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Group Medical Claims as a Source of Information on Worker
Health and Potentially Work-Related Diseases

P, Timothy Bushnell, PhD, MPA, Jia Li, MS, and Deborah Landen, MD, PhD

Objective: To help address underrecognition of occupational illnesses and
support planning of workplace health initiatives. Methods: Data from High-
mark Inc., a health care insurer headquartered in Pittsburgh and Camp
Hill, Pennsylvania, was used to calculate age and gender-adjusted rates of
15 diseases by industry and broad industry sector. Results: Significant indus-
try differences in disease rates were observed, some corresponding to known
differences in workplace risk factors. Conclusion: Group medical claims
offer timely, relatively low cost, longitudinal data on rates of physician-
diagnosed cases and costs of many diseases for large populations. Limita-
tions of medical claims data include inaccuracies in industry coding, lack
of occupation codes, and lack of key variables that affect health. Yet, some
elevated industry rates suggest potential new targets for wellness programs
and evaluation of possible workplace health risks.

his article describes a project that uses health insurance claims

data to identify patterns of disease in working populations. The
aims are to help target disease prevention programs and research that
may encompass both occupational and nonoccupational risk factors.
The National Institute for Occupational Safety and Health (NIOSH)
and Highmark Inc. of Pittsburgh have worked together to assemble
the data, and have developed written agreements that govern data
protection and reporting of results. We report highlights of findings
on the industry rates of 15 conditions, including respiratory, muscu-
loskeletal, and circulatory conditions, depression, and several other
types of conditions.

The primary goal of this study is to help address the well-
known underrecognition and underreporting of occupational illness
cases, which we review in brief later. We do this by identifying in-
dustries with increased rates of disease, which may be due, at least in
part, to workplace exposures. Another broader goal is to understand
and address the health challenges of employees in specific indus-
tries, whether or not they are related to workplace factors. This goal
is aligned with NIOSH’s Total Worker Health program,' which is
premised on the idea that nonoccupational and occupational health
risks of employees are best addressed together. A number of condi-
tions are significantly influenced by both occupational and nonoc-
cupational risk factors. Examples include musculoskeletal disorders
that may arise in part from obesity and in part from cumulative
trauma from repetitive work tasks, and respiratory conditions that
may be exacerbated by smoking as well as workplace respiratory
exposures.

Another goal of the project is to enhance the information that
health care insurers may provide to employers on the health of their
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employees. This goal is not the focus of this article. Nevertheless, the
concept is that employers of sufficient size may benefit by knowing
rates of specific diseases among their employees, and having the
opportunity to interpret these rates in the context of regional rates
and industry-level variation in rates.

The Problem of Underrecognition and
Underreporting of Work-Related Disease

The underrecognition and reporting of occupational disease
is partly a result of the same obstacles that lead to very substantial
underreporting of occupational injuries, for which there is consid-
erable evidence.>® In comparison with injuries, however, there is
much more limited ascertainment and tracking of occupational ill-
ness cases in the United States, especially for the many important
diseases that also commonly have nonoccupational causes and long
latency periods.®!® A fundamental reason is that work relatedness is
often difficult to determine in individual cases, both for employees
and for physicians.>!'! This basic problem is compounded by the fact
that physicians usually receive little or no training in occupational
health,!! and have little time to determine work relatedness. We cite
just three important examples.

First, musculoskeletal disorders, such as back pain and carpal
tunnel syndrome (CTS), are often classified as illnesses, and make
up a large portion of the occupational injuries and illnesses reported
by the Bureau of Labor Statistics (BLS) (28.8% of days away from
work cases in 2007).'? Nevertheless, a broad spectrum of research
and testimony assembled by the Occupational Safety and Health
Administration led to the conclusion that a substantial percentage
of cases are not recorded by the annual BLS survey of occupational
injuries and illnesses which is based on employer logs of work-
related injuries and illnesses required under the Occupational Safety
and Health Administration record-keeping standard.!*>!* The often
chronic and recurrent episodic nature of occupational back pain not
only makes it difficult to trace symptoms to a single event at work
but also leads to a significant share of the medical care of recognized
and unrecognized occupational cases being paid by medical rather
than workers’ compensation insurance.'> The possible extent of un-
derreporting in the workers’ compensation system was suggested in
a Connecticut population survey in which only 11% of self-reported
cases of work-related cumulative trauma musculoskeletal disorders
of the hand, arm, and neck had filed a workers’ compensation claim.'®

A second example of underrecognition and reporting is
asthma. During 2003 to 2008, BLS reported an annual average of400
days-away-from-work cases of extrinsic asthma (allergic asthma) in
private industry.!7 Yet, the estimated total number of prevalent cases
of occupational asthma in the United States was 2.8 million in 2007,
based on an estimate of the total current adult asthma cases in 2007
(18.6 million),'® and the proportion that may be due to occupational
causes (15%)."° A third example is circulatory system diseases for
which the BLS survey of occupational injuries and illnesses reported
an average of 702 cases per year of nonfatal, circulatory system

tThere are also special programs for reporting occupational asthma in four
states (CA, MA, MI, NJ). An average of 413 cases per year were reported
in these states from 1993 to 2002. (NIOSH. U.S. Dept. of Health and Human
Services, Centers for Disease Control and Prevention. Work-related Lung Dis-
ease Report, electronic version (eWoRLD) Table 9-3. http://www2a.cdc.gov/drds/
WorldReportData/pdf/2007T09-03.pdf. Accessed December 2009)
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diseases of all kinds during 2003 to 2008. This contrasts with an
estimated 4500 to 12,900 coronary heart disease deaths attributable
to occupation in 1997.20

Advantages and Disadvantages of Medical
Claims Data

Disease rate information on the basis of medical claims may
offer some helpful clues to the presence and possible magnitude
of some occupational illnesses. Prospective advantages and disad-
vantages of group medical claims data for this purpose include the
following.

