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Abstract

Introduction: The COVID-19 pandemic has disproportionately impacted workers in certain 

industries and occupations. The infection risk for SARS-CoV-2 and future respiratory viruses 

in the workplace is a significant concern for workers, employers, and policymakers. This study 

describes the differences in COVID-19 mortality by sex and industry/occupation among working-

age U.S. residents in 49 states and New York City.

Methods: The 2021 National Vital Statistics System public use multiple-cause-of-death data for 

U.S. decedents aged 15–64 years (working age) with information on usual industry and occupation 

were analyzed in 2022. Age-standardized COVID-19 death rates for selected demographic 

characteristics and adjusted proportional mortality ratios were estimated by sex and usual industry 

and occupation.

Results: In 2021, 133,596 (14.3%) U.S. decedents aged 15–64 years had COVID-19 listed as 

the underlying cause of death; the highest COVID-19 death rate was among persons aged 55–64 

years (172.4 of 100,000 population) and males (65.5 of 100,000 population). Among males and 

females, American Indian or Alaskan Native and Black or African American, respectively, had the 

highest death rates. Hispanic males had higher age-adjusted death rates than Hispanic females. 

Working-age male decedents in the public administration (proportional mortality ratio=1.39) 

and management of companies and enterprises industries (proportional mortality ratio=1.39) 

and community and social services occupations (proportional mortality ratio=1.68) and female 

decedents in the utilities industry (proportional mortality ratio=1.20) and protective services 

occupation (proportional mortality ratio=1.18) had the highest proportional mortality ratios.
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Conclusions: COVID-19 death rates and proportional mortality ratios varied by sex, industry, 

and occupation groups. These findings underscore the importance of workplace public health 

interventions, which could protect workers and their communities.

INTRODUCTION

Work is a key social determinant of health; workplace and worker risk factors in certain 

work environments can facilitate the transmission of severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), the virus that causes coronavirus disease 2019 (COVID-19).1–

3 Previous studies suggest that workers in the healthcare, protective services (police officers, 

correctional officers, and firefighters), office and administrative support, social services, 

food services, and maintenance occupations had a high risk of exposure to SARS-CoV-2.3–6 

An estimated 75% (108.4 million) of workers are employed in occupations not conducive 

to working from home or telework and are at increased risk for exposure to infectious 

agents and adverse health outcomes.4 Working conditions, type of work, job tasks, and 

interactions with the public while at work as well as baseline health conditions vary by 

industry and occupation and have influenced exposure to infectious agents and transmission 

of SARS-CoV-2.5–7 COVID-19 caused major health impacts and economic burden (e.g., 

medical expenses, wage loss, and lost work time).5,6,8 The COVID-19 pandemic has 

disproportionately affected workers in certain industries and occupations.3,7

Disparities in COVID-19 mortality among working-age (15–64 years) adults have been 

reported previously.3 In 2020, among working-age U.S. residents, 8% of all deaths were 

attributed to COVID-19, and the death rates and proportional mortality ratios (PMRs) 

were significantly elevated among certain groups of decedents, including workers in certain 

industries and occupations.3 Male decedents in community and social service occupations 

and healthcare and social assistance industries and female decedents in the farming, fishing, 

and forestry occupations and agriculture; forestry, fishing, and hunting; and healthcare and 

social assistance industries had the highest PMRs.3

Overall, the number of deaths and fatality rates due to COVID-19 has been declining 

in the U.S., and this could be associated with increased COVID-19 vaccine coverage, 

immunity after natural infection, personal protective equipment (PPE) use, implementation 

of engineering controls (e.g., improving ventilation) and administrative policies (e.g., 

vaccination policies), and physical distancing combined with the availability of tests 

and treatments.9–11 These measures have been highly effective in preventing COVID-19–

associated severe illness, hospitalization, and death.7,9 Although COVID-19 deaths have 

been declining in the U.S., COVID-19 remains an important public health concern among 

the U.S. population and was among the top 3 leading causes of death in 2021.10 This study 

describes the overall COVID-19 deaths in 2021 and sex-specific differences in COVID-19 

death rates, age-adjusted death rates, and PMRs among working-age adults (15–64 years) by 

usual industry and occupation.
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METHODS

Study Sample

The 2021 National Vital Statistics System multiple-cause-of-death data restricted to U.S. 

decedents aged 15–64 years (working age) with usual occupations and industries from 50 

jurisdictions, including New York City (reports data independently from New York State) 

and 49 states, excluding both District of Columbia and Rhode Island,3,12 were analyzed 

(N=933,960 decedents). Of those, 144,023 decedents had COVID-19 listed as an underlying 

or contributing cause of death (any mention). For this study, only decedents with COVID-19 

listed as an underlying cause of death (n=133,596; 93%) were examined. IRB approval 

was exempted under the Common Rule (45 CFR x46) because deidentified and publicly 

available data were used for analysis.

