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Objectives Individual assessment of exposure by experts and the use of a job-exposure matrix are the two
main methods of evaluating past occupational exposures in community-based case-referent studies. The objec-
tive of this study was to compare the performance of the estimations of the odds ratio in the two methods. This
paper focuses on job-exposure matrices whose entries consist of proportions of persons exposed.

Methods Simulations were used to compare the variances of the estimations of the odds ratios obtained with
the two methods and to study the consequences with respect to bias and the precision of the odds ratios estimated
for misclassifications of exposure produced by either the experts or the matrix.

Results When there was no misclassification, the results showed that the precision obtained with the job-
exposure matrix was about three times less than that achieved by experts in a large range of practical situations.
However, when potential errors of exposure assessment were taken into account, the simulations suggested that
the test of the hypothesis OR = 1 against the alternative OR # 1 when exposure was assessed with an unbiased
job-exposure matrix had a statistical power close to that obtained when exposure was assessed by an expert with
high sensibility and specificity.

Conclusions The evaluation of exposure with an unbiased job-exposure matrix in studies of the association
between exposure and disease had a statistical power close to that expected in practice with a good expert in the

large range of practical situations which were investigated.

Keyterms case-referent studies, occupational exposure, simulation study.

Ascertaining past occupational exposure of subjects is
perhaps the main problem in community-based case-
referent studies of occupational risk factors. Subjects
may be interviewed about their past exposures, but their
answers are prone to faulty recollection, misunderstand-
ing of questions, or misinterpretation of responses. This
issue has been discussed at several recent international
meetings (1—4). The method generally considered to be
best consists of obtaining the most detailed job descrip-
tions possible from study subjects. These job descrip-
tions are then submitted to experienced industrial
chemists or hygienists who assess exposure for each job
period. This method is recognized as being time-con-
suming and expensive (5), but its main drawback is the
shortage of well-trained experts in retrospective occupa-
tional exposures. Implementing this approach with in-

adequate personnel may give rise to serious misclassifi-
cation of exposure. Furthermore, the accuracy and the
reliability of experts’ assessments remain to be studied
precisely (6). A different approach to assigning expo-
sure, which may overcome some of these difficulties, is
via a job-exposure matrix, which can be defined as the
cross-classification of a list of jobs with a list of potential
exposures that provides some information about the sta-
tistical distribution of a given exposure (columns) for
each job (lines) (6, 7). The drawback of this method is
the bias in properly estimating the odds ratio. In a previ-
ous paper, we proposed a linear model which allows
estimation without bias of the odds ratio from a quantita-
tive job-exposure matrix whose entries consist of pro-
portions of persons exposed (8). The purpose of this
paper is to compare in more detail the estimation of the
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odds ratio using this method with the assessment of
exposure by experts. The following two questions are
addressed: first the quantification of the variances of the
estimations of the odds ratio with the two methods;
second, the consequences with respect to the bias and the
precision of odds ratio estimations of misclassifications
of exposure by experts or using the matrix.

Method

Two methods for estimating odds ratios

Consider a case-referent study with n, cases and n, refer-
ents. When exposure is evaluated by experts, each sub-
jelf:t is classified as exposed or unexposed. We shall call
OR e the corresponding estimate of the odds ratio

OR: py-p)
ORExperl =
P/(1-P,)
where P, and P, are the population proportions of ex-
posed among tlk\le cases and referents. The variance of the
logarithm of OR g, i
1 1 1 1 1

1
var(Ln(ORpype) = — (— + )+ (—+
n, P, 1-P, n P 1-P

With a job-exposure matrix (JEM), exposure is eval-
uated at the job level. We consider job-exposure matri-
ces which provide the proportions of persons exposed (or
the probability of exposure) x. Each subject is attributed
the x value of the job he or she is carrying out. If the
matrix is exact, that is, if x is the actual probability of
exposure, the odds ratio and the variance of its logarithm
can then be estimated without bias by the maximum
likelihood method (8) using the model

+Bx
P(DIx) =
o+1+Bx
where B = OR-1 and P(Dix) is the probability of disease
among subjects carrying out a j(/)\b for which the propor-
tion exposed is x. We note the ORg,, with this estimate.

