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Abstract

Background: Working outside the home put some workers at risk for severe acute

respiratory syndrome coronavirus 2 (SARS‐CoV‐2) exposure and might partly explain

elevated coronavirus disease 2019 (COVID‐19) mortality rates in the first months of

the pandemic in certain groups of Massachusetts workers. To further investigate this

premise, we examined COVID‐19 mortality among Massachusetts workers, with a

specific focus on telework ability based on occupation.

Methods: COVID‐19‐associated deaths between January 1 and December 31, 2020

among Massachusetts residents aged 18–64 years were analyzed. Deaths were

categorized into occupation‐based quadrants (Q) of telework ability. Age‐adjusted

rates were calculated by key demographics, industry, occupation, and telework

quadrant using American Community Survey workforce estimates as denominators.

Rate ratios (RRs) and 95% confidence intervals comparing rates for quadrants with

workers unlikely able to telework (Q2, Q3, Q4) to that among those likely able to

telework (Q1) were calculated.

Results: The overall age‐adjusted COVID‐19‐associated mortality rate was 26.4

deaths per 100,000 workers. Workers who were male, Black non‐Hispanic, Hispanic,

born outside the US, and with lower than a high school education level experienced

the highest rates among their respective demographic groups. The rate varied by

industry, occupation and telework quadrant. RRs comparing Q2, Q3, and Q4 to Q1

were 0.99 (95% confidence interval [CI]: 0.8−1.2), 3.2 (95% CI: 2.6−3.8) and 2.5 (95%

CI: 2.0−3.0), respectively.

Conclusion: Findings suggest a positive association between working on‐site and

COVID‐19‐associated mortality. Work‐related factors likely contributed to COVID‐

19 among Massachusetts workers and should be considered in future studies of

COVID‐19 and similar diseases.
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1 | INTRODUCTION

While the health of many adults has been impacted by the

coronavirus disease 2019 (COVID‐19) pandemic, certain groups

have been disproportionately affected by virtue of their jobs. Work, a

core social determinant of health, is a potential risk factor for

exposure to severe acute respiratory syndrome coronavirus 2 (SARS‐

CoV‐2), the virus that causes COVID‐19, and has likely contributed to

racial and economic inequities in COVID‐19 outcomes.1–12

Early in the pandemic, workplace outbreaks as well as individual

work‐related cases of COVID‐19 were documented in a variety of

industries.1,7,13–17 Most COVID‐19 cases identified in the first 2 weeks

of the Massachusetts epidemic were part of a work‐related cluster, and

12% of confirmed COVID‐19 cases in Utah through early June 2020

were associated with workplace outbreaks.7,16 In addition, population‐

based studies have shown differences in risk of infection and mortality

by industry and occupation,18–25 and findings from surveys of infected

workers in several US states noted occupational exposures.5,6 Factors

that influence occupational exposure risk to SARS‐CoV‐2 include those

related to the nature of work, such as working indoors or in close

proximity to others (e.g., coworkers, patients, clients, customers), as well

as access to employer‐provided protective measures, and paid sick

leave.1,6,8,11,13,19,25–38

Throughout the pandemic many workers had to leave home to do

their jobs, putting them at risk of infection and of transmitting SARS‐

CoV‐2 to their families and communities. Nationally, just before the

pandemic, only an estimated 25% of the US workforce were in jobs that

could be done by teleworking, and workers in these jobs earned higher

median wages compared to those in jobs that could not be performed

remotely.39 On March 10, 2020, a state of emergency was declared in

Massachusetts, and businesses and organizations not deemed to provide

“essential services” were ordered to close or transition to remote work 2

weeks later.40,41 In the early months of the pandemic, studies found

higher rates of COVID‐19 in Massachusetts communities with greater

percentages of workers in essential services, many of whom were likely

unable to telework.42,43 An analysis by Hawkins et al.22 of Massachusetts

death certificate data from March‐July 2020 found that COVID‐19 age‐

adjusted mortality rates among workers aged 18‐64 years varied by

occupation group, with 11 groups having higher than average rates. The

authors posited that one potential reason for the elevated rates in some

groups was that they were more likely to have to work on‐site rather

than being able to telework, putting them at risk of occupational

exposure.

