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Objectives   Obtaining valid estimates of occupational exposures is an important objective of epidemiological 
studies involving the work exposome. Job-exposure matrices (JEM)  Job-exposure matrices (JEM) link coded 
job titles to estimates of workplace exposures. This paper reviews their development over the past 50 years and 
provides practical guidance on their construction, selection, and use.
Methods   We synthesized published literature and examples of existing JEM in a narrative overview of their 
historical development, construction, validation, and application. We organized practical considerations for 
developing and selecting JEM around exposure metrics, occupational classifications, temporal and geographical 
coverage, and validity.
Results   JEM frameworks include exposure components and metrics; timing or location; whether exposures 
are based on direct measurements, expert opinion, or both; differentiation of qualitative, semi-quantitative, and 
quantitative matrices; type of job classification used; incorporation of sex and other variables; and validity testing. 
Investigators seeking to use a JEM must assess several important features: existing JEM and their availability, 
compatibility of job coding systems (or existence of a correspondence table), relevant components and exposure 
metrics, and JEM limitations.
Conclusions   Awareness of the strengths and limitations of JEM is important for their effective use. To date, 
JEM have been mostly used in large general population studies though future applications in research, exposome 
evaluation and for other public health and policy issues are likely.
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Preventing disabling chronic diseases – such as can-
cer and cardiovascular, respiratory, neurodegenerative, 
mental, and musculoskeletal diseases – is a major global 
public health concern (1, 2). The many determinants of 
chronic disease make prevention complex, especially 
since most conditions are affected by factors present 
throughout the lifespan. At the population level, identi-
fying the complex relationships among multiple deter-
minants of health is essential for improving population 

health and identifying relevant targets for prevention 
intervention (3–5). A wide range of workplace exposures, 
including chemical exposures, physical activities, long 
working hours, and psychosocial factors are important 
determinants of diseases such as cancers, respiratory and 
cardiovascular diseases, and musculoskeletal disorders 
(6). Population-level studies in industrialized countries 
have estimated that 2–8% of cancers and over 20% of 
upper-limb musculoskeletal disorders can be attributed 
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to workplace exposures (7, 8). However, most population 
health studies do not account for occupational exposures. 
Similarly, most public health databases used for research 
contain little-to-no information on work (9).

Workplace exposures are difficult to assess and, 
although a substantial body of epidemiological work has 
analyzed occupational exposures in general population 
studies, they are not routinely assessed in the majority 
of epidemiological studies. Studies on occupational 
exposures often focus on specific populations of high-
risk workers rather than on more common exposures 
affecting the millions of workers at a general population 
level (10–11). Obtaining valid estimates of occupa-
tional exposures should be an important objective of 
all epidemiological studies involving current or former 
working populations, though obtaining these estimates 
can be quite difficult. Direct in-situ measurement of 
occupational exposures and observation of workers at 
an individual level are precise and accurate methods, but 
they are costly and time-consuming to implement in a 
general population study and not feasible for assessing 
exposure retrospectively (12, 13).

Expert assessments allow evaluators to incorpo-
rate general knowledge about the exposure domain. 
However, they are also time-consuming. Question-
naires are easier to administer to large populations, but 
self-reported exposures may be inaccurate or biased, 
for example by the respondent’s current or past health 
status (14). Job-exposure matrices (JEM) can be a use-
ful approach to providing valid exposure estimates to 
general population studies.

In this paper, after offering a short definition of 
JEM, we present a 50-year history of the approach. We 
also describe the present use of JEM to provide a guide 
for using and developing JEM, their limitations, some 
examples, and thoughts on the future of JEM in research, 
public health, and other settings. This paper is not 
intended as a state-of-the-art methodological contribu-
tion nor as a comprehensive overview of existing JEM, 
but rather as a concise, practical guide for the wider 
readership of occupational and environmental health: 
epidemiologists working on other exposures, public 
health researchers, and clinicians who have never used 
a JEM. We discuss both the development and the use of 
JEM because readers must understand how matrices are 
built and validated in order to judge whether an existing 
matrix is fit for a given research question.

What is a job-exposure matrix?

A JEM is a table (matrix) that links coded job titles 
with indices of workplace exposure to provide exposure 
estimates for different jobs. Typically, all workers within 
the same job group are assigned the same exposure 
estimate (11).

