
The ecological fallacy strikes back

When I first started studying epidemiology, ecological
studies were briefly discussed as an inexpensive but unreli-
able method for studying individual level risk factors for
disease. For example, rather than go to the time and
expense to establish a cohort study or case-control study of
fat intake and breast cancer, you could simply use national
dietary and cancer incidence data and, with minimal time
and expense, show a strong correlation internationally
between fat intake and breast cancer. This approach was
quite rightly regarded as inadequate and unreliable
because of the many additional forms of bias that can occur
in such studies compared with studies of individuals within
a population. In particular, the “ecological fallacy” can
occur in that factors that are associated with national
disease rates may not be associated with disease in
individuals.1 For example, almost any disease that is asso-
ciated with aZuence and Westernisation has in the past
been associated at the national level with sales of television
sets, and nowadays is probably associated at the national
level with rates of internet use.

Thus, ecological studies were not a good thing to do, and
were a relic of the “pre-modern” phase of epidemiology
before it became firmly established with a methodologic
paradigm based on the theory of randomised controlled
trials of individuals. This paradigm, which is very powerful
when used appropriately, gave rise to increasingly sophisti-
cated methods of study design and data analysis. In
particular, biostatistical methods that were developed for
randomised trials involving a single individual level
exposure were used to reformulate and make more
rigorous the previously ad hoc epidemiological methods of
study design and data analysis.2 3 Thus, epidemiology
courses have increasingly become restricted to discussing
cohort and case-control studies and the methods of data
analysis that fit the clinical trial paradigm on which they are
based. There is usually little or no discussion of the philos-
ophy of science (with the exception of some very simplistic
Popperian versions), or of how theories and hypotheses are
developed. Epidemiology students then graduate and go
out into the “real world” to test hypotheses that can be
investigated using these methods and for which funding
can be obtained.

Now population level studies are back in business, for
two important reasons.

Firstly, it is increasingly recognised that, even when
studying individual level risk factors, population level stud-
ies play an essential part in defining the most important
public health problems to be tackled, and in generating
hypotheses as to their potential causes. Many important
individual level risk factors for disease simply do not vary
enough within populations to enable their eVects to be
identified or studied.4 More importantly, such studies are a
key component of the continual cycle of theory and
hypothesis generation and testing.5 Historically, the key
area in which epidemiologists have been able to “add
value” has been through this population focus, although
this lesson has been forgotten by many modern epidemi-
ologists. For example, many of the recent discoveries on the
causes of cancer (including dietary factors and colon can-
cer, hepatitis B and liver cancer, aflatoxins and liver cancer,
human papilloma virus and cervical cancer) have their ori-
gins, directly or indirectly, in the systematic international
comparisons of cancer incidence conducted in the 1950s
and 1960s.6 These suggested hypotheses concerning the
possible causes of the international patterns, which were

investigated in more depth in further studies. In some
instances these hypotheses were consistent with biological
knowledge at the time, but in other instances they were new
and striking, and might not have been proposed, or inves-
tigated further, if the population level analyses had not
been done. More recently, a huge amount of funding has
been spent on studying the “known” causes of asthma in
aZuent countries (for example, air pollution, allergen
exposure), and it is only now that standardised studies are
revealing major international diVerences in asthma preva-
lence that are not explained by these “established” risk fac-
tors such as air pollution,7 but are more consistent with
recent theories on the protective role of some infant infec-
tions in the aetiology of asthma.8

A second reason that ecological studies are back is that it
is increasingly being recognised that some risk factors for
disease genuinely operate at the population level.9–11 In
some instances they may directly cause disease, but
perhaps more commonly they may cause disease as eVect
modifiers or determinants of exposure to individual level
risk factors.12 For example, being poor in a rich country or
neighbourhood may be worse than having the same income
level in a poor country or neighbourhood, because of
problems of social exclusion and lack of access to services
and resources.13 This may operate through relatively direct
mechanisms, but may also involve aspects of individual
lifestyle that are in part determined by the social context.
For example, the decision to continue to gain temporary
relief and pleasure through smoking tobacco may be quite
rational for someone who is surviving from week to week in
diYcult circumstances.