Comparison of the two methods

The two methods of estimating odds ratios were com-
pared in simulations. Each simulation included 500 suc-
cessive samples, all of which consisted of n cases and n
referents, with n = 50, 100, 250, 500. We simulated sev-
eral types of populations with different exposure distri-
butions. To simplify the presentation, we supposed that
there were five categories of jobs corresponding to five
different probabilities of exposure. Each exposure distri-
bution was characterized by a job repartition within the
population, and by the proportions of exposed subjects
within each job (figure 1). The six exposure distributions
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(E1 to E6) presented in figure 1 covered a great variety
of situations (8). The distributions E1 and E2 were cho-
sen because they are commonly encountered in the field
of occupational epidemiology and are more particularly
studied in this paper. In all six situations, population OR
values were successively fixed at 1, 2, 3, 4, 5 and 10.
Therefore, in all, 36 configurations were considered, S00
samples being simulated for each.

Finally, three cases were successively considered for
studying the precision of the two methods. We first com-
pared the “crude” performance of the two methods of
estimation (ie, the performance in the absence of expo-
sure misclassification). In this case, both methods pro-
vided an unbiased estimation of the odds ratio, and we
thus compared their precision. We then added misclassi-
fications to the experts’ assessment and to the job-expo-
sure matrix to reproduce situations encountered in prac-
tice more accurately. In these cases, we compared the
bias and the precision of the two methods.

To compare the precision of the methods, we com-
puted the ratio of their variances (in fact, since, for each
simulation, the distribution of the odds ratio estimations
appeared to be log-normal, we computed the variance of
the logarithm of the estimates):

var(LN(OR 1)

var(Ln(ORg,p)
The greater the VR, the greater the loss of precision with
a job-exposure matrix. VR can also be interpreted as the
ratio of the numbers of subjects needed to attain the same
statistical precision with a job-exposure matrix as with
an expert assessment. From the point of view of etiologi-
cal research, it is useful to express the same results in
terms of statistical power. Thus we also calculated the
power with each method (for a two-sided test of the
hypothesis OR = 1 against the alternative OR # 1 with a
5% level of alpha error).

Results

Comparison in the absence of misclassification
of exposure

The variance ratios are given in table 1 for exposure
distributions E4 and E5 in particular. The VR was low
for E4 and high for ES. These figures result from the
proportion of subjects in the jobs where x=0or x=1,
this being high in E4 (80%) and low in E5 (10%). For
these kinds of jobs, the information on exposure given
by the job-exposure matrix was equivalent to that given
by the experts. The more frequent these jobs were, the
more the job-exposure matrix performed like an expert.
For the other situations, the VR ranged from 1 to 4, and
most of the time it was lower than 3.
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Table 1. Variance ratios (VR) — exposure distributions E1 to
E6.2 (See figure 1.) (OR = odds ratio, JEM = job-exposure ma-
trix)

OR E1 E2 E3 E4 E5 E6
1 2184 3500 2000 1183 5714 2141
2 1767 2057 2032 1188 5955 2.680
3 1571 1608 2077 1194 6305 3.058
4 1464 1394 2117 1199 6627  3.341
5 1400 1272 2151 1203 6908  3.564

10 1297 1056 2260 1217 7.840 4.218

var(Ln(0Ryeu)
var(Ln(OﬁRExpem) '

The power of the two methods is shown in table 2 for
exposure distributions E1 and E2 and for several values
of n. The results for OR = 10 are not shown, as the power
was very close to 100% for both methods. With n 2 250,
the loss of statistical power was very small when
OR 2 2.5. On the other hand, for smaller samples (n = 50
or 100) or for smaller odds ratios (OR = 2), the loss of
power may have been important.

