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Abstract Cardiovascular diseases are the number one cause of death globally, but their optimal prevention
 remains a challenge. A high-risk approach can only have a limited effect at a population level, while 
population-based strategies can improve and extend the coverage of a high-risk approach. However, one main 
problem for promoting cardiovascular diseases prevention public policies is the difficulty to foresee population 
health benefits of a single policy. Computer simulation models can assist with this problem, due to their ability to 
estimate intervention effects over different periods, and by scaling up the evidence to a broader, more diverse 
population. Their applicability to countries with different social, political and economic contexts can assist in the 
design of public policies. There are several models that assess health and economics scenarios, but regardless 
which model is chosen, when adequately used, they can provide reasonable estimations of health policies’ impact. 
There is a growing consensus amongst the public health communities about the powerful role of population-level 
policies. They are more effective, cost saving and more equitable when compared with individual-level interven-
tions. Policy makers and the public health community need to make further progress in changing the focus of 
prevention, from individuals to populations.
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Resumen EL rol de los modelos de simulación por computadora en el diseño de políticas públicas.
 Las enfermedades cardiovasculares son la principal causa de muerte en el mundo, pero su preven-
ción óptima sigue siendo un desafío. El enfoque prioritario a escala individual en pacientes de alto riesgo solo 
puede tener un efecto limitado a nivel colectivo, mientras que las estrategias de alcance poblacional pueden 
mejorar y ampliar la cobertura de estos enfoques de alto riesgo. Sin embargo, uno de los principales problemas 
para promover políticas públicas de prevención de enfermedades cardiovasculares es la dificultad para prever 
los beneficios que una política única puede tener en salud. Los modelos de simulación por computadora pue-
den ayudar con este problema, dada su capacidad para estimar los efectos de una intervención en diferentes 
períodos, ampliando la evidencia a una población más extensa y diversa. Adicionalmente, su aplicabilidad a 
países con diferentes contextos sociales, políticos y económicos puede asistir en el diseño de políticas públicas. 
Existen varios modelos que evalúan escenarios tanto de salud como de economía, pero independientemente de 
qué modelo se elija, usados adecuadamente pueden proporcionar estimaciones razonables del impacto de las 
políticas de salud. Existe un consenso creciente en el ámbito de la salud pública sobre el importante rol de las 
políticas poblacionales. Son más efectivas, económicas, y equitativas en comparación con las intervenciones 
a nivel individual. En la formulación de políticas públicas en general, y de salud pública en particular, se debe 
avanzar en cambiar el enfoque de la prevención desde las personas a las comunidades.
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Nearly three out of four deaths worldwide are attributed 
today to noncommunicable chronic diseases or NCDs 
(including cancer, diabetes, heart disease and chronic 
lung disease), killing 39.5 million people a year1. Among 
NCDs, cardiovascular diseases (CVD) are the number 
one cause of death globally, responsible for almost 18 
million deaths each year (31% of all deaths worldwide)2, 3; 

the three leading risk factors for global disease burden in 
2010 were hypertension, tobacco smoking, and alcohol 
use4. Therefore, much effort has been put on studying and 
treating CVD risk factors.

Although most CVD can be prevented by addressing 
behavioural risk factors using population-wide strategies 
or by identifying people at high risk3, their optimal preven-
tion remains a challenge. Health is the result of complex 
interactions among multifaceted elements, and primarily 
determined by the interactions of inherited characteristics 
with social, economic, and physical environments, which 
together affect exposures and behaviours5. While many 
risks to health are widely distributed in the population, 
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individuals differ in the extent of their risk rather than 
whether they are at risk or not. Therefore, while a high-risk 
approach may appear more appropriate to the individu-
als and their physicians, it can only have a limited effect 
at a population level. Population-based health policies 
recognize the importance of these non-individual factors 
in health outcomes and can improve and extend the cov-
erage of a high-risk approach6. 

However, one of the main problems for promoting 
NCDs prevention public policies is the difficulty to fore-
see population health benefits of a single policy; direct 
evidence of its effectiveness is often unavailable or is 
incomplete. Natural experiments may provide information 
regarding the impact of population-level policies, such as 
Chile’s and Ecuador’s food labelling systems (in which a 
stop sign or a traffic light colour code is respectively ap-
plied to increase awareness about food components)7, 8, 
or UK’s salt reduction programme9. Nevertheless, these 
are examples of only rare opportunities.

