality appraisal 

Following quality appraisal, all reviews were assessed to have two or more critical flaws and 

thus received a ‘critically low’ AMSTAR2 rating. As such, we have based our synthesis on the four 

reviews containing only two or three critical domain flaws. Not including a list of potentially 

relevant but excluded studies (n=4/4) and not justifying publication restrictions (n=3/4) were 

the main reasons for these ratings (Appendix 3.3). Where a review restricted inclusion to studies 

of humans only, no justification was necessary and thus no penalty was incurred in the 

AMSTAR2 rating. All but one of the included reviews49 reported either no conflicts of interest or, 

where conflicts of interest were reported, they described how these were managed so as not to 

influence results (see item 16 in Appendix 3.3).
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Figure 3.1: PRISMA flow diagram for systematic identification of umbrella review literature 

 

Characteristics of included reviews 

Table 3.1 provides an overview of each of the four included reviews. Three reviews focused solely 

on taxation with one focusing on SSBs only33; another on SSBs and energy-dense foods50; and 

one on salt and salty foods51. The last review included both taxes and subsidies to promote 

healthy diet more generally49. The studies were published between 2015 and 2020. Three of them 

had search strategies that were restricted to English language only but did not explain why. The 

types of research design and populations covered in the reviews varied widely, with three 
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reviews including modelling studies49-51. One review included qualitative and mixed-methods 

data, which were used to assess real or perceived B/F for the public and policymakers globally, 

alongside quantitative data. This was part of a meta-analysis to estimate support both for SSB 

taxation and for arguments used to justify support or opposition to SSB taxation33. Two reviews 

focused on general populations49, 51, though Niebylski et al (2015) restricted their sample to 

Western Europe, Canada, United States, Australia and New Zealand. Finally, one review looked 

at the macro-economic impacts of SSB and energy-dense food taxation for different national 

economies: Brazil, Mexico, South Africa, UK and USA50.  

Acceptability of fiscal interventions 

Financial and economic considerations 

Three of the four reviews included sub-themes relating to ‘financial and economic 

considerations’33, 49, 50. These sub-themes included macro-economic impacts in general as well as 

more specific impacts such as those on GDP, government revenue, employment and industry 

sales. Eykelenboom et al (2019) examined public and policymakers’ beliefs about these 

economic impacts. They found that both the public and policymakers had concerns that SSB 

taxation could lead to job losses and business closures but thought it might also provide a 

means of raising revenue that could be used to support social and health initiatives. In a meta-

analysis (n=2) of perceptions regarding the potential of SSB taxation to raise revenue for health 

programmes, the authors found that only 39% (95% CI: 0.36-41) of the public believed this 

would be the case.  

Both Niebylski et al (2015) and Mounsey et al (2020) identified empirical evidence that taxes on 

food and non-alcoholic beverages are likely to be revenue raising49, 50 and found support for 

allocating revenue towards NCD prevention programmes or healthy food subsidies49. Mounsey 

et al (2020) estimated that revenue from SSB taxation would range from US$1.05 to US$43.39 per 

head of the population in the jurisdiction applying the tax. However, the length of follow-up 

varied across estimates. Much of this data came from modelling studies, which also estimated a 

negative impact on industry sales, GDP and local sales tax revenue from cross-border 

shopping50. Mounsey et al (2020) highlighted the limitations of these estimates as being very 

dependent on modelling assumptions – which often failed to account for important factors 

such as substitution by consumers – and noted that the studies were mostly industry-funded. 

They found no evidence, except from industry-funded modelling studies, that diet-related taxes 

resulted in net unemployment. The two peer-reviewed (and non-industry-funded) studies which 

used interrupted time series analysis (i.e. the result was not simulated) found no net change in 

either employment or unemployment following the implementation of soft drink and SSB taxes 

in the USA and Mexico. 
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Human rights and sociocultural acceptability 

Three reviews included sub-themes addressing ‘human rights and sociocultural acceptability’33, 

49, 51. These related to:  

• The appropriateness of and support for taxation as an intervention strategy  

• Whether food and non-alcoholic beverages, specifically SSBs in this instance, are a good 

target for FIs   

• Whether industry and government stakeholders can be trusted in policymaking 

 Although some doubt was reported as to whether SSBs contribute to obesity, there was a 

general consensus that they do, with Eykelenboom et al (2019) finding that, across five studies 

from the US, UK and Mexico, 68% (0.48–0.85) of the public believed SSBs were an appropriate 

target for intervention. There was much less support for taxation as means to reduce 

consumption of unhealthy products or nutrients, in particular SSBs and salt33, 49, 51. In a random-

effects meta-analysis of studies from the UK, the US, Australia and France, only 42% (0.38-0.47; 

n=9) of the public supported SSB taxation, with similar results when it was framed as a strategy 

to reduce obesity (39% [0.29-0.50]; n=10)33. Support rose to 66% (0.6-0.72; n=4) where it was 

indicated that SSB tax revenue would be used “appropriately”. [This term varied from study to 

study but generally indicated the use of revenues to fund health initiatives, such as healthy 

food subsidisation.] The difference between these estimates suggests a level of mistrust among 

the public as to the current use of tax revenues – as indicated by taking pooled proportions 

(weighted averages) from three studies in the UK and US, which showed that 61% (0.56-0.67) of 

the public mistrusted the government. Mistrust of industry was also reported33, 51, while support 

for salt taxation was higher among those who believed that food manufacturers have a 

responsibility to reduce salt consumption51. 

Balance of health benefits and harms 

Pooling across two studies from the US and Australia, 92% (91%-93%) of the responding public 

believed that obesity was a public health issue33, while adults in Great Britain believed that 

improving awareness of this issue would increase support for policies to tackle obesity49. While 

there were reports that policymakers and the public believed that SSB taxes would reduce their 

consumption and be cost-effective, pooled proportions indicated a degree of scepticism. Across 

seven studies from the UK, the US, Mexico and France, 39% (0.26-0.54) of the public believed an 

SSB tax would reduce consumption; across five studies from France, the UK and the US, 40% 

(0.29-0.54) believed it would improve health-related outcomes. In addition to looking at what 

people thought about the direct effect of FIs on consumption and health, Eykelenboom et al 

(2019) noted concerns among the public as to whether healthy alternatives would be available if 
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there were incentives to substitute. Their concerns included, for example, beliefs that an SSB tax 

could increase consumption of artificial sweeteners, and are discussed further under ‘Societal 

implications’. 

Health equity, equality and non-discrimination 

Equity was examined with respect to both the distribution of tax burden and health effects. 

Distributional issues which relate to ‘health equity, equality and non-discrimination’ of FIs were 

raised in two reviews33, 49. Both identified concerns among the public and policymakers that 

taxes can be regressive, placing a larger burden on those with less income. Eykelenboom et al 

(2019) found that some policymakers believed that SSB taxation could improve health equity. 

However, the public seemed less aware of this potential or at least did not perceive it as a 

facilitator. Concerns were raised as to whether the tax would reduce consumption among those 

who are not price sensitive (e.g. high-income individuals), or addicted to SSBs or with high levels 

of obesity. Some respondents also viewed the tax as unfair to ‘healthy’ individuals who 

consumed SSBs responsibly 33. From two studies in France and the UK, 50% (0.48-0.52) of the 

public believed SSB taxation made socioeconomic inequality worse, while the same study from 

the UK found that only 36% believed it made the situation more equal. Finally, Niebylski et al 

(2015) noted that, while this regressivity may make taxes less acceptable, it could be countered 

by clearly promoting the tax as helping key groups such as children. 

Societal implications 

Sub-themes around the availability of healthy alternatives, industry efforts to reformulate 

foods and changing prices were grouped under ‘societal implications’. In Mexico, for example, 

inadequate investment in clean drinking water infrastructure made an SSB tax less acceptable, 

but using revenues from the tax to improve water supply was seen as a facilitator that enabled 

the government to continue levying the tax. In Australia, it was suggested that the price of 

packaged water should be reduced while SSB taxation increased. In the UK, people were 

concerned about an increased consumption of artificial sweeteners33. By contrast, both the 

public and policymakers expressed doubts that an SSB tax would raise prices sufficiently to 

change behaviour, suggesting they perceived the policymaking process to lack vigour. This was 

thought to be a result of industry interference – pressuring the government to keep the tax rate 

lower than recommended. However, where manufacturers opted to reformulate their products 

so as to avoid the tax, this was seen as a positive by the public33.    

Feasibility and health system considerations 

A number of barriers were also identified in Eykelenboom et al (2019) as impacting upon 

‘feasibility and health system considerations’. One barrier was seen to be the long and complex 
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political/administrative process involved in implementing an SSB tax, with competing views 

across stakeholders, especially resistance from the SSB industry. Another perceived barrier was 

the development of shadow economies, for example in home-made or black market goods33. 

While Dodd et al (2020) did not report on studies addressing this criteria, they discussed the 

added complexities of taxing a nutrient such as salt as opposed to a single product such as an 

SSB, as nutrients are more pervasive across the food supply51. This can create a negative cycle 

whereby evidence grows on the effectiveness of easier-to-implement product-based taxes and 

so makes it easier to introduce more of them. On the other hand, nutrient-based taxes, 

although potentially more efficient52, face the barrier of a lack of RWE, meaning governments 

are less likely to implement them. 

Robustness check 

Our literature review identified 31 studies published between January 2020 and November 2021 

which examined B/F as part of the process of implementing taxes or subsidies on food and non-

alcoholic beverages to improve diet and prevent diet-related NCDs (Appendices 3.4, 3.6 and 3.7). 

These covered FIs – implemented or proposed – in Barbados53, Botswana36, 54, 55, Chile56, 57, 

Colombia57, Kenya36, 54, 55, Mexico29, 56, 57, Namibia36, 54, 55, 58, the Netherlands31, 32, Rwanda36, 54, 55, 59, 

South Africa28, 60-62, Tanzania36, 54, 55, Uganda35, 36, 54, 55, the UK63, 64, various jurisdictions within the 

US65-77, and Zambia36, 54, 55. Two studies examined the feasibility of fruit and vegetable 

subsidisation programmes in the UK63 and the US70. They found that communities often 

engaged in these programmes and that existing government structures in the US could 

facilitate them, but a voluntary opt-in approach for local jurisdictions would be more feasible 

than a mandatory one. One study examined revenues raised from a tax on unhealthy foods 

within the Navajo Nation, finding an increase in revenues which declined over time68. The 

remaining 28 studies related to taxes on non-alcoholic beverages, namely SSBs. The majority of 

studies presented evidence which related to ‘financial and economic considerations’ (n=20), 

followed by ‘human rights and sociocultural acceptability’ (n=19), ‘feasibility and health system 

considerations’ (n=17), ‘balance of health benefits and harms’ (n=12), ‘health equity, equality and 

non-discrimination’ (n=8), and ‘societal implications’ (n=8). 

A number of studies examined the political process of implementing FIs (almost entirely SSB 

taxes). They found that a key barrier to this process related to industry-promoted anti-tax 

arguments that FIs would lead to economic harm28, 31, 35, 36, 57, 58, 62, 75, 77, such as unemployment or 

reduced sales revenues, with these concerns echoed by retailers65. Studies which examined the 

economic impact of SSB taxation found a lack of RWE that taxes reduce employment within 

affected industries and in general69, 73, or that they adversely affect retailers. In the US, retailers 

were in favour of implementing nationwide SSB taxation66.  
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Support for taxation among the public was often low, owing to concerns about its effectiveness 

and doubts about how equitable it might prove32, 53, 60, 65, 71, 72, 77 as well as mistrust in the 

government’s use of revenues or a lack of transparency in the implementation32, 60, 65, 71. Support 

for taxation and beliefs about its benefit tended to be lower among those who consumed large 

quantities of SSBs, were overweight, or were less educated32, 71, 72. Eykelenboom et al (2021) 

independently associated these three factors with the acceptability of an SSB tax in the 

Netherlands32. A key facilitator in implementation related to how diet-related taxes were framed 

as revenue raising28, 29, 31, 68 or health improving35, 36, 58, 64, or  whether revenues were allocated 

towards social programmessuch as early-childhood education and to health initiatives such as 

subsidising healthy food28, 32, 54, 64, 67, 76, 77. Media campaigns were found to be effective in 

promoting such messages and were seen as a facilitator in implementation, alongside strong 

advocacy and networking among people in favour of the tax28, 29, 36, 54, 56-58, 61, 75-77. In general, the 

results here supported the results from our umbrella review and are discussed in further detail 

in the next section. 
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Table 3.1: Characteristics of reviews included in the narrative synthesis 

Author/Yeary Research 

design 

Synthesis 

method 

Population Intervention No. of  

databases 

Search period Search 

restrictions 

No. of 

included 

studies 

AMSTAR2 

rating 

Eykelenboom 

et al, 2019 

NRSI; RCT; 

Mixed-

methods 

studies; 

qualitative 

studies 

Thematic 

synthesis 

and 

meta-

analysis 

Any individuals involved 

in the decision-making 

process (e.g. policy-

makers, politicians and 

officials of ministries) or 

any individuals 

potentially affected by 

an SSB tax (i.e. the 

public) 

FI (taxes) on 

SSBs 

4 Earliest date up 

to November 2018 

English 

language 

37 CL 

Mounsey et 

al, 2020 

NRSI; models  Narrative 

synthesis 

National economies FI (taxes) on 

SSBs and 

energy-

dense foods 

7 Earliest date up 

to November 2018 

(one article from 

2019 included 

after search date) 

English 

language 

11 CL 

Dodd et al, 

2020 

NRSI; models; 

experiments 

Narrative 

synthesis 

Any population, any 

age, any setting, any 

country 

FI (taxes) on 

salt and 

foods high 

in salt 

12 January 2000 to 

October 2019 

None 18 CL 
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Author/Yeary Research 

design 

Synthesis 

method 

Population Intervention No. of  

databases 

Search period Search 

restrictions 

No. of 

included 

studies 

AMSTAR2 

rating 

Niebylski et 

al, 2015 

NRSI; RCT; 

models; 

reviews; 

experiments 

Narrative 

synthesis 

Adults and children, any 

setting, in Western 

Europe, Canada, United 

States, Australia and 

New Zealand 

FI (taxes and 

subsidies) 

to promote 

healthy diet 

4 June 2003 to 

November 2013 

(Google Scholar – 

June and 

November 2013) 

Peer-

reviewed; 

English 

language 

78 CL 

NRSI – Non-Random Studies of Interventions; RCT – Randomised Controlled Trials;  FI – Fiscal Intervention; SSB – Sugar-Sweetened Beverages; CL – 

Critically Low 

Note: We have described the population as they were described by the review authors. Where the population inclusion criteria were not described in 

the review, we have assumed that ‘any’ population, age, setting or country had the potential to be included. 
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Table 3.2: Acceptability of intervention strategies synthesised by included systematic reviews  

Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

Financial and economic considerations 

Eykelenboom 

et al 2019 

FI (taxes) on 

SSBs 

Macroeconomic 

impacts 

Beliefs that an SSB tax may have negative 

macroeconomic impacts - "Concerns about the 

negative impact of an SSBs tax on the economy 

were reported in four studies on political [n=2] and 

public acceptability [n=3], such as concerns about a 

reduction in jobs and closing of SSB companies as a 

result of the tax." 

- - 

Revenue 

generation 

Beliefs that SSB taxes would be effective in raising 

revenue for social, health and general budgets - 

"the potential to raise revenue for societal health 

programs (e.g. for prevention funds, sport fields 

and recreational activities) was perceived as a 

positive consequence of implementation" AND 

"The potential of an SSBs tax to raise revenue for 

health care (e.g. for the National Health Service) 

was identified in three studies on political and 

"Pooled proportions 

indicated that of the 

public ...39% (0.36–

0.41) believed that 

an SSBs tax has the 

potential to raise 

revenue for societal 

health programs" 

- 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

public acceptability." AND "Four studies on political 

acceptability reported that an SSBs tax was viewed 

as a potential to raise revenue for the general 

budget" 

Mounsey et 

al 2020 

FI (taxes) on 

SSBs and 

energy-

dense foods 

Employment Lack of evidence (except from modelling studies) 

that diet-related taxes result in net unemployment 

- "the three non-industry supported peer-reviewed 

academic studies found none of the significant job 

losses industry reports suggested, but found 

instead, no significant net decline in employment 

and job creation." 

- - 

Gross domestic 

product 

Evidence (from modelling studies) that SSB 

taxation would reduce GDP contributions however 

these were industry-funded and dependant on 

modelling assumptions - "the projections for 

reductions of approximately US$173 million and US 

$1 billion to GDP contributions from UK and South 

Africa analyses, respectively, were likely 

overestimated because of failure to incorporate 

- - 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

milk and other substitutions across sectors, and for 

South Africa, the over-shifting of the pass-through 

rate. It was also clear from the studies reviewed 

that the PE selected for modelling had a significant 

impact on the potential GDP effects of a tax." 

Industry sales Evidence (from modelling studies) that SSB 

taxation would reduce sales revenue generation 

however these were industry-funded and 

dependant on modelling assumptions - "Three 

reported the dollar value of sales revenue 

reductions (between $US13.3 and $US779 million), 

but not the total revenue prior to the tax, and one 

reported the percentage reduction in total revenue 

(23.5 %)" BUT "assumptions regarding the products 

taxed, wage fixing, the pass-through rate and 

substitution availability varied between papers, 

which have significant implications for the 

outcome of the models." 

- 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

Revenue 

generation 

Evidence (including modelling studies) that SSB 

taxation would increase government revenue - 

"Estimates ranged from between US$31 million to 

US$940 million, translating to per capita values of 

between US$1.05 to US$43.39. The most significant 

impacts on the magnitude of revenue were the tax 

levels imposed and onto what products, price-

elasticity and substitution estimates." 

- “One study reported 

the cross-border 

shopping impact of the 

Philadelphia SSB tax on 

both beverages and 

non-beverage items 

and showed a gross 

loss from the local 

sales tax revenue that 

should have been 

collected” 

Niebylski et 

al, 2015 

FI (taxes and 

subsidies) 

to promote 

healthy diet 

Revenue 

generation 

Evidence (from modelling studies) that SSB 

taxation would increase government revenue and 

support for the allocation of revenue towards 

health initiatives  - "In 2008, the CBO estimated 

that a federal excise tax of $0.03 per 12 ounces of 

SSB would generate an estimated $24 billion over 

2009–13 and $50 billion over 2009–2018." AND 

“Using tax revenue to fund NCD prevention 

- 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

programs and/or subsidize healthy foods was 

further recommended” 

Human rights and sociocultural acceptability 

Dodd et al, 

2020 

FI (taxes) on 

salt and 

foods high 

in salt 

Taxation as an 

intervention 

strategy 

Lack of support for the introduction of tax to 

reduce salt consumption - "In Tonga, focus group 

discussions revealed food taxes to be unpopular 

with consumers, due to the cost for consumers" 

AND "In Ireland, salt tax was the least popular of 

proposed salt reduction initiatives" BUT "Support 

for salt taxation was highest amongst those who 

saw food manufacturers as responsible for 

reducing salt consumption, suggesting knowledge 

of the food production process could be key to 

winning public support" 

- - 

Eykelenboom 

et al, 2019 

FI (taxes) on 

SSBs 

Mistrust Beliefs that some stakeholders cannot be trusted 

as part of SSB tax policy process - "Mistrust of the 

industry was identified in five studies on public 

acceptability of an SSBs tax [n=5]" AND "Public 

“Pooled proportions 

indicated that of the 

public … 49% (0.32–

0.66) mistrusted the 

- 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

doubts were reported about [government's] use of 

raised revenue in four studies on public 

acceptability of an SSBs tax [n=4]" AND "Mistrust of 

public health experts was expressed in one study 

on public acceptability" 

industry, and 61% 

(0.56–0.67) 

mistrusted the 

government" 

Public support 

for SSB taxation 

- Quantitative 

estimates on public 

support for SSB 

taxation were 

pooled using a 

random-effects 

meta-analysis 

finding that - "42% 

of the public (95% 

CI = 0.38–0.47) 

supports an SSBs 

tax, 39% of the 

public (0.29–0.50) 

supports an SSBs 

tax as a strategy to 

- 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

reduce obesity, and 

66% of the public 

(0.60– 0.72) 

supports an SSBs 

tax if revenue is 

appropriately used." 

