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% Check for updates Systems thinking can reveal surprising, counterintuitive or unintended

reactions to population health interventions (PHIs), yet this lens has

rarely been applied to sugar-sweetened beverage (SSB) taxation. Using a
systematic scoping review approach, we identified 329 papers concerning
SSBtaxation, of which 45 considered influences and impacts of SSB taxation
jointly, involving methodological approaches that may prove promising for
operationalizing a systems informed approach to PHI evaluation. Influences
and impacts concerning SSB taxation may be cyclically linked, and studies
that consider both enable us to identify implications beyond a predicted
linear effect. Only three studies explicitly used systems thinking informed
methods. Finally, we developed anillustrative, feedback-oriented conceptual
framework, emphasizing the processes that could resultin an SSB tax being
increased, maintained, eroded or repealed over time. Such a framework could

be used to synthesize evidence from non-systems informed evaluations,
leading to novel research questions and further policy development.

Population health interventions (PHIs) are typically policy- or
infrastructure-related actions delivered at scale, often with an
emphasis on disease prevention’, that aim to change contexts (for
example, social, fiscal or physical environments) to reducerisk factors.
Sugar-sweetened beverage (SSB) taxes are aPHlintended toreduce SSB
consumption by both dampening consumer demand and encouraging
industry-led reformulation. SSB taxes also provide governments with
additional revenue, while potentially reducing future healthcare costs.
Highlevels of SSB consumption can harm health® and the World Health
Organization recommends SSB taxes as part of a broader strategy to
reduce the burden of non-communicable diseases™*.

SSB taxes have been implemented around the world, with
over 70 jurisdictions introducing some form of SSB taxation since

2010°. Reviews of observational quantitative studies have indicated
the effectiveness of SSB taxes at increasing SSB prices, reducing
SSB sales and prompting reformulation®™®, Reviews of modelling
studies have suggested that SSB taxes reduce premature mortality,
increase government revenue and reduce expenditures over time”.
Reviews of the policy process have highlighted key factors that
have enabled or impeded the design and implementation of SSB
taxation'®". However, most of these reviews have considered evi-
dence regarding the processes leading to SSB tax introduction
separately from evidence regarding the impacts of SSB taxation,
yet the interplay between these factors is critically important'.
Asystems thinking approach can help to further bring these perspec-
tives together®.
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Fig.1|Preferred Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews flow diagram. The figure summarizes the
search strategy and inclusion/exclusion chart associated with our systematic
scoping review concerning SSB taxation. Multiple Google searches resulted in

duplicate records that were not re-downloaded by hand in each search, resulting
inthe reported Google search total being less than 300. The figure is based on
guidance fromref. 79.

A systems thinking approach may also reveal surprising, coun-
terintuitive or unintended reactions to SSB taxation, including
instances of potential policy resistance. Policy resistance entails
aspecial class of unintended consequences that diminish the inten-
ded goal of a policy as actors within the system adapt to the policy
change in unpredicted ways (Supplementary Text1)". For example,
consumers may respond to the introduction of a tax by purchasing
lower-cost SSBs (‘brand down switching’)** or purchasing drinks in
untaxed neighbouringjurisdictions”, manufacturers may introduce
new low-cost SSBs' and distributors may increase prices strate-
gically and unevenly between products and across localities’ .
Not all unintended consequences are negative; some may support
the original aims of a policy. For example, the introduction of an
SSB tax itself may inadvertently convey health risk information to
consumers and influence social norms, producing an unintended
policy-supporting effect®®. Using a feedback-oriented conceptual
model could help to identify effective leverage points and pre-empt

potential policy resistance, leading to greater and more sustained
impact over time?-*,

Here we explored peer-reviewed publications on SSB taxation
from a systems informed, feedback-oriented perspective to explore
influences and impacts assessed in evaluation studies and to broadly
characterize the types of methods used. We considered a subset of
studies that looked at both influences and impacts and those studies
that were explicitly systems informed, describing the methods used
and types of insight generated in both cases. Finally, we developed
a feedback-informed conceptual framework that ‘closes the loops’
betweeninfluences and impacts, that could inform future evaluations
and synthesize multiple kinds of evidence concerning SSB taxation.

Results

We screened 3,765 studies and identified 1,087 studies for inclusion at
stageland 329 studies forinclusionat stage 2 (Fig.1). All studiesincluded
at stage 2 and associated characteristics are summarized in ref. 23.
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Fig.2|Number of studies on SSB taxation over time. The figure summarizes
the frequency of papers on SSB taxation by year of publication based on our

systematic scoping review. See Source Data Fig. 3 for alist of references of the 329
recordsincluded inthe analysis.

The number of original academic analyses of SSB taxation have
increased substantially over time, with 21 studies published in both
2014 and 2015, 48 in 2019 and 73 in 2020 (Fig. 2). This mirrors the
increase in number of SSB taxes implemented over the same period®.