Errors in assessment of the probabilities of exposure
in the job-exposure matrix

When a job-exposure matrix is used, misclassifications
of exposure occur when there are errors in x, the proba-
bility of exposed subjects within a job. In order to model
these errors, we considered the job-exposure matrix as
not providing the exact probability of exposure in a job
but only an approximate value. For instance, if the ma-
trix indicated 10% for a certain job (or a group of jobs),
the true probabilities of exposure in these jobs were
supposed to lie between 5 and 15%. Moreover, we sup-
posed that within this interval the distribution of the true
probabilities of exposure was uniform. In this paper, we
have only presented the results for exposure distributions
El and E2. The intervals within which the true probabili-
ties lie are shown in table 3, where the overlapping of
some intervals can be observed. This modelization thus
allowed two jobs with the same probability of exposure
to be classified in different categories of the matrix.
Such misclassifications in the job-exposure matrix
had two distinct consequences (table 4). On one hand,
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Table 2. Statistical power using assessment of exposure by experts or a job-exposure matrix (JEM) — exposure distributions E1
and E2.2 (n = common number of cases and referents, OR = odds ratio)

n=>50

n=100

n=250 n="500

OR=2 OR=3 OR=5 O0OR=2 OR=3 OR=5

OR=2 OR=25 OR=3 OR=5  OR=2 OR=25 OR=3 OR=5

E1
Power with experts 030 0.67 096 053 092
Power with a JEM 0.16 0.39 0.76 029 0.67
E2
Power with experts 027 062 094 0.48
Power with a JEM 012 027 0.6t 0.19

1.00 0.90 099 1.00 1.00 1.00 1.00 1.00 1.00
0.97 062 088 097 1.00 0.88 0.99 1.00 1.00

0.89 1.00 086 0.98 1.00 1.00 0.99 1.00 1.00 1.00
0.50 0.90 041 070 0.89 1.00 068 094 099 1.00

@ Power for a two-sided test (OR = 1 against OR # 1) with 5% level of o error.

Table 3. Errors in the assessment of probabilities of exposure
with a job-exposure matrix (JEM) (exposure distribution E,
and E,).

Probability given Interval where the

by the JEM true probability lies

E1
0 0—0.05
0.05 0—0.10
0.30 0.20—0.40
0.50 0.30—0.70
1.0 0.70—1

E2
0 0—0.15
0.20 0.10—0.30
0.30 0.20—0.40
0.40 0.30—0.50
0.50 0.40—0.60

the estimation of the odds ratio was biased towards 1, a
result expected in the case of nondifferential errors of
classification, albeit that the magnitude of the bias was
rather small (around 10% in relative value). On the other
hand, the variance decreases and the overall result was
that the statistical power was almost unmodified.

Errors in assessment of individual exposure
by the experts

In expert assessment, there are misclassifications of ex-
posure when the sensitivity or the specificity of the eval-
uation of exposure differs from 100%. We supposed that
misclassifications by experts were nondifferential, a com-
mon hypothesis in well-planned studies with blind-eval-
uated exposure. The consequences of such misclassifica-
tions are known to be an attenuation bias in the OR
estimation and a decrease in statistical power (9, 10, 11).
The decrease in power is all the greater when the sensi-
tivity and the specificity of the experts’ judgments are
fow. It may thus happen that the statistical power using
experts’ judgments equals or drops below that of a job-
exposure matrix. We calculated (for exposure distribu-
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tion E1 in figure 1) the values of the sensitivity and the
specificity of the experts’ judgment for which the power
fell as low as that obtained with an exact job-exposure
matrix (table 5). For these values, we also calculated the
bias in the estimation of the odds ratio using experts’
judgments. We ignored situations in which OR >2 for
n =500 and OR =5 for n =250, as the power of both
the job-exposure matrix and the experts was almost 100%
in these situations. (See table 2.)

There were two situations, OR = 5 and n =50 or
100, in which the power achieved with the experts re-
mained greater than with an exact job-exposure matrix
even for rather low values of sensitivity and specificity.
In these cases, experts’ assessments of exposure could be
considered as always being better in practice than the
assessment obtained with such a job-exposure matrix.
However, it should be emphasized that in these situa-
tions the job-exposure matrix gave a satisfactory level of
power (76 and 97%, as shown in table 2) and that the
estimation given by the experts’ evaluation was rather
biased (range 1.7—3.3, as shown in table 5).