Computer simulation models can assist with this prob-
lem, due to their ability to estimate intervention effects 
over different periods, and by scaling up the evidence 
to a broader, more diverse population. In a health care 
context, computer simulation models can be defined as 
“a technique that evokes or replicates substantial aspects 
of the real world, in order to experiment with a simplified 
imitation of an operations system, for the purpose of bet-
ter understanding and/ or improving that system”10. This 
means developing a simulated reproduction of the environ-
ment and then predicting the likely outcomes produced by 
changing any input parameter or by modifying the process 
of the system under study5. When taking into consideration 
that the results of any simulation rely on the quality of the 
inputs included in the model, modelling allows to design, 
validate, and implement new ideas without disturbing 
production processes5.

One good example of the use of computer models is 
Mexico’s tax on sugar-sweetened beverages. Although 
it will take years to evaluate the health impacts of this 
policy, the CVD Policy Model, a state transition computer 
simulation model, already estimated that a 10% reduction 
in sugar-sweetened beverages consumption would result 
in about 189 300 fewer incident type 2 diabetes cases, 
20 400 fewer strokes and myocardial infarctions, and 
18 900 fewer deaths occurring from 2013 to 202211. 

Likewise, using the IMPACTncd microsimulation 
model in the UK to reproduce the life trajectories of in-
dividuals, structural policies like the reformulation of salt 
content in processed food, a levy on sugar-sweetened 
beverages and stricter tobacco policy will result in about 
67 000 fewer CVD cases and 8000 fewer cardiovascular 
disease deaths by 2030, while a cardiovascular disease 
prevention programme will deliver a substantially smaller 
reduction in the burden of CVD, 19 000 fewer cases and 
2000 fewer deaths12. 

The PREVENT-HIA DYNAMO model, designed to 
facilitate quantification in the assessment of the health 
impacts of policies13, showed that adopting best practice 
smoking policies would increase life expectancy by 0.4 
years for men and 0.3 years for women after ten years, 
postponing over half a million deaths in eleven European 
countries14.

In the USA, the CVD Policy Model projected that 
reducing dietary salt by 3 g per day would substantially 
reduce coronary heart disease (CHD) and stroke burden, 
and could prevent as many as 92 000 deaths from any 
cause15. Similarly, a 10% sugar-sweetened beverages 
consumption reduction in California would result in a 1.8% 
decline in new cases of diabetes, as well as a drop of 
0.5% in incident CHD cases and 0.5% in total myocardial 
infarctions16.

Argentina’s version of the CVD policy model17 has 
been used to estimate the health impact of both individual 
as well as population-based strategies. A more aggres-
sive statin indication approach could potentially prevent 
3400 myocardial infarctions and 1400 CHD deaths every 
year, which translates to a 7% and 6% reduction, respec-
tively. But in order to achieve these benefits, it would 
be necessary the involvement of almost every primary 
care physician and cardiologist in the country, as well 
as adherence to treatment of more than half the patient 
population18. On the other hand, a 5 to 15% salt reduc-
tion in processed food would be expected to avert about 
19 000 all-cause mortality, 13 000 total myocardial infarc-
tions, and 10 000 total strokes in a decade19. Likewise, a 
tax to reduce sugar sweetened beverages consumption 
by 10% is projected to avert between 13 300 to 27 700 
diabetes cases, 2500 to 5100 myocardial infarctions, and 
2700 to 5600 all-cause deaths over a 10-year period20. 
Regarding tobacco use, while in Argentina its prevalence 
has been falling, the perception of its risk has increased21; 
taking advantage of this phenomenon, the implementa-
tion of free smoke environments, pictorial warnings and 
publicity bans could result in the prevention 7500 CHD 
deaths, 16900 myocardial infarctions and 4300 strokes 
in 10 years22. 