JEM are developed based on several sources of data 
including direct measures of exposure, expert exposure 
assessment and modeling, exposures reported by poten-
tially exposed subjects, surveillance data, administra-
tive records, or a combination of these methods. JEM 
vary considerably depending on the type of exposures 
assessed and the exposure indices used, which may 
express the probability, frequency, duration, or intensity 
of exposure. Exposures may be expressed as a continu-
ous exposure index (quantitative JEM) or as categorical 
variables (semi-quantitative and qualitative JEM) (15). 
In the construction of JEM, both variance between and 
within job groups are considered in order to optimize the 
contrast between groups (16). In some cases, further dif-
ferentiation (eg, by industry) may be needed if exposures 
vary substantially within the same job groups. JEM can 
cover the general population, industry-specific settings 
(such as chemical and radiation industries), or specific 
occupations (such as nurses or welders).

The history of  job-exposure matrices

Emergence of the JEM concept (<1980). Classifying jobs 
according to the potentially harmful agents to which they 
expose workers, whether in the general population or in 
specific industrial sectors, is a long-standing approach in 
occupational health studies reporting the risks associated 
with exposure to specific workplace hazards. As early as 
1941, an occupational health textbook presented a “Chart 
of Potential Industrial Health Hazards” listing the pres-
ence or absence of 79 different hazards within each of 108 
different “industrial classifications” (17).

The first author to coin the term “job exposure 
matrix” is likely SK Hoar. In 1980, she published an 
article with colleagues from the National Cancer Insti-
tute (USA), in which she presented the principle of the 
method without using the term JEM (18). In 1983–1984, 
she named a database linking different jobs to potential 
exposure to carcinogenic agents as a “job exposure 
matrix” (19).

She explained why a JEM approach is useful, espe-
cially for the study of potential long-term effects of 
substances, mainly carcinogens, as assessing past expo-
sure is difficult or impossible with approaches such as 
questionnaires, and historical direct measures may not 
reflect workers’ actual exposures. Historical exposure 
measures may reflect worst-case conditions, be collected 
for compliance purposes, or made as static (area level) 
measures rather than as personal measurements. Two 
years later, in their paper describing the development of 
a matrix for population-based studies, Pannett et al (20) 
explained that the alternatives, such as asking experts to 
assign past exposure at an individual level, were expen-
sive and presented limitations and practical difficulties.
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Years of chemical JEM (1980–2010). In the 1980s, several 
JEM estimating exposures to potentially carcinogenic 
chemical agents were published, originating primar-
ily from England (20, 21), Italy (22, 23) and the USA 
(24–26).

A publication from the European Concerted Action 
on retrospective evaluation of occupational exposures 
(1990–1992) presented an overview of the available 
JEM, with a focus on the methodological aspects of 
performance and validity (27).

Until the early 2010s, JEM focused mainly on chem-
ical substances, especially potential carcinogens. For 
example, a PubMed search covering the period prior 
to 2010 using the keyword “JEM” yields 83 articles on 
lung cancer. The agents most frequently studied were 
those investigated for their carcinogenicity: asbestos 
with 65 articles, also magnetic fields (56 articles) and 
ionizing radiations (47 articles), the majority of which 
were conducted in industry-based cohorts rather than in 
general population studies.

Other JEM years (>2010s). Since 2010, an important 
increase in the number of articles dealing with JEM 
occurred as indicated in figure 1. JEM are now being 
used to assess exposure to a wide variety of occupa-
tional and work-related factors, including: biological, 
ergonomic, psychosocial, nanoparticles, electromagnetic 
fields, heat, cold, noise, ultraviolet (UV) radiation, 
SARS-Cov-2, second-hand smoke, precarious employ-
ment, and lifestyle factors. In 2020, Peters (28) stated 

that, despite their limitations, “job-exposure matrices are 
a common method for exposure assessment in occupa-
tional epidemiology” and that they “represent a highly 
efficient and reproducible methodology”.

A review of the Network on the Coordination and 
Harmonization of European Occupational Cohorts 
(OMEGA-NET) inventory of occupational exposure 
tools identifies nearly 50 JEM (29). Some cover a single 
agent (there are many possible examples, particularly 
in Matgéné or EuroJEM), while others cover multiple 
exposures, such as “Hoar JEM” (334 chemical agents), 
FinJEM (84 agents), or CanJEM (258 agents). Many 
of these JEM were developed for a specific project and 
study or, conversely, as part of a general JEM develop-
ment program (Matgéné, EuroJEM). The extent to which 
individual matrices are actually used varies widely: 
a Scopus search retrieves 46 articles for FINJEM, 18 
for CANJEM, 11 for both Matgéné and SYN-JEM, 
indicating that some general population matrices are 
widely used.

