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Learning Objectives

 Identify the morbidity indicators which comprise the Morbidity Summary
Score used to rank worker groups.

* Identify those occupations associated with the highest and the lowest
Morbidity Summary Scores.

* Describe how the unadjusted and adjusted Morbidity Summary Scores
differ and identify occupations that have the largest discrepancies between
these two measures.

Abstract

Objective: The objective of this study was to rank U.S. occupations by worker
morbidity. Methods: From 1986 through 1994, morbidity information was collected
on over 410,000 U.S. workers who participated in the National Health Interview
Survey, an annual household survey representative of the U.S. civilian noninstitution-
alized population. A multivariate adjusted logistic regression morbidity summary
score was created for each worker group based on seven indicators: days of restricted
activity, bedrest, and missed work in the previous 2 weeks; doctor visits and
hospitalizations in the previous 12 months; reported health conditions; and health
status. Results: Worker groups reporting the greatest morbidity included social
workers, inspectors, postal clerks, psychologists, and grinding machine operators;
worker groups reporting the least morbidity included dentists, pilots, physicians,
pharmacists, and dietitians. Conclusions: These findings aid in the identification of
worker groups that require increased attention for morbidity research and prevention.
(J Occup Environ Med. 2006,48:117—-134)
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he availability of large linked data-
bases in European countries has pro-
vided an opportunity to examine a
limited range of morbidity indicators
such as hospitalization and cancer
risk in worker groups.'” However,
these studies have been limited by a
lack of individual-level morbidity in-
dicators on large, diverse, and repre-
sentative worker groups. In the
United States, nationwide compari-
sons of the morbidity status of adults
employed in occupational groups
have been difficult to undertake due
to the lack of large and nationally
representative samples of workers.
There has been no published com-
parative survey of morbidity among
a representative sample of U.S.
workers since reports based on data
collected in 1969 to 1974* and in
1982 to 1985.>°

The National Health Interview Sur-
vey (NHIS) is a multipurpose house-
hold survey of the U.S. civilian
noninstitutionalized population con-
ducted yearly since 1957 by the Na-
tional Center for Health Statistics
(NCHS). The 1986 to 1994 NHIS
collected detailed information on job
and occupational characteristics on all
adult household members. This infor-
mation allowed for the classification of
workers using the U.S. Census Occu-
pational Code system.” From 1986 to
1994, over 460,000 U.S. workers, age
18 years and older, participated in the
NHIS. Although the 1986 to 1994
NHIS has enabled investigators to ex-
amine the morbidity status of selected
occupational groups,®™'? to date, a
comparative analysis of the morbidity
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of U.S. worker groups has not been
undertaken. Starting in 1995, the
NCHS stopped providing to investiga-
tors these detailed occupational codes,
and in 1997, the NHIS underwent sub-
stantial modifications that further lim-
ited comparison with previous survey
years. Thus, the 1986 to 1994 survey
period represents the most current and
only appropriate U.S. occupational da-
tabase to undertake a comparative
analysis of the morbidity status of a
large representative sample of U.S.
workers by occupation.

Materials and Methods

In the survey period 1986 to 1994,
each week, all adults in a probability
sample of households were inter-
viewed by trained personnel to obtain
information about the characteristics
of each member of the household."”
In the majority of cases (63%), the
participants themselves answered all
the questions; for the remaining par-
ticipants, the responses were ob-
tained from their relatives or other
proxies. For simplicity, in the present
study, both self-reported and proxy-
reported data are referred to as “re-
ported.” In the period 1986 to 1994,
annual NHIS household survey re-
sponse rates ranged from 94% to
97% '14—22