In all other situations, the specificity of the experts’
judgment must be greater than 80% (and sometimes
85%) for the power to remain greater or equal to that of
the exact job-exposure matrix. For these values of spe-
cificity, the sensitivity must be near 100%. Consider for
instance n =250 and OR =3. If the specificity equals
80%, the sensitivity must equal 100%, and, if the specifi-
city equals 85%, the sensitivity must equal 93%. If the
sensitivity is restricted to more realistic values (say
around 80%), the result of table 5 shows that the specifi-
city must be greater than 90%.

Discussion

The problem discussed in this paper is part of the general
debate on the retrospective assessment of occupational
exposure (12). We have examined in detail the relative
performances of the two main methods used in commu-
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Table 4. Power and bias with a job-exposure matrix (JEM) with errors in assessing of probabilities of exposure. (OR = odds ratio)

Without error

With errors?

E(OR) Var(Ln(OR) Power E(OR) Var(Ln(OR) Power
E1
OR=2 2 0.102 0.58 1.96 0.084 0.60
OR=3 3 0.086 0.96 2.81 0.072 0.97
OR=5 5 0.078 1.00 459 0.064 1.00
E2
OR=2 2 0.202 0.58 1.86 0.063 0.66
OR=3 3 0.072 0.98 2.69 0.046 1.00
OR=5 5 0.062 1.00 412 0.035 1.00

2 n =250 — exposure distributions E1 and E2 with intervals where the true probability lies as in table 3. E(Oh) and Var(Ln(OﬁR)) = expectation of

OR and variance of Ln(Oﬁ).

Table 5. Values of the sensitivity (Se) and the specificity of the experts’ judgments for which the power falls to that of an exact
job-exposure matrix (JEM) and corresponding biased expert's estimation of the odds ratio (OR*).2 (Exposure distribution E1)

Specificity n=>50 n=100 n=>50 n=500
OR=2 0R=3 OR=5 OR=2 OR=3 OR=5 OR=2 OR=3 OR=2
Se OR* Se OR* Se OR* Se OR* Se OR* Se OR* Se OR* Se OR* Se OR*
1.00 051 18 057 26 017 32 054 1.8 058 26 024 33 056 19 059 26 054 26
0.99 055 18 061 25 020 27 058 18 062 25 027 29 060 1.8 063 25 058 25
0.95 068 16 072 22 030 2.1 071 17 073 23 038 23 073 17 074 23 071 22
0.90 080 16 083 21 040 1.9 083 16 0.83 21 047 21 085 16 085 2.1 0.83 2.1
0.85 090 15 091 20 048 138 092 15 092 20 056 20 094 15 093 241 092 20
0.80 098 15 098 20 055 17 100 15 099 20 063 19 1.00 2.0 1.00 2.0
0.75 061 17 069 19
0.70 067 17 075 18
0.65 072 17 080 18
0.60 077 1.7 085 1.8
0.55 082 17 0.89 19

@ Example: n=100and OR = 3. In this situation, the power with an exact JEM is 67% (see table 2), and with the experts it is 92%. The table shows
the combinations of specificity and sensitivity for which the power with the experts falls to as low as 67%, for example, 85% and 92%, or 90%
and 83%, etc. For each combination, the table also shows OR*, the corresponding biased expert estimation of the odds ratio. The power with the
experts is always lower than that with an exact JEM if the specificity is less than 80% or the sensitivity is less than 58%,; the bias of the odds ratio

is then at least 2.6.