Two categories of exposures are examples of recent 
development of JEM. The first is musculoskeletal expo-
sures, with only 2 articles prior to 2010 and 26 from 
2011 to 2026. The second is psychosocial exposures, 
with 20 articles prior to 2020 and 63 from 2020 to date.

Design and use of job exposure matrices

How to develop a JEM. JEM vary considerably depending 
on the type of exposure being assessed, whether the 

Figure 1. Number of articles published in Scopus based on job exposure matrix (JEM) in the title or abstract.
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exposure index is continuous or categorical, and the 
exposure metrics used, which may include probability, 
frequency, duration, or level of exposure (15). The 
choice of these indices often depends on the available 
data. By design, a JEM assigns the same exposure esti-
mate to all workers holding the same job title or belong-
ing to the same job group; job groups should therefore 
be defined to maximize the contrast in exposure between 
groups relative to the variability that actually exists 
within groups (16). The choice of a JEM depends on the 
exposures of interest, the temporal and spatial patterns 
of these exposures, the population, and the research 
question and health outcome under study. It also depends 
heavily on the study design: a relatively crude general 
population matrix, such as the original “Hoar JEM” 
(18), may be adequate in a population-based study, 
where contrasts between occupations are large, while 
being of little value in an industry-based cohort in which 
all participants share broadly similar exposures. The 
choice also depends on the job title coding system used 
in the population under study, and in some cases, the 
economic sector or industry coding system.

Before developing a JEM, it is necessary to establish 
its framework by answering certain questions. 

(i) Will the JEM be based on measured exposure data, 
reports from potentially exposed individuals, or expert 
assessments of exposure? Each of these methods has its 
advantages. Direct measurements of airborne chemicals 
are often used to develop JEM for chemical exposures, 
frequently supplemented by expert assessments of expo-
sures among different groups of workers at different 
times. When sufficient direct measurements are not 
available – which is often the case – expert-based assess-
ments can be used alone (30–32). These JEM models 
rely on experts (occupational physicians, ergonomists, 
hygienists, engineers, etc) with detailed knowledge of 
the jobs being assessed, including past working condi-
tions if long-term exposure is being investigated. For 
general population JEM, knowledge of many different 
jobs is necessary. The use of self-reported exposures is 
less common in the construction of JEM, but for some 
exposures (eg, psychosocial job demands) it may be 
the only feasible option because they are not directly 
observable or known to external experts. This method 
also has certain advantages. JEM based on self-reported 
exposures rely on workers’ knowledge of their usual 
occupational exposures. By aggregating information 
and assigning exposures based on group-level responses 
rather than individual-level responses, JEM models 
reduce reporting biases due to individual variations in 
reporting that may be influenced by symptoms or disease 
status. A number of JEM models use a mixed approach, 
such as expert assessment supplemented by direct mea-
surements, or the use of worker-reported exposures 

combined with evaluation by experts (15, 33). A more 
recent development is the statistical modelling of expo-
sure, in which expert or self-reported JEM ratings are 
combined with measurement data to produce quantita-
tive estimates; early illustrations of this approach (34, 
35) have since been adopted by a number of matrices 
(36) and it underlies several of the quantitative JEM 
described below.

(ii) What type of job classification should be used? 
Occupational coding systems vary from one country 
to another. Although most of them can be linked via a 
cross-walk to the International Standard Classification 
of Occupations (ISCO), multiple ISCO versions exist, 
and the conversion between systems can lead to classi-
fication errors (37, 38). The choice of job classification 
depends on the intended use of the JEM, the type of job 
classification available, the time periods and populations 
under study, and technical aspects such as the availabil-
ity of data for developing the JEM and its validation. For 
example, the 1968 and 1988 ISCO classifications were 
used to assess past exposures in the context of delayed-
onset diseases such as cancer in multiple countries 
(39), while a study conducted in one country examined 
the risks associated with occupations using a country-
specific occupational classification (40). The rationale 
underlying these classifications has itself changed over 
time, which matters for exposure assessment: ISCO-68 
was organized partly by industry, with jobs nested within 
industries, whereas more recent ISCO versions classify 
jobs more by education and competencies, so that the 
same job title now occurs across many industries. This 
is one reason why combining job title with industrial 
sector can be necessary in a JEM.

