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Abstract

Background: Around 6% of total deaths are related to alcohol consumption worldwide. Mathematical models are
important tools to estimate disease burden and to assess the cost-effectiveness of interventions to address this
burden.

Methods: We carried out a systematic review on models, searching main health literature databases up to July
2017. Pairs of reviewers independently selected, extracted data and assessed the quality of the included studies.
Discrepancies were resolved by consensus. We selected those models exploring: a) disease burden (main metrics
being attributable deaths, disability-adjusted life years, quality-adjusted life years) or b) economic evaluations of
health interventions or policies, based on models including the aforementioned outcomes. We grouped models
into broad families according to their common central methodological approach.

Results: Out of 4295 reports identified, 63 met our inclusion criteria and were categorized in three main model
families that were described in detail: 1) State transition -i.e Markov- models, 2) Life Table-based models and 3)
Attributable fraction-based models. Most studies pertained to the latter one (n =29, 48.3%). A few miscellaneous
models could not be framed into these families.

Conclusions: Our findings can be useful for future researchers and decision makers planning to undertake alcohol-
related disease burden or cost-effectiveness studies. We found several different families of models. Countries
interested in adopting relevant public health measures may choose or adapt the one deemed most convenient,
based on the availability of existing data at the local level, burden of work, and public health and economic
outcomes of interest.
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Background

Alcohol is a cross-cutting, harmful factor considered in
the United Nations’ Sustainable Development Goals
(SDG) Agenda 2030, illustrating the issue that disease bur-
den attributable to high consumption should be effectively
addressed: SDG 3.5 aims to “strengthen prevention and
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treatment of substance abuse, including narcotic drug
abuse and harmful use of alcohol” [1]. Alcohol consump-
tion has been linked with more than 200 types of injuries
and diseases, including road traffic and domestic acci-
dents, cancer, liver cirrhosis, stroke, alcoholic cardiomyop-
athy and infectious diseases, and it has been estimated
that around 6% of total deaths could be attributable to
alcohol consumption worldwide [2]. The Institute for
Health Metrics and Evaluation (IHME) estimated that in
2016 1.6% of total disability adjusted life years (DALYs)
globally among females and 6.0% among males
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correspond to alcohol-related diseases [3]. A total 174,000
deaths were attributable to alcohol use disorders in that
year in the Global Burden of Disease project [4]. About
12% of global DALYs due to road injuries and 14—18.5%
of those due to self-harm and interpersonal violence are
attributable to alcohol use. Alcohol is also the main risk
factor for death and/or disability among people between
15 and 49 years of age in some regions of the world [3].

Alcohol consumption also generates an important
economic burden [5]. Rehm and colleagues showed that
its weighted average cost was 2.5% of GDP-purchasing
power parity (PPP) among high-income countries (such
as Canada, France, Scotland and United States); also that
its average social cost of was 2.1% of GDP-PPP for some
Asian middle-income countries (like the Republic of
Korea and Thailand), and ranged between 0.45 and
5.44% of GDP in another study [6]. However, the dis-
crepancies in the estimation methods and the cost com-
ponents hinder direct comparisons, suggesting the need
for local-level approaches. This economic toll will in-
crease for LMICs because per capita alcohol consump-
tion in these countries increases as GDP-PPP increases
[7]. However, more precise estimates of the health, eco-
nomic and social impact of alcohol are still lacking for
many countries. Mathematical modelling is one of the
principal methodologies to evaluate the potentiality of
public health interventions through simulation. It has
been increasingly used to evaluate the burden of disease
of conditions and to estimate the cost-effectiveness of
alternative healthcare interventions in order to efficiently
allocate limited resources [8]. The Organization for
Economic Cooperation and Development (OECD) has
carried out an analysis based on a simulation model
showing that several policies against high consumption
of alcohol have also the potential to reduce regular and
episodic drinking and alcohol dependence up to 5-10%
[9]. Even the most expensive alcohol policies have shown
favourable cost-effectiveness profiles. For example, brief
physician advice (assuming 50% coverage), or raising
taxes to alcohol have shown incremental cost-
effectiveness ratios well-below one per capita GDP for
many countries in all continents in a recent WHO re-
port [10].

This would lead countries towards achieving the vol-
untary goal of reducing harmful alcohol consumption by
10% by 2025, adopted by the World Health Assembly in
2013 as part of the Global Noncommunicable Diseases
(NCD) surveillance framework [11]. The ability of gov-
ernments to design, implement and evaluate compre-
hensive prevention strategies, combining the strengths of
different approaches, is critical to achieve this goal. In
this regard, simulation models have many strengths [12].
They can synthesize available evidence and provide new
evidence to inform decision making in areas where
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direct empirical research can be difficult or impossible,
they can also extrapolate beyond data observed in pri-
mary research. However, they require multiple assump-
tions and depend on a variety of input parameters,
especially epidemiological and economic ones, some of
which may be of limited quality or even non-existent in
many countries. That is why this study sought to estab-
lish which alcohol attributable disease burden and cost-
effectiveness models have been tested in the world,
based on a systematic review of the literature. Our ob-
jective was hence, to depict the main methodological
characteristics of these models to inform researchers
and technical teams in ministries of health their charac-
teristics and pros and cons; thus, facilitating the choice
of the model to use, adapt or develop in each country or
region with the available data, in order to promote pub-
lic policies aimed at reducing alcohol related problems.

Methods

We followed the Meta-analysis Of Observational Studies
in Epidemiology (MOOSE) [13] and Preferred reporting
items for systematic reviews and meta-analyses
(PRISMA) [14] statements to conduct and report the
present systematic review. The present work is part of a
larger multicentre study funded by the Ministry of
Health of Argentina. The research question was to
identify and evaluate those models to estimate popula-
tion disease burden related to alcohol consumption, and
cost-effectiveness of public health interventions aimed at
reducing it. Due to the exploratory nature of this work a
traditional PICO question format was not possible. We
undertook a systematic search up to July 2017 in the
following biomedical bibliographic databases: Medline,
LILACS, ECONLIT, Psych Info, EMBASE and
COCHRANE. Details about the electronic searches
carried out are provided in the Additional file 1. We also
hand-searched reference-lists of systematic reviews (SR)
of models and health economic evaluations for
additional information, and did prospective citation
tracking.