Occupational Classification

Information on employment dur-
ing the 2 weeks before the interview
was collected for all persons aged 18
years or older to determine the per-
son’s current employment status. Al-
though labeled “SOC” codes in their
documentation,>® the NHIS actually
uses the U.S. Census Occupational
Codes to classify workers. In 1992,
the NHIS began using the 1990 ver-
sion of the U.S. Census Occupational
Codes.” Before 1992, the 1980 U.S.
Census codes were used. There were
differences in 26 of the occupational
categories between the 1980 version
and the 1990 version; these categories
were programmatically recoded in the
1986 to 1991 datasets to categories
compatible with the 1990 version us-
ing online lists available from the Cen-

US Worker Morbidity Rankings * Lee et al

sus Bureau, the Integrated Public Use
Mircodata Series, and other public do-
main sources. Detailed information on
these recodes is available on the study
web site (http://www.rsmas.miami.
edu/groups/niehs/niosh/datadocs.htm#
occupation). We restricted the analyses
to occupational groups with an esti-
mated employment of 100,000 per-
sons or more. This restriction was
necessary to ensure reasonably stable
estimates and is an approach consis-
tent with that taken in previous NHIS
occupational analyses.>**

Morbidity Measures

Information for the 2 weeks and for
the 12 months before the interview
was collected on restricted activity
days, bed days, work loss days due to
illness or injury, doctor visits, and
hospital stays.”® Health status indica-
tors included a general question assess-
ing health status (as excellent, very
good, good, fair, or poor) and acute
and chronic conditions. In the NHIS,
details related to any reported acute or
chronic condition (eg, onset, severity,
duration) were collected and used by
trained medical condition coders to
assign International Classification of
Diseases, 9th Revision codes for these
conditions.*”*®

Because several variable distribu-
tions were highly skewed, we dichot-
omized each of these morbidity
indicators for use as dependent vari-
ables in separate logistic regression
analyses as follows: restricted activity
days in the previous two weeks (0 vs
=1); restricted bed days in the previ-
ous 2 weeks (0 vs =1); work loss days
due to illness or injury in the previous
2 weeks (0 vs =1); doctor visits in
prior 12 months (0-3 vs =4); hospi-
talizations in prior 12 months (0 vs
=1); the presence of acute or chronic
conditions (0 vs =1); and self-rated
health (0 = excellent, very good, or
good versus 1 = fair or poor).>

Covariates

The covariates for each logistic
model included age (18—-44, 45-64,
65 years or older), gender, race, eth-
nicity, and educational status. Race

was coded as: 1) black, 2) white, and
3) all other races; ethnicity was coded
as Hispanic and non-Hispanic origin.
Educational status was coded as: less
than the 12th grade, completion of
high school (or GED equivalent), and
more than a 12th grade education.

Statistical Analysis

Because of the multistage sam-
pling design, all logistic regression
analyses were performed with ad-
justment for sample weights and de-
sign effects using the Software for
Survey Data Analysis (SUDAAN)
statistical package.’® The sample
weights used were those required for
the analysis of NHIS data from com-
bined survey years and were calcu-
lated as specified by Botman and
Jack.>' A series of seven separate
multivariate logistic regression anal-
yses controlling for survey design
and the previously mentioned covari-
ates compared workers in each occu-
pational group with the remaining
employed workforce with respect to
each of the seven morbidity mea-
sures. Of note, due to the high co-
variance of race and ethnicity in the
multivariate models (associated with
the high percentage of white Hispan-
ics), only the “race” variable was
used in the final multivariate models.

A weighted average of the seven
covariate-adjusted odds ratios was
used to create a covariate-adjusted
morbidity summary score for each
occupational group. The weight used
for each of the odds ratios was the
inverse of its variance. This approach
took into account the relative contri-
bution of each odds ratio to the
morbidity summary score because
the distribution of the dependent
variables varied (eg, restricted activ-
ity days were more common than
hospitalizations). Furthermore, be-
cause each odds ratio was adjusted
for sociodemographic characteris-
tics, the resulting ranking based on
this morbidity summary score better
reflected the variation in morbidity
more likely attributable to job-based
characteristics (eg, workplace stress,
physical demands). Covariate-ad-
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justed morbidity summary scores
that exceeded 1.0 indicated that the
aggregate morbidity was greater for
the corresponding occupation than
for workers employed in the other
205 occupations; conversely, a co-
variate-adjusted morbidity summary
score below 1.0 indicated that mor-
bidity was lower in a particular oc-
cupational group.

