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Duration of exposure as a surrogate for dose in the
examination of dose response relations
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In the process of establishing that a specific exposure
is the cause of a given disease the demonstration of a
dose-response relation between the exposure and dis-
ease is regarded as one of the essential criteria that
must be fulfilled in order to abscribe a causal role to
the exposure of interest.

It is common then, in analytical epidemiological
studies where an exposure is suspected to be the cause
of disease, to examine if there is a relation between the
amount of exposure and the degree of risk. Whereas
under experimental conditions an investigator can
manipulate precisely the different doses of exposure,
and administer them over well defined uniform inter-
vals of time, the capacity to do so in many epi-
demiological studies is not readily available. Thus epi-
demiologists frequently resort to the use of "duration
of exposure" by itself as a surrogate for dose which
itself frequently was not acquired uniformly over
time.
What is apparently often overlooked is the singular

fact that the use of duration of exposure is a meaning-
ful surrogate of true dose only if all exposed subjects
concerned in the dose-response analysis were subjec-
ted to uniform exposure for different periods. To give
a crude example, if 1000 units of an exposure is the
minimum dose required to cause cancer in a given
study, a group of people may be exposed to the agent
for 30 years at a dose of 30 units a year, while another
group may have been exposed to the agent for 15
years at an average dose of 100 units a year, while still
another group may have been exposed for only five
years but at a dose of 600 units a year. It is obvious
from this example that simple use of duration of
exposure as a surrogate for dose will give rise to a
paradox in which the results obtained will indicate
that the risk of the disease in question decreases as
duration of exposure ("dose") increases.
Extreme though this example may seem, it is not far

removed from what obtains in practice. In a recent
survey of all the articles published in a given year in
two leading journals of occupational epidemiology
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only two of 18 cohort studies took into account the
fact that the degree or intensity of the exposure in
question had changed over time because of process
changes or changes in industrial hygiene practice,
even though this was either explicitly stated or
implied. Thus, for example, a person who worked for
10 years only between 1940 and 1950 when exposure
was highest certainly had greater exposure than a per-
son who also worked for only 10 years but between
1975 and 1985 when exposure may have been elimi-
nated or at least considerably reduced from better
manufacturing processes or better industrial hygiene.
Yet in all these studies when subjects who had 10
years duration of exposure were being considered, for
example, no distinction was made as to when the 10
years of work was accumulated-all workers with 10
years duration were simply lumped together, similarly
all workers with five years of exposure and so on.
Obviously, in such cases the ability to show a dose-
response relation, even when the exposure in question
is the cause, will be difficult. Related to this is the
practice of performing dose-response examination by
duration of exposure on an entire study group with
grossly heterogenous levels of exposure.

This state of affairs is not restricted to occupational
epidemiology, and may take different forms in
different studies-for example, in a case-control in
which a particular drug is suspected as the cause of a
disease, simply using duration over which the drug
was taken as the measurement of dose to examine
dose-response relation is unsatisfactory, as subjects
would have taken different doses of the drug, even
over the same period. Furthermore, as in cohort stud-
ies, the problem of changes in levels of exposure over
time is also present in certain types of case-control
studies, where cases and controls are selected over
long periods.
Given that duration of exposure is often a ready

means of quantifying dose in dose-response relations,
every effort should be made to enhance the chances of
observing this effect, where it truly exists. In cohort
studies, for example, investigators should select a sub-
group of the study population with more or less uni-
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form exposure, or at least the same pattern of
exposure such as working in a particular department,
or process, or a particular job category, or some suit-
ably defined group, in which the level of exposure is
known to be roughly the same for everybody, and
restrict the dose-response investigation by duration of
exposure within this group. This may be repeated
each time for other subgroups with different uniform
levels of exposure. Implicit is that this type of analysis
would be restricted to subjects exposed during a given
calendar period during which the level of exposure
had not changed much. It should be noted that one
may derive two types of dose-response results from
this approach, one in which there is comparison of
risk in subgroups defined by different levels of uniform
exposure (low exposure group, moderate exposure
group, high exposure group, very high exposure
group), or more finely defined groups and the other,
in which within one or each of these uniformly
exposed subgroups a dose-response examination by
duration of employment is conducted separately. The
more uniform the exposure within subgroups, the bet-
ter the dose-response examination by duration of
employment will be. Similarly in case-control studies
the same principle should apply. In most cases it will
be advisable not to limit duration of exposure/risk
investigation on the entire study population when the
group has been subjected to widely heterogenous lev-
els of exposure.