Selection process and eligibility

Pairs of reviewers independently selected articles initially
by title and abstract and subsequently evaluated the full
texts. Discrepancies were solved by consensus of the
whole team. For the eligibility of articles the following
inclusion criteria were established: 1) epidemiological
models that explore alcohol related disease burden
reporting attributable deaths and at least one of the
following outcomes: DALYs, Quality-Adjusted Life Years
(QALYs), or Years of Life Lost (YLLs), and 2) model-
based economic evaluations of health interventions or
policies, implemented or implementable at the city, state,
or national level that included the aforementioned
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outcomes. In addition, studies fulfilling the previous cri-
teria needed to be also comprehensive with regards to
the attributable diseases or conditions included and
cover at least three of these large areas: injuries by exter-
nal causes, mental illness, gastrointestinal disease, car-
diovascular or cancer.

The exclusion criteria were: 1) Publishing date before
the year 2000, 2) Cost-only studies, 3) Model or study
not specific to alcohol, or that assessed several effects
and alcohol was not specified separately (e.g. considered
several psychoactive substances), 4) only analysed sub-
groups (i.e. by age or sex), and/or did not refer to gen-
eral population, 5) economic evaluations based only on
randomized controlled trials (piggy back studies).

Methodological quality evaluation and data extraction
Pairs of reviewers independently extracted data using a
previously piloted data extraction form and assessed the
risk of bias in the included studies using Cochrane’s
Covidence software [15]. In case of disagreement, it was
resolved by consensus. In case of difficulty to reach a
consensus, a third author made the final decision. In
order to evaluate the quality of each family of models
the specific tool proposed by Bhuia et al. [16] was
adapted. This tool involved an independent evaluation of
the strengths (five domains) and limitations (five do-
mains) of the ‘models’ based on their structure, specifi-
cations, assumptions, sensitivity analysis, validation,
treatment of missing data, theoretical basis, incorpor-
ation of confounding factors and temporal window, and
methodological limitations. Additionally, this tool was
supplemented with a list of additional features agreed
upon by the working group. Bhuia’s original tool is pre-
sented in the Additional file 1. We did not present the
results of the risk of bias assessment at the individual
study level because we aimed to assess and expose the
methodological characteristics, strengths and limitations
of the aggregate model conceptual families, with this
very comprehensive tool.

Following Brennan et al. [12] we defined a model as a
formal quantified comparison, synthesizing sources of
evidence on costs and benefits, in order to identify the
best option for decision makers to adopt. This author
proposed a taxonomy of models [12] according to some
dimensions that could be considered, such as cohort or
individual level counts, and the allowance of interaction
between individuals. We simplified this taxonomy
grouping relevant articles into model families by means
of their common central methodological approaches.

Results

The flow of the systematic review is detailed in Fig. 1
(scheme according to the PRISMA checKklist for system-
atic reviews).
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We identified a total of 4295 references from the
bibliographic databases and five more through grey lit-
erature, for further screening. Of them, 4247 remained
after leaving out duplicates, and 137 were selected for
full-text screening. We finally included sixty-three
articles which were scrutinized in depth and grouped by
their shared central methodological features, for repro-
ducibility reasons. We identified a)state transition
models, ie., those decision-analytic modelling including
Markov model cohort simulations and individual-based
(first-order Monte Carlo) microsimulations [17], b)
multistage life table models capable of estimating inci-
dence, prevalence, remission, mortality based on popula-
tion life tables, which predict the demographic
consequences derived from introducing public health in-
terventions [18], and c¢) population attributable and
preventable fraction modelling studies, in which risk fac-
tors are selected based on the level of evidence for a
causal relationship, relevancy of the risk factors for
population health, availability and quality of population-
representative data, and if the risk factors are avoidable
[19]. Within these three broad families, comprising 70%
of the publications identified in the systematic review
(44 of 63), we describe more in depth the most well-
known or utilized models, i.e. those with a larger number
of citations, more extensively used, and with technical
reports or papers describing their development and speci-
fications. (See Table 1.)

Most studies pertained to the “Attributable fraction-
based models” family (n =29, 46.0%), followed by state
transition one (1 =16, 25.4%) and the life-table family
(n =4, 6.3%). Some of the studies run at the individual-
level (microsimulations) while others assessed aggregate
populations or cohorts. None explored the interaction of
either individuals, or multiple individual behaviours or
risk factors. None of them was a discrete event
simulation.

Briefly they encompass the following:

State tranmsition models include three main specific
models: the Sheffield Alcohol Policy Model, the Dynamic
Modelling for Health Impact Assessment (Dynamo-HIA)
model and the Chronic Diseases Model. Transitions in
disease-related states were more commonly modelled than
risk-factor-related behaviors transitions (for example
between various levels and patterns of alcohol use). The
Sheffield Alcohol Policy Model (SAPM) provides esti-
mates of the effectiveness and cost-effectiveness of policies
to reduce alcohol consumption. It has been used in Great
Britain, Canada and multiple European countries to exam-
ine the potential impact of pricing and promotion policies;
minimum unit prices and restrictions on discounts; regu-
lation of alcohol output density and licensing hours;
advertising controls; alcohol screening and brief interven-
tion strategies. It is one of the most complete and complex
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Fig. 1 Flow of studies in the review
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models we identified. It includes different sub-models:
those specific to the intervention, and the main simulation
model of expected risk consumption, which is a Markov-
type chain that models the annual risk of death for each
alcohol-related illness. The results of the model provide
estimates of: changes in alcohol consumption for different
subgroups of the population; changes in the incidence of
various alcohol-related injuries, including health condi-
tions, crime, unemployment and absence due to illness;
direct costs to health services or to the police, as well as
costs associated with changes in the quality of life of
people (for example, of alcohol-related illnesses or being a
victim of a crime). It allows analysing particular subgroups
of interest, such as dangerous young drinkers, moderate
low-income drinkers or high-income women who drink
alcohol. There are many publications that describe the ex-
perience with the use of SAPM [20-31, 72].

The DYNAMO-HIA model can be used to quantify
the impact of changes in risk factors in multiple diseases,
comparing a reference scenario with one or more inter-
vention scenarios. It is a Markov type mathematical
model that allows to simulate the expected events in a
population from different risk factors distribution sce-
narios. The model requires data on: 1) the population
(size, births, survival, weight of the DALYs); 2)

incidence, prevalence, relative risks and mortality of the
different conditions that it evaluates; 3) prevalence of
risk factors and risk categories for the assessed risk
factor, in this case alcohol. As results of the model,
information is obtained on the number of deaths,
disease-free life expectancy, number of cases of cardio-
vascular disease, stroke, diabetes, lung cancers, oral cav-
ity, oesophageal, colorectal and breast, and COPD. It has
been used in countries of the European Union to esti-
mate the impact of different scenarios of price increase
through taxes.