Translating reported free-text job titles or descrip-
tions into existing job coding systems can be complex. 
Job coding should engage experienced coding profes-
sionals who are unaware of the disease status of par-
ticipants. Various automated tools are also available, 
from decision-support systems to fully automatic coding 
tools, some of which have been tested and shown good 
concordance with coding by professional coders (41).

In addition to job titles, it may also be important to 
include further differentiation based on industrial sector, 
often classified by the International Standard Industrial 
Classification of All Economic Activities (ISIC; version 
4 currently in effect) (42). Such differentiation may be 
necessary for a JEM for chemical agents, for example, 
where all workers in a given area may be exposed to an 
inhaled toxin (15). Industrial sector is less relevant for 
JEM on biomechanical factors (43). This makes sense 
because the job title better summarizes biomechanical 
exposure than the sector: for example, an administrative 
staff member will infrequently lift heavy loads, regard-
less of the industrial sector. Furthermore, JEM can be 
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used as a risk assessment tool by occupational healthcare 
professionals; in this case, the classifications follow the 
coding used by the occupational health service (44). 
Finally, JEM specific to a company or sector may use a 
job or task classification specific to their sector.

(iii) Which components of exposure should be taken 
into account: level (intensity), duration, frequency, or 
probability? The choice of exposure component often 
depends on the data used to construct the matrix (eg, 
historical exposure records or exposure questionnaires) 
and may also be influenced by the hypotheses one 
wishes to test. For example, chemical or noise expo-
sure may be described by several components, such 
as probability, frequency, intensity, peak levels, or the 
time-weighted average of exposures. Thus, some JEM 
provide an overall assessment of the exposure in ques-
tion and its magnitude (43, 45) while other JEM provide 
data on the intensity of exposure as well as on frequency 
and duration (46). When the underlying data are suf-
ficiently precise, these components are complementary 
and can be combined into a cumulative exposure metric, 
typically as intensity multiplied by duration of exposure 
or employment, often weighted by the probability of 
exposure (15, 47, 48). The exposure component can be 
expressed as a continuous exposure index, an ordinal 
measure (eg, low, medium, high) or a binary indicator 
(exposed versus not exposed). Similar to the choice of 
exposure component, the choice of scale/metric depends 
on the exposure, data availability, and the research 
hypothesis. To test for any association of exposure with 
a health outcome, a binary JEM may be appropriate, 
whereas assessing exposure–response relationships 
generally requires a continuous exposure metric.

Continuous exposure metrics are provided by quan-
titative JEM, in which entries are estimates of exposure 
level expressed in measurement units rather than in 
ordinal ranks. Such matrices are built from collated 
measurement databases, generally combined with expert 
judgement within a statistical model accounting for 
determinants such as calendar period, industry, and 
region (35, 36). SYN-JEM, which provides quantita-
tive estimates for five lung carcinogens across jobs, 
periods and regions, is the most widely used example 
(47); CANJEM provides intensity, frequency and reli-
ability estimates for 258 agents (48); FINJEM provides 
quantitative estimates for a large number of agents in 
the Finnish population (49); and a quantitative solar UV 
radiation JEM has recently been developed for Europe 
(50). Quantitative matrices are demanding in terms of 
data and of modelling effort, but they support exposure–
response analyses that ordinal or binary matrices cannot, 
and they make results more comparable across studies 
and countries (11).

(iv) Should time and/or location (date/year, region) be 
taken into account? When exposure varies from one 
period to another or one geographic area to another, addi-
tional parameters should be added to provide separate 
exposure estimates for each job by period and region. 
For example, a JEM model estimating past asbestos 
exposure took into account the temporal evolution of 
government regulations that reduced and ultimately 
banned the use of asbestos (15). Time trends in exposure 
are well documented for many agents but remain fre-
quently overlooked when a JEM is applied; as a general 
rule, the exposure period covered by the matrix should 
be relevant to the induction period and latency of the 
disease under study. While most JEM are specific to the 
country in which they were developed, cross-national use 
may be feasible and useful, particularly when no relevant 
country-specific JEM exist for the population of interest. 
This cross-national use of JEM is likely to become more 
common in the future, despite two challenges. First, each 
country has its own systems for classifying occupations 
and economic sectors. Unless ISCO has been used, it 
is necessary to transcode the occupation and economic 
sector codes to align the JEM with the population under 
study. Second, exposure in the same job can vary from 
country to country. This is very evident in certain situ-
ations: working outdoors involves exposure to cold or 
heat, depending on the country. Government regulations 
and industry practices may also differ. For these reasons, 
efforts to create and use transnational or international 
JEM systems must account for differences in exposure 
across countries, as well as for different job classifica-
tion systems (49, 51), or even latitude for UV specific 
exposure (50). Such applications exist; for example, the 
US O*NET JEM has been linked to UK job titles by 
cross-coding the two job coding systems and has since 
been used to estimate occupational exposures related to 
SARS-CoV-2 and shoulder conditions in the large UK 
Biobank cohort (52).