It is to be noted that the availability of actual
exposure data is not necessarily without similar prob-
lems. In some studies it is possible to accumulate
accurately the actual dose received by each individual,
and risk may be thus determined for given amounts of
exposure accumulated. But consider the situation in
which an individual whose only life time exposure to
an agent was a dose of 11 000 units received for a few
hours during an industrial accident. Such a person
may not be comparable with one who received the
same dose over a period of 11 months at an average of
1000 units a month. If the exposure is carcinogenic its
biological effect will probably be different in both
individuals-for example, the first individual may die
within a few days of exposure as a result of direct
toxicity, whereas the second may go on to develop
cancer at a later date; alternatively, the exposure may
have caused irreparable DNA damage in the first
individual so that he goes on and develops cancer,
whereas the second individual goes on to live nor-
mally without adverse effects because his DNA repair
mechanism can deal with the relatively lesser damage
associated with the lower monthly level of exposure.
Yet in ordinary dose-response examination by
duration of exposure, or by actual doses accumu-
lated, both individuals would have been classified in
the same group of people with less than one year's

Johnson

exposure or with 11 000 units of exposure. This again
highlights the need for dealing with groups with uni-
form exposure.
A related condition is well illustrated in experi-

ments on the mechanism of carcinogenesis in animals.
Mice treated with the initiator dimethylbenz
(a)anthracene (DMBA) will not develop skin tumours
when the promoter 12-0-tetradecanoyl phorbol-1 3-
acetate (TPA) is applied once at monthly intervals,
whereas they do if TPA is applied once every week,
even if in both cases the total dose of TPA received
was the same.' This phenomenon has been observed
in other animal systems-for example, when pheno-
barbital was used as a promoter of hepatic tumours in
rats, if the phenobarbital administration was discon-
tinued for a while and then resumed the number of
enzyme altered foci was lower than in a comparison
group that received continuous treatment, even
though the total dose given in both groups was the
same.2 On the other hand, when the initiator DMBA
was given alone to rats, it has been observed that
more tumours developed per rat and tumours
appeared earlier if the DMBA was given at weekly
intervals over three weeks, as compared with when
the same dose was given over three days.3 These
examples highlight the fact that the total dose of a
carcinogen accumulated is not sufficient by itself to
predict carcinogenicity, but that the pattern of
exposure for a given dose is an important factor that
should be taken into account also. Consideration,
therefore, must be given to this when examining dose-
response relation. This effect of dose scheduling has
not been given much attention in epidemiological
studies. Many studies are currently underway on the
possible effects of human exposure to dioxin present
as contaminants in certain phenoxy acid herbicides.
Sprayers of these herbicides are exposed only season-
ally during the spraying period, usually for three to
six months every year. It will be interesting to com-
pare their risk for the same amount of exposure with
workers who produce these substances with more or
less continuous exposure, to see if dose scheduling
effects may be observed likewise.
The purpose of this report is simply to call atten-

tion to a problem which, though apparently obvious,
seems to be frequently overlooked in epidemiological
studies. It is believed that in the examination of dose-
response in such studies positive attempts must be
made to try and simulate as closely as possible the
experimental situation in which accurately measured
dose is administered uniformly in time. As suggested,
a simple but useful start is to restrict dose-response
investigation by duration of exposure to a subgroup
of the study population with uniform exposure. This
may be repeated for different levels or strata of uni-
form exposure. When exposure data have been accu-
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rately accumulated, again subgroups could be sepa-
rated according to the dose of exposure accumulated.
Nevertheless, each subgroup or stratum should con-

sist of only subjects with more or less the same pattern
of exposure. A x2 test of trend for duration of
exposure with risk as described by Mantel,4 for exam-
ple, for all subgroups or strata combined would be a
suitable method to examine dose-response in these
circumstances. Attention paid to some of the issues
raised here may be helpful in eliciting dose-response
relations more readily.

I thank Dr NE Day and Mrs S Stallard for their help.
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