SSBs as an 

intervention 

target 

Mixed beliefs as to whether SSBs are a good target 

for taxation as they provide pleasure but may also 

contribute to obesity - "Those supportive of an SSB 

tax believed that SSBs are a major contributor to 

obesity [n=6], while opponents indicated a lack of 

personal evidence that SSBs can cause obesity and 

referred to the many other determinants of obesity 

[n=4]." 

"Pooled proportions 

indicated that of the 

public ... 68% (0.48–

0.85) believed that 

SSBs are an 

appropriate 

intervention target" 

- 

Taxation as an 

intervention 

strategy 

Mixed beliefs about whether taxation is an 

appropriate intervention strategy to reduce SSB 

consumption - "Taxation was viewed as an 

appropriate intervention strategy in the majority of 

studies on political acceptability. Taxation was also 

 

- 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

considered necessary in two studies on public 

acceptability. However, in other studies on political 

and public acceptability taxation was viewed as 

government intrusion." 

Niebylski et 

al, 2015 

FI (taxes and 

subsidies) 

to promote 

healthy diet 

Taxation as an 

intervention 

strategy 

Lack of support for taxation as a mean to improve 

diet - "A public opinion survey to examine attitudes 

on pro- and anti-food & SSB tax arguments … 

determined that more people agreed with antitax 

vs. pro-tax arguments." AND "Policy support was 

highest for healthy lifestyle campaigns and food 

labelling but lowest for taxing unhealthy foods." 

- - 

Balance of health benefits and harms 

Eykelenboom 

et al, 2019 

FI (taxes) on 

SSBs 

Cost-

effectiveness 

Beliefs that an SSB tax would be cost-effective - "An 

SSB tax was seen as a cost-effective intervention 

for improving public health nutrition and obesity 

prevention across six studies on political [n=3] and 

public acceptability [n=3]" 

- - 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

Effectiveness Beliefs that taxes would be effective in reducing 

SSB consumption - "The belief that an SSBs tax 

would be effective in reducing purchases and 

consumption of SSBs was reported in studies on 

political ... and public acceptability."  

"Pooled proportions 

indicated that of the 

public 39% (95% CI 

= 0.26–0.54) 

believed that an 

SSBs tax has impact 

on SSB purchases 

and consumption" 

Belief that taxes would 

be ineffective in 

reducing SSB 

consumption among 

certain groups  -  "an 

SSBs tax was perceived 

to be ineffective in 

those addicted to SSBs, 

in those who lacked 

awareness of SSB 

prices, in those with 

obesity, and in rich and 

stubborn people." 

Health-related 

outcomes 

Mixed beliefs that an SSB tax would be effective in 

improving health - "While some studies among the 

public reported the belief that an SSB tax could 

improve population health [n = 5], others indicated 

that such a policy does not cure anything [n = 3]."   

"Pooled proportions 

indicated that of the 

public ... 40% (0.29–

0.54) believed that 

an SSBs tax has 

impact on health-

Beliefs that taxes 

would be unfair for 

certain groups - "SSB 

tax [perceived] as 

unfair to ‘healthy’ 

individuals who 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

related outcomes" 

WHILE "92% (0.91–

0.93) believed that 

obesity is a 

problem" 

consume SSBs 

responsibly" 

Niebylski et 

al, 2015 

FI (taxes and 

subsidies) 

to promote 

healthy diet 

Health-related 

outcomes 

Support for policy action to reduce obesity 

prevalence - "Improving awareness of the multiple 

causes of obesity could facilitate acceptance of 

policy action to reduce obesity prevalence." 

- - 

Health equity, equality and non-discrimination 

Eykelenboom 

et al, 2019 

FI (taxes) on 

SSBs 

Socioeconomic 

inequality 

- "Pooled proportions 

indicated that of the 

public … 50% (0.48–

0.52) believed that 

an SSBs tax has a 

negative impact on 

socioeconomic 

equality" 

Mixed beliefs on the 

effect of SSB taxation 

on inequality - "In three 

studies on political 

acceptability, an SSBs 

tax was believed to 

have a positive impact 

on equality in health" 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

HOWEVER "concerns 

primarily arose from 

the belief that an SSB 

tax is regressive [n=7]; 

low-income individuals 

have to spend relatively 

more of their income 

and consume greater 

quantities of SSBs 

[n=2]." 

Niebylski et 

al, 2015 

FI (taxes and 

subsidies) 

to promote 

healthy diet 

Helping key 

groups 

- - Support for policies to 

help children - "small 

taxes with the clear 

purpose of promoting 

the health of key 

groups, e.g. children, 

are more likely to 

receive public support." 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

Tax regressivity - - Beliefs that taxes to 

reduce SSB 

consumption would be 

regressive - "that low 

SES [groups] may carry 

more of the fiscal 

burden … may limit 

feasibility of SSB fiscal 

policy implementation 

" 

Societal implications 

Eykelenboom 

et al 2019 

FI (taxes) on 

SSBs 

Healthy 

substitutes 

Beliefs that a lack of healthy alternatives would 

lead consumers to consume unhealthy alternatives 

- "Three studies on public acceptability reported 

concerns about an increase in the consumption of 

artificial sweeteners as a result of an SSB tax" 

- - 

Reformulation Beliefs that an SSB tax would encourage 

manufacturers to reformulate SSB contents - "UK 

- - 



 

129 

Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

news website commentators indicated that 

manufacturers would reduce the amount of sugar 

as a consequence of the tax, which was viewed as a 

potential facilitator in the effectiveness of an SSBs 

tax." 

SSB prices Beliefs that tax may not be passed through to 

consumers - "Studies among Australian citizen 

jurors and students from Michigan, UK, indicated 

that a tax rate of 50 to 100% may be large enough 

to change consumer behaviour." 

- - 

Feasibility and health system considerations 

Eykelenboom 

et al, 2019 

FI (taxes) on 

SSBs 

Feasibility Beliefs that SSB taxes could be feasible but many 

barriers exist - "Examples of barriers are a long law-

making process in Mexico and the UK, competing 

national agendas in Mexico, the difficulty of 

defining products that should be taxed in Israel and 

the UK, the difficulty of regulating ‘home-made, 

unlabelled products’ in Mexico, the development of 

- - 
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Author/year Intervention Sub-theme Narrative synthesis results Meta-analysis 

results 

Distributional results 

a black market in Israel, a high administrative load 

in New Zealand, and political costs of taxation in 

European countries." AND "resistance from the SSB 

industry was described to complicate policy 

adoption and implementation" 

FI – Fiscal Intervention; SES – Socioeconomic Status; GDP – Gross Domestic Product; SSB – Sugar-Sweetened Beverage 
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Discussion 

We conducted an umbrella review to assess the highest-level evidence of the acceptability of FIs 

on food and non-alcoholic beverages in improving diet and preventing diet-related NCDs. We 

included four systematic reviews – one including a meta-analysis – in our final sample. While we 

allowed for a broader scope covering FIs in general, the majority of evidence concerned diet-

related taxes, in particular for SSBs 33, 49-51. Barriers and facilitators that could influence 

acceptability were grouped according to WHO-INTEGRATE framework criteria for guiding 

complex public health interventions23.  

We found evidence that public and political acceptability is influenced by beliefs about financial 

and economic aspects of FIs. While both the public and policymakers believed that taxation 

would raise revenue, they were also concerned about the potential for job losses or business 

closures33. Two reviews found evidence that diet-related taxation was revenue raising49, 50 with 

one also finding increases in unemployment, reduced industry sales and lower GDP50. The review 

authors raised concerns as to the reliance on modelling studies and a lack of RWE regarding 

these impacts49-51. Mounsey et al (2020) in particular found that while all 11 of their included 

studies showed increased government revenue from diet-related taxation, only the modelling 

studies which were funded by industry stakeholders found reductions in employment50. The 

three non-industry-funded studies, including the two that used RWE, found no significant 

reduction in employment. Unsurprisingly, the authors therefore questioned the influence of 

industry in the research process. Eykelenboom et al (2019) found that the public and 

policymakers believed industry resistance to be a barrier to the implementation of diet-related 

FIs, and were concerned about lobbying and relationships between industry representatives and 

politicians33. In meta-analysis, they also found that a majority of the UK and US public 

mistrusted the government (61% [95% CI: 0.56-0.67]). Facilitators in the implementation of FIs 

included a credible evidence base showing the potential of FIs to raise revenue and not to 

adversely affect macro-economic variables such as unemployment. Barriers included a lack of 

trust in government and well-organised opposition from industry. 

Although the public in the US and Australia believed that obesity was an issue33, concerns were 

raised about the use of FIs to tackle it33, 49, 51. These included: doubts about the effectiveness of 

FIs in changing behaviour or improving health; a general lack of support for taxation; beliefs 

that taxes are regressive or could worsen socioeconomic inequality; and a lack of healthy 

alternatives to replace goods affected by diet-related taxes. The majority of the evidence we 

uncovered related to SSB taxes. This may be due to the greater feasibility of taxing a single 

product rather than a nutrient, the lack of nutritional value from SSBs, and a growing body of 

evidence on the effectiveness of SSB taxes51. Why other products, for example breakfast cereals, 
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do not appear to have received the same degree of scrutiny is unclear. Dodd et al (2020) noted 

that even when their studies focused on salt taxation, most examples related to salty products 

rather than taxes on salt in the food supply. We found little evidence to compare the 

acceptability of different tax designs, for example excise vs value-added taxes, or subsidisation 

in general. However, we did find indirect evidence for the acceptability of subsidisation, as 

support for taxes was highest among the public when revenues were earmarked for health 

initiatives such as subsidies on healthy food33. This may suggest that the public support 

initiatives, running alongside taxation, which attempt to counter the signs of regressiveness in 

the taxes. While there was some evidence that policymakers believed SSB taxes would improve 

health equity, the public did not appear to share this belief, as they were concerned that taxes 

would be ineffective for those who were overweight or addicted to SSBs while being unfair to 

those who consumed them responsibly33.  

Therefore, facilitators include credible evidence that diet can affect health; that FIs can address 

this issue; and that FIs are not harmfully regressive. Barriers include a lack of trust in 

government to use the revenue raised to benefit the public, in particular those whose taxes pay 

for these revenues; and a lack of transparency around the use of funds. 

A general limitation of umbrella reviews can be their timeliness. As they are reviews of reviews 

of primary studies, they can lag behind emerging evidence. We therefore conducted a literature 

review of primary studies, published between January 2020 and November 2021, examining the 

acceptability of taxes or subsidies on food and non-alcoholic beverages in improving diet and 

preventing diet-related NCD. These results support those of our umbrella review finding, as 

follows:  

1. The majority of studies (>90%) focus on SSB taxation.  

2. Policymaking is inhibited by industry influence, which focuses on the economic 

drawbacks of diet-related taxation28, 31, 35, 36, 57, 58, 62, 75, 77, even though the two studies we 

found using RWE to examine this claim found that SSB taxes had no significant impact 

on employment69, 73.  

3. Policymaking is facilitated when diet-related taxes are framed as revenue raising28, 29, 31, 68 

and when revenues are allocated towards social programmes such as early-childhood 

education, and health initiatives such as healthy food subsidisation28, 32, 54, 64, 67, 76, 77.  

We also found that support for SSB taxation was lower among less-educated individuals, those 

who are overweight or have high SSB consumption32, 71, 72. We found that policymaking is 

influenced by media campaigns and facilitated by strong advocacy and networking among 

those in favour of the tax28, 29, 36, 54, 56-58, 61, 75-77.  
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There is growing recognition that, for nutritional policy to change, understanding the costs and 

benefits of an intervention is necessary but not sufficient78. Rather, policy change demands 

political will, underpinned by public will, and this is in turn influenced by the real or perceived 

B/F associated with that policy. Two recommendations emerge from our review which highlight 

the drivers and leverage points (the goals and the most effective ways to achieve them) in 

policymaking: counter misleading anti-tax narratives, and provide clear evidence-based pro-tax 

narratives instead.  

Counter misleading anti-tax narratives 

Public opinion may sometimes direct government to do something but more often restricts 

government from doing something27. In the US, industry-funded informational campaigns 

focusing on the negative economic effects of SSB taxes were successful in blocking 

municipalities from enacting beverage taxes79, 80. While negative economic effects were a 

concern to both the public and policymakers33, there was a lack of evidence – except from 

industry-funded modelling studies – that these drawbacks materialised in practice. Modelling 

studies may provide useful evidence as part of the policymaking process. For example, they can 

model higher tax rates than those actually implemented by governments, given that these 

taxes usually meet industry opposition81. However, the contrast that we noted between 

industry-funded modelled results and non-industry-funded results, which included models and 

RWE, highlights their limitations and risk of bias.  

This was reaffirmed in our literature review69, 73, and also in a number of studies examining the 

political process of SSB taxation across different jurisdictions, which noted that industry 

narratives and influence were a major barrier to implementation28, 31, 35, 36, 57, 58, 62, 75, 77. Support 

among the public was higher for salt taxes among those who believed manufacturers bore 

responsibility for poor diet51. Blaming the SSB industry for anti-SSB-tax messaging was seen as a 

facilitator in implementing SSB taxes in the US75. Policymakers who seek to implement diet-

related taxes should confront false narratives from whatever source and with whatever intent 

where evidence exists to contradict them. Their efforts may need to include pointing out the 

role and interests of industry in studies that propagate misleading narratives82, 83, as well as 

explaining the role and interests of advocacy groups that may lean in the opposite direction.     

Provide clear evidence-based pro-tax narratives 

It may not be enough to push back on misleading narratives. Rather, the vacuum needs to be 

filled by a clear message in favour of implementing diet-related FIs. Eykelenboom et al (2019) 

found that while 92% of the public believed obesity was a problem and 68% believed SSBs were 

an appropriate target, less than 40% supported SSB taxation to reduce obesity; or believed 
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taxes would change consumption or health-related outcomes; or believed the resulting 

revenues would be used to fund social programmes33. However, they found evidence that both 

the public and policymakers believed FIs could raise revenues for social and health programmes. 

Support among the public increased to 66% when the tax policy was explained in terms of the 

‘appropriate’ use of revenues from FIs, i.e. use of revenues for health initiatives such as 

subsidising healthy foods, rather than in terms of their effect on obesity; an observation 

supported elsewhere34. In Eykelenboom et al (2019), findings varied across the included studies 

and countries on support for SSB taxation in general (n=9), or to tackle obesity (n=10), or if 

revenue is used ‘appropriately’ (n=4). This variety was evidenced by their high I2 statistics 

(>95%), which measure heterogeneity across study effects. However, only in the studies 

assessing support for taxation if revenues were used ‘appropriately’ was support consistently 

greater than 50%, though this group did include the fewest studies. 

We found evidence to support the revenue-raising potential of diet-related taxes in our 

umbrella review49, 50 and our literature review uncovered examples of raised revenues being used 

as intended by government to fund social programmes such as early-childhood education, and 

health initiatives such as healthy food subsidisation28, 32, 54, 64, 67, 76, 77.  

While there is strong evidence that FIs can change consumption of targeted goods, there is a 

lack of evidence – except from modelling studies – that they can improve health. In part this 

lack of evidence is owing to issues in the design of the studies, for example when modelling 

lower tax rates than recommended, or not accounting for leakage as consumers shop in 

untaxed jurisdictions or buy untaxed substitutes81, 84-88. Where untaxed substitutes are unhealthy 

they should be taxed, but governments should be cautious about taxing substitutes that also 

provide micronutrients (e.g. fruit juices contain sugar but also vitamins52, 89 ) or where there is 

concern about a lack of access to healthy alternatives 33. This lack of RWE as to the health effects 

of substitute foods creates a negative loop enabling opponents to use misleading or inadequate 

information to undermine tax implementation (either blocking implementation altogether or 

reducing the suggested tax rate of a 15-25% increase in the price faced by consumers81, 90-92) – 

which makes it yet more difficult to produce RWE on the effects of taxation.   

We also found evidence that the public and policymakers believed SSB taxes to be regressive, 

though some policymakers acknowledged their potential to reduce health inequalities33. Studies 

elsewhere suggest that they are likely to be minimally regressive and, overall, help to counter 

socioeconomic inequality93-95. In our literature review, we found that strong advocacy and clear 

messaging on the part of pro-tax stakeholders was a key facilitator in policymaking28, 29, 36, 54, 56-58, 

61, 75-77. Policymakers seeking to implement diet-related taxes, who have had to counter 
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misleading narratives regarding the impacts of the taxes on the economy and inequality, should 

also promote:  

• The harm to health fromthe targeted nutrient/product  

• The effectiveness of taxes in changing consumption  

• Their revenue-raising potential  

• The earmarking of revenues to fund programmes which can further reduce inequality 

and improve health, especially for children 

Further considerations 

While the use of evidence to counteract anti-tax or promote pro-tax narratives is important, a 

number of other issues arose which can affect the acceptability of diet-related FIs. Our umbrella 

review identified major barriers as mistrust in a government’s use of revenues, and lack of 

transparency in how it implemented taxes or allocated tax revenue32, 33, 60, 65, 71.  

While taxes may reduce consumption of harmful products and nutrients, they also restrict 

autonomy and will inevitably meet opposition from some members of the public. Public 

support for taxation in general is low, but increases when funds are earmarked for health 

initiatives33, 34. Where taxes do change behaviour, they bring in less revenue as consumers buy 

less of the taxed good or producers reformulate to avoid taxation. It may be unclear whether the 

primary goal of the FI is to generate revenue or change behaviour/health, and this lack of clarity 

may undermine public confidence in the policy34. Given the importance of trust in government 

in predicting public health outcomes, for example as related to COVID-19 preparedness96, 

policymakers need to work hard to justify the restriction of autonomy by carefully designing 

policies based on clear intentions. To succeed, they must implement the policies alongside  a 

commitment to transparency in the policymaking process, especially when revenues are to be 

allocated to social and health initiatives, as has been demonstrated in the US.67.  

Another issue raised was the lack of healthy substitutes available to consumers who face 

increased taxes on unhealthy food or non-alcoholic beverages33. This may be even more of an 

issue where cross-border shopping is possible. It can make FIs less effective and reduce revenue 

for local government 50, 97, 98. In Mexico, an added-sugar and calorie-dense tax appears so far to 

have failed to correct negative externalities (unintended consequences affecting third parties, 

such as overburdened dental services) as consumers buy cheaper substitutes87. However, the tax 

has been maintained and has become more acceptable as it raises revenue earmarked for 

improving drinking water33, 99. Policymakers could capitalise on the barrier of substitution and 

could make taxes more acceptable by earmarking tax revenues to subsidise healthy food, for 

example with a 10% reduction in the price of fruit and vegetables99. This would be expected to 
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be more effective in correcting externalities and internalities (consequences of SSB 

consumption for both society at large and individual consumers) than taxation alone100. 

Evidence suggests that the public would support subsidies for healthy food, especially in 

Ireland63, 101, and subsidies paired with taxation could even increase public support for taxation33.  

Limitations 

Our review’s limitations point to directions for future research. The paucity of evidence as to the 

acceptability of non-SSB taxes or subsidies in general means it is difficult to draw firm 

conclusions. While we believe the recommendations we provide around taxation could be 

extended to products and nutrients beyond SSBs, there are important differences. For example, 

it may be less feasible to tax a nutrient such as sugar, which features at every stage across the 

supply chain, than to tax a single product51. Further research is required to understand the 

acceptability of other diet-related FIs, such as taxes on nutrients such as sugar or subsidies on 

healthy foods – though we did find that acceptability for diet-related taxation was high (66%) 

when revenues were allocated to initiatives such as healthy food subsidisation.  

