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How to evaluate causation

K. S. REDDY

INTRODUCTION
Lay persons are often baffled when an 'established cause'
of a disease is no longer considered to be so or when
ubiquitous and esoteric factors emerge as causes for some
disease or the other. Similarly, the clinician is frequently
confused by contrary claims about risk factors. Quite
often, such claims are based on methodologically unsound
research. The discerning clinician, therefore, has to
acquaint himself with the criteria of causal inference,
methodological requirements of studies attempting to
evaluate causation and the application of risk estimations
in decision-making at the level of the individual or policy
formulation for the community. This article aims to refine
the critical appraisal skills of clinicians.

The cardinal requirement for evolving and implementing
effective strategies for the prevention of any disease is
a knowledge of its causation. Since causation of most
diseases, especially the non-communicable ones, is multi-
factorial, the term risk factor is appropriate since it
accepts that more than one factor may be involved
Before we declare any agent or factor to be the cause of
the disease, it is imperative to apply the criteria of causal
inference to decide if it indeed is a risk factor and then
quantitate the risk at the level of the individual as well as
of the population.

CRITERIA FOR CAUSATION
When should we attribute causality to any factor? Most
physicians have been trained to apply Koch's postulates'
for deciding if a causal relationship exists between a
particular micro-organism and a specific disease. These
postulates, first formulated by Henle and later adapted by
Robert Koch in 1877, are as follows:

1. The agent must be shown to be present in every case of
the disease by isolation in pure culture.

2. The agent must not be found in patients with other
diseases.

3. Once isolated, the agent must be capable of reproduc-
ing the disease in experimental animals.

4. The agent must be recovered from the experimental
disease produced.

However, multifactorial causation of disease, including
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those which have an infectious aetiology, is the lesson
which epidemiology has brought to medicine. While
Mycobacterium tuberculosis may be responsible for
causing tuberculosis, there are other factors such as nutri-
tion and immunological status that determine which of
those exposed to the bacillus develop the disease. The
'essentialist' postulates of Koch have yielded ground to
the more holistic criteria stated by HilJ,2 modified later by
Evans' and later still by Trout." Evans' postulates are as
follows:

1. The prevalence of the disease should be significantly
higher in those exposed to the hypothesized cause
than in controls not so exposed.

2. Exposure to the hypothesized cause should be more
frequent among those with the disease than in controls
without the disease when all other risk factors are
held constant.

3. The incidence of the disease should be significantly
higher in those exposed to the hypothesized cause
than in those not so exposed, as shown by prospective
studies.

4. The disease should follow exposure to the
hypothesized causative agent with a distribution of
incubation periods on a bell-shaped curve.

S. A spectrum of host responses should follow exposure
to the hypothesized agent along with a logical
biological gradient from mild to severe.

6. A measurable host response following exposure to
the hypothesized cause should have a high probability
of appearing in those lacking this before exposure
(e.g. antibody, cancer cells), or should increase in
magnitude if present before exposure. This response
pattern should occur infrequently in persons not so
exposed.

7. Experimental reproduction of the disease should occur
more frequently in animals or humans apparently
exposed to the hypothesized cause than in those
not so exposed; this exposure may be deliberate in
volunteers, experimentally induced in the laboratory
or may represent a regulation of natural exposure.

8. Elimination or modification of the hypothesized
cause should decrease the incidence of the disease
(e.g. attenuation of a virus, removal of tar from
cigarettes) .

9. Prevention or modification of exposure to the hypo-
thesized cause should decrease or eliminate the disease
(e.g. immunization, drugs to lower cholesterol).
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10. All of the relationships and findings should make
biological and epidemiological sense.

Trout's modification of Hill's postulates principally lays
emphasis on the primacy of human experimental evidence.
While exposure of human beings to potentially harmful
causal factors in a randomized trial to prove causation
is obviously unethical, controlled trials should be con-
ducted to eliminate or lower postulated risk factors
and determine the effect of that intervention on disease
incidence. For example, does reduction of serum
cholesterol reduce the incidence of coronary events?
Trout's tests for causation are:

1. Is there evidence from true experiments in humans?
2. Is the association strong?
3. Is the association consistent from study to study?
4. Is the temporal relationship correct?
5. Is there a dose-response relationship?
6. Does the association make epidemiological sense?
7. Does the association make biological sense?
8. Is the association specific?
9. Is the association analogous to a previously proven

causal association?