The largest number of studies focused on the United States, fol-
lowed by the United Kingdom, Mexico, South Africa and Australia.

Influences and impacts related to SSB taxation

We extracted aninitial list of 152 potential influences and impacts based
onthe reviews and conceptual papers selected from the first stage of
screening. We identified an additional 476 influence/impact factors
byreviewing theincluded empirical papers for atotal of 628 potential
influences and impacts. We clustered conceptually similar influences/
impactsinto parent factors, developing afinal list of 57 factors (9 influ-
ences and 48 impacts). Supplementary Table 1includes a full list and
detailed definition of each parent factor.

Ofallstudiesidentified, 111 studies assessed at least one influence
(34%). The most-studied influences were public supportand industry
strategies. Most influences were primarily assessed using qualitative
methods except for public support (Fig. 3 and ref. 23).

Two hundred and sixty-six studies assessed at least one impact
(81%). The most-studied impacts were sales of SSBs/taxed drinks
(assessed in 33% of all studies), equity (defined to include variationin
any impact by socioeconomic status) and price of SSBs. Sales of SSBs
and equity were most often assessed using either observational quanti-
tative or simulation studies, while price of SSBs was almost exclusively
assessed through observational quantitative studies.

Twenty-two impacts were assessed in less than 5% of the included
studies. A summary of how often each influence and impact was
assessedis reported in Supplementary Table1.

Studies that considered influences and impacts together
Forty-five studies (14%) considered influences and impacts of SSB taxa-
tiontogether. The studies that considered both impacts and influences
(showninblackin Fig. 4) were primarily qualitative (n = 30), together
with eight observational quantitative studies, three simulation studies,
two experimental studies and two mixed methods studies.

Of the qualitative studies that considered both influences and
impacts, Falbe et al.s analysis of the Berkeley, California, SSB tax pro-
videsanillustrative example?*. The authors conducted semi-structured
interviews with key stakeholders following tax introduction and
described ways in which the political context influenced implemen-
tation of the tax. As the first SSB tax in the United States (influence:
political feasibility), there was substantial pressure for it be perceived

asasuccess (impact: perception of effectiveness), leading city officials
toinvestadditional time and resources in the policy—as one city official
commented: ‘the wholecity is very interested in (making) thisis asuc-
cessful program™*. The policy process around tax introduction had
direct implications for implementation, both in terms of resources
deployed and the urgency of perceived effectiveness.

Inanother qualitative example, Carriedo et al. used a case study
approachtoassess the SSB tax in Mexico, informed by policy process
theories®. They highlighted that in response to tax introduction,
industry actors operationalized public-private partnerships, position-
ing themselves as contributors to national social policy in ways that
may ‘jeopardize the policy’ in the future, possibly paving the way for
futurerepeal or policy erosion. In this example, an unintended effect
ofthetax (impact:industry strategies) may contribute to undermining
its sustainability in the future (influence: political feasibility), linking
animpactwith aninfluence ina potentiallyimportant feedback loop.

Of the quantitative studies that considered both influences and
impacts, Buckton et al. provide an illustrative example®. They con-
ducted a quantitative content analysis of media coverage around
the UK SSB tax and hypothesized that discussion and debate around
SSB taxation (impact: awareness) may have contributed to increased
public acceptability over time (influence: political feasibility)*.

Ofthe simulation, experimental and mixed methods studies that
considered both impacts and influences, all focused on the ways dif-
ferent tax designs (influence: tax design/ease of identifying taxed
products) produced varied impacts* .

Explicitly systems thinking informed SSB tax evaluations
Ofthe studies identified, three (<1%) explicitly used systems thinking
informed methods. In one study, Urwannachotima et al. (2019) used
group model building to identify the dynamicinteractions between an
SSBtax, sugar consumption and dental caries in Thailand. They found
that considering the existing systems around dental health, an SSB tax
alonewould notbe sufficient to achieve the desired level of oral health
improvement. The group model-building process enabled stakeholders
toidentify arange of hypothesized unintended impacts associated with
theintroduction of an SSB tax, such as potential substitution to other
sugary products (an example of policy resistance) and the possible
declineinimpact of ataxif national incomes increase. The stakehold-
ers suggested that to pre-empt the potential substitution effect from
undermining the policy, the ‘tax should be applied to all high sugar
content products without exception.*

Building on this group model building work, Urwannachotima
etal.(2020) published asecond study in which they developed a system
dynamics model to estimate the projected impact on dental caries
in the population 15 years and older of an SSB tax compared to (1) no
intervention and (2) a suite of more comprehensive policy options.
They developed three sub-models, focused on caries prevalence, dental
service utilization and oral health behaviours, mirroring the causalloop
diagram developed in previous work. They found that implementation
ofthe tiered tax on packaged and ready-to-drink SSBs would decrease
dental caries 1% by 2040, whereas the suite of policies combined would
lead to a21% decrease over the same time frame. Part of the explanation
for the low impact of the SSB tax was that the majority of sugars con-
sumed in the 15+-year-old population are from non-taxed productsin
Thailand, including from ‘coffee shops and high sugar content desserts
and food from street shops, and in this context, targeting packaged
and ready-to-drink SSBs alone were insufficient™.