An additional weighted average
was created for each occupational
group based on odds ratios not ad-
justed for covariates (ie, an unad-
justed morbidity summary score).
The ranking of this measure re-
flected, in absolute terms, the level
of morbidity in each worker group in
comparison to all other workers
without considering demographic
and socioeconomic characteristics of
each worker group. The occupational
health community can use this mea-
sure to identify which occupations
are in the greatest need of targeted
interventions.

Results

There were a total of 462,975 per-
sons age 18 years and older who
reported working within the 2 weeks
before their participation in the 1986
to 1994 NHIS surveys. Retained in the
analysis were workers employed in
occupations with an estimated size of
100,000 workers or greater and who
had complete covariate and morbidity
data (n = 410,420). Among these U.S.
workers, 196,030 (47.8%) were
women. The overall mean age = stan-
dard deviation was 38.9 = 12.9 years.
The racial distribution of the sample
was 12.2% black, 84.3% white, and
3.4% for all other races; 7.4% reported
their ethnicity as Hispanic. Within this
Hispanic designation, 93.7% of the
participants reported their race as
“white.”

Table 1 presents the 206 worker
groups (each with at least 100,000
U.S. workers) ranked according to
the covariate-adjusted morbidity
summary score. Each row in the
table contains the NHIS participant
sample size, the estimated U.S.
workforce size, occupation name,

and corresponding census occupa-
tional code (in parentheses); the
unadjusted and covariate-adjusted
morbidity summary score; and the
individual multivariate-adjusted
odds ratios for the seven morbidity
measures. Bolded odds ratios have
corresponding 95% confidence inter-
vals that do not include one (ie,
significantly different morbidity
from all other listed occupations af-
ter adjustment for covariates).
Twelve occupational groups had
covariate-adjusted morbidity sum-
mary scores that exceeded 1.20,
whereas 13 groups had summary
scores below 0.80. With an adjusted
morbidity summary score of 1.42,
social workers were ranked as the
most disabled occupational group of
the 206 occupations examined. Social
workers were also the only worker
group that had statistically significant
elevations in each of the seven individ-
ual multivariate-adjusted odds ratio
models (range of odds ratios, 1.28-
1.53). Other occupations reporting rel-
atively high levels of morbidity based
on covariate-adjusted morbidity sum-
mary scores included: inspectors,
testers and graders (no. 2); postal
clerks [except mail carriers] (no. 3);
psychologists (no. 4); grinding/
abrading/buffing/polishing machine
operators (no. 5); nursing aids, order-
lies, and attendants (no. 6); specified
mechanics and repairers (no. 7); in-
spectors/compliance officers [except
construction] (no. 8); correctional in-
stitutional officers (no. 9); and li-
censed practical nurses (no. 10).
With a covariate-adjusted morbid-
ity summary score of 0.53, dentists
were ranked as the least disabled
occupational group of the 206 exam-
ined. Other occupations that reported
comparatively less morbidity based
on adjusted morbidity summary
scores included: pilots (no. 205);
other healthcare professionals, in-
cluding physicians (no. 204); phar-
macists (no. 203); and dietitians (no.
202); as well as driver—sales workers
(no. 201); farm workers (no. 200);
apparel sales workers (no. 199); sales
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counter clerks (no. 198); and tool and
die makers (no. 197).