Lhachimi et al. [32, 33] published a dynamic modelling
tool, named DYNAMO-HIA-A for generic health impact
evaluations, used for alcohol. The generic model meets
three technical criteria (real population, dynamic projec-
tion, explicit risk factors states) and three usability
criteria (modest data requirements, results of enriched
models, generally accessible).

Tariq et al. in 2009 [73] published a cost-effectiveness
analysis to assess the effects of a screening and brief
intervention (SBI) for excessive alcohol consumption
(compared to the current state of not doing so) in the
primary care setting, in The Netherlands, using the
Chronic Disease Model. It incorporated the perspective
of health. It is able to establish the costs of medical care
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and the cost for QALYs earned after the intervention. It
is a non-specific mathematical model for alcohol. The
model provides a simulation of a real-life population. It
also incorporates the effectiveness of brief interventions.
However, the specific group of diseases attributable to
alcohol included was unclear. Van den Berg in 2008 [35]
had already used this model, but for Sweden, and instead
of SBIs, it incorporated the increase in alcohol taxes, de-
termining that it results in a cost-effective intervention
in that country.

Regarding life table models, Cobiac et al. [72] pub-
lished a study in which they evaluated the cost-
effectiveness of eight interventions to reduce the damage
attributable to alcohol and determine the optimal inter-
vention combination. These included taxes, advertising
bans, increasing the legal minimum drinking age, licens-
ing controls for hours of operation, brief intervention
(with and without general medical telemarketing and
support), drinking driving campaigns, random testing
and residential treatment for alcohol dependence (with
and without naltrexone). This study was conducted for
the population of Australia in 2003. Health outcomes
were assessed using DALYs, a multi-cohort and multi-
state approach based on life tables to determine changes
in disease incidence, prevalence and mortality, and
alcohol-related injuries due to each intervention. It is
specially designed to cope relatively easily with a large
number of diseases simultaneously, allowing also for co-
morbidities [74]. Byrnes et al. in 2010 also used the life-
table model to estimate the benefits of tax increases on
alcoholic beverages in Australia [72].

As regards attributable fractions models, comparative
risk analyses (CRA) were developed by the WHO work-
ing group, among others. This method allows estimating
and comparing the burden of disease and mortality at-
tributable to different risk factors. In the case of alcohol,
the exposure (prevalence) of different forms of con-
sumption (average and episodic heavy drinking) is con-
sidered, all the health conditions related to alcohol, its
prevalences’, and the relative risks of these forms are
identified. With these data, the attributable population
fractions are estimated, generally according to sex, age
groups and regions, comparing the current exposure
with the counterfactual exposure (usually lifetime ab-
stention). These analyses estimate the burden of disease
attributable to alcohol in a region, commonly in the
form of DALYs.

The WHO-Choice Model has been called Generalized
Cost-Effectiveness Analysis (GCEA) and is based on the
WHO Choosing Cost Effective Interventions (WHO
CHOICE) project. Methodologically, it can also be con-
sidered a continuation of the Comparative Risk Assess-
ment but it also uses state transitions. In the GCEA, the
cost-effectiveness of certain interventions (or their
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combinations) is evaluated through a population status
transition model (POPMOD). It compares scenarios in
which different interventions are implemented that run
for 10 years, and others without them (natural history).
These scenarios are usually projected over a 100-year
horizon. The data required for the model are: prevalence
of risk exposure, associated morbidity and mortality
rates, relative risks, remission rates, effect sizes of each
intervention to be modelled, and costs of implementing
each intervention for 10 years. The effectiveness of each
scenario is frequently measured in DALYS, and the cost-
effectiveness by the cost per DALY avoided.

Finally, we identified a number of miscellaneous
models, not fitting in the above-described groups. Chik-
ritzhs et al. in 2002 [75] for example, described a model
for calculating estimates of the number of deaths caused
by alcohol. They describe a common approach for both
acute and chronic conditions related to alcohol. In the
absence of consistent measurements of the prevalence of
risky alcohol consumption from national surveys, they
recommend the use of per capita consumption data in
order to adjust the etiological fractions of the population
consuming alcohol over time and between regions. The
parameters evaluated were mainly of sensitivity and
specificity of screening, and effectiveness of brief inter-
ventions. Solberg et al. in 2008 [76] published a system-
atic review and economic evaluation based on models
they denominate “algebraic model”. The main parame-
ters evaluated were adherence, effectiveness, lifetime
burden of diseases attributable to alcohol; and costs.
Navarro et al. published in 2011 a cost-effectiveness
study on brief interventions to prevent the misuse of al-
cohol in rural areas of Australia. They compared nine
detection scenarios with the current state. Its parameters
are related to consumption and Alcohol Use Disorders
Identification Test (AUDIT) questionnaire levels based
on the analysis of a survey in 1540 subjects in rural
Australia. Doran et al. in 2013 [77] examined the eco-
nomic and health implications of changing alcohol taxes
in Australia through a model-based economic evaluation
that combines tax aspects with epidemiological model-
ling, for multiple alcohol cohorts, using parameters such
as taxes, consumption and elasticity. Lewsey et al. in
2016 [78] developed an alcohol policy model that calcu-
lates life years, quality adjusted life years (QALYs), and
health care costs using AUDIT and other risk factors’
screening. Its parameters are based on Scottish surveys
and morbidity records. Finally, Chung et al. in 2014 [79]
explored the effects of age, period and cohort on
alcohol-related mortality in relation to changes in gov-
ernment taxes on alcohol. Its parameters were retro-
spective mortality data of more than 30years between
1981 and 2010 in Hong Kong. Alcohol-related mortality
was evaluated from chronic causes, acute causes, all
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causes (chronic and acute) and causes 100% attributable
to alcohol.

The central features of these families of models of dis-
ease burden or cost-effectiveness, and their methodo-
logical quality appraisal are presented in the table.

Discussion

Through this systematic review we identified 63 studies
that described and reported relevant results using a var-
iety of models to assess the burden of disease and / or
the cost-effectiveness of interventions for alcohol con-
trol. These models included comparative risk assess-
ments, life table models, and state transition ones, as
broad categories.

