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Although a valuable method in occupational epidemiology, job-exposure matrices are 
no magic fix

Job-exposure matrices (JEM) are a common method for exposure assessment in occupational epidemiology. 
The first JEM were described in the early 1980s (1, 2) and have been used in a wide range of settings ever since. 
A recent review on methods for retrospective exposure assessment in the general population revealed that 
more than a quarter of the studies on cancer applied a JEM (3). Where JEM originally assigned exposures at a 
qualitative or semi-quantitative level based on expert ratings, quantitative exposure estimates can also be derived 
when measurements are used to calibrate these ratings (4–6).

A JEM typically consists of job and exposure axes. The major advantage of JEM is that job histories can be 
translated into specific exposures in a systematic and unbiased way. It is basically a computerized linkage of 
exposure estimates to job codes, and, as such, JEM represent a highly efficient and reproducible methodology. 
This way, a standardized exposure assessment within and between studies can be guaranteed, and any misclassi-
fication is expected to be non-differential with respect to the health outcome. Once developed, a JEM is relatively 
easy to apply and less costly than case-by-case expert assessment.

These benefits make JEM a particularly useful instrument for exposure assessment in large-scale, general 
population studies. Such studies (eg, based on register data) permit collection of full occupational histories and 
enable the study of rare diseases or subtypes. Subjects have typically worked in a wide variety of occupations 
and industries. Detailed exposure information, which can more easily be collected in industry-based cohorts, 
is often not available. For register-based cohorts, collected occupational histories are also typically limited to 
the basic information of job titles and industries. Using JEM, exposures can be assessed for many agents and 
stressors, based solely on job titles.

The DOC*X project is a good example of the use of register data in occupational epidemiology (7). The large 
number of subjects – the full working population of Denmark for several decades – offers unique opportunities 
for studying new associations between a variety of exposures and various health outcomes. Individual data from 
several databases, including health and labour registries, were linked by a personal identifier. For each cohort 
member, job title and industry have been annually registered and coded (7). Subsequently, the project has been 
linking a series of JEM to this nationwide cohort to assess several kinds of occupational exposures. A couple of 
these efforts have been published in this issue of the Scandinavian Journal of Work, Environment and Health 
to assess the association between physical activities at work and acute myocardial infarction (8) and the risk of 
work-related hand eczema in relation to wet work (9). It is impossible to go back to all individuals in this cohort to 
collect detailed information on their occupations: firstly because part of the cohort has died over the years but 
also due to practical reasons given the large numbers. So, by applying JEM, the Danes make the best use of the 
information available in their registry data.

The ease of using a JEM, by simply assigning exposures based on job titles, also has a flipside. By design, 
a JEM allocates the same exposure estimates to all workers with the same job title. This aspect represents the 
main drawback since it is well-recognized that there can be substantial inter-individual variability (10). In other 
words, a JEM completely dismisses exposure heterogeneity between workers in similar jobs, as has also been 
acknowledged by the authors of the DOC*X studies (8, 9).

Heterogeneity between workers may be larger for some types of exposures than others, particularly when 
exposures are largely determined by specific tasks. To illustrate, when assessing welding fumes, job title alone 
does not provide information on different tasks and circumstances that influence the level and frequency of 
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exposure to welding fumes (11). For exposures related to tasks like welding, decreasing or pesticide application 
– but also exposures such as shift work or certain psychosocial working conditions – exposure assessment based 
on job title alone may not be sufficient. Thus, researchers need to critically evaluate for each given exposure, if 
that exposure can be reasonably assessed on the job group level or if further assessment on the workplace, work 
unit or individual-worker level is needed.

A large part of heterogeneity is determined by the workers’ behavior (12). Although this is virtually impossible 
to take into account in a JEM, some of the exposure heterogeneity may be accounted for by adding more detail, 
ie, by expanding the number of axes of the JEM. For example, an industry-axis, a time dimension, or region-, 
sex- and age-specific estimates may help explain part of the exposure heterogeneity. Importantly, this type of 
information is also typically available in the large studies where the JEM are being applied to. The JEM for wet 
work used by Lund et al (9) provided sex-specific estimates. A similar effort has been described for mechanical 
and psychosocial work exposures in Norway (13).

