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Simulation modeling can be useful to estimate the long-term health and economic impacts of population-based dietary policies. We conducted a
systematic scoping review following the PRISMA-ScR (Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping
Reviews) guideline to map and critically appraise economic evaluations of population-based dietary policies using simulation models. We searched
Medline, Embase, and EconLit for studies published in English after 2005. Modeling studies were mapped based on model type, dietary policy, and
nutritional target, and modeled risk factor-outcome pathways were analyzed. We included 56 studies comprising 136 model applications evaluating
dietary policies in 21 countries. The policies most often assessed were reformulation (34/136), taxation (27/136), and labeling (20/136); the most
common targets were salt/sodium (60/136), sugar-sweetened beverages (31/136), and fruit and vegetables (15/136). Model types included Markov-
type (35/56), microsimulation (11/56), and comparative risk assessment (7/56) models. Overall, the key diet-related risk factors and health outcomes
were modeled, but only 1 study included overall diet quality as a risk factor. Information about validation was only reported in 19 of 56 studies and
few studies (14/56) analyzed the equity impacts of policies. Commonly included cost components were health sector (52/56) and public sector
implementation costs (35/56), as opposed to private sector (18/56), lost productivity (11/56), and informal care costs (3/56). Most dietary policies
(103/136) were evaluated as cost-saving independent of the applied costing perspective. An analysis of the main limitations reported by authors
revealed that model validity, uncertainty of dietary effect estimates, and long-term intervention assumptions necessitate a careful interpretation of
results. In conclusion, simulation modeling is widely applied in the economic evaluation of population-based dietary policies but rarely takes dietary
complexity and the equity dimensions of policies into account. To increase relevance for policymakers and support diet-related disease prevention,
economic effects beyond the health sector should be considered, and transparent conduct and reporting of model validation should be improved.
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Introduction To improve population health, many national and local

Noncommunicable diseases (NCDs) are the leading cause of
morbidity and mortality, responsible for 73% of deaths and
62% of disability-adjusted life-years (DALYs) globally (1, 2).
They also result in a staggering economic burden affecting
health care systems and societies at large (3, 4). Unhealthy
dietary behavior (especially high salt, sugar, and trans fatty
acid (TFA) intake; low intake of fruit and vegetables; and
high consumption of energy-dense foods) is one of the main
modifiable risk factors for cardiometabolic NCDs, such as
cardiovascular disease (CVD), type 2 diabetes, and obesity,
as well as certain types of cancer (5).

governments implement population-based dietary policies
such as nutrient or food (group)-specific taxes and subsidies,
mandatory nutritional standards, or packaging requirements
(e.g., labels or size caps), which can be more affordable,
sustainable, effective, and cost-effective than downstream
prevention or chronic disease care (6-11).

For the economic evaluation of these policies, simulation
modeling methods such as comparative risk assessments
(CRAs), Markov cohort, or microsimulation models can
be used to (ex ante) estimate potentially complex long-
term health and economic effects under different scenarios
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and policy options (12). Building on the most recent
evidence, these methods can integrate data on relevant
dietary components, risk factors, and NCDs from different
sources, represent population heterogeneity, and incorporate
various uncertainties (12, 13). Because NCD outcomes
manifest over decades and policy implementation costs
arise immediately, projections from simulation models can
provide an important basis for public policy decisions in the
absence of direct observational or experimental evidence.

Although simulation models that use an epidemiological
model structure to perform economic evaluations of public
health interventions—so-called public health economic sim-
ulation models [as defined by Briggs et al. (12)]—have been
extensively applied in the evaluation of dietary policies (14—
16), no systematic assessment and critical appraisal of these
studies has been performed (17).

The application of scoping review methodology gives us
the opportunity to discuss the range of applied modeling
methods, evaluated dietary policies, important contextual
factors, and modeling assumptions and limitations in a
more open format. The results of this work are relevant for
policymakers and applied researchers seeking to conduct and
judge dietary policy evaluations.

This systematic scoping review aims to 1) map appli-
cations of public health economic simulation models in
population-based dietary policy, 2) examine model types
that are applied, and 3) discuss the context and limitations
of economic evaluations of dietary policies using such
models, highlighting gaps and opportunities. We also provide
detailed information on important model types and their
exemplary implementation in the Supplemental Material.

Methods

In this systematic scoping review, we accounted for 3 levels
of information: modeling studies, model applications, and
model types. We created a systematic overview and mapping
of modeling studies and model applications within them. A
model application was defined as the public health economic
simulation model-based evaluation of a dietary policy in a
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specific country within a modeling study. We extracted high-
level information about each model application with regard
to policies and aimed to identify patterns, limitations, and
gaps in published research.

In the Supplemental Material, we have described the
conceptual model structure, modeling methods, risk factor-
outcome mechanisms, main assumptions, limitations, vali-
dation information, and transparency of exemplary imple-
mentations of important model types in more detail.

PRISMA-ScR and protocol

We followed published methods for the conduct of scoping
reviews and reported this review according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) checklist (18-
21). Our protocol was prospectively registered on the Open
Science Framework on 4 February 2020 (osf.io/63kpu and
Supplemental Methods 1), to which we refer the reader for
an extensive account of the methods used in this systematic
scoping review.

Eligibility criteria

We included articles if they were 1) original studies, 2)
conducting an economic evaluation of 3) explicitly specified
population-based dietary policies, and 4) using 1 or more
public health economic simulation models.

We used the term economic evaluation in accordance
with Drummond et al. (22) denoting the comparative
analysis of health outcomes and costs under different policy
scenarios.