With the analysis described here, we expanded upon the work of

Hawkins et al.22 in three ways: (1) we included the remaining 5 months

of death data for 2020, nearly doubling the number of deaths for

analysis; (2) we applied an updated (as of December 22, 2021)

surveillance case definition for a COVID‐19‐associated death44; and,

(3) we examined the association between COVID‐19 mortality and

telework ability based on occupation. Our objective was to characterize

COVID‐19 mortality among working‐aged Massachusetts residents in

2020 and identify high‐risk groups to highlight potential inequities and

inform prevention efforts. We also examined the association between

COVID‐19 mortality and telework ability based on occupation to

understand the potential impact of this work‐related factor on COVID‐

19 risk. We hypothesized that mortality rates would be higher among

workers in occupations less suitable for teleworking.

2 | METHODS

The analysis included Massachusetts residents aged 18–64 years

who died of COVID‐19 between January 1, 2020 and December 31,

2020 and for whom information on occupation was available in the

Massachusetts electronic death certificate data. A death was

considered to be COVID‐19‐associated if the decedent was positive

for COVID‐19 within 30 days of death in the Massachusetts Virtual

Epidemiologic Network (MAVEN) infectious disease reporting system

or had the International Classification of Diseases, Tenth Revision

(ICD‐10) code for COVID‐19 (U07.1) as the underlying or contribut-

ing cause of death in the death certificate data.44 Information about

usual occupation and industry on death certificates was coded

according to the 2010 Standard Occupational Classification (SOC)

system and 2012 North American Industry Classification System

(NAICS), respectively, using the National Institute for Occupational

Safety and Health (NIOSH) Industry and Occupation Computerized

Coding System (NIOCCS) with additional manual review.45 All

NIOCCS‐assigned codes with a probability score (confidence rating

generated by NIOCCS) < 0.90 were reviewed. This represented

15.6% of the deaths and ultimately 95 industry codes and 79

occupation codes were changed from the NIOCCS assigned code.

The American Community Survey (ACS) 5‐Year Public Use Microdata

Sample for 2016−2020 was used for civilian workforce estimates.

Counts and age‐adjusted rates of COVID‐19‐associated death per

100,000 employed persons (i.e., workers) were calculated by NAICS

industry sector, major SOC occupation group, sex (male; female),

combined race and Hispanic ethnicity (American Indian/Alaska Native

non‐Hispanic; Asian/Pacific Islander non‐Hispanic; Black non‐Hispanic;

Hispanic; White non‐Hispanic; Other non‐Hispanic), nativity (foreign‐

born; US‐born), and education level (less than high school; high school or

GED; some college/associate/bachelor's/certificate; master's degree or

higher). Rates were age‐adjusted to the 2000 US population according to

four age groups (18–24, 25–34, 35–44, 45–64 years). Calculations based

on counts of 1−4 were suppressed. Analyses were conducted using SAS

Studio (version 3.8; SAS Institute Inc.).

2.1 | Assigning exposure: Telework ability

Deaths with occupation information were categorized into four

quadrants (Q1−Q4) of telework ability based on six‐digit SOC‐2010

codes according to Baker,39 using a detailed table that was requested

and received from the author (Marissa Baker, PhD, e‐mail communi-

cation, November 19, 2021). The four quadrants represent different

combinations of the importance of two factors—computer use and

interaction with the public (Table 1).
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Generating workforce estimates by telework quadrant involved

cross‐walking occupation codes from multiple SOC systems. First, six‐

digit SOC‐P codes from the ACS were match‐merged with SOC‐2018

codes. Then, using a standard crosswalk, SOC‐2018 codes were merged

with SOC‐2010 codes. The SOC‐P/SOC‐2010 merges were manually

reviewed for alignment across the two classification systems, and this

“aligned” file was linked with the Baker file of quadrant‐specific SOC‐

2010 codes to assign quadrants to the ACS data. Decision logic was

applied for re‐assigning a quadrant when multiple SOC‐2010 occupa-

tions were linked with only one SOC‐P occupation.

Counts and age‐adjusted rates of COVID‐19‐associated death

(per 100,000 workers) were calculated for each quadrant. Rate ratios

(RRs) and 95% confidence intervals comparing the age‐adjusted rate

among workers in each quadrant determined by Baker39 to be

unlikely able to work from the home (Q2−Q4) to the age‐adjusted

rate among those likely able to work from home (Q1) were calculated.