In addition to within-job (ie, between-worker) variability, exposures may have large temporal (ie, within-
worker) variability. Levels can vary from day-to-day or over the course of the work day, the variability of which is 
not captured in a JEM. When studying acute health effects, for example, short-term high exposures may be more 
relevant than the annual average or cumulative levels and a JEM may not provide the appropriate assessment.

Many different JEM, in all forms and shapes, have been developed over the last 40 years. Due to the lack of a 
gold standard, JEM cannot be truly validated. Several studies, however, have described the performance of JEM 
(14–16). For asbestos, for instance, poor agreement between different JEM has been reported, indicating variable 
performance (14). Exposure assessment methods can also be evaluated using known associations with health out-
comes. Using lung cancer case–control data, comparisons with other methods showed that a JEM for asbestos could 
outperform self-reported exposure (16) and perform as well as case-by-case expert assessment in a multicenter 
study (15). Yet, as indicated above, the performance of a JEM will depend on the exposure and effect of interest.

Improvement in the use of JEM could be achieved by harmonizing existing JEM. A harmonized JEM, which 
provides a standardized exposure assessment across regions and time periods, would be highly valuable for 
pooled analyses. Such large-scale analyses will offer unique opportunities to study exposure–disease associa-
tions that have been understudied until now due to lack of statistical power. JEM will be invaluable instruments 
to such (exploratory) exercises.

Derivation of exposure–response relations requires quantification of exposure. Development of more quanti-
tative JEM, as first described for the multinational SYNERGY project on lung cancer (4) and the Shanghai Women’s 
Health Study (6), may further increase the impact of occupational studies. However, a quantitative JEM will still 
have the same limitation of assuming homogeneity within jobs and large amounts of (measurement) data are 
needed to develop a quantitative JEM. Data mining techniques could be explored to make better use of existing 
data sources for high-quality exposure assessment.

The coding of job titles is another major challenge related to the use of JEM. Manual coding of each individu-
al’s job history in large epidemiological studies is a very time-consuming task. As a result, many of these studies 
are not used to their full potential for occupational health outcomes. Further improvement could therefore be 
achieved by systems that automatically translate free text into occupational codes, increasing the efficiency and 
feasibility of investigating occupational risk factors (using JEM) in large-scale epidemiological studies. Efforts 
in developing automatic coding in the US have shown agreements with manual coding of around 50% (17, 18).

Automated coding systems would not be applicable to most registry data, however, since job information 
is only available as a code. For pooling these registry data with other data, or for application of another JEM, 
crosswalks between systems can be the solution. In addition to differences between human coders, crosswalks 
may also introduce disagreement between codes and actual jobs, possibly leading to further misclassification 
of exposure. Interestingly, within DOC*X it was shown that errors in job coding had limited effect on the exposure 
assessment of wood dust, lifting, standing/walking, arm elevation, and noise (19). Previous studies also reported 
that the effects of disagreements in job coding generally diminish in the exposure assessment stage (12, 20).
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Specificity is crucial when the prevalence of occupational exposure is low, which is often the case in the 
general population because possible associations may otherwise be severely underestimated. When exposures 
are more prevalent, sensitivity becomes more important (12). Since the performance of a JEM is also determined 
by the between-worker (ie, within job) and between-job variance, the level of detail of the job classification plays 
an important role. Occupational classification systems have primarily been developed from a social-economic 
perspective. These systems, either international or national coding schemes, are therefore not necessarily reflect-
ing exposure categories in the best way. Developing new or adjusted coding systems for exposure assessment 
may help moving the occupational health field forward.

Several research initiatives are currently working on such improvements in the use of JEM, including the 
Network on the Coordination and Harmonisation of European Occupational Cohorts (OMEGA-NET, omeganet-
cohorts.eu) and the Exposome Project for Health and Occupational Research (EPHOR, www.ephor-project.eu).

In conclusion, a JEM can be a very handy tool for exposure assessment in occupational epidemiology, par-
ticularly in large-scale studies with limited occupational information. When selecting the most suitable exposure 
assessment method, however, researchers should always remain critical. Know when a JEM has added value and 
recognize its limitations.
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