A final over-arching criterion from the WHO-INTEGRATE criteria is the  ‘quality of evidence’ 23. 

While our included reviews scored the highest in relative terms, they all received a critically low 

AMSTAR2 rating (>1 critical domain flaws). Additionally, the supplementary literature review was 

undertaken as a high-level summary of studies conducted in the last two years to compare 

against our umbrella review results, and did not undergo quality appraisal. It is reassuring that 

the results of our umbrella and literature reviews were similar, but there is still a high risk of 

bias. Further high-quality systematic reviews (for example, Cochrane reviews) would help to 

improve certainty in this evidence base.  

Finally, when considering the issue of complexity, the setting in which an FI is proposed is likely 

to vary across populations, economic cycles and jurisdictions and to affect both effectiveness 

and acceptability. For example, different behaviours or properties may emerge from proposing 

or implementing different diet-related FIs102. While we have provided general recommendations 

based on evidence from multiple jurisdictions, context-specific research is necessary to gauge 

acceptability depending on the population/jurisdiction being affected.    

Conclusion 

Acceptability of diet-related FIs will vary depending on stakeholders’ interests and beliefs. 

Media campaigns can influence consumers’ beliefs, so policymakers could increase 

acceptability by promoting the benefits of intervention – given supporting evidence – as well as 

the revenue-raising potential of taxes in particular.  Earmarking revenues for health and social 

programmes from the outset, while auditing and promoting the use of revenue for such 
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programmes, may further increase acceptability for current and future FIs provided these results 

are made known to the public.  

Where evidence does not support criticisms of taxation, this should also be shared. For example, 

we found a lack of unbiased evidence that diet-related taxes result in unemployment despite 

industry’s claims to the contrary. As part of FI promotion, misleading narratives put forward by 

opposing stakeholders, such as industry, should be explicitly ascribed to the biases of those 

stakeholders.  

A lack of RWE as to the health benefits of diet-related FIs is a barrier to acceptability which can 

inhibit the implementation or design of proposed FIs, further inhibiting the gathering of RWE 

and creating a negative cycle. Beyond evidence regarding the effect of FIs on health, we also 

highlight facilitators that policymakers could use to help break this cycle. 
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Review Question 

What is the evidence of public and political acceptability of fiscal and pricing measures applied 

to food and non-alcoholic beverages intended to improve diet?  

Searches 

We will search for eligible systematic reviews published since 1 January 1990. The resources 

searched will include PubMed, MedLine, Web of Science, Scopus, Psycinfo, SCI, SSCI, Google 

Scholar, EconLit and EMBASE. We will also search repositories of reviews (epistemonikos for 

published reviews and PROSPERO for registered reviews) and the Cochrane and Campbell 

Libraries. We will contact relevant individuals working in this field (including those in academia, 

policy and government), and authors of relevant reports and publications to ask for information 

on potentially eligible reviews, reports or contacts that might support the overview. Search 

methods will be developed to include only systematic reviews, this will involve restriction of 

searches to include “systematic review” or “meta-analysis” in the title, abstract or keywords, as 

well as using specific features of some search engines to focus only on systematic reviews while 

optimising balance between sensitivity and specificity (8-10). The full search strategy will be 

documented in our review.   

Search strategy 

We will use already identified reviews (1, 2) and expert opinion to build a list of topic-related 

search terms, which we will use alongside terms and filters for systematic reviews and meta-

analyses, as applicable to the resource being searched. 

Condition or domain being studied 

This overview will focus on the public and political acceptability of fiscal and other pricing 

policies applied to food and non-alcoholic beverages intended to improve diet and reduce diet-

related NCDs. The health outcomes cover those linked to excessive or imbalanced intake of 

nutrients leading to diet-related NCDs (e.g. Type 2 diabetes, cancer, dental caries and 

cardiovascular disease), excess weight, or pregnancy-related outcomes, such as gestational 

diabetes or macrosomia (3). We will also consider intermediate impacts such as expenditure on, 

or consumption of, specific nutrients (including sugar, fats, fibre and salt) and energy-dense 

foods and non-alcoholic drinks, as well as product reformulation by manufacturers. Included 

reviews do not have to examine the effect of such policies but must give consideration to the 

public and/or political acceptability of such policies according to the inclusion/exclusion criteria 

outlined below and informed by the WHO-INTEGRATE framework (4). 

Participants/Population 
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All populations will be eligible for inclusion. The population examined as part of each systematic 

review will be documented as part of data extraction. Any population subgroups, which are 

reported in the review according to PROGRESS-Plus characteristics (5, 6), and outcomes for these 

subgroups will also be examined. 

Intervention/Exposure 

National, regional or local fiscal or pricing policies, such as taxes or subsidies, which target the 

intermediate, e.g. reformulation or consumer behaviour, or tertiary outcomes, e.g. diet-related 

NCD’s, described above.  

Comparator/Control 

As this is a study of fiscal and pricing policies targeting diet or risk of NCD at a population level 

there may be few randomised controlled trials included in the eligible systematic reviews. 

Selected reviews are likely to include such studies of populations which lack a comparator 

however no exclusions will be made on this basis. 

Type of studies to be included 

‘Systematic reviews of studies that examined the public and political acceptability, for example 

lobbying activity or legislative amendments or repeals by politicians, of fiscal and pricing 

policies targeting the conditions/domains described above. We will include those findings 

relating to experimental or observational studies, both quantitative and qualitative, which 

examine acceptability in relation to an implemented government policy or one proposed by 

government which targets the price of a good. 

An overview is underway (CRD42021249212) to assess the effectiveness of such policies as well 

as their potential distributional impacts. The overview described in this entry will focus on the 

other WHO-INTEGRATE framework criteria (4) by including studies which address ‘human rights 

and sociocultural acceptability’, ‘societal implications’, ‘financial and economic considerations’ 

and ‘feasability and health system considerations’ of such interventions as well as considering 

the ‘quality of evidence’ and ‘health equity, equality and non-discrimination’ in relation to such 

criteria.’ 

Context 

No restrictions will be placed on the context of the research provided the review includes the 

relevant Population (P), Intervention (I), Comparators (C) (where available) and Outcomes (O) or 

domains described above.  

Main outcome(s) 
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- Human rights and sociocultural acceptability (e.g. Impacts on autonomy of stakeholders 

reflected in opinion polls, lobbying activity, overturning of a policy or legislative 

amendments) 

- Societal implications (e.g. Environmental impacts from changes in the demand for food) 

- Financial and economic considerations (e.g. Employment impacts from the introduction 

of a tax) 

- Feasibility and health system considerations (e.g. Impacts on the healthcare sector from 

a reduction in the prevalence of diet-related NCD’s) 

- Health equity, equality and non-discrimination (This may intersect with any of the above 

criteria, e.g. the distribution of employment generation or the impact on hospitals in 

communities which see disproportionate changes in the prevalence of diet-related 

NCDs) 

Data extraction (selection and coding) 

Study Selection 

Titles identified in our searches will be screened independently by two reviewers (LB & CON), and 

the abstracts of those judged to be potentially eligible will be checked by the same two 

reviewers. Where disagreements exist, these will be resolved by discussion and if necessary 

following reference to a third reviewer (FK or MC). All articles deemed potentially eligible will be 

retrieved for full text assessment. Full text articles will be screened independently by two 

reviewers (LB & CON). Disagreements will be resolved by discussion and if necessary, by 

reference to a third reviewer (FK or MC). References will be collated, duplicates removed, and 

titles and abstracts screened using EndNote 20 software. 

Data Extraction 

Data will be extracted independently by two reviewers (LB & CON) and will include design 

features: aims, methods, eligibility criteria and search strategy, date, funding sources, setting, 

participants, intervention (and comparator where available), outcomes examined and reported 

(according to ‘main outcome(s)’ above), and any sub-group analyses related to specific groups 

of participants. A Google Form will be developed based on the list of data to be extracted. Once 

complete, the meta-data will be used to generate separate spreadsheets of extracted data for 

each reviewer, which will be compared and any disagreements will resolved by discussion and 

where necessary by reference to a third reviewer (FK or MC).  

Risk of Bias 

The methodological quality of each systematic review will be independently assessed by two 

reviewers (LB & CON) using the AMSTAR 2 tool (7). Disagreements will be resolved by discussion 
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and where necessary by reference to a third reviewer (FK or MC) . Studies which receive a 

critically low score according to AMSTAR 2 will be excluded from the final review but will be 

listed for transparency. 

Strategy for data synthesis 

A narrative synthesis is planned which will assess the potential contribution of fiscal and pricing 

policies targeting diet-related NCDs according to the WHO-INTEGRATE criteria listed under ‘main 

outcome(s)’. Data will be extracted from the included reviews into a Microsoft Excel spreadsheet 

and an examination of the data for narrative synthesis will be conducted (8, 9),  for example to 

produce summary tables of the scope of included reviews and their results or graphical analysis 

using harvest plots.  

As fiscal and other pricing measures may have been adopted as part of more complex 

interventions, the assessment of reviews will explicitly address the approaches used for data 

synthesis of complex interventions. This will include an examination of stated purpose of the 

synthesis, heterogeneity in the studies from which data were synthesised, level of detail about a 

study provided in the review, nature of the results reported and the resources available to the 

research team engaged in the review. The intervention will be detailed in terms of the nature of 

tax or subsidy, minimum price etc.; what this is levied on, and, using the main outcomes above, 

the extent to which this intervention contributed to each or any of these. 

Analysis of Subgroups 

Any reporting of effects relating to the main outcomes according to subgroups will also be 

documented. If, as expected, we need to present this overview as a narrative synthesis, these will 

be reported discursively. 

Type and method of review 

Type of review 

Intervention 

Narrative Synthesis 

Review of reviews 

Systematic review 

Health area of review 

Public Health 

Language 
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English 

Country 

United Kingdom – Northern Ireland 
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Appendix 3.2: Search used across databases according to key themes 

Study type AND Intervention AND Outcome 

Systematic review* Tax* Nutrient* obesity 

Meta-analys?s Subsid* Nutrition overweight 

Levy Energy Diet* 

Levies Food* BMI 

Price healthy eating body mass 

demand Vegetable* body weight 

Elastic* Fruit* non-alcoholic 

fiscal non-communicable disease* Drink* 

pricing Cancer* Calori* 

supply cardiovascular disease* Sweeten* 

Isch?emic heart disease* caries 

Hypertensi* DMFT 

Diabet* DMFS 

Sugar* carious surface 

fat* Expen* 

Sodium Consum* 

Salt* Purchas* 

SSB Reformulate* 

Beverage* 
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Note: ‘*’ represents truncation as part of the search strategy; ‘?’ represents a wildcard for word spellings. Different terms were used depending on the 

search engine. 



 

153 

Appendix 3.3: Quality rating using AMSTAR2 checklist (Studies with two or more critical domain flaws receive a critically low rating) 

CRITICAL DOMAINS ITEMS NON-CRITICAL DOMAINS ITEMS 

Author and 

publication 

year  

Item 

2 

4 7 9 11 13 15 No. "N" 

for 

critical 

domains 

Item 

1 

3 5 6 8 10 12 14 16 No. "N" 

for non-

critical 

domains 

Quality 

rating 

Clarke et al 

2016 

N N N N N/A Y N/A 4 PY N N N PY N N/A Y Y 4 CL 

Eykelenboom 

et al 2019 

Y N N PY Y Y N 3 PY N Y Y PY N Y Y Y 2 CL 

Mounsey et 

al 2020 

PY N N PY N/A Y N/A 2 PY N Y Y PY Y N/A Y Y 1 CL 

Dodd et al 

2020 

PY Y N PY N/A N N/A 2 N Y Y Y N N N/A Y Y 3 CL 

Gittelsohn et 

al 2020 

N N N N N/A Y N/A 4 Y N Y Y PY N N/A Y Y 2 CL 

Moran et al 

2020 

N N N N N/A N N/A 5 PY Y Y Y PY N N/A Y Y 1 CL 

Niebylski et 

al 2015 

N N N PY N/A Y N/A 3 PY Y N N N N N/A Y N 5 CL 

Wright et al 

2017 

N N N N N/A N N/A 5 N Y Y Y N N N/A Y Y 3 CL 



 

154 

Phulkerd et 

al 2016 

N N N N N/A Y N/A 4 PY N N N PY N N/A Y Y 4 CL 

Diepeveen et 

al 2013 

N N N N N/A Y N/A 4 PY N N N PY Y N/A Y Y 3 CL 

Caraher et al 

2005 

N N N N N/A Y N/A 4 N N N N N N N/A Y Y 6 CL 

8 10 11 7 0 3 1 3 7 5 5 4 9 0 0 1 

Highlighted reviews are those that had 2-3 critical domain flaws and were included in our review.
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Appendix 3.4: EMBASE search strategy for identification of primary studies examining the 

acceptability of taxes or subsidies on food and non-alcoholic beverages in improving diet 

and preventing diet-related non-communicable disease, conducted between January 2020 

and November 2021 

1 Systematic Review/ 

2 systematic review$.ab,kw,ti. 

3 Meta-Analysis/ 

4 meta-analys?s.ab,kw,ti. 

5 

(tax$ or subsid$ or levy or levies or price or pricing or demand or supply or elastic$ or 

fiscal).ab,kw,ti. 

6 

(nutrient$ or energy or food$ or "healthy eating" or vegetable$ or "fruit$" or "non-

communicable disease$" or cancer$ or "cardiovascular disease$" or "isch?emic heart 

disease$" or hypertensi$ or diabet$ or sugar$ or fat$ or sodium or salt$ or SSB or 

beverage$ or obesity or overweight or diet$ or BMI or "body mass" or "body weight" or 

"non-alcoholic" or drink$ or calori$ or sweeten$ or caries or DMFT or DMFS or "carious 

surface" or expen$ or consum$ or purchas$ or reformulat$).ab,kw,ti. 

7 Taxes/ 

8 Fiscal Policy/ 

9 Nutrients/ 

10 Energy Drinks/ or Energy Intake/ 

11 Food/ or "Diet, Food, and Nutrition"/ or Food, Formulated/ 

12 Diet, Healthy/ 

13 Vegetables/ 

14 Fruit/ 

15 Noncommunicable Diseases/ 

16 Neoplasms/ 

17 Cardiovascular Diseases/ 

18 Coronary Disease/ or Heart Failure/ or Myocardial Ischemia/ 

19 Hypertension/ 

20 Diabetes Mellitus, Type 2/ or Diabetes Mellitus/ 

21 Sugars/ 

22 Dietary Fats, Unsaturated/ or Dietary Fats/ or Fats, Unsaturated/ or Fats/ 

23 Sodium/ or Sodium Chloride/ or Sodium, Dietary/ or Sodium Chloride, Dietary/ 

24 Salts/ 

25 Sweetening Agents/ or Beverages/ or Dietary Sucrose/ or Sugar-Sweetened Beverages/ 
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26 Obesity/ 

27 Overweight/ or Adipose Tissue/ or Body Weight/ 

28 Diet/ 

29 Body Mass Index/ 

30 Sucrose/ or Sweetening Agents/ or Dietary Carbohydrates/ 

31 Dental Caries Susceptibility/ or Dental Caries/ 

32 DMF Index/ or Oral Health/ 

33 Economics/ 

34 Consumer Behavior/ 

35 

9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 

or 27 or 28 or 29 or 30 or 31 or 32 or 34 

36 6 or 35 

37 5 or 7 or 8 or 33 

38 1 or 2 or 3 or 4 

39 36 and 37 

40 39 not 38 

41 ("tax" or "taxing" or "taxation" or "taxes").m_titl. 

42 ("subsidy" or "subsidi#ation" or "subsidi#e" or "subsidi#ed" or "subsidies").m_titl. 

43 41 or 42 

44 40 and 43 

45 limit 44 to human 

46 limit 45 to yr="2020 -Current" 

47 limit 46 to ((article or article in press) and journal) 

48 

tobacco consumption/ or tobacco smoke/ or "tobacco use"/ or tobacco/ or tobacco snuff/ 

or smokeless tobacco/ or tobacco dependence/ or chewing tobacco/ or tobacco.mp. or 

dipping tobacco/ or tobacco industry/ 

49 47 not 48 

50 

alcohol psychosis/ or alcohol blood level/ or alcohol intoxication/ or alcohol liver disease/ 

or alcohol abuse/ or alcohol tolerance/ or alcohol liver cirrhosis/ or alcohol consumption/ 

or alcohol abstinence/ or alcohol/ or alcohol.mp. 

51 49 not 50 

52 limit 51 to english language 
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Appendix 3.5: Matrix of databases searched and which of these indexed the 25 potentially relevant systematic reviews identified following 

screening 

Author/year 

MedLine EMBASE PsychInfo 
Web of 

Science 
Scopus EconLit 

Cochrane 

Library 
Epistemonikos 

Campbell 

Library 

Google 

Scholar 

Reference 

list 

search 

Moran et al, 2020 103 - X - - X - - - - - - 

Niebylski et al, 2015 49 X X - X X - - X - - - 

Mounsey et al, 2020 50 X X - X X - - X - - - 

Wright et al, 2017 34 X X - X X - - X - - - 

Eykelenboom et al, 2019 33 X X X X X - - X - X - 

Gittelsohn et al, 2017 104 X X - X X - - X - - - 

Phulkerd et al, 2016 105 X - - - - - - - - X - 

Caraher et al, 2005 106 X - - - - - - - - X - 

Dodd et al, 2020 51 X X - X X - - X - - - 

Diepeveen et al, 2013 47 - - - - - - - - - - X 

Clarke et al, 2016 48 - - - - - - - - - X - 

No. referenced 8 7 1 6 7 0 0 6 0 4 1 

% referenced 73% 64% 9% 55% 64% 0% 0% 55% 0% 36% 9% 

Note: Indexed reviews are marked with an ‘X’  
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Appendix 3.6: PRISMA flow diagram for identification of primary studies examining the 

acceptability of taxes or subsidies on food and non-alcoholic beverages in improving diet 

and preventing diet-related non-communicable disease which were indexed in EMBASE and 

conducted between January 2020 and November 2021 
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Appendix 3.7: Literature review results of primary studies examining the acceptability of taxes or subsidies on food and non-alcoholic 

beverages in improving diet and preventing diet-related non-communicable disease; these studies were indexed in EMBASE and conducted 

between January 2020 and November 2021 

Title Y

e

a

r 

Population Interven

tion 

Outcome Setting Design Summary WHO-

INTEGRATE 

criteria 

A 

qualitative 

study on 

retailer 

experiences 

with 

Philadelphia

's 

sweetened 

beverage 

tax 

2

0

2

1 

Retailers in 

Philadelphia 

interviewed 

before (n=15) 

and after 

(n=11) the tax 

was 

implemented 

Tax on 

sugar- 

and 

artificiall

y-

sweeten

ed 

beverag

es  

Retailers' 

reactions 

to 

beverage 

taxes 

Philadelp

hia, PA 

Semi-structured 

interviews with 

retailers before and 

after introduction of 

the tax (implemented 

on January 1, 2017) 

Beliefs that: transparency 

regarding the allocation of tax 

revenues is lacking; a tax would 

affect business negatively; it 

would be confusing to 

implement; and it would be 

regressive 

Human rights 

and 

sociocultural 

acceptability; 

health equity, 

equality and 

non-

discrimination

; feasibility 

and health 

system 

considerations

; financial and 

economic 

considerations 
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Title Y opulation Interven Outcome Setting Design Summary WHO-

e tion INTEGRATE 

a criteria 

r 

P

Public 

acceptabilit

y of a sugar-

sweetened 

beverage 

tax and its 

associated 

factors in 

the 

Netherlands  

2

0

2

1 

Dutch adults 

aged >=18 

years 

representative 

of the Dutch 

population for 

age, sex, 

education 

level and 

location 

(n=500) 

SSB tax Acceptabil

ity of an 

SSB tax 

The 

Netherla

nds 

Online self-

administered 

questionnaire 

Lack of support (40% supported 

vs 43% opposed) for an SSB tax in 

general however there was 

support for an SSB tax when 

revenue is allocated towards 

health initiatives (55% supported  

vs 32% opposed). Effectiveness, 

appropriateness, socioeconomic 

and economic benefit, 

implementation and trust were all 

significant factors affecting 

acceptability of an SSB tax. 

