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The study of the socio-economic determinants of health is
receiving much interest world-wide.The publication of the
Black Report' in 1980, a UK government sponsored review
of the socio-economic determinants of health, was a turning
point. Since then, researchers and policy makers alike have
been drawn to (or forced to) attempt to understand the
relationship of socio-economic status with health, and pon-
der the policy implications. Nineteenth century epidemiol-
ogy had a strong focus on the distribution of disease by
social forces in society, but post World War II ‘modern’ epi-
demiology has focused more on individuallevel associa-
tions and associated methodologies.”” Recently, a growing
cadre of epidemiologists are returning to the study of how
health is patterned and caused by socio-economic forces in
society. Why? Numerous reasons, including: >¢*

* A growing awareness of the limited value of studying
only individual-level risk factors (e.g. income, diet, cell-
phone use), when the these risk factors are strongly
patterned’ by socio-economic status and other distal
forces.’

» Following that landmark work of Rose'” and infectious
disease epidemiologists (e.g. Koopman and Longini'"'%),
researchers and policy makers have been provoked to
think less in terms of individual-level associations, and
more in terms of population-level dynamics.

Berkman and Kawachi (2000) define social epidemiology
as “the branch of epidemiology that studies the social
distribution and social determinants of states of health”
(page 6)."* As such, the orientation is similar to other
branches of epidemiology that focus on exposures (e.g.
environmental or nutritional epidemiology). Why launch
this sub-discipline ‘social epidemiology’? The most impor-
tant justification is the need to identify the casual compo-
nents of associations. Much of what passes for social epi-
demiology at the moment is descriptive; this is important
work, if only for monitoring and raising awareness of the
underlying determinants of health. But if ‘social epidemiol-
ogy' is to have a notable impact, then it must not just
describe associations but move on to isolate causal mecha-
nisms. For example, we should not be happy with just not-
ing the strong gradient of health by income, but rather ask
(then attempt to answer) what is the causal contribution of
income on health as opposed to income being a proxy/cor-
relate for numerous other variables.

This potential analytical contribution of social epidemi-
ology, and the challenges to be overcome, is the subject of
this review. We wish to briefly review a recently emerging
body of literature on the application of a counterfactual
model to causal inference in social epidemiology.'*"? Our
main purpose is to alert readers to what we think are inter-
esting and challenging issues in epidemiology generally, but
particularly social epidemiology. We also believe that these
emerging issues will gain more widespread attention by

epidemiologists in the next decade. Our own reflections on
these are somewhat preliminary, so we would encourage
dialogue with other interested epidemiologists in
Australasia.

Causal inference in social epidemiology

Say a cohort study found that after controlling for the ‘stan-
dard’ confounders of age, sex, and ethnicity, low-income
people have twice the mortality of high-income people in
the first five years of follow-up. Imagine we could go back
in time to the start of the study, and top-up all the low-
income peoples’ income to a high income - but change
nothing else. In this ‘counterfactual’ thought experiment,
would we expect the two-fold mortality risk between the
two originally defined income groups to be reduced to
nothing? Certainly not - for two reasons.

First, as socio-economic factors are distal factors in any
causal process that eventually impacts upon health, it takes
time for income to get 'under the skin’and affect health. For
example, a higher income may afford you a better diet,
which changes vour lipid profile, which - over time - may
affect your risk of coronary heart disease. Beyond that, there
is a further delay from the pathophysiological beginnings of
disease and clinical presentation or death. More generally,
for any socio-economic factor (e.g. education, occupational
class), it will probably take years, decades, or even genera-
tions for its impact on chronic disease mortality to be
affected through the most likely pathways: psychosocial
processes, behaviour, and other lifestyle factors.”