In the third study, Liu et al. used system dynamics modelling to
develop insights concerning the time horizon over which SSB taxa-
tion might produce impacts and to consider how tax revenue might
be used to maximize childhood obesity prevention efforts®. They
modelled a perception adjustment delay, noting that consumers
may respond to tax-induced price changes gradually. They demon-
strated that this delay would result in a greater long-term impact of
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Fig.3 | Percentage of studies that assessed identified influences orimpacts of
SSB taxation. The figure summarizes the percentage of the 329 studies included
inthe systematic scoping review that assessed any of 57 identified influences or
impacts concerning SSB taxation. We report the year each influence/impact was
firstassessed in parentheses and display the frequency with which each type of

5 10 15 20 25 30 35

% of studies

study (empirical quantitative, simulations or modelling, empirical qualitative
or case study, experimental, empirical mixed methods) was used to assess
eachinfluence/impact. NA, not applicable; BMI, body mass index; NCDs, non-
communicable diseases; Gov't, government; hh, household; NNS, non-nutritive
sweeteners.

SSB taxation than may be immediately apparent following imple-
mentation. Their models suggest that policymakers should avoid
evaluating the success of an SSB tax based on short-term changes in
SSB consumption because it may take some time for the full impact
of an SSB tax to be realized. Failure to account for this may result in
prematurely abandoning a policy that would have otherwise been
successful. Liu et al. also considered the impacts of allocating SSB tax
revenue to different obesity prevention programmes (for example,
subsidizing fruit and vegetables and constructing additional parks to
support physical activity), taking into account construction delays

and other time-varying factors. They concluded by suggesting that
the continued use of system dynamics models in assessing SSB taxa-
tionwould allow for the identification of implementation dynamics,
enable more accurate expectation setting among stakeholders and
optimize revenue allocation decisions.

Of the three studies that were explicitly systems informed,
all focused on impacts, and none considered both influences and
impacts together. Other studies acknowledged the complexity of the
systems within which SSB taxes operate®* but did not explicitly use
complexity-informed methods.

Nature Food | Volume 4 | November 2023 | 986-995



Article

https://doi.org/10.1038/s43016-023-00856-0

150

100

50 +

Number of studies

mm Both influences and impacts
Influences only
Impacts only

.

Qualitative/case study -
Observational quantitative
Simulations or modelling
Experimental

Mixed methods -

Fig.4 | Number of studies assessing impacts only, influences only or both by
study type. The figure summarizes the frequency of papers on SSB taxation by
study type (qualitative/case study, observational quantitative, simulations or
modelling, experimental and mixed methods) and by type of factors assessed
(impacts, influences or both).

Conceptual synthesis from a systems thinking perspective
Building on Sterman’s (2002) expanded ‘feedback view of the world’
(Supplementary Text 1) and the influences and impacts identified
throughthereview, we propose afeedback-oriented conceptual model
inFig. 5.

We have expanded on Sterman’s (2002) model to incorporate key
influences and impacts identified in the review. We depict two poten-
tial goals for SSB taxation: improving health and reducing the budget
deficit (increasing revenue). Accordingly, there are at least two ‘envi-
ronments’ that an SSB tax may influence: the consumption of SSBs
environment (encompassing price of SSBs, number of SSBs, product
size and so on) and the fiscal policy environment (encompassing
government costs,economicgrowth,administrative capacityandsoon).
Making this explicit encourages consideration of which or both goals
may be in effect in a given setting. A change in awareness of health
risks effect may be an unintended ‘side effect’ of the introduction of
an SSB tax, although one that may amplify the impacts from a health
perspective, whereas the additional government costs of administering
an SSB tax may be an unintended and undesired ‘side effect, which
could vary based on the tax design.

We also illustrate two groups of actors that may have other goals
(for example, companies may aim to maintain or maximize profits
throughindustry strategies while minimizing industry costs; consumers
may aim to maintain or maximize utility from SSBs while minimizing
household costs/expenditure). As aresult, both groups may engageina
variety of strategic responses (for example, through changesin market-
ing, promotions, sugar concentration, sales/consumption of non-SSBs/
untaxed SSBs/low-sugar SSBs, cross-border sales and so on), which
themselves go ontoshape the SSB environment. This feedback-oriented
framework is provisional but aims toillustrate how concepts from the
SSB tax literature may map on to a more generic feedback structure,
illustrating how what we often think of as ‘influences’ and ‘impacts’ of
apolicy intervention may be linked through feedback loops.