(v) Are other variables relevant? Other factors may 
need to be considered. For example, specifying gender 
may be important as exposures within the same job 
may differ between men and women, which has led 
some recent JEM to provide separate values by gender. 
Similarly, exposure within the same job may vary by 
other characteristics, and JEM have been developed for 
specific groups, (eg, pregnant workers (53). Company 
size may also be a factor to consider (54, 55). Pre-
ventive measures that reduce exposure levels are also 
sometimes important and must be incorporated into the 
development or use of JEM, such as mask-wearing and 
COVID-19 vaccination rates (56).
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Assessing the validity of JEM. Assessing the validity of a 
JEM is an important step. This involves two aspects: (i) 
internal validity, which concerns the reliability of the 
JEM and whose assessment varies depending on the 
methodology used to develop the JEM, and (ii) external 
validity, which concerns the generalizability of the JEM 
to other contexts (eg, different time periods and different 
workplaces).

Regardless of the methodology used to construct the 
JEM, internal validity can be assessed by comparing the 
exposures estimated by the JEM to a gold standard of 
exposure, when it exists. In this case, sensitivity esti-
mates the JEM's ability to correctly identify exposed 
subjects, specificity estimates the JEM's ability to cor-
rectly identify unexposed subjects, and the area under 
the ROC curve (AUC) evaluates the JEM's performance 
in distinguishing between exposed and unexposed sub-
jects. Other methods for assessing validity include 
the ability of the JEM to identify known associations 
between exposure and health outcomes and the measure-
ment of agreement among exposure estimates derived 
from different JEM (57, 58). Such comparisons are 
informative: applying three different JEM to the same 
population showed only modest agreement between 
them (59). The performance of a JEM also depends 
strongly on the prevalence of exposure in the popula-
tion studied (60).

Regarding external validity, it can be assessed in 
various ways depending on the available data. It is 
possible, for example, to compare exposure results 
from the JEM with exposure data available in similar 
populations or to apply the JEM in another population 
to estimate its performance in that population (eg, by 
detecting known exposure–response relationships). It 
is also possible to compare JEM exposure results with 
available epidemiological data (for example, comparing 
the prevalence of exposure calculated using the JEM 
with national prevalence).

How to use job exposure matrices

Strengths of using a JEM. There are many good reasons 
for using JEM to assess workplace exposure. Though 
creating a JEM is a long, complex and costly process, 
its application is typically simple and low cost. Several 
JEM covering different exposures can be applied at 
the same time, increasing the number of work-related 
exposures that can be assessed in a general population 
study. Use of a JEM allows the conversion of each study 
participant’s job history into cumulative individual 
exposure estimates. Importantly, because exposure is 
assigned from the job title alone, JEM exposure assign-
ments are not influenced by the participant’s disease sta-
tus or by differential recall so that the resulting exposure 
misclassification is non-differential with respect to the 

outcome. Finally, JEM allow work exposure data to be 
assigned to individual workers based only on job titles. 
This feature is particularly valuable for assessing past 
exposures, where workers’ recall may be biased, and 
retroactive measurement of exposures is impossible.