Advantages

1. Accurate denominators for calculating disease rates, based on
insurance enrollment.

2. Objective information on physician diagnoses and treatments.

3. Information on drug prescriptions, physician specialty, and type of
facility can also be used for case definitions and severity measures.
Commonly, however, drug claims do not include diagnosis codes,
so prescriptions must be linked to medical diagnoses through
medical knowledge and the timing of prescriptions with respect
to other treatments.

4. Costs paid by both insurer and insured for treatments and pre-
scriptions are available.

5. Databases of sufficient size to provide samples for relatively spe-
cific industries, and that contain enough employers to protect the
confidentiality of individual employer data.

6. Potentially less expensive to collect than employee survey data,
and without response rate concerns (although claims data from
more than one plan may be needed).

7. Data are continuously updated and potentially available with a
short time lag.

8. Data are longitudinal for those workers who stay insured with the
same insurer.

9. Employer codes allow insurers to produce reports for individual
employers, and improve the analysis of industry disease rates.

Disadvantages

1. Work-relatedness of occupational conditions usually not indicated
in claims records.

2. No information on occupation.

3. Diagnosis codes may not always be accurate because of diagno-
sis uncertainty, time pressures, transcription errors, lack of full
knowledge of available codes by health care providers and coders,
and choice of codes to increase payment for treatments or to re-
spond to patients’ wishes.?! Nevertheless, many of these inaccu-
racies would tend to vary by individual patient and provider and
make less difference to the comparison of disease rates of large,
industry groups.

4. Industry rate differences may also reflect differences in the ten-
dency to seek and receive medical care, perhaps due in turn,
to differences in insurance plans, or to cultural and economic
differences.

5. Data include only employed persons who obtain insurance
through their own employers. Those who obtain insurance through
their spouses may work for employers who offer less generous
health benefits and may also tend to have different working con-
ditions and health characteristics.

This last disadvantage points to a basic limitation to the po-
tential for medical claims data to characterize working populations.
On the basis of Current Population Survey data, in 2008, 53.3% of
US workers aged 18 to 64 had health insurance in their own name
and through their own employer.?? Medical claims data also pro-
vide more information on some groups of workers than others. For
example, 66% of full-time, full-year workers had coverage through

their employer, versus 22% of part-time, full-year workers. The per-
centage also increases with employer size (eg, 37% in employers
with 10 to 24 employees versus 64% in employers with 1000 or
more employees) and varies by industry (eg, 39% of workers in
agriculture, forestry, fishing, mining, and construction, versus 67%
in manufacturing and 73% in the public sector).

Use of Medical Claims Data for Occupational Health
Surveillance: Other Examples

To our knowledge, this is the first effort in the United States to
use a large health care insurer database to examine variation in rates
of specific diseases by industry. Some large employers use employee
medical claims to look for patterns that could suggest a role for work-
place factors that can be controlled. Nevertheless, we have identified
few published reports. One example is a study using claims data for a
large US auto manufacturer, along with detailed information on work
histories, to identify specific plant departments with statistically sig-
nificant elevations of rate of five types of musculoskeletal disorder.
They were able to estimate the percentage of cases attributable to
occupational exposures, which varied between 19% and 47%.%>%*
Another example is the Duke University Health System, which has
used medical claims to identify occupational groups at higher risk
for preterm delivery, musculoskeletal disorders, and health conse-
quences of work-related stress.?>%7

An additional example of use of medical claims data to address
occupational health is the analysis of health and welfare fund medi-
cal claims of union carpenters in Washington State. The researchers
observed that individuals who filed musculoskeletal workers’ com-
pensation claims also tended to have higher group medical claim
costs for musculoskeletal disorders after their injury, and that an in-
creasing share of occupational cases resulted in medical rather than
workers’ compensation claims.?82

In British Columbia in Canada, more extensive use has been
made of large medical claims databases for occupational health
analysis.>® Health care and workers’ compensation records have been
linked for the entire working age population, supporting studies of
the effects of specific work exposures in subpopulations of interest.

DATA AND ANALYSIS

The Multi-Year Highmark Database

The National Institute for Occupational Safety and Health
worked with Highmark to assemble a multi-year database for the
purpose of calculating industry-specific, disease prevalence rates.
A written agreement governs the protection of data and reporting
of results. All data received were “limited data sets” as defined un-
der the Health Insurance Portability and Accountability Act.*!*?> No
personal identifiers were included in the data provided to NIOSH,
although unique “dummy identifiers” were used to link claim and
enrollment records of individuals. Unique “dummy” employer num-
bers were also included in the database so that employer rates could
be computed and shared by the insurers with interested employers.
A file of dummy identifiers was kept by the insurer to link to indi-
viduals and employers but was not shared with NIOSH. Therefore,
no employees or employers were identifiable by NIOSH through the
data sets provided. Members of the NIOSH Human Subjects Review
Board determined that because of the nature of the data used in the
project and its classification as public health practice, the project was
not subject to the board’s review.

The database contains enrollment information and medical
claims data for individuals who received or purchased health insur-
ance through their employer during 2002 to 2005. Enrollment infor-
mation included birth year, gender, months of insurance coverage,
and employer industry. Claims information consisted of number and

2 © 2011 American College of Occupational and Environmental Medicine
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cost of claims for each disease in each year, as well as total annual
health care cost and share of cost paid by the employee.