2.2 | Sensitivity analysis

A review of individual occupations classified by Baker39 as likely able to

telework (Q1), revealed that some occupations, particularly those in the

2‐digit SOC groups of 49 (Installation, Maintenance, and Repair

Occupations), 51 (Production Occupations) and 53 (Transportation and

Material Moving Occupations) might have been misclassified as

teleworking (i.e., Q1) when they should have been classified as working

outside the home (i.e., Q3). All but one occupation of SOC 49, 51, and 53

occupations in Q1 (SOC 51‐6092 Fabric and Apparel Patternmakers)

were classified as working outside the home by Vergara and Gibb.33 If

these occupations were misclassified and had a higher risk of COVID‐19‐

associated mortality, then the rate in Q1 would be overestimated and

the effect of working outside the home on COVID‐19‐associated

mortality would be underestimated (i.e., the RR of Q3 vs. Q1 would be

biased toward the null). Additionally, if the deaths in these misclassified

occupations were more likely to be among Black Non‐Hispanic or

Hispanic workers, then the RRs for these workers would be most altered

(i.e., most biased to the null). To assess this, a sensitivity analysis was

conducted in which all occupations within 2‐digit SOC groups 49, 51,

and 53 from Q1 (reference) were reclassified to Q3 and the impact on

the rates was evaluated.

This study was performed at the Massachusetts Department of

Public Health (MDPH). It was conducted within the scope of existing

reviewed and approved surveillance activities, did not involve human

subjects research, and did not require additional Institutional Review

Board review.

3 | RESULTS

Of the 13,756 deaths among Massachusetts residents aged 18–64

years between January 1 and December 31, 2020, 1,366 (9.9%) were

COVID‐19‐associated. Of these, the vast majority (93.7%) were

COVID‐19‐positive within 30 days of death in MAVEN. An additional

86 deaths had COVID‐19 as an underlying or contributing cause of

TABLE 1 Description of telework quadrants as defined by Baker.39,a

Telework
quadrant (Q) Telework ability Occupation characteristics Example occupations

1 Likely able to work
from home

Computers important OR very
important OR extremely
important

AND
Public interaction not important OR

somewhat important

Software developer; Computer programmer; Financial analyst;
Accountant; Human resources manager; Marketing manager;
Statistician; Editor; Data entry clerk; Medical transcriptionist

2 Not likely able to
work from home

Computers important OR very
important OR extremely

important
AND
Public interaction important OR very

important OR extremely important

Firefighter; Police officer; Paramedic; Airline Pilot; Physician;
Dentist; Registered nurse; Pharmacist; Social worker; Retail

salesperson; Real estate broker; Elementary school teacher;
Librarian; Lawyer; Receptionist

3 Not likely able to
work from home

Computers not important OR
somewhat important

AND
Public interaction not important OR

somewhat important

Construction laborer; Janitor or cleaner; Landscaper; Agricultural
worker; Food production worker; Textile machine operator;
Machinery maintenance worker; Ship captain; Rail
transportation worker; Freight, stock and material moving
worker; Courier; Personal care aide; Nursing assistant

4 Not likely able to
work from home

Computers not important OR
somewhat important

AND

Public interaction important OR very
important OR extremely important

Bartender, Waiter, Food preparation worker; Hair stylist;
Manicurist, Massage therapist; Security guard; Childcare
worker, Cashier, Mail carrier; Delivery driver; Flight attendant;

Bus driver; Taxi driver; Home health aide

aBaker.39
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death. Two hundred and 99 deaths were excluded because the death

certificate indicated that the decedent was not working/retired/

never worked (n = 115), a homemaker (n = 84), a student (n = 3), or

had insufficient occupation information (n = 97). This resulted in 1067

deaths for the final analysis.

As shown in Figure 1, half (49.9%, n = 533) of these deaths

occurred in April and May of 2020, and then the monthly count

declined for several months and increased again in December. Of the

1067 deaths, 90% (n = 956) occurred among those aged 45−64 years.

The age‐adjusted COVID‐19‐associated death rate was 26.4 deaths

per 100,000 workers (Table 2). The rate was higher for male

compared to female workers, Black non‐Hispanic and Hispanic

workers compared to any other race/ethnicity group examined,

those who were born outside the US compared to those born in the

United States, and those with lower than a high school level of

education compared to any other education level. Black non‐Hispanic

and Hispanic workers had rates more than three times the rate for

White non‐Hispanic workers (74.4 and 65.2, respectively vs. 18.8 per

100,000 workers).

As shown in Figure 2, the greatest number of COVID‐19‐

associated deaths was in the Health care and social assistance

(n = 180) industry group followed by Manufacturing (n = 131) and

Construction (n = 125). Age‐adjusted COVID‐19‐associated mortal-

ity rates were highest in the following industry groups: Agriculture,

forestry, fishing and hunting (118.3 deaths per 100,000); Accom-

modation and food services (52.7); Construction (47.7); Transporta-

tion and warehousing (42.1); and Administrative and support and

waste management and remediation (40.5). Figure 3 presents

COVID‐19‐associated mortality findings by occupation group. The

greatest number of COVID‐19‐associated deaths was among

workers in Transportation and material moving (n = 118) occupa-

tions followed by Construction and extraction (n = 113) and Office

and administrative support (n = 100) occupations. The highest age‐

adjusted rates were in the following occupation groups: Construc-

tion and extraction (60.3 per 100,000); Installation, maintenance,

and repair (56.3); Transportation and material moving (54.6); Food

preparation and serving (48.5); and Personal care and service

occupations (48.0).

