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ABSTRACT
Introduction In occupational epidemiology, differences in
the temporal coverage of the exposure history by
available exposure measurement data may affect the
uncertainty of exposure estimates. In the reporting of
results of studies, greater attention should be paid to the
extent to which exposure assessments require
extrapolation outside the timeframe for which exposure
measurements are available. We propose a simple
graphical method that can be used to visualise the
temporal coverage of exposure history with exposure
measurements and the extent of temporal extrapolation
needed.
Methods We construct a graph that displays the
accumulated work history years for which exposure had
to be assessed in each calendar year. Years for which
exposure measurements were available are shaded. The
proportion of work history years covered by exposure
measurements and the proportion of work history years
accrued before the first measurements are summarised.
When available, the actual number of measurements
available in each calendar year is shown.
Results We demonstrate the application of the graphical
tool in three nested caseecontrol studies that reported
on leukaemia in relation to low-level benzene exposures
in the petroleum industry. Considerable differences in
temporal coverage between the studies were illustrated,
which may have resulted in differences in the reliability of
the retrospective exposure estimates derived for these
studies.
Conclusion We introduce a graphical tool for visualising
the temporal coverage by available exposure
measurement data in epidemiological studies and
encourage others to use similar graphs to derive and
share better qualitative insights into the uncertainty in
exposure assessment.

INTRODUCTION
Recently, it has become more common in
occupational epidemiology to assign quantitative
exposure estimates to subjects’ work histories,1
which allows for the elaboration of quantitative
exposureeresponse associations. However, it is well
known that errors in assigning exposures can have
a large impact, in terms of bias and precision, on
reported exposureeresponse associations.2e4
The intensity of exposure that a worker experiences on any working day depends on many
factors, and is subject to considerable variability.
Ideally, assessment of exposure history would be
based on a set of repeated exposure measurements
for all study subjects (here: workers) and for all
relevant time periods in each subject’s work
636

What this paper adds
< Differences in temporal coverage of the expo-

sure history by available exposure measurement
data may affect the uncertainty of exposure
estimates derived in occupational epidemiology.
< In the comparison of epidemiological risk
estimates between studies, these differences
generally remain unnoticed.
< We propose a simple graphical tool that can be
used to visualise the temporal coverage of
exposure history by exposure measurements in
occupational studies.

history.2 However, due to the high costs of
exposure measurements and the fact that most
occupational studies are performed retrospectively,
this is rarely the case. In fact, it is common in
occupational epidemiology that reliable exposure
measurements are available for only a subset of
workers or work locations, and for selected periods
of time. Therefore, most exposure assessment
methods rely on extrapolation, either through
statistical models or using subjective judgements.
Much has been written about the effect of
between- and within-worker variation in exposure
intensity measurements, and on the attenuation
bias this can induce in exposureeresponse relationships.3 Less attention has been paid to temporal
extrapolation, such as may be necessary in studies
where cumulative exposure is important, and the
exposure history of the study population started
years before the measurements were made.
Temporal trends in exposure levels have been
identiﬁed where data are available,5 but are obviously hard to infer reliably in the absence of
exposure measurements. One could reasonably
assume that the overall uncertainty in exposure
assessment will be greatest where the degree of
temporal extrapolation is greatest. Currently,
publications that report results in occupational
epidemiology using quantitative data provide at
best limited insight into the temporal coverage of
the exposure history by measurements. This
hampers the evaluation of the uncertainty introduced in exposure estimation and subsequent
exposureeresponse estimates, and makes comparisons of reliability between studies and appropriate
weighting of pooled-/meta-analyses difﬁcult.6
During a review7 8 of the data quality and
consistency in three studies of leukaemia and
benzene exposure in the petroleum industries from
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Canada,9 10 the United Kingdom11 12 and Australia,13 14 we
devised a graphical tool to provide an insight into the temporal
coverage of the exposure history by measurements. We have
since developed this tool further, and illustrate its use here with
data from the three studies.

METHODS: A GRAPHICAL SUMMARY
Whether obtained from employment records or by interview,
a subject’s work history will typically contain start and ﬁnish
dates of employment (sometimes in individual jobs throughout
the subject’s career within a company). From these, years (or
months) of work history can be logged against calendar years (or
months). ‘Work history years’ can be thus deﬁned as the years of
a subject’s tenure for which exposure has to be assessed. We
cumulate these across study subjects to give a total number of
‘work history years’ in each calendar year. These can be plotted
against calendar year in the form of a bar graph, in which the
height of each bar represents the total number of work history
years in a given calendar year.
If we know for which years exposure measurements are
available, we can distinguish these years on our graph by
shading, as in the upper part of ﬁgure 1. We can summarise
numerical aspects of the pattern this produces in a number of
ways, such as the proportion of work history years covered by
exposure measurements and the proportion of work history
years accrued before any measurements were taken. The latter is
an indicator of how much extrapolation outside the observational data needs to be done to estimate past exposure levels.
As an aid to interpretation, we can add to the graph a representation of the actual number of measurements available in
each year. The lower part of ﬁgure 1 shows one way that this
can be done, with the measurement numbers plotted, again as