The correlation between the occu-
pation-specific unadjusted and co-
variate-adjusted morbidity summary
scores indicated a fair degree of cor-
respondence between these two mea-
sures (r = 0.73; P < 0.001). There
were four occupations that had unad-
justed and covariate-adjusted mor-
bidity scores, which differed by 0.25
units or more. These occupations,
along with their unadjusted and ad-
justed morbidity scores, included:
child care workers (1.26 and 1.01),
child care workers, private house-
hold (1.27 and 1.01), private house-
hold cleaners and servants (1.18 and
0.91), and roofers (0.63 and 0.89).

There were some notable differ-
ences when comparing occupational
rankings based on these two measures.
Using the unadjusted morbidity sum-
mary score, the top five disabling oc-
cupations, along with their adjusted
morbidity summary score rankings
in parentheses, were: nursing aids,
orderlies, and attendants (no. 6); social
workers (no. 1); licensed practical
nurses (no. 10); telephone operators
(no. 19); and street and door-to-door
sales workers (no. 16). Other worker
groups which had unadjusted morbid-
ity summary scores 1.20 or greater, but
who did not rank in the top 30 occu-
pations based on their covariate-
adjusted morbidity summary scores,
included: child care workers (Table 1
adjusted morbidity summary score
ranking no. 93); private household child
care workers (ranking no. 98); health
aids, except nursing (ranking no. 45);
and bus drivers (ranking no. 32).

Discussion

The occupational health commu-
nity can use these findings to identify
worker groups that require increased
attention with respect to morbidity
research and prevention. Some of
these occupations such as the nursing
professions have been studied fairly
extensively with respect to the phys-
ical job-specific tasks thought to in-
crease the risk of morbidity (eg, back
strain due to lifting). However, some
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occupations have not previously
been associated with increased mor-
bidity: social workers and psycholo-
gists occupied the no. 1 and no. 4
rankings, respectively. Because these
are both sedentary professions, re-
search into potential occupational
stress-related factors influencing the
health of these professions is need-
ed.>*3% Furthermore, there are sur-
prisingly few well-controlled studies
designed to mitigate stress and burn-
out in these professions, yet existing
research does suggest that beneficial
treatment effects are achievable.>’>°

Nursing aids and licensed practical
nurses were in the top 10 morbidity
rankings based both on the unad-
justed and covariate-adjusted mor-
bidity summary scores. High levels
of occupational stress, including re-
structuring within the healthcare in-
dustry, and rates of musculoskeletal
injury are likely contributors to these
high rankings.**~** Female nursing
aids, orderlies, and attendants, and
licensed practical nurses ranked
eighth and 11th, respectively, on
a musculoskeletal-based disability
measure available for 61 worker
group participants of the National
Health and Nutrition Examination I
Epidemiologic Follow-up Survey
(NHEFS).® Ergonomic modifications
(eg, mechanical lifts) and stress man-
agement interventions are promising
preventive approaches to address this
high rate of morbidity,*>*** but addi-
tional research is needed, especially
given the essential role that nursing
plays in the delivery of health care.

Postal clerks were also in the top 10
rankings based both on the unadjusted
and covariate-adjusted morbidity sum-
mary scores, and this occupational
group is similar to nurses in that
occupational stress and possibly
musculoskeletal injury risk are likely
contributors to their high rank-
ing.*>*¢ Of note, postal clerks were
among the least disabled male
worker groups examined in the NE-
HFS (approximately 35th of 41 ex-
amined worker groups).® Strained
labor management relations have
been suggested as a contributor to

stress levels in this occupational
group.*>*” In the 1980s, there was an
increase in the number of worksite
homicides committed by U.S. postal
workers and former postal work-
ers.*® Recently added to the risks this
occupational group faces is the threat
of bioterrorist attacks such as the
Bacillus anthracis exposures, which
occurred in 2001.*° Finally, the litera-
ture on effective interventions focusing
on job stress and the prevention of
musculoskeletal injury in postal
workers are limited and mixed in
terms of effectiveness.”®"