Table 3 shows the counts and age‐adjusted rates of COVID‐19‐

associated death by telework quadrant (Q) overall and by demo-

graphic characteristics. Overall, rates were 17.6 per 100,000 (95% CI:

15.1−20.2) for Q1, 17.4 (95% CI: 15.5−19.3) for Q2, 56.0 (95% CI:

49.8−62.2) for Q3 and 43.1 (95% CI: 37.6−48.5) for Q4. Because the

rates across quadrants 2, 3, and 4 varied, we compared them

separately to the reference group (Q1) rather than collapsing into a

single “work outside the home” group. As shown inTable 4, compared

to the rate for Q1 (“likely able to work from home”), the rate for Q2

was similar (RR = 0.99; 95% CI: 0.8−1.2), the rate for Q3 was three

times higher (RR = 3.2; 95% CI: 2.6−3.8), and the rate for Q4 was 2.5

times higher (RR = 2.5; 95% CI: 2.0−3.0). The findings for Q2 were

fairly consistent across all demographic strata, and those for Q3 and

Q4 were fairly consistent across strata of sex and nativity. There was

effect measure modification by race/ethnicity and education,

although some estimates were imprecise as evidenced by the wide

confidence intervals. By race/ethnicity, the effect was strongest for

Asian/Pacific Islander non‐Hispanic and White non‐Hispanic work-

ers. By education, the effect was strongest for those with the highest

level of education (some college/associate/bachelor's degree/

certificate).

The results of the sensitivity analysis are presented in Table 5.

Overall, this reclassification resulted in 39 decedents and an

estimated 81,386 workers being shifted from Q1 to Q3. Across

race/ethnicity groups, it resulted in a decrease in age‐adjusted rates

in Q1, but had little impact on the rates in Q3 and did not change our

conclusions.

4 | DISCUSSION

We examined the distribution of COVID‐19‐associated deaths

among working‐aged (i.e., 18−64 years) Massachusetts residents in

2020 by industry, occupation and other key demographic factors, as

F IGURE 1 Counts of overall and COVID‐19‐associated deaths among Massachusetts residents aged 18−64 years by month, 2020.
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well as the association with telework ability. Deaths from COVID‐19

comprised 9.9% of all deaths among this age group in 2020. Counts

were highest in the early months during the first wave of the

pandemic and again in late 2020 during the start of the second wave.

We identified 689 COVID‐19‐associated deaths from March to July,

which was greater than the number analyzed by Hawkins et al.22

(n = 555) for the same time period. Including deaths from the

remainder of 2020 brought the total number included in this study

to 1067, nearly double the number from the prior study.22 Along with

the additional 5 months of mortality data used in our study, the

updated, more sensitive definition of COVID‐19‐associated death

might account for this difference.44 The overall age‐adjusted rate of

26.4 COVID‐19‐associated deaths per 100,000 workers (95%

confidence interval [CI]: 25.1−27.8) in Massachusetts was slightly

lower than the rates reported for workers in California (30.0 per

100,000 workers, 95% CI: 29.3−30.8) and the US (28.6, 95% CI:

28.2–29.0) in 2020.23,24 Worth noting, differences in denominator

sources and a slight difference in the age range in the United States

study (i.e., 16−64 years) might partly account for these differences in

rates.

Stratified analyses highlight the importance of considering

intersecting identities when examining rates of COVID‐19 mortality.

TABLE 2 Counts and age‐adjusted rates of COVID‐19‐associated death by demographic characteristics, Massachusetts workers aged
18−64 years, 2020.