Most, if not all, of these criteria need to be satisfied
before we can say that X causes Y. The causal role of
elevated serum cholesterol in atherosclerotic coronary
artery disease, for example, fulfils all of these criteria.
Cholesterol lowering drug and diet therapy have been
shown, in controlled clinical trials, to result in a reduction
of coronary events and angiographic 'regression' of
coronary lesions has also been demonstrated. Long term
prospective studies have revealed a strong association
(in terms of relative risk), consistency of association, a
dose-response relationship with higher relative risk rates
with increments in serum cholesterol and a temporal
relationship of the cause preceding the outcome.
Epidemiological sense was established through exclusion
of bias, chance and confounding as explanations and
biological sense was established from animal and human
studies demonstrating cholesterol deposition in athero-
matous plaques.

Consistency of association, over several studies is
particularly important. Biological plausibility is also
important to prevent spurious associations being ascribed
risk factor status (e.g. the 'southern drawl', a manner of
speech in southern USA was once considered the 'cause'
of melanoma, before it was realized that southerners in
the USA have greater exposure to sunlight). However,
the discovery of biological mechanisms may sometimes
follow the establishment of consistent epidemiological
associations and a distinction may need to be drawn about
uncertainty regarding biological pathways and obviously
irrational associations. In epidemiology, statistical associ-
ation is often said to be considered a matter of fact
whereas causality must remain a matter of judgement. 5

The questions which need to be posed while evaluating
the causal role of any factor are:
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1. Is there a valid statistical association, and
2. Can this valid statistical association be judged as

cause and effect?5

The former question needs to be answered by
demonstrating an association which is unlikely to be
due to chance, bias or confounding. The latter is then
ascertained by applying the causal criteria discussed
above (modified Hill's criteria of Evans or Trout).

Rothman" states that a cause is termed 'necessary'
when it must always precede an effect. This effect need
not be the sole result of one cause. A cause is termed
'sufficient' when it inevitably initiates or produces an
effect. Any given cause may be necessary, sufficient, both
or neither. When a factor is not sufficient to cause an
effect, it needs an additional factor for the effect to
manifest and is, therefore, a contributor to the causal
sequence. Accordingly, factors in the causation of disease
have been categorized as predisposing, enabling, preci-
pitating and reinforcing factors. I For definitions of these
terms and examples, please refer to the appended glossary.

IS mERE A VALID, ST A nSnCAL ASSOCIATION?
Association refers to statistical dependence between two
variables, that is, the degree to which the proportion of
disease in persons with a specific exposure is either higher
or lower than the proportion of disease among those with-
out that exposure.f The first step in evaluating causation
is to establish such an association and then determine if
this association may have arisen due to chance, bias or
confounding.

EV ALUATING THE ROLE OF CHANCE

Since we study only samples (preferably random samples)
of the total 'universe' of cases with a disease, the role of
chance in observing a particular association needs to be
evaluated. A sufficiently large sample reduces the role
of chance and enhances the precision of estimation.
Quantification of the extent to which chance variability
may account for the results observed in an individual
study is obtained through hypothesis testing and the
derived probability statement (p value). The reader
would be familiar with the use of statistical tests such as
the chi-square test (for categorical variables) and t-test or
ANOV A (for continuous variables) for this purpose.

Since the p value is a composite measure that reflects
both the magnitude of the difference between the two
groups and the sample size, even a small difference may
be statistically significant if the sample size is sufficiently
large and, conversely, a large effect may not achieve
statistical significance if the sample size is insufficient. 5
A related but far more informative measure is the
confidence interval, or the range within which the true
magnitude of effect lies with a certain degree of assurance. 5
A statistically significant result does not mean that chance
cannot account for the findings, only that such an
explanation is unlikely. A result which is not statistically
significant does not mean that chance is responsible for
the results=-only that it cannot be excluded as a likely
explanation.> While the tests of statistical significance
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merely estimate the role of chance as an explanation for
the observed result and the confidence interval estimates
the likely effect size, the study design needs to be carefully
evaluated for the role of bias and confounding.

EV ALUA TING THE ROLE OF BIAS
Systematic error or bias is any source of error in design,
measurement or analysis that results in deviation from the
truth. Thus, it provides a difference between what the
study is actually estimating and what it is intended to
estimate. Whereas random error (chance) is reduced by
increasing the sample size, systematic error would persist
and can only be obviated by careful design and conduct of
the study.