Apart from having less potential to reduce the burden of 
disease, individual-level policies might also reproduce ex-
isting health inequalities23. In Liverpool, the implementation 
of population-level policies on obesity, salt and tobacco, 
while maintaining investment at the current level of primary 
care-based prevention of CVD, has a 80% probability of 
being able to reduce both absolute and relative inequalities 
in less than 5 years; on the other hand, invitation-based 
screening programs for low income populations will be 
equitable in 2 decades or more24. Since inequalities gra-
dients in CVD burden are driven by differential exposure 
to disease determinants by social class25, 26, population-
level policies have more potential to modify exposure to 
disease drivers across the entire population27.
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There is a growing consensus amongst the public 
health communities about the powerful role of population-
level policies. They are more effective, cost saving and 
more equitable when compared with individual-level 
interventions28. Recently, the World Health Organiza-
tion Independent High-Level Commission on NCDs has 
issued a set of recommendations that state that NCDs 
policy treatment should not be restricted to Health 
Ministries and instead involve the Head of States, who 
in turn should prioritize this topic in the public agenda; 
health systems should be reoriented to ensure health 
promotion and prevention; regulation and engagement 
of all actors involved should be guaranteed by govern-
ment; and governments and the international community 
should guarantee funding action on NCDs29. Therefore, 
the applicability of computer simulation models to coun-
tries with different social, political and economic contexts 
can assist in the design of public policies. They can be 
used to compare different subpopulations, or to compare 
effects among the same group of people when applying 
different interventions30. A fuller picture can be achieved 
by integrating evidence from a variety of sources into 
simulation models and allowing the exploration of hard 
questions on the comparative effectiveness of popula-
tion and individual level approaches to prevention. Even 
though it can be expensive to create a model itself, sev-
eral models that assess health and economics scenarios 
already exist5, 31-33; regardless which model is chosen, 
when adequately used, they can provide reasonable 
estimations of health policies’ impact.

However, many countries still face difficulties imple-
menting NCDs prevention policies, mainly due to lack of 
political will or adequate prioritization, adequate planning, 
market factors, insufficient technical or economic capac-
ity29. Argentina exemplifies this problem well. Although in 
recent years health public programs and laws have been 
passed to address CVD prevention (such as the National 
Anti-Smoking Law), much remains to be done: tobacco 
products taxes are still not regulated by the law, access 
to hypertension, diabetes or dyslipidemia medication is 
not guaranteed, there are no programs promoting physi-
cal activity, sugar-sweetened beverages taxation policy 
could not be achieved.

These difficulties are not surprising. Implementing 
population level policies requires a look at the structural, 
commercial and socioeconomic determinants of CVD. 
These interventions are often based on strong regulatory 
and fiscal measures, hence politically difficult. However 
substantial progress in the adoption of population level 
policies has been achieved around the globe. Success 
stories include global tobacco control efforts34, 35; salt 
reduction strategies in more than 30 countries36, 37; sugar 
taxation in Mexico, the Philippines, the UK, several cit-
ies in the USA16, 38-41. Policy makers and public health 
community need to build on this momentum, and make 

further progress in changing the focus of prevention, from 
individuals to populations. 

Conflict of interest: None to declare

References

 1. World Health Organization. Global status report on non-
communicable diseases 2014. Geneva, Switzerland: 
World Health Organization 2014.

 2. Cardiovascular diseases. 2020. In: https: //www.who.int/
cardiovascular_diseases/en/; accessed March 2020.

 3. Cardiovascular diseases (CVDs). Key Facts. 2017. 2020. 
In:  https: //www.who.int/en/news-room/fact-sheets/detail/
cardiovascular-diseases-(cvds); accessed March 2020.

 4. Lim SS, Vos T, Flaxman AD, et al. A comparative risk 
assessment of burden of disease and injury attributable 
to 67 risk factors and risk factor clusters in 21 regions, 
1990-2010: a systematic analysis for the Global Burden 
of Disease Study 2010. Lancet 2012; 380: 2224-60.

 5. Organisation for Economic Co-operation and Develop-
ment, Pan American Health Organization, World Health 
Organization. Applying Modeling to Improve Health and 
Economic Policy Decisions in the Americas: The Case of 
Noncommunicable Diseases. Washington DC, USA 2015. 
In: https: //iris.paho.org/handle/10665.2/7700; accessed 
February 2020.

 6. World Health Organization. The World Health Report 2002: 
Reducing Risks, Promoting Healthy Life. In: https: //www.
who.int/hiv/whr_press/en/; accessed Febrary 2020.

 7. Corvalan C, Reyes M, Garmendia ML, Uauy R. Structural 
responses to the obesity and non-communicable diseases 
epidemic: Update on the Chilean law of food labelling and 
advertising. Obes Rev 2019;20: 367-74.

