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Abstract

Background: Asthma, a chronic respiratory disease, is associated with high economic burden.
This study estimates per-worker medical and incremental medical costs associated with treated
asthma by socioeconomic and demographic characteristics, industries, medical events, and sources
of payments for workers aged =18 years.

Methods: We analyzed Medical Expenditure Panel Survey data from 2018 to 2020 to assess
medical costs for treated asthma among workers using the International Classification of Diseases,
Tenth Revision, Clinical Modification code for asthma (J45). We used two-part regression models
to estimate medical and incremental medical costs controlling for covariates. All results are
adjusted for inflation and presented in 2022 US dollar values.

Results: An estimated annual average of 8.2 million workers out of 176 million had at least one
medical event associated with treated asthma. The annualized estimated per-worker incremental
medical costs for those with treated asthma was $457 and was highest among: those in the

age group of 35-44 years ($534), in the western region ($768), of Hispanic ethnicity ($693),
employed in the utility and transportation industries ($898), males ($650), and for inpatient

Correspondence: Anasua Bhattacharya, PhD, Respiratory Health Division, National Institute for Occupational Safety and
Health Centers for Disease Control and Prevention, 1150 Tusculum Avenue, MS C-15, Cincinnati, OH 45226, USA.,
ABhattacharyal@cdc.gov.

AUTHOR CONTRIBUTIONS

Anasua Bhattacharya initiated the concept of the study, downloaded data, cleaned it, analyzed it, and drafted the manuscript for
submission. Data analysis was conducted by Anasua Bhattacharya. Anasua Bhattacharya, Girija Syamlal, and Katelynn E. Dodd
provided expert opinion regarding asthma and helped in structuring the manuscript and in editing as needed. All authors were involved
in the conceptualization of the study and reviewed and approved the final manuscript before submission.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DISCLOSURE BY AJIM EDITOR OF RECORD
John Meyer declares that he has no conflict of interest in the review and publication decision regarding this article.

ETHICS STATEMENT

No human subjects were involved in this study, all data used here are publicly available and secondary data collected by Agency for
Healthcare Research and Quality. Therefore institutional review approval was not required to conduct this study.

An alphabetical list of ideas or topics central to the study: age, asthma, demographic variables, education, healthcare utilization,
income, incremental medical costs, industries, medical costs, medical events, race/ethnicity, region, sex, sources of payments for
medical treatments, total incremental medical costs, total medical costs, treated asthma, workers associated with asthma.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bhattacharya et al. Page 2

admissions ($754). The total annualized medical costs of treated asthma was $21 billion and total
of incremental medical costs was $3.8 billion.

Conclusion: Findings of higher incremental medical costs for treated asthma among workers
in certain socioeconomic, demographic, and industry groups highlight the economic benefit of
prevention and early intervention to reduce morbidity of asthma in working adults. Our results
suggest that the per-person incremental medical costs of treated asthma among workers are lower
than that for all US adults.

Keywords
asthma; incremental medical costs; industries; medical costs; working adults

1| INTRODUCTION

Asthma, a chronic airway disease characterized by inflammation and variable airflow
limitation, is associated with a significant economic burden among US adults.! An estimated
16% of asthma cases among adults are related to workplace exposures.2 Asthma prevalence
increased from 7.3% in 2006 to 7.7% in 2018 among US adults.3 In 2019, an estimated 20
million US adults had asthma and, of those, an estimated 8 million had asthma attacks in the
past 12 months.#® Asthma is associated with poor quality of life, decreased productivity at
work, increased healthcare utilization, and significant economic burden both globally and in
the United States.16.7

According to the cost-of-illness approach that broadly considers medical costs and
productivity losses, the economic burden of a disease comprises medical costs for treating
the disease and other non-medical costs, including costs of transportation, caregiver fees,
costs incurred by productivity losses, school days lost, and costs associated with premature
mortality.1: 11 Researchers have been estimating these costs using data on healthcare
utilization and aggregating related estimates of average per-person costs.}2-17 A pioneering
study on the economic burden of asthma used this approach and data from 1983 to 1987 to
estimate the costs of asthma at $6.2 billion (1990 US. dollars) which included medical costs,
value of time lost from school, and productivity losses.8 Kamble and Bharmal® reported the
total estimated medical costs at $37.2 billion for the year 2004 for treated asthma for adults
and children together (2007 US dollars). Since the 1990s, novel methods for cost-of-illness
studies have been used, including estimating the excess cost of having a disease, including
incremental medical costs.18-25 The incremental medical cost isolates the effect of a specific
disease on medical cost while controlling for other factors. Recent studies that used these
new methods estimated that per-person annual incremental medical costs for asthma were
$1907 for 2003 and 2005 (2008 US dollars),26 $2077 for the year 2004 (2007 US dollars),18
and $3761 for the years 2008-2013 (2015 US dollars)! among adults.

