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It all started here



http://www.who.int/whr/2002/en/Chapter6.pdf?ua=1

Cholesterol distributions and coronary heart disease rates, 
men 30–59 years of age, North Karelia, Finland,1972–1992



Emerging experiments in population health





We do have some evidence





Financial support for habitable 
homes: After rehabilitating 
housing 62% of adults have 
excellent health vs 33% before

https://www.cdc.gov/policy/hst/hi5/homeimprovement/index.html ; Breysse J et al. Health Outcomes and Green Renovation of Affordable Housing. Public Health 
Rep. 2011; 126(Suppl 1): 64–75. doi: 10.1177/00333549111260S110
https://www.flickr.com/photos/nodding_pig/15588502903/sizes/l

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3072905/
https://dx.doi.org/10.1177/00333549111260S110


In a city of a million residents, 40 percent expansion 
of transit developments has annual health benefit of 
$216 million
https://www.cdc.gov/policy/hst/hi5/publictransportation/index.html; Litman, T., Evaluating Public Transportation Health Benefits. 2010, Victoria Transport Policy 
Institute http://www.apta.com/resources/reportsandpublications/documents/apta_health_benefits_litman.pdf

https://www.cdc.gov/policy/hst/hi5/publictransportation/index.html


Early childhood 
education associated 
with benefit:cost ratio 
of $5:$1 with reduction 
in crime rate, child 
maltreatment, teen 
pregnancy, academic 
achievement

https://www.cdc.gov/policy/hst/hi5/earlychildhoodeducation/index.html
The Guide to Community Preventive Services, Promoting Health Equity Through Education Programs and Policies: Center-Based Early Childhood Education. The 
Community Guide: What Works to Promote Health 2015 October 27, 2015 [cited 2015 November 30]; Available from: Promoting Health Equity Through Education 
Programs and Policies: Center-Based Early Childhood Education.
Halfon, N. and M. Hochstein, Life course health development: an integrated framework for developing health, policy, and research. Milbank Quarterly, 2002. 80(3): p. 
433-479.
Isaacs, J.B., Cost-Effective Investments in Children Isaacs. 2007, The Brookings Institute: Washington D.C.

http://www.thecommunityguide.org/healthequity/education/centerbasedprograms.html


Each time the Earned Income Tax Credit increases 
by 10 percent, infant mortality drops by 23.2 per 
100,000
https://www.cdc.gov/policy/hst/hi5/taxcredits/index.html 
Arno, P.S., et al., Bringing health and social policy together: The case of the earned income tax credit. Journal of public health policy, 2009. 30(2): p. 198-207.





Challenges in producing evidence



1. External validity



Let us suppose we want to know:

Does a particular intervention result in normotension?



Keyes K, Galea S. Epidemiology matters: A new introduction to epidemiologic foundations. Oxford University Press. 2014.



Keyes K, Galea S. Epidemiology matters: A new introduction to epidemiologic foundations. Oxford University Press. 2014.

No association



Keyes K, Galea S. Epidemiology matters: A new introduction to epidemiologic foundations. Oxford University Press. 2014.



Keyes K, Galea S. Epidemiology matters: A new introduction to epidemiologic foundations. Oxford University Press. 2014.

33 additional cases of 

normotension for every 

100 cases with the 

intervention



Keyes K, Galea S. Epidemiology matters: A new introduction to epidemiologic foundations. Oxford University Press. 2014.



Keyes K, Galea S. Epidemiology matters: A new introduction to epidemiologic foundations. Oxford University Press. 2014.

10 additional cases of 

normotension for every 

100 cases with the 

intervention



Why?