Second, high-income and low-income people are not
‘exchangeable’ in a counterfactual sense.'* The counterfac-
tual model*'** is perhaps the most useful way of thinking
about confounding and attribution, and has been the foun-
dation of much recent methodological work in epidemiolo-
gy.2* Simply, a counterfactual model in observational epi-
demiology states that the average causal effect of an expo-
sure could be determined if we could go back in time,
change individuals' exposure status (and nothing else), and
determine the effect of this change on disease occurrence.
Obviously, this is impossible. However, a large randomised
trial approximates the counterfactual model; as exposure is
randomised we can assume that the individuals in each
treatment arm are very similar, and hence could be consid-
ered as ‘exchangeable’ between treatment arms. In observa-
tional epidemiology, the exchangeability assumption
requires a bigger jump of faith - we assume that within
strata of all the measured confounders, individuals are
exchangeable, and hence we can determine causal effects
for a given exposure, When individuals are not similar for
unmeasured confounders within strata of the measured
confounders, then the exchangeability assumption is violat-
ed and the observed exposure-disease association suffers
from residual confounding.
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Kaufman and Cooper (1999) argue that violation of the
exchangeability assumption is particularly problematic in
social epidemiology.'* First, exposures and confounders in
social epidemiology are often highly correlated. For exam-
ple, even after controlling for the confounders of education
and social class, income is likely to be correlated with fac-
tors such as asset ownership, and other less readily measur-
able variables that are linked in a general way with social
position, and may act as confounders in a study of disease
ctiology. That is, even with many confounders measured, it
is still likely that individuals are not exchangeable between
strata of the exposure of interest - income, in this case.
From a life-course perspective, it is unlikely that enough life-
course variables (e.g. parental income, early childhood envi-
ronment) could ever be measured to ensure that individuals
were exchangeable within strata of, say, adult income. (We
would add to this lack of ability to measure all potential
confounders the problem of measurement error - measure-
ment error of confounders will limit the ability to control
for confounding by the same.?**®) Second, Kaufman and
Cooper argue that this lack of exchangeability becomes
¢ven more problematic for variables that are deeply embed-
ded attributes of individuals, such as ethnicity, Whilst it is
plausible to imagine the same person with a different
income, they argue it is less plausible to imagine a white
American person as an Afro-American. If the exchangeabili-
ty assumption cannot be sustained in social epidemiology,
we must accept that there will remain residual confounding
of measured exposure-disease associations. Kaufman and
Cooper propose three alternative strategies for progress in
social epidemiology:

* Seck causal explanations only for definable interven-
tions (€.g.income, but not ethnicity)

* Borrow methods from infectious disease epidemiology
to allow for lack of independence between individuals
in outcomes (e.g. social interactions might be viewed as
analogous to a contagion effect (see Blakely and
Woodward*”’) that is essential to understanding the caus-
es of disease (and policy responses), but violates normal
analytical assumptions of statistical independence)

* Use a systems approach,'”* whereby we attempt to
model the actual associations that exist, and test predic-
tions against future observations. (In the absence of
complex systems models, then at least consider examin-
ing the associations of distal and proximal variables to
one another, and mapping outcomes by joint distribu-
tions of covariates (see Kaufman et al’").

Not all social epidemiologists agree with the diagnosis of
Kaufman and Cooper - see the comments of Muntaner'®
and Krieger and Davey Smith'’, and the authors’ replies.'
Two concerns with the position of Kaufman and Cooper
stand out to us. First, analytical models are never perfect, yet
often provide useful inferential information. Standard epi-
demiological analyses (e.g. standardisation, regression mod-
elling) may not fully satisfy the exchangeability assumption
of a counterfactual model, but nevertheless provide useful
information about the structuring of health in our societies.
Kaufman and Cooper perhaps overstate the level of
methodological rigour required to inform public health
actions. For example, it is useful to know that the associa-
tion of income with health is, say, halved after controlling

for the ‘confounder’ education: but that does not mean we
need causally infer that this residual association is equiva-
lent to the change that would be affected by changing peo-
ples’incomes. Second, even for variables that may be argued
as attributes of individuals (e.g. ethnicity) rather than vari-
ables subject to change (e.g. income), it is not inappropriate
to assess effect sizes.As argued by Krieger and Davey Smith
(2000) and Muntaner (1999), ethnicity is not a fixed genet-
ic trait of individuals, but a socially constructed fact.'>!”
Biological features may be fixed, but the social response is
not. For example, it is not impossible to imagine a counter-
factual world where people were not discriminated against
on the basis of ethnicity. Whilst we must be cautious inter-
preting effect estimates for attributes like ethnicity, gender
and age (and in particular, should resist the temptation to
closely equate effect measures with attributable and avoid-
able fractions), they provide further clues to the patterning
of socio-economic inequalities of health. Indeed, Susser
argucs that it is necessary to think of personal attributes as
one of the several Chinese boxes in an eco-epidemiological
approach.®

Putting observational social epidemiology aside for a
moment, consider the possibility of a randomised trial of
income supplementation on health. Evidence of health
effects from such a study would be very welcomed; as a ran-
domised trial it would generate a ‘higher quality’ of evi-
dence, and more closely approximate the counterfactual
model. Conducting such a trial may seem impractical given
the cost and possible political implications. However, sever-
al income supplementation trials were conducted during
the 1960s and 1970s in North America, but no reliable analy-
ses of health outcomes were conducted. What is worse, the
remaining raw data are not amenable to reliable analyses -
a lost opportunity to assess health outcomes.** Returning to
our present conjecture, if we could conduct a randomised
trial of income supplementation, what would be the chal-
lenges and limitations?