A previously healthy worker can have asthma caused from workplace exposures, which
can also trigger asthma in workers with pre-existing asthma.2” An estimated 16% of new
onset of asthma? and 22% of exacerbation of pre-existing adult asthma?® are attributable to
occupational exposures. Asthma caused or made worse by workplace exposures has been
found to be more severe and associated with greater healthcare utilization than asthma not
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caused by or made worse by, occupational exposures.2’-2° Research estimating the costs
associated with asthma is limited, and no study has examined incremental medical costs for
asthma among workers. Syamlal et al.30 estimated that during 2011-2015 the US annualized
per-person average medical costs of workers associated with treated asthma was $901 for

a total nationwide cost of $7 billion in 2017 US dollars. Expressing the disease burden

of asthma in monetary terms can aid in comprehending the impact of the disease to help
mitigate its economic burden.31-35 Therefore the objectives of the current study are: and (1)
to estimate per-person medical costs and per-person incremental medical costs associated
with treated asthma among workers aged >18 years; and (2) to assess incremental medical
costs among workers with treated asthma by selected socioeconomic and demographic
characteristics, industries, medical events, and sources of payments.

2| DATA AND METHODOLOGY

We analyzed Medical Expenditure Panel Survey (MEPS) data (AHRQ, https://
meps.ahrg.gov/mepsweb/) for the years 2018-2020 to assess the total and incremental
medical costs associated with treated asthma among workers (=18 years). MEPS is a
nationally representative survey of the US civilian noninstitutionalized population that
collects detailed information on self-reported health conditions and associated medical
events, expenditures, payment sources, and health insurance coverage.36 The MEPS data
used in this study is obtained through multiple rounds of in-person interviews of the
individuals. The MEPS data collection was approved by the Research Ethics Review

Board and approved by the Westat IRB, established under a multi-project assurance

(MPA M-1531) granted by the U.S. Office of Management and Budget. For this study,

a secondary data analysis of the publicly available data were used, and National Institute
for Occupational Safety and Health Internal Review Board approval was not required.

In this study we examined medical events and estimated the medical and incremental
medical costs associated with treated asthma among workers. All medical events for treated
asthma incorporated in this study are non-fatal cases. A worker was considered to have
treated asthma in the year if she or he reported at least one medical event (i.e., office-

based provider visits, hospital-based outpatient visits, inpatient hospitalizations, emergency
room (ER) visits, and prescription medications) with an International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) code for asthma (J45) in
that particular year. Incremental medical costs associated with treated asthma were estimated
controlling for sex, age group, region, race/ethnicity, education, annual household income,
health insurance coverage, smoking habits, and Charlson comorbidity index.3” We classified
age into four groups,—(i) 18-34 years, (ii) 35-44 years, (iii) 45-64 years, and (iv) 65
years and over; region into four groups,—(i) Northeast, (ii) Midwest, (iii) Southeast, and
(iv) West; race/ethnicity into four groups,—(i) Hispanic, (ii) White, non-Hispanic, (iii)
Black, non-Hispanic, and (iv) Other, non-Hispanic; education status into two groups,—

(i) did not complete high school, and (ii) completed high school and beyond; annual
household income into three groups,—(i) less than $35,000, (ii) $35,000-$74,999, and

(iii) greater than $75,000. The industries are classified into 15 groups following MEPS
classification, (i) natural resources, (ii) mining, (iii) construction, (iv) manufacturing,

(v) wholesale and retail trade, (vi) transportation and utilities, (vii) information, (viii)
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financial activities, (ix) professional and business services, (x) education, health, and

social services, (xi) leisure and hospitality, (xii) other services, (xiii) public administration,
(xiv) military, and (xv) unclassifiable industry.38 We used the D’Hoore adaptation of the
Charlson Comorbidity Index as another independent variable and calculated it following the
D’Hoore methodology.3” The Charlson Comorbidity Index is a weighted index of comorbid
conditions which can alter the risk of mortality within 1 year of hospitalization for patients.
The comorbidities included in this version are myocardial infarct, congestive heart failure,
peripheral vascular disease, dementia, cerebrovascular disease, chronic pulmonary disease,
connective tissue disease, ulcer disease, mild liver disease, hemiplegia, moderate or severe
renal disease, diabetes, any tumor, leukemia, lymphoma, moderate or severe liver disease,
and metastatic solid tumor.37

