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The Scope and Quality of Evidence/Recommendations 

for Health Action is ExpandingéVery Quickly 
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Enacting Recommendations Raises Many Questions

What to do first (or together)?

Likely consequences?

Costs?  

Time-frame?

How to catalyze action?

Dynamic Hypothesis (Causal Structure)
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System Dynamics Modeling
Dynamic Modeling for Complex Policy Environments

Good at Capturing

Å Differences between short - and long -term consequences 

Å Time delays 

(e.g., asymptomatic periods, time to detect/respond)

Å Accumulations 

(e.g., prevalences, resources, attitudes)

Å Behavioral feedback 

(reactions by various actors)

Å Nonlinear causal relationships 

(e.g., threshold effects, saturation effects)

Å Differences in goals/values among stakeholders

Origins

Å Jay Forrester, MIT, Industrial Dynamics , 1961 

(ñOne of the seminal books of the last 20 years.ò-- NY Times)

Å Population health applications starting mid -1970s 

Background References on System Dynamics Modeling

Forrester JW. Industrial Dynamics.  Cambridge, MA: MIT Press; 1961.

Sterman JD. Business dynamics: systems thinking and modeling for a complex world. Boston, MA: Irwin McGraw-Hill, 2000.

Sterman JD. Learning from evidence in a complex world. American Journal of Public Health 2006;96(3):505-514. 

Homer JB, Hirsch GB. System dynamics modeling for public health: background and opportunities. AJPH 2006;96(3):452-458. 

Homer JB, Oliva R. Maps and models in system dynamics: a response to Coyle. System Dynamics Review 2001;17(4):347-355. 

Richardson GP, Homer JB. System dynamics modeling: population flows, feedback loops, and health. NIH/CDC Symposia on System Science and 

Health; Bethesda, MD.  August 30, 2007. Available at 

<http://obssr.od.nih.gov/news_and_events/lectures_and_seminars/systems_symposia_series/system_symposium_four/systems_symposium_four.aspx>.

Milstein B. Hygeia's constellation: navigating health futures in a dynamic and democratic world. Atlanta, GA: Syndemics Prevention Network, Centers for 

Disease Control and Prevention; April 15, 2008. <http://www.cdc.gov/syndemics/monograph/index.htm>
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A Model Isé
An inexact representation 
of the real thing

They help us understand, explain, 

anticipate, and make decisions

George Box

ñAll models are wrong, 

some are useful.ò

-- George Box

Sterman JD. All models are wrong: reflections on becoming a systems scientist. System Dynamics Review 

2002;18(4):501-531. Available at <http://web.mit.edu/jsterman/www/All_Models.html>

Sterman J. A sketpic's guide to computer models. In: Barney GO, editor. Managing a Nation: the 

Microcomputer Software Catalog. Boulder, CO: Westview Press; 1991. p. 209-229. 

<http://web.mit.edu/jsterman/www/Skeptic%27s_Guide.html>
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Simulation and ñDouble-Loop Learningò

ÅUnknown structure 
ÅDynamic complexity
ÅTime delays
ÅImpossible experiments

Real World

Information
Feedback

Decisions

Mental
Models

Strategy, Structure,
Decision Rules

ÅSelected
ÅMissing
ÅDelayed
ÅBiased
ÅAmbiguous

ÅImplementation
ÅGame playing
ÅInconsistency
ÅShort -term focus

ÅMisperceptions
ÅUnscientific
ÅBiases
ÅDefensiveness

ÅInability to infer 
dynamics from 
mental models

ÅKnown structure 
ÅControlled experiments
ÅEnhanced learning

Virtual World

Sterman JD. Learning in and about complex systems. System Dynamics Review 1994;10(2-3):291-330. 

Sterman JD. Business dynamics: systems thinking and modeling for a complex world. Boston, MA: Irwin 

McGraw-Hill, 2000.
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2000 2001 2002 2003 2004 2005 2006 2007 2008

Selected Examples from CDCôs Growing Portfolio 

of Simulation Studies for Health System Change
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Selected Health Priority Areas

Centers for Disease Control and Prevention.  Dynamic models.  Syndemics Prevention Network, 2009.  Available at 

http://www2.cdc.gov/syndemics/models.htm
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Re-Directing the Course of Change
Questions of Social Navigation

Prevalence of Diagnosed Diabetes, United States
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Markov Model Constants

ÅIncidence rates (%/yr)

ÅDeath rates (%/yr)

ÅDiagnosed fractions

(Based on year 2000 data, 

per demographic segment)

Honeycutt A, Boyle J, Broglio K, Thompson T, Hoerger T, Geiss L, Narayan K. A dynamic markov model for forecasting diabetes 

prevalence in the United States through 2050. Health Care Management Science 2003;6:155-164.