A population-based dietary policy was defined as a policy
with the aim of improving the nutritional status of the general
population (adults and children or adults only) on a national
or sufficiently large subnational geographic and legislative
level, as opposed to specific subgroups, high-risk individuals,
or settings. Although dietary policies at a subnational level
(e.g., city) might differ from national policies, we included
studies evaluating these policies to account for the varying
legislative authority of different levels of government in some
countries (e.g., taxation at a city level).

Public health economic simulation models are defined
in line with Briggs et al. (12) as simulation models that
combine an epidemiological model structure with disease
cost and health state utility information to perform economic
evaluations of public health interventions or policies.

We excluded articles focusing on children, refugees, food
system workers, or indigenous people and very specific
settings (e.g., workplace cafeterias). This is justified because
dietary policies specifically aimed at population subgroups
such as children require different, although nonetheless
important, policy (and potentially modeling) approaches,
which were beyond the scope of this review (23).

In line with our protocol, we decided post hoc to
further exclude studies evaluating food-fortification policies
or applying macro-econometric modeling.

We treated validation studies of simulation models in
the context of dietary policy and publications or reports
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Records identified through
database searches
(n=9171)

Additional records identified
through other sources
(n=0)
|

A 4

Records after duplicates removed (n = 6845)

Records excluded through

Full-text articles
assessed for eligibility
(n=131)

Title/Abstract screening (n = 6714)

I

Relevant articles identified (n = 54)

A

Additional articles identified (n = 22):
Backward citations: 13
Forward citations: 9

Total articles identified (n = 76):
Modeling studies: 56
Supporting documents: 20
Validation studies: 1
Methods or technical reports: 12
Reviews: 7

Modeling studies included (n = 56)

Unique applications (n = 136)

FIGURE 1

concerned with simulation modeling methods in general as
supporting documents that were not included in the mapping
process. An overview of these can be found in Supplemental
Table 1.

Information sources and search strategy

We searched the bibliographic databases Embase, MED-
LINE, and EconlLit for potentially eligible articles and applied
forward and backward citation searching to all eligible

articles (Figure 1).
The search strategy was pre-tested and comprised 4

broad categories of search terms: diet, policy, economic
evaluation, and simulation modeling. Search results were
limited to original studies and reviews published in English
between 1 January 2005 and 4 February 2020 (Supplemental
Methods 2).

Full-text articles excluded (n = 77):
Population:
Children only: 8
Indigenous people only: 2
Refugees only: 1
Food system workers only: 1
Specific settings only: 1
Intervention:
Food fortification: 5
Counseling or primary care: 5
No specified dietary policy: 19
Interventions not separable: 1
Other:
No economic evaluation: 22
Macro-economic model: 5
Econometric analysis: 2
Not single country: 1
Single year time horizon: 2
Study protocol: 2

PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Selection of sources of evidence, data charting, and
data items

Two review authors (KMFE-E FMK) independently
screened the titles and abstracts of potentially eligible articles
using Rayyan (24). Conflicts were resolved by consensus
and, in the case of continued disagreement, by discussion
with a third review author (ML).

One review author (KMFE-F) extracted data from
modeling studies, model applications, and model types
using a predefined data-extraction form, and all extracted
items were checked by a second review author (FMK)
(Table 1; Supplemental Table 2 and Supplemental Meth-
ods 3). Important definitions and key terms are defined
below.

For definitions related to cost and costing perspective,
we adhered to recommendations from the Second Panel on
Cost-Effectiveness in Health and Medicine (25). In health
economics, the costing perspective defines the scope and cost
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components of an economic evaluation depending on the
relevant stakeholders and payers.

Due to inconsistencies in reporting and definitions, we
re-defined the costing perspective for each study according
to the following hierarchy. Studies including only health
sector costs were assigned a “health sector” perspective.
Studies additionally including public sector policy imple-
mentation costs were assigned an “extended health sector”
perspective. Studies further including private sector policy
implementation costs were assigned a “limited societal”
perspective, and finally, studies also including productivity
costs were assigned a (full) “societal” perspective. All costing
perspectives include the cost components of the respective
less-extensive perspective.

To be consistent, we defined savings as negative costs,
reported net costs where possible, and did not report the
numerical value of negative incremental cost-effectiveness
ratios (ICERs). The ICER is a measure combining incremen-
tal health gains with incremental costs [e.g., additional cost
per quality-adjusted life-year (QALY) gained] that has no
meaningful interpretation below zero (79).

We also classified policies according to NOURISHING,
a framework from the World Cancer Research Fund pro-
viding global-level recommendations for dietary policy, and
categorized them based on a definition from McLaren et al.
(80) according to which population-based policies can fall on
a continuum from agency (referring to individual ability to
make the choice to act) to structure (referring to institutions
and norms that shape individual behavior).

Finally, we indicated whether validation information was
available for studies, which was defined as information
about any type of conceptual, computer implementation,
or internal or external operational validation procedure, as
defined by the Assessment of the Validation Status of Health-
Economic decision models tool (81).

Critical appraisal

We deviated from our protocol and—although not con-
sidered essential for scoping reviews—undertook a quality
appraisal of the included modeling studies. We extended
the Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) checklist for the adequate reporting
of economic evaluations (82) based on recent recommen-
dations made by the Second Panel on Cost-Effectiveness in
Health and Medicine (83) and a checklist developed for the
quality assessment of nutrition simulation models (84). The
revised checklist contains a total of 31 items that were rated
as fulfilled, partially fulfilled, or not fulfilled (Supplemental
Methods 4).