Additionally support decreased 

among households with 

adolescents and individuals who 

had less education, were 

high/moderate consumers of SSBs 

or were overweight. 

Human rights 

and 

sociocultural 

acceptability; 

health equity, 

equality and 

non-

discrimination

; feasibility 

and health 

system 

considerations

; balance of 

health 

benefits and 

harms; 

financial and 

economic 

considerations 
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Attitudes 

and 

perceptions 

among 

urban South 

Africans 

towards 

sugar-

sweetened 

beverages 

and 

taxation 

2

0

2

0 

Adults aged 18 

years or above 

living in 

Soweto (n=57) 

SSB tax 

(known 

as the 

Health 

Promoti

on Levy) 

Perception

s and 

attitudes 

on South 

Africa's 

use of a 

tax to 

reduce SSB 

consumpti

on 

Soweto, 

Johannes

burg, 

South 

Africa 

Six focus group 

discussions using a 

semi-structured guide 

conducted 3 months 

before South Africa's 

SSB tax was 

implemented 

Mixed beliefs as to whether an 

SSB tax would change SSB 

consumption and also mistrust as 

to governments' stated intention 

of improving health. These beliefs 

did not vary across age, sex or 

obesity status. 

Human rights 

and 

sociocultural 

acceptability; 

balance of 

health 

benefits and 

harms 

Knowledge, 

attitudes 

and 

practices 

with regard 

to sugar-

sweetened 

2

0

2

1 

People with 

type 2 

diabetes (T2D) 

attending 

public sector 

primary care 

clinics 

SSB tax Knowledg

e, 

attitudes 

and 

practices 

towards 

SSB 

Barbados A survey, including the 

Beverage Intake 

Questionnaire (BEVQ-

15), and waist 

circumference 

measurement 

Lack of support for an SSB tax 

(44.7% favoured the current 10% 

tax and 29.7% favoured a 20% 

tax). These responses did not vary 

by neighbourhood income. 

Human rights 

and 

sociocultural 

acceptability 
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beverages 

and 

taxation 

among 

people with 

type 2 

diabetes 

mellitus in 

the 

Caribbean 

island of 

Barbados - A 

cross 

sectional 

survey in 

primary care 

consumpti

on and 

taxation  
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Retailer 

perspectives 

on sugar-

sweetened 

beverage 

taxes in the 

California 

Bay Area  

2

0

2

0 

103 randomly 

selected 

retailers (50 

corner and 

liquor stores; 

28 chain 

convenience, 

drug, and 

mass-

merchandise 

stores; 18 

chain 

supermarkets 

and discount 

supermarkets; 

and 7 

independent 

supermarkets) 

SSB tax Retailers' 

perception

s of SSB  

Berkeley, 

Oakland, 

and San 

Francisco 

Semi-structured 

interviews (including 

open- and closed-

ended questions) 

occurred in 2018 and 

2019 (approximately 3 

years, 1 year and 6 

months post tax-

implementation, 

respectively). 

Lack of evidence that an SSB tax 

affects retailers negatively and 

support (53%) for an expansion of 

an SSB tax nationwide 

Human rights 

and 

sociocultural 

acceptability; 

financial and 

economic 

considerations 
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How sugar-

sweetened 

beverage 

tax 

revenues 

are being 

used in the 

United 

States  

2

0

2

1 

General 

population 

from seven US 

cities with SSB 

taxes 

SSB tax Tax 

revenue 

and 

allocation 

Albany, 

Berkeley, 

Boulder, 

Oakland, 

Philadelp

hia, San 

Francisco 

and 

Seattle 

Information collected 

from public 

documents and key 

informants about 

allocations in the most 

recent fiscal year 

(2018-2021) 

Evidence that the allocation of 

revenues raised from SSB taxation 

was consistent with government 

intentions, such as supporting 

health and equality initiatives. 

Human rights 

and 

sociocultural 

acceptability; 

health equity, 

equality and 

non-

discrimination

; feasibility 

and health 

system 

considerations

; financial and 

economic 

considerations 

The Navajo 

Nation 

Healthy 

Dine Nation 

2

0

2

0 

General 

population 

from a 

sovereign 

2% tax 

on foods 

of 

minimal

Tax 

revenue 

and 

allocation 

The 

Navajo 

Nation 

Summarisation of tax 

revenue and 

disbursements from 

2015-2019 from the 

Evidence that taxes on unhealthy 

foods are revenue raising with 

decreases in revenue over-time  

Financial and 

economic 

considerations 
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Act: A Two 

Percent Tax 

on Foods of 

Minimal-to-

No 

Nutritious 

Value, 2015-

2019  

tribal nation 

in the US 

-to-no 

nutritio

nal 

value 

(junk 

food 

tax) 

Navajo Nation Healthy 

Dine Nation Act of 

2014 

Employmen

t impacts of 

the San 

Francisco 

sugar-

sweetened 

beverage 

tax 2 years 

after 

implementa

tion  

2

0

2

1 

San Francisco 

overall 

economy, 

private sector, 

supermarkets 

and other 

grocery stores, 

convenience 

stores, limited 

service 

restaurants, 

SSB tax Employme

nt 

San 

Francisco

, CA 

A synthetic control 

analysis using monthly 

employment counts 

from the Bureau of 

Labour Statistics to 

analyse employment 

levels 5 years before 

(January 2013) and 

leading up to 2 years 

after (December 2019) 

tax implementation on 

Lack of evidence that an SSB tax 

has a negative effect on 

employment in SSB-related 

industries and in general 

Societal 

implications; 

financial and 

economic 

considerations 
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and beverage 

manufacturin

g 

1 January 2018 for San 

Francisco vs synthetic 

controls (i.e., 

estimated 

counterfactuals) taken 

from a pool of urban 

control counties using 

pre-tax labour market-

related characteristics 

Results of a 

mass media 

campaign in 

South Africa 

to promote 

a sugary 

drinks tax  

2

0

2

0 

Adults ages 18 

to 56 years old 

interviewed 

before (n-

1000) and 

after (n=1000) 

the campaign 

Mass 

media 

campaig

n to 

promote 

a sugary 

drinks 

tax  

Knowledg

e and 

attitudes 

around 

sugary 

drinks and 

on public 

support 

for a 

proposed 

South 

Africa 

A representative cross-

sectional survey of 

households 

interviewed just prior 

to the launch of the 

campaign (October 7-

10, 2016) and 

immediately following 

its conclusion (July 12-

21, 2017) 

Evidence that media campaigns 

can be effective in generating 

support for sugary drink taxation 

by educating the public on the 

health harms of sugary drink 

consumption 

Human rights 

and 

sociocultural 

acceptability; 

Balance of 

health 

benefits and 

harms 
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tax on 

sugary 

drinks  

Legal 

feasibility 

and 

implementa

tion of 

federal 

strategies 

for a 

national 

retail-based 

fruit and 

vegetable 

subsidy 

program in 

2

0

2

0 

Existing 

federal, state, 

local and non-

governmental 

organization 

(NGO) policies 

and programs 

that subsidise 

F&Vs 

A 

national 

retail-

based 

F&V 

subsidy 

program 

Mechanis

ms to 

effectuate 

a national 

retail-

based F&V 

subsidy 

program 

USA A legal and policy 

research using 

LexisNexis, the UConn 

Rudd Center 

Legislation Database, 

the Centers for Disease 

Control and Prevention 

Chronic Disease State 

Policy Tracking 

System, the US 

Department of 

Agriculture's website, 

Congress.gov, grey 

Evidence that national F&V 

subsidisation would be feasible 

within current legal structures 

and would be most feasible as a 

voluntary program for states 

Feasibility and 

health system 

considerations 
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the United 

States  

literature, and 

government reports 

Fresh street: 

the 

developmen

t and 

feasibility of 

a place-

based, 

subsidy for 

fresh fruit 

and 

vegetables  

2

0

2

0 

Area of 

socioeconomi

c deprivation 

Voucher

s 

available  

to every 

househo

ld, 

regardle

ss of 

income 

or 

househo

ld type, 

and 

Feasibility 

of the 

scheme  

Northern 

England 

The feasibility of the 

scheme was assessed 

in four streets using 

rapid ethnographic 

assessment and 

voucher redemption 

information.  

Support for local F&V 

subsidisation schemes 

Human rights 

and 

sociocultural 

acceptability; 

health equity, 

equality and 

non-

discrimination 
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redeema

ble with 

local 

supplier

s of 

fresh FV 

(not 

superma

rkets) 

Exploring 

attitudes 

toward 

taxation of 

sugar-

sweetened 

beverages in 

rural 

Michigan  

2

0

2

1 

Adult 

Michiganders 

SSB tax Attitudes 

and beliefs 

about 

sugar-

sweetened 

beverages 

being 

taxed  

Rural 

Michigan 

25 semi-structured, 

audio-recorded 

interviews analysed 

using critical policy 

analysis 

Lack of support for SSB taxation 

by members of the public in part 

due to concerns about its 

effectiveness and equitability as 

well as a mistrust in government. 

Beliefs that the tax would be 

particularly ineffective among 

regular consumers, who were 

frequently perceived as mostly 

Human rights 

and 

sociocultural 

acceptability; 

health equity, 

equality and 

non-

discrimination

; balance of 

health 
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low income and/or of higher 

weight 

benefits and 

harms 

Missed 

opportuniti

es: The need 

to promote 

public 

knowledge 

and 

awareness 

of sugar-

sweetened 

beverage 

taxes  

2

0

2

1 

General 

population (n 

= 2715) 

SSB tax Awareness 

and 

perception

s of SSB 

taxes and 

whether 

tax 

awareness 

and 

perception

s differ 

based on 

sociodemo

graphic 

Berkeley, 

Oakland, 

San 

Francisco 

and 

Richmon

d 

Serial cross-sectional 

study intercept 

surveys in 

demographically 

diverse 

neighbourhoods 

conducted between 

2015 and 2017 

Beliefs that the benefits of SSB 

taxes to the community and to 

children's health were moderate, 

and varied by educational 

attainment. 

Health equity, 

equality and 

non-

discrimination

; balance of 

health 

benefits and 

harms 
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characteris

tics 

An analysis 

of the 

adoption 

and 

implementa

tion of a 

sugar-

sweetened 

beverage 

tax in South 

Africa: A 

multiple 

streams 

approach  

2

0

2

1 

Institutional 

documents, 

such as policy 

proposals and 

parliamentary 

debate 

records, 

stakeholder 

submissions 

to Parliament 

and media 

reports 

SSB tax 

(known 

as the 

Health 

Promoti

on Levy) 

Adoption 

and 

implement

ation of 

the sugar-

sweetened 

beverage 

tax in 

South 

Africa 

South 

Africa 

Qualitative data 

extraction and analysis 

of institutional 

documents, such as 

policy proposals and 

parliamentary debate 

records, stakeholder 

submissions to 

Parliament and media 

reports, were guided 

by the Kingdon 

Multiple Streams 

Theory  

Evidence that the SSB tax policy 

process was facilitated by: strong 

networks and consistent 

messaging across stakeholders; 

continuity of key policymakers; 

and framing of taxes as revenue-

raising though uncertainty 

regarding the purpose of the tax 

negatively impacted public 

attitudes towards it. Evidence 

that the SSB tax policy process 

was inhibited by: industry 

arguments related to 

employment impacts; and 

Feasibility and 

health system 

considerations

; financial and 

economic 

considerations 
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regulatory action by sectors 

outside of finance and health  

The politics 

of taxes for 

health: An 

analysis of 

the passage 

of the 

sugar-

sweetened 

beverage 

tax in 

Mexico  

2

0

2

0 

Documents 

from 

government, 

international 

organizations, 

and civil 

society 

groups; media 

articles; and 

key informant 

interviews 

SSB tax Passage of 

the sugar-

sweetened 

beverage 

(SSB) tax 

in Mexico 

Mexico Primary data collection 

and interviews with a 

broad range of 

stakeholders 

Evidence that the SSB tax policy 

process was facilitated by: strong 

networks across stakeholders and 

a good understanding of how to 

manage the political and 

economic context; framing of 

taxes as revenue-raising; and early 

public relations campaigns to 

shape public perceptions 

Human rights 

and 

sociocultural 

acceptability; 

societal 

implications; 

feasibility and 

health system 

considerations

; financial and 

economic 

considerations 
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Stakeholder 

views on 

taxation of 

sugar-

sweetened 

beverages 

and its 

adoption in 

the 

Netherlands  

2

0

2

1 

27 

stakeholders 

from health 

and consumer 

organizations, 

health 

professional 

associations, 

trade 

associations, 

academia, 

advisory 

bodies, 

ministries and 

parliamentary 

parties 

SSB tax Stakehold

er views 

on 

taxation of 

SSB and 

perceived 

barriers 

and 

facilitators 

to its 

adoption 

The 

Netherla

nds 

Semi-structured 

interviews conducted 

in 2019 were analysed 

using a thematic 

content approach 

Mixed beliefs about the 

effectiveness, appropriateness 

and (socio)economic effects of an 

SSB tax. Perceived barriers were an 

unfavourable political context, 

limited advocacy for an SSB tax, a 

strong lobby against an SSB tax, 

perceived public opposition, 

administrative load and 

difficulties in defining SSB. 

Perceived facilitators were 

increasing prevalence of 

overweight, disappointing results 

from voluntary industry actions, a 

change of government, state 

budget deficits, a shift in public 

opinion, international 

recommendations and a solid 

legal basis. 

Human rights 

and 

sociocultural 

acceptability; 

Societal 

implications; 

Feasibility and 

health system 

considerations

; financial and 

economic 

considerations 
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Understandi

ng policy 

change for 

obesity 

prevention: 

learning 

from sugar-

sweetened 

beverages 

taxes in 

Mexico and 

Chile 

2

0

2

1 

24 key 

informant 

interviews (16 

researchers, 5 

civil society 

representative

s and 3 

food/beverage 

industry 

representative

s) 

SSB tax The policy 

change 

process 

resulting 

in SSB 

taxes in 

Mexico 

and Chile 

Mexico 

and Chile 

Qualitative study 

design using the 

Kaleidoscope Model 

for Policy Change, a 

framework developed 

for nutrition and food 

policy change analysis 

Evidence that the SSB tax policy 

process was facilitated by: strong 

networks across stakeholders and 

good communication; flexible 

framing of taxes; and taking 

advantage of windows of 

opportunity  

Human rights 

and 

sociocultural 

acceptability; 

feasibility and 

health system 

considerations 

Framing and 

signalling 

effects of 

taxes on 

sugary 

drinks: A 

discrete 

2

0

2

0 

A randomly 

selected group 

of households 

(n = 603) with 

children in 

Great Britain 

(GB) who 

SSB tax Demand 

for SSBs  

Great 

Britain 

Discrete choice 

experiment (DCE) 

administered online  

Evidence that an increase in the 

price of SSBs may be more 

effective in reducing consumption 

when it is signalled as a tax and 

framed as a health-related and 

earmarked policy 

Human rights 

and 

sociocultural 

acceptability; 

feasibility and 

health system 

considerations
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choice 

experiment 

among 

households 

in Great 

Britain  

regularly 

purchase SSBs 

; balance of 

health 

benefits and 

harms 

The political 

economy of 

sugar-

sweetened 

beverage 

taxation in 

Latin 

America: 

lessons 

from 

Mexico, 

Chile and 

Colombia  

2

0

2

1 

Coalitions of 

stakeholders 

including 

participants of 

civil society 

organizations 

and 

transnational 

corporations 

SSB tax The 

interests, 

goals and 

operations 

of the 

coalitions 

Mexico, 

Chile and 

Colombi

a 

Qualitative synthesis 

of existing empirical 

evidence. Key 

stakeholders involved 

in the policy process 

were identified, along 

with their interests 

and how they 

influenced adoption 

and implementation of 

the tax.  

Evidence that the SSB tax policy 

process was facilitated by: strong 

networks and support across 

government stakeholders 

Evidence that the SSB tax policy 

process was inhibited by 

transnational industry influence 

and a lack of transparency during 

agenda setting 

Feasibility and 

health system 

considerations

; financial and 

economic 

considerations 
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Industry 

strategies in 

the 

parliamenta

ry process 

of adopting 

a sugar-

sweetened 

beverage 

tax in South 

Africa: a 

systematic 

mapping  

2

0

2

0 

Beverage and 

related 

industries 

during the 

public 

consultation 

phase of the 

process to 

adopt the 

South African 

SSB tax 

SSB tax 

(known 

as the 

Health 

Promoti

on Levy) 

Argument

s and 

strategies 

utilised by 

industry 

during 

policymaki

ng 

processes 

to oppose 

regulatory 

actions in 

LMIC 

South 

Africa 

To describe and 

analyse the arguments 

and strategies utilised 

by industry during 

policymaking 

processes to oppose 

regulatory actions in 

LMIC 

Evidence that the SSB tax policy 

process was inhibited by: industry 

arguments that the tax would 

lead to employment losses and 

other economic harms; industry 

discussed self-regulation and 

voluntary measures as a form of 

policy substitution; misused or 

disputed evidence to undermine 

the perceived efficacy of the tax; 

anti-competition arguments in 

relation to small business vs 

multi-national corporations 

Financial and 

economic 

considerations 

The political 

economy of 

sugar-

sweetened 

beverage 

taxation: an 

2

0

2

1 

Policy 

content, 

stakeholders 

and corporate 

political 

activity from 

SSB tax Politico-

economic 

factors 

relevant to 

nutrition-

related 

Kenya, 

Tanzania

, 

Botswan

a, 

Rwanda, 

A political economy 

framework, focusing 

on ideas, institutions, 

interests and power, 

and a 'bricolage' 

approach was 

Evidence that the SSB tax policy 

process was facilitated by: 

framing of taxes as health-

improving; developing positive 

public opinion; linking with 

agricultural sectors; and 

Human rights 

and 

sociocultural 

acceptability; 

societal 

implications; 
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analysis 

from seven 

countries in 

sub-Saharan 

Africa  

seven 

countries in 

east and 

southern 

Africa 

augmented by 

qualitative 

interviews in 

Botswana, 

Namibia, 

Kenya and 

Zambia, and 

stakeholder 

consultations 

in Rwanda, 

Tanzania and 

Uganda 

fiscal 

policies, 

and 

lessons 

regarding 

strategies 

to 

strengthen 

sugar-

sweetened 

beverages 

taxation 

Namibia, 

Zambia, 

Uganda 

employed to identify 

strategies for future 

action 

leadership by a central 

government agency. Evidence 

that the SSB tax policy process 

was inhibited by industry 

arguments that the tax would 

lead to economic harm. 

feasibility and 

health system 

considerations

; balance of 

health 

benefits and 

harms; 

financial and 

economic 

considerations 
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Strengtheni

ng 

prevention 

of nutrition-

related non-

communica

ble diseases 

through 

sugar-

sweetened 

beverages 

tax in 

Rwanda: a 

policy 

landscape 

analysis  

2

0

2

1 

Policy content 

and 

stakeholders 

SSB tax Facilitator

s of and 

barriers to 

strengthen

ing 

taxation 

on SSBs 

Rwanda A desk-based policy 

analysis to assess the 

facilitators of and 

barriers to 

strengthening sugary 

beverage taxation 

policy. Eight 

stakeholders were 

consulted to validate 

the findings of the 

desk review 

Evidence that the SSB tax policy 

process was facilitated by: the 

existence of excise taxes on sugar. 

