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Abstract

Ecological studies are observational studies commonly used in public health research.
The main characteristic of this study design is that the statistical analysis is based on
pooled (i.e., aggregated) rather than on individual data. Thus, patient-level informa-
tion such as age, gender, income and disease condition are not considered as individ-
ual characteristics but as mean values or frequencies, calculated at country or
community level. Ecological studies can be used to compare the aggregated preva-
lence and incidence data of a given condition across different geographical areas, to
assess time-related trends of the frequency of a pre-defined disease/condition, to
identify factors explaining changes in health indicators over time in specific
populations, to discriminate genetic from environmental causes of geographical varia-
tion in disease, or to investigate the relationship between a population-level expo-
sure and a specific disease or condition. The major pitfall in ecological studies is the
ecological fallacy, a bias which occurs when conclusions about individuals are errone-
ously deduced from results about the group to which those individuals belong. In this
paper, by using a series of examples, we provide a general explanation of the ecologi-
cal studies and provide some useful elements to recognize or suspect ecological fal-

lacy in this type of studies.
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given health or social condition. A longitudinal ecological study aims
to assess time-related trends of the frequency of a pre-defined dis-

Ecological studies belong to the family of observational studies and
are commonly used in public health research.! The main characteristic
of an ecological study is that the statistical analysis is based on aggre-
gated (i.e., on population/community-level variables) rather than on
individual data.2 There are three main types of ecological studies: geo-
graphical, longitudinal and migration. A typical aim of a geographical
ecological study is to compare geographical areas in terms of aggre-
gated population/community health indicators and/or to investigate

the association between demographic and socioeconomic data and

Stefanos Roumeliotis and Samar Abd ElHafeez contributed to the study.

ease/condition as well as to identify factors aggregated at population
level explaining these changes over time in specific populations. A
migration ecological study considers migrant populations as units of
analysis and can be used to discriminate genetic from environmental
causes of geographical variation in disease.

Ecological studies have the advantage to be cheap and provide a
rather fast answer to a research question, and can be used to assess/
generate various hypotheses. For example, to compare the aggregated
prevalence and incidence data of a given condition across different
areas (e.g., the burden of poverty), to investigate the relationship

between a population-level exposure and a specific disease or
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condition (e.g., the association between gross domestic product cycles
and suicide trends across time in various countries or the link between
air pollution concentration and lung cancer in different cities). On the
other hand, ecological studies have several limitations. First, when
performing an ecological study to investigate the relationship
between the frequency of a risk factor and the burden of a given dis-
ease, investigators do not know whether all individuals affected by
the disease of interest were really exposed to the risk factor being
investigated, as it occurs in studies enrolling individuals as units of
analysis. Moreover, ecological studies are prone to confounding,® a
problem that is difficult to address in this type of studies.* Although
an ecological study may reflect a causal (etiological) effect between a
candidate risk factor and a disease,® the problem of ecological fallacy
is frequently raised as a bias limiting the use of ecological associations
as proofs of etiological links.® This bias occurs when conclusions
about individuals are erroneously deduced from results about the
group to which those individuals belong. From this perspective, we
can conclude that a given association emerged in an ecological study
is affected by ecological fallacy only by performing an individual-level
analysis. In an ecological study performed in the late 19th century,” a
direct association was reported between the proportion of Protes-
tants in a series of Prussian communities and the frequency of sui-
cides. The hypothesis that being Protestant is a risk factor for suicide
is an example of ecological fallacy. In fact, a more careful evaluation of
available data revealed that in the late 19th century, most of the sui-
cides within the Prussian communities were committed by Catholics
who, when in the minority because of the high percentage of Protes-
tants in a given community, are isolated from a social point of view
and for this reason at higher risk of suicide. The misleading conclusion
from the ecologic study about the link between the proportion of
Protestants and the frequency of suicide mentioned above is an
example of ecologic fallacy.® Although the ‘ecological fallacy’ is a bias

of primary importance, ecological studies have the advantage of

SUMMARY AT A GLANCE

This article describes the application of ecological studies to
provide an answer to specific epidemiological questions.
This paper focuses on the problem of ecological fallacy, a
bias which occurs when conclusions about a given relation-
ship in individuals are deduced from inferences about the

group to which those individuals belong.

