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• “A study in which units of analysis are 
populations or groups of people than 
individuals.” – Dictionary [Porta 2008]

• “An ecologic or aggregate study focuses on the 
comparison of groups rather than individuals” –
Morgenstern, Modern Epi, 2008
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Ecologic Studies
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Key issues with ecologic Studies

• Explores correlations between aggregate (group level) 
exposure and outcomes

• Unit of analysis: usually not individual, but clusters 
(e.g. countries, counties, schools)

• Useful for generating hypothesis
• Prone to “ecological fallacy”
• Cannot adjust well for confounding due to lack of 

comparability (due to lack of data on all potential 
covariates)

• Missing data is another concern
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Example: Correlation between TB and AIDS

Source: ActivEpi
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Cui et al. Environmental Health: A Global Access Science Source 2003 
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Monday’s declaration by the National Bureau of Economic Research (NBER) that the US has 
been in a recession for more than a year is no surprise to buyers of Kraft Macaroni & Cheese, 

whose purchases jumped last winter.
Sales of Kraft’s boxed mac-and-cheese rose to $193.1 million in the first quarter, 10 percent over 

the previous year, according to Information Resources Inc., a Chicago-based market-data 
company. They remained above 2007’s level in the second and third quarters as shoppers turned 

to cheaper options in a sagging economy.



Why do ecologic studies?
• Low cost and convenience
• Some measurements cannot be made on individuals
• Ecologic effects are the main interest (at the population 

level)
• Simplicity of analyses and presentation
• Often helpful for generating new hypotheses for further 

research
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Morgenstern H, Chapter in: Modern Epidemiology, 2008



Levels of measurement
• Aggregate measures:

– Means or proportions in groups, derived from individuals in 
groups (e.g. % smokers in a country)

• Environmental measures:
• E.g. air pollution level in a country
• Environmental measure has an analog at the individual level, but 

not easy to measure

• Global measures:
– Attributes for groups or places for which there is no individual 

analog
– E.g. population density, type of healthcare system, political 

system in the country
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Morgenstern H, Chapter in: Modern Epidemiology, 2008



Units of analysis
• Individual-level analysis:

– Measurements are available for each individual in the study

• Completely ecologic analysis:
– All variables (exposure, outcome, covariates) are ecologic, so unit of analysis is 

the group

• Partially ecologic analysis
• Multi-level analysis

– Combines data collected at two or more levels
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Morgenstern H, Chapter in: Modern Epidemiology, 2008



Levels of inference
• Biologic inferences about effects on individual risks

– E.g. if individual motorcyclists wear helmets, will it lower their risk of 
mortality?

• Ecologic inferences about effects on group rates
– E.g. Do rates of motorcycle-related mortality of riders vary across different states 

that have different helmet laws in place?

Cross-level inferences are often made – ecological effects are interpreted as 
individual effects and this is vulnerable to bias
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Morgenstern H, Chapter in: Modern Epidemiology, 2008



Example: individual effect
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Example: ecologic effect
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• Multiple group study
– Compares disease rates among many regions during 

the same period
• Time-trend studies

– Comparison of disease rates over time in one 
population

• Mixed designs
– Multiple groups + multiple time periods

Note: 
– Meta-analyses can also be considered a type of ecological study (unit = publication)
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Types of ecologic designs

Morgenstern AJPH 1982



Example: Multiple group studies
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J Epidemiol Community Health. 2005 August; 59(8): 670–674

An ecological study of obesity and income inequality



Example: Time-trend studies

Time Trends in Autism and in MMR Immunization Coverage in California 

15

Percentage of Children Receiving 
Measles-Mumps-Rubella (MMR) 
Immunization in Second Year of Life 
and Caseload of Children With Autism, 
by Year of Birth, California, 1980-1994

JAMA. 2001;285:1183-1185
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Analytical Approach: linear regression and 
ecologic correlation coefficients

From Linear Regression

Here, RR is interpreted as the risk of disease in a population with
100% exposure (i.e., X=1) relative to 0% exposure (i.e., X=0)

Assuming a linear model, B1 (the slope) is the estimated risk difference

Morgenstern AJPH 1982



17

Ecologic Correlation Coefficient

• The ecologic correlation coefficient (R) is given by:
R = B1{SQRT(Vx / Vy)}

• Vx and Vy are the variances of X and Y.  

• This value “R” is often calculated in ecologic analyses 
because R2 represents the proportion of the between 
group variance in the outcome variable (Y) that is 
explained by the predictor variable (X)

Morgenstern AJPH 1982



• Usually Hypothesis Generating
• Lack of adequate data and missing data

– May not be recorded a group level

• Within-Group Misclassification
• Confounding
• Collinearity
• Temporal Ambiguity
• Ecological Fallacy
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Limitations of Ecological Studies

Rothman and Greenland 1998



Temporal sequence is not clear
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Mental Health. 2007 Volume 4 Number 1



Ecologic fallacy:  Durkheim’s study 
of suicide in Bavaria
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Émile Durkheim
• Émile Durkheim (1858 –1917) was a famous French 

sociologist and pioneer in the development of 
modern sociology and anthropology. 

