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The Feasibility of Adapting a Population-Based
Asthma-Specific Job Exposure Matrix (JEM)

to NHANES
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Background 7o determine the feasibility of applying a job exposure matrix (JEM) for
classifying exposures to 18 asthmagens in the National Health and Nutrition Examination
Survey (NHANES), 1999—-2004.

Methods We cross-referenced 490 National Center for Health Statistics job codes used to
develop the 40 NHANES occupation groups with 506 JEM job titles and assessed
homogeneity in asthmagen exposure across job codes within each occupation group.
Results In total, 399 job codes corresponded to one JEM job title, 32 to more than one job
title, and 59 were not in the JEM. Three occupation groups had the same asthmagen
exposure across job codes, 11 had no asthmagen exposure, and 26 groups had
heterogeneous exposures across jobs codes.

Conclusion The NHANES classification of occupations limits the use of the JEM to
evaluate the association between workplace exposures and asthma and more refined
occupational data are needed to enhance work-related injury/illness surveillance efforts.
Am. J. Ind. Med. 2010. © 2010 Wiley-Liss, Inc.
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INTRODUCTION

In occupational epidemiology, using some type of
monitoring data (e.g., personal exposure monitoring, air
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monitoring, certain forms of biological monitoring) to assess
exposure is considered an optimal assessment method;
however, in practice this is not always feasible. Often
occupational exposures must be inferred from other sources
such as job title or longest held job. However, job titles are
non-specific, and individuals with the same job titles
may perform very different jobs and experience different
exposures [Goldberg et al., 1993; Kromhout et al., 1993;
Kennedy et al., 2000; Messing et al., 2003; Checkoway et al.,
2004].

A job-exposure matrix (JEM) offers advantages over the
use of job titles alone since it links information about specific
industries and/or occupations with information on exposures
to workplace contaminants. Cells of the matrix can be
coded using qualitative (e.g., potential for exposure: yes/no),
semi-quantitative (e.g., ordinal ranking of exposure), or
quantitative (e.g., measured contaminant levels) data.
Exposure assignments can be further modified when addi-
tional information is gathered about workers’ behaviors and
occupational tasks. When quantitative exposure data are
limited or not available, as is the case in community-based
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studies, the JEM is often an optimal method of exposure
assessment that can be inferred from subjects’ work histories
[Goldberg et al., 1993; Checkoway et al., 2004]. Strengths of
the JEM include the ability to infer exposure status to a larger
population of the same workers while allowing for exposures
to be grouped into categories with biological significance
[Kennedy et al., 2000; Checkoway et al., 2004].
Disease-specific JEMs have been developed to allow for
amore refined classification of exposure. In 2000, an asthma-
specific population-based JEM was developed to evaluate
exposures to 18 asthmagenic agents for 506 job titles
(based on the 1988 International Standard Classification of
Occupations, ISCO88) [Kennedy et al., 2000]. The JEM
was updated in August 2008 to assign job titles using the
Standard Occupation Classification (SOC) 1991 structure
from Statistics Canada. A job was classified as exposed (yes)
to a particular asthmagen if it was determined that the
probability of exposure was high for a substantial proportion
of subjects in that job [Kennedy et al., 2000]. Population-
based studies confirmed the utility of assessing asthma
exposure using the asthma-specific JEM [Le Moual et al.,
2004; Zock et al., 2004]. The purpose of our study was to
determine the feasibility of applying the population-based
asthma-specific JEM [Kennedy et al., 2000] for classifying
workplace exposures to asthmagens based upon the occupa-
tional information included in the U.S. National Health and
Nutrition Examination Survey (NHANES), 1999-2004.

METHODS

Asthma-Specific JEM

The asthma-specific JEM is a two-dimensional matrix
containing 18 columns for known risk factors for asthma. For
our analysis, the asthma-specific JEM and instructions for its
use were downloaded from the “Estimating Occupational
Risks for Asthma in Epidemiology: Asthma-specific job
exposure matrix”’ and more information about the JEM can
be found at: http://www.cher.ubc.ca/asthmajem/index.htm
[Kennedy et al., 2000].