accounting for ‘individualistic fallacy’ which occurs when individuals
are assumed to be unaffected by the environment in which they live.®
Here, we provide six examples: Example 1 gives a hypothetical exam-
ple of ecological fallacy; Example 2 is an ecological study aimed at
identifying the magnitude and the reasons of disparities to access car-
diac procedures (coronary artery bypass, coronary angioplasty, and so
on) after an acute myocardial infarction (M) in Ontario, Canada; Exam-
ple 3 underscores the importance of ecological studies to discovery of
previously unsuspected risk factors for a given disease (e.g., salt intake
as a risk factor for hypertension); Examples 4-6 underline the caution
to be adopted when interpreting the results of an ecological study
because of the bias due to ecological fallacy.

2 | EXAMPLE1

We consider three different populations in which systolic blood pres-
sure and serum creatinine were simultaneously assessed in a series of
individuals. Within each population, at the individual-level analysis,
systolic blood pressure and serum creatinine were directly and signifi-
cantly interrelated (see Figure 1, left panel). Then, we decide to inves-

tigate the problem of the systolic blood pressure-creatinine link by an

Example of ecological fallacy
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Example of ecological fallacy (see Example 1 for details). SBPnean1 and Creat nean1 = averages of systolic blood pressure and

creatinine, respectively, in individuals belonging to the Population 1; SBP can2 and Creat ean2 = averages of systolic blood pressure and
creatinine, respectively, in individuals belonging to the Population 2; SBP,canz and Creat ean3 = averages of systolic blood pressure and

creatinine, respectively, in individuals belonging to the Population 3
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ecological approach, using the same data, that is, by an across-
populations analysis (see Figure 1, right panel). To do this, we calcu-
late the mean values of serum creatinine and the mean values of
systolic blood pressure separately in the three populations and look
for the correlation among these average values. Given the fact that
mean systolic blood pressure is lower in population 1 than in
populations 2 and 3 whereas the average creatinine displays an oppo-
site pattern (it is higher in population 1 than in populations 2 and 3),
in an ecological analysis we find an inverse relationship between cre-
atinine and systolic blood pressure. In this case, the type of population
acts as a confounder in the link between systolic BP and serum creati-
nine. Thus, the results of the across-populations analysis do not match
with those of individual-level analysis, resulting in an ecological fal-
lacy.® If the conclusion about the direction of the systolic blood
pressure-creatinine link had been drawn from the ecological analysis,
we would have erroneously concluded that this link was an inverse
one. In general, it is difficult to adjust for confounders in ecological
studies, mainly because of the relatively low number of units of analy-
sis (in the across-populations analysis of Example 1, only three groups
are available and for this reason, data adjustment for confounding is

practically impossible).

3 | EXAMPLE 2

Alter et al. performed an ecological study’ to assess the relationship
between the socioeconomic status of patients, their access to specific
cardiac procedures (coronary artery bypass, coronary angioplasty, and
so on), and short-term (12 months) mortality rate after an acute Ml in
Ontario, Canada. Although the universal healthcare system in Canada
aims to avoid discrimination, patients living in higher-income areas
have the highest rates of cardiac procedures and the lowest
12-month mortality rates. By using an ecological approach to provide
an answer to their research question, Alter et al did not really study
the effect of socio-economic status of patients but rather the effect
of living in a neighbourhood with a certain socio-economic status. The
same authors also performed a follow-up study,® by using individual-
level clinical and socioeconomic status in 3407 patients who were
hospitalized for acute MI in 53 large-volume hospitals in Canada from
December 1999 to February 2003, and found that the difference in
mortality rate after acute MI was largely explained by differences in
baseline cardiovascular risk factors among patients rather than the
disparity in the process of care. This finding is of paramount impor-
tance from a public health perspective because it suggests that uni-
versal healthcare by itself does not eradicate health disparities in
Canada and underlines that the management of cardiovascular risk
factors and the promotion of healthy behaviour are absolute public
health priorities in the country, particularly in the poorest strata of the
Canadian population. The peculiarity of this study is that the investi-
gators provided an answer to a public health research question (Does
income affect the access to specific cardiac procedures in Canada?) in
two steps: (1) by using an ecological study and (2) by performing an
individual-level analysis, this latter providing a plausible explanation of
the inequalities emerged in the ecological study.

