
Using systems to understand population health

Sandro Galea

Boston University School of Public Health



A central motivation: population health



The health outcomes of a group of individuals, 
including the distribution of such outcomes within 
the group 

Kindig D, Stoddart G. What is population health? American Journal of Public Health 2003;   93;380-383.

“    
”



The health outcomes of a group of individuals, 
including the distribution of such outcomes within 
the group 

Why? So that we may intervene

Kindig D, Stoddart G. What is population health? American Journal of Public Health 2003;   93;380-383.

“    
”





Populations are 

1. Heterogeneous, ie have diversity of agents

2. Characterized by nonlinear dynamics

3. Characterized by contact structure, networks, 
organization

4. Have feedback, adaptation, learning, evolution

5. Stochastic with important tails

6. Display emergent properties



http://i.telegraph.co.uk/multimedia/archive/00796/crowded-britain_796405c.jpg
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Complex systems



Obesity among U.S. adults, 2010
(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

Behavioral Risk Factor Surveillance System, Centers for Disease Prevention and Control. 



Foresight - Tackling Obesities: Future Choices:
<http://www.foresight.gov.uk/OurWork/ActiveProjects/Obesity/KeyInfo/Index.asp>



The foundations of population health



1. Population health manifests as a continuum.

2. The causes of differences in health across populations are not necessarily an 

aggregate of the causes of differences in health within populations.

3. Large benefits to population health may not improve the lives of all individuals.

4. The causes of population health are multilevel, accumulate throughout the life 

course, and are embedded in dynamic interpersonal relationships.

5. Small changes in ubiquitous causes may result in more substantial change in the 

health of populations than larger changes in rarer causes.

6. The magnitude of an effect of exposure on disease is dependent on the 

prevalence of the factors that interact with that exposure.

7. Prevention of disease often yields a greater return on investment than curing 

disease after it has started. 

8. Efforts to improve overall population health may be a disadvantage to some 

groups; whether equity or efficiency is preferable is a matter of values.

9. We can predict health in populations with much more certainty than we can 

predict health in individuals.
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Principle 1. Population health manifests as a continuum





FIGURE 1-1 Changes in the distribution of body mass index (BMI) between 1976-1980 and 2005-2006 among U.S. adults 
aged 20-74. NOTE: NHANES = National Health and Nutrition Examination Survey, a continuous program of studies designed 
to assess the health and nutritional status of a nationally representative sample of children and adults in the United States.

SOURCE: Ogden et al., 2007. https://www.nap.edu/read/12847/chapter/3#24

Obesity



Rose G. Sick individuals and sick populations. International Journal of Epidemiology. 1985;14:32-38



Rose G. Sick individuals and sick populations. International Journal of Epidemiology. 1985;14:32-38
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Pepe MS, Janes H, Longton G, Leisenring W, Newcomb P. Limitations of the odds ratio in gauging the performance of a diagnostic, 
prognostic, or screening marker.  American Journal of Epidemiology 2004; 159:882-890.



Principle 5. Small changes in ubiquitous causes may result in more 
substantial change in the health of populations than larger changes in 
rarer causes.







http://www.yourweightmatters.org/portion-sizes-changed-time/



Poor food environment in New York City

Stark J et al. Neighbourhood food environments and body mass index among New York City adults. J Epidemiol Community Health 2013; 67: 736-742. 



http://www.usnews.com/cmsmedia/13/cf/75a042c94c0fb078efa0790b2e73/141110-hechingerabsenteeism-graphic.absenteeism.png



Principle 6. The magnitude of an effect of exposure on disease is 
dependent on the prevalence of the factors that interact with that 
exposure.



How much of our obesity risk is determined by our genes?
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RR (OB+|GE+) = 3.99
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Scenario 2
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RR (OB+|GE+) = 1.7

PARP (OB+|GE+) = 0.4



Therefore under a very plausible assumption of co-

occurring causes, the gene-obesity association can only be 
understood if we understand the urban factors that create 

the conditions for disease 



Rampersaud E, Mitchell BD, Pollin TI, Fu M, Shen H, O'Connell JR, et al. Physical Activity and the Association of Common FTO Gene Variants With Body Mass Index and 
Obesity. Arch Intern Med. 2008;168(16):1791-1797. 



Meigs JB, Shrader P, Sullivan LM, McAteer JB, Fox CS, Dupuis J, Manning AK, Florez JC, Wilson PW, D'Agostino RB Sr, Cupples LA. Genotype score in addition to 
common risk factors for prediction of type 2 diabetes. N Engl J Med. 2008 Nov 20;359(21):2208-19 



Meigs JB, Shrader P, Sullivan LM, McAteer JB, Fox CS, Dupuis J, Manning AK, Florez JC, Wilson PW, D'Agostino RB Sr, Cupples LA. Genotype score in addition to 
common risk factors for prediction of type 2 diabetes. N Engl J Med. 2008 Nov 20;359(21):2208-19 



Back to populations



Populations are 

1. Heterogeneous, ie have diversity of agents

2. Characterized by nonlinear dynamics

3. Characterized by contact structure, networks, 

organization

4. Have feedback, adaptation, learning, evolution

5. Stochastic with important tails

6. Display emergent properties



Systems and counterfactual thinking



Causes and counterfactuals

Observed

Counterfactual (parallel universe)
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Causes and counterfactuals

Observed

Counterfactual (parallel universe)
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“Control”
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Causal
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Treatment
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Marshall BDL, Galea S. Formalizing the role of complex systems methods in causal inference and epidemiology. American Journal of Epidemiology. 2015;181(2):92-99. 
. 
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Everything should be made as simple as 

possible, but not simpler
“    

”

Attributed to Albert Einstein.



Simple approaches, a foundational myth



The effectiveness of simple approaches?

Davey Smith G, Ebrahim S. Epidemiology-is it time to call it a day? International Journal of Epidemiology. 2001;30:1-11.



Our World in Data. “The link between health spending and life expectancy: The US is an outlier.”
<https://ourworldindata.org/the-link-between-life-expectancy-and-health-spending-us-focus>  Accessed September 7, 2016 
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