Synthesis

Results were synthesized in narrative, tabular, and graphical
mapping formats. We summarized studies according to
publication year, country, quality, model types, modeled risk
factor-outcome pathways, model validation information and
uncertainty, reported health, cost and cost-effectiveness out-
comes, and limitations reported by authors. We summarized

1982 Emmert-Fees et al.

model applications according to policy types and nutritional
targets.

To visualize the results of the mapping, we used circos
(Figure 2), alluvial (Figure 3), and bar (Figures 4 and 5)
plots. Circos plots enable the visual representation of condi-
tional frequencies of variables. In our case, the application
frequency of nutritional targets can be analyzed conditional
on policy and model type. Alluvial plots follow a similar
rationale and are chosen here to intuitively visualize the
frequency with which risk factor to outcome pathways have
been modeled.

Results

A description of the included modeling studies and model
applications in the first stage is given in Table 1. Additional
information is available in Supplemental Tables 1 and 2.

Flow diagram

We identified 9171 records, of which 6845 remained after
de-duplication. Of 6845 titles and abstracts screened, 131
articles were assessed, and 54 subsequently deemed eligible.
Finally, through backward and forward citation searching, 22
additional articles were identified of which 2 were eligible and
20 classified as supporting documents (Figure 1). In total,
we included 56 modeling studies performing an economic
evaluation of dietary policies, which contained 136 model
applications after disaggregation.

General information

Of the 56 modeling studies included in the first stage,
88% were published after 2010, with a clustering of studies
after 2015 and 15 studies published very recently in 2019
(Supplemental Figure 1).

Fourteen studies modeled dietary policy in Australia (30,
33-36, 38, 39, 42, 43, 46, 59, 65, 72, 73); 14 in the United
States (15, 16, 28, 31, 45, 48-50, 55, 56, 61, 71, 74, 77); 6 in
England (14, 26, 27, 37, 40, 47); 4 each in South Africa (14,
51, 52, 68), New Zealand (32, 57, 58, 78), and Mexico (14,
29, 66, 67); 3 in Argentina (62-64); 2 each in Syria (54, 76)
and China (14, 75); and a single study each in Vietnam (41),
Turkey (54), Tunisia (54), Russia (14), the Netherlands (44),
the Philippines (69), Palestine (54), India (14), Germany (70),
the European Union (53), England and Wales combined (60),
and Brazil (14). Two of the US studies were from single states,
one from Maine (50) and one from California (55). One
study from Argentina involved only the city of Buenos Aires
(62).

Quality appraisal

Approximately half of the studies (29/56) fulfilled 90% or
more of all quality criteria on our checklist at least partially.
Across all studies, model validation (item 22), transparency
reporting (item 23), and characterization of heterogeneity
(item 27) were the least reported items. Beyond these,
the primary reasons some studies achieved less than the
aforementioned threshold were an incomplete description
of the event pathway (item 18), not defining the software
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microsimulation; MSLT, proportional Markov multistate life table; Nut comp, overall nutrient composition; Nut subs, Nutrient substitution;
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used to implement the model (item 19), nondisclosure of
conflicts of interest (item 31), and not identifying the study as
an economic evaluation in the title (item 1) (Supplemental
Table 3).

Dietary policies

Across all 136 model applications, at the most granular level,
78 unique policies (e.g., cancer risk labeling of processed
meats, “2 fruit 5 veg every day” campaign) were evaluated.
We clustered these (post hoc) into 15 broader policy types
based on core policy mechanisms (Table 1 and Figure 2),
comprising the following concepts and their combinations:
reformulation (n = 33 applications); tax (n = 27); labeling
(n = 20); promotion campaign (n = 14); subsidy (including
incentive policies) (n 8); tax and subsidy (n 8);

total ban (n = 7); promotion campaign, labeling, and
reformulation (n = 6); labeling and reformulation (n = 3);
promotion campaign and reformulation (n = 2); nutrient
substitution (n = 2); size cap (n = 2); promotion restriction
(n = 1); subsidy and total ban (n = 1); and supply shortage
(n=1).

Nutritional targets

Overall, 29 unique nutrients, food groups, or their combina-
tions were targeted by policies. We broke these down into 15
core nutritional categories, which reflect key policy targets
analyzed in the included studies. By this means, we reduced
the number of categories but still ensured that similar
nutrients or food groups addressed using distinct types of
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FIGURE 3 Alluvial plot of implemented diet, risk factor, and outcome pathways across all studies. Reading from left to right. Based on 56
modeling studies. The number of modeled pathways per study varies. Vertical axis (number of pathways) not shown. Color coding of
outcomes shows exclusive pathways. AHEI, Alternative Healthy Eating Index; BP, blood pressure; Chol, cholesterol; CVD, cardiovascular
disease; FV, fruit and vegetables; QALY, quality-adjusted life-year; SSB, sugar-sweetened beverage; TFA, trans fatty acid; TG, triglycerides.

policies were separated. These categories were (combinations
are disaggregated): salt/sodium (n = 61 applications), sugar-
sweetened beverages (SSBs) (n = 31), fruit and vegetables (n
=15), TFAs (n = 10), overall nutrient composition (n = 10),

1984 Emmert-Fees et al.

fat (n = 8), sugar (n = 4), healthy foods (n = 3), processed
meat (n = 2), snacks and sweets (n = 2), saturated fat (n = 1),
cholesterol (n = 1), unhealthy foods (n = 1), and energy
intake (n = 1) (Figure 2).
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Few model applications (23/136) evaluated policies that
were specifically restricted to subgroups such as sodium
in breads, processed meats, and sauces [e.g., Nghiem et al.
(57)].