Evidence that the SSB tax policy 

process was inhibited by 

economic reliance on the sugar 

industry 

Feasibility and 

health system 

considerations

; financial and 

economic 

considerations 
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The data 

availability 

landscape in 

seven sub-

Saharan 

African 

countries 

and its role 

in 

strengtheni

ng sugar-

sweetened 

beverage 

taxation  

2

0

2

1 

The SSB 

taxation-

related data 

landscape in 

seven sub-

Saharan 

African 

countries 

SSB tax The 

potential 

role of 

available 

data in 

strengthen

ing SSB 

taxation 

Kenya, 

Tanzania

, 

Botswan

a, 

Rwanda, 

Namibia, 

Zambia, 

Uganda 

Mixed-methods 

approach involving a 

secondary data 

analysis of publicly 

available documents, 

and a qualitative 

exploration of the data 

needs of policy 

makers' using primary 

data 

Evidence that the SSB tax policy 

process was inhibited by a paucity 

of SSB taxation-related data. 

Evidence that the SSB tax policy 

process was facilitated by timely, 

easily understood, concise, and 

locally relevant evidence with 

collaboration across multiple 

sectors 

Feasibility and 

health system 

considerations 
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Barriers to, 

and 

facilitators 

of, the 

adoption of 

a sugar 

sweetened 

beverage 

tax to 

prevent 

non-

communica

ble diseases 

in Namibia: 

a policy 

landscape 

analysis  

2

0

2

1 

Policy content 

and 

stakeholders 

SSB tax The 

readiness 

of the 

Governme

nt to 

adopt 

sugar-

sweetened 

beverage 

taxation 

policies for 

public 

health 

Namibia Government policy 

documents relating to 

nutrition-related non-

communicable 

diseases were 

analysed, utilising 

predetermined 

variables based on 

policy theory. Thirteen 

key informant 

interviews were 

conducted with 

stakeholders from 

Government, non-

governmental 

organisations and 

academic institutions. 

Data sets were 

analysed utilising 

Evidence that the SSB tax policy 

process was inhibited by: a 

paucity of SSB taxation-related 

data; industry narratives and 

influence; or apprehensions that 

emanate from other sources. 

Evidence that the SSB tax policy 

process was facilitated by: strong 

pro-tax advocacy and messaging 

to support the adoption of the tax 

and generate public support for 

the intervention; education on 

the contribution of SSB's diet-

related NCDs. 

Human rights 

and 

sociocultural 

acceptability; 

feasibility and 

health system 

considerations

; balance of 

health 

benefits and 

harms; 

financial and 

economic 

considerations 
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Title Y Population Interven Outcome Setting Design Summary WHO-

e tion INTEGRATE 

a criteria 

r 

Kingdon's analytical 

theory for agenda 

setting. 

Barriers to, 

and 

facilitators 

of, the 

adoption of 

a sugar-

sweetened 

beverage 

tax to 

prevent 

2

0

2

1 

Policy content 

and 

stakeholders 

SSB tax Barriers to 

and 

facilitators 

of the 

adoption 

of sugar-

sweetened 

beverage 

taxation  

Uganda A desk-based policy 

analysis of policies 

related to nutrition-

related non-

communicable 

diseases and sugar-

sweetened beverage 

taxation and four key 

informant 

consultations. Analysis 

Evidence that the SSB tax policy 

process was inhibited by: industry 

narratives and influence. Evidence 

that the SSB tax policy process 

was facilitated by education on 

the contribution of SSB's diet-

related NCDs 

Balance of 

health 

benefits and 

harms; 

financial and 

economic 

considerations 
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Title Y Population Interven Outcome Setting Design Summary WHO-

e tion INTEGRATE 

a criteria 

r 

non-

communica

ble diseases 

in Uganda: 

a policy 

landscape 

analysis  

was framed by 

Kingdon's theory of 

agenda setting and 

policy change 

The legal 

feasibility of 

adopting a 

sugar-

sweetened 

beverage 

tax in seven 

sub-Saharan 

African 

countries  

2

0

2

1 

Existing laws, 

laws related to 

impacted 

sectors, legal 

infrastructure, 

and processes 

involved in 

adopting laws 

SSB tax The legal 

feasibility 

of 

introducin

g or 

strengthen

ing 

taxation 

laws 

related to 

Kenya, 

Tanzania

, 

Botswan

a, 

Rwanda, 

Namibia, 

Zambia, 

Uganda 

The legal feasibility of 

adopting four types of 

sugar-sweetened 

beverage tax 

formulations in each 

of the seven countries 

was assessed using the 

novel FELIP framework 

along with a desk-

based review of the 

Evidence that the SSB tax policy 

process was facilitated by existing 

tax structures and nutrition 

labelling laws as these made it 

easier to adopt taxes linked to 

sugar content 

Feasibility and 

health system 

considerations 
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Title Y Population Interven Outcome Setting Design Summary WHO-

e tion INTEGRATE 

a criteria 

r 

sugar-

sweetened 

beverages 

legal system related to 

sugar-sweetened 

beverage taxation. 

The impact 

of the 

Philadelphia 

beverage 

tax on 

employmen

t: A 

synthetic 

control 

analysis  

2

0

2

1 

Key industries 

that sell 

sweetened 

beverages and 

the overall 

Philadelphia 

economy 

SSB tax Employme

nt 

Philadelp

hia, PA 

A synthetic control 

analysis of total, 

private sector, limited-

service restaurant, and 

convenience store 

employment drawing 

on monthly 

employment count 

data from the Bureau 

of Labor Statistics 

from January 2012 

through June 2019 

Lack of evidence that the SSB tax 

resulted in job losses up to two 

and a half years after the tax was 

implemented 

Societal 

implications; 

financial and 

economic 

considerations 



 

184 

Title Y Population Interven Outcome Setting Design Summary WHO-

e tion INTEGRATE 

a criteria 

r 

Is the public 

sweet on 

sugary 

beverages? 

Social 

desirability 

bias and 

sweetened 

beverage 

taxes  

2

0

2

0 

1704 adults  SSB tax Social 

desirabilit

y bias  

Seattle, 

Minneap

olis, and 

the D.C. 

metro 

area 

A mixed-mode opinion 

survey of phone and 

web-based 

respondents 

Support for SSB tax was 58% 

across phone and web-

respondents. Beliefs that an SSB 

tax would lead to positive health 

and economic impacts overall 

which was partially influenced by 

social desirability bias. 

human rights 

and 

sociocultural 

acceptability; 

Societal 

implications; 

balance of 

health 

benefits and 

harms; 

financial and 

economic 

considerations 

Sweet talk 

for voters: a 

survey of 

persuasive 

messaging 

in ten U. S. 

2

0

2

1 

Pro- and anti-

tax messaging 

(campaign 

materials and 

local press) 

from all US 

SSB tax 

referend

ums 

Tactics 

used to 

address 

the public 

on the 

subject of 

USA This study gathered 

and analysed pro- and 

anti-tax messaging 

from all US SSB tax 

referendums from 2012 

through 2018. The 

Evidence that the SSB tax policy 

process was inhibited by: overt 

politicisation of tax debates; and 

anti-tax messaging which frames 

an SSB tax as a 'grocery tax'. 

Evidence that the SSB tax policy 

Human rights 

and 

sociocultural 

acceptability; 

feasibility and 

health system 
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Title Y Population Interven Outcome Setting Design Summary WHO-

e tion INTEGRATE 

a criteria 

r 

sugar-

sweetened 

beverage 

tax 

referendum

s  

SSB tax 

referendums  

SSB taxes, 

and the 

persuasive 

setting of 

voter 

referendu

ms as a 

whole 

methods and 

strategies used in each 

campaign were 

identified. Common 

themes and 

arguments are 

distinguished and a 

set of decisions that 

appeared to heavily 

influence referendum 

outcomes are 

discussed. 

process was facilitated by: a 

cohesive justification of a new 

tax; and associating anti-tax 

messaging with the SSB industry 

considerations

; financial and 

economic 

considerations 

Implementa

tion of the 

first US 

sugar-

sweetened 

beverage 

tax in 

2

0

2

0 

City 

stakeholders 

and SSB 

distributors 

and retailers 

(n=48) 

SSB tax Lessons 

learned 

from 

implement

ation of 

the 

nation's 

Berkeley, 

CA 

Semi-structured 

interviews were carried 

out from June 2015 to 

April 2017 with city 

staff, its tax 

administrator, SSB 

distributors, Berkeley 

Evidence that SSB taxes are 

revenue raising especially for 

public health, nutrition, and 

health equity. Lack of evidence 

that an SSB tax functions as a 

'grocery tax' as no retailers 

reported raising food prices. 

Human rights 

and 

sociocultural 

acceptability; 

health equity, 

equality and 

non-
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Title Y Population Interven Outcome Setting Design Summary WHO-

e tion INTEGRATE 

a criteria 

r 

Berkeley, 

CA, 2015-

2019  

first sugar-

sweetened 

beverage 

(SSB) 

excise tax 

in 2015 in 

Berkeley, 

California 

retailers, and SSBPPE 

commissioners 

followed by deductive 

and inductive analysis 

and coding to identify 

common themes was 

conducted in January 

2019. 

Evidence that the SSB tax policy 

process was facilitated by: 

thorough and timely 

communications with distributors 

and retailers; adequate lead time 

for implementation; advisory 

commissions for revenue 

allocations; funding of staff, 

communications, and evaluation 

before tax collection begins 

discrimination

; feasibility 

and health 

system 

considerations

; balance of 

health 

benefits and 

harms; 

financial and 

economic 

considerations 
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Title Y Population Interven Outcome Setting Design Summary WHO-

e tion INTEGRATE 

a criteria 

r 

Analysis of 

public 

testimony 

about 

Philadelphia

's 

sweetened 

beverage 

tax  

2

0

2

1 

Public 

testimony 

about the 

beverage tax 

presented to 

the 

Philadelphia 

City Council in 

2016  

SSB tax How 

public 

testimony 

for and 

against 

the tax 

was 

framed in 

a city that 

ultimately 

passed the 

policy 

Philadelp

hia, PA 

A content analysis of 

all public testimony 

about the beverage tax 

presented to the 

Philadelphia City 

Council in 2016 was 

conducted. 

Testimonies were 

coded for policy stance 

(pro-tax or anti-tax), 

speaker type, and 

specific pro-tax or 

antitax arguments. 

Quantitative data were 

analysed in 2018-2019 

using chi-square tests. 

Support for SSB taxation was 58% 

across testimonies. Arguments 

for taxation highlighted the 

revenue benefits for early 

childhood education and 

community infrastructure rather 

than the tax's potential to reduce 

sweetened beverage consumption 

and improve health. Arguments 

against taxation highlighted the 

unfairness of targeting a single 

industry, potential negative 

economic impacts, and the 

perceived lack of evidence that 

the tax would influence consumer 

behaviour. 

Human rights 

and 

sociocultural 

acceptability; 

societal 

implications; 

health equity, 

equality and 

non-

discrimination

; financial and 

economic 

considerations 
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4 The impact of the Soft Drinks 
Industry Levy (SDIL) on 
consumption of soft drinks in the 
United Kingdom: a difference-in-
differences (DiD) analysis 

Introduction 

In the UK, consumption of free sugars is more than double the guideline intake for adults and 

close to triple for children aged 4–10 and 11–18 years (PHE). Soft drinks have been a major 

source of free sugars for many years (Ng et al., 2012) and currently account for 21% (57g/day) 

and 33% (67g/day) of the total free sugar intake in adults and children, respectively (PHE). 

This is of particular concern currently as obesity is associated with a wide range of chronic 

diseases including cardiovascular disease, heart attack, stroke, and cancer as well as 

increased risk of severe illness from COVID-191-2 .  

High consumption of SSBs is associated with obesity, and with type 2 diabetes and 

cardiovascular disease independent of its association with obesity.3-5 Reasons cited for high 

consumption include their low price relative to healthier alternatives, high availability and 

aggressive marketing.6-8 

Concerns regarding the effects on health have led to recommendations to tax SSBs in order to 

curb demand,9 with sweetened beverage taxes (i.e., taxes on SSBs which may also apply to 

artificially sweetened beverages) currently implemented in more than 40 countries worldwide 

and seven US cities.10  

The impact of sweetened beverage taxes on prices faced by consumers, and hence the 

incentive for consumers to decrease their purchases and consumption of these beverages, 

depends on the extent to which taxes are passed through to prices and hence consumers. As 

noted in previous chapters, international studies of country-level sweetened beverage taxes 

are limited by the fact that they have generally lacked a geographic comparison site.11-32
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In October 2015, in response to the Health Select Committee Inquiry on Childhood Obesity,33 

Public Health England (PHE) published a report listing recommendations for reducing sugar 

consumption in children, including a tax on SSBs.34 In March 2016, it announced a tiered levy 

on sugar-sweetened soft drinks, which was implemented in April 2018 and is the first soft 

drink tax in the world to have multiple tiers designed to drive reformulation. Products 

containing more than 8g sugar per 100 ml are now taxed at 24 pence per litre and products 

containing 5–8g/100 ml are taxed at 18 pence per litre. Products with less than 5g sugar per 

100 ml are not subject to the tax.35 Pure, unsweetened fruit juice and flavoured milk drinks 

(amongst other smaller categories) are excluded from the levy. The soft drinks industry levy 

(SDIL), as it is known, is levied directly on manufacturers, importers and bottlers rather than 

consumers.  

The announcement of the SDIL two years prior to its implementation was undertaken to 

encourage the food and drinks industry to reformulate their products. Therefore, this tax 

differs from other SSB taxes in that the aim was not to increase the price to consumers per se, 

but rather to reduce consumption of sugars and thus achieve health gains. The introduction 

of the tax was accompanied by a large public awareness campaign, particularly as part of an 

initiative called Change4Life (https://www. Nhs.uk/change4life#)36 and through increased 

attention to sugar-related harm in the mass media.37  The tax was introduced into law in the 

UK on 6 April 2018 (corresponding to the start of the UK financial year) and took effect 

immediately.  A similar tax was adopted in Ireland at the same time.38 

In this chapter, we evaluate the impact of the SDIL on the consumption of sugar-sweetened 

soft drinks at one year after implementation, using repeated cross-sectional data from the 

National Diet and Nutrition Survey (NDNS). We use a difference-in-differences (DiD) 

estimation approach (comparing outcomes for different groups exposed to different policies) 

and focus on the experience in Northern Ireland.  

Methods 

This repeated cross-sectional study (which included follow-ups on the same groups of 

respondents) uses data on the consumption of sugar-sweetened beverages in the UK 

obtained from the National Diet and Nutrition Survey (NDNS). Full methodological details of 

the NDNS have been described elsewhere.39  In short, the survey aims to collect data from a 

UK representative core sample of 1,000 people per year: 500 adults (aged 19 years and over) 

https://www. Nhs.uk/change4life#
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and 500 children (aged 1.5 years to 18 years). Data are collected over 12 months to account for 

seasonal variation, and samples are stratified by country, ensuring proportional 

representation from England, Scotland, Wales and Northern Ireland. Food and drink 

consumption data are collected using four-day unweighted food diaries (completed on four 

consecutive days, including one weekend day). A series of weighting factors are available with 

the data to remove any bias in the observed results where the bias may arise because some 

people are more likely than others to be selected to take part. The weighting factors 

alsoattempt to reduce non-response bias (where people opt out of a survey because they 

have intrinsically different traits from those who choose to take part). The sample design 

adjusts the numbers of respondents from Wales and Northern Ireland so that they reflect the 

correct population proportions of the four UK countries. 

Pell and colleagues40 explored changes in soft drink purchases related to SDIL by households 

in Britain. They adopted a controlled interrupted time series (CITS) approach, sales data based 

on periodic reports from a panel of households. However, sales data do not capture out-of-

home consumption (e.g. restaurants, vending machines, friends’ homes) and typically 

represent only larger-format retail establishments. Additionally, sales data do not account for 

wastage (buying extra but not consuming it) nor time factors in consumption (where 

consumers may stockpile when offers are available from large retailers). As a result, questions 

could be raised about using sales figures in a study of consumption. 

In the NDNS survey, the variable of interest was ‘SOFTDRINKSNOTLOWCALORIE’, which was a 

continuous variable indicating the amount of drink consumed by the individual (in 

grams/day) as recorded in a four-day food diary. No information was available on the sugar 

content of the drinks (i.e. whether the drink contained over 8g, 5-8g or less than 5g of sugar, 

as per the tiered SDIL structure). Socio-demographic information was collected on all 

participants by a trained interviewer. 

Given the available data, we used a quasi-experimental design appropriate for use with 

repeated cross-sectional data. A difference-in-differences (DiD) approach uses data from 

treatment and control groups to show what happens without intervention (the 

counterfactual) and thus to assume that the intervention has a causal effect. This approach 

has been used to estimate the effect of a specific intervention or treatment (such as a 

passage of law, enactment of policy, or implementation of a large-scale programme) by 
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comparing the changes in outcomes over time between a group which is subject to a tax and 

a group which is not.  

The DiD model relies upon the parallel trends assumption – the assumption that, in the 

absence of the treatment, the time trend in the outcome (pattern of change over time) for 

the treated (taxed) group would be the same as that of the untreated comparison (untaxed) 

group. That is, if no tax had been imposed on anyone, all the consumers involved in the 

survey would have experienced the same outcomes. As seen in the graph below (Figure 1), 

when this assumption holds, it allows researchers to estimate the effect of treatment in 

terms of how the outcome changed for the treated group relative to what was expected to 

happen without treatment, (i.e., what actually happened for the comparison group). It is 

impossible to verify whether the time trend would have been the same for the treatment and 

control groups in the absence of the treatment (because the treatment did in fact occur), but 

researchers often check the plausibility of the parallel trends assumption by checking 

whether the time trend in the outcome was similar for the treatment and control groups 

prior to the treatment. 

Figure 1. Difference-in-difference estimation, graphical explanation41 

 

The DiD approach has been used to estimate the impact of the SSB tax introduction in 

Philadelphia16,42-43 and Seattle, Washington.44 In these studies, a geographical counterfactual 

series was used (for example, the untaxed suburbs serving as the geographic comparison 
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group for the taxed city). As the SDIL was implemented on a population-wide basis in the UK, 

it was not possible to compare changes in consumption with an unaffected jurisdiction. 

Hence, in this paper, the counterfactual was provided by an alternative category of household 

purchases, which were exempt from the levy but exhibited similar trends in consumption 

before the levy applied.  

Our choice of counterfactual was informed by studies of the impact of the announcement 

and subsequent introduction of the SDIL in the UK, using data from supermarket sales.40.45 

Fruit juices and milk-based drinks were the SDIL-exempt products which those studies 

assumed would serve as comparable items for a DiD analysis exploring the announcement of 

the tax (i.e. items showing parallel trends in consumption between the SDIL-exempt and 

SDIL-liable groups before the tax was introduced). An additional series (of household 

toiletries) were used when examining the impact of the implementation of the SDIL.40   

In our study, we hypothesised that consumers may substitute sugar-sweetened soft drinks 

with other low-calorie soft drinks, fruit drinks or water. Rather than simply follow Pell and 

Scarborough, however, we explored a variety of potential counterfactual series of products to 

identify a comparator series which could satisfy the parallel trend assumption.  A series 

constructed from milk products (1% milk, semi-skimmed milk and whole milk) exhibited a 

similar trend to SDIL-eligible drinks prior to the introduction of the tax, although varying 

somewhat with seasonal demand. 

DiD is usually used to express the interaction between time and the treatment group’s 

dummy variables in a regression model (a statistical model showing the relationship between 

variables). Here, Y is our consumption variable (of either the SDIL-exempt or SDIL-liable good) 

measured in grammes of sugar-sweetened soft drinks per day; β0 is the baseline average; β1 

is the time trend in the control group; β2 is the difference between the two groups pre-

intervention; β3 is our parameter of interest – the difference-in-differences (DiD) estimator; 

and βk is a series of covariates.   