Characteristic

COVID‐19‐associated deaths

n (%)
Rate per 100,000
workers (95% CI)

All workers 1067 26.4 (24.8−28.0)

Age groups (years)

18−24 7 (0.7%) 1.7 (0.2−5.0)

25−34 32 (3.0%) 4.0 (1.1−8.7)

35−44 72 (6.7%) 10.4 (5.1−17.6)

45−54 225 (21.1%) 30.2 (26.3−34.2)

55−64 731 (68.5%) 112.4 (104.2−120.5)

Sex

Male 736 (69.0%) 35.9 (33.3−38.5)

Female 331 (31.0%) 16.6 (14.8−18.3)

Race/ethnicity

American Indian/Alaska Native Non‐Hispanic 4 (0.4%) −

Asian/Pacific Islander non‐Hispanic 37 (3.5%) 18.2 (10.8−27.4)

Black non‐Hispanic 172 (16.1%) 74.4 (63.3−85.6)

Hispanic 214 (20.1%) 65.2 (56.5−73.9)

White Non‐Hispanic 619 (58.0%) 18.8 (17.3−20.3)

Other Non‐Hispanic 18 (1.7%) 31.6 (21.5−43.5)

Nativity

Foreign‐born 310 (29.1%) 39.0 (34.7−43.4)

US‐born 753 (70.6%) 23.1 (21.5−24.8)

Education

Less than high school 137 (12.8%) 126.3 (105.1−147.4)

High school or GED 544 (51.0%) 52.9 (48.4−57.3)

Some College/Associate/Bachelor's/Certificate 324 (30.4%) 15.9 (14.2−17.7)

Master's degree or higher 39 (3.7%) 8.9 (4.1−15.7)

Note: Rate denominator: Estimated average annual number of workers ages 18−64 in Massachusetts, American Community Survey, PUMS
2016−2020. For age groups, rates are age‐stratum specific rates. All other rates are age‐adjusted to the 2000 US population. Rates based on counts of
1−4 are suppressed. Sex is noted on the death certificate as male, female, unknown. There were no deaths with “unknown” sex in the final analytic

data set.
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F IGURE 2 Age‐adjusted rates of COVID‐19‐associated death by industry, Massachusetts workers aged 18−64 years, 2020, n = 1067*. *This
figure excluded 13 deaths among those working in the military industries due to lack of denominator information or because the death
certificates did not contain sufficient information to code industry. Age adjusted to the 2000 US population. Denominator source: American
Community Survey, 2016−2020.

F IGURE 3 Age‐adjusted rates of COVID‐19‐associated death by occupation, Massachusetts workers aged 18−64 years, 2020, n = 1,067*.
*Age adjusted to the 2000 US population. Rates for Farming, Fishing, and Forestry occupations (SOC 45‐0000, n = 4) and Legal occupations
(SOC 23‐0000, n = 4) were suppressed. Denominator source: American Community Survey, 2016−2020.
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The finding that males had a substantially higher rate compared to

females was consistent with previous reports.22,23,46 Also consistent

with prior studies, findings indicated profound racial/ethnic disparit-

ies in mortality rates among workers.22,23 Rates for Hispanic and

Black non‐Hispanic workers were two to three times higher than

those for the other racial/ethnic groups examined. Additionally, the

rate was markedly higher for foreign‐born individuals than their US‐

born counterparts. Structural racism and systemic oppression results

in workers of color and immigrant workers being disproportionately

employed in jobs with low wages, hazardous working conditions, and

inadequate employment‐related resources, and underpins the

observed disparities in COVID‐19 outcomes.8,42,47–49

We found differences in age‐adjusted mortality rates across

industry and occupation groups. To specifically assess the relation-

ship between teleworking ability and COVID‐19‐associated mortal-

ity, we compared rates among workers in occupation‐based

quadrants determined by Baker39 to be most likely to work outside

the home to the rate among those most likely able to telework.

Rather than dichotomizing exposure, we compared each of the rates

in the “work outside the home” quadrants (Q2, Q3, Q4) to the rate in

the “work from home” quadrant (Q1). Rates among those workers in

Q3 and Q4 were notably higher than the rate for Q1, whereas the

rate for those in Q2 did not differ from the reference group. Workers

in Q3 had the highest rates across nearly all strata of demographics.

We discuss a few potential reasons for these findings below.

First, differences in factors related to the nature of work (e.g.,

working in close proximity to others, working indoors) and workplace

prevention measures (e.g., ventilation, physical distancing, or personal

protective equipment) might have altered on‐the‐job SARS‐CoV‐2

exposure risk. Prior studies have suggested that occupational

exposure risk varied by income and that workers in low‐wage jobs

were at increased risk.34,38 According to Baker,39 US workers in

TABLE 3 Counts and age‐adjusted rates of COVID‐19‐associated death by telework quadrant and demographic characteristics,
Massachusetts workers aged 18−64 years, 2020.