First, and as suggested above, the effect from a change in
income is likely to be much less than that measured in
observational studies due to residual confounding. For
example, the association of personal income with health in
observational studies may be largely due to a correlation
with (unmeasured) parental income and, more generally,
parental socio-economic status. Second, as in any epidemio-
logical study, the change in exposure has to be substantive
enough in size, for a long enough duration, and applied to
enough people to cause a measurable change in outcome.
Thus, convincing a government agency to increase welfare
benefits by $20 per week for one year among 1000 unem-
ployed people is unlikely to effect any measurable change
in health outcomes. Moreover, there may be genuine thresh-
old effects for both the size of the income change that is
required to have an effect on health status, and threshold
effects for the length of time over which income changes
apply. One study design that may overcome these obstacles
is a study of lottery winners, where the winnings were paid
out as sizeable amounts on a regular basis over some years
(personal communication Dr Anthony Rodgers, July 2000,
Clinical Trials Research Unit,Auckland, New Zealand).Third,
the length of follow-up will have to be long. There are
undoubtedly acute effects of substantial changes in income

e%&USTF{!’-\Lﬂa.SLf-‘-lf'wI EPIDEMIOLOGIST SEPTEMBER 2000 VOL 7.3



(e.g. intake of alcohol, risk-taking behaviours), but it will

take time for a change in income to fully get ‘under the skin’

via dietary and other mechanisms, and affect physiological

markers of health (e.g. lipid levels), then morbidity (e.g.

coronary heart disease incidence), and finally mortality.

Moreover, before income can get under the skin, one may

have to first accumulate wealth. Whilst the lag time from

increased income to improved self-rated health outcomes

(e.g. “do you rate your health as excellent/good/

average/fair/poor”) may be shorter, many researchers and

policy analysts would be concerned about whether a ‘real’
change in health was being measured, or rather contamina-
tion from increased happiness due to financial support. In
short, results for self-rated health outcomes only would not
be convincing. Fourth, the results from such an income trial
are rather artificial. Other than by government redistribu-
tion of income, income change in the real world is associat-
ed with other life changes such as personal investment in
education, or the children leaving home thereby increasing
disposable income - it may be these changes that affect
health, or at least interaction of these changes with income
that affects health. Finally, the results from exactly the same
study design may vary between contexts. For example,
income supplementation in New Zealand may have positive
effects on health in New Zealand, but not in Finland; Finland
has more entrenched social welfare support than New

Zealand, suggesting that income (only) supplementation

may be less critical in an egalitarian country like Finland. In

epidemiological terms, this is equivalent to the prevalence
of effect modifiers varying between what are otherwise
two identical experiments.

Our purpose in conjecturing about a randomised trial of
income is not to dismiss it as useless; to the contrary, we
think it would be extremely useful. Our purpose is instead
to highlight that:

« any such randomised study must be large, have a mean-
ingful change in exposure, and be followed up for a long
period of time

* thinking in a counterfactual sense (as approximated by
the concrete example of a randomised study) suggests
that the association of income with health will be less
that that measured in observational studies

* thinking in policy terms (as approximated by a ran-
domised study of income supplementation) we should
not expect immediate gains to health from increasing
personal incomes; the improvements in health are likely
to be predominantly via pathways that take vyears,
decades, or even generations. A possible rebuttal to this
caution is that the deterioration in health in Eastern
Europe after the collapse of the Soviet Union was rapid.
However, time lags to poor health versus time lags to
good health may be different - this area requires further
research.

Conclusion

The counterfactual model is becoming a key model in epi-
demiological thinking, and raises substantial challenges to
social epidemiology. We have presented a brief overview of
a body of emerging work on the implications of the coun-
terfactual model to social epidemiology - we encourage

interested readers to view this interesting and thought pro-
voking literature themselves, and maintain a watching brief
for further developments. How useful the counterfactual
model in social epidemiology will be remains to be seen.
From a social science perspective, the counterfactual model
remains atomistic. For example, analysing changes in
income alone does not account for the moderating influ-
ences of other social policy and institutions.
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Unit, on (03) 6226 7705, email G.Jones@utas.edu.au.
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