4 | EXAMPLE 3

Several epidemiological and experimental studies have consistently
demonstrated a significant relationship between salt intake and blood
pressure. The first evidence about this relationship emerged in ecolog-
ical studies. In 1960, an across-population link between salt intake

I** who found a linear

and blood pressure was firstly described by Dah
relationship between the mean sodium intake and the burden of
hypertension in five different populations. Dahl also reported that the
burden of hypertension was relatively low in populations with salt
intake below 4-5 g salt/day and hypothesized that salt intake
increased the chance of high blood pressure in humans. In 1979,

.12 using data derived from

another ecological study by Froment et a
28 populations, reported that an increase of 100 mmol/day of sodium
intake associated with a 10 mmHg average increase in blood pressure.
Although these ecological studies were prone to several bias, con-
founding, and other methodological problems, they have had the
merit to pave the way in 1988 to an international observational study
(the INTERSALT study*3) carried out on 10 074 individuals in 32 coun-
tries worldwide to investigate the salt-blood pressure relationship. In
this large study, each patient underwent both blood pressure and
sodium urine measurements. In an individual-level analysis
(n = 10 074), patients with 24 h urinary sodium excretion higher than
100 mmol displayed an average increase of 6 mmHg of systolic blood
pressure as compared to patients with 24 h urinary sodium below this
level. Of note, the effect derived by this individual-level analysis was
almost identical to that observed in an across-population analysis of
the same study using countries as units of analysis (n = 52). The eco-
logical analysis showed that a 100 mmol increase of the sample
median of 24 h sodium excretion associated with 5-7 mmHg increase
of the sample median of systolic blood pressure. Thus, individual- and
population-level analyses provided on average similar results. How-
ever, although the effect size of salt intake on blood pressure was sim-
ilar on average between across-populations analysis (n = 52
populations) and individual-level analysis (n = 10 074), the estimation
of such an effect obtained using individual data is more precise
(i.e., with a narrower 95% confidence interval) than that obtained by

using aggregated data.

5 | EXAMPLE 4

In an ecological study, Ralph et al.,* tested the hypothesis that
population-wide use of diuretics might be associated with the inci-
dence of end-stage renal disease (ESRD). The authors used aggre-
of both ESRD
antihypertensive drugs in the United States. Renal failure data were

gated data trends incidence and use of
obtained from the United States Renal Data Service, and drug infor-
mation obtained from IMS Health (Fairfield, CT). They found a direct
and significant relationship between the annual changes in diuretic
distribution with concomitant annual changes in the incidence of
ESRD (r = 0.75, p = 0.03) and drew the conclusion that diuretic ther-
apy could be a risk factor of ESRD. They concluded that their results

‘imply that diuretics appear to permit, induce or possibly accelerate renal
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disease in a small but significant proportion of diuretic-treated patients’.
Such a statement clearly suggests an etiological role for ESRD of the
diuretics use at individual level, a pathogenetic hypothesis which
demands to be formally tested by using individual-level rather than
population-level data. In fact, the ecological study is not well suited
for hypothesis testing because of unmeasured and uncontrolled con-
founding and from this perspective it is prone to ecological fallacy.
Thus, the hypothesis generated in the Ralph's study requires further
individual-level studies to confirm or deny a potential role of diuretics

in the risk of ESRD in the community.