Demographics

Quadrant 1 Quadrant 2 Quadrant 3 Quadrant 4

n
Rate per 100,000
workers (95% CI) n

Rate per 100,000
workers (95% CI) n

Rate per 100,000
workers (95% CI) n

Rate per 100,000
workers (95% CI)

All workers 181 17.6 (15.1−20.2) 330 17.4 (15.5−19.3) 314 56.0 (49.8−62.2) 242 43.1 (37.6−48.5)

Race/ethnicity

Asian/Pacific Islander non‐
Hispanic

10 13.5 (7.3−21.7) 10 14.2 (7.8−22.5) 10 37.6 (26.6−50.6) 7 19.8 (12.1−29.5)

Black non‐Hispanic 26 76.5 (60.4−94.6) 57 59.6 (45.4−75.6) 49 100.3 (81.6−120.8) 40 78.4 (62−96.7)

Hispanic 28 59.0 (44.9−75) 37 33.8 (23.4−46.1) 74 90.4 (72.7−110) 75 79.3 (62.8−97.6)

White Non‐Hispanic 112 12.6 (10.3−14.9) 223 13.9 (12−15.7) 172 42.8 (36.4−49.3) 112 29.9 (24.4−35.4)

American Indian/Alaska
Native Non‐Hispanic/
Other Non‐Hispanic

3 − 3 − 8 48.1 (35.5−62.6) 8 43.4 (31.5−57.3)

Sex

Male 130 23.1 (19.1−27.1) 192 23.4 (20.1−26.7) 236 64.5 (56.2−72.7) 178 58.5 (49.9−67.1)

Female 51 10.9 (5.4−18.3) 138 12.8 (10.7−14.9) 78 39.6 (28.2−52.8) 64 24.8 (16−35.5)

Nativity

Foreign‐born 46 26.5 (17.4−37.5) 64 24.0 (15.3−34.5) 106 66.2 (53.6−78.8) 94 49.4 (36.6−64)

US‐born 135 15.9 (13.2−18.6) 265 16.3 (14.3−18.2) 206 51.1 (44.1−58.1) 147 40.0 (33.6−46.5)

Education

Less high school 20 192.6 (166.3−220.7) 12 87.0 (69.7−106.2) 62 147.9 (125−172.7) 43 103.2 (84.2−124)

High school or GED 77 45.5 (33.3−59.7) 130 47.6 (39.4−55.8) 183 61.7 (52.8−70.7) 154 53.5 (45.1−62)

Some College/Associate/

Bachelor's degree/
Certificate

72 12.1 (6.3−19.9) 158 15.2 (12.9−17.6) 57 29.0 (19.4−40.5) 37 17.3 (10.2−26.4)

Master's degree or higher 10 4.1 (1.1−8.9) 25 4.1 (1.2−9.0) 4 − 0 0.0

Note: Telework quadrant 1 = “likely able to work from home” and quadrants 2−4 = “likely need to work outside the home.” Rate denominator: Estimated
average annual number of workers ages 18−64 in Massachusetts, by Occupation (SOC 2010), ACS PUMS 2016−2020. Age‐adjusted to the 2000 US
population. Rates based on counts of 1−4 are suppressed. Sex is noted on the death certificate as male, female, unknown. There were no deaths with
“unknown” sex in the final analytic data set.
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quadrants 3 and 4 had lower median wages, on average, compared to

those in quadrants 1 and 2. It is well documented that low‐wage

workers, who in the United States are disproportionately female,

Black non‐Hispanic, Hispanic, foreign‐born, and have lower educa-

tional attainment, experience disparities in a wide range of health

outcomes, including work‐related illness.47 An analysis of the June

2020 SummerStyles survey found that among frontline (i.e., primarily

worked outside the home), nonhealthcare workers in the United

States, those with lower incomes were more likely to report being

unable to access occupational hazard controls or being prohibited

from using them by their employers.38 Inadequate protections might

also have differentially affected lower‐wage frontline health care

workers, namely those in health care support occupations. In our

study, the two largest groups of health care support occupations (i.e.,

nursing assistants and home health aides) were in Q3 and Q4,

respectively. In contrast, nearly all workers in higher‐wage health

diagnosis and treating occupations (e.g., physicians and nurses) were

in Q2.39 Although all frontline health care workers working with

infected patients were at particularly high baseline risk for

occupational SARS‐CoV‐2 exposure, better access to workplace

protective measures might have helped to reduce infection risk for

those in Q2 relative to those in Q3 and Q4.11,25,50

In addition, especially for those working outside the home,

having access to adequate paid sick leave would have been important

for the infected individual as well as for preventing workplace

transmission.13,26,27,37,51,52 A recent systematic review of the

literature by Vander Weerdt et al.26 concluded based on the

evidence that paid sick leave is associated with reduced presenteeism

and workplace transmission of illness, and increased worker

satisfaction and retention. It should be noted however, that findings

from a 2020 survey of Massachusetts residents found wide variation

in access to paid sick leave (and workplace COVID‐19 protections)