nity-based case-referent studies, evaluation by industrial
hygiene experts and evaluation through the use of job-
exposure matrices. Our results concern job-exposure ma-
trices whose entries are probabilities of exposure, thought
to be more informative than dichotomic (6), and which
are now being developed and used to analyze the results
of epidemiologic studies (13—16). In using such matri-
ces the most commonly used statistical method of analy-
sis of the data is as follows. All of the subjects in a given
job title are classified as exposed or unexposed, depend-
ing on whether their probability of exposure exceeds a
given threshold (17, 18). This procedure results in mis-
classifications and involves an estimation of the odds
ratio biased towards 1 with an associated loss of statisti-
cal power (9, 10, 19). A method of unbiased statistical
analysis with probabilistic job-exposure matrices has
been proposed (6). Theoretical and practical results have
already been published (8, 20, 21, 22), but until now no
quantitative comparison of the OR estimations obtained

from experts and job-exposure matrices has been pub-
lished.

Our results show that job-exposure matrices produce
a loss in precision (and thus in statistical power) of about
3, compared with experts’ assessments in a wide range
of common situations. Therefore about three times more
subjects are required with a job-exposure matrix to reach
the same precision in the estimation of the odds ratio as
that achieved with experts. This loss in precision is to be
expected, as a job-exposure matrix provides information
on exposure at the job level, which implies a loss of
information compared with that of experts who provide
exposure assessments at the individual level. Neverthe-
less, from a quantitative point of view, the decrease in
precision is not as pronounced as had been believed by
epidemiologists (5, 19). This conclusion is reinforced
when the statistical power of the odds ratio estimations is
considered rather than the precision (variance). (See ta-
ble 2.)
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In practice, both experts and job-exposure matrices
are prone to errors of classification, whose consequences
on their performance have been studied in this paper. In
measuring the performance of job-exposure matrices,
we considered typical misclassification errors. The
teams of industrial hygienists and epidemiologists en-
gaged in the development of a job-exposure matrix
generally have good knowledge of the different expo-
sures potentially present in a particular job. But they
cannot identify a precise percentage of persons exposed,
as they do not know the variety of situations encoun-
tered in all of the jobs with the same job title. Thus they
are only able to give an approximate value of the per-
centage, or a percentage range. The results of table 4
show that, in the situations considered in this paper,
such approximations may bias the odds ratio estimation
and variance but have limited consequences on statisti-
cal power. Furthermore, the bias is small compared with
that produced by experts because of misclassification
errors. The results were similar for other simulations
with intervals of imprecision other than those shown in
table 3. In conclusion, the fact that it is often impossible
to determine an exact proportion of exposed subjects
within a job-title should not break the development of
job-exposure matrices.

The results of table 5 show that only the most effec-
tive experts can provide exposure assessment with the
statistical power to match an exact job-exposure matrix.
The sensitivity and specificity of experts’ judgments are
not well known in practice, and further studies would be
useful to determine them. Our results indicate clearly
that the most important factor, from an epidemiologic
point of view, is high specificity. Here again, the same
kind of results were found with other exposure distribu-
tions. Thus we can conclude that the evaluation of expo-
sure with a job-exposure matrix in studying the associa-
tion between exposure and disease has a statistical power
close to that which can be expected in practice with a
good expert.

At least two limitations of our work should be dis-
cussed. First, job-exposure matrices have not taken oc-
cupational history into account as effectively as experts.
It is clear that further work is needed to propose statisti-
cal methods able to consider the entire job history in the
estimation of odds ratios, especially with a job-exposure
matrix. Second, our simulations covered only a part of
the possible exposure distributions. We believe the six
exposure distributions are representative of the most
common situations encountered in population-based
case-referent studies (especially E1 and E2) (8). In par-
ticular, the exposure prevalence is not low in El to E6
(17 to 73%), as would be required for a population-based
case-referent study to remain of manageable size. Never-
theless, we verified that the results are similar for expo-
sure prevalence as low as 7% in E1 and E2.
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One of the goals of this paper was to add to the
knowledge on the advantages of job-exposure matrices
when properly used. Today, job-exposure matrices are
not yet considered to be sufficiently reliable tools by
epidemiologists, who are reluctant to use them in their
studies. As a result, little energy is devoted to building
new and more efficient matrices. We hope our work will
play a part in breaking this vicious circle.
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