Y= β0 + β1*[Time] + β2*[Treatment] + β3*[Time*Treatment] + βk*[Covariates]+ε 

Data on consumption (for both sugar-sweetened soft drinks and the counterfactual series) 

were continuous, non-negative (positive but unquantified) and over-dispersed (more variable 

than expected).  To account for this, the regression approach adopted was a generalised linear 

model (GLM – a model that relates several concurrent variables to each other) with a gamma 
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family, log link and robust standard errors.  Covariates included the following variables: age, 

gender, race/ethnicity, general health, and household income. A dummy variable for 

existence of the tax in time was included.  All results are estimated using survey weights at 

the individual level to account for the sample design, over-sampling and non-response and to 

enable comparisons between jurisdictions – as we focus on experience in Northern Ireland, 

which was not studied separately by Pell and colleagues.40  

Data were analysed for 12 months before the SDIL was implemented (2017/2018) and for 12 

months after (2018/19), and involved 2,305 individuals. A variable indicating the month in 

which the data was collected was used to construct a dataset spanning 24 months (12 

months before and 12 months after the introduction of the SDIL). Before undertaking the DiD, 

we used data from 2015/16, 2016/17 and 2018/19 to determine if trends were sufficiently 

parallel to progress the analysis, i.e. to explore trends in potential counterfactuals. As the tax 

may affect consumption in different ways, the estimates of the average impact of the SDIL 

may obscure important differences across key baseline characteristics. Therefore, we explored 

the impact of the tax differentially for children and adults and, as noted, for individuals from 

Northern Ireland compared with those in Britain.  

All statistical analyses were performed in Stata v 17 (StataCorp 2021, College Station, TX).  This 

study is reported in accordance with the guidelines on strengthening the reporting of 

observational studies in epidemiology (STROBE).46 

Results 

Summary statistics for respondents from Northern Ireland and the rest of the UK are 

presented in Tables 1a and 1b. A slightly higher proportion of respondents were female in 

Northern Ireland compared to the rest of the UK (55.6% compared to 52.9%) and reported 

their general health as being ‘very good’ or ‘good’ (89.6% compared to 85.5%).  A higher 

proportion of respondents in Northern Ireland were white (96.5%) compared to the rest of the 

UK (86.9%), and were in the lowest income tertile (44.3%) compared with respondents from 

the rest of the UK.  Similar patterns of consumption of sugar-sweetened drinks were 

observed for the period 2016-2019: in Northern Ireland mean consumption was 22g/day in 

those aged 1.5-3 years, 147g/day in 11-18 year olds and 112g/day in adults; in the rest of the UK 

these figures were 19g/day, 142g/day and 89g/day respectively.  The Northern Ireland and ‘rest 

of the UK’ regression samples contained 318 and 1,663 respondents respectively. The overall 
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response rate for individuals completing three or four diary recording days (upon which 

consumption data was based) was 45% in Year 10 of the study (2017 to 2018) and 47% in Year 

11 (2018 to 2019).47 For the DiD analysis, the sample was restricted to 12 months before and 12 

months after the introduction of the SDIL. A graphical illustration to support the parallel 

trend assumption is presented in Figure 2. 

Figure 2. Graphical illustration of the parallel trend assumption 

 

In Tables 2 and 3 the results of the generalised linear regression models are reported for 

Northern Ireland and Britain respectively. The coefficient of interest relates to the interaction 

term between the dummy variables indicating introduction of the SDIL and treatment group 

– the variable labelled difference in differences in the Tables. This captures the impact of the 

soft drinks industry levy as discussed in Figure 1. 

Table 1a Northern Ireland mean estimation. Number of observations=318 

  Mean Std. err. [95% conf. 

Post period 0.4560 0.0198 0.4172 0.4948 

Treatment indicator 0.5000 0.0198 0.4610 0.5390 

Age 
    

1.5-3 years 0.1195 0.0129 0.0942 0.1448 

4-10 years 0.2201 0.0164 0.1878 0.2524 

11-18 years 0.2201 0.0164 0.1878 0.2524 

19-64 years 0.3428 0.0188 0.3058 0.3798 

0

50

100

150

200

Year 8 (2015-2016) Year 9 (2016-2017) Year 10 (2017-2018)

Av
er

ag
e 

co
ns

um
pt

io
n 

(g
/d

ay
)

Year

Average consumption (grams /day)

milk SSB



 

195 

  Mean Std. err. [95% conf. 

65+ years 0.0975 0.0118 0.0744 0.1206 

Gender 
    

Male 0.4434 0.0197 0.4047 0.4821 

Female 0.5566 0.0197 0.5179 0.5953 

Ethnic group 
    

White 0.9654 0.0073 0.9512 0.9796 

Mixed ethnic group 0.0031 0.0022 -0.0012 0.0075 

Black or Black British 0.0126 0.0044 0.0039 0.0213 

Asian or Asian British 0.0189 0.0054 0.0083 0.0295 

Self-assessed general 

health 
    

Very good 0.5943 0.0195 0.5561 0.6326 

Good 0.3019 0.0182 0.2661 0.3377 

Fair 0.0755 0.0105 0.0549 0.0961 

Bad 0.0189 0.0054 0.0083 0.0295 

Very bad 0.0094 0.0038 0.0019 0.0170 

Income 
    

Lowest tertile 0.4434 0.0197 0.4047 0.4821 

Middle tertile 0.3019 0.0182 0.2661 0.3377 

Highest tertile 0.2547 0.0173 0.2208 0.2887 

Time 23.4874 0.2662 22.9647 24.0101 



 

196 

Table 1b: Rest of UK mean estimation. Number of observations=1663 

  Mean Std. err. 

[95% 

conf. interval] 

Post period 0.4817 0.0087 0.4647 0.4986 

Treatment indicator 0.5000 0.0087 0.4830 0.5170 

Age 
    

1.5-3 years 0.0830 0.0048 0.0736 0.0924 

4-10 years 0.2044 0.0070 0.1907 0.2182 

11-18 years 0.1894 0.0068 0.1761 0.2027 

19-64 years 0.4119 0.0085 0.3952 0.4286 

65+ years 0.1112 0.0055 0.1006 0.1219 

Gender 
    

Male 0.4714 0.0087 0.4545 0.4884 

Female 0.5286 0.0087 0.5116 0.5455 

Ethnic group 
    

White 0.8689 0.0059 0.8574 0.8804 

Mixed ethnic group 0.0241 0.0027 0.0188 0.0293 

Black or Black British 0.0349 0.0032 0.0286 0.0411 

Asian or Asian British 0.0553 0.0040 0.0475 0.0631 

Any other group 0.0168 0.0022 0.0125 0.0212 

Self-assessed general 

health 
    

Very good 0.4853 0.0087 0.4683 0.5023 

Good 0.3728 0.0084 0.3564 0.3893 

Fair 0.1185 0.0056 0.1075 0.1294 

Bad 0.0198 0.0024 0.0151 0.0246 

Very bad 0.0036 0.0010 0.0016 0.0056 

Income 
    

Lowest tertile 0.3175 0.0081 0.3017 0.3333 

Middle tertile 0.3373 0.0082 0.3213 0.3534 

Highest tertile 0.3452 0.0082 0.3290 0.3613 

Time 24.1696 0.1192 23.9359 24.4032 
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Table 2: GLM results for Northern Ireland 

    Robust         

  Coefficient std. err. z P>z 

[95% 

conf. interval] 

Post period -0.3597 0.3199 -1.12 0.261 -0.9867 0.2673 

Treatment indicator -1.0453 0.2716 -3.85 0.000 -1.5777 -0.5130 

Difference-in-differences -0.3912 0.3837 -1.02 0.308 -1.1432 0.3608 

Age 
      

1.5-3 years -0.9555 0.2463 -3.88 0.000 -1.4383 -0.4727 

4-10 years -0.6160 0.2139 -2.88 0.004 -1.0352 -0.1969 

19-64 years -0.4725 0.2379 -1.99 0.047 -0.9387 -0.0063 

65+ years -1.3743 0.3078 -4.46 0.000 -1.9776 -0.7710 

Gender 
      

Female -0.4320 0.1942 -2.22 0.026 -0.8126 -0.0514 

Ethnic group 
      

Mixed ethnic group -2.0533 0.7426 -2.77 0.006 -3.5088 -0.5978 

Black or Black British -0.2782 0.7373 -0.38 0.706 -1.7233 1.1669 

Asian or Asian British 0.4020 0.7999 0.50 0.615 -1.1658 1.9698 

Self-reported general 

health 
      

Good -0.2467 0.2370 -1.04 0.298 -0.7112 0.2178 

Fair 0.1814 0.3450 0.53 0.599 -0.4948 0.8575 

Bad 0.1328 0.6360 0.21 0.835 -1.1137 1.3792 

Very bad -0.8280 0.7038 -1.18 0.239 -2.2074 0.5515 

Income 
      

Middle tertile 0.1189 0.2140 0.56 0.578 -0.3004 0.5383 

Highest tertile 0.0707 0.2417 0.29 0.770 -0.4031 0.5445 

Time 0.0299 0.0241 1.24 0.216 -0.0175 0.0772 

Constant 5.3800 0.5019 10.72 0.000 4.3963 6.3636 
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Table 3: GLM results for rest of UK 

    Robust         

  Coefficient std. err. z P>z 

[95% 

conf. interval] 

Post period -0.2197 0.1556 -1.41 0.158 -0.5246 0.0852 

Treatment indicator -0.4691 0.1209 -3.88 0.000 -0.7060 0.2322 

Difference-in-

differences -0.2419 0.1623 -1.49 0.136 -0.5599 0.0762 

Age       

1.5-3 years -0.2462 0.1229 -2.00 0.045 -0.4871 -0.0054 

4-10 years -0.3686 0.0965 -3.82 0.000 -0.5577 -0.1795 

19-64 years -0.2311 0.0955 -2.42 0.016 -0.4183 -0.0439 

65+ years -0.5855 0.1215 -4.82 0.000 -0.8237 -0.3473 

Gender 
      

Female -0.2398 0.0779 -3.08 0.002 -0.3926 0.0870 

Ethnic group 
      

Mixed ethnic group 0.0181 0.2357 0.08 0.939 -0.4438 0.4800 

Black or Black 

British 0.2266 0.2944 0.77 0.442 -0.3504 0.8036 

Asian or Asian 

British -0.1902 0.1374 -1.38 0.166 -0.4595 0.0791 

 Any other group -0.3668 0.2685 -1.37 0.172 -0.8932 0.1595 

Self-assessed 

general health 
      

Good -0.1216 0.0922 -1.32 0.187 -0.3024 0.0592 

Fair -0.1594 0.1245 -1.28 0.200 -0.4034 0.0845 

 Bad -0.0873 0.2015 -0.43 0.665 -0.4822 0.3075 

Very bad 1.1966 0.5480 2.18 0.029 0.1226 2.2706 

Income 
      

Middle tertile -0.0745 0.1011 -0.74 0.461 -0.2726 0.1236 

Highest tertile -0.3368 0.1013 -3.32 0.001 -0.5353 -0.1382 
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    Robust         

  Coefficient std. err. z P>z 

[95% 

conf. interval] 

Time 0.0164 0.0115 1.42 0.155 -0.0062 0.0390 

_cons 5.1780 0.2405 21.53 0.000 4.7067 5.6493 

The regression-adjusted DiD estimates of the change in consumption between the SDIL-liable 

and SDIL-exempt drinks was negative .i.e. a reduction and not statistically significant for 

either Northern Ireland (-0.391, p=0.308) or Britain (-0.242, p=0.136). Similar patterns in 

consumption were observed in both jurisdictions with respect to age and gender (i.e. 

statistically significant reductions in consumption for all age groups compared to those aged 

11-18 years and females compared to males).  In Britain, there was a statistically significant 

decline in consumption for those in the highest income tertile (-0.34, p=0.001), which was not 

observed in Northern Ireland. 

While not the primary aim of the study, when consumption was explored separately for 

adults and children (where adults were defined as those aged over 18 years), there was a 

significant reduction in consumption of sugar-sweetened soft drinks after the introduction 

of the SDIL for those aged 18 years and under in Northern Ireland (-0.7708, p=0.017) (Table 4). 

This was not the case in Britain. This result suggests a reduction of 77 grams of sugar-

sweetened soft drinks per day, which equates to approximately one fewer drink every five 

days. As a sensitivity analysis, this regression used data from two years prior to the 

introduction of the SDIL, compared to data from one year after, and this finding remained (-

0.70, p=0.005). 

Table 4: GLM results for Northern Ireland (children only) 

    Robust         

  Coefficient std. err. z P>z 

[95% 

conf. interval] 

Post period -0.0792 0.3190 -0.25 0.804 -0.7043 0.5460 

Treatment indicator -0.4862 0.2553 -1.90 0.057 -0.9865 0.0140 

Difference-in-

differences -0.7708 0.3225 -2.39 0.017 -1.4028 -0.1388 

Gender 
      

Female -0.2476 0.1647 -1.50 0.133 -0.5705 0.0753 
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    Robust         

  Coefficient std. err. z P>z 

[95% 

conf. interval] 

Ethnic group 
      

Mixed ethnic group -2.0035 0.7389 -2.71 0.007 -3.4517 -0.5554 

Black or Black British -0.4145 0.6146 -0.67 0.500 -1.6192 0.7902 

Asian or Asian British -1.1716 0.5742 -2.04 0.041 -2.2970 -0.0462 

Self-assessed general 

health 
      

Good -0.1599 0.1731 -0.92 0.356 -0.4992 0.1794 

Fair 0.1599 0.2935 0.54 0.586 -0.4154 0.7353 

Income 
      

Middle tertile 0.0868 0.1742 0.50 0.618 -0.2547 0.4282 

Highest tertile -0.1421 0.1879 -0.76 0.450 -0.5104 0.2263 

Time 0.0157 0.0217 0.72 0.470 -0.0269 0.0582 

_cons 4.9833 0.4146 12.02 0.000 4.1707 5.7960 

N=356 

Discussion 

Using the NDNS data, we found no statistically significant differences in consumption of 

sugar-sweetened soft drinks before and afer the introduction of SDIL in Britain or Northern 

Ireland or these combined using a difference in difference methodology. This finding is in line 

with the conclusions reported by Pell and colleagues40 employing a controlled interrupted 

time series (CITS) analysis of the implementation of the SDIL in the UK using household 

purchases (Kantar World Panel data). Before exploring the impact of the implementation of 

the SDIL, Scarborough and colleagues45 used a CITS design to explore the impact of the 

announcement of the SDIL on sugar content, price, product size and number of available soft 

drinks in the UK (from 2015 to 2019).  They concluded that the SDIL incentivised 

manufacturers to reduce sugar in soft drinks, whilst maintaining the volume of sales and not 

increasing prices to consumers. The analysis by Pell and colleagues, however, found that the 

introduction of the tax was associated with a significant reduction in sugar consumption 

arising from substitution between drinks of higher and lower sugar content40. Our data did 

not allow us to look at substitution within high and lower-tier SSBs, though there is no 
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reason to assume that behaviours on substitution would be any different within our data. A 

number of studies, which have explored the impact of more conventional SSB taxes on 

quantity of purchases, have reported pass-through rates (passing on price increases to 

consumers) of between 25% and 81% depending on the data source and methodology 

employed, and reported varying reductions in quantity, with significant reductions being 

observed in younger consumers.14-20,31  

In Northern Ireland, we did observe a statistically significant reduction in consumption 

among children under 18, coinciding with the introduction of the tax. This is in addition to 

any reduction in sugar achieved where the SDIL has encouraged reformulation – assuming 

the behaviours reported by Pell and colleagues extend to our data40.  

This reduction among children is significant for two reasons. First, relative to adults they 

consume more SSBs. Therefore, consistent with a dose-response relationship (the more they 

drink, the greater the effect), consuming less should result in greater health gains than 

would, other things being equal, be experienced by adults. Second, compared to adults, 

children are less likely to have currently accumulated obesity-related morbidity (relating to 

type 2 diabetes, hypertension, coronary health disease, obesity-related cancers, or conditions 

exacerbated by obesity). That is, reducing SSB intake at this stage is more likely to help 

prevent future ill health by setting them on a different path to health than they 

wouldotherwise follow.  

Thus, the combined effect of reduced overall consumption and reduced sugar consumption 

through reformulation is arguably particularly significant in this age group in terms of 

potential health effects and healthcare costs. For example, over a decade ago, the direct and 

indirect costs of obesity-related illness on the IoI were estimated at £107-£186 million 

(Northern Ireland) and €420-749 million (Ireland), a figure which has no doubt increased, 

suggesting that even a modest reduction in obesity-related morbidity could provide cost 

savings.48 

In Northern Ireland, mean consumption of sugar-sweetened soft drinks for 11-18 year-olds was 

147g/day (with previous research suggesting that estimates from manufacturer data can be 

three to four times as much).49 Before reformulation, this equated to between 50 and 170 kcal 

per day respectively. In our study, for children in Northern Ireland (taking into account the 

counterfactual series) the reduction observed equated to approximately 50g of sugar-



 

202 

sweetened soft drinks per day. Depending on whether the drink was categorised as high 

(8g/100g) or low tier (5g/100g), this could equate to a reduction of 10 to 15 kilocalories daily.   

Collins and colleagues, using NDNS data, concluded that an average net reduction of 20 kcal 

per person per day could translate to 179,000 fewer cases of diabetes; 122,000 fewer cases of 

stroke and coronary heart disease; 32,000 fewer obesity-related cancers, and a gain of over 3 

million quality-adjusted life years (QALYs) for local authorities in England50. A similar 

calculation for Northern Ireland (based on population size and hypothesised reduction in 

calories) could see a gain of over 100,000 QALYs. However, such ad hoc comparisons should 

be viewed with caution in the absence of local data. Although the proportion of obese and 

overweight individuals in both jurisdictions is similar, differences  are unclear in key 

assumptions regarding how price changes and sociodemographic variables affect demand for 

SSBs. Further research is warranted. Similarly, the reduction in calories is based on the 

difference in consumption predicated on the counterfactual series (milk products). The quasi-

experimental (not strictly randomised) approach used was determined by the available data, 

and it is possible that there may be more appropriate controls. However, the use of a control 

is better than an uncontrolled before-and-after estimate. 

As outlined in a recent review of the worldwide experience of evaluating beverage tax 

policies51, there are real and practical challenges in evaluating the impact of SSB taxes. This is 

even more apparent when measures which would usually be considered markers of success 

(such as reduced consumption) are not the primary focus of the tax, as has been the case 

with the implementation of the SDIL. Nonetheless, in the absence of prospectively designed 

(longitudinal) studies, natural experiments and quasi-experimental methods have been used 

in a variety of jurisdictions to explore outcomes at individual and population level, and a 

substantial literature exists on the various approaches which allow us to infer causation with 

more confidence.52-55  

A range of quasi-experimental methods have been used to assess the impact of SSB taxes. 

The most frequently used approaches include DiD models (using a control group or 

propensity score matching); interrupted time series (ITS) (with synthetic controls or 

correlated random effects); controlled interrupted time series (CITS); and regression 

discontinuity models (RD).16,42,56-59 In most cases, the choice of experimental design is 

determined by the research question, the cost of generating empirical data, and the type of 

data available (whether repeated cross-sectional or panel data). National diet and nutrition 
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surveys are important sources of information that are representative of the target 

population.  

However, these surveys often use complex sample designs for efficient data collection, 

including sampling weightings, multistage sampling and stratification. The statistical 

analysis of dietary intake data collected using such complex survey designs is inherently 

challenging, and many statistical issues remain unresolved. The distribution pattern of intake 

can be highly skewed due to the presence of apparently abnormal observations and a large 

proportion of zero observations; day-to-day variation in food and drink consumption need to 

be accounted for in estimating correct inferences; and the estimation needs to take account 

of the complex sample design to allow us to extrapolate results to the target population.60 As 

in the studies exploring the impact of the SDIL in the UK,40,45 the DiD coefficients represent 

the impact of the SDIL tax alongside the advertising and social media campaigns on 

consumption, and it is not possible to disentangle their separate impact. 