We combined MEPS data for the years 2018-2020 and used survey weights provided by
MEPS to obtain national estimates. The survey response rates are 27.6% for 2020, 39.5% for
2019, and 42.7% for 2018.39

2.1| Statistical analysis

We used two-part regression models to estimate per-worker medical and incremental
medical costs for treated asthma among workers, following the Manning and Mullahy*?
methodology. We used Stata 17 software to conduct the analysis. In the first part, we used

a logistic regression model to estimate the probability of a worker having treated asthma
using the entire working population. In the second part we used a linear regression model to
estimate the medical costs of the workers and it included workers who reported greater than
zero dollars in medical costs associated with any medical event. We defined incremental
medical cost per-worker as the difference between the predicted medical costs for workers
considering a hypothetical situation, where all workers were associated with treated asthma
and the predicted medical costs of the workers without treated asthma. We controlled for
the same set of covariates in the analyses for both groups of workers. The incremental
medical costs were also estimated by type of medical events (i.e., office-based provider
visits, hospital-based outpatient visits, inpatient hospitalizations, ER visits, and prescription
medications), and sources of payment (i.e., out-of-pocket, Medicare, Medicaid, and private
health insurance). We controlled for sex, age group, region, race/ethnicity, education,
annual household income, health insurance coverage, smoking habits, and the Charlson
Comorbidity Index in all the regression models. The reference groups used were males,
workers aged 18-25 years, those residing in the Northeast region, those with Hispanic
ethnicity, those who have not completed high school, with an annual household income
below $35,000, not covered by health insurance, nonsmokers, and a Charlson Comorbidity
Index equal to zero. Using the Medical Consumer Price Index, we adjusted all costs for
inflation and presented them in 2022 US dollar values.*!

3| RESULTS

During 2018-2020, the US adult population ranged from 252.5 million in 2018 to 265.4
million persons in 2020. Of those, an estimated 175.3 million (in 2018) to 176.1 million (in
2020) were working in the 12 months before the survey interview.
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Table 1 presents the estimated number and percentage distribution of workers with treated
asthma during 2018-2020 by year, socioeconomic and demographic characteristics, and
industries and the associated 95% confidence intervals. The number of workers with treated
asthma varied from 8.1 million in 2019 to 8.3 million in 2020 and an estimated annual
average of 8.2 million (4.7% of all workers). The highest annualized proportion of workers
with treated asthma were female (62.7%), aged 45-64 years (43.3%), workers in the South
region (33.1), non-Hispanic Whites (66.6%), those with a high school education and beyond
(50.9%), workers with an annual household income of greater than or equal to $75,000
(53.6%), with a health insurance (97.4%), smokers (77.8%), and workers in the education,
health, and social services (32.1%) industry.

The annualized per-worker and total estimated medical costs and estimated incremental
medical costs with treated asthma are presented in Table 2. The 95% confidence intervals
are also added for per-worker medical costs and incremental medical costs. During 2018—
2020, the annualized per-worker incremental medical costs of asthma was $457. By sex,
males ($650) had higher incremental medical costs than females ($225). By age group,
workers aged 35-44 years had the highest incremental medical costs ($534). By region,
workers in the West had the highest incremental medical costs ($768). By race/ethnicity,
Hispanic workers had the highest incremental medical costs ($693). Workers who did not
complete high school had higher incremental medical costs ($480), those with an annual
household income of =$75,000 ($571), those who were covered by health insurance ($499),
nonsmokers ($500), and those employed in the transportation and utilities industry sector
($898), followed by the manufacturing industry sector ($730) also had higher incremental
medical costs associated with treated asthma. An estimated annual average of 8.2 million
workers reported at least one medical event associated with asthma during the period of
2018-2020. The total annualized medical costs associated with treated asthma was $21
billion and the total annualized incremental medical costs was $3.8 billion. Total incremental
medical costs varied across socioeconomic and demographic characteristics, and industries.
It was highest among males ($2 billion), those in the age group of 35-44 years ($1.7
billion), residing in the west ($1.5 billion), white non-Hispanic ($1.8 billion), those who
did not complete high school ($1.9 billion), those earning $75,000 or more annually ($2.5
billion), those covered by health insurance ($4 billion), smokers ($2.6 billion), and workers
employed in education, health, and social services industry ($865 million).