year-speciﬁc bars, below the horizontal axis. In some cases, the
exact numbers of measurements taken in each year may not be
available, but we can adopt a convention to show this: here we
have drawn a line around the bar where the ﬁgure is for
a particular year, but omitted the border where the distribution
over a block of years is unknown, and the height of the block
represents the average number per year.

AN EXAMPLE: THREE STUDIES OF BENZENE AND LEUKAEMIA
As part of a comparative review,7 8 we devised an early version of
the graphs presented here to compare the exposure assessments
in three nested caseecontrol studies on leukaemia in relation to
low-level benzene exposures in the petroleum industry.10 12 14
The methods of exposure assessment developed for the Canadian
study9 were adopted by the other two studies working in
collaboration,11 13 so the exposure assessment and assignment
methods were, in principle, comparable. The review of the three
studies7 8 noted that the time periods for which exposure had to
be assessed were similar for the studies in Canada (1909e1983)
and the UK (1909e1993), but in the Australian study the period
to be covered was more recent (1941e1998) and needed less
extrapolation backward. The information regarding coverage of
the work history years by exposure measurements, as supplied by
the principal investigators of the three studies, is summarised in
ﬁgure 1. Note that these descriptions do not distinguish between
jobs within the industry. As seen from the graph, although the
total number of work history years in the UK and Australia were
similar, in Australia they were distributed over a more recent
period. The Canadian graph is much shallower, reﬂecting the
smaller number of total work history years. For the UK study,
only temporal coverage of work history years with exposure
measurements was provided, and no information was available

Figure 1 The upper plot is a graphical representation of the temporal distribution of the accumulated work history years in a study. Calendar years for
which exposure measurements are available are hatched. The total number of work history years available for each study was 4557 (Canadian study),
10 258 (UK study) and 10 922 (Australian study). The lower plot is a bar graph of the number of available exposure measurements per calendar year.
The Canadian study used 340 exposure measurements, and the Australian study used more than 3870 measurements. The number of measurements
used in the UK study is unknown. 1Coverage of work history years by available exposure measurement data.
Occup Environ Med 2010;67:636e638. doi:10.1136/oem.2009.053421
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on the number of measurements used for exposure assessment,
either by year or in total. The temporal coverage of total work
history by exposure measurements was larger for the Australian
study (46%) than for the Canadian (10%) and UK (9%) studies.
The proportion of work history years before the ﬁrst year with
exposure measurements ranged from 91% in the UK study to
55% in the Canadian study and 43% in the Australian study. The
ﬁgure for Canada would be very much higher (87%) without the
small proportion of measurements (n¼14, 4%) taken in 1953,
many years before the other measurements. Given the similarities between studies in methods for exposure assessment and
assignment, these results suggest that the uncertainty in exposure assessment in the Canadian and UK studies was larger than
in the Australian study.

available. Various adaptations of the tool we introduce could be
developed and we offer it here in the hope of stimulating such
reporting.
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DISCUSSION
Although differences in the temporal coverage of the exposure
history by available exposure measurement data may affect the
degree of uncertainty in quantitative exposure estimates that are
used in occupational epidemiology, they generally remain
unnoticed in the evaluation of epidemiological results. We
believe they should be given greater prominence, and have
developed a tool that visualises coverage of exposure history by
measurements. Our method can be readily adapted to any
situation where temporal coverage of work history by
measurements is important, for example at the level of jobs
within a particular industry or workplace.
The numerical summary measures we show conceal
complexity that may be relevant to uncertainty analysis. For
several periods in our example, only the cumulative number of
exposure measurements during a certain period was known, and
we were not able to assess the exact number of measurements
per calendar year. Therefore, we graphed the annual average. The
summary value of the proportion of work history years before
any measurements is rather sensitive to the appearance of
isolated early measurements, as was demonstrated in the
Canadian data. Another option would be to count coverage only
for years in which a speciﬁed minimum number of measurements was available. The graphical tool should be seen as an
addition to the evaluation of other factors that may affect the
degree of uncertainty in quantitative exposure estimates that are
used in occupational epidemiology, such as the precision and
accuracy of the assessment of the within- and between-worker
variation in exposure intensity.3
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