Discussion

We set out to consider a wide range of empirical evidence around
SSB taxation, through a systems oriented feedback perspective. We
identified 329 records for inclusion and 57 hypothesized influences
and impacts connected to SSB taxation. Out of the factors consid-
ered, a third of all studies assessed the sale of SSBs. Influences were

Economic
growth
Budget
Administrative  Gov't goal: deficit
capacity increase Government
revenue costs
Political Introduction and
feasibilit continuance of. )
Y Gov't goal: SSB tax Health risk
improve awareness
health
Public
support SSB

consumption

Consumer goal:
maintain utility

Consumer
Industry goal: strategies
maintain profits
Industry
strategies

Fig.5|A causalloop diagram based on Sterman’s expanded feedback view

of the world. Theillustrative framework presented here is not comprehensive
butisintended to demonstrate the added value of adopting a feedback-oriented
perspective aligned with Sterman’s (2002) ‘feedback view of the world. In
different settings and at different times, the balance of power between these loops
may vary, demonstrating that a variety of behaviours over time are possible. For
example, theimportance of the health and revenue goals may vary substantially
across settings, bothin practice and in framing to the public. Depending on
which loops dominate, it is possible for the continuance of the tax policy itself
to be maintained, strengthened, eroded or repealed over time. Tax repeal would
berepresented as acomplete decrease in the ‘Introduction and continuance
ofthe Tax’ variable. This reflects what we see in practice—SSB taxes have been
introduced, increased*”®’, threatened® and repealed®? in a variety of settings.
Trendsin SSB consumption may also vary depending on which loops prevail,
with consumer and industry strategies highlighting potential policy resistance
withrespect to the health goal. This type of conceptual framework, underpinned
by key systems thinking concepts, may enable identification upfront of areas of
potential policy resistance. Link polarity is (+) unless otherwise shown.

predominantly assessed by qualitative approaches, while a mix of
quantitative and simulation approaches were used to assess impacts.
Forty-five studies considered influences and impacts together, iden-
tifying possibilities of considering both types of factor in an analysis
and ‘closing the loop’ on one or more potential feedback loops regard-
ing SSB taxation. We found three studies that explicitly used systems
thinking informed methods®**. However, findings from studies that
are not explicitly systems thinking informed themselves may still con-
tribute to a systems informed synthesis by informing links within a
feedback-oriented framework. We present one such framework in Fig. 5.

Strengths and limitations

We drew upon awide range of disciplines (for example, public finance,
agricultural economics, health economics, geography, health policy,
public health) and used an innovative approach with a focus on feed-
backloops.

Yetin choosing tofocus on peer-reviewed published manuscripts,
we may have missed insights from assessments of SSB taxation pub-
lished in other formats, for example, study protocols®®, governmental
reports on SSB taxes™ or civil society reports*°. We did not extract data
onstrengthofevidence, direction of effect or effect size—a pragmatic
decision that was consistent with our aims in this scoping review.
Aggregating and disaggregating categories was driven by a thematic
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‘clustering’ process: another research team may have arrived at a dif-
ferent number or structure of groupings, with implications for the
rankings by frequency. Our findings may underreport the number of
systems thinking SSB taxation publications if the studies did not use
systems thinking language, methods or references or had a broader
scope than SSB taxation. For example, some studies were planned
as inputs to a broader systems informed evaluation®® but did not use
systems informed approaches themselves®***, These studies were
included in the review but not identified as explicitly systems think-
ing informed. Other systems thinking informed papers only briefly
addressed SSB taxation and did not meet our screening criteria, so
were excluded®. Finally, the last search was runin April 2021, although
we do not believe that our findings would be substantially impacted
by studies published after this date (Methods, Screening provide
more details).

Policy implications of our proposed conceptual model

There is a growing awareness and interest in the varied ways SSB
taxes may arise and produce change within a system. In 2014, Mytton
etal. summarized the implicit theoretical framework usedinfood and
beverage tax evaluations, consisting of seven main impacts and no
influences*®. Whereas the authors called for an expansion on this theory
of change, the linear, price-driven model continues to be influential®.
Ng et al. (2021) recently developed a framework for SSB tax evalua-
tions organized by stakeholder groups, highlighting goals for govern-
ments and health advocates and potential industry and consumers
responses”. Several evaluations have also developed systemsinformed
theories of change, such as the SSB tax evaluationin Thailand described
above®>* and the UK Soft Drinks Industry Level evaluation®®. However,
we did not identify any evaluations from a systems perspective that
considered both impacts and influences of SSB taxation, as recom-
mended in Sterman’s (2002) ‘feedback view of the world. We suggest
that this presents an important opportunity for a systems thinking
informed approach to future evaluations.

Our proposed framework (Fig. 5) could inform the evaluation of a
specificSSBtaxandthesynthesisof multipletypes of SSBevidence. Policy
evaluations ofteninclude multiple work packages that address discrete
questions, followed by an effort to ‘bring themtogether’inafinal work
package. We suggest that the initial work package in such an evalua-
tion could focus on theory development using a feedback-oriented
framework and generate novel research questions toguide the rest of
the evaluation*®, By linking influences and impacts (which tend to be
assessed using different study designs), a feedback model prompts
the development of integrative questions, providing aframework for
bringing together findings such that ‘the whole is greater than the sum
of'the parts’ (akey aim of integration). A feedback-oriented approach
emphasizes the processes that continue over time that may result in
atax being strengthened, maintained, eroded or repealed. This con-
ceptualization may help to more fully explain and counter potential
policy resistance and continue to improve existing SSB tax policies.
Our proposed model could be built upon by integrating additional
factors, working with setting-specific stakeholder communities and
developing a system dynamics model to enable simulation.