National Health and Nutrition and
Examination Survey

Data for our analysis came from three cycles (1999—
2000, 2001-2002, and 2003-2004) of the NHANES.
NHANES uses a multi-stage probability sample to represent
the U.S. civilian, non-institutionalized population. Trained
nosologists coded occupations based upon the National
Center for Health Statistics (NCHS) Industry and Occupation
Classification Source Codes (hereafter referred to as NCHS
job codes). Four hundred ninety NCHS job codes were
collapsed into 40 NHANES occupation groups. Further
information about NHANES and how the survey is

conducted can be found at: http://www.cdc.gov/nchs/
nhanes.htm [USDHHS, 2009].

At the time of the ‘“Household Sample Person Ques-
tionnaire,” NHANES interviewers asked the question “What
kind of work were you doing?”” and then coded the response
into one of the 40 NHANES occupation groups [USDHHS,
2009]. More refined job titles or duties were not collected as
part of the interview. For example, participants who indicated
they were aregistered nurse (NCHS job code 95), optometrist
(NCHS job code 87), or veterinarian (NCHS job code 86),
to name a few, were all coded as the single ‘‘Health
diagnosing, assessing, and treating occupations” in the
NHANES database.

Cross-Referencing NCHS Job Codes
Within Each NHANES Occupation Group
to the Asthma-Specific JEM

First, we identified the NCHS job codes that had been
collapsed to create the 40 NHANES occupation groups.
Next, we identified how each of the 490 NCHS job codes
corresponded with the 506 job titles in the asthma-specific
JEM. Our goal was to identify matches between the NCHS
job codes and the JEM job titles to determine the exposure for
each of the 18 asthmagens in the asthma-specific JEM.
Finally, we identified if asthmagen exposure for all the NCHS
job codes that comprised each of the 40 NHANES occupation
groups were homogenous (i.e., each of the NCHS job codes
within a NHANES occupation group had the same exposure
assignment for all 18 asthmagens or each of the NCHS
job codes within a NHANES occupation group had no
exposure to any asthmagen) or heterogeneous (i.e., there was
differential classification of asthmagen exposure across
NCHS job codes within each NHANES occupation group;
Fig. 1).

RESULTS

The 490 NCHS job codes were collapsed into 40
NHANES occupation groups, with the number of NCHS job
codes within each of the 40 NHANES occupation groups
ranging from 1 to 45 (Table I). Fifty-nine (12%) of the NCHS
job codes (e.g., medical scientists, physician assistants, tool
programmers) did not correspond to any of the JEM job titles
or were too broadly defined to complete a match. Thirty-two
(7%) NCHS job codes corresponded to more than one JEM
job title. For example, the NCHS job code for “pattern-
makers, lay-out workers, and cutters”” (NCHS job code 676)
corresponded to multiple JEM job titles (e.g., JEM job title
J15: machine operators and related textile processing work-
ers; JEM job title J162: fabric, fur, and leather cutters; and
JEM job title F145: patternmakers-textile, leather, and fur
products). The remaining 399 NCHS job codes (81%)
corresponded with an equivalent JEM job title (Fig. 1).
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NCHS Job Codes
(n=490)

¥

NHANES Occupation
Groups
(n=40)

Homogenous

3 (7%) Occupation Groups
were exposed to asthmagens
11 (27.5%) Occupation
Groups had no exposure to
asthmagens

Heterogeneous
26 (65%) Occupation Groups
contained a mixture of NCHS
job codes with no exposure,
one exposure, or 2+ exposures
to asthmagens

A 4

JEM Job Titles

399 (81%) NCHS Job Codes
matched one JEM Job Title

A

JEM Job Titles

32 (7%) NCHS Job Codes
matched more than one JEM
Job Title

A

JEM Job Titles

59 (12%) NCHS Job Codes
did not match any of the JEM
Job Titles

A

FIGURE 1. Flowchartdepictinghow the National CenterforHealth Statistics (NCHS)job codeswere collapsedintothe National Health
and Nutritional ExaminationSurvey (NHANES)occupationgroups,aswellashowmany NCHSjob codes couldbematchedtojobtitlesinthe

asthma-specific job exposure matrix (JEM).Those NHANES occupation groups with similar exposures to all18 asthmagens across jobs

withinthe same occupation group wereidentified as homogenous.Those NHANES occupation groups that had differing exposure toasth-

magens acrossjobs withinan occupation group wereidentified as heterogeneous.