Jones AP, Homer JB, Murphy DL, Essien JDK, Milstein B, Seville DA. Understanding diabetes population dynamics through 

simulation modeling and experimentation. American Journal of Public Health 2006;96(3):488-494.

Trend is not 

destiny

Simulation 
Experiments

in 
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Time Series Models

Describe trends

Multivariate Statistical Models

Identify historical trend drivers 

and correlates
Patterns

Structure

Events

Increasing:

Å

Å

Å -

Å

Å

Increasing:

ÅDepth of causal theory

ÅDegrees of uncertainty

ÅRobustness for longer -

term projection

ÅValue for developing 

policy insights

ÅLeverage for change
Dynamic Simulation Models

Anticipate new trends, 

learn about policy consequences, 

and set justifiable goals

Types of Models for 

Policy Planning & Evaluation
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Prevention Impacts Simulation Model (PRISM)

Å Represents multiple interacting risks and interventions 

for heart disease, stroke, and related chronic diseases: 

medical, behavioral, social, environmental

Å Begun in 2007 (now version 2i) and it remains a 

work -in-progress

Å Engaged subject matter experts from 12 organizations 

(N~30), and 100s of policy officials, including a deep 

collaboration with local leaders in Austin, Texas

Å Integrates best available information in a single testable 

model to support prospective planning and evaluation

Å Explores the likely effects of ñlocal interventions ò 

(i.e., changes in local options/exposures/services that 

affect behavior and/or health status)

ï To what extent might adverse events and costs 

be reduced? 

ï How can policymakers balance interventions 

for best effect with limited resources?
References :  

Homer J, Milstein B, Wile K, Trogdon J, Huang P, Labarthe D, Orenstein D.  Simulating and evaluating local 

interventions to improve cardiovascular health.  Preventing Chronic Disease, 2009 (in press).

Homer J, Milstein B, Wile K, Pratibhu P, Farris R, Orenstein D. Modeling the local dynamics of cardiovascular 

health: risk factors, context, and capacity. Preventing Chronic Disease 2008;5(2). 

Available at <http://www.cdc.gov/pcd/issues/2008/apr/07_0230.htm
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PRISM Situates Multiple Medical, Behavioral, and 

Environmental Factors into a Single Set of Causal Pathways

Cardiovascular

events

Air pollution
exposure
(PM 2.5)

Use of quality

preventive care

SmokingObesity

-Hypertension
-High cholesterol

-Diabetes

Uncontrolled

chronic disorders

Secondhand

smoke

Heart-
unhealthy diet

Physical
inactivity

Distress

Excess

calorie diet

CVD deaths,

disability,

and costs

Excess

sodium diet

Chronic Disorders

Trans fat

consumption



Syndemics

Prevention Network

PRISM Situates Multiple Medical, Behavioral, and 

Environmental Factors into a Single Set of Causal Pathways
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Weight loss
services for obese

JUNK FOOD
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counter -marketing
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PRISM Also Includes Frontiers for Social Action

Tax, restrict sales/mktg,
counter -marketing,

quit services

TOBACCO
Ban smoking in

public places



Primary Information Sources
Å Census

ï Population, deaths, births, net immigration

Å American Heart Association & NIH statistical reports

ï Cardiovascular events, deaths, and prevalence

Å National Health and Nutrition Examination Survey (NHANES)  

ï Risk factor prevalence by age and sex

ï Diagnosis and control of hypertension, high cholesterol, and diabetes

Å Medical Examination Panel (MEPS), National Health Interview (NHIS), Behavioral 

Risk Factor Surveillance System (BRFSS), Youth Risk Behavior Survey (YRBS)

ï Medical and productivity costs attributable to risk factors

ï Prevalence of distress in non -CVD and post -CVD populations

ï Primary care utilization

ï Extent of physical activity 

Å Research literature

ï CVD risk calculator (Framingham)

ï Relative risks from secondhand smoke, air pollution, obesity, poor diet, 

inactivity, distress

ï Quality of diet (USDA Healthy Eating Index)

ï Medical and productivity costs of cardiovascular events   

ï Effect sizes of behavioral interventions

Å Expert judgment

ï Effect sizes of behavioral interventions
Uncertainties are assessed Uncertainties are assessed 

through sensitivity testing