When analyzing the combination of policy types and
nutritional targets, some patterns emerged. First, economic
evaluations of policies aiming to reduce SSB intake mainly
focused on taxes (Figure 2). Very few evaluated other SSB
policy types such as serving-size caps. Second, economic
evaluations of salt/sodium and TFA policies focused almost
exclusively on 2 types of strategies: structural policies
such as reformulation or total bans and predominantly
agentic policies such as labeling (Figure 2). Third, the
evaluated policies that addressed an insufficient intake of
fruit and vegetables were either promotional campaigns
or subsidy policies, sometimes combined with a tax on
other unhealthy nutrients and food groups (Figure 2 and
Table 1).

Model types
We identified 4 major types of simulation models used for the
economic evaluation of population-based policies addressing

these nutritional targets (Table 1). Markov cohort models
combined with a proportional multistate life table were
the most popular approach used in 18 studies. Seventeen
studies used standard Markov cohort models, 11 studies
applied microsimulation, and 7 studies used CRA methods.
In addition, 1 study used results from a Markov multistate life
table approach as inputs for a microsimulation. For 1 study,
the model type was unknown.

Figure 2 visualizes patterns of model type, policies, and
nutritional targets. Starting at the bottom left and following
the respective color code of each model type, the circos
plot displays the application frequency with which, for
example, Markov models (blue-gray) have been used to
evaluate taxes (upper right side), which addressed SSBs
(bottom).

CRA (purple) and Markov cohort models (blue-gray)
have mainly been used to evaluate salt/sodium or TFAs
using reformulation, labeling, or promotional campaign
policies, including their combinations. Markov multistate life
table models (turquoise) were primarily used for SSB taxes
and reformulation strategies. Microsimulations (green) were
regularly applied to more complex policies (e.g., tax and
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subsidy) that targeted more diverse food groups (e.g., healthy
and unhealthy foods).

Model risk factors and health outcomes
The range of implementations across all model types
and modeling studies covered the main diet-related car-
diometabolic outcomes, cancer, osteoarthritis, cirrhosis of
the liver, and dental caries. Sorted by frequency, the health
outcomes modeled most often were CVD [e.g., angina,
heart failure, coronary heart disease (CHD)] (n = 46
studies), stroke (n = 37), type 2 diabetes (n = 24), different
cancers (e.g., endometrial cancer, colon cancer) (n = 17),
osteoarthritis (n = 10), obesity (n = 4), dental caries (n = 3),
and cirrhosis of the liver (n = 1) (Supplemental Table 1).
The mean number of health outcomes included in a given
modeling study varied widely depending on model type:
Markov multistate life table models incorporated, on average,
4.8 health outcomes; microsimulations, 2.9; standard Markov
models, 2.3; and CRA models, 1.6. Two studies modeled only
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a single health outcome, although evaluating policies with
extensive health effects, thus potentially underestimating
cost-effectiveness (51, 52).

Few studies (11/56) modeled only the direct relation
between nutritional targets and health outcomes (e.g., TFA
intake — CHD). Beyond direct pathways, 7 intermediate risk
factors (e.g., salt/sodium intake — blood pressure — CHD)
were included in modeling studies: BMI (n = 30 studies),
blood pressure (n = 26), cholesterol (i.e., HDL, LDL, or
total cholesterol) (n = 14), smoking behavior (n = 12), type
2 diabetes (risk factor for CVD) (n = 11), the Alternative
Healthy Eating Index (n = 1), and triglycerides (n = 1).

Figure 3 shows how often nutritional target — risk factor
— outcome pathways were explicitly considered in the
studies included in this review. This means, for example, that,
although 26 of 56 studies included blood pressure as a risk
factor, blood pressure presents a small share of all pathways
modeled because it is mainly relevant for salt/sodium and
CVD or stroke. BMI, on the other hand, is not only often



included as a risk factor in dietary policy evaluations but
also serves as the main intermediate risk factor for many
nutrition-health outcome pathways in these studies.

Model validation and uncertainty

Validation information was reported in less than half (19/56)
of the modeling studies. The remainder only referred to
other studies for methodological documentation without
justifying the deduced validity of the respective model or did
not report on this aspect. Although most studies included
a paragraph briefly describing modeling methods, compre-
hensive supplementary material transparently presenting the
model structure and underlying equations was often lacking
(Supplemental Table 3).

Uncertainty in outcomes was assessed in all but 1 study
(66). Most (36/56) studies addressed parameter uncertainty
(second-order uncertainty) (13) using probabilistic sensitiv-
ity analysis with sampling from parameter distributions (i.e.,
Monte Carlo sampling). Deterministic sensitivity analysis
with variation of parameters across predefined ranges was
performed in 8 studies. All 11 microsimulation models
assessed overall uncertainty of estimates by incorporating
individual-level stochastic uncertainty (first-order uncer-
tainty) and parameter uncertainty (second-order uncer-
tainty) simultaneously (Supplemental Table 1).

Population health measures and equity

Reported population health measures were categorized into
epidemiological metrics (i.e., incidence, prevalence, and
mortality), health-adjusted or unadjusted life-years [i.e.,
QALYs, DALYs, health-adjusted life-years (HALYs), life-
years (LYs), and life-years gained (LYG)], and life expectancy
and other measures (i.e., person-years, total cases, health
care utilization). Incidence and mortality were the most
commonly reported metrics (59 and 44 reports, respectively)
(Figure 4A and Table 1). QALYs were reported in 21 of 56
studies, and 19 of 56 studies reported DALYs. Six and 12 of
56 studies reported HALYs and LYs or LYG, respectively. A
single study estimated a change in life expectancy (Figure 4B
and Table 1).