Selection bias is any bias arising from the procedures by
which the study subjects were chosen from the entire
population that theoretically should be studied.> Thus, a
study based on hospital cases only will exclude those who
die before admission because their course is acute, those
who are not sick enough to require hospital care or those
excluded by distance, cost or other factors.' A typical
example is Berkson's bias, which occurs when the combi-
nation of exposure and disease under study increases the
risk of hospital admission, thus leading to systematically
higher exposure rate among the hospital cases than the
hospital controls. For example, when women in hospital
with venous thromboembolism were studied for evaluat-
ing the causal role of oestrogen intake, it was noted
that physicians were more likely to admit cases of
thromboembolism with oestrogen-induced uterine
bleeding than those without such a bleeding disorder.
This inflated the number of oestrogen consumers amongst
the hospital cases." Though this causal relationship is now
well established, this selective hospital admission bias led
to the over estimation of the true risk, since the exposure
rate in the cases studied exceeded the exposure rate in all
cases of thromboembolism.

Even in the community setting, several types of selec-
tion bias can operate. The 'healthy worker effect' is
characterized by lower relative mortality, from all causes
combined, in an occupational cohort and occurs because
relatively healthy individuals are likely to gain employ-
ment and to retain employment." These effects were first
described by William Ogle in 1885 when he observed that
(a) 'some occupations may repel, while others attract, the
unfit at the age of starting work' and (b) 'considerable
standard of muscular strength and vigour to be main-
tained by those who pursued various occupations'. Thus,
despite exposure to a putative risk factor, the observed
frequency of disease may be low in such a cohort, since
diseased persons have been potentially excluded." A
'volunteer effect' is another example of a selection bias
where volunteers who are either more health-conscious
and fit or are unfit and seeking medical attention for a
perceived health problem are preferentially studied. This
problem occurs particularly in population surveys.

A special category of selection bias involves the selec-
tion of prevalent cases rather than incident cases for the
study (prevalence-incidence bias or Neyman's bias). In a
disease like coronary heart disease, for example, a large
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proportion of the patients may die in the setting of an
acute coronary event. The survivors would represent
people with a less severe spectrum of disease (lesser eleva-
tion of risk factors?) and/or a section with some factors
favourably influencing the outcome (partially protective
factors). The prevalent cases are also likely to have
modified their lifestyle (and hence their risk factors) and
risk factors could also be affected, in either direction, by
cardioactive drugs which the patient may be consuming.
Thus the prevalent case becomes unrepresentative of the
disease population and a study restricted to them could
even lead to protective factors which lead to better
survival (e.g. aspirin consumption) being identified as risk
factors and will certainly lead to underestimation of the
risk of lifestyle-related risk factors. On the other hand,
incident cases (cases reporting with an acute coronary
event for the first time) will be free from such sources
of bias.

Another category of bias is measurement bias,
whenever non-comparable information is obtained from
the different study groups. This involves misclassification
of the study subjects with respect to disease or exposure
status. The misclassification may be non-differential or
differential. 10 Non-differential measurement bias occurs
when the likelihood of misclassification is the same for
both the comparison groups. This will bias the effect
estimate towards the null value.!' It is thus of particular
concern in studies that report no association between
exposure to a putative risk factor and disease. Differential
measurement bias occurs when the likelihood of mis-
classification of exposure is different in diseased and
non-diseased persons or the likelihood of misclassification
of disease is different in exposed and non-exposed
persons." This can bias the observed effect estimate
either towards or away from the null value."

Such bias may arise from differential ascertainment
(interviewer bias), differential reporting (recall bias),
differential evaluation (diagnostic suspicion bias,
diagnostic access bias) or differential follow up. Inter-
viewer bias arises when the person eliciting the history of
exposure probes with different intensity of effort, for that
information, in persons with disease as opposed to those
without disease. This often happens when the interviewer
is aware of the hypothesis being tested. Recall bias may
be due to a better recall (intense memory search) by
persons with disease as opposed to those without or due
to under-reporting of socially unacceptable exposures
such as alcoholism or sexual promiscuity. While designing
a study to evaluate the association of a drug or viral
exposure in pregnancy with ventricular septal defects in
the offspring, a control group of mothers with healthy
children is unlikely to recall such exposures with as much
intensity and accuracy as the affected mothers. A control
group of mothers with offspring with another unrelated
congenital birth defect (where such an exposure has not
been implicated) will be a more appropriate control to
overcome the recall bias.

