
Editorial

Role of nested case–control studies in the diYcult quest for
new coronary risk factors

About half of all patients with ischaemic heart disease do
not exhibit traditional risk factors.1 Therefore further gains
in the control of ischaemic heart disease will require
concerted eVorts, and the necessary allocation of re-
sources, for current research to evaluate new possible risk
factors and preventive interventions. These concerted
eVorts should proceed on several fronts simultaneously.
Basic researchers provide biological mechanisms and
answer the crucial question of why an agent or intervention
reduces disease or death. Clinicians provide benefits to
aVected patients through advances in diagnosis and
treatment, and formulate hypotheses from their clinical
experience. Epidemiologists and statisticians formulate
hypotheses from basic, clinical, and descriptive epidemio-
logical studies and test these hypotheses in prospective
studies and, where appropriate, in randomised trials.

The ultimate goal of epidemiological studies is to estab-
lish whether a cause–eVect relation exists between a puta-
tive risk factor and disease. Making such a judgement
involves several steps, the first being to establish whether
there is in fact a valid statistical association. To conclude
that an association is valid, the potential role of chance,
bias, and confounding must be ruled out. If a valid statisti-
cal association is present, the question then becomes: is it
one of cause and eVect? To render this judgement, the
totality of evidence from all sources must be considered,
including the strength and consistency of the association
and the plausible biological mechanisms to explain the
findings.2

Epidemiological studies
Epidemiological studies can be either descriptive (cross
sectional or case–control studies) or prospective (cohort
studies or case–control studies nested within a prospective
cohort).3 4 Descriptive studies are useful primarily for the
formulation of hypotheses; prospective studies may be
helpful for hypothesis testing. In descriptive studies a puta-
tive risk factor is measured at or after the identification of
cases who show evidence of the disease under investigation.
In cross sectional studies members of a defined population
are examined for the presence (cases) or absence (controls)
of disease; in case–control studies cases are identified first
and then controls are matched as a standard of
comparison. Levels of a putative risk factor are then com-
pared in cases and in controls: higher levels in cases suggest
the possibility of an association between putative risk factor
and disease. In cross sectional studies a potential bias is the
erroneous recall of prior clinical events; in case–control
studies a potential bias is patient selection. Furthermore, in
both cross sectional and case–control studies even the con-
vincing demonstration of an association between putative
risk factor and disease does not allow us to rule out reverse
causality where elevated levels of the putative risk factor
can be the result of disease rather than its cause. In
prospective studies a putative risk factor is measured in
members of a defined population without evidence of the
disease under investigation. In prospective cohort studies

enrolled individuals are then followed up for a time period
suYcient for a sizeable percentage of them to develop the
disease. The levels of a putative risk factor at the time of
enrolment are then compared in cases who will develop
disease and controls who will not develop disease at follow
up. In cohort studies a potential bias is represented by
losses at follow up.

Nested case–control studies
In case–control studies nested within a prospective cohort
the levels of the putative risk factor are compared only in
cases who will develop disease at follow up and in an equal
number of controls (better if the number of controls is a
multiple of the number of cases) who will not develop dis-
ease at follow up; in this case risk factors do not need to be
assessed in the remaining subjects which were part of the
initial cohort. Nested case–control studies compared to
cohort studies are less exposed to the potential bias of
losses at follow up and cheaper as less measurements are
needed.

In general, the presence of higher levels of a putative risk
factor in cases than in controls is more convincing evidence
that a cause–eVect relation might exist between putative
risk factor and disease when they are found in prospective
studies than when they are found in descriptive studies.
Indeed, in prospective studies the results are less likely to
be influenced by a selection bias and are less likely to be
accounted for by reverse causality. Unfortunately, even in
well designed prospective studies the association between a
putative risk factor and disease can be the result of chance,
particularly if the number of enrolled individuals is small.
Furthermore the association can be entirely due to
confounding factors if a known risk factor is responsible for
both increased levels of a putative risk factor and disease. In
prospective studies the confounding role played by known
risk factors can be unmasked using appropriate multivari-
ate statistical models although this reduces the power of the
study. It is impossible, however, to adjust the results for
unknown confounding factors. When a putative risk factor
is biologically plausible and the association with the disease
is consistent in well designed prospective studies, the
cause–eVect relation can be definitely proven by ran-
domised trials showing that interventions that reduce the
levels of the putative risk factor prevent the disease.

In the past few years case–control studies nested within
a prospective cohort have played a key role in our
understanding of new risk factors for ischaemic heart dis-
ease. Why has this methodologically sound and cheap epi-
demiological approach gained so much popularity? Prob-
ably because nested case–control studies, with a small
additional eVort, multiply the information which can be
obtained from large cohort studies and from randomised
trials. Indeed, in the last decades spare blood samples
obtained at baseline were wisely collected and frozen in
several prospective studies and randomised trials. These
blood banks have set up the stage for nested case–control
studies which could be carried out after completion of the
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planned follow up. In nested case–control studies so
planned it has been possible to investigate potential risk
factors for ischaemic heart disease, measurable in periph-
eral venous blood, which were unknown5 or were not
regarded as potential risk factors6 at the time of blood col-
lection. Of interest, nested case–control studies can be car-
ried out without introducing any important bias even when
baseline blood samples are not available from all subjects
enrolled in the initial cohort. Indeed, blood samples from
selected cases and matched controls only are needed for
the purpose of the study.

Homocysteine and ischaemic heart disease
The article published by Fallon and colleagues7 in this
issue of Heart is an excellent example of a case–control
study nested within the prospective Caerphilly cohort. The
results of this study do not support the hypothesis that
raised blood concentrations of homocysteine are associated
with an increased risk for ischaemic heart disease. The
studies carried out in the past few years on the association
between homocysteine and ischaemic heart disease repre-
sent a good example of how diYcult it can be to prove a
cause–eVect relation between a putative risk factor and
disease. Despite the biological plausibility—markedly
increased concentrations of homocysteine have deleterious
eVects on the vascular wall8 9—and the results of several
descriptive epidemiological studies consistently showing a
significant association between homocysteine blood con-
centrations and ischaemic heart disease, prospective stud-
ies have produced remarkably conflicting results showing a
strong association at one extreme and no association at all
at the other.10 11 Reverse causality, a weak average
cause–eVect relation, a strong cause–eVect relation but
limited to a small subset of patients with ischaemic heart
disease, and the role played by chance, can all explain these
disparate findings. Thus, the totality of available evidence
indicates that only randomised trials will allow us to estab-
lish whether a cause–eVect relation exists between
homocysteine blood concentrations and ischaemic heart
disease.
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