Only a few studies (13/56) conducted a quantitative
equity analysis and assessed the potentially heterogeneous
impact of dietary policies on health and economic outcomes
according to age (32, 57, 58, 60, 61, 70, 78), sex (32, 57,
58, 61, 70, 78), ethnicity (32, 57, 58, 61, 78), area-based
deprivation (26, 46, 47, 60), or income (55, 68-70). One study
qualitatively examined the equity aspects of an SSB tax (49)
(Table 1).

Beyond these, some studies (22/56) reported health
or cost outcomes stratified by sociodemographic variables
without specifically aiming to analyze the impact on health
inequalities, from which equity considerations may nonethe-
less be derived (Table 1).

Cost components and evaluation perspective
Almost all studies (52/56) included formal health sector costs
in their economic analysis, although not all these studies

included disease cost offsets (i.e., potential future treatment
cost savings) (Figure 5 and Table 1). Informal health sector
costs (i.e., informal care and time costs) were only included
in 3 studies.

Regarding costs outside the health sector, implementation
costs (e.g., legislation) in the public sector were considered by
35 studies, whereas 18 studies included implementation costs
in the private sector (e.g., product reformulation, package
design).

Only 11 studies included costs resulting from lost pro-
ductivity (e.g., unemployment, absenteeism, presenteeism)
(Table 1), of which the majority (9/11) used a partial or full
human capital [lost productivity is calculated based on all
potential earnings lost due to illness (employee perspective)]
as opposed to a friction costing approach [lost productivity is
calculated based on potential earnings lost during a friction
period until replacement by another employee (employer
perspective)].

After redefining costing perspectives, we found that 17
studies used an extended health sector perspective, 12 studies
a societal perspective, 10 studies used a limited societal
perspective, 9 studies used a health sector perspective, 4
studies applied the generalized cost-effectiveness analysis
(GCEA) framework from the WHO (85), and 2 studies
evaluated costs from a government perspective. For 10
studies the choice of perspective was not reported and
derived by the author team based on the included cost
categories (health sector: n = 3; limited societal: n = 5;
societal: n = 1; UK National Health Service: n = 1). A
comparison between multiple costing perspectives was only
performed by 6 studies (Table 1).

Population health measures in relation to cost

Of 56 studies, 32 reported an ICER, and 3 additionally
reported the net monetary benefit of policies (Table 1).
The net monetary benefit combines the ICER with the
willingness of a society to pay for a certain gain in health
utility, thus placing a monetary value on health, and enables
direct national comparisons across diseases and policies. One
caveat is that some authors might have chosen not to report
ICERs because the evaluated policy was cost-saving, making
interpretation infeasible (79).

As we did not adjust reported cost values for purchasing
power parity, we were not able to directly compare cost-
effectiveness, cost-utility, or cost-benefit between policies
and countries. Instead, we indicated whether studies consid-
ered the policy under evaluation to be cost-saving.

Independent of the perspective chosen, a majority of
applications (103/136) considered the dietary policy under
evaluation to be cost-saving (Table 1). For 3 model ap-
plications, a comparison of costing perspectives led to the
policy being cost-saving from the more extensive perspective
(45, 56).

Limitations reported by authors
We used limitations reported by the authors of the in-
cluded modeling studies to synthesize considerations for
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dietary policy evaluations that use public health economic
simulation models. The following 6 major themes were
identified (see Table 1 for details per study): 1) validity and
uncertainty of effect estimates (e.g., relative risk of disease
per 5 g nuts and seeds intake/d) from observational studies,
which might lead to overestimation of health gains due to
false positives; 2) nonconstant intervention effectiveness and
limited long-term real-world impact through unpredictable
behavioral changes and secular trends; 3) information biases
in underlying epidemiological population data, which may
distort conclusions (e.g., underreporting of food intake);
4) disregard of lost productivity and potential tax revenue
re-investment (i.e., earmarking), which leads to underes-
timation of health and economic impacts; 5) disregard of
equity dimensions of policies; and 6) lacking assessment of
structural model uncertainty.

Discussion

Main findings

In this systematic scoping review, we mapped economic
evaluations of population-based dietary policies using pub-
lic health economic simulation models. We identified a
large body of literature with 56 modeling studies con-
sisting of 136 applications covering 21 different coun-
tries or regions. The policies under evaluation addressed
a wide variety of population-based approaches to diet-
related NCD prevention with different levels of granularity.
Various types of public health economic simulation models
such as Markov cohort models and individual-level mi-
crosimulation were applied with distinct patterns emerging
(Figure 2). Overall, the most important NCDs and risk
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factors with dietary relevance were covered, albeit only 1
study included a summary measure of diet quality (i.e.,
the Alternative Healthy Eating Index) as an intermediate
risk factor (Figure 3). Uncertainty was assessed in most
studies, but only a few documented internal or external
validation procedures. Our analysis of authors’ limitations
identified substantial challenges, particularly regarding va-
lidity of effect estimates and long-term dietary policy
effects.

A logic model of economic evaluations in dietary policy
Based on our mapping process, we developed a logic
model that describes how dietary policy evaluation is
operationalized in public health economic simulation
models (Figure 6). It visualizes the implicitly causal
structure that studies assume to model dietary policy
impacts.

We enhanced the logic model with aspects discussed in
the literature on dietary behavior and policy evaluation that
were not covered by the included studies. For this, we used
the results of a systematic interdisciplinary mapping on the
determinants of food behavior from the Knowledge Hub on
the DEterminants of DIet and Physical Activity and a recent
review of dietary policy as guidance (86, 87). We aimed to
highlight factors that go beyond what was modeled in the
reviewed studies.