While there are several sources of bias in analytical
research.F care should be taken in the design and execu-
tion of studies to eliminate or minimize them. Where
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potential sources of bias still do exist, it is essential to
identify the magnitude as well as the direction of the bias
for any estimate of the effect size. If the effect of the bias
is minimal or the bias operates in a direction opposite to
that of the observed effect (i.e. the effect may be only
underestimated by the bias), then we may be reassured
about any causal association that has been observed.

EV ALUA TING THE ROLE OF CONFOUNDING
Confounding occurs when the exposed and non-exposed
groups are not comparable because of inherent differences
in the background disease risk.!' This is due to a mixing of
effects between the exposure, the disease and a third
factor that is associated with the exposure and indepen-
dently affects the risk of developing disease.> The
extraneous factor is called the confounder or confounding
variable.

Three conditions are necessary for a factor to be a
confounder.? Firstly, the factor must be associated with
the disease, even in the absence of the exposure under
study. Secondly, a confounder must be associated,
positively or negatively, with the exposure (putative risk
factor) in the study base, not merely among the cases.
Thirdly, the potential confounder must not be an inter-
mediate step in the causal pathway between exposure
and disease. In summary, the confounding variable is
independently associated with both the exposure and the
disease and is not a causal mediator or a surrogate factor.

In any study evaluating the relationship of oral contra-
ceptive intake and coronary heart disease in women,
smoking is a potential confounder. This is because
smoking is an independent risk factor for the disease and
there is also an increased frequency of smoking in women
consuming oral contraceptives (association with the
exposure). Thus, the true effect of oral contraceptives can
only be assessed after controlling for the differential
frequency of smoking in the cases and controls. Other-
wise, the increased frequency of smoking-related disease
in oral contraceptive consumers will over-estimate the
relationship between contraceptives and the disease.
Age, sex and social class are frequently encountered
confounders.

Confounding must be distinguished from effect modifi-
cation. An effect modifier is a factor that modifies the
effect of a putative causal factor under study. I Age, for
example, is a modifier for the effect of systolic blood
pressure on stroke, in that older people have a lower
relative risk than younger persons for the same level of
systolic blood pressure. Similarly, sex is an effect modifier
for the effect of serum cholesterol on the risk of coronary
heart disease, since women have a lower relative risk than
men for the same levels of serum cholesterol. Thus,
depending on the factor under study, age and sex may be
either confounders or effect modifiers. Immunization
status is an effect modifier for the consequences of
exposure to pathogenic organisms.'

Confounding should be controlled by appropriate
design and analysis of analytic studies. If a factor does not
vary between those exposed and not exposed or between
those diseased and not diseased, confounding by that
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factor does not occur. Thus, ifin either design or analysis,
the association between the disease is evaluated only
among those who are similar with respect to the con-
founding factor, the confounding effect is avoided.'
Specific methods include restriction of the study popula-
tion, matching, randomization of exposure, stratification
and multivariate analysis.5•1O,14-16

DESIGN OF RESEARCH STUDIES TO DETERMINE
CAUSATION
Analytic studies to determine causation, within a popula-
tion, usually are case-control studies, cohort studies
or randomized controlled trials. There is a hierarchy of
progressively rigorous methodological strengths in these
three designs. In contradistinction to these analytical
research designs, descriptive studies are methodologically
very weak as bias and confounding are not avoided or
assessed. To merely state that 65% of young Indian patients
with myocardial infarction below the age of 40 years
were smokers does not prove causation without data on
prevalence on smoking in sex and age matched controls
and matching for confounders such as blood pressure,
serum cholesterol, body weight, diabetes, etc. However,
descriptive studies often help generate a hypothesis on a
cause and effect association. Based on this hypothesis, a
more powerful study design can be adopted to estimate
the strength as well as the validity of this association,
Case control studies are most often performed but are
susceptible to several sources of bias." Cohort studies are
far stronger but are expensive and are also susceptible to
some forms of bias. A nested case control study is one in
which cases and controls are selected from an available
cohort study. Randomized controlled trials are difficult to
perform in issues of causation and are expensive, but yield
the most unbiased estimates of risk. However, in diseases
which take several years to evolve or manifest as clinical
end points, the long term follow up of cohort studies is
likely to yield better estimates of risk than the relatively
short term randomized clinical trials. Since it is beyond
the scope of this article to describe features of these
designs in detail, the reader is referred to appropriate
books or monographs on the subject. 5.10.14,15 The principal
design factors are diagrammatically illustrated in figures
1 to 3.