The “low-risk” occupations identi-
fied in the present analysis may be
due, in part, to a healthy worker
effect (eg, pilots). Nevertheless, the
study of selected low-risk profes-
sions from a morbidity perspective
may identify specific job or worker
characteristics, which may be protec-
tive.”* It is interesting to note that
morbidity rankings were lowest
among several of the health profes-
sions (eg, dentists, pharmacists, phy-
sicians, and dietitians). These low
rankings could reflect health behav-
ior-related lifestyle differences. For
example, with the exception of dieti-
tians, these health professionals have
some of the lowest smoking rates
among the major U.S. occupational
groups.”* Among worker groups,
physicians and dentists have among
the lowest rates of mortality due to
liver cirrhosis, likely reflecting lower
rates of abusive alcohol consumption
patterns.’® Workers employed in the
health diagnosing, assessment, and
treatment occupations also have the
lowest depression rates found in any
worker group.”* Finally, it should be
noted that many of these occupations
are associated with high pay and
occupational prestige within society;
these socioeconomic indicators are
independently associated with re-
duced mortality risk in the United
States.>>->°

Another use of the morbidity rank-
ings is the selection of occupational
groups for targeted worksite inter-
ventions. Meta-analysis of worksite
interventions indicate that a variety
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of cognitive—behavioral and multi-
modal approaches are effective in
lowering somatic and psychologic
symptomatology.>” These interven-
tions are typically undertaken within a
single occupation group or a work-
place, and thus, a comparison of inter-
vention effectiveness in a variety of
occupational groups is rarely under-
taken. The Table 1 rankings could be
used to select, a priori, occupational
groups for targeted interventions. For
example, an intervention targeting the
medical profession might consider in-
cluding occupational groups that
ranked both high (eg, nursing aids,
no. 6; licensed practical nurses, no.
10) and low (dietitians, no. 202;
pharmacists, no. 203) with respect to
their covariate-adjusted morbidity
summary score.

Identification of worksites for tar-
geted interventions could also benefit
by cross-referencing Table 1 rankings
with those obtained for other occu-
pational outcomes of interest. For
example, two of the top 10 Table 1
occupations, grinding/abrading/buff-
ing/polishing machine operators (no.
5) and correctional institution offic-
ers (no. 9), also ranked in the top 10
occupations with the highest average
workers’ compensation costs in the
United States.”® Targeted interven-
tions in these occupational groups
could not only lower morbidity rates,
but also lower employer costs.

Table 1 rankings might also be
used, in part, to consider the degree
to which a healthy worker effect
might be present for a particular
occupational group, particularly be-
cause the NHIS occupational data
are collected in a cross-sectional
fashion. For example, it is not sur-
prising that airplane pilots are among
the least disabled worker groups
(ranking no. 205) because commer-
cial licensing requires passing regular
physical examinations.”® Researchers
concerned that their research findings
for a particular occupational group
may be due to a healthy worker
effect may want to consult the mor-
bidity summary scores to determine
its relative ranking. For example,
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firefighting requires constant good
health and fitness levels that exceed
the requirements for many other
occupations. Despite documented
musculoskeletal, thermal, and other
injury risks,>®"°! firefighters ranked
only no. 140 on Table 1; further-
more, compared with the other 205
occupations, only pilots and dentists
were less likely to rate their health
status as fair or poor. These rankings
indirectly support the notion that oc-
cupational health studies of firefight-
ers may underestimate occupational
risks because continued employment
in this occupation requires good
health.

In addition to the issue of the
healthy worker effect, several poten-
tial study limitations should be
noted. First, it is possible that the
morbidity rankings are influenced by
differential self-reporting in response
to these morbidity questions. For ex-
ample, social workers, which occupy
the number one ranking in Table 1,
may either be a more “accurate”
reporter or may over report morbid-
ity relative to other occupational
groups. We could find no evidence in
the published literature available on
social workers to support either of
these possibilities, although social
workers reported one of the lowest
rates of insomnia in one comparative
study of Scandinavian worker
groups.®?