The logic model provides a visual reference throughout
the next sections to help discuss our results compared with
a prototypical model. It thereby provides a connection to
broader implications of dietary policy evaluation.



Population-based dietary policies and nutritional
targets

In this review, 4 major policy types were covered with
different mechanisms to improve population diets and
economic aspects of implementation:

First, population education policies such as health-
promotion campaigns that aim to educate individ-
uals to change their behavior but can be very costly
to maintain on a larger scale (88).

Second, policies modifying point-of-purchase infor-
mation such as nutrient-specific labels, which
seek to passively increase public awareness of
healthy dietary choices and rely more on structural
elements of consumer choice. The implementation
of voluntary or mandatory labels can be politically
challenging, with the majority of implementation
costs typically borne by the private sector (89).

Third, reformulation policies, which set quality stan-
dards for food processing and limit additives such
as sugar, salt, and TFAs. Such policies can be
more effective than consumer information with
minimal public and private sector costs once they
are established (88).

Finally, fiscal policies including taxes, subsidies, and
other financial incentives, which rely on individual
sensitivity to price changes and generate revenue
that can be earmarked for other health policies
(90).

Although a large variation in food groups and nutrients
relevant to NCD prevention was evaluated in this review, 71
of 136 applications evaluated reformulation or fiscal policies
in relation to salt/sodium or SSBs (Table 1 and Figure 2).
While these are responsible for a large share of the burden
of NCDs, the corresponding etiologic pathways are well
established, and many countries consider or have already
implemented such policies, they represent only part of the
broader picture on population-based dietary policy (91)
(Figure 6).

From a nutritional point of view, this represents a
degree of undercomplexity in the structure of public health
economic simulation models considering newer findings
on the relevance of the overall nutrient composition of
foods, interaction of those nutrients, and dietary quality
beyond macronutrients (87) (Figure 6). Only 1 study in this
review (16) uses a summary measure of diet quality (i.e.,
the Alternative Healthy Eating Index) as a risk factor, and
2 studies evaluate policies targeting a distinct set of healthy
and unhealthy foods as defined by recent evidence (48, 56)
(Table 1).

Similarly, only 14 policy applications focus on foods
that were processed in some form (Table 1). Although the
evidence of the direct effect of food processing on human
health is not fully understood, ultra-processed foods typically
have high energy density and contain high amounts of
unhealthy fats, sugars, and sodium (92-94). Policies ad-
dressing food processing and processed-food consumption

may play an important role in NCD prevention (95) and
should be supported by economic evaluations to assess their
compatibility with other strategies (Figure 6). A caveat is
that studies evaluating dietary policy in children (which were
excluded in this review) are likely to focus on more processed
foods (96).

From a policy perspective, there is a scarcity of evaluations
of multicomponent policies combining structural and agen-
tic elements, the cost-effectiveness of which is of great rele-
vance for effective large-scale NCD prevention (10, 88, 97).
Yet, only 11 of 136 applications evaluated such combinations
of policies. A comprehensive strategy could, for example,
use different taxes, subsidies, and accompanying information
campaigns together with advertisement restrictions (87, 88).

Only a few studies included in this review evaluated
dietary policies in low- and middle-income countries [as
defined by the Development Assistance Committee of the
Organization for Economic Co-operation and Development
(98)]. Although likely the result of our search strategy
restriction to articles published in English, this might be
also related to the high data requirements and resources
needed to conduct economic evaluations of dietary poli-
cies using simulation modeling (14). This is important as
obesity rates and the double burden of malnutrition are
rising across the globe, increasing the need for evidence
of cost-effective preventive policy options in all settings
(99).

Key economic aspects for the evaluation of
population-based dietary policies

Adherence to guidelines for health economic evaluation
regarding the definition of costing perspectives and inclusion
of cost categories was inconsistent across the reviewed
studies. Because costing perspective is a key information
for decision makers, consequent adherence to research and
reporting standards including a discussion of deviations from
them is important (82).

In the economic evaluation of population-based policies
for the prevention of NCDs, costs beyond the health care
sector (i.e., beyond future treatment savings) make up a
substantial share of total costs and should be considered
(100, 101). Yet, only a few studies include consequences for
labor market outcomes or workplace productivity (e.g., early
retirement, absenteeism, presenteeism).

Studies that compare different costing perspectives [e.g.,
Kim et al. (45)] show that the adoption of a societal
perspective can substantially increase projected net savings
from dietary policies (Table 1). One caveat to this is that
lost productivity can be calculated in 2 ways, human capital
versus friction cost, yielding different results, the respective
superiority of which is a subject of ongoing debate in health
economics.

The choice of a health sector perspective itself—and
thus the exclusion of costs from lost productivity—does not
constitute a limitation from a health economics viewpoint.
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But, because of the population-based character and corre-
sponding large-scale impact of many dietary policies, a soci-
etal perspective seems most appropriate, and comparison of
multiple perspectives is recommended (25). Because inertia
in knowledge exchange between policy sectors often leads
to an underestimation of the economic benefits of health-
promotion efforts, quantifying costs beyond the health care
sector is crucial for dietary policy implementation (102)
(Figure 6).

The 2 most important cost categories accruing during
the implementation of population-based dietary policies are
private and public sector policy costs. These are distinct from
intervention costs in community or clinical settings.