Limitations of using job exposure matrices 

Users should be aware of the limitations associated with 
the use of JEM. Because the same exposure is assigned 
to all workers in a given job, JEM cannot account for the 
individual variability in exposure among workers in the 
same job. This results in non-differential misclassifica-
tion of individual exposures since the variations within 
a job due to individual behaviors and other factors are 
not taken into account (28). Depending on the exposure 
metric, this misclassification may reduce statistical 
power and attenuate estimates of risk. In the case of 
JEM, measurement errors are typically of the Berkson 
type rather than classical, since the JEM assigns a group 
mean rather than an individual value; this may reduce 
statistical precision and power. When the variability of 
exposure within a job is large relative to the variability 
between jobs, grouping may result in attenuation of the 
exposure–response relationship (61). Whether group-
ing helps or harms therefore depends on the structure 
of exposure variability and the contrast between the 
job groups retained. JEM models perform better when 
there are large differences in exposures across differ-
ent occupations, as in general population studies, and 
are less able to distinguish between groups of workers 
with similar exposures. Furthermore, users should bear 
in mind that occupational classification systems were 
developed primarily from a socioeconomic perspective 
and may not accurately reflect exposure categories; 
this particularly applies to recent classifications based 
on education and competencies, compared with ISCO-
68, whose industry-based structure lends itself well to 
exposure grouping. Furthermore, exposures must be 
reasonably estimable at the occupational group level. 
Some heterogeneity in exposure can be accounted for 
by adding more detail, such as increasing the number 
of variables in JEM. For example, estimating exposure 
specific to sex and age can help account for some het-
erogeneity in exposure within occupations. Assessing 
exposure with a JEM sets within-job variability to zero 
by construction; it therefore implies that this variability 
is small relative to the differences between jobs or that 
an average exposure is the relevant quantity for the out-
come under study. This can be a limitation, for example, 
for psychosocial work exposures such as perceived 
social support that may vary more by workplace than 
job title. In such cases, individual-level exposure data 
are preferable (62). For certain health issues, the effects 
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of high short-term exposures may be more relevant than 
average levels over time. JEM models should also be 
used with caution given the limitations of their design, 
which is based either on expert assessments or on data 
collected at the individual level, including directly mea-
sured exposures of air contaminants or postures that are 
then aggregated. Coding occupations based on job titles 
and industry sector can be time-consuming and may 
influence the exposures assigned to individual workers.

Steps to using job exposure matrices

Investigators wishing to apply an existing JEM to their 
own data should work through the following six ques-
tions before starting: (i) Is there an existing JEM for the 
exposure of interest? In addition to common research 
databases (Pubmed, Scopus, Web of Sciences), research-
ers can look at online repositories of available tools, 
such as the OMEGA-NET inventory of occupational 
exposure tools (29); (ii) Is the JEM available? Although 
most JEM were publicly funded, are intended to be 
used widely, and are available through public websites 
or from their developers, restrictions of use and avail-
ability should be checked; (iii) What job coding system 
is used (and is there a correspondence table)? Job title 
information in the source data must be linked to the 
exposure data in the JEM. Ideally, the JEM uses the 
same job coding system as the source data – if these do 
not match, then transcoding of job titles will be needed 
to link to the JEM directly, typically by using an exist-
ing “cross-walk” or creating a new one. Even within the 
same coding system, attention must be paid to which 
version of standard occupational codes was used, as job 
and industry codes change over time; (iv) Does the JEM 
contain relevant exposure metric(s)? JEM vary widely 
on what exposure data are included, and at what level of 
detail; the hypothesis under study will drive the choice 
of the JEM. The analytic plan must consider which 
exposure(s) will be used, and how to define exposure 
levels (dichotomous or continuous) and exposure peri-
ods; (v) Does the JEM have any limitations, including 
development validation? The limitations set out above 
apply to every matrix, but each JEM also has limitations 
of its own: the way it was built, the population and the 
period it was built for, and the validation it has or has not 
undergone should be checked in the original publication 
and reported in the methods section of the study; and (v) 
Has validation in the context of the proposed study been 
considered? Additional external validation of a JEM 
may be possible within the context of a new population 
by checking known exposure–disease associations as 
positive and negative controls.

Examples of job exposure matrices

There are many examples of JEM, as mentioned above 
(29). In addition, existing correspondence tables between 
occupational classification systems are readily available 
[eg, ISCO-08/88 (63), the 2010 Standard Occupational 
Classification (SOC) to ISCO-08 crosswalk (64) or more 
general transcoding resources (65)], and indirectly by 
contacting researchers who have built one, eg, EuroJEM 
(66). Finally, web resources are available to support 
(automated) recoding of job titles (65).  