Exposure +

Cases

Exposure -

Exposure +

Controls

Exposure -

(Please note that the direction of observation is prospective)

FIG 1. Case control study
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Cases
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Controls
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Exposure -
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FIG 2. Cohort study

(Randomization)
Study population I----------{
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(Please note that the direction of observation is prospective)
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Clinical
outcome+

Modification +
Clinical
outcome-

Risk factor
Clinical
outcome+

Modification -
Clinical
outcome-

FIG 3. Controlled clinical trial

However, within population studies may sometimes be
inadequate to identify widely distributed risk factors.
Interpopulation comparisons (ecological studies) are
often useful to distinguish them. As Rose.'? points out,
it would be difficult to identify smoking as a risk for
lung cancer if we study a population where everyone
is a smoker. Case control studies would then fail to
distinguish the risk due to smoking, though they may
identify other contributory factors that are part of a
multifactorial causation. The role of smoking would
become clear only if the lung cancer rates in that popula-
tion are compared to another population where the
smoking rate is far lower. Similarly the causal association
of dietary cholesterol and coronary heart disease would
be far easier to establish by comparing Finland with Japan
than by doing a within population study in Finland.
Within population studies will still provide information
regarding the dose-response relationship, which is a
criterion of causality. Even if all the persons studied
were smokers, an increased gradient of risk may be
demonstrated with increasing levels of smoking. Ecological
studies are methodologically weak since they are susceptible
to multiple confounders and are difficult to analyse. The
causal associations established from ecological studies do,
therefore, need to be fortified later by experimental
evidence from controlled trials. Proof of cholesterol as a
coronary risk factor is most convincing when cholesterol
reducing interventions actually reduce coronary events.

RISK ASSESSMENT
There are several statistical indices of quantifying risk at
the individual level as well as at the population level. The
taxonomy is bedevilled by conflicting nomenclature
adopted by American and British epidemiologists on
some of these. The more useful indices are defined
below.'

Relative risk
The ratio of the risk of disease (or death) among the
exposed to the risk among the unexposed.

Disease + Disease -

Exposure + a b (a+b)

Exposure - c d (c+d)

(a+c) (b+d)

Relative risk = a
a-b

c
c-d
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Though this estimate views exposure as dichotomous
(absent or present), different levels of relative risk can
be calculated for different cut-off levels of a continuous
variable like blood pressure or serum cholesterol.

Odds ratio
The exposure-odds ratio for a set of case control data
is the ratio of the odds in favour of exposure among cases
(a/c) to the odds in favour of exposure among non-cases
(bid). This reduces to ad/be. The disease-odds ratio for a
cohort or cross section is the ratio of the odds in favour of
disease among the exposed (aIb) to the odds in favour of
the disease among the non-exposed (c/d). This also
reduces to ad/be,

Odds ratio is usually employed in case control studies
while relative risk is usually derived from methodologically
stronger designs such as randomized trials or cohort
studies.

Attributable risk
This is the rate of a disease or other outcome in exposed
individuals that can be attributed to the exposure. This
measure is derived by subtracting the rate of the outcome
(usually incidence or mortality) among the unexposed
from the rate among the exposed individuals.

Population attributable risk
It is the incidence of disease in a population that is
associated with (attributable to) exposure to the risk
factor. It is often expressed as a percentage:

PAR% _P_e_(,--Ie_-_I-,u)_x t00
Pt x It

where
Pe is the number of persons exposed
Pt is the number of persons in the population
Ie is the incidence rate among exposed
Iu is the incidence rate among unexposed
It is the incidence rate for the total population

Population attributable risk is a more meaningful figure
than relative risk when considering the need for popula-
tion based preventive strategies. Even if the relative risk
due to a particular risk factor is not very high, if the risk
factor is widely prevalent in the population the total
number of cases attributable to the risk factor will be high
in the population. Contrarily, even a risk factor with a
high relative risk will not contribute much to population
levels of morbidity, if it is rare. Thus, relative risk is useful
for estimating individual risk due to a risk factor exposure
while population attributable risk is essential for estimat-
ing population risks due to the risk factor. For example,
while severe diastolic hypertension has a higher relative
risk of vascular events than mild diastolic hypertension,
there is a far greater preponderance of mild diastolic
hypertensives in the population than severe hyperten-
sives. Thus far more vascular events which occur at the
population level are attributable to mild hypertension
than to severe hypertension. While therapy for the
individual has to focus on the relative risk, preventive
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strategies seeking control of disease at a national level
must pay greater attention to the population attributable
risk.