The intervention alone does not cause normotension; the 

intervention needs to happen together with exposure to 
other conditions



What the causal structure may look like if X, the 

intervention, and Y, social condition are both necessary 
and insufficient causes of disease

Component 
Causes

X Y
� �

�
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� 0

� 0
0

What the causal structure may look like if X, the 

intervention, and Y, social condition are both necessary 
and insufficient causes of disease





0% social 
condition

50% social 
condition

40% social 
condition



0% social 
condition

50% social 
condition

40% social 
condition

No one here will develop normotension due to the 

intervention because the causal partner is not 

present; hence equal likelihood of normotension 

among those exposed/unexposed to the 

intervention

Component	
Causes

Probability	of	disease

X Y
� � 1
� 0

� 0
0





50% of those who are 

exposed to the intervention 

exposed to the social 

condition, hence have 

normotension

40% of those who are 

exposed to the intervention 

are exposed to the social 

condition, hence have 

normotension



17% of those who are 

unexposed to the 

intervention have 

normotension

17% of those who are 

unexposed to the 

intervention have 

normotension



Therefore under a very plausible assumption of co-

occurring causes, the medical intervention-health 
association can only be understood if we understand the 

other factors that distinguish between samples



2. Ubiquity







Betancourt LM et al. Adolescents with and without gestational cocaine exposure: Longitudinal analysis of inhibitory control, memory and receptive 
language. Neurotoxicol Teratol 2011; 33(1): 36-46.  

Peabody Picture Vocabulary Test



Predictor for Peabody Picture Vocabulary Test score Coefficient P-value

Gestational cocaine exposure -2.89 0.26

Assessment no. 2.72 <0.001

Gestational cocaine exposure x assessment no. 0.58 0.51

Age at 1st assessment -0.36 0.76

Female gender -4.93 0.058

Parental nurturance -0.31 0.89

Environmental stimulation 5.91 0.039

Caregiver BDI-II depression score 0.03 0.84

Betancourt LM et al. Adolescents with and without gestational cocaine exposure: Longitudinal analysis of inhibitory control, memory and receptive 
language. Neurotoxicol Teratol 2011; 33(1): 36-46.  



How much of our cognitive ability is determined by our 
genes?





= GE+



= ENV+



= CA+



= ENV+

Scenario 1

= CA+= GE+



= ENV+

Scenario 1

= CA+= GE+



= ENV+

Scenario 1

= CA+= GE+

RR (CA+|GE+) = 3.99

PARP (CA+|GE+) = 1 



= ENV+= CA+

Scenario 2

= GE+



= ENV+= CA+

Scenario 2

= GE+



= ENV+= CA+

Scenario 2

= GE+

RR (CA+|GE+) = 1.7

PARP (CA+|GE+) = 0.4



Is this all theoretical?



Proportion of total Full-Scale IQ variance accounted for by A, 
C, and E plotted as a function of observed socioeconomic 
status (SES). 

Turkheimer E et al. Psychological Science 2003;14:623-628



3. We cannot think in dichotomies



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

Non-
diseased

Diseased Total

Unexposed A B A+B

Exposed C D C+D

Total A+C B+D NB

A

D

C



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.





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



Keyes KM, Smith GD, Koenen KC, Galea S. The mathematical limits of genetic prediction for complex chronic disease. Journal of Epidemiology and Community
Health. 2015;69(6):574-9



Keyes KM, Smith GD, Koenen KC, Galea S. The mathematical limits of genetic prediction for complex chronic disease. Journal of Epidemiology and Community
Health. 2015;69(6):574-9

Observation 1

At any G 
prevalence, the 
determinant of 
the magnitude
of the risk ratio 
and the risk 
difference is 
prevalence
of the E and X



Keyes KM, Smith GD, Koenen KC, Galea S. The mathematical limits of genetic prediction for complex chronic disease. Journal of Epidemiology and Community
Health. 2015;69(6):574-9

Observation 1

At every G 
prevalence, the 
risk ratio and the 
risk difference
increases as the 
prevalence of E 
increases



Keyes KM, Smith GD, Koenen KC, Galea S. The mathematical limits of genetic prediction for complex chronic disease. Journal of Epidemiology and Community
Health. 2015;69(6):574-9

Observation 1

At every G 
prevalence, the 
risk ratio 
decreases as the
background rate 
of disease 
increases



Grounding this in a conceptual framework



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.

Keyes KM, Galea S. Population health science. Oxford University Press; 2016



The past as prologue



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.
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