Figure 1 represents the trends of estimated medical costs associated with treated asthma
and those with no treated asthma and the incremental medical costs of asthma from 2018
to 2020. The annual per-worker estimated medical costs and estimated incremental medical
costs increased from 2018 (incremental medical costs, $395) to 2020 (incremental medical
costs, $567). The rate of increase was 12% from 2018 to 2019 and 28% from 2019 to 2020,
with an overall increase of 43% from 2018 to 2020.

Table 3 shows the annual per-worker incremental medical costs of treated asthma with
confidence intervals, by the different types of medical events for 2018-2020. These costs
were similar for the different types of medical events across the years. Incremental medical
costs of inpatient admissions were the highest for all the years (annualized incremental
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medical costs, $754) and incremental medical costs of ER visits were the lowest for all these
years (annualized incremental medical costs, $20).

Table 4 presents the per-worker incremental medical costs of treated asthma with
confidence intervals by the different sources of payments for the years 2018-2020 in

2022 US dollar values. Similar to the outputs in Table 3, the trends of these costs

were similar across the years for the types of sources of payments, with private health
insurance being the highest (annualized incremental medical costs, $750), followed by
Medicaid (annualized incremental medical costs, $492), and out-of-pocket is the lowest
(annualized incremental medical costs, $132). Incremental costs associated with Medicare
only decreased significantly between the years, 2018 ($204) and 2020 ($132).

4| DISCUSSION

This study estimated the burden of medical costs and incremental medical costs for treated
asthma among workers. The disease burden estimated in monetary terms can help policy
makers understand the impact of the disease and inform discussions on how to reduce

the economic burden of asthma. During 2018-2020, an estimated 8.2 million US workers
reported at least one medical event associated with asthma. The total annualized medical
costs associated with treated asthma was $21 billion, and the total annualized incremental
medical costs was $3.8 billion. The disease burden estimated in monetary terms can help
policy makers understand the impact of the disease and inform discussions on how to reduce
the economic burden of asthma.

Our results are consistent with previous studies on per-person medical costs and incremental
medical costs associated with treated asthma among US adults.1:26:4243 We found that
among US workers the overall incremental medical costs of treated asthma were high ($457)
but lower than that among all US adults ($1785 for the years 2003-2006 in 2006 US
dollars** to $3760 for the years 2008-2013 in 2015 US dollar values!) reported by previous
studies. Lower medical costs among workers may be associated with factors that includes
the healthy worker effect, as the working population is relatively healthy compared to
non-workers, which include individuals with critical health conditions, higher comorbidities,
or other disabilities that may prevent them from working.#>46 Our sample did not include
adults out of work for more than 12 months before the survey, which may have resulted

in lower incremental medical costs. Moreover, the majority of the working population is
covered by health insurance (from their employer) while the unemployed population has
lower coverage of health insurance, which helps the workers to utilize preventive healthcare
measures, thus reducing the probabilities of certain health conditions that can trigger costly
asthma-related events.*’ Studies that included the entire population (both working and
non-working), have a higher percentage of population not covered by health insurance and

it is likely that a proportion of the non-working population is not healthy enough to work

as explained by the healthy worker effect and, therefore, have higher health related medical
costs compared to the working population.1:43:45

Previous studies have reported on the burden of asthma associated with work and found that
the average medical costs were high ($901 in 2017 US dollars reported by Syamlal et al.30).

Am J Ind Med. Author manuscript; available in PMC 2024 November 01.
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However, the incremental medical costs of workers with asthma have not been estimated

in earlier studies.3% Because incremental medical cost provides the additional medical cost
that a health system incurs due to excess utilization of healthcare services to treat asthma, it
provides a more comprehensive estimate of the cost of treating this medical condition.

We found that workers with no health insurance coverage had lower incremental medical
costs for treated asthma compared to those who had health insurance, similar to previous
studies. These individuals may have chosen not to seek care due to financial barriers.
Previous research has indicated that adults with asthma caused or made worse by exposures
in their workplace were more likely to be unable to see their primary care physician or

an asthma specialist, or unable to buy medications because of the cost.#” Similar to earlier
findings, our results also show that Black non-Hispanic and Hispanic workers had higher
incremental medical costs compared to workers of other race/ethnicity groups.148 Workers
who did not complete high school had higher incremental medical costs ($480) compared to
those who had an education level of high school and beyond ($435), which is also supported
by previous findings.!