CONCLUSION
Epidemiology is essentially the study of causation,
whether it is the evaluation of a risk factor resulting in
disease or of a drug 'causing' clinical benefit. Specifically
in terms of disease causation, valid association needs to
be established free from confounding and minimizing
the role of bias and chance. Strong associations which
are consistent across studies are of clinical relevance.
Relative risk is a useful guide for individual-based inter-
ventions, whereas population attributable risk guides
community-based interventions. Clinicians must demand
proof from methodologically adequate studies, preferably
employing experimental designs such as clinical trials or
strong observational designs such as cohort studies,
before granting recognition to a risk factor or proceeding
towards clinical interventions aimed at its modification.
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GLOSSARY
The definitions of the terms listed below have been taken
from A dictionary of epidemiology edited by John M.
Last. IThis book is strongly recommended as a companion
volume for any reader studying articles on epidemiology
and clinical research methodology.
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AITRIBUTABLERISK:The rate of a disease or other outcome
in exposed individuals that can be attributed to the
exposure. This measure is derived by subtracting the
rate of the outcome (usually incidence or mortality)
among the unexposed from the rate among the exposed
individuals; it is assumed that causes other than the one
under investigation have had equal effects on the
exposed and unexposed groups.

BIAS: Deviation of results or inferences from the truth, or
processes leading to such deviation. Any trend in the
collection, analysis, interpretation, publication, or
review of data that can lead to conclusions that are
systemically different from the truth. Among the ways
in which deviation from the truth can occur, are the
following:

1. Systematic (one-sided) variation of measurements
from the true values (syn: systematic error).

2. Variation of statistical summary measures (means,
rates, measures of association, etc) from their true
values as a result of systemic variation of measure-
ments, other flaws in data collection, or flaws in
study design or analysis.

3. Deviation of inferences from the truth as a result of
flaws in study design, data collection, or the analysis
or interpretation of results.

4. A tendency of procedures (in study design, data
collection, analysis, interpretation, review or
publication) to yield results or conclusions that
depart from the truth.

5. Prejudice leading to the conscious or unconscious
selection of study procedures that depart from the
truth in a particular direction, or to one-sidedness
in the interpretation of results.

The term 'bias' does not necessarily carry an imputa-
tion of prejudice or other subjective factor, such as the
experimenter's desire for a particular outcome. This
differs from conventional usage in which bias refers to
a partisan point of view.

CASECONTROLSTUDY:(syn. case comparison study, case
history study, case referent study, retrospective study)
A study that starts with the identification of persons
with the disease (or other outcome variable) of interest,
and a suitable control (comparison, reference) group
of persons without the disease. The relationship of an
attribute to the disease is examined by comparing
the diseased and non-diseased with regard to how
frequently the attribute is present or, if quantitative,
the levels of the attribute, in each of the groups. Such a
study can be called 'retrospective' because it starts
after the onset of disease and looks back to the post-
ulated causal factors. Cases and controls in a case
control study may be accumulated 'prospectively' that
is, as each new case is diagnosed it is entered in the
study. Nevertheless, such a study may still be called
'retrospective' because it looks back from the outcome
to its causes.
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CAUSATIONOFDISEASE,FACTORSIN:The following factors
have been differentiated (but they are not mutually
exclusive) .

Predisposing factors are those that prepare, sensitize,
condition or otherwise create a situation such as a level
of immunity or state of susceptibility so that the host
tends to react in a specific fashion to a disease agent,
personal interaction, environmental stimulus, or
specific incentive. Examples include age, sex, marital
status, family size, educational level, previous illness
experience, presence of concurrent illness, depen-
dency, working environment and attitudes toward the
use of health services. These factors may be 'necessary'
but are rarely 'sufficient' to cause the phenomenon
under study.

Enabling factors are those that facilitate the mani-
festation of disease, disability, ill health or the use of
services or conversely those that facilitate recovery
from illness, maintenance or enhancement of health
status, or more appropriate use of health services.
Examples include income, health insurance coverage,
nutrition, climate, housing, personal support systems
and availability of medical care. These factors may be
'necessary' but are rarely 'sufficient' to cause the
phenomenon under study.