across demographic and occupational subgroups of respondents

working outside the home.53 While there is evidence that the federal

emergency sick leave policy enacted during the pandemic was

effective in reducing COVID‐19 spread, further research found

disparate awareness and use of this benefit among US workers,

particularly indicating unaddressed need among female and foreign‐

born workers.51,52

Another consideration for the differences in rates across the

three “work outside the home” quadrants is whether workers in

certain quadrants were more likely to experience job loss, either

temporarily or permanently during the pandemic, due to, for example,

businesses closing or furloughing of staff. Among workers in Q2, this

job loss might have been greater in retail salespersons, tour guides,

hotel desk clerks and concierges more than others, such as those in

education and health care who were largely considered essential. It

might also explain the weaker effect in Q4 relative to that in Q3.39,49

While there is consistency across our study and others33,54 about

which occupations primarily offer no opportunity to telework (i.e., are

captured in Q3 and Q4), occupations in Q4 (e.g., waiters, bartenders,

hair stylists, manicurists, flight attendants, cashiers, and childcare

TABLE 4 Rate ratios comparing the age‐adjusted rate of
COVID‐19‐associated death in each telework quadrant 2−4 (“likely
to work outside the home”) to the rate in quadrant 1 (“likely able to
work from home”) by demographic characteristics, Massachusetts
workers aged 18−64 years, 2020.

Characteristic Quadrant 2 Quadrant 3 Quadrant 4

All workers 0.99 (0.8−1.2) 3.2 (2.6−3.8) 2.5 (2.0−3.0)

Race/ethnicity

Asian/Pacific Islander
non‐Hispanic

1.0 (0.4−2.6) 2.8 (1.1−6.9) 1.5 (0.6−3.99)

Black non‐Hispanic 0.8 (0.5−1.2) 1.3 (0.8−2.1) 1.0 (0.6−1.7)

Hispanic 0.6 (0.3−0.9) 1.5 (0.99−2.4) 1.3 (0.9−2.1)

White non‐Hispanic 1.1 (0.9−1.4) 3.4 (2.7−4.3) 2.4 (1.8−3.1)

Sex

Male 1.0 (0.8−1.3) 2.8 (2.2−3.5) 2.5 (2.0−3.2

Female 1.2 (0.8−1.6) 3.6 (2.5−5.2) 2.3 (1.6−3.3)

Nativity

Foreign‐born 0.9 (0.6−1.3) 2.5 (1.8−3.5) 1.9(1.3−2.7)

US‐born 1.0 (0.8−1.3) 3.2 (2.6−4.0) 2.5 (2.0−3.2)

Education

Less high school 0.5 (0.2−0.9) 0.8 (0.5−1.3) 0.5 (0.3−0.9)

High school or GED 1.0 (0.8−1.4) 1.4 (1.0−1.8) 1.2 (0.9−1.6)

Some college/
associate/

bachelor's
degree/certificate

1.3 (0.9−1.7) 2.4 (1.7−3.4) 1.4 (0.9−2.1)

Master's degree or
higher

1.0(0.5−2.1) 5.2 (1.6−16.9) −

Note: Rate ratios are not calculated if either rate is suppressed (i.e.,
count 1−4).

TABLE 5 Sensitivity analysis: Counts and age‐adjusted rates of
COVID‐19‐associated death for reclassified telework quadrants 1
and 3 by race/ethnicity, Massachusetts workers aged 18‐64
years, 2020.

Race/
Ethnicity

Quadrant 1 Quadrant 3

n
Rate per 100,000
workers (95% CI) n

Rate per 100,000
workers (95% CI)

Asian/PI
non‐
Hispanic

8 11.7 (5.0−23.0) 12 36.9 (19.1−64.5)

Black non‐
Hispanic

18 60.8 (36.0−96.1) 57 106.7 (80.8−138.2)

Hispanic 21 54.4 (33.7−83.2) 81 89.5 (71.1−111.2)

White non‐
Hispanic

91 11.3 (9.1−13.8) 193 40.3 (34.4−46.3)

All 142 15.2 (12.7−17.8) 353 53.9 (48.1−59.7)