The following diseases and health conditions were in-
cluded: hypertension, low back pain, depression, cardiovascu-
lar disease, diabetes, asthma, carpal tunnel syndrome, dermati-
tis, osteoarthritis of load-bearing joints, chronic obstructive pul-
monary disease, hearing loss, bladder cancer, Parkinsonism,
asbestosis, and coal workers’ pneumoconiosis. Each was chosen
in consultation with NIOSH researchers and Highmark, with con-
sideration given to disease prevalence and research and prevention
priorities. Some diseases, such as coal workers’ pneumoconiosis,
were chosen because of their known links to certain types of work-
places. Others, such as back pain and asthma, were chosen because
they have been linked to certain work exposures, but more knowledge
is needed about where such exposures may be increasing prevalence
rates. Still others, such as Parkinsonism, have been less frequently
linked to the workplace, but industry variation in rates could yield
new research leads.

Individuals with at least 44 of 48 possible months of enroll-
ment during 2002 to 2005 were included in the database. With few
exceptions, each employer is assigned a single, four-digit Standard
Industrial Classification (SIC) code. Thus, some employees of em-
ployers with multiple locations and industries are not accurately
classified. Highmark has contracted with Dunn and Bradstreet to
supply and perform quality control for the SIC code field. Employ-
ers may request a change in code (which can affect premiums), but
Highmark reports that less than 2% of codes are changed due to the
resulting investigations of code accuracy.

Standard industrial classification was determined for each
year on the basis of retrieval of employer SIC for a single month
in the year. Only individuals classified in the same two-digit SIC in
each of the 4 years were included in the database, thus increasing
the share of long-term employees in the data. This was desirable,
because several of the diseases included in the project develop only
with long-term exposure to risk factors or often with a significant
lag from time of exposure.

To maintain confidentiality and prevent attribution of indus-
try disease rates to any single employer, all industry samples were
required to contain at least three times as many individuals as the
largest employer in the industry. Therefore, a random sample of em-
ployees of the largest employers was deleted, where necessary, so
that all industry samples met the requirement. Industries with fewer
than four employers were retained in the data, but rates for them are
not reported.

Disease Case Definitions

Case definitions for diseases and health conditions were based
on the International Classification of Diseases, Ninth Revision, di-
agnosis codes listed in Table 1. We generally chose to focus on broad
categories of conditions and to err on the side of including all codes
that might be used for a condition. For low back pain, which in-
cludes a variety of disease processes, but which is a symptom-based
category, codes were included which indicate that (1) the patient
probably had low back pain, and (2) symptoms may have resulted
from cumulative trauma or strain events (eg, not fractures), and (3)
do not indicate a specific source of pain without potential relation-
ship to physical and psychosocial stressors in the workplace (eg, a
tumor).

The standard case definition is two or more claims during
2002 to 2005 that contain an /nternational Classification of Diseases,
Ninth Revision, diagnosis code for the disease. Individuals with only
one claim for a disease are more likely to have received only a rule-
out diagnosis. The first-listed diagnosis code on a claim is called
a primary diagnosis code and the other codes are secondary codes.
There is often a presumption that the primary code represents the
most important diagnosis for an encounter or treatment, but there is

no assurance that this is the case. Primary and secondary diagnosis
codes were considered equally valid.

Employee Share of Total Medical Claim Costs

Benefit plan details for each individual were not available.
Nevertheless, for individuals who received health care, we did have
information on total yearly medical claim cost and share of cost
paid by the employee (not including drug prescription costs). This
information was used to create a share-of-cost variable on the em-
ployer level. Although insurance plans can vary among employees
of the same employer, it was assumed that their plans tend to be
similar. The share of cost is affected by co-pays, coinsurance, and
deductibles, which are expected to have their greatest effect on share
of cost in the low to moderate range of total cost. Each employee
has up to four annual measurements of percentage of cost. For each
employer, we fit a generalized linear model of the percentage of cost
on the logarithm transformed total cost with a logit link function.33
Multiple measures of percentage of cost on the same member were
treated as repeated measures. We then estimated the expected share
of cost for each employer at the median total cost of $859 (2009
dollars, adjusted with GDP national accounts price index).>*

Calculation of Disease Rates

Industry disease prevalence rates were estimated with logistic
regression, adjusting for differences between the age and gender
distribution of each industry’s employees and that of the overall
database population, as well as differences between industries in
employee share of medical claims costs. The following model was
fit for each disease.

P
LOGIT = LOG | ——
(=)

= By + BiSIC + B,GENDER + 8;AGE + 8,AGE’
+BsGENDER * AGE + $sGENDER % AGE’
+8,COSTSHARE + $;COSTSHARE?

Interaction and quadratic terms increased model flexibility to better
reflect true relationships among variables. To properly account for the
hierarchical nature of our data, we used multilevel modeling, treating
employer as a cluster variable. This allowed us to assume correlation
among individuals from the same employer, which can arise from
having similar workplace exposure, insurance plan, socioeconomic
status, and so on. The generalized estimating equation approach was
used for parameter and standard error estimation. Industries with
samples less than 200 were too small to produce reliable estimates
for low prevalence diseases and are less likely to be representa-
tive of heterogeneous industries. These were pooled in a separate,
multi-industry group. When the disease outcome was depression, an
additional confounder, “behavioral carve-out,” was included in the
model. Employees with a behavioral care “carve-out” have their be-
havioral claims processed by a separate organization, and thus, many
of their claims with depression codes do not appear in the claims
data available from Highmark.