Methods

We used a systematic scoping review method***° to identify a wide
range of literature related to SSB taxation. We describe the literature
fromasystemsinformed perspective, with an emphasis oninforming
a feedback-oriented conceptual framework linking influences, SSB
taxation and impacts.

Searchstrategy

We used a wide range of electronic databases (MEDLINE via Ovid,
Web of Science, Scopus, PsycInfo, Global Health, EconLit, Africa-Wide
Information, LILACS, ABI/INFORM Collection, Business Source

Ultimate and Google), chosen to maximize the diversity of disciplinary
and geographical perspectives.

We tailored search strategies for each database, using terms
related to ‘sugar-sweetened beverages’ (for example, soft drinks, soda,
fizzy drinks, cola and so on) and taxation (for example, levy, duty,
excise, tariff and so on) (Supplementary Text 2). We did not impose
any date or language restrictions and conducted all searches on
29 April 2021.

Screening

Duplicates were removed using Endnote (version 20.0.1, Clarivate),
followed by a manual review and finally a process within Covidence
(Covidence systematic review software, Veritas Health Innovation;
www.covidence.org). Screening was managed in Covidence.

We used a two-stage screening process. In the first stage (title/
abstractscreening),inclusioncriteriawerebroad: recordswereincluded
if they mentioned SSB taxation in any way. Records were excluded
if they focused on alcohol taxation, sugar taxation (for example,
raw sugar, sugar beet and so on), coffee bean/tea leaf/cocoa taxation
(for example, no mention of ready-to-drink forms) or value added
taxation with no mention of SSBs in particular.

In the second stage (full text screening), we included records
reporting original data analysis on SSB taxation published inacademic
journals and excluded periodicals, blog posts, newspaper articles,
review papers and conceptual papers (that is, those without original
dataanalysis).

Asub-sample (5%) of alldeduplicated records were reviewed at the
title/abstractand full text screening stages by the primary reviewer (M.A.)
and secondary reviewers (T.P., L.C.-W.). Following high levels of agree-
ment (kappa score >80%), M.A. completed the remainder of screening.

Searches were re-run over the period 30 April 2021to 1 May 2023
to give an indication of how the literature may have grown over this
period, returning 671 hits (compared to 3,565 studies identified up
to 29 April 2021). We searched the title/abstract fields for variations
of ‘systems thinking, ‘group model, ‘causal loop, ‘agent based, and
‘system dynamics’ to gauge whether there had been an increase in
systems informed evaluations of SSB taxes. We identified only one
study that was explicitly systems informed and would have met our
inclusion criteria: a book chapter summarizing the overall systems
informed approach to evaluating the UK Soft Drinks Industry Levy,
which described the use of asystems map ‘to hypothesize awide range
of potential impacts of the levy across sectors.”' We also identified a
study protocol that described the proposed use of systems thinking
in Fiji and Samoa in relation to food policies™, an agent-based model
of an ultra-processed food tax in Mexico® and a recent review of oral
health interventions that called for increased use of systems science*.
While indicative of the growing interest in systems thinking, these
studies would have been excluded on the basis of document type (a
study protocol, areview) and the focus on an ultra-processed food
tax rather than an SSB tax. Although this is an informal assessment,
it provides an indication that systems informed evaluations of SSB
taxes remainrare, despite sustained interest*”**. We do not anticipate
that our conclusions about the value and feasibility of integrating a
feedback-oriented perspective into evaluations of PHIs would have
substantially changed based on the most recent literature.

Data extraction

To generate a list of influences and impacts, we initially drew on
reviews and conceptual papersidentified in the first stage of screening,
prioritizing those that considered multiple factors> %, From these,
we developed a list of hypothesized influences and impacts using an
inductive coding process, followed by clustering to achieve a pragmatic
level of abstraction®. As described in Supplementary Text 1, we defined
‘influences’ as factors that contributed to the introduction of an SSB
taxand ‘impacts’as factors that resulted from the introduction of atax.
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Thenweturned to the included empirical papersidentifiedin the
second stage of screening and extracted the following information
using Microsoft Excel (Version 2307):

* Authors

* Year published

« Taxsetting (for example, national/subnational jurisdiction with
the enacted, proposed or hypothetical SSB tax)

< Study type (for example, observational quantitative, qualitative,
simulation/modelling, mixed methods, experimental, catego-
rized according to the definitions summarized in Supplemen-
tary Table 2)

« Explicitly systems thinking informed (yes/no)

» Hypothesized influences/impacts considered

We defined ‘explicitly systems thinking informed studies’ as those
studies that described adopting asystems thinking perspective or dem-
onstrated doing so either by discussing key systems thinking concepts
(forexample, feedback loops, reference modes), citing key texts™’% ">
or applying systems oriented methods and tools, such as social net-
work analysis, agent-based modelling, group model building, causal
loop diagrams, stock and flow diagrams, systems archetypes or sys-
tems dynamics models”>”*. We note however, that systems informed
evaluations do not necessarily need to apply systems methods but
may instead pose research questions from a systems perspective and
address these using amyriad of appropriate (non-systems) methods™”.