Private sector costs are mainly relevant for policies where
businesses must adjust production procedures, recipes, or
package design, such as reformulation and packaging reg-
ulations (including labeling). Valid estimation of private
sector implementation costs is complicated by conflicts of
interest and nondisclosure on the part of the food industry.
Although some studies use government tools to approximate
private sector costs (15, 61), most evaluations do not consider
them or use very rough calculations linked to public sector
implementation costs (e.g., setting them equal).

Depending on the type of policy, public sector imple-
mentation costs are the only cost driver of population-
based policy and thus should be considered carefully.
Yet, implementation costs of, for example, a tax, although
implicitly appraisable by assuming hypothetical legislation
costs, can only be calculated very roughly.

Public health economic simulation model types and
dietary policy evaluation
Types of public health economic simulation models in this
review cover a wide range of cohort- and individual-level
approaches from generic single-use Markov models [e.g.,
Dalziel and Segal (39)] to established and continuously
developed microsimulation models [e.g., Huang et al. (15)].
Although there is no one-size-fits-all solution, relatively
simple approaches, such as CRAs, may give similar results,
compared with, for example, a complex microsimulation,
for a given policy evaluation depending on the granularity
of the policy itself (12). Comparative modeling studies
can support the assessment of this structural uncertainty
and strengthen the trust for model-based evidence (see
"Transparency and open science in dietary policy evaluation”
below). However, for the modeling of very specific dietary
policies, which, for example, target subfood groups or rely
on mechanisms that require time- and event-dependent
interaction (e.g., substitution), individual-level models are
generally more suitable. Additionally, the availability of data
and requirements for the timely, transparent communication
of results with stakeholders all influence the choice of model
type beyond purely methodological considerations (103).
An important observation is that, in recent years, there
hasbeen a tendency toward increased model complexity with
the detailed simulation of individual risk factor and disease
trajectories accounting for diverse socioeconomic features.
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The primary reason for this may be increasing availability of
computational resources and granular input data required to
conduct such sophisticated simulations.

We did not identify studies using model types that
enable individual environment interaction (e.g., agent-based
simulation) or resource constraints (e.g., system dynamics
models). For some dietary policies, agent-based models
might be preferred, as they allow the integration of a more
valid representation of consumer environment behavior,
thus producing important insights into policy impacts
(12). Although increasingly sophisticated simulation models
require even more granular input data and very specific, but
nonetheless valid, parameters, these methods could be better
suited for the evaluation of some policy types.

Validity considerations for dietary policy evaluation
Apart from the choice of model type, key considerations
for dietary policy modeling are, first, the quality of dietary
data, and second, the reliance on effect estimates from
observational studies.

Individual dietary data on the consumption of foods
and intake of nutrients within a predefined time period are
one of the most important inputs for the reviewed models.
However, reliable and valid collection of these data, which are
typically collected using food-frequency questionnaires, 24-h
dietary recalls, food diaries, or food-purchasing information
is complicated and susceptible to information biases such as
social desirability bias (104). In the case of purchasing data,
food waste may need to be considered (105, 106). Although
considerable efforts are made to mitigate these biases and
intake data can be adjusted for (e.g., underreporting), this
remains an important limitation (107).

Further, nonrandomized studies can produce biased
results, especially in the field of nutritional epidemiology
(108) and thus have to be interpreted with caution. Although
some pathways, as discussed above, can be seen as causal, a
better understanding of the health effects of dietary patterns
and overall diet quality is needed (87). On the other hand,
randomized controlled trials of dietary interventions have
particular challenges, sometimes resulting in questionable
external validity for real-world policy (109).

A central limitation with all modeling studies in this
review remains (long-term) external validity, which is usually
performed by comparing model projections with observed
data that were not part of the model fitting process (110).
As most of the dietary policies evaluated are not actually
implemented, outcomes are projected far into the future,
and factors beyond dietary policy influence disease inci-
dence, statements about substantial health gains need to be
interpreted with caution. Therefore, future studies need to
quantify the health and economic effects that are attributable
to implemented dietary policies once sufficient time has
passed for the corresponding health outcomes to potentially
be prevented (111).

Translation from experimental evidence of potential
policy mechanisms to real-world policy impacts is not always
easy to establish. For many types of dietary policies, these



mechanisms, such as consumer reactions to changes in price,
are well researched (112). Yet, policymakers may draw only
preliminary conclusions from these studies which, in the
absence of alternatives, are also often the foundation for effect
estimates used in simulation studies. It is therefore crucial
for stakeholders and researchers to evaluate every step of the
logic pathway (Figure 6) from policy to health and economic
outcomes in a real-world setting.

Early international evidence suggests that some policies
indeed work as intended (e.g., taxes on SSBs increase
prices and decrease SSB consumption) but a translation
to measurable real-world health outcomes is yet to be ob-
served (113-115). Complementary ex post evaluations using
econometric causal inference methods such as difference-in-
difference or synthetic control approaches on observational
data can help improve the evidence base in this regard
(116).

One issue particularly compromising long-term validity
may be that authors sometimes assume stable long-term
effects over unrealistic time horizons (e.g., lifetime of the
population) without including rebound effects. For some
policies, such as health-promotion campaigns, which might
be implemented iteratively, diminishing re-intervention ef-
fects need to be considered as well.

Transparency and open science in dietary policy
evaluation

To mitigate some of the above-mentioned issues, trans-
parency and adherence to quality standards in the conduct
and reporting of studies using public health economic
simulation modeling are important. Published models need
to be explicit about all their assumptions and limitations
pertaining to policy effects, input data, and validation. The
provision of comprehensive supplementary material and the
public sharing of code on online repositories such as GitHub
or the Open Science Framework are key components of this
transparency.

Although some frameworks for the quality assessment
of simulation models and economic evaluations using such
models exist, these are primarily aimed at application in
health technology assessment (25, 117).