The adjusted rates were estimated using the method described
by Lee,* and Lane and Nelder.3® For each SIC = i, LOGITsc—; was
estimated for each ofthe N individuals in the data set using the regres-

sion coefficient B, of SIC =i, and Psjc—; = Y. %M/N.

Calculated in this way, the adjusted rate for a certain industry repre-
sents the average predicted disease rate if everyone in the database
population had been in this industry. A one-sample z test was used
for testing each adjusted rate against the population rate.

Because the chance of false positive findings is high, when
many tests of statistical significance are performed simultaneously,

© 2011 American College of Occupational and Environmental Medicine 3
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TABLE 1. Case Definition Diagnosis Codes”

Disease/Condition

ICD-9 Codes

Hypertension

401 and all subcodest, 402 and all subcodes, 403 and all subcodes, 404 and all subcodes, 437.2, 642.0 and all

subcodes, 642.2 and all subcodes, 642.7 and all subcodes

Low back pain

721,721.3,721.4,721.42,721.8,721.9,721.90, 721.91, 722, 722.1, 722.10, 722.2, 722.5, 722.51, 722.52, 722.6,

722.7,722.70, 722.73, 722.8, 722.80, 722.83, 722.9, 722.90, 722.93, 724, 724.0, 724.00, 724.02, 724.09,
724.2,724.3,724.4,724.5,724.6, 724.8, 724.9, 738.4, 739.3, 739.4, 839.2, 839.20, 839.3, 839.30, 846, 846.0,
846.1, 846.2, 846.3, 846.8, 846.9, 847, 847.2, 847.3, 847.9

Depression

296, 296.2 and all subcodes, 296.3 and all subcodes, 296.5 and all subcodes, 296.6 and all subcodes, 296.7 and

all subcodes, 296.8 and all subcodes, 296.9 and all subcodes, 300.4, 301.1 and all subcodes, 309.0, 309.1,

309.28, 311 and all subcodes
Cardiovascular disease

410 and all subcodes, 411 and all subcodes, 412 and all subcodes, 413 and all subcodes, 414 and all subcodes,

428 and all subcodes, 429.2, 430 and all subcodes, 431 and all subcodes, 432 and all subcodes, 433 and all
subcodes, 434 and all subcodes, 435 and all subcodes, 437.0, 437.1, 438 and all subcodes, 440 and all

subcodes, 443.0, 443.9, V434

250 and all subcodes
493 and all subcodes
354 and all subcodes
692 and all subcodes

Diabetes

Asthma

Carpal tunnel syndrome

Contact dermatitis

Osteoarthritis of load-bearing joints
Chronic obstructive pulmonary disease
Hearing loss (noise-induced)

Bladder cancer

Parkinsonism 332,332.0,333.0

Coal workers’ pneumoconiosis 500 and all subcodes

715.15,715.16, 715.17, 715.95, 719.96, 719.97

491 and all subcodes, 492 and all subcodes, 496 and all subcodes
388.1, 388.10, 388.12, 388.3, 388.4, 389, 389.1, 389.10, 389.11, 389.9
188 and all subcodes, 233.7, 236.7, 239.4

“Number of claims with one or more of the listed codes was counted during 2002 to 2005. Claims with a case definition code appearing as a primary diagnosis code (first
listed code) or as a secondary code were counted equally. Standard case definition used in analysis is two or more claims during 2002 to 2005.

tSubcodes are all codes that begin with the same digits.
ICD-9, International Classification of Diseases, Ninth Revision.

we calculated adaptive false discovery rate P values.’”*® The total
number of tests performed in this study, over all conditions, was
711, excluding SICs with zero cases for some conditions. The false
discovery rate P value was used instead of a conventional Bonferroni-
type adjustment, because it provides a lower upper bound on the
adjusted P value.

Calculation of Annual Costs Per Case

The insurer-paid costs of all claims in which a case defini-
tion International Classification of Diseases, Ninth Revision, code
appears as the primary diagnosis were summed. We did not include
the costs of claims on which a case definition code appears only
as a secondary code, because the costs of these claims are better
attributed to the primary diagnosis. Drug costs were not included
because we did not have complete drug claim data.

RESULTS

Table 2 gives the characteristics of the population in the multi-
year Highmark database, and compares them to the US working
population. There were 55 two-digit SICs with samples of 200 or
more of a total of 82 two-digit industries in the SIC system. Of the 55
SICs, 44 had samples of 500 or more. Samples of 200 or more were
available for 65 of 1004 four-digit SICs, but results for these samples
are not reported here. To limit the share of individual employers to
less than one third of the sample for their industry, records for 48,266
of 262,679 individuals were deleted from the database to compute
rates for two-digit SIC industries. To maintain confidentiality, the
impact of this on the individual industry level cannot be reported,
but the deleted population as a whole was similar to the database
population in the subset of industries from which employees were
deleted. Deleted employees were slightly older (mean age 44.9 vs
44.5 years) and a greater proportion were women (32.7% vs 30.7%).
Disease prevalence rates in the deleted population were lower by 8%

or less among conditions with prevalence more than 3% and were
within 16% of the database population rate for most of the other
conditions.

Table 3 reports the number of cases for each disease, on the
basis of two different case definition criteria: the standard definition
of two or more claims and, for comparison, an alternative defini-
tion of one or more claims. Average number of claims per case is
also reported. Table 4 reports prevalence rates for each condition
by broad industry sector (cases defined as two or more claims).
Table 5 reports the highest and lowest-rate industries on the two-
digit SIC level for each disease, using the two or more claim case
definition. Industries listed have rates that are at least 20% above or
below the database population rate and a false discovery rate P <
0.25 for test of difference from the population rate. For conditions
with prevalence more than 1%, Table 6 compares the cost per case
for high-rate industries to that of the database population. Costs of
each disease are also compared.