Despite these challenges, a key strength of the current study is that conclusions are drawn 

from a large nationally representative sample by employing face-to-face interviewing 

techniques and long-term data collection on food and drink consumption. Additionally, 

conclusions drawn regarding Northern Ireland will have benefited from the sample being 

‘boosted’ to ensure that the number sampled in Northern Ireland is comparable with that 

from other jurisdictions in the UK. Further analysis, however, is warranted and could perhaps 

explore the impact of the SDIL using a survey-weighted two-part model to account for 

decision to consume, and then how much to consume. Additional work should also 

determine whether the reductions reported here are sustained and are large enough to affect 

population health in the manner suggested. 
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5 The association between adoption 
of the tax on SSB and publicly 
funded treated caries among 
children in Northern Ireland  

Introduction 

As noted in Chapter 2, there is little evidence regarding the impact of fiscal or other pricing 

instruments on health outcomes. This is an important gap in our current knowledge base 

and, as noted in Chapter 3, it contributes to uncertainty around the value of measures such 

as a tax on sugar-sweetened beverages (SSBs) or other nutrients in policy debate and public 

discourse.This uncertainty can undermine efforts to introduce such measures or to introduce 

them at levels that might be effective in changing behaviours.   

On 16 March 2016, the UK Chancellor of the Exchequer announced plans to introduce a tax on 

SSBs in the UK1. The tax, which was subsequently adopted in April 2018, operated in tiers. At 

the higher tier, drinks with more than 8g of sugar per 100ml were taxed at £0.24 per litre; at 

the lower tier, drinks with more than 5g but less than 8g of sugar per 100ml were taxed at 

£0.18 per litre. Drinks with less than 5g of sugar per 100ml were not taxed2. The adoption of 

the tax was in part influenced by arguments as to the relationship between high 

consumption of SSBs, obesity3, type 2 diabetes4, cardiovascular disease5 and dental caries6. 

Northern Ireland, which was covered by the tax, was reported to have the highest 

consumption of SSBs of any UK region prior to the introduction of the tax6 and is known to 

have a high prevalence of obesity, cardiovascular disease and the worst oral health of any UK 

region for children7. It also exhibits sharp inequalities, related to socio-economic status, in 

oral health care among children and adolescents8,9. 

The SSB tax introduced in the UK was coordinated with the adoption of a tax in Ireland which 

mirrored the tiered structure in the UK10. This made it less likely that the effect of the tax 

would be dissipated through substitution of products between the two parts of the island. 

The tax was explicitly designed to encourage manufacturers of SSBs to reduce the sugar 
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content of their products. Thus, the tax was announced two years before its adoption to give 

manufacturers time to reformulate their products. It was levied on manufacturers or 

importers of SSBs rather than consumers – supposedly directly targeting the behaviour of 

manufacturers and importers and indirectly the behaviour of consumers. The tax was tiered 

to sharpen the penalty in line with increasing sugar content. A number of reviews, including 

those referenced in Chapter 2, suggest that taxes on foods with harmful content in general 

(including SSBs in particular) are associated with a decrease in sales, purchasing and 

consumption11. More recent findings support this conclusion12-16. Although price is one 

important mediator of these changes, other potential mechanisms include reformulation of 

products to reduce sugar concentration. “Guilt by association” also affects consumption, in 

the sense that SSBs (or others with harmful content) are linked with products such as tobacco 

and alcohol that are similarly taxed because of their harmful effects on health17.   

With specific regard to SSBs, the change in consumption as well as substitution within the 

SSB range in favour of beverages with less sugar should, logically,  produce changes across 

various aspects of health, including obesity, type 2 diabetes, cardiovascular disease and 

dental caries. Recent evidence indeed points to a reduction in sugar consumption, as distinct 

to SSB consumption, within one year of the tax’s adoption in Great Britain2. The study by Pell 

et al2 based on sales data suggests that, compared with estimates of sugar consumption 

based on pre-announcement trends, the purchased volume of drinks in the high levy tier 

decreased by 155ml (95% confidence interval 240.5 to 69.5ml) per household per week, 

equivalent to 44.3% (95% confidence interval 59.9% to 28.7%), and sugar purchased in these 

drinks decreased by 18.0g (95% confidence interval 32.3 to 3.6g), or 45.9% (68.8% to 22.9%). 

Purchases of low-tier drinks decreased by 177.3ml (225.3 to 129.3ml) per household per week, 

or 85.9% (95.1% to 76.7%), with a 12.5g (15.4 to 9.5g) reduction in sugar in these drinks, 

equivalent to 86.2% (94.2% to 78.1%). Logically, such reductions should translate into effects 

on health. As noted with respect to tertiary outcomes in Chapter 2, however, real-world 

evidence (RWE) here is not strong18-20.  As noted, Sisnowski et al (2017)20 found little evidence 

that taxes impacted on health, findings echoed in more recent reviews by Lhachimi et al18 and 

Pfinder et al19. Evidence of a health effect thus remains elusive. (It is noteworthy, moreover, 

that the study by Pell et al2 did not identify changes in Northern Ireland separately.) 

The limited evidence of health effects from SSB taxes, however, likely relates in part at least 

to the difficulty of linking taxes explicitly to changes in health. As noted, a price increase due 
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to a new tax is only one of a number of ways by which a tax on sugar might affect 

consumption. Others include the success or otherwise of reformulating products, or the 

moral pressure around suggesting SSBs may be harmful. Moral arguments may be raised in 

public discourse around the role of SSBs in a healthy diet before a tax is announced, as well as 

in public information at the time it is announced and then introduced. It therefore becomes 

difficult to identify an appropriate time to test for a change in purchase or consumption of 

SSBs.  

Even allowing for the potential of a tax to affect consumption, however, further factors may 

mediate the impact of consumption on health. While increased consumption of sugar may 

increase the risks of obesity, type 2 diabetes, cardiovascular disease and dental caries, these 

effects will take time to emerge (or recede) and a variety of factors, including other dietary 

and lifestyle habits, may increase or mitigate any risk. Dental caries may demonstrate a more 

direct link between sugar and health compared, for example, to cardiovascular disease or type 

2 diabetes, in part because caries may develop more quickly. In consequence, dental caries 

may offer a better marker of health effects. Indeed, there is evidence directly linking dental 

caries to consumption of SSBs, and disease increases in line with rising consumption (dose 

response)21. Modelling studies have also suggested that a tax on SSBs may reduce the 

prevalence of caries22-24 .  

However, it takes some time as well as  sugar and bacteria to develop caries, and this makes 

it difficult to isolate the role of sugar in the emergence of the disease. By extension, it is also 

difficult to tell how far changes in the prevalence of dental caries are attributable to changes 

in consumption of SSBs in the wake of a tax. It may be more practical to collect evidence on 

dental treatment as a surrogate measure of health, rather than assess actual health. 

However, valid and easily measurable outcomes in dentistry are scarce because they are 

mediated by variable factors such as diet and personal oral hygiene. These have bedevilled 

efforts to set up an effective system of reimbursement in dentistry25,26.  While treatment 

patterns may provide a useful surrogate measure of health for assessing the effect of a tax, 

the mediating variables continue to apply. For example, if better oral health means less 

income for dentists, they may respond by lowering the threshold at which they choose to 

treat carious teeth. This change could mask the effect of a tax as measured by treatment 

patterns on caries27,28. In short, gathering evidence for the impact of a tax on health is not 
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straightforward. While it may be easier to obtain evidence from caries than from other 

conditions, significant challenges remain.  

The aim of this study was to examine changes in the provision of restorative care (treatment 

of caries) in Northern Ireland when the tax on SSBs was adopted. Dental care as opposed to 

other aspects of health or oral health was chosen for practical reasons. We contend that the 

impact of any change in consumption on other aspects of health would take longer to 

emerge and involve more variability than is the case for caries. Oral health care was chosen 

rather than oral health because no oral health surveys coincided with the introduction of the 

tax and could not therefore be used to investigate its effect. The study was confined to 

Northern Ireland as no comparable data was available in Ireland or across Britain to support 

such an analysis.   

Materials and methods   

Materials 

Data were taken from the Northern Ireland Regional Maternity system (NIMATs)29 and linked 

with data from the dental reimbursement system in Northern Ireland. NIMATs contains a 

range of demographic and clinical information on mothers and infants. It captures data 

relating to the current complete maternity process and contains details about the mother’s 

past medical and obstetric history, including gestational diabetes. It is a key source for data 

on birth numbers, interventions, maternal risk factors, birth weights, gestational age, 

maternal smoking, BMI, and breastfeeding on discharge. Data were taken from NIMATs to 

identify children born before and after the adoption of the tax on SSBs, as well as socio-

demographic characteristics of their mothers that may affect subsequent use of dental care. 

By focusing on young children, we expected to gain more clarity on the possible effect of the 

tax, as the cumulative effects of lifestyle would be less developed than in adults or older 

children.   

In Northern Ireland, dental care is provided primarily through a system of independently 

employed general dental practitioners (GDPs)30. This is supported by the community dental 

service, which provides care to special needs groups, and the Royal Dental Hospital, which 

houses the Dental Education Centre and provides specialist services on a referral basis and 

services to at-risk groups who would not normally be treated by GDPs. All normally resident 

children are entitled to a range of services provided free at the point of care, usually without 
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restrictions on frequency. In this respect, the service could be described as demand led, 

although access to orthodontic care is conditional on meeting a particular level of need. GDPs 

are reimbursed by a combination of fee-for-service payments, capitation-based payments 

and grants. Compared to England and Wales, the dental fee system in Northern Ireland is 

graded in much more detail. The Statement of Dental Remuneration (SDR)31 identifies 

precisely the nature of the care provided – for example, specific codes covering types of 

fillings. As dentists submit claims for remuneration on a monthly basis, and presumably 

without delay, we can identify changes in the type of care they provide from month to 

month, and relate these changes to the timing of the tax.    

Data on children born from 2012 up to 2017, as gathered from NIMATs via their mother’s 

health and care number, were linked to the child’s subsequent health and care number (when 

registered with a GP) and on to their subsequent use (if any) of dental care. Dental care data 

covered the period from January 2015 up to September 2021, including the period in which the 

tax was adopted. Children in NIMATs whose records were not included in the dental 

utilisation data were assumed not to have used dental services. The starting point of 2012 

was chosen based on the accuracy of maternal electronic records from 2012 onwards. 

Data were obtained through the Northern Ireland Honest Broker Service32 – a service that 

allows researchers to access linked administrative healthcare data that has been anonymised. 

Mothers are linked to children through their respective health and care numbers at birth and 

can be treated as dyads for analytical purposes.   

Methods 

Dental restorative care was identified using SDR codes and the month in which claims were 

made for these. (See Appendix 5.1 for details of the codes used.) By using these codes it was 

possible to identify restorations (fillings) for cavities/caries.  

NIMATs data were extracted on the mother’s:  

• Age at the birth (in years)  

• Smoking status (smoker or non-smoker at child’s birth)  

• Marital status (married versus not married) 

• Ethnic group (White versus other)  

• Lone-parent status (whether the mother was a lone parent or not)  
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• Multiple deprivation index33 (an area-based measure of deprivation based on the 

mother’s address at the time of delivery, categorised in deciles and subsequently 

reduced to quintiles, 1 indicating the most deprived area)  

• Employment status at the time of birth (i.e., employed or not)  

To this was added the child’s gestational age (the number of weeks gestation at which birth 

occurred) and age in months as measured at September 2021.  

An emerging literature has demonstrated an association between gestational diabetes, 

developmental defects in dental enamel34  and subsequent use of dental services35. These 

studies have been supported by others linking a range of birth outcomes to gestational 

diabetes mellitus (GDM), including macrosomia and caries36. While the studies remain 

tentative, being based on relatively small samples, they nevertheless highlight the existence 

of clinically plausible relationships that may be important to control for when examining 

figures on oral health or, as is the case here, use of dental treatments.  Maternal GDM status 

was therefore also extracted for analysis (mother diagnosed with GDM, yes or no). 

Three separate analyses were undertake, which we hoped would give us a clearer picture of 

the relationship between the tax on SSBs and dental care.  

First, using the introduction of the tax as a discrete event, children were separated into two 

groups. We identified children aged two at April 2016 )24 months before the tax’s adoption_ –

and calculated the number of instances when restorative care was claimed for them (and 

assumed to have taken place) in the succeeding 24 months. These data were compared with 

those of a group of children aged two at April 2018, for whom we calculated claims for 

restorative services up to the end of March 2020. March 2020 was chosen as a termination 

point to allow comparison across 24 months and because we were mindful of the possible 

effects on services of the lockdown arising from the COVID-19 pandemic, which came into 

effect at the end of March 2020. Age two was chosen somewhat arbitrarily but as 

approximately the age by which the first and possibly second molars will have erupted37 and 

the risk of developing caries will have increased. By comparing the number of restorative 

claims in each group after age two, we hoped to identify a group of individuals who were as 

yet free of caries and were exposed to conditions before and after SSB taxation.  Other things 

being equal, we expected the impact of the tax on sugar exposure to translate into differing 

needs for dental restoration treatment among these children.  
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Our hypothesis is: those who were aged two in April 2018 would experiencefewer dental 

restorations than those aged 2 in April 2016.  

Comparison in this analysis was limited to those aged exactly two at these time points to 

sharpen focus on the impact of the tax as an event. 

Second, to expand the number of children involved in the analysis while still treating the 

introduction of the tax as a discrete event, children in the sample groups were categorised as 

being aged two or over or as being aged under two (as distinct from exactly two) at the time 

point the tax was adopted (i.e. aged under 65 months in September 2021 or equal to or over 65 

months in September 2021). The total number of claims for publicly funded restoration work 

(which was assumed to have taken place) in these two groups was calculated for each 

individual up to March 2020. Given a large number of zeros – children for whom no claim was 

made– both a zero-inflated Poisson model and zero-inflated negative binomial model were 

considered likely to be appropriate for a regression analysis examining the relationship 

between the imposition of the tax and the count of claims for restorative services. The 

imposition of the tax was the point at which there would be reduced need for dental care, 

that is, by potentially changing the sugar environment to which the child was exposed, the 

point at which the tax on SSBs was imposed was treated as the basis for the generation of 

structural zeros, i.e. the variable giving rise to the inflated number of zeros. The zero-inflated 

negative binomial may be a more accurate model than a zero-inflated Poisson model which, 

in addition to structural zeros,  must also take account of over-dispersed claims. These occur 

where, for example, a few individuals have very many restorative claims. In explaining 

variation in the number of claims for restoration, the model also controlled for the child’s age 

(measured in months at September 2021) whether the child was White, whether the child’s 

mother was White, the mother’s age, GDM status, lone-parent status, marital status, 

employment status, smoking status, multiple deprivation status (in quintiles) and the child’s 

gestational age.   

Our hypothesis is: the dummy variable categorising children as aged younger than two at the 

introduction of the tax in April 2018 would be more likely to exhibit a structural zero and have 

fewer restoration claims than those who were aged two or over  at the introduction of the 

tax.  

While not the primary focus of this analysis, we further hypothesised that the child’s age, 

being White and their gestational age would correlate to a higher number of restoration 
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claims. This is because older children would, other things being equal, be exposed for longer 

to sugar; White children may be less likely to exhibit a ‘healthy migrant effect’; and being 

born pre-term has been linked to higher rates of dental caries38. We hypothesised that 

maternal smoking, lone parenting and GDM status would also be positively related to dental 

caries. This is because smoking is related to lower levels of health literacy; lone-parent status 

is likely to mean the parent has less time to supervise tooth brushing; and GDM as noted is 

associated with defects in enamel34. We hypothesised that being an older mother, married, 

White, employed and in a more affluent area would all be associated with a lower number of 

restorations, whether through access to greater family support or greater health literacy.   

Third, we partitioned the sample based on those who were aged under 65 months in 

September 2021 (that is, aged under two when the tax was introduced in April 2018) and those 

who were aged 65 months or older in September 2021 (2 or older when the tax was 

introduced). We considered age two to be the time from which teeth were exposed to sugar 

and therefore at risk of caries. Separately for the two groups, we examined the time to first 

restoration using a Cox proportional hazards model. The termination date was the date of the 

child’s first dental treatment – or March 2020 where no earlier treatment had been noted. 

March 2020 was chosen because that was when the COVID-19 lockdown started, bringing a 

potential change in subsequent behaviour. The same covariates used in the count model – 

deprivation and maternal and child characteristics – were used in the survival models.     

Our hypothesis is: age will shorten the time before the first dental restoration treatment 

among those whose teeth were exposed to more sugar – i.e. aged two or over when the tax 

was introduced – compared to those who were solely exposed to lower levels of sugar under 

the SSB tax. That is, the coefficient on age will be greater than one and higher in the model 

for those aged two or over at the introduction of the tax than in the model for those aged 

under two.  

Again, while not the focus of our analyses, our hypotheses with respect to the role of other 

covariates is consistent with that detailed in the count model: maternal GDM, smoking, lone-

parenting, deprivation status and the child’s gestational age tend to shorten the time to the 

first restoration by extending the time exposed to sugar (the gestational age  weakening the 

enamel). Other variables are explained again by health literacy (e.g. maternal age) or having 

too little time to supervise tooth brushing (e.g. due to marital status).  
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Results 

Table 1 presents descriptive statistics for the sample. As can be seen, the mean age at 

September 2021 was approximately 82 months ( i.e. almost seven years old ), the average age 

of mothers was 30, almost 15% of mothers were smokers, almost 85% were White, 

approximately 51% were married, 75% were employed and 5% were lone-parents. 

Approximately 71% of children were White and the mean gestational age was almost 39 

weeks. 

Table 1 

        Mean Std. Err. [95% conf. Interval] 

  

No of restoration claims 
to March 2020 

      0.510464 0.005089 0.500489 0.520439 

Child's age in months at 
sept 21 

      82.186 0.055099 82.07801 82.294 

Mother's smoking 
status 

  (yes)   0.149196 0.000956 0.147322 0.151069 

Child's ethnicity White       0.71456 0.001212 0.712185 0.716935 

Mother's ethnicity 
White 

      0.846852 0.000966 0.844958 0.848746 

Mother married       0.507649 0.001341 0.50502 0.510278 

Mother's age at child's 
birth 

      30.0066 0.014916 29.97737 30.03584 

Mother a Ione parent       0.050905 0.00059 0.049749 0.052061 

Child's gestational age 
(weeks) 

      38.99716 0.005402 38.98657 39.00774 

                

Multiple deprivation 
quintile 

              

1 (lowest)     0.228372 0.001126 0.226164 0.23058 

2       0.217537 0.001107 0.215368 0.219707 

3       0.2067528 0.001087 0.204623 0.208883 

4       0.193082 0.001059 0.191006 0.195157 

5 (highest)     0.154257 0.000969 0.152357 0.156156 
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Mother had gestational 
diabetes 

      0.052612 0.000599 0.051437 0.053786 

Mother employed       0.747504 0.001166 0.745219 0.749788 

Time period after the 
tax 

      0.251431 0.001164 0.249149 0.253712 

Number of observations = 138,905 

Table 2 reports the mean number of claims for children aged two in April 2016 in the 

subsequent 24 months, together with those for children aged two in April 2018. As can be 

seen, while the mean is lower in the group aged two in 2018 the confidence intervals overlap, 

indicating that the difference is not statistically significant. (The lower number involved in 

the analyses is because the analyses relate to live births in a particular month of two 

particular years, not those over the entire study period.)   

Table 2 Mean number of restoration claims for children aged two in April 2016 in 

subsequent 24 months 

Number of obs 2, 037       

    Mean Std. Err.   

Number of restoration claims 1   0.047619 . 0102105 0.027595 0.067643

Mean number of restoration claims 
for children aged two in April 2018 in 
subsequent 24 months 

          

Number of obs 2, 034         

    Mean Std. Err. 095* conf. Interval] 

  

            

Number of restoration claims   0.034907 . 007563 0.020075 0.049739 

 

 

Table 3 reports the results of the zero-inflated negative binomial regression. While controlling 

for other things (including age as a continuous variable), it shows that children aged under 

two at the time the tax was adopted had fewer claims for restorative care. That is, being 

exposed to the post-tax environment was protective. other things being controlled for in 

terms of restorations. While not the primary focus of this study, it is noted that having an 
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older, employed, White and less deprived mother were also protective factors. Having a 

mother who was a smoker was disadvantageous, as was the child being White, having a 

longer gestation and being older.  