Future of job exposure matrices and perspectives
Research. Beyond using JEM to study associations 
between workplace exposures and work related health 
outcomes, it is becoming increasingly clear that popula-
tion health research should include all relevant factors 
in the exposome, including workplace-related factors 
(3). Indeed, given the significant amount of time people 
spend at work, workplace exposures and behaviors 
should be taken into account when describing risk fac-
tors for disease. There is growing interest in assessing 
the role of workplace-related factors in chronic and 
acute diseases that are not traditionally considered 
“occupational diseases.” For example, JEM have been 
used to study biomechanical exposures in relation to 
aging,  and fetal death and preterm birth (67, 68) Dur-
ing the COVID-19 pandemic, the risk of SARS-CoV-2 
infection based on protective measures implemented in 
the workplace led to the development of JEM related 
to workplace exposures (56, 60, 69). These examples 
illustrate the importance of accounting for occupational 
exposures in studies of combined risk factors, and show 
how JEM offer public health researchers a practical 
way to integrate workplace exposures into analyses. 
JEM have also been developed for “new” and emerging 
occupational exposures such as artificial intelligence 
(AI) use, and for broader working populations (called 
“workingers” to include volunteers, apprentices, family 
members who provide unpaid home care, and other work 
situations that occur outside of formal employment) 
(70). Increasing attention has also been given to activ-
ity–exposure matrices that link occupational exposures 
to specific work tasks or activities (71). By aggregating 
the task-specific exposures, activity–exposure matri-
ces can extend the JEM concept to capture the entire 
occupational exposome. Their use will be particularly 
beneficial when work history data includes information 
on tasks or activities.

Methodological research on JEM is still ongoing, 
including statistical methods for their development 
and validation, such as Bayesian or machine learning 
approaches. Several research initiatives are also work-
ing to improve the use of JEM, including international 
JEM and adaptions of JEM to local contexts that may 
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expand the global reach of JEM. For example, the Euro-
JEM aims to provide JEM applicable across different 
European countries (62), and the JEMINI initiative (Job 
Exposure Matrix InterNatIonal) explores the possibility 
of developing international/European JEM (51). Finally, 
since manual occupational coding by trained coders is a 
time-consuming and costly task, automated job coding 
systems exist, and new systems are being developed 
using AI on several national classification systems. With 
the emergence of large language models, these tools may 
continue to improve further, though automated coding 
will likely still be supplemented by manual coding by 
experienced coders (41, 72), and the validity of AI out-
puts must be examined closely. Recent developments of 
big data in occupational health, such as administrative 
databases, routinely collected data, and large cohorts, 
also favors the use of JEM which are well suited to add 
valuable work exposure data to large datasets.

Other public and occupational health applications

In addition to research applications, JEM can play a role 
in monitoring population-level risk factors and other 
public health activities and may be helpful in clinical 
management. JEM could contribute to the clinical care 
of workers, return-to-work assessments, and work-
ers’ compensation or other social benefit processes by 
providing a baseline estimate of relevant exposures in 
various occupations. The value and the limits of using 
a JEM to estimate an individual’s exposure for com-
pensation purposes have recently been discussed (73). 
Since occupational diseases are often underdiagnosed, 
another practical application is to use the JEM to screen 
for occupational exposures as part of health surveillance 
and routine medical care. By summarizing multiple 
exposures at the job level, the JEM can also help policy-
makers set priorities regarding occupational risk preven-
tion, job retention, and retirement. Likely, JEM can help 
identify workers who need health monitoring following 
significant past exposure to carcinogens like asbestos.

JEM can also assist occupational health practitioners. 
For example, a JEM was developed using data from the 
medical surveillance survey of employee exposures to 
provide occupational physicians with a tool to identify 
high-exposed jobs and help target prevention efforts 
(44). While JEM should be used with caution in this set-
ting as it cannot replace individual exposure assessment 
by professionals, it can provide workers and employ-
ers an overview of exposure and prevention potential 
(11). JEM may also be useful when occupational health 
practitioners are scarce or nonexistent to improve occu-
pational health culture and literacy among employers; 
use of a JEM can also help occupational health profes-
sionals focus their efforts and expertise when they are 
dealing with complex situations. Finally, JEM represent 

an opportunity to more widely study occupational expo-
sures in the broader field of epidemiology. Most large-
scale epidemiology studies incorporate little-to-no data 
on occupational exposures, making work-related risk 
factors a largely ignored aspect of the exposome. Wider 
use of JEM should allow better estimates of multiple risk 
factors within large population studies.
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