As described earlier, an employee share-of-cost variable on
the employer level was used to adjust rates for industry differences
in insurance plans. It is negatively associated with all of the higher
prevalence diseases (prevalence > 1%). Cost share is most strongly
associated with depression and dermatitis, where the 25th percentile
share of cost is associated with a 23% higher rate than the 75th
percentile share of cost. Among diseases with prevalence more than
1%, cost share is least associated with diabetes, where the 25th per-
centile share of cost is associated with a statistically nonsignificant
3% higher rate than the 75th percentile share of cost.

DISCUSSION

Interpretation of Disease Rates
There are some general points to be kept in mind when in-
terpreting industry disease rate differences. First, the meaning of a

4 © 2011 American College of Occupational and Environmental Medicine
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TABLE 2. Population Characteristics: Highmark Database and US Workers

US Working
Highmark Database” Populationt
Sex % %
Male 61.1 53.6
Female 38.9 46.4
Age, yrs
Median 45 41
Mean 45 41
% %
18-29 8.7 23.3
30-39 22.2 23.5
4049 34.7 26.0
50-59 29.2 19.1
60-69 49 6.5
70 + 0.4 1.6
NORA Industry Sector} N % %
Agriculture, forestry, and fishing 454 0.2 1.6
Construction 7,746 3.0 7.7
Health care and social assistance 20,563 7.9 12.1
Manufacturing 62,855 242 12.0
Mining 3,752 1.4 0.4
Services 127,555 49.1 46.2
Transportation, warehousing, and utilities 14,545 5.6 52
Wholesale and retail trade 22,337 8.6 149
Total 259,807 100.0 100.0

“Mean values for 2002 to 2005. Database randomly excludes 2872 individuals from large employers so that all
sector samples are over three times as large as largest employer in sector.

tMean values for 2003 to 2005, (2002 excluded due to change in industry coding in 2003). (US Department of
Labor, Bureau of Labor Statistics, Current Population Survey).

fIndustry sectors as defined by the NORA of the National Institute for Occupational Safety and Health
(www.cdc.gov/niosh/nora/sector.html). NORA definitions of sectors are based on NAICS industry codes. Because
NAICS codes were unavailable, SIC codes were used to define sectors as follows: Mining: 1011-1499,
Construction: 1521-1799, 6552, Manufacturing: 2011-3999 (except 2411, 2711, 2721, 2731, 2741), 8072,
Wholesale and retail trade: 5012-5999 (except 5812, 5813), Transportation, warehousing, and utilities: 40114971
(except 4493, 4724, 4725, 4812-4841, 4953), Services except health care and social assistance: 741, 742, 781-783,
2711, 2721, 2741, 4493, 4724, 4725, 4812-4841, 4953, 5812, 5813, 6011-7999 (except 6552), 8099-8322,
8399-9721, and Health care and social assistance: 8011-8093 (except 8072), 8331-8361.

SIC, Standard Industrial Classification; NORA, National Occupational Research Agenda.

high industry rate depends upon how different the rate is from the
comparison population rate in both absolute and relative terms. For
example, population rates of hypertension and low back pain are
near 27%. Therefore, a modest elevation of an industry rate to 32%
may not suggests that the overall level of risk factors in that industry
are greatly elevated. Nevertheless, one additional employee out of
20 has the condition. By contrast, an industry rate that is double
the population rate for a lower-prevalence condition such as chronic
obstructive pulmonary disease (2.3%) would much more strongly
suggest relatively high-risk factors in that industry but represents a
lower estimate of one additional case for every 43 employees.

Second, it may be more appropriate to compare all industries
to the industries with the lowest rates, because these industries may
better represent a low-risk environment. The drawback to that ap-
proach is that some industries may have very low rates because of
personal rather than workplace risk factors.

Third, for most diseases, costs per case appear to have little
relationship to disease rate, suggesting that relative disease rates
are fairly good indicators of relative disease costs. Yet, there were
some diseases for which costs per case were somewhat higher for
high-rate industries. This might result from risk factors that increase
both the rate and average severity of cases, or a greater tendency to

seek medical care that increases both diagnosis rates and intensity of
care.

Examples of Specific Results of Interest

Several of the results support well-known associations be-
tween disease and industry (eg, coal mining and coal worker’s pneu-
moconiosis, chronic obstructive pulmonary disease, and hearing
loss; construction and musculoskeletal disorders), but others may
help focus attention on underrecognized workplace health issues.

Industry differences in disease rates may be attributed to dif-
ferences in behavioral risk factors (independent of the work envi-
ronment or possibly influenced by it), to differences in work-related
risk factors, to other environmental factors, or to some combination
of these. An example is cardiovascular disease, for which the poten-
tial work-related risk factors include exposure to certain chemicals
(eg, carbon disulfide), particulates, workplace stress, shiftwork, and
physical inactivity. Few previous studies have compared cardiovas-
cular disease rates among industries, and so several of the findings
for this condition contribute to guidance for further examination
of the possible need for targeted workplace wellness efforts and
the potential role of work-related risks. For example, we could find
few or no precedents for the high rates found in retailing (general

© 2011 American College of Occupational and Environmental Medicine 5
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TABLE 3. Number of Disease Cases in Database Population”