The failure to take account of the importance of popula-
tion context, as an eVect modifier and determinant of indi-
vidual level exposures could be termed the “individualistic
fallacy”14 in which the major population determinants of
health are ignored and undue attention is focused on indi-
vidual characteristics. In this situation, the associations
between these individual characteristics and health can be
validly estimated, but their importance relative to other
potential interventions, and the importance of the context
of such interventions, may be ignored. For example, in
most countries in the world, any individual level study will
identify certain individual characteristics (including ge-
netic factors) that appear to be the most important deter-
minants of health. However, recent events in Eastern
Europe have shown that these individual characteristics
operate within a powerful population context that may be
a much stronger determinant of disease at the population
level.15 Ignoring this context and attempting to study
homogeneous populations can lead to the erroneous
conclusion that individual characteristics are the main
determinants of disease and the most important for inter-
vention, just as studying populations with homogeneous
lifestyles can lead to the erroneous conclusion that other
factors are the main determinants of disease.4

These considerations have lead to a revival of population
level studies in recent years, with an increasing interest in
statistical methods of multi-level analysis. These have con-
siderable merits as they permit the estimation of
population level (ecological) eVects while also including
individual level eVects,16 thus avoiding both the ecological
fallacy and the individualistic fallacy. However, although
there has been much discussion of the statistical analysis of
such studies, there has been relatively little discussion of
the other methodological issues involved in studying
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genuine ecological eVects. The paper by Blakely and
Woodward in this issue of the journal is therefore a very
timely and valuable contribution. In particular, they note
their concern that “the application of multi-level statistical
methods may have surged ahead of a theoretical framework
in which to conduct meaningful and robust analyses” and
that “as researchers move beyond the initial exhilaration of
applying the ‘magic’ of multi-level statistical methods to
data, there will be an increasing and necessary focus on
theory, study design, and sources of error”. Just as learning
to use the Mantel-Haenszel method or standard logistic
regression is only a small part of learning to be an epidemi-
ologist, learning to do multi-level logistic regression is just
a small part of learning to be a multi-level epidemiologist.
In both instances, the biostatistical methods are merely one
part of the epidemiological toolkit, which includes
methods of appropriate study design, including avoidance,
minimisation or assessment of possible biases. More
importantly, in both instances, a knowledge of appropriate
methods of study design and data analysis is not a substi-
tute for knowing how to choose the most appropriate
hypothesis to study.

So how can epidemiologists learn to think in a
multi-level way? How can they ensure that the best
hypotheses are developed for study, and that the “appropri-
ate technology” (whether individual or population level) is
then used to test them? How can epidemiology students
learn such methods in a such a manner that they can use
them appropriately, rather than letting the methods they
learn define and restrict the questions they subsequently
ask? There are two principles from clinical teaching and
practice that may be particularly relevant in this regard.

Firstly, a problem-based approach to teaching clinical
medicine has been increasingly adopted in medical schools
around the world. The value of this approach is that theo-
ries and methods are taught in the context of solving real
life problems. This places the methods into context, and
helps ensure that the appropriate methods are chosen to fit
the problem, rather than making the problem fit the meth-
ods. Perhaps the teaching of problem-based epidemiology
can help to restore the link to public health, and to the real
world in which most public health problems involve a vari-
ety of levels of disease causation. Studying real public
health problems in their historical and social context does
not exclude learning about sophisticated methods of study
design and data analysis (in fact, it necessitates it), but it
may help to ensure that the appropriate questions are asked
and the “appropriate technology” is then used to answer
them.

Secondly, the decision as to what is “appropriate
technology” should be based on evidence. This is less
obvious than it seems, as many epidemiological methods
are not evidence-based. For example, the current wave of
enthusiasm for “molecular epidemiology” has led to the
widespread use of biomarkers of exposure even when there
is very little evidence of their validity. The need for an
evidence-based epidemiology also applies to the general
“research strategy” that is used by epidemiologists, as well
as the specific research methods that are used, as there is
good historical evidence of the value of a population-based
approach.5

In some instances the use of these new methods will
make epidemiology more complicated. This is noted

somewhat disparagingly by Poole and Rothman17 who
seem to equate critics of “modern epidemiology” with
those who would prefer a return to the “simpler” more ad
hoc methods of the past. However, the issue here is not that
the use of sophisticated statistical methods is desirable or
undesirable in itself. Rather, the issue is that we should
answer the most important scientific and public health
questions and should use “appropriate technology” to
answer them. In some instances, the population approach
will produce hypotheses that can be investigated with
straightforward cohort or case-control studies and ana-
lysed using simple 2 × 2 tables, or the corresponding mul-
tivariate methods of Poisson or logistic regression. In other
instances, quite diVerent methods of study design and data
analysis may be required.11

In each instance, epidemiology will continue to involve a
healthy collaboration between epidemiologists and biostat-
isticians (as well as biologists, social scientists and others),
but it is epidemiologists who have the primary responsibil-
ity to identify and develop the most important population
level research questions, which can then be investigated
using appropriate biostatistical methods. The paper by
Blakely and Woodward is an important contribution in this
regard, as it alerts us to the dangers of simplying adding
multi-level modelling to our analytical toolkit, and raises
the important issues of theory development, study design
and assessment of bias that must be considered in
multi-level studies, just as they currently are (or should be)
considered in individual level studies.
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