Although research in this area is
often contradictory, validation stud-
ies conducted by the NCHS and oth-
ers suggest that proxy reports lead to
slightly lower prevalence estimates
of chronic conditions and ambula-
tory medical visits compared with
reports obtained directly from re-
spondents.®>~%° To address this
potential bias, we repeated our mor-
bidity analyses, including only the
63% of NHIS participants who were
interviewed directly in the 1986 to
1994 NHIS surveys. With only four
exceptions, the covariate-adjusted
morbidity summary score findings
based on nonproxy data were within
0.1 units of the Table 1 summary
scores for each of the occupations,
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suggesting that no systematic bias
was introduced by the inclusion of
proxy responses. This finding is also
consistent with our previous exami-
nation of possible proxy-reporting
bias for each of the seven morbidity
indicators that comprise our morbid-
ity summary score.*”

A potentially more important
study limitation is the mix of health
indicators used to create the morbid-
ity summary score rankings. First, it
is important to note that a different
mix of health indicators would have
yielded different occupational morbid-
ity rankings. For example, an index
reflecting musculoskeletal disability
would have likely yielded higher rank-
ings for some of the manual occupa-
tions, which ranked relatively low on
the current index such as farm work-
ers (no. 200) and laborers except
construction workers (no. 75).6%%7
Workers in these occupations were
ranked among the most disabled
based on a musculoskeletal disability
measure used in the NHEFS.® Work
loss days in the 2 weeks before the
household interview and the number
of doctor visits in the previous 12
months are two elements of the mor-
bidity summary score, which could
potentially be influenced by the
availability of worker healthcare
coverage and worker sick leave pol-
icies. Nonunionized and blue-collar
workers who often lack such benefits
may be more likely to report to work
even if sick and may be less likely to
visit a doctor for acute or chronic
illness episodes.®®*”

Finally, although these analyses
attempted to control for socioeco-
nomic and demographic factors,
complete control (particularly in sub-
group-dominated professions) was
not possible. For example, using the
same NHIS database and morbidity
measures, Gémez-Marin et al'?
found that older female uneducated
workers were at significantly higher
risk of reporting chronic morbidity
and poor health status compared with
all other U.S. workers. Additional
information (including exportable
data tables) on the demographic and

race—ethnicity subgroup distributions
for the different U.S. occupations can
be found at the study web site (http://
www.rsmas.miami.edu/groups/niehs/
niosh/) in the Disability/Morbidity
Monograph by Fleming et al.**

Conclusions

The NHIS database represents a
probability sample of the entire U.S.
population with the ability to com-
pare both morbidity and mortality
among U.S. workers. Furthermore,
as noted by the NIOSH,”® and the
British Registrar General’s decennial
reports,71 databases such as the Na-
tional Health Interview Survey can
be used not only to target studies of
work-related conditions and to add to
the body of evidence generated from
epidemiologic studies, but also to
provide surveillance data for estab-
lishing priorities and for tracking
progress toward the elimination of
preventable diseases. In our current
study of occupational morbidity, so-
cial workers, inspectors, postal
clerks, psychologists, and grinding
machine operators were among the
most disabled worker groups in the
United States among occupations
with annual employment of at least
100,000 workers. These findings aid
in the identification of worker groups
that require increased attention for
morbidity research and prevention,
whereas “low-risk” occupations may
be used to identify protective job or
worker characteristics, which could
be adopted for use in high-risk
worker groups.

Main Messages

1. Worker groups reporting the
greatest morbidity in the United
States include social workers, in-
spectors, postal clerks, and psy-
chologists.

2. Ranking of occupations has led to
the identification of worker groups
that require increased attention for
morbidity research and prevention.

3. This ranking may also be used to
identify low-risk occupations that
have job or worker characteris-
tics, which could be targeted for
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enhancement in high-risk worker
groups.
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