Tables 4a and 4b present the results of the survival analysis. Comparing across models, the 

higher value attached to the coefficient on age in the model for those aged two or over when 

the tax was introduced suggests length of exposure is significant here but is not significant 

in the model for those aged under two when the tax was introduced. While not the focus of 

attention here, the role of other variables is broadly in line with expectations in the case of 

older children. Affluence and having an older and White mother are all protective. With 

respect to younger children, it appears to be a disadvantage to have a lone-parent and White 

mother, the latter in contrast to the result for older children. 

Table 3 Zero inflated negative binomial regression 

No of restoration claims 
to March 2020 

Coef . Std. Err . P> l z l [95* conf. Interval] 

Child' s age in months 
at Sept 21 

0.0664131 0.0011509 57.71 0.00 0.0641574 0.0686688 

Mother's smoking 
status (yes) 

0.2199937 0.0281066 7.83 0.00 0.1649057 0.2750817 

Child's ethnicity White 0.269171 0.0348003 7.73 0.00 0.2009636 0.3373784

Mother's ethnicity 
White 

0.106796 0.0303902 -3.51 0.00 0.1663597 0.0472323 

Mother married 0.1036919 0.0222489 -4.66 0.00 0.147299 0.0600848 

Mother's age at child's 
birth 

0.007117 0.0019839 -3.59 0.00 0.0110053 0.0032286 

Mother a Ione parent 0.0368767 0.0419593 0.88 0.379 0.045362 0.1191154 

Child's gestational age 
(weeks) 

0.0362158 0.0054481 6.65 0.00 0.0255377 0.0468939 

Multiple deprivation 
quintile 

 NIMDMx 

2 0.196945 0.0295474 -6.67 0.00 -0.2548569 -0.1390331 

3 0.1397475 0.0301951 -4.63 0.00 -0.1989289 -0.0805662 

4 0.243712 0.0312364 -7.8 0.00 -0.3049341 -0.1824898 

5 (highest) 0.6149067 0.034959 -17.59 0.00 -0.683425 -0.5463884 
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Mother had gestational 
diabetes 

0.0344874 0.0494559 0.7 0.486 -0.0624444 0.1314192 

Mother employed 0.2406642 0.0235093 -10.24 0.00 -0.2867416 -0.1945867 

cons -7.548625 0.2728303 -27.67 0.00 -8.083362 -7.013887 

inflate  

Time period after the 
tax 

3.725997 0.3414049 10.91 0.00 3.056856 4.395138 

cons -1.593328 0.4201627 -3.79 0.00 -2.416832 -0.7698243 

/ Inalpha 1.828656 0.0934593 19.57 0.00 1.645479 2.011833 

alpha 6.225513 0.5818322 5.183492 7.477008     

Number of observations = 138,905 LR chi2(14) = 6850.91   Prob>chi2 = 0.000 

Number of non-zero observations = 18,472 Log Likelihood = -86623.6 

Table 4a Time to first restoration for those aged less than 2 when the tax was introduced 

Cox regression model 

 

 

          Robust z 
Ha z. Ratio Std. Err.   P> l z l [95% conf. Interval] 

Multiple deprivation 
quintile 
N IMDMX 

2 2.038669 1.602149 0.91 0.365 0.436923 9.512376 
3 1.637602 1.34462 0.6 0.548 0.327563 8.186949 
4 1.16697 1.018972 0.18 0.86 0.210771 6.461152 
5 1.408271 1.280657 0.38 0.707 0.236929 8.37055 

Child's age in months 
at sept 21 

1.039259 0.05884 0.68 0.496 0.930104 1.161225 

Mother's smoking 
status 

(yes) 2.852533 1.601044 1.87 0.062 0.949458 8.57009 

Child's ethnicity 
White 

0.184537 0.203953 -1.53 0.126 .0.211505 1.61007 

Mother's ethnicity 
White 

1.86+15 1.22+16 5.34 0 4.60+09 7.50+20 

Mother a Ione parent 1.09E-16 4.91E-17 -81.75 0 4.52E-17 2.63E-16 
Mother married 0.887162 0.457656 -0.23 0.816 0.322773 2.438416 
Mother's age at child's 
birth 

1.055062 0.043859 1.29 0.197 0.972508 1.144623 
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Mother had 
gestational diabetes 

1.598651 1.773539 0.42 0.672 0.181733 14.06289 

Mother employed 1.62848 1.031323 0.77 0.441 0.470666 5.634452 
Child's gestational 
age (weeks) 

1.588155 0.40209 1.83 0.068 0.966908 2.60856 

      

      
      

Number of observations = 34,925, Number of subjects = 34,925, Number of failures = 13 

Wald chi2 = 19230.76, Prob>chi2 = 0.00  

Table 4b Time to first restoration for those aged 2 or more when the tax was introduced 

Cox regression 

    
 

    Robust z 
Haz. Ratio Std. Err. P> z [95% Conf . Interval] 

Multiple 
deprivation 
quintile 

NIMDMX 
2 0.8188408 0.0460228 -3.56 0 0.7334285 0.9141999 
3 0.8466921 0.0488956 -

2.88 
0.004 0.7560831 0.9481597 

4 0.7932188 0.0478672 -
3.84 

0 0.7047365 0.8928105 

5 0.6794926 0.0471404 -5.57 0 0.5931055 0.7784622 

Child's age in 
months at Sept 
21 

1.084696 0.0030279 29.12 0 1.078777 1.090646 

Mother's 
smoking status 

(yes) 1.039412 0.0557988 0.72 0.471 0.9356053 1.154736 

Child' s ethnicity 
White 

1.161241 0.0944613 1.84 0.066 0.9901054 1.361958 

Mother's 
ethnicity White 

0.8748523 0.0400832 -
2.92 

0.004 0.7997148 0.9570494 

Mother a Ione 
parent 

0.9897323 0.0721106 -0.14 0.887 0.8580259 1.141656 

Mother married 0.9946906 0.0446017 -0.12 0.905 0.9110041 1.086065 
Mother's age at 
child' s birth 

0.9864175 0.0039945 -3.38 0.001 0.9786194 0.9942777 

Mother had 
gestational 
diabetes 

0.872462 0.106788 -1.11 0.265 0.6863739 1.109002 
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Mother 
employed 

      0.9536573 0.0447811 -1.01 0.312 0.8698058 1.045592 

Child's 
gestational age 
(weeks) 

      1.050008 0.0096669 5.3 0 1.031231 1.069127 

Number of observations = 103,980, Number of subjects = 103,980, Number of failures = 2,645 

Wald chi2 = 2685.31, Prob>chi2 = 0.00  

Discussion  

A body of work suggests that taxes on SSBs reduce the amount purchased, as would be 

expected. As noted, however, data relating such taxes to tertiary outcomes (e.g., effect on 

bodyweight or NCDs) are scarce. Sisnowski et al (2017)20 found little evidence that taxes 

impact on health and these findings were echoed in more recent reviews by Lhachimi et al19 

and Pfinder et al18. Evidence of a health effect thus remains elusive. As noted in Chapter 3, this 

may have important implications for seeking public support and countering the narratives 

promoted by industry about taxes. The evidence presented here suggests that taxes on SSBs 

in Northern Ireland may have had a beneficial effect on health, measured in terms of dental 

claims for restorations among children. In looking at the time elapsing before a child’s first 

dental fillings, several variables are consistent with the argument that this age-group needed 

less treatment for dental caries after the taxation of SSBs: the comparison of means, the 

count of restorative claims and the changing role of age. This is in turn consistent with the 

argument that a child’s exposure to sugar reduced in the wake of the tax. Dental treatment 

may thus provide a sentinel indicator of other future health effects. This is consistent with 

studies that have demonstrated a dose response – the more SSBs are consumed, the more 

cases of and treatment for dental caries are counted21  – and with existing evidence indicating 

less consumption of SSBs in the wake of a tax.   

Our findings with respect to the role of other variables are interesting but are beyond the 

scope of this analysis.  

The evidence presented here must, however, be handled with care and treated as tentative. 

Oral health has improved in Northern Ireland over time and the trends reported here may 

therefore fit as part of an overall trend independent of the tax. For example, the percentage of 

children who were registered with a dentist and received a filling was static between 2017/18 

and 2018/19  at 22.1% before falling in 2019/20 to 21.0%. However, a downward trend had 
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preceded the 2017 figures, where the percentage fell from 26.1% in 2013 to 23.1% in 201739. The 

stability in the period immediately preceding the tax may lend support to the argument for a 

‘tax effect’. But it must be remembered that caries needs time to develop, in addition to 

bacteria and sugar, and we should bear in mind the possible time lag before it shows up, as 

well as the time involved in reformulating products and seeing results. It is important also to 

consider restorations within a context of other dental care children may receive as well as 

demand based around needs. For example, we did not control for use of preventive dental 

services prior to restorative treatments for caries in our analysis. These could well have 

affected the risk of dental caries, independent of exposure to sugar. Trends with respect to 

these preventive services may have changed over time. Similarly, we cannot discount broader 

trends, such as a demand from private patients that may impact on the opportunity cost of 

treating public patients and with it the number of treatments provided to public patients. 

That is, dentists may offer fewer publicly funded treatments because these take up time they 

could otherwise spend on better-paid private work. Clearly, the COVID-19 pandemic has 

limited our research also by restricting the period of follow-up available for children, in 

particular younger children who are more likely to have benefited from the tax on SSBs. 

Before firmer conclusions can be drawn, further work is needed, in particular controlling for 

previous exposure to preventive care.   

Further research may adopt a different approach to that used here. For example, it could be 

based on matching (ensuring the same variables apply to all the groups under investigation), 

which may provide more robust evidence as to the impact (if any) of SSBs on treated caries.  

Conclusions 

Our analysis suggests the tax on SSBs was associated with a decline in treated caries when 

controlling for other variables in Northern Ireland. Further research is needed, however, that 

takes into account the role of prevention and the potential for pre-existing trends to impact 

on the treatment of caries, before firmer conclusions can be drawn.
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Appendices 

Appendix 5.1 

Statement of Dental Remuneration codes 

Restoration 

SDRcodes: 1401, 1405, 1406, 1407, 1421, 1422, 1423, 1424, 1426, 1411, 4401, 4402, 1402, 1403,  

1404, 1408, 1425, 1431, 1441, 1461, 1471, 3611, 5001, 5815, 5816, 5817, 5821, 5822, 5823, 5826, 6001, 

6301, 5041 

Extraction 

SDRcodes: 2101, 2121, 2201, 2203, 2221, 5201, 5206 
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6 Summary of key findings 
Summative discussion 

Poor diet is a major contributor to the rise in non-communicable diseases (NCDs) and has 

been causally implicated in the development of a range of conditions that include type 2 

diabetes, cardiovascular disease and several cancers as well as overweight/obesity. Across the 

island of Ireland the prevalence of overweight and obesity is high, as are the costs associated 

with them in terms of healthcare and avoidable morbidity and mortality. A growing body of 

evidence points to the ability of taxes either used alone or with other measures to influence 

consumption. Our two umbrella reviews summarise the highest quality systematic review 

evidence currently available on 1) the effectiveness and 2) the acceptability of fiscal and 

pricing policies to improve diet and reduce diet-related NCDs. Our empirical studies 

contribute to the evidence base on the use of such instruments on the island of Ireland. 

Our umbrella reviews focused on real-world examples of implemented policies so as to better 

understand their impact on diet, health and equity. We deliberately eschewed modelling 

studies, as their validity may be open to question – as might the motivation of the authors 

on occasion. We identified barriers and facilitators to policymaking, where these arose from 

industry or public opinion on the use of fiscal policies. While much of the real-world evidence 

concerns taxes on sugar-sweetened beverages (SSBs), we also found examples of taxes and 

subsidies on nutrients (i.e. nutrients in the supply chain rather than a single product such as 

SSBs).  

A simple logic underpins fiscal and pricing measures to effect changes to diet and thereby 

health. Taxes that target harmful content (such as the tiered tax on sugar in SSBs) can change 

costs to manufacturers and encourage them to reformulate their products. The effectiveness 

of such taxes can be increased by allowing enough lead time for manufacturers to 

reformulate their products and offer consumers a new range of choices, thereby indirectly 

altering consumption patterns. Taxes such as sugar taxes, as well as those such as value-

added taxes that target a product or class of product, can directly impact consumer choice by 

increasing the cost to consumers. This is because, depending on the price elasticity of 

demand (how demand changes in relation to price), manufacturers pass on some portion of 
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the tax in the form of price increases to consumers. As detailed in our first umbrella review, it 

is estimated that in the US, excise taxes on SSBs have a pass-through rate of 65% (95% CI: 50-

79%) with significant potential to directly affect purchases. That said, many of the reviews we 

included in that umbrella review found that taxes often did not increase the price of a good 

to a sufficient degree to change behaviour. Studies have suggested that to be effective in 

changing consumption patterns, a tax should change the price of the good to consumers by 

15-25%, a level that was not always achieved in practice.   

Understandably perhaps, there is no real-world evidence that directly compared the 

effectiveness of value-added versus excise taxes within a single jurisdiction in terms of their 

impact on consumption behaviours. Sisnowski et al (2017) found that the tax changed the 

price of the good was more important than from whom the tax was collected or how. 

Logically, however, excise taxes should be more effective where people have only limited 

opportunities for cross-border shopping and therefore less opportunity to switch to lower-

priced but equally unhealthy substitutes. The highest-quality reviews we found – the 

Cochrane reviews, which included a combined total of  just four studies – suggest there is 

meagre evidence for the effectiveness of taxes on the sugar, fat or other nutrient content of 

foods in changing behaviour or health. On balance, however, there is sufficient existing and 

emerging evidence, including that from Pell et al on the tax adopted in the UK on SSBs, to 

suggest they can be effective in changing behaviour. Our own empirical work, while 

equivocal, supports this with respect to the effect of the tax on SSBs in Northern Ireland. 

Our reviews suggest that, to be effective, fiscal interventions require a coordinated approach 

to limit the possibility for untaxed substitutes or non-taxed items from other jurisdictions to 

blunt the effect of a policy. The tax adopted by the UK and Ireland which targeted the harmful 

component – albeit within a single product – operated in a tiered fashion at a rate of 15-25%, 

which is considered effective. There was a gap between announcement and enactment to 

allow reformulation. This case appears to combine the beneficial elements of a policy and 

provide an exemplar for future actions. To convince the public as to the value of such a 

measure (and face down industry efforts to stifle it) it is essential to bolster the credibility of 

claims that the measure will be effective and that distributional effects on different socio-

economic groups can be mitigated. As noted with respect to the intermediate effect on SSB 

consumption, there is credible real-world evidence as to the potential of such taxes. The 



 

233 

findings from our own empirical study suggest that consumption of SSBs in Northern Ireland 

have likely declined, though further work here is required. 

While the argument that taxes or other pricing instruments can affect consumption goes 

deeper than a first impression, there is little direct evidence directly linking fiscal and pricing 

measures to health outcomes. Despite our predictions about consumption for the island of 

Ireland, our review found little direct real-world evidence of a positive impact on health 

arising from fiscal and pricing policies. The reviews of Sisnowski et al (2017), echoed in more 

recent reviews by Lhachimi et al (2020) and Pfinder et al (2020), underscore an important gap 

in the current evidence base. Our empirical work on the treatment of dental caries in 

Northern Ireland adds to the literature but as noted should be treated with caution. Further 

work is needed on this specific example, along with evidence on other health outcomes, 

though we recognise the challenges in producing it. For now, a combination of three factors 

suggests that fiscal and pricing policies can affect health: logic; evidence of the intermediate 

effects of policies on consumption; and evidence from our own empirical study on dental 

treatment as a surrogate for health effects.  The distributional effects of a tax or pricing 

policy are an important dimension of the role of fiscal instruments. Distributional effects 

here relate to how outcomes as well as tax burdens are distributed. Our umbrella review 

found that diet-related taxes are regressive in that they impose a higher burden as a 

percentage of income on those with lower incomes – often those whose consumption of the 

products in question is highest.  

However, the review suggests that this income-related inequity must be balanced against the 

health-related benefits which favour those on lower incomes. The potential to mitigate 

negative income effects by re-directing tax revenues to programmes that target lower 

income groups is also worth noting. While it may not be practicable to earmark the revenue 

from a tax for transfer payments (such as government benefit payments) or subsidies of 

healthier foods, for example,  it may  be feasible to track that revenue and invest funds to the 

same value in particular ways. As noted in our second umbrella review, such investments may 

be important in forging a consensus for further measures – beyond the current target of 

sugar in SSBs – and in countering narratives that may (as in the case of the fat tax in 

Denmark) see a fiscal measure withdrawn.     

Along with concerns about the effectiveness and equity of diet-related fiscal and pricing 

measures, our second overview identified a number of other barriers and facilitators to their 
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acceptability. Facilitators include credible evidence on broader macro-economic variables 

such as unemployment. As noted, in the US industry-funded informational campaigns 

focusing on the costs of SSB taxes to the economy were successful in blocking municipalities 

from introducing beverage taxes and were a concern to both the public and policymakers. We 

found no compelling evidence – except from industry-funded modelling studies – that such 

concerns were warranted. Literature in the second umbrella review raised concerns that 

government actions may be motivated by the wish to increase taxable income. To succeed, a 

taxation policy must be implemented alongside  a commitment to transparency in 

policymaking, especially when revenues are to be allocated to social and health initiatives, as 

has been demonstrated in the US.  
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Recommendations 

Adopted at the correct level, fiscal measures have the potential to influence consumption, 

and may influence health. Hence, our work gives rise to the following recommendations to 

improve the effectiveness and acceptability of FIs: 

• If the intention is to minimise the administrative burden, then a value-added tax 

may be most appropriate as this fits within the existing tax structure and 

automatically adjusts for inflation. However, it may drive consumers towards more 

unhealthy but cheaper goods. 

• If the intention is to raise government revenue, then a lower (<15-25% increase in 

the price faced by consumers) ad-quantum tax on individual products may be most 

appropriate as it would provide a more consistent revenue stream. However, it may 

not change behaviour sufficiently to improve health. 

• If the intention is to improve health (as was assumed to be the case in these 

reviews), then a higher (>15-25% increase in the price faced by consumers) ad-

quantum tax on health-harming nutrients may be most appropriate as it would 

reduce leakage to cheaper alternative SSBs. Also, if announced far enough in 

advance of its introduction, this tax may encourage manufacturers to reformulate 

their products. 

• To improve the acceptability of an FI, the government should:  

o Be clear about the intention and of the FI and how its design is fit for purpose 

o Provide credible evidence on how effectively FIs can achieve their goals 

o Set out measures to mitigate costs or create positive financial advantages for 

lower-income consumers (distributional effects)  

o Set measurable goals to assess how effectively the FI achieves its intention, 

and audit its progress 

o Promise to share information on progress towards the stated  goals and 

mitigations 

• In the cases of diet-related taxes specifically, government should: 

o Where feasible, target health-harming nutrients as opposed to individual 

products 
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o Where this is not feasible, identify a list all health-harming products which 

may act as substitutes and may require taxation 

o Coordinate with neighbouring jurisdictions to avoid possible cross-border 

leakage 

o Undertake educational and promotional campaigns to highlight the potential 

of such instruments to improve health  

o Use revenues raised through such measures to mitigate costs to lower-

income groups – for example, by subsidising fruit and vegetables – and 

promote these alternatives to the public  

o Audit and publicise the allocation of revenues to these initiatives 

• In addition to promoting the positive intentions and impacts of taxes, government 

should counter opposition narratives about how taxes can damage the economy 

(e.g. causing unemployment), including by fact-checking and countering industry-

sponsored studies.  

• Furthermore, where opposition groups publicise anti-tax narratives, government 

should, as part of their promotion strategy, highlight the sources of this messaging 

and show how it stems from the biases of these groups. 
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