No. of Cases

Average Claims Per Case

Case Definitionf 1 or More Claims 2 or More Claims 2 or More Claims
Hypertension 88,284 71,558 8.5
Low back pain 90,845 70,466 15.2
Depression 36,846 26,592 14.0
Cardiovascular disease 32,988 20,752 11.9
Diabetes 27,368 20,325 16.3
Asthma 19,790 12,107 7.3
Carpal tunnel syndrome 18,811 11,523 53
Dermatitis 31,263 10,689 3.0
Osteoarthritis of load-bearing joints 12,221 6,638 7.3
Chronic obstructive pulmonary disease 11,686 5,875 7.0
Hearing loss 7,051 2,104 2.8
Bladder cancer 760 467 17.9
Parkinsonism 311 203 12.5
Asbestosis 166 70 39
Coal workers’ pneumoconiosis 73 20 3.1

“Database randomly excludes some individuals from large employers so that all NORA industry sector samples are over three

times as large as largest employer in sector.

tCases are defined as one or more claims in 2002 to 2005, or two or more claims in 2002 to 2005.

merchandise stores and miscellaneous retail), personal services,>? oil
and gas extraction,*’ general building contractors**> and auto repair,
services and parking.*> The highest rate industry, local and interur-
ban passenger transit, contains bus drivers which have frequently
been observed to have elevated rates of heart disease, hypertension,
or stroke, often attributed in part to work stress.***> Elevated rates
in the textile mill products industry have also been reported several
times previously, 424648

Industry disease rate results may help point to industries that
often are not well recognized as including work activities that may
have health risks. For example, the high rate of low back pain ob-
served for real estate contrasts with rates below or near the private
industry average for work-related back injuries and musculoskeletal
disorders that have been reported for real estate by the Bureau of
Labor Statistics (based on employer reports) and observed in work-
ers’ compensation data.**! Part of the real estate industry group,
however, is devoted to building operations, including cleaning and
maintenance occupations, a possible source of stressors to the back.
Some subclassifications of the real estate sector have sometimes been
reported to have elevated rates of back injuries or musculoskeletal
disorders, though not consistently.*>> It is notable that a related in-
dustry classification, services to buildings and dwellings, which is
outside of real estate, had a nearly 50% greater rate of back injuries
than private industry as a whole in national BLS data,* about twice
the average rate of back pain among female workers in a national
survey,>® and over twice the average rate of workers’ compensation
claims for back musculoskeletal disorders in Washington State.>!

Another somewhat novel finding is the elevated rate of CTS
observed in mining, and in coal mining in particular, which contrasts
with BLS data showing relatively low rates in mining on the basis of
employer logs,>* and which is not reflected in other studies of CTS
by industry.>>>7 Nevertheless, one study did find an elevated rate of
CTS in a study of miners with compensation claims for hand-arm
vibration syndrome,58 and there is additional evidence that hand-
arm vibration is associated with CTS and is found in mining.3%-¢!
Suggestively, Dillon et al®! also report that mining had the highest
industry odds ratio for handwrist arthritis, which was also observed
to be associated with repetitive handbending and twisting, another

recognized risk factor for CTS,> which has also been observed in
mining.%3

An elevated rate of bladder cancer was observed among work-
ers in the fabricated metal products industry. With the exception of
aluminum, metalworking is not one of the industrial activities known
to be most strongly associated with bladder cancer, but there are
several studies that have found increased risks among fabricators,
machinists, and metalworkers.**

Several industries have among the highest rates of several con-
ditions. Most saliently, local and interurban passenger transit had the
highest rate of hypertension, depression, cardiovascular disease, and
diabetes. Some of these results are in line with previous research,*
but they suggest that this industry may need special focus on well-
ness and health improvement efforts. Although coal mining is well
known for several health hazards, social services, personal services,
and auto repair, services and parking also had high rates of multiple
conditions.

Limitations

One limitation of the data is classification of industry on the
basis of a single business address for each employer. This means that
some workers in diversified employers are not classified correctly.
The employees of only a few large employers were classified to more
than one SIC based on specific location or organizational unit. The
four-digit SIC codes of a sample of 65 employers were manually
checked by Highmark for the year 2008. The five largest employers
in seven industries with high rates of more than one disease were
included, as well as an additional random sample of 30 employers
(selection probability proportional to number of employees in the
data). There was a clear match between known employer activities
and four-digit code in most cases. There were two or three exceptions
in the public sector, where activities are often quite varied, and it
appeared that the assigned code might not be the most appropriate.
In addition, one group of secondary education employees was clearly
misclassified as employed by a business association that sponsored
their insurance plan.

Classification of cases by diagnosis code was also imper-
fect. Treatments and drug prescriptions were not used to make more
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TABLE 5. Two-Digit SIC Industry Groups With Adjusted Prevalence More Than 120% or Less Than 80% of Population

Average and FDR P < 0.25

Disease or Condition
(Database Population Rate)

Adjusted Prevalence More
Than 120% of Population
Rate

Rate (%) (95% CI)

Adjusted Prevalence Less Than
80% of Population Rate (Up
to Five SICs listed)

Rate (%) (95% CI)

Hypertension (27.6)

Low back pain (27.3)

Depression (10.5)

Cardiovascular disease (8.1)

Diabetes (7.8)

Asthma (4.7)

Carpal tunnel syndrome?
(3.0)

Dermatitis (4.2)