Our results show that a variety of alcohol consumption
specific modelling approaches have been used to under-
stand its associated burden. This observation is in agree-
ment with a recent review of modelling structures for
interventions on alcohol and other drugs’ dependence,
published by Hoang et al., and using Brennan’s tax-
onomy [80]. Also coincident with our findings, the com-
prehensive OECD report, which summarized the results
of the economic evaluations of alcohol policies available
in 2015, retrieved most analyses found in our study [9].
However, our review incorporates many descriptive ele-
ments regarding their reporting and conduction quality,
through the modified Bhuia tool to assess economic
evaluations’ quality. We observed that some of the evi-
dence is based on the WHO-CHOICE model developed
by the World Health Organization (WHO) in the early
2000s. In addition, the Australian ACE prevention pro-
gram (corresponding to the family “life tables models” in
our study), the Chronic Disease Model (related to the
“comparative risk assessment”), the SAPM (“state transi-
tion models”) and Dynamo-HIA were used in many
countries. We incorporated a miscellaneous category of
important models which did not constitute conceptual
and application units, clearly separated from the rest [9].
Some of the models like WHO-CHOICE, Dynamo,
SAPM and CDM developed special software packages or
webpages, where end users can enter parameters for dif-
ferent settings or countries and get results. Many of
these evaluations characterized the effect of price in-
creases -mainly through taxing-, advertising restrictions,
and prohibitions as the three most cost-effective policies
to reduce alcohol-related harm. Short interventions
within the health system, have also shown to be efficient,
but costlier than population strategies, and for some pol-
icies such as school programs and media campaigns, ef-
fectiveness is not fully established.

The SAPM model allows to have a wide spectrum of
consequences attributable to excessive alcohol consump-
tion since it contemplates, not only direct damage to
health, but also the social consequences of consumption,
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including accidents and injuries, as well as impact on the
economy of individuals and the society (indirect costs).
It was designed and adapted to evaluate the impact and
cost-effectiveness of multiple interventions to control
alcohol consumption so it’s very versatile. However, it
requires a great deal of information with a high level of
discrimination that can be very difficult, even impossible,
to obtain in many countries. DYNAMO-HIA has a user-
friendly graphic interface, and employs a model structure
that ensures accurate simulation using epidemiological
evidence while having modest data needs. It allows sensi-
tivity analyses, although not probabilistic ones. It is avail-
able for free download and includes a data set covering a
large number of countries. However, results do not
account for broad effects that a change in alcohol con-
sumption may have on global population health. CDM
has been used for projections of alcohol consumption and
disease prevalence, estimates of health-adjusted life ex-
pectancy and cost-effectiveness analysis but not to capture
societal costs and consequences. It has a limited range of
attributable diseases. Also, long term effectiveness of in-
terventions, needed as a model parameter might be diffi-
cult to ascertain. Life table models are based on widely
available data in most countries (mortality and population
life tables), and by incorporating incidence, prevalence,
and other natural history data, can assess the conse-
quences of different public health interventions, usually
estimating burden (in DALYs) and healthcare system
costs. They are somewhat less complex than other model
families and less “data hungry”, though are less suitable or
easily adaptable if focusing on non-health outcomes, or
wider societal costs. Comparative risk assessments’ (CRA)
main advantage is that it allows to model and compare
multiple diseases and risk factors simultaneously. When
used to model alcohol burden of disease or interventions
to address it, it considers the damage from different levels
of exposure including volume, pattern, or even context of
drinking. On the other side, it is unable to model interac-
tions, and it might require important amounts of data,
that may not be available for all regions or countries. Fi-
nally, the WHO CHOICE model is part of a larger and
well-known project that was used to estimate disease bur-
den and cost-effectiveness of multiple conditions and in-
terventions in different regions of the world, and therefore
an advantage is that much of the information required by
the model may be readily available. As with other “gen-
eric” models, it is not properly designed to measure non-
health outcomes, so it has a limitation to capture certain
societal costs and effects falling outside the boundaries of
the health system.

Similar reviews of modelling of cost-effectiveness or dis-
ease burden have been done in various areas of public
health. For example, in smoking cessation [81], weight
management interventions [82] and tuberculosis screening
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[83], state-transition Markov models were coincidently
the most frequently used method. A population-scale
simulation modelling approach can provide a solid basis
to evaluate the relative effectiveness and cost-effectiveness
of a range of alcohol prevention and control strategies,
overcoming the limitations of other approaches, and pro-
viding constant estimates of inputs from resources, costs
and results. A case-based microsimulation approach offers
the best option for modelling realistic individual life tra-
jectories, considering the heterogeneity in populations and
individual behaviours that can influence alcohol harm, as
well as the relative effectiveness of the policies in popula-
tion groups. These models capture the complex set of in-
terrelations between the previous and current use of
alcohol, its demand, and the health, social and economic
consequences it causes.

A limitation of the present work may be the simplifica-
tion of the classification of modelling approaches into
“big” families, which may not reflect the real choices
countries could count on, based on the model aspects
and the real-world complexity. Also, other aspects of
economic evaluations such as perspectives of costs and
benefits, or discounting, were not evaluated. Despite
these limitations, we have provided a very comprehen-
sive picture of the state-of-the-art in public health alco-
hol modelling. We have critically appraised studies with
respect to the appropriateness and quality of the model-
ling aspects.

The significant burden of disease attributable to alco-
hol consumption, and the associated economic and so-
cial damage, warrants the debate on possible public
policies with the aim of preventing and reducing prob-
lematic consumption of alcoholic beverages. Among
these measures, the increase in the prices of alcoholic
beverages through taxes with the intention of reducing
their affordability is one of the most cost-effective inter-
ventions [10, 84—87].

Decision tree modelling may not be sufficient for
evaluating treatments for alcohol, and we did not iden-
tify this type of model fulfilling our inclusion criteria.
The state transition modelling could be sophisticated
enough to capture many of the potential developments
in a disease process through the use of a series of health
states. It can accommodate the time dimension, as indi-
viduals move over time in different states and also depict
the heterogeneity of cohorts by allocating them into
relevant (although limited) groups. However, it relies on
many simplifications, and -especially in the case of co-
hort state transition models- cannot add past events and
personal attributes in determining transition probabil-
ities, nor allow participants to transit to the next state at
different time intervals. Individual based models repre-
sent a powerful tool as it is possible to simulate multiple
events and incorporate subjects’ “histories”, but they
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require a larger number of parameters and may be com-
putationally intensive. When evidence is needed to move
forward alcohol public health decisions, which may de-
mand substantial budget allocation, a complex model
would be preferable in case several complex strategies
are being considered. The choice of the most adequate
modelling approach, time frame and perspective of costs
and benefits useful for a country may change the model-
ling results and policy implications significantly. Coun-
tries should carefully consider the availability of existing
data at the local level, as well as the type of interventions
desired to be implemented. Future evaluations should
continue to identify the variety of techniques for model-
ling public health interventions to counter alcohol haz-
ardous consumption.