• In a groundbreaking book published in 1897, entitled 
Le Suicide, Durkheim explored the differing suicide 
rates among Protestants and Catholics.  

• In 19th century Europe, suicide rates were higher in 
countries that were more heavily Protestant. 
Durkheim found that suicide rates were highest in 
provinces that were heavily Protestant. 

• He concluded that stronger social control among 
Catholics resulted in lower suicide rates. 

• However, Durkheim's study of suicide was criticized 
as an example of the logical error termed the 
"ecological fallacy."
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Using ordinary least-squares linear regression on Durkheim's data, Morgenstern 
(1995) found a strong positive correlation (Figure below) between proportion 
protestant and suicide rates. The estimated rate ratio, comparing Protestants with 
other religions, was 7.6 (i.e. suicide rates among protestants was about 8 fold 
higher than other religions).



The bias
• According to Morgenstern, the estimated rate ratio of 7.6 was probably not 

because suicide rates were nearly 8 fold higher in Protestants than in non-
Protestants. 

• Rather, because none of the regions was entirely Protestant or non-
Protestant, it may have been non-Protestants (primarily Catholics) who 
were committing suicide in predominantly Protestant provinces. 

• It is plausible that members of a religious minority might have been more 
likely to commit suicide than were members of the majority. 

• Living in a predominantly Protestant area had a contextual effect on suicide 
risk among Catholics.

• Interestingly, Morgenstern points out that Durkheim compared the suicide 
rates at the individual level for Protestants, Catholics and Jews living in 
Prussia, and from his data, the rate was about twice as great in Protestants 
as in other religious groups. 

• Thus, when the rate ratios are compared (2 vs 8), there appears to be 
substantial ecological bias using the aggregate level data.
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Ecological fallacy
• Ecological fallacy arises from thinking that relationships observed for groups 

necessarily hold for individuals: if provinces with more Protestants tend to 
have higher suicide rates, then Protestants must be more likely to commit 
suicide; if countries with more fat in the diet have higher rates of breast 
cancer, then women who eat fatty foods must be more likely to get breast 
cancer. 

• Such inferences made using group-level data may not always be correct at 
the individual level.

• Ecological bias can be interpreted as the failure of associations seen at one 
level of grouping to correspond to effect measures at the grouping level of 
interest. 

• For example, associations seen using country-level data may not correlate 
with associations that exist at the individual or neighborhood-level.
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Aggregation Bias

Koepsell and Weiss. Epidemiologic Methods 2003

Correlation negative at individual level but positive at group 
level
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Aggregation Bias

Koepsell and Weiss Epidemiologic Methods 2003

Correlation negative at 
individual level but 

positive at group level

Within each of the four populations, as exposure increases, outcome 
decreases. But across populations, as the mean exposure level increases, the 
mean rate of outcome increases.



Example: individual effect does not match ecologic 
effect
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This study examined the relationship between parental smoking and asthma and 
other atopic diseases at the ecological level. The prevalence of atopic symptoms in 
6-7- and 13-14-year old children was assessed in 91 centres (from 38 countries) and 
155 centres (from 56 countries) respectively in the International Study of Asthma and 
Allergy in Childhood (ISAAC). These symptoms were related to prevalence of 
tobacco smoking for each country by gender as reported by the WHO.
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“For the countries included in this analysis, 
countries that have high adult male 
smoking rates have a lower risk of asthma 
and rhinitis symptoms in children...

It should be stressed that this analysis 
does not involve information on individual 
exposures and therefore does not 
contradict the well-established association 
of active and passive smoking in individuals 
with the occurrence of asthma symptoms in 
the same individuals. Rather, it indicates 
that this well-established individual-level 
association does not account for the 
international differences in asthma 
prevalence, and that other risk factors for 
asthma must be responsible for the 
observed international patterns.”



Conclusions

• As emphasized by Morgenstern (1995 & 2008), several practical 
advantages make ecologic studies especially appealing for undertaking 
various types of epidemiologic research. 

• Despite these advantages, ecologic analysis poses problems of 
interpretation when making inferences at the individual level.

• The correlation at the group level was valid in Durkheim’s analysis.  It was 
only invalid as a statement of individual causal effect. 

• As pointed out by Greenland (2001), if we have predictors at the individual 
and the group level, and we want the causal effects at one or the other 
level, then our ecological level analysis could be confounded by omitted 
variables at the individual level.

• As pointed out by Morgenstern, we often require both ecological and 
individual-level data to make valid inferences. Multi-level models are 
powerful approaches to separate biologic, contextual and ecologic effects 
(Morgenstern 2009).
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