We reviewed each included empirical paper and extracted data
onwhether the factorsidentified fromthe reviews/conceptual papers
were assessed (yes/no). We also considered whether any additional
factors not previously identified were assessed, whichled to the iden-
tification of additional influence/impact factors.

Wethenanalysed the full list of factors using ‘clustering, aprocess
of abstracting detailed codes®, to develop alist of parent factors. Each
empirical paper was reviewed a second time against this list of parent
factors. All dataextractionwasinitially conducted by M.A. and reviewed
by all other authors, with discrepancies resolved through discussion.

Analysis

We characterized the peer-reviewed evidence using a series of
figures describing the overall number of papers identified by date
published, study type and factors assessed. We described the subset
of papers that considered bothinfluences and impacts and the subset
of papers that explicitly used systems methods and describe the types
of insight generated in both cases. Finally, we present an example of
afeedback-oriented conceptual model to illustrate the potential for
combining empirical studies in a systems informed framework.

Preferred reporting items for systematic reviews and
meta-analyses extension for scoping reviews and protocol

Our protocol was prospectively registered on the OpenScience
Framework on13 May 2021 (ref.77) andis reproduced in Supplementary
Text 2. We followed the protocol closely, although we did not produce
heat maps as intended, given the larger than anticipated range of
influences and impacts identified, and developed a stacked bar chart
instead. We also modified the stage at which we developed the causal
loop diagram (CLD), opting to develop a high-level CLD at the end of
thereview rather thanapreliminary CLD based onevery hypothesized
link, as described in the protocol. This change reflects our increas-
ing understanding of the utility of CLDs. We followed the preferred
reporting items for systematic reviews and meta-analyses extension
for scoping reviews checklist (Supplementary Text 3)75.

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

The full search strategy in this review has been published in the
Supplementary Information. We searched the following data-
bases: MEDLINE via Ovid (https://ospguides.ovid.com/OSPguides/
medline.htm), Web of Science (https://clarivate.com/products/
scientific-and-academic-research/research-discovery-and-
workflow-solutions/webofscience-platform/), Scopus (https:/www.
elsevier.com/en-in/solutions/scopus), PsycInfo (https://www.apa.
org/pubs/databases/psycinfo/), Global Health (https://www.ebsco.
com/products/research-databases/global-health), EconLit (https://
www.ebsco.com/products/research-databases/econlit), Africa-Wide
Information (https://www.ebsco.com/products/research-databases/
africa-wide-information), LILACS (https://lilacs.bvsalud.org/en/),
Google (www.google.com), ABI/INFORM Collection (https://about.
proquest.com/en/products-services/abi_inform_complete/) and
Business Source Ultimate (https://www.ebsco.com/products/
research-databases/business-source-ultimate). Citations of included
studies and extracted data for each paper are available via OSF at
https://doi.org/10.17605/0OSF.IO/M8F5G. Source data are provided
with this paper.

Code availability

Code used to generate the figures is available upon request.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.
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Study description Systematic scoping review from a systems thinking-informed perspective

Research sample Our sample included academic articles. We searched a wide range of databases (: MEDLINE via Ovid (https://ospguides.ovid.com/
OSPguides/medline.htm) , Web of Science (https://clarivate.com/products/scientific-and-academic-research/research-discovery-and-
workflow-solutions/webofscience-platform/), Scopus (https://www.elsevier.com/en-in/solutions/scopus), Psycinfo (https://
www.apa.org/pubs/databases/psycinfo/), Global Health (https://www.ebsco.com/products/research-databases/global-health),
EconlLit (https://www.ebsco.com/products/research-databases/econlit), Africa-wide Information (https://www.ebsco.com/products/
research-databases/africa-wide-information), LILACS (https://lilacs.bvsalud.org/en/), Google (www.google.com), ABI/INFORM
Collection (https://about.proquest.com/en/products-services/abi_inform_complete/) and Business Source Ultimate (https://
www.ebsco.com/products/research-databases/business-source-ultimate) for potential articles, and conducted a systematic
screening process to identify the final 329 included papers. Databases were selected to maximize diversity in consultation with an
information specialist.