Conclusions

Our systematic review of alcohol attributable disease bur-
den and cost-effectiveness models shows extensive litera-
ture exists on the subject. We categorized the relevant
models identified into three main families according to
their core methodological aspects -state transition models
(both individual level and cohort-based); life-table models;
and attributable fraction models-. All include some more
complex and “data hungry” specific structures, as well as
some less complex and data-intensive ones. We incorpo-
rated many descriptive elements of their quality of report-
ing and conduction. The summary information reported
in our paper can be helpful for researchers and decision
makers planning to undertake this type of studies, in the
light of local data availability and interventions desired to
be tested.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512889-019-7771-4.

Additional file 1: Appendix 1. Search Strategy. Appendix 2. Checklist
for model evaluation, and score frame.

Abbreviations

(AUDIT): Alcohol Use Disorders Identification Test; (CDM): Chronic disease
model; (CRA): Comparative risk assessment; (DALYs): Disability adjusted life
years; (DISMOD-MR): Disease Modeling — Metaregression; (Dynamo-

HIA): Dynamic Modelling for Health Impact Assessment; (GBD): Global
Burden of Disease; (GCEA): Generalized Cost-Effectiveness Analysis;

(IHME): Institute for Health Metrics and Evaluation; (MOOSE): Meta-analysis Of
Observational Studies in Epidemiology; (NCD): Noncommunicable Diseases;
(OECD): Organization for Economic Cooperation and Development;
(POPMOD): Population status transition model; (PPP): Purchasing power
parity; (PRISMA): Preferred reporting items for systematic reviews and meta-
analyses; (QALYs): Quality-Adjusted Life Years; (SAPM): The Sheffield Alcohol
Policy Model; (SBI): Screening and brief intervention; (SDG): United Nations’
Sustainable Development Goals; (WHO CHOICE): WHO Choosing Cost
Effective Interventions project; (WHO): World Health Organization

Acknowledgements
We thank the librarian Daniel Comandé of the Institute of Clinical and
Healthcare Effectiveness for his important collaboration with the


https://doi.org/10.1186/s12889-019-7771-4
https://doi.org/10.1186/s12889-019-7771-4

Bardach et al. BMC Public Health (2019) 19:1378

bibliographic searches. We are also indebted to Dr. Raul Mejia, and Dr. Daniel
Maciera, from the Centre for Study of State and Society (CEDES), Argentina,
Dr. Marfa Elizabeth Pizarro and Ms. Belén Rios, from the InterAmerican Hearth
Foundation, Argentina, and Dr. Sebastidn Laspiur, from the Pan American
Health Organization for supporting this study.

Authors’ contributions

AB, AA, AC, APR and FA participated to the conception/design of the review;
AB,AAACUG,APRAPMC and FA participated to the collection/assembling of
the data; AB,AAACUGAPR,APMC and FA performed/supervised the analysis;
AB,AAACUGAPRAPMC and FA participated to the interpretation of the
data; AB,AAACUGAPRAPMC and FA participated to the application of the
methodology. All authors agreed to the publication of the present work. All
authors read and approved the final manuscript.

Funding

This work was funded by the Argentinean Ministry of Health, through a
“Abraham Sonis” scholarship for multicentre studies (2016). Collaboration of
Dr. Mariana Cremonte was supported by the Pan American Health
Organization.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article and its supplementary information files.

Ethics approval and consent to participate
Not applicable since this is secondary research.

Consent for publication
Not applicable.

Competing interests
The authors take sole responsibility for the writing and content of the paper.
All authors have nothing to disclose.

Author details

!Centre for Research in Epidemiology and Public Health, Institute for Clinical
Effectiveness and Health Policy (IECS-CONICET), Dr Emilio Ravignani 2024
(C1014CPV), Buenos Aires, Argentina. 2Institute for Clinical Effectiveness and
Health Policy (IECS-CONICET), Dr Emilio Ravignani 2024 (C1014CPV), Buenos
Aires, Argentina. *Center for Study of State and Society (CEDES), Sanchez de
Bustamante 27 (C1173AAA) CABA, Buenos Aires, Argentina. *Group of
Psychoactive Substances and injuries due to external cause, Institute of Basic,
Applied Psychology and Technology (IPSIBAT) CONICET National University
of Mar del Plata, Dean Funes 3250, B7602AYJ, Mar del Plata, Buenos Aires,
Argentina.

Received: 7 December 2018 Accepted: 11 October 2019
Published online: 26 October 2019

References

1. United Nations: Sustainable Development Goals. http://www.un.org/
sustainabledevelopment/sustainable-development-goals/. Accessed 6 May
2018.

2. World Health Organization, Informe sobre la situacion mundial de las
enfermedades no transmisibles. http://apps.who.int/iris/bitstream10665/1492
96/1/WHO_NMH_NVI_15.1_spa.pdf. Accessed 18 Nov 2018.

3. Collaborators GBDA. Alcohol use and burden for 195 countries and
territories, 1990-2016: a systematic analysis for the global burden of disease
study 2016. Lancet. 2018;392(10152):1015-35.

4. Global Burden of Disease project. GHDx. http://ghdx.healthdata.org/gbd-
results-tool. Accessed 10 Oct 2018.

5. Rehm J, Mathers C, Popova S, Thavorncharoensap M, Teerawattananon Y,
Patra J. Global burden of disease and injury and economic cost attributable
to alcohol use and alcohol-use disorders. Lancet. 2009;373(9682):2223-33.

6. Thavorncharoensap M, Teerawattananon Y, Yothasamut J, Lertpitakpong C,
Chaikledkaew U. The economic impact of alcohol consumption: a
systematic review. Subst Abuse Treat Prev Policy. 2009;4:20.

7. Shield KD, Rehm M, Patra J, Sornpaisarn B, Rehm J. Global and Country
Specific Adult per capita Consumption of Alcohol, 2008. SUCHT.
2011,57:99-117.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

Page 13 of 15

Drummond MF SM, Torrance GW, O'Brien BJ, Stoddart GL.: Methods for the
economic evaluation of health care programme.; 2005.

OECD: Tackling Harmful Alcohol Use: Economics and Public Health Policy, OECD
Publishing. http//dx.doi.org/https//doiorg/10.1787/9789264181069-en In,; 2015.
Sornpaisarn B, Shield KD, Osterberg E, Rehm J, editors. Resource tool on
alcohol taxation and pricing policies. Geneva: World Health Organization;
2017. Licence: CC BY-NC-SA 3.0 IGO.