When evaluating the potential for exposure to asthma-
gens for each of the NCHS job codes within the 40 NHANES
occupation groups, only three NHANES occupation groups
(7%) had homogenous exposures to asthmagens, 11 (28%)
NHANES occupation groups were characterized as having
“no”” exposure to all 18 asthmagens, and 26 (65%) NHANES
occupation groups were heterogeneous for exposure to one or
more asthmagens (Fig. 1 and Table I). NHANES occupation
group “Waiters and waitresses” had the same asthmagen
exposure across all 18 asthmagens and, thus, provides
an example of a homogenous group. An example of a
heterogeneous NHANES occupation group was the ‘“Health
diagnosing, assessing, and treating’’ group. This NHANES
occupation group consisted of 14 NCHS job codes (NCHS
job codes 84-89, NCHS job codes 95-99, and NCHS
job codes 103—106) and of these 14 NCHS job codes, 8 of
the NCHS job codes had no asthmagen exposure (i.e.,
physicians, dentists, podiatrists, registered nurses, occupa-
tional therapists, speech therapists, physical therapists, and
other health practitioners), three of the NCHS job codes were
exposed to “low antigens” (i.e., optometrists, pharmacists,
and dieticians), respiratory therapists were exposed to HMW

latex antigens, veterinarians were exposed to HMW animal
antigens and HWM latex antigens, and physician assistants
were not found in the JEM job titles.

DISCUSSION

The broad occupational categories used in NHANES
hindered our ability to successfully apply the asthma-specific
JEM for purposes of classifying exposures to asthmagens
within these categories. Given this limitation, we recommend
that the NCHS modify the NHANES “Household Interview
Sample Person Questionnaire” to procure more refined
information on the occupations of U.S. workers. One option
for improvement might be for the NHANES interviewer to
collect data on occupational title and work responsibilities and
then consult a source such as O*NET http://online.onetcenter.
org/find/ [O*NET, 2009] for purposes of providing additional
occupational coding. O*NET is a program based on the
Standard Occupational Classification (SOC) and the current
taxonomy includes 965 occupations. O*NET collects data
from a broad range of workers and occupation experts for
each occupation based on distinguishing characteristics (i.e.,
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knowledge, skills, and abilities). Due to changes in the
occupational landscape, O*NET periodically revises the
taxonomy and the latest revision occurred in 2009. Further-
more, O*NET provides crosswalks between other occupa-
tional classification systems (e.g., Dictionary of Occupational
Titles, SOC, Occupational Outlook Handbook) in order to
facilitate cross-referencing of occupations [O*NET, 2009].
Researchers have successfully used O*NET data to examine
possible health consequences of workplace exposures
[Cifuentes et al., 2007; Meyer et al., 2009].

Arguably, more detailed exposure assessments that
address a host of occupational factors (e.g., timing and
duration of exposure; current vs. longest held job) should be
used when assessing workplace exposures. However, this is
often not feasible and researchers must rely on other sources
of information that may be more readily available on workers
when health-effect studies are conducted. Although we were
not successful in applying the asthma-specific JEM using
large existing databases such as NHANES, they should not be
entirely discounted as such databases allow for exploratory
analyses. If the occupational coding in NHANES provided
more detailed occupational titles and work responsibilities,
these data could be better utilized by researchers to improve
occupational surveillance efforts for purposes of improving
the health and safety of workers.

In conclusion, NHANES is designed to represent the
U.S. population, including those who work. However, we
found the occupational data to be structured in a way that
we could not fully explore injuries or illnesses due to
workplace exposures. We recommend that improvements in
the NHANES occupational data be made for purposes of
better tracking the health of U.S. workers.
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