Sampling strategy We used a diverse range of electronic databases (MEDLINE via Ovid, Web of Science, Scopus, PsyciInfo, Global Health, EconlLit, Africa-
wide Information, LILACS, ABI/INFORM Collection, Business Source Ultimate, and Google), chosen to maximize the diversity of
disciplinary and geographical perspectives. These were identified in consultation with an information specialist and cover a large
range of disciplines associated with our topic area (sugar-sweetened beverage taxation).

We tailored search strategies for each database, using terms related to “sugar sweetened beverages” (e.g. soft drinks, soda, fizzy
drinks, cola, etc.) and taxation (e.g. levy, duty, excise, tariff, etc.) (see Appendix 1). We did not impose any date or language
restrictions and conducted all searches on April 29th, 2021.

Data collection We extracted the following information from included sources using Microsoft Excel (Version 2307):
e Authors
e Year published
e Tax setting (e.g. national/subnational jurisdiction with the enacted, proposed or hypothetical SSB tax)
e Study type (e.g. observational quantitative, qualitative, simulation/modelling, mixed methods, experimental)
e Explicitly systems thinking-informed (yes/no)
* Hypothesized influences/impacts considered

We reviewed each included paper, and extracted data using a standardized Excel template. There was no experimental condition or
study hypothesis for the researcher to be blinded to, as this was a systematic scoping review. Two authors reviewed the data
extraction for each included paper.

Timing Final searches were conducted on April 29th, 2021. No data restrictions were placed on the search.

Data exclusions Records were excluded if they focused on alcohol taxation, sugar taxation (e.g. raw sugar, sugar beet, etc.), coffee bean/tea leaf/
cocoa taxation (e.g. no mention of ready-to-drink forms), or value added taxation (VAT) with no mention of SSBs in particular. In the
final stage, conceptual and review records were excluded.

Non-participation We did not recruit human research participants as this was a review study.

Randomization We did not recruit human research participants as this was a review study.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Antibodies =

)

Antibodies used Describe all antibodies used in the study; as applicable, provide supplier name, catalog number, clone name, and lot number. o
Validation Describe the validation of each primary antibody for the species and application, noting any validation statements on the

manufacturer’s website, relevant citations, antibody profiles in online databases, or data provided in the manuscript.

Eukaryotic cell lines

Policy information about cell lines

Cell line source(s) State the source of each cell line used.
Authentication Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.
Mycoplasma contamination Confirm that all cell lines tested negative for mycoplasma contamination OR describe the results of the testing for

mycoplasma contamination OR declare that the cell lines were not tested for mycoplasma contamination.

Commonly misidentified lines  pgme any commonly misidentified cell lines used in the study and provide a rationale for their use.
(See ICLAC register)

Palaeontology and Archaeology

Specimen provenance Provide provenance information for specimens and describe permits that were obtained for the work (including the name of the
issuing authority, the date of issue, and any identifying information).

Specimen deposition Indicate where the specimens have been deposited to permit free access by other researchers.

Dating methods If new dates are provided, describe how they were obtained (e.g. collection, storage, sample pretreatment and measurement), where
they were obtained (i.e. lab name), the calibration program and the protocol for quality assurance OR state that no new dates are
provided.

|:| Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance
was required and explain why not.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Animals and other organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals For laboratory animals, report species, strain, sex and age OR state that the study did not involve laboratory animals.

Wild animals Provide details on animals observed in or captured in the field; report species, sex and age where possible. Describe how animals were
caught and transported and what happened to captive animals after the study (if killed, explain why and describe method; if released,
say where and when) OR state that the study did not involve wild animals.

Field-collected samples | For laboratory work with field-collected samples, describe all relevant parameters such as housing, maintenance, temperature,
photoperiod and end-of-experiment protocol OR state that the study did not involve samples collected from the field.

Ethics oversight Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance
was required and explain why not.

Note that full information on the approval of the study protocol must also be provided in the manuscript.




Human research participants

Policy information about studies involving human research participants

Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, gender, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study
design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.

Ethics oversight Identify the organization(s) that approved the study protocol.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration | Provide the trial registration number from ClinicalTrials.gov or an equivalent agency.

Study protocol Note where the full trial protocol can be accessed OR if not available, explain why.
Data collection Describe the settings and locales of data collection, noting the time periods of recruitment and data collection.
Outcomes Describe how you pre-defined primary and secondary outcome measures and how you assessed these measures.

Dual use research of concern

Policy information about dual use research of concern

Hazards

Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented
in the manuscript, pose a threat to:

Yes

[] Public health

D National security

D Crops and/or livestock

D Ecosystems
D Any other significant area

XX XXX &

Experiments of concern
Does the work involve any of these experiments of concern:

Yes

Demonstrate how to render a vaccine ineffective

Confer resistance to therapeutically useful antibiotics or antiviral agents
Enhance the virulence of a pathogen or render a nonpathogen virulent
Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin

OO0oodoods
ooogoogo

Any other potentially harmful combination of experiments and agents

ChlIP-seq

Data deposition

D Confirm that both raw and final processed data have been deposited in a public database such as GEO.

|:| Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.