Alcohol consumption and policies in the Americas: Status, challenges and
opportunities. Meeting of the Technical Advisory Group on Alcohol Policy
November 29 — December 1 2017. https//www.paho.org/hg/index php?option=
com_docman&view=download&category_slug=presentations-7773&alias=43862-
webinar-alcohol-cancer-26-feb-2018-maristela-monteiro-alcohol-consumption-
policies-americas-862&ltemid=270&lang=es. Accessed 18 Nov 2018.

Brennan A, Chick S, Davies R. A taxonomy of model structures for economic
evaluation of health technologies. Health Econ. 2006;15(12):1295-310.
Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, Moher D,
Becker BJ, Sipe TA, Thacker SB. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis of observational
studies in epidemiology (MOOSE) group. JAMA. 2000;283(15):2008-12.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med.
2009,6(7):21000097.

Babineau J. Product Review: Covidence (systematic Review Software). J Can
Health Libr Assoc. 2014;35(2):68-71.

Bhuia MR, Nwaru BI, Weir CJ, Sheikh A: Models for estimating and
projecting global, regional and national prevalence and disease burden of
asthma: protocol for a systematic review. BMJ Open 2017, 7(5):e015441.
Siebert U, Alagoz O, Bayoumi AM, Jahn B, Owens DK, Cohen DJ, Kuntz KM, Force
I-SMGRPT. State-transition modeling: a report of the ISPOR-SMDM modeling
good research practices task Force—-3. Value Health. 2012;15(6):812-20.

Roberts MG, Tobias MI. The use of multistate life-table models for improving
population health. IMA J Math Appl Med Biol. 2001;18(2):119-30.

Shield KD, Parkin DM, Whiteman DC, Rehm J, Viallon V, Micallef CM, Vineis P,
Rushton L, Bray F, Soerjomataram I. Population attributable and preventable
fractions: Cancer risk factor surveillance, and Cancer policy projection. Curr
Epidemiol Rep. 2016;3(3):201-11.

Angus C, Scafato E, Ghirini S, Torbica A, Ferre F, Struzzo P, Purshouse R,
Brennan A. Cost-effectiveness of a programme of screening and brief
interventions for alcohol in primary care in Italy. BMC Fam Pract. 2014;15:26.
Angus C, Thomas C, Anderson P, Meier PS, Brennan A. Estimating the cost-
effectiveness of brief interventions for heavy drinking in primary health care
across Europe. Eur J Pub Health. 2017,27(2):345-51.

Brennan A, Meier P, Purshouse R, Rafia R, Meng Y, Hill-Macmanus D. The
Sheffield alcohol policy model--a mathematical description. Health Econ.
2015;24(10):1368-88.

Brennan A, Meier P, Purshouse R, Rafia R, Meng Y, Hill-Macmanus D.
Developing policy analytics for public health strategy and decisions-the
Sheffield alcohol policy model framework. Ann Oper Res. 2016;236:149-76.
Brennan A, Meier P, Purshouse R, Rafia R, Meng Y, Hill-Macmanus D, Angus
C, Holmes J. The Sheffield alcohol policy model - a mathematical
description. Health Econ. 2014.

Brennan A, Meier P, Purshouse R, Rafia R, Meng Y, Hill-Macmanus D, Angus
C, Holmes J. The Sheffield alcohol policy. Health Econ. 2014.

Brennan A, Meier P, Purshouse R, Rafia R, Meng Y, Hill-Macmanus D, Angus
C, Holmes J. The Sheffield alcohol policy model - a mathematical
description. Health Econ (United Kingdom). 2015;24(10):1368-88.

Brennan A, Meng Y, Holmes J, Hill-McManus D, Meier PS: Potential benefits
of minimum unit pricing for alcohol versus a ban on below cost selling in
England 2014: Modelling study. BMJ (Online) 2014, 349.

Holm A, Veerman L, Cobiac L, Ekholm O, Diderichsen F. Cost-effectiveness
of preventive interventions to reduce alcohol consumption in Denmark
(Provisional abstract), vol. 9; 2014. p. e88041.

Purshouse R, Brennan A, Rafia R, Latimer N, Archer R, Angus C, Preston L,
Meier P. Modelling the cost-effectiveness of alcohol screening and brief
interventions in primary care in England (structured abstract). 2013;48:180-8.
Purshouse RC, Brennan A, Rafia R, Latimer NR, Archer RJ, Angus CR, Preston
LR, Meier PS. Modelling the cost-effectiveness of alcohol screening and brief
interventions in primary care in England. Alcohol Alcohol. 2013;48(2):180-8.
Purshouse RC, Meier PS, Brennan A, Taylor KB, Rafia R. Estimated effect of
alcohol pricing policies on health and health economic outcomes in
England: an epidemiological model. Lancet. 2010;375(9723):1355-64.


http://www.un.org/sustainabledevelopment/sustainable-development-goals/
http://www.un.org/sustainabledevelopment/sustainable-development-goals/
http://apps.who.int/iris/bitstream10665/149296/1/WHO_NMH_NVI_15.1_spa.pdf
http://apps.who.int/iris/bitstream10665/149296/1/WHO_NMH_NVI_15.1_spa.pdf
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1787/9789264181069-en
https://www.paho.org/hq/index.php?option=com_docman&view=download&category_slug=presentations-7773&alias=43862-webinar-alcohol-cancer-26-feb-2018-maristela-monteiro-alcohol-consumption-policies-americas-862&Itemid=270&lang=es
https://www.paho.org/hq/index.php?option=com_docman&view=download&category_slug=presentations-7773&alias=43862-webinar-alcohol-cancer-26-feb-2018-maristela-monteiro-alcohol-consumption-policies-americas-862&Itemid=270&lang=es
https://www.paho.org/hq/index.php?option=com_docman&view=download&category_slug=presentations-7773&alias=43862-webinar-alcohol-cancer-26-feb-2018-maristela-monteiro-alcohol-consumption-policies-americas-862&Itemid=270&lang=es
https://www.paho.org/hq/index.php?option=com_docman&view=download&category_slug=presentations-7773&alias=43862-webinar-alcohol-cancer-26-feb-2018-maristela-monteiro-alcohol-consumption-policies-americas-862&Itemid=270&lang=es

Bardach et al. BMC Public Health

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

(2019) 19:1378

Lhachimi SK, Cole KJ, Nusselder WJ, Smit HA, Baili P, Bennett K, Pomerleau J,
McKee M, Charlesworth K, Kulik MC, et al. Health impacts of increasing
alcohol prices in the European Union: a dynamic projection. Prev Med.
2012;55(3):237-43.