 8. Diaz AA, Veliz PM, Rivas-Marino G, Mafla CV, Altamirano 
LMM, Jones CV. Food labeling in Ecuador: implementa-
tion, results, and pending actions. Rev Panam Salud 
Publica 2017;41: e54.

 9. Millett C, Laverty AA, Stylianou N, Bibbins-Domingo K, 
Pape UJ. Impacts of a national strategy to reduce popula-
tion salt intake in England: serial cross sectional study. 
PLoS One 2012; 7: e29836.

 10. Lamé G, Simmons RK. From behavioural simulation to 
computer models: how simulation can be used to improve 
healthcare management and policy. BMJ Stel 2020; 6: 
95-102.

 11. Sanchez-Romero LM, Penko J, Coxson PG, et al. Projected 
impact of Mexico’s sugar-sweetened beverage tax policy 
on diabetes and cardiovascular disease: a modeling 
study. PLoS Med 2016;13: e1002158.

 12. Kypridemos C, Allen K, Hickey GL, et al. Cardiovascular 
screening to reduce the burden from cardiovascular dis-
ease: microsimulation study to quantify policy options. 
BMJ 2016; 353: i2793.

 13. Lhachimi SK, Nusselder WJ, Smit HA, et al. DYNAMO-
HIA: a dynamic modeling tool for generic health impact 
assessments. PLoS One 2012; 7: e33317.

 14. Lhachimi SK, Nusselder WJ, Smit HA, et al. Potential health 
gains and health losses in eleven EU countries attainable 
through feasible prevalences of the life-style related risk 
factors alcohol, BMI, and smoking: a quantitative health 
impact assessment. BMC Public Health 2016; 16: 734.

 15. Bibbins-Domingo K, Chertow GM, Coxson PG, et al. Pro-
jected effect of dietary salt reductions on future cardio-
vascular disease. N Engl J Med 2010; 362: 590-9.

 16. Mekonnen TA, Odden MC, Coxson PG, et al. Health 



MEDICINA - Volumen 80 - Nº 6, 2020684

benefits of reducing sugar-sweetened beverage intake 
in high risk populations of California: results from the 
cardiovascular disease (CVD) policy model. PLoS One 
2013; 8: e81723.

 17. Salgado MV, Coxson P, Konfino J, et al. Update of the 
cardiovascular disease policy model to predict cardio-
vascular events in Argentina. Medicina (B Aires) 2019; 
79: 438-44.

 18. Konfino J, Fernandez A, Penko J, et al. Comparing strate-
gies for lipid lowering in Argentina: an analysis from the 
CVD policy model-Argentina. J Gen Intern Med 2017; 32: 
524-33.

 19. Konfino J, Mekonnen TA, Coxson PG, Ferrante D, Bibbins-
Domingo K. Projected impact of a sodium consumption 
reduction initiative in Argentina: an analysis from the CVD 
policy model-Argentina. PLoS One 2013; 8: e73824.

 20. Salgado MV, Penko J, Fernandez A, et al. Projected impact 
of a reduction in sugar-sweetened beverage consumption 
on diabetes and cardiovascular disease in Argentina: A 
modeling study. PLoS Med 2020; 17: e1003224. 

 21. Secretaría de Programación para la Prevención de la 
Drogadicción y la Lucha contra el Narcotráfico, Obser-
vatorio Argentino de Drogras. Informe epidemiológico 
sobre el consumo de tabaco en Argentina 2016. In: 
http: //www.observatorio.gov.ar/media/k2/attachments/
InformeZEpidemiolgicoZsobreZelZConsumoZdeZTaba-
coZenZArgentina.ZAbrilZ2016.pdf; accessed March 
2020.

 22. Konfino J, Ferrante D, Mejia R, et al. Impact on cardiovas-
cular disease events of the implementation of Argentina’s 
national tobacco control law. Tob Control 2014; 23: e6.

 23. Capewell S, Graham H. Will cardiovascular disease pre-
vention widen health inequalities? PLoS Med 2010; 7: 
e1000320.

 24. Kypridemos C, Collins B, McHale P, et al. Future cost-
effectiveness and equity of the NHS Health Check cardio-
vascular disease prevention programme: Microsimulation 
modelling using data from Liverpool, UK. PLoS Med 2018; 
15: e1002573.