6 | EXAMPLES

A study by Pickett et al.,*® further illustrates the concept of ecological
fallacy. These authors performed a cross-sectional, ecological study to
assess the association between child wellbeing and three macro-
economic measures, including material living status (assessed by aver-
age income), social status (assessed by income inequality) and social
exclusion (assessed by children living in relative poverty) in rich, devel-
oped countries. In this cross-national comparison, data from 23 of the
top 50 richest countries in the world were included. Child wellbeing
was assessed by the overall Unicef index of wellbeing. Low scores of
the index indicated worse outcomes. Income inequality was calculated
as the ratio of the annual, total household income that was received
by the richest 20% of the population divided by that received by the
poorest 20%. Child relative poverty, another outcome of the study,
was assessed as the proportion of children between 0 and 17 years
old living on less than half the national median annual household
income. By using Pearson's correlations, the authors found that the
overall Unicef index of wellbeing was strongly, linearly and inversely
correlated with the income inequality and the proportion of children
living in relative poverty (r = —0.64, p = 0.001 and r = —-0.67 and
p = 0.001), respectively. The authors concluded that in rich, developed
countries, child wellbeing improvements might depend more on
decrease of inequality income and the percentage of children living in
relative poverty, rather than on other measures targeting further eco-
nomic growth. However, the authors cannot be sure that within a cer-
tain country the children that lived in relative poverty had also low
levels of wellbeing. Thus, also in this case a problem of ecological fal-
lacy can be suspected when the authors infer that children with lower
wellbeing status were more likely to live in households with relative
poverty. Therefore, an individual-level analysis is required to confirm
the study hypothesis.

7 | EXAMPLE 6

Here, we focus on a study by Donnan et al.,'® who investigated the
association between antibiotic exposure and resistance to these drugs
in a repeated cross-sectional study in 1995 and 1996. Data on antibi-
otic resistance were collected based on culture and sensitivity tests of

midstream urine collection. Samples with and without trimethoprim

resistant Gram-negative bacteria were identified and then linked to
patient records. The crude Spearman rank correlation between prac-
tice prescribing of trimethoprim and resistance was very low
(rho = —0.039) and not significant and this remained after adjustment
for some potential confounders. The researchers concluded that the
general practices with the highest rates of trimethoprim prescribing
have similar proportions of patients with trimethoprim resistance as
those practices with the lowest rates of trimethoprim prescribing. To
apply these findings at the level of individuals, we need to take care of
the ecological fallacy. To this scope, the authors linked patient records
indicating prescription of trimethoprim and the urine test results. In this
analysis, they found that trimethoprim resistance was significantly asso-
ciated with age, sex and past exposure to trimethoprim or other antibi-
otics. The association with trimethoprim resistance was strongest for
people who had recently been exposed to trimethoprim. For this rea-
son, the researchers concluded that the analysis of data at the practice
level obscured important associations between antibiotic prescribing
and resistance at the individual level. Thus, care must be taken when
extrapolating data either to individuals within the area level of measure-
ment, or to a higher population level due to the liability to potential bias

as ecological fallacy. Moreover, causation cannot be determined.

8 | CONCLUSIONS

Ecological studies should be considered as the first step, especially for
public health objectives, to generate hypotheses at the population
level. Depending on the research question, researchers should con-
sider the possibility to replicate the results obtained by population-
level analyses in individual-level studies. This type of studies plays an
important role in public health research and are of interest both for
policy makers and clinicians. A fundamental question when reading/
interpreting an ecological study is whether the ecological study is the
appropriate tool to provide the answer to the research question being
addressed or it would have been more appropriate to apply another
study design, for example, an individual-level observational study or a
randomized controlled trial. The conclusions of an ecological study
should be carefully evaluated in order to assess whether they are bio-
logically plausible, whether alternative explanations exist to interpret
the results and whether all potential confounders were taken into
account in the data analysis. When reading an ecological study we
should be always aware of the possibility of an ecological fallacy

whereby potentially misleading causal inferences might be generated.
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