Our results suggest that males ($650) had higher incremental medical costs compared to
females ($225), and higher incremental medical costs were also observed among workers
aged 35-44 years ($534) compared to the workers in all other age groups, and those in the
higher income (=$75,000) group ($571) compared to the workers in all the annual household
income groups. These outcomes varied from previous findings from Nurmagambetov (2018)
that estimated for the entire population,! but similar to Syamlal et al.,30 that estimated
average medical costs and total medical costs for the working population which could

be partially due to the population studied here. We did not come across studies that
compared the incremental medical costs of treated asthma across industries. We found

that workers employed in the transportation and utilities industry sector ($898) followed

by manufacturing ($730) had the highest incremental medical costs with treated asthma.
Syamlal et al.30 reported the average medical costs associated with treated asthma among
workers and found that workers in public administration had the highest average medical
costs ($1279 in 2017 US dollars) followed by transportation and utilities ($1222 in 2017 US
dollars).

Among the five medical events studied, inpatient admissions (annualized incremental
medical costs, $754) for asthma were associated with the highest incremental medical costs
followed by prescription medicine ($250). Previous findings on treated asthma by medical
events, indicated that prescription medication costs were highest among all US adults.14°
Working adults may have exposures in the workplace that cause new onset of asthma or
worsening of pre-existing asthma.2” Adults with asthma caused or worsened by exposures
in their workplace have been shown to have more severe symptoms than those without,>°
which may explain the higher incremental medical costs among inpatient admissions in the
current study.
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5| LIMITATIONS

The data used in this study were self-reported and may be subject to misclassification.
Asthma could not be classified as work-related, because a discrete diagnosis code for
work-related asthma does not currently exist in ICD-10-CM and information on workplace
exposure is not collected in the MEPS survey. In addition, workers might have changed their
place of work (industry) and when they reported asthma- related medical events; therefore,
medical expenditures by industry group might represent the industry where they were
employed when the expenditures incurred. Finally, overall burden for treated asthma could
not be assessed, due to lack of data on non-medical costs, productivity losses, losses due to
presenteeism, costs of pain and suffering, transportation costs, or medical appointment wait
time.

6| CONCLUSION

This is the first study to our knowledge focusing on the overall incremental medical

costs of treated asthma among workers by socioeconomic and demographic characteristics,
industry, medical events, and sources of payments. Our results showed that medical costs
associated with treated asthma among workers are higher than those associated with workers
without treated asthma. Incremental medical costs of asthma varied by socioeconomic

and demographic characteristics, industry, and medical event. Workers in the utility and
transportation industries had the highest incremental medical cost. Our results suggest that
the per person incremental medical costs of treated asthma among workers are lower than
that of all US adults (including working and non-working adults) as reported by previous
studies.2#* Our findings of higher incremental medical costs for treated asthma among
workers highlight the economic benefit of prevention and early intervention to reduce
morbidity of asthma in working adults.>! Programs to manage and control asthma and
treatments to prevent and reduce asthma symptoms may have a positive effect on controlling
medical costs related to treated asthma and improving worker health and wellbeing.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available in Medical Expenditure Panel
Survey at https://meps.ahrg.gov/mepsweb/data_stats/download_data_files.jsp. These data
were derived from the following resources available in the public domain—2020 data,
https://meps.ahrg.gov/mepsweb/data_stats/download_data_files_results.jsp?
cboDataYear=2020&choDataTypeY=101%2CConsolidated+Data&cboDataTypeY=103%2
CMedical+Conditions&cboDataTypeY=110%2CEmployment+Variables&cboDataTypeY=1
04%?2CJobs+File&cboDataTypeY=204%2CHo—2019 data, https://meps.ahrqg.gov/
mepsweb/data_stats/download_data_files_results.jsp?
choDataYear=2019&choDataTypeY=101%2CConsolidated+Data&cboDataTypeY=103%2
CMedical+Conditions&choDataTypeY=110%2CEmployment+Variables&choDataTypeY=1
04%2CJobs+File&cboDataTypeY=204%2CH0o—2018 data, https://meps.ahrqg.gov/
mepsweb/data_stats/download_data_files_results.jsp?
choDataYear=2018&choDataTypeY=101%2CConsolidated+Data&choDataTypeY =103%2
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CMedical+Conditions&choDataTypeY=110%2CEmployment+Variables&cboDataTypeY=1
04%2CJobs+File&choDataTypeY=204%2CHo.

Abbreviations:

ER emergency room visits
ICD-10-CM International Classification of Diseases, Tenth Revision, Clinical
Modification
MEPS Medical Expenditure Panel Survey
us United States
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FIGURE 1.
Trends of per-worker estimated medical costs and incremental medical costs of treated

asthma, 2018-2020, 2022 US dollar values.
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