Lhachimi SK, Nusselder WJ, Smit HA, van Baal P, Baili P, Bennett K, Fernandez E,
Kulik MC, Lobstein T, Pomerleau J, et al. DYNAMO-HIA—-a dynamic modeling
tool for generic health impact assessments. PLoS One. 2012;7(5):.e33317.

Tariq L, van den Berg M, Hoogenveen RT, van Baal PH. Cost-effectiveness of
an opportunistic screening programme and brief intervention for excessive
alcohol use in primary care. PLoS One. 2009;4(5):e5696.

van den Berg M, van Baal PHM, Tariq L, Schuit AJ, de Wit G, Hoogenveen
RT. The cost-effectiveness of increasing alcohol taxes: a modelling study.
BMC Med. 2008;6.

Acosta LD, Bertone CL, Peléez E. Mortalidad y afios de esperanza de vida
perdidos a causa del consumo de alcohol en Argentina. Poblacién y Salud
en Mesoamérica 2012. 2008,9(2):1-21.

Bertone C, Andrada M. Mortalidad Relacionada Al Consumo de Alcohol Y Su
Impacto En La Esperanza de Vida En El Noroeste Argentino. 2011. Anais;
2017. p. 1-16. Available at http://www.abep.org.br/publicacoes/index.php/
anais/article/download/2598/2522. Accessed 18 Nov 2018.

Byrnes JM, Cobiac LJ, Doran CM, Vos T, Shakeshaft AP. Cost-effectiveness of
volumetric alcohol taxation in Australia. Med J Aust. 2010;192(8):439-43.
Cobiac L, Vos T, Doran C, Wallace A. Cost-effectiveness of interventions to
prevent alcohol-related disease and injury in Australia. Addiction. 2009;
104(10):1646-55.

Agardh EE, Danielsson AK, Ramstedt M, Ledgaard Holm A, Diderichsen F,
Juel K, Vollset SE, Knudsen AK, Minet Kinge J, White R, et al. Alcohol-
attributed disease burden in four Nordic countries: a comparison using the
Global Burden of Disease, Injuries and Risk Factors 2013 study. Addiction
(Abingdon, England). 2016;111(10):1806-13.

Bardach AE, Caporale JE, Rubinstein AL, Danaei G. Impact of level and
patterns of alcohol drinking on coronary heart disease and stroke burden in
Argentina. PLoS One. 2017;12(3):0173704.

Calabria B, Doran CM, Vos T, Shakeshaft AP, Hall W. Epidemiology of
alcohol-related burden of disease among indigenous Australians. Aust N Z J
Public Health. 2010;34(Suppl 1):547-51.

Connor J, Broad J, Rehm J, Hoorn SV, Jackson RT. The burden of death,
disease, and disability due to alcohol in New Zealand. N Z Med J. 2005;
118(1213):U1412.

Connor J, Kydd R, Shield K, Rehm J. The burden of disease and injury
attributable to alcohol in new Zealanders under 80 years of age: marked
disparities by ethnicity and sex. N Z Med J. 2015;128(1409):15-28.

Corrao G, Rubbiati L, Zambon A, Arico S. Alcohol-attributable and alcohol-
preventable mortality in Italy: a balance in 1983 and 1996. Eur J Pub Health.
2002;12(3):214-23.

Cortez-Pinto H, Gouveia M, Dos Santos PL, Costa J, Borges M, Carneiro AV. The
burden of disease and the cost of illness attributable to alcohol drinking -
results of a national study. Alcohol Clin Exp Res. 2010;34(8):1442-9.
Ferreira-Borges C, Rehm J, Dias S, Babor T, Parry CDH. The impact of alcohol
consumption on African people in 2012: an analysis of burden of disease.
Trop Med Int Health. 2016;21(1):52-60.

Jarl J. The societal cost of alcohol consumption: an estimation of the
economic and human cost including health effects in Sweden, 2002. Eur J
Health Econ. 2008,9(4):351-60.

Konnopka A, Konig HH. The health and economic consequences of
moderate alcohol consumption in Germany 2002. Value Health.
2009;12(2):253-61.

Marmet S, Rehm J, Gmel G, Frick H, Gmel G. Alcohol-attributable mortality
in Switzerland in 2011 - age-specific causes of death and impact of heavy
versus non-heavy drinking. Swiss Med WKkly. 2014;144.

Popova S, Patra J, Sarnocinska-Hart A, Gnam WH, Giesbrecht N, Rehm J.
Cost of privatisation versus government alcohol retailing systems: Canadian
example. Drug Alcohol Rev. 2012;31(1):4-12.

Rabiee R, Agardh E, Coates MM, Allebeck P, Danielsson AK. Alcohol-
attributed disease burden and alcohol policies in the BRICS-countries during
the years 1990-2013. J Glob Health. 2017;7(1):010404.

Rehm J, Monteiro M: Alcohol consumption and burden of disease in the
Americas: implications for alcohol policy. Revista panamericana de salud
publica = Pan Am J Public Health 2005, 18(4-5):241-248.

Rehm J, Patra J, Gnam WH, Sarnocinska-Hart A, Popova S. Avoidable cost of
alcohol abuse in Canada. Eur Addict Res. 2011;17(2):72-9.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

Page 14 of 15

Rehm J, Room R, Monteiro M, et al: Alcohol Use. In: Comparative
Quantification of Health Risks. edn. Edited by Organization WH. Geneva
2004: 959-1108.

Rehm J, Room R, Monteiro M, Gmel G, Graham K, Rehn N, Sempos CT,
Jernigan D. Alcohol as a risk factor for global burden of disease. Eur Addict
Res. 2003,9(4):157-64.

Rehm J, Room R, Taylor B. Method for moderation: measuring lifetime risk
of alcohol-attributable mortality as a basis for drinking guidelines. Int J
Methods Psychiatr Res. 2008;17(3):141-51.

Rehm J, Shield KD. Global alcohol-attributable deaths from cancer, liver
cirrhosis, and injury in 2010. Alcohol Res. 2013;35(2):174-83.

Rehm J, Taylor B, Patra J. Volume of alcohol consumption, patterns of
drinking and burden of disease in the European region 2002. Addiction.
2006;101(8):1086-95.

Saar |. The social costs of alcohol misuse in Estonia. Eur Addict Res. 2009;
15(1):56-62.

Schneider M, Norman R, Parry C, Bradshaw D, Pluddemann A: Estimating
the burden of disease attributable to alcohol use in South Africa in 2000.
South African medical journal = Suid-Afrikaanse tydskrif vir geneeskunde
2007, 97(8 Pt 2):664-672.