Data access links For "Initial submission" or "Revised version" documents, provide reviewer access links. For your "Final submission" document,

May remain private before publication. ~ provide a link to the deposited data. 8
g
Files in database submission Provide a list of all files available in the database submission. o)
Genome browser session Provide a link to an anonymized genome browser session for "Initial submission” and "Revised version" documents only, to o
(e.g. UCSC) enable peer review. Write "no longer applicable" for "Final submission" documents. %
>
Methodology -
5
Replicates Describe the experimental replicates, specifying number, type and replicate agreement. o
1
>
Sequencing depth Describe the sequencing depth for each experiment, providing the total number of reads, uniquely mapped reads, length of reads and (o)
whether they were paired- or single-end. E/:’
=
Antibodies Describe the antibodies used for the ChiP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and lot 3
number. v
s
Peak calling parameters | Specify the command line program and parameters used for read mapping and peak calling, including the ChiP, control and index files
used.
Data quality Describe the methods used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.
Software Describe the software used to collect and analyze the ChlIP-seq data. For custom code that has been deposited into a community

repository, provide accession details.

Flow Cytometry

Plots

Confirm that:
|:| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|:| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
D All plots are contour plots with outliers or pseudocolor plots.

D A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation Describe the sample preparation, detailing the biological source of the cells and any tissue processing steps used.

Instrument Identify the instrument used for data collection, specifying make and model number.

Software Describe the software used to collect and analyze the flow cytometry data. For custom code that has been deposited into a
community repository, provide accession details.

Cell population abundance Describe the abundance of the relevant cell populations within post-sort fractions, providing details on the purity of the
samples and how it was determined.

Gating strategy Describe the gating strategy used for all relevant experiments, specifying the preliminary FSC/SSC gates of the starting cell

population, indicating where boundaries between "positive" and "negative" staining cell populations are defined.

|:| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.

Magnetic resonance imaging

Experimental design

Design type Indicate task or resting state,; event-related or block design.

Design specifications Specify the number of blocks, trials or experimental units per session and/or subject, and specify the length of each trial
or block (if trials are blocked) and interval between trials.

Behavioral performance measures State number and/or type of variables recorded (e.g. correct button press, response time) and what statistics were used
to establish that the subjects were performing the task as expected (e.g. mean, range, and/or standard deviation across
subjects).




Acquisition

Imaging type(s) Specify: functional, structural, diffusion, perfusion.
Field strength Specify in Tesla
Sequence & imaging parameters Specify the pulse sequence type (gradient echo, spin echo, etc.), imaging type (EPI, spiral, etc.), field of view, matrix size,

slice thickness, orientation and TE/TR/flip angle.

Area of acquisition State whether a whole brain scan was used OR define the area of acquisition, describing how the region was determined.

Diffusion MRI [ ]Used [ ] Not used

Preprocessing

Preprocessing software Provide detail on software version and revision number and on specific parameters (model/functions, brain extraction,
segmentation, smoothing kernel size, etc.).

Normalization If data were normalized/standardized, describe the approach(es): specify linear or non-linear and define image types used for
transformation OR indicate that data were not normalized and explain rationale for lack of normalization.

Normalization template Describe the template used for normalization/transformation, specifying subject space or group standardized space (e.qg.
original Talairach, MNI305, ICBM152) OR indicate that the data were not normalized.

Noise and artifact removal Describe your procedure(s) for artifact and structured noise removal, specifying motion parameters, tissue signals and
physiological signals (heart rate, respiration).

Volume censoring Define your software and/or method and criteria for volume censoring, and state the extent of such censoring.

Statistical modeling & inference

Model type and settings Specify type (mass univariate, multivariate, RSA, predictive, etc.) and describe essential details of the model at the first and
second levels (e.g. fixed, random or mixed effects; drift or auto-correlation).

Effect(s) tested Define precise effect in terms of the task or stimulus conditions instead of psychological concepts and indicate whether
ANOVA or factorial designs were used.

Specify type of analysis: [ | Whole brain [ | ROI-based [ | Both

Statistic type for inference Specify voxel-wise or cluster-wise and report all relevant parameters for cluster-wise methods.
(See Eklund et al. 2016)

Correction Describe the type of correction and how it is obtained for multiple comparisons (e.qg. FWE, FDR, permutation or Monte Carlo).

Models & analysis

n/a | Involved in the study
D |:| Functional and/or effective connectivity

D |:| Graph analysis

D |:| Multivariate modeling or predictive analysis

Functional and/or effective connectivity Report the measures of dependence used and the model details (e.g. Pearson correlation, partial correlation,
mutual information).

Graph analysis Report the dependent variable and connectivity measure, specifying weighted graph or binarized graph,
subject- or group-level, and the global and/or node summaries used (e.g. clustering coefficient, efficiency,
etc.).

Multivariate modeling and predictive analysis  Specify independent variables, features extraction and dimension reduction, model, training and evaluation
metrics.
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