Local and interurban passenger
transit

Social services
Real estate

Holding and other investment
offices

Special trade contractors

Building materials and garden
supplies

Local and interurban passenger
transit

Real estate
Social Services

Miscellaneous manufacturing
industries

Personal services

Legal services

Membership organizations
Security and commodity brokers

Local and interurban passenger
transit

General merchandise stores

Oil and gas extraction

Textile mill products

Auto repair, services, and parking
Personal services

General building contractors
Miscellaneous retail

Local and interurban passenger
transit

Auto repair, services, and parking
Eating and drinking places

Social services
Personal services
Social services

Holding and other investment
offices

Coal mining

Administration of economic
programs

Lumber and wood products

Wholesale trade-nondurable
goods

Transportation by air

Legal services

Administration of economic
programs

Eating and drinking places

Engineering and management
services

41.5(38.9, 44.2)*

33.3 (30.6, 36.1)*
34.9 (31.4, 38.5)*
34.1 (27.5, 40.8)

34.1 (31.3,36.9)*
32.8(29.4, 36.1)*

16.2 (14.0, 18.3)*

157 (13.2, 18.1)*
14.6 (12.9, 16.3)*

14.2 (122, 16.3)*

14.2 (10.9, 17.6)
13.4 (122, 14.7)*
13.3 (11.6, 14.9)*
12.6 (10.7, 14.5)

14.5 (1.8, 17.3)*

12.5 (103, 14.8)*
12.0 (7.8, 16.2)
11.1 (9.3, 12.9)*
11.0 (8.5, 13.5)
10.6 (8.3, 12.9)
10.2 (8.7, 11.8)*
10.0 (8.7, 11.2)*
17.3 (12.2, 22.4)*

11.3 (8.7, 14.0)*
11.1 (9.3, 12.9)*

10.2 (8.5, 11.9)*

10.0 (7.6, 12.3)
6.9 (5.6, 8.1)*
6.8 (4.8, 8.8)

52(3.0,7.4)
4.6 (3.4,5.9)*

45(32,5.7)
43(3.1,5.5)

6.4(4.3,8.5)
58(5.1,6.5)*
53 (4.2,6.5)

5.1(4.2,6.0)
5.0 (4.4, 5.7)*

Amusement and recreation
services

Legal services

Amusement and recreation
services

Stone, clay, and glass products

Heavy construction, except
building

Coal mining

Transportation equipment

Transportation by air

General merchandise stores

Legal services

Heavy construction, except
Building

General merchandise stores

Furniture and home furnishings
stores

Miscellaneous repair services

Electronic and other electric
equip.

Textile mill products

Transportation by air

Engineering and management
services

[None]

202 (16.4, 24.0)*

21.8(20.3,23.3)*

6.9(3.9,9.9)

7.4 (5.9, 8.9)*
7.5(5.4,9.6)*

7.9 (6.3, 9.4)*

8.1(6.0, 10.2)

52(2.2,8.2)

52(3.1,7.2)*

5.3 (4.7, 6.0)*
5.6 (4.0,7.2)*

2.5(1.7,3.3)*
2.8(1.7,3.9)*

2.8(1.0,4.7)
34(2.8,4.1)*

3.6 (2.7,4.5)*
1.8 (0.7, 2.9)

2.2(1.9,2.6)*

(Continued)
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TABLE 5. (Continued)

Disease or Condition
(Database Population Rate)

Adjusted Prevalence More
Than 120% of Population
Rate

Rate (%) (95% CI)

Adjusted Prevalence Less Than
80% of Population Rate (Up
to Five SICs listed)

Rate (%) (95% CI)

Osteoarthritis of load-bearing
joints (2.7)

Chronic obstructive
pulmonary disease (2.3)

Hearing loss (0.79)

Bladder cancer (0.19)

Parkinsonism (0.08)
Asbestosis (0.03)

Coal workers’
Pneumoconiosis? (0.02)

Oil and gas extraction
Special trade contractors

Coal mining

Textile mill products

Auto repair, services, and parking

Heavy construction, except
Building

Trucking and warehousing

Automotive dealers and service
stations

Eating and drinking places

Food stores

Fabricated metal products

Industrial machinery and
equipment

Stone, clay, and glass products

Coal mining

Depository institutions
Administration of economic
programs

Executive, legislative, and
general

Administration of human
resources

Fabricated metal products
Membership organizations
[None]

Coal mining

6.2 (3.0,9.4)
3.3(2.7,4.0)

4.7 (3.1,62)*
44(29,59)%*
4.1(25,5.8)

3.9(2.7,5.1)*

3.5(3.1,3.9)
3.4(2.6, 4.2)*

3.3(23,43)
3.0(2.4,3.7)
3.0 (2.6, 3.4)*
2.9(24,3.5)

2.8(2.4,3.3)
1.77 (1.24,2.29)*

1.06 (0.81, 1.31)
1.05 (0.87, 1.22)*

0.96 (0.83, 1.08)*

0.57 (0.17, 0.96)

0.35 (0.23, 0.46)*
0.16 (0.10, 0.22)*

0.29 (0.05, 0.53)

Transportation equipment
Wholesale trade-durable goods
Transportation services
Trucking and warehousing

Rubber and miscellaneous
plastics products

Educational services

Security and commodity brokers
Depository institutions

Legal services

Engineering and management
services

Rubber and miscellaneous
plastics products

Textile mill products
Printing and publishing

Automotive dealers and service
stations

Stone, clay, and glass products
Depository institutions

[None]
Educational services
[None]

1.7 (0.9, 2.4)*
1.7 (1.3, 2.1)*
1.7 (1.1, 2.3)*
1.9 (1.5, 2.2)*
1.9 (1.3, 2.5)*

1.5 (1.3, 1.7)*
1.6 (1.1, 2.0)*

1.6 (1.3, 1.8)*
1.7 (1.3, 2.1)*

1.8(1.3,2.3)

0.32(0.01, 0.64)*

0.36 (0.06, 0.67)*
0.50 (0.18, 0.81)

0.50(0.23,0.77)

0.54 (0.33, 0.75)
0.13 (0.09, 0.18)*

0.02 (0.00, 0.03)

Note: Disease rate based on case definition of two or more claims during 2002 to 2005. Rates are adjusted for age, gender, and share of costs paid by insured. 95%
confidence interval does not include multiple testing adjustments. Database randomly excludes some individuals from large employers so that all two-digit industry samples are
over three times as large as largest employer in SIC.