Note: Rates based on 1−4 counts are suppressed.
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workers) might have been more likely to be laid off or leave work due

to the pandemic (temporarily or permanently). Therefore, we might

have overestimated the denominator (i.e., number of workers at risk)

for these groups, and likewise underestimated the rates. Importantly,

this might have varied across demographic subgroups of Massachu-

setts workers, and therefore partly explain differences in the relative

effect across subgroups in our study.55

Misclassification of telework ability might explain some of the

differences in the effect across quadrants. We used the Baker39

assignment as a proxy for telework, but it is possible that workers in

certain occupations assigned to one of the three “work outside the

home” quadrants actually worked from home during the pandemic and

that occupations assigned to the “work from home” reference group (Q1)

worked outside the home. For instance, the relatively low rate in Q2

might in part reflect the fact that this quadrant included workers in many

health care and education occupations who may have had the ability to

work from home during 2020, and were therefore at lower risk of work‐

related SARS‐CoV‐2 exposure.33,50,54,56 In their study, Yuan et al.56

found that, overall, working in frontline essential occupations was

positively associated with COVID‐19 incidence, hospitalization and

mortality, but closer examination of occupation groups revealed a

negative association among education, training and library occupations

(essential), which in our analysis were largely included in Q2. The authors

speculated that online teaching technology might have allowed for

remote learning, thereby reducing the risk of occupational exposure for

workers in education. For health care occupations, Massachusetts survey

findings showed large variation across health care industry subgroups in

the percentage of workers who reported working from home, ranging

from 47% in ambulatory services to 32% in hospitals to just 11% in

nursing and residential care facilities.50 Additionally, results from our

sensitivity analysis examining the potential impact of misclassification of

workers in select occupation groups as working from home suggest that

our RRs based on Baker39 quadrants are likely conservative estimates of

the effect of working outside the home.

Finally, it is worth noting that additional factors not assessed in

this study might also have contributed to the observed elevated rates

and account for variability in the relative effect of telework ability

among demographic subgroups. Health outcomes related to COVID‐

19 (e.g., infection, hospitalization, death) for many workers likely

involved a complex interaction of occupational and nonoccupational

risk factors at the personal and community level.47 These include pre‐

existing health conditions,10,20,46,55,57–59 inadequate health care

access,4,48,55,60 and crowded living conditions.10,13,35,46,55,61

There are several potential limitations to note. First, we do not

know whether a decedent's infection resulted from occupational

exposure. As previously noted, death certificates record the usual

occupation (and industry), or the job in which the decedent spent

most of their working life, which might not necessarily mean that the

decedent was working at the time of their death. Even if the

employment information was current at the time of their death, there

was no indicator of work‐relatedness in the data used for this study.

Second, there is no information on teleworking status or ability in the

death certificate data, and we therefore used a proxy measure of

telework ability based on occupation. As previously discussed, this

might have resulted in some misclassification of exposure. Next,

monthly workforce changes due to the pandemic might have affected

denominators for rates, and these likely varied by industry and

occupation. Therefore, rates for certain groups or quadrants might

have been over or underestimated and the extent may have varied.

Since we used 5‐year average annual workforce estimates we were

not able to assess this, but the impact of these changes should be

assessed in future studies. Next, it is possible that we missed some

COVID‐19‐associated deaths among workers that were not recog-

nized and appropriately coded, particularly early in the pandemic, and

therefore underestimated the burden. Lastly, deaths among Hispanic

and Native American residents are known to be undercounted due to

misclassification of race or ethnicity recorded in death certificates.62

Therefore, relevant estimates of COVID‐19 mortality and associated

inequities presented here should be regarded as conservative.

In conclusion, findings suggest that work‐related factors contributed

to COVID‐19 risk. COVID‐19‐associated mortality rates varied by

industry and occupation, and were two to three times higher among

those workers most likely to work outside the home (Q3 and Q4)

compared to those most likely able to telework (Q1). The effect varied

somewhat by demographic characteristics likely reflecting the complex

intersections of occupational and nonoccupational risk factors. While we

examined COVID‐19‐associated mortality, many additional workers likely

experienced short and long‐term consequences of occupational SARS‐

CoV‐2 infection. Understanding the role of work in driving transmission

of SARS‐CoV‐2 and similar infections deserves ongoing attention, as does

the impact of work on noninfectious disease and injury risk. It is the

responsibility of the employer to provide a workplace free of recognized

hazards. Employer efforts should include measures to minimize work‐

related exposure to hazards, including infectious diseases, as well as those

to support workers who become ill. Finally, the application of

occupational exposure matrices to examine associations between work‐

related factors and health outcomes may be useful in assessing the

potential impacts of emerging infectious diseases and climate‐related

factors.
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