 25. Marmot M, Allen J, Goldblatt P, et al. Fair Society, Healthy 
Lives. The Marmot Review. Strategic Review of Health 
Inequalities in England post-2010. In: http: //www.in-
stituteofhealthequity.org/resources-reports/fair-society-
healthy-lives-the-marmot-review/fair-society-healthy-lives-
full-report-pdf.pdf; accessed March 2020.

 26. Diderichsen F, Evans T, Whitehead M. The Social Basis of 
Disparities in Health. In: Evans T, Whitehead M, Diderich-
sen F, Bhuiya A, Wirth M, eds. Challenging Inequities in 
Health. New York: Oxford University Press; 2001.

 27. Capewell S, O’Flaherty M. Rapid mortality falls after risk-
factor changes in populations. Lancet 2011; 378: 752-3.

 28. Capewell S, Capewell A. An effectiveness hierarchy of pre-
ventive interventions: neglected paradigm or self-evident 
truth? J Public Health (Oxf) 2018; 40: 350-8.

 29. Nishtar S, Niinisto S, Sirisena M, et al. Time to deliver: 

report of the WHO Independent High-Level Commission 
on NCDs. Lancet 2018; 392: 245-52.

 30. Moran AE, Coxson P, Ferrante D, et al. The Cardiovascular 
Disease Policy Model: Using a National Cardiovascular 
Disease Simulation Model to Project the Impact of Na-
tional Programs to Lower Dietary Salt. In: Legetic B, Cec-
chini M, eds. Applying Modeling to Improve Health and 
Economic Policy Decisions in the Americas: The Case 
of Noncommunicable Diseases. Washington DC, USA: 
Organisation for Economic Co-operation and Develop-
ment, Pan American Health Organization, World Health 
Organization; 2015.

 31. Capewell S, Morrison CE, McMurray JJ. Contribution of 
modern cardiovascular treatment and risk factor changes 
to the decline in coronary heart disease mortality in Scot-
land between 1975 and 1994. Heart 1999; 81: 380-6.

 32. Ainsworth JD, Carruthers E, Couch P, et al. IMPACT: a 
generic tool for modelling and simulating public health 
policy. Methods Inf Med 2011; 50: 454-63.

 33. Weinstein MC, Coxson PG, Williams LW, Pass TM, Stason 
WB, Goldman L. Forecasting coronary heart disease in-
cidence, mortality, and cost: the Coronary Heart Disease 
Policy Model. Am J Public Health 1987; 77: 1417-26.

 34. World Health Organization. WHO report on the Global 
Tobacco Epidemic, 2019. Appendix VI. Switzerland. In: 
https: //www.who.int/tobacco/global_report/en/, accessed 
March 2020.

 35. World Health Organization. 2018 global progress report 
on implementation of the WHO Framework Convention 
on Tobacco Control. In: https: //www.who.int/fctc/report-
ing/WHO-FCTC-2018_global_progress_report.pdf?, ac-
cessed March 2020.

 36. Trieu K, Neal B, Hawkes C, et al. Salt Reduction Initiatives 
around the World - A Systematic Review of Progress to-
wards the Global Target. PLoS One 2015; 10: e0130247.

 37. He FJ, Brinsden HC, MacGregor GA. Salt reduction in the 
United Kingdom: a successful experiment in public health. 
J Hum Hypertens 2014; 28: 345-52.

 38. Colchero MA, Guerrero-Lopez CM, Molina M, Rivera JA. 
Beverages Sales in Mexico before and after Implemen-
tation of a Sugar Sweetened Beverage Tax. PLoS One 
2016; 11: e0163463.

 39. Saxena A, Koon AD, Lagrada-Rombaua L, Angeles-Ag-
deppa I, Johns B, Capanzana M. Modelling the impact 
of a tax on sweetened beverages in the Philippines: an 
extended cost-effectiveness analysis. Bull World Health 
Organ 2019; 97: 97-107.

 40. Briggs ADM, Mytton OT, Kehlbacher A, et al. Health im-
pact assessment of the UK soft drinks industry levy: a 
comparative risk assessment modelling study. The Lancet 
Public health 2017; 2: e15-e22.

 41. Falbe J, Thompson HR, Becker CM, Rojas N, McCulloch 
CE, Madsen KA. Impact of the Berkeley Excise Tax on 
Sugar-Sweetened Beverage Consumption. Am J Public 
Health 2016; 106: 1865-71.