*FDR P < 0.1.

#Rate calculations excluded one large four-digit SIC with a high rate, so that other industry rates could be more usefully compared to the remainder of the database

population. See notes to Table 4.

b Analysis of coal workers’ pneumoconiosis restricted to men, because there were no female cases.

SIC, Standard Industrial Classification; FDR, false discovery rate.

exact determinations. Although unintentional or intentional choice
of inappropriate codes may be of some concern, these sources of
error should not differ greatly among industries.

Several factors independent of work affected industry rates.
Medical claims miss cases that are untreated, and so relative
industry rates would be affected by differences in the tendency to
seek medical care, which could be affected partly by deductibles, co-
pays, and coinsurance rates. We did not have data on these factors,
but we employed a summary, share-of-cost variable on the employer
level that had an association with most of the included diseases. Al-
though industry rates were adjusted for age and gender, they could
not be adjusted for other important factors such as smoking, body

mass index, education, race and ethnicity, or household income that
might be regarded as partly or wholly independent of industry of
employment. Also, industries in which people become ill may have
had their disease rates reduced if their employees seek jobs in other
industries with working conditions that are better for their health.
The rates presented here are for long-term industry employees, so
workers who stop working or who switch jobs for health or other
reasons are underrepresented.

There are several reasons why the results are not fully repre-
sentative of the working population in the region of the insurer, or in
individual industries and employers. A single insurer provides only
a portion of the insurance coverage in its region. At the same time,
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TABLE 6. Cost of Claims With Primary Diagnosis Code in Case Definition (2009 Dollars)

Total Annual Cost Per Case ($)

Average Annual Average Database SICs With Rates
Cost for Database Cost Per Population  >120% of Populationf
Population ($) Claim ($) Mean (Median) Mean (Median)
Hypertension 5,100,738 94 86 (39) 85(32)
Low back pain 17,138,914 379 293 (114) 276 (109)
Depression 6,530,337 452 291 (101) 343 (122)
Cardiovascular disease 38,040,938 906 2,195 (385) 2,199 (449)
Diabetes 6,005,084 132 361 (128) 292 (120)
Asthma 1,657,803 201 164 (52) 139 (49)
Carpal tunnel} 2,164,296 602 342 (174) 464 (196)
Dermatitis 460,316 63 51(25) 51(26)
Osteoarthritis of load-bearing joints 2,920,136 615 514 (183) 505 (176)
Chronic obstructive pulmonary disease 1,160,698 304 232 (41) 270 (47)

“Only costs of claims that had a case definition code listed as the primary diagnosis code are included. Based on data employed for
calculation of two-digit SIC rates. Costs adjusted to 2009 levels, using GDP price index (US Bureau of Economic Analysis. National Income

and Product Accounts. Table 1.4.4. 2010).

1SICs with false discovery rate P < 0.25 for test of difference of SIC rate from population rate. See Table 5.
{Rate calculations excluded one large four-digit SIC with a high rate, so that other industry rates could be more usefully compared to the

remainder of the database population. See notes to Table 4.
SIC, Standard Industrial Classification.

it insures employees outside its region if they work for regionally
based employers. Samples may also be biased at the industry and
employer level, because some employers may provide employees a
choice of insurer. As noted earlier, the data do not include workers
who do not obtain health insurance through their employer and who
may have different characteristics and working conditions. Finally,
to protect employer confidentiality, random samples of employees
from some large employers were deleted, potentially biasing some
industry samples. Limitations to the estimates of medical cost of
disease include the omission of drug costs and of costs of relevant
claims whose primary diagnosis codes are not for the disease.

Next Steps

Next steps are of two kinds—more in-depth data analysis, and
exploration of the use of results to enhance health care insurer report-
ing to employers. Each disease has its own set of occupational and
nonoccupational risk factors that are distributed differently across in-
dustries. Focused examination of these distributions in relation to the
observed disease rates is needed to develop reasonable hypotheses
about the sources of the observed high rates. Disease rate reports for
individual employers do not provide immediate guides to action but
are a tool that may help lead to more focused attention on key health
problems and opportunities for improving health and productivity.
Statistical reports need to be supplemented with guidance on how to
go about investigating the reasons for a high disease rate and identi-
fying and implementing effective prevention measures. Consultation
with occupational disease specialists may be needed.

CONCLUSION

Industry and employer disease rate analysis of medical claims
appears to offer broad but useful indications of where more atten-
tion is needed to occupational and nonoccupational risk factors for
some diseases, especially those with high prevalence. Medical claims
analysis may be particularly useful given the great shortcomings of
current employer-based systems of identifying and recording indi-
vidual cases of occupational disease. Its main limitations are the lack
of industry coding on the subemployer level, lack of information on
occupation and exposure, restriction to treated cases, and lack of key

variables that affect health, such as smoking and body mass index.
In addition, results may not be generalizable to workers not insured
through their employer. Its strengths are that it offers timely, rela-
tively low cost, longitudinal data on physician-diagnosed cases and
costs for large populations.
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