For this reason, we extended and adapted the established
CHEERS checklist for the quality appraisal of economic
evaluations as described in the Methods section. Even though
this revised checklist is not validated by experts, it can
serve as a preliminary baseline to judge and compare the
overall quality of economic evaluations of dietary policies
using public health economic simulation models. Through
the inclusion of key considerations for simulation modeling
and dietary policy evaluation such as validation, calibration,
and transparency and making explicit the dietary target and
policy under consideration, it enables the identification of
high-quality studies in this review.

Nonetheless, work toward a consistent set of guidelines
specifically for public health economic simulation modeling
of NCDs with clear recommendations for relevant behavioral
and proximal risk factors, diseases, and health outcomes,

including complementing guidelines for economic evalua-
tions, should be considered. For this purpose, the Mt. Hood
Diabetes Challenge Network could serve as an example (118).
This might imply a considerable effort among the research
community but will support authors, peer-reviewers, and
decision makers to benchmark the quality of modeling
studies, increase comparability, and ultimately strengthen
trust in model-based projections by policymakers.

In contrast to other areas, such as infectious diseases or
cancer progression modeling, in dietary policy evaluation
no comparative modeling studies have been published so
far. Such studies compare 2 or more model types (e.g.,
microsimulation vs. Markov cohort models) or implemen-
tations of the same type (e.g., 2 independently developed
Markov cohort models with different features) using the same
input data to assess differences in outcome projections (119).
The influence of effect estimates sourced from various meta-
analyses on outcomes could also be compared.

These techniques may give important insights into struc-
tural model uncertainty, such as the choice of included risk
factors, and foster a more thorough discussion of model
assumptions and outcomes. As all “models are wrong, but
some are useful” (120), comparing different independently
developed models, using different modeling techniques, can
increase the credibility of the results in a similar way to meta-
analyses (119).

Equity and context in dietary policy evaluation

From an economic perspective, population-based preventive
policy can be a means to address an undesirable distribution
of social welfare, including health (102).

Socioeconomic factors are important in the economic
evaluation of population-based dietary policies because
dietary, health, and economic disparities are correlated across
population subgroups (Figure 6) (86). Yet, only a few studies
recognize the heterogeneous effects of dietary policies on
health outcomes across different equity dimensions, although
this was identified by some authors as a limitation to their
modeling (Table 1).

The mechanism of a policy can moderate differential
health effects according to dimensions such as age, gender,
race, and income (80). As an example, because low-income
groups have a higher baseline consumption of taxed un-
healthy products and a higher price elasticity of demand,
taxation strategies can be regressive—having a larger impact
on those with low incomes—depending on their design
(112).

Acknowledging this can not only reduce health disparities
through dietary policy by, for example, earmarking part of
a tax revenue generated for nutrition programs supporting
communities with low dietary literacy, but also lead to more
cost-effective dietary policy by reducing the health burden in
highly-affected groups (121).

Future studies should use the flexibility of individual-
level approaches more often to explicitly model effects across
heterogeneous subpopulations and assess to what degree
dietary policies increase or decrease health inequalities. This
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can help with finding the optimal design and combination of
policies by comparing health, equity, and cost implications.

Limitations

Our review has some important limitations. First, we post
hoc excluded subsets of studies in accordance with our
protocol (Figure 1). We also excluded studies evaluating
policies addressing children and adolescents, although they
are an important target of NCD prevention efforts including
dietary policies such as healthy meals and vending machine
bans in schools. In line with this decision, we also excluded
economic evaluations of dietary policies in specific settings
such as primarily addressing individuals in high-risk groups
through dietary counseling in primary care and studies
only including other subgroups such as indigenous people.
Second, the number of epidemiological modeling studies
evaluating only the effectiveness of policies is much higher
than the number of economic modeling studies, most
of which essentially build on the same model types but
also include aspects of health-related quality of life and
costs. We might therefore have missed some potentially
viable model implementations, which could be supple-
mented with an economic module. Third, we restricted
our search to studies published in English, thus potentially
overlooking eligible modeling studies published in other
languages.

Conclusions

In conclusion, different types of public health economic
simulation models exist and are widely applied for evalu-
ations of population-based dietary policies. The reviewed
studies address most policy types, nutrients/food groups, risk
factors, and health outcomes relevant for diet-related NCD
prevention. A substantial number of applications evaluate
labeling, reformulation, and taxation policies that target
salt/sodium and sugar (including SSBs and snacks/sweets).
Few studies estimate lost productivity as part of their
economic evaluation, which is key information for stake-
holders outside the health sector. In recent years, advanced
microsimulations have been used to evaluate more complex
policies and nutritional targets, yet only partially incorporat-
ing dietary complexity beyond a single-nutrient/food-group
focus. These models are also better suited to incorporate
population heterogeneity and analyze correlated social,
health, economic, and equity impacts, which only a minority
of studies examine. The choice of modeling method is
dependent on policy type, and extensive data requirements
for individual-level models may limit application in some
contexts where good dietary and epidemiological data are
not available. Lack of knowledge about long-term interven-
tion effects, potential unintended policy consequences on
dietary behavior, and secular disease trends represent key
limitations of current economic evaluations of population-
based dietary policies. There is still considerable uncertainty
about real-world health economic policy impacts, and the
external validity of public health economic simulation
models needs to be carefully assessed based on the available
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data and future studies. Transparency in model application
and dissemination based on open-science guidelines can
increase the trust of stakeholders in the results of mod-
eling exercises and ultimately strengthen NCD prevention
efforts.
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