Shield KD, Gmel G, Kehoe-Chan T, Dawson DA, Grant BF, Rehm J. Mortality
and Potential Years of Life Lost Attributable to Alcohol Consumption by
Race and Sex in the United States in 2005. PLoS One. 2013, 8(1):251923.
Shield KD, Kehoe T, Taylor B, Patra J, Rehm J. Alcohol-attributable burden of
disease and injury in Canada, 2004. Int J Public Health. 2012,57(2):391-401.
Shield KD, Monteiro M, Roerecke M, Smith B, Rehm J: Alcohol consumption
and burden of disease in the Americas in 2012: Implications for alcohol
policy. Revista panamericana de salud publica = Pan American journal of
public health 2015, 38(6):442-449.

Shield KD, Rehm J. Russia-specific relative risks and their effects on the estimated
alcohol-attributable burden of disease. BMC Public Health. 2015;15:482.

Shield KD, Smith B, Rehm J, Roerecke M, Monteiro M: Alcohol consumption
and burden of disease in the Americas in 2012: implications for alcohol
policyAien El consumo de alcohol y la carga de morbilidad en la regién de
las Américas en el 2012: implicaciones Para las politicas relacionadas con el
consumo de alcoholAies. Rev panam salud publica 2015, 38(6):442-449.
Shield KD, Taylor B, Kehoe T, Patra J, Rehm J. Mortality and potential years
of life lost attributable to alcohol consumption in Canada in 2005. BMC
Public Health. 2012;12:91.

Lai T, Habicht J, Reinap M, Chisholm D, Baltussen R: Costs, health effects and
cost-effectiveness of alcohol and tobacco control strategies in Estonia
(provisional abstract). In., vol. 84; 2007: 75-88.

Anderson P, Baumberg B: Cost benefit analyses of alcohol policy — a
primer. Warsaw, Poland: Institute of Psychiatry and Neurology; 2010.
Chisholm D, Doran C, Shibuya K, Rehm J. Comparative cost-effectiveness of
policy instruments for reducing the global burden of alcohol, tobacco and
illicit drug use. Drug Alcohol Rev. 2006;25(6):553-65.

Chisholm D, Rehm J, Ommeren M, Monteiro M. Reducing the global
burden of hazardous alcohol use: a comparative cost-effectiveness analysis
(structured abstract). 2004;65:782-93.

Byrnes J, Cobiac L, Doran C, Vos T, Shakeshaft A. Cost-effectiveness of
volumetric alcohol taxation in Australia (provisional abstract). 2010;192:439-43.
Tarig L, Berg M, Hoogenveen R, Baal P: Cost-effectiveness of an
opportunistic screening programme and brief intervention for excessive
alcohol use in primary care (Structured abstract). In., vol. 4; 2009: e5696.
Barendregt JJ, Van Oortmarssen GJ, Van Hout BA, Van Den Bosch JM,
Bonneux L. Coping with multiple morbidity in a life table. Math Popul Stud.
1998;7(1):29-49 109.

Chikritzhs T, Stockwell T, Jonas H, Stevenson C, Cooper-Stanbury M, Donath
S, Single E, Catalano P. Towards a standardised methodology for estimating
alcohol-caused death, injury and illness in Australia. Aust N Z J Public
Health. 2002,26(5):443-50.

Solberg LI, Maciosek MV, Edwards NM: Primary Care Intervention to Reduce
Alcohol Misuse. Ranking Its Health Impact and Cost Effectiveness. Am J Prev
Med 2008, 34(2):143-152.e143.

Doran CM, Byrnes JM, Cobiac LJ, Vandenberg B, Vos T. Estimated impacts of
alternative Australian alcohol taxation structures on consumption, public
health and government revenues. Med J Aust. 2013;199(9):619-22.

Lewsey J, Leelahavarong P, Briggs A. Development of an alcohol policy
model that predicts life years, QALYs, and health care costs accounting for
alcohol use disorder identification test. Value Health. 2016;19(7):A808.


http://www.abep.org.br/publicacoes/index.php/anais/article/download/2598/2522
http://www.abep.org.br/publicacoes/index.php/anais/article/download/2598/2522

Bardach et al. BMC Public Health (2019) 19:1378 Page 15 of 15

79.  Chung RY, Kim JH, Yip BH, Wong SY, Wong MC, Chung VC, Griffiths SM.
Alcohol tax policy and related mortality. An age-period-cohort analysis of a
rapidly developed Chinese population, 1981-2010. PloS one. 2014;9(8):
€99906.

80. Hoang VP, Shanahan M, Shukla N, Perez P, Farrell M, Ritter A. A systematic review
of modelling approaches in economic evaluations of health interventions for
drug and alcohol problems. BMC Health Serv Res. 2016;16:127.

81. Berg ML, Cheung KL, Hiligsmann M, Evers S, de Kinderen RJA,
Kulchaitanaroaj P, Pokhrel S. Model-based economic evaluations in smoking
cessation and their transferability to new contexts: a systematic review.
Addiction. 2017;112(6):946-67.

82. (Griffiths UK, Anigbogu B, Nanchahal K. Economic evaluations of adult
weight management interventions: a systematic literature review focusing
on methods used for determining health impacts. Appl Health Econ Health
Policy. 2012;10(3):145-62.

83. Campbell JR, Sasitharan T, Marra F. A systematic review of studies evaluating
the cost utility of screening high-risk populations for latent tuberculosis
infection. Appl Health Econ Health Policy. 2015;13(4):325-40.

84. Pan American Health Organization. Regional status report on alcohol and
health in the Americas. Washington, DC: PAHO; 2015.

85.  Anderson P, Baumberg B: Alcohol in Europe Al public health perspective:
report summary. Drugs: Education, Prevention and Policy 2006, 13(6):483-488.

86. Chisholm D, Jr R, Van Ommeren M, Monteiro M. Reducing the global
burden of hazardous alcohol use: a comparative cost-effectiveness analysis.
J Stud Alcohol. 2004,65(6):782-93.

87.  World Health Organization Global Information System on Alcohol and
Health (GISAH). http://apps.who.int/gho/data/node.gisah.
GISAHhome?showonly=GISAH. Accessed 14 May 2018.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC



http://apps.who.int/gho/data/node.gisah.GISAHhome?showonly=GISAH
http://apps.who.int/gho/data/node.gisah.GISAHhome?showonly=GISAH

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Selection process and eligibility
	Methodological quality evaluation and data extraction

	Results
	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