Precipitating factors are those associated with the
definitive onset of a disease, illness, accident,
behavioural response, or course of action. Usually one
factor is more important or more obviously recogniza-
ble than others if several are involved and one may
often be regarded as 'necessary'. Examples include
exposure to specific disease, amount or level of an
infectious organism, drug, noxious agent, physical
trauma, personal interaction, occupational stimulus,
or new awareness or knowledge.

Reinforcing factors are those tending to perpetuate,
or aggravate the presence of a disease, disability,
impairment, attitude, pattern of behaviour, or course
of action. They may tend to be repetitive, recurrent, or
persistent and mayor may not necessarily be the same
or similar to those categorized as predisposing,
enabling or precipitating. Examples include repeated
exposure to the same noxious stimulus (in the absence
of an appropriate immune response) such as an infectious
agent, work, household or interpersonal environment,
presence of financial incentive or disincentive,
personal satisfaction or deprivation.

CLINICALTRIAL:(syn. therapeutic trial) A research activity
that involves the administration of a test regimen to
humans to evaluate its efficacy and safety. The term
is subject to wide variation in usage, from the first
use in humans without any control treatments and
randomization.

COHORTSTUDY:(syn. concurrent, follow up, incidence,
longitudinal, prospective study) The method of
epidemiological study in which subsets of a defined
population can be identified who are, have been, or in
the future may be exposed or not exposed, or exposed
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in different degrees, to a factor or factors hypothesized
to influence the probability of occurrence of a given
disease or other outcome. The alternative terms for a
cohort study, i.e. follow up, longitudinal, and prospec-
tive study, describe an essential feature of the method,
which is observation of the population for a sufficient
number of person-years to generate reliable incidence
or mortality rates in the population subsets. This
generally implies study of a large population, study for
a prolonged period (years) or both.

CONFOUNDING:(from the Latin confundere, to mix
together)

1. A situation in which the effects of two processes
are not separated. The distortion of the apparent
effect of an exposure on risk brought about by the
association with other factors that can influence the
outcome.

2. A relationship between the effects of two or more
causal factors as observed in a set of data, such that
it is not logically possible to separate the contribu-
tion that any single causal factor has made to an
effect.

3. A situation in which a measure of the effect of an
exposure on risk is distorted because of the associa-
tion of exposure with other factor(s) that influence
the outcome under study.

ECOLOGICALSTUDY:A study in which the units of analysis
are populations or groups of people, rather than.
individuals.

EFFECTMODIFIER:(syn. conditional variable, moderator
variable) A factor that modifies the effect of a putative
causal factor under study. -

ODDS: The ratio of the probability of occurrence of an
event to that of non-occurrence, or the ratio of the
probability that something is so, to the probability that

299

it is not so. If 60 smokers develop a chronic cough and
40 do not, the odds among these 100smokers in favour
of developing a cough are 60:40, or 1.5, this may be
contrasted with the probability that these smokers will
develop a cough which is 60/100 or 0.6.

ODDSRATIO:(syn. cross-product ratio, relative odds) the
ratio of two odds.

POPULATIONAlTRIBUTABLERISK(PAR): This term is used
by many epidemiologists in preference to the terms
'attributable fraction (population)' or 'aetiological
fraction (population),. It is the incidence of a disease in
a population that is associated with (attributable to)
exposure to the risk factor.

RELATIVERISK:

1. The ratio of the risk of disease or death among the
exposed to the risk among the unexposed: this
usage is synonymous with risk ratio.

2. Alternatively, the ratio of cumulative incidence rate
in the exposed to the cumulative incidence rate in
the unexposed, i.e. the cumulative incidence ratio.

3. The term 'relative risk' has also been used syn-
onymously with 'odds ratio' and in some biostatistical
articles, has been used for the ratio of FORCES OF
MORBIDITY. The use of the term 'relative risk'
for several different quantities arises from the fact
that for 'rare' diseases (e.g. most cancers) all the
quantities approximate one another. For common
occurrences (e.g. neonatal mortality in infants
under 1500 g birth weight), the approximations do
not hold.

RISKFACTORS:An aspect of personal behaviour or life-
style, an environmental exposure, or an inborn or
inherited characteristic which on the basis of epidemio-
logical evidence is known to be associated with a
health-related condition(s) considered important to
prevent.