Measures

COVID-19 was identified using the ICD-10 code U07.1. The underlying cause of death is 

the disease or condition responsible for initiating the chain of events leading directly to 

death. The U.S. standard certificate of death includes the usual industry and occupation 

field for narratives in which the decedent spent most of their working life. The National 

Vital Statistics System multiple-cause-of-death public use data include the usual occupation/

industry groups, which were autocoded into standardized individual U.S. Census Bureau 

occupation and industry codes using the National Institute for Occupational Safety and 

Health Industry and Occupation Computerized Coding System (NIOCCS).12,13 NIOCCS 

is a publicly available system, and since 2021, it has incorporated machine learning to 

improve coding uniformity.13 For quality check after the NIOCCS program completes initial 

coding, the data are further reviewed manually by expert National Institute for Occupational 

Safety and Health coding staff for (1) code review, (2) quality control review, and (3) 

consistency review (to detect intra-coder differences).12 Further details on the industry/

occupation groups and coding methods are described elsewhere.12 The usual industry is the 

type of business or industry that the decedent worked in during most of their life or for the 

longest time; usual occupation is the occupation the person did for most of their working 

life.3,12 For this study, decedents with information on their usual industry and occupation 

were considered employed. The simple 20 two-digit industry groups were based on the 2012 

North American Industry Classification System, and the simple 20 two-digit occupation 

groups were based on the 2010 Standard Occupational Classification–informed codes.12 

Industry and occupation narratives were not coded for deaths in the District of Columbia and 

Rhode Island. Therefore, working-age adults in these 2 jurisdictions were excluded from the 

current analysis.

Statistical Analysis

Age-specific and age-adjusted COVID-19 death rates and adjusted PMRs for COVID-19 

were estimated. Death rates (per 100,000 population [aged 15–64 years]) were based on 

postcensal population estimates as of July 1, 2021. Age-adjusted rates were determined by 

applying age-specific death rates to the 2000 U.S. Census standard population.14 PMRs were 

calculated by industry, occupation, and sex. PMR evaluates the relative COVID-19 mortality 

using a ratio of 2 proportions, estimated as the proportion of deaths from COVID-19 within 
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each industry or occupation group of interest (numerator) compared with the proportion of 

deaths from COVID-19 among all persons aged 15–64 years (denominator); this includes 

decedents aged 15–64 years with unreported or nonpaid industries/occupations and those 

who may have retired. For example, the unadjusted COVID-19 PMR among working-age 

decedents in the utilities industry is estimated as follows:

PMR =
COVID−19decedents amongutilities industry

Totaldecedents amongutilities industry
COVID−19decedents amongworking − age persons

Totaldecedents amongworking−agepersons

PMRs were adjusted for age, sex, race, and ethnicity. A PMR>1.0 indicates that more deaths 

are associated with the condition in a specified industry or occupation than expected. CIs 

were calculated assuming a Poisson distribution of the data. Data were analyzed using SAS 

(version 9.4; SAS Institute, Cary, NC).

RESULTS

In 2021, of the 933,960 working-age (15–64 years) decedents from 50 U.S. jurisdictions, 

133,596 (14.3%) had COVID-19 listed as the underlying cause of death (Table 1). 

COVID-19 listed as an underlying cause of death covered 93% of all deaths with any 

mention of COVID-19 among working-age decedents (n=144.023 underlying/contributing 

cause). Total number of COVID-19 deaths increased with age, and >50% of all COVID-19 

deaths were observed among persons aged 55–64 years (Table 1). By sex, the age-adjusted 

death rate was significantly higher among males (65.5 per 100,000 population) than among 

females (41.0 per 100,000 population; p<0.05), and COVID-19 death rates varied by age 

group, race, and ethnicity. COVID-19 death rates were highest among American Indian 

or Alaska Native (50.5 per 100,000 population) and Hispanic males (106.3 per 100,000 

population) than among females of the same race/ethnicity (36.7 per 100,000 population 

and 47.8 per 100,000 population, respectively; p<0.05). Among females, Black or African 

Americans (31.6 per 100,000 population) had the highest age-adjusted COVID-19 death 

rates (Table 1).

Overall, working-age decedents in 11 industries and 13 occupations had significantly 

(p<0.05) elevated adjusted PMRs (Tables 2 and 3). The highest COVID-19 PMRs were in 

the management of companies and enterprises (PMR=1.34), in the mining (PMR=1.30) and 

utilities (PMR=1.30) industries, and in the protective services (PMR=1.39) and community 

and social services occupations (PMR=1.37).

The industry- and occupation-specific PMRs varied by sex. Among males, the 

public administration (PMR=1.39), management of companies and enterprises industries 

(PMR=1.39), and community and social services occupations (PMR=1.68) had the highest 

PMR. Among females, PMRs were highest in the utilities industry (PMR=1.20) and 

protective services occupation (PMR=1.18).
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DISCUSSION

In 2021, of the 933,960 working-age U.S. decedents aged 15–64 years in 50 jurisdictions, 

14.3% of decedents had COVID-19 listed as the underlying cause of death, and >80% 

of these decedents were aged 45–64 years. Similar to previous findings, the highest age-

specific rates were among decedents aged >55–64 years, males, Hispanics, and American 

Indian and Alaskan Natives.3,15 The age-adjusted COVID-19 death rates were significantly 

higher for males than for females. Among males, American Indian or Alaskan Native and 

Hispanic decedents had high age-adjusted death rates, and among females, Black or African 

Americans had the highest adjusted death rates. Previous findings indicate that Black or 

African Americans were most likely to be employed in industries and occupations with 

frequent exposure to the SARSCoV-2 virus and elevated risk factors such as working in 

close proximity to other workers and the public.15–17 Mortality differences may be partially 

due to demographic, educational, or geographic disparities in vaccine acceptance and 

hesitancy to receive the COVID-19 vaccines.15,16,18,19 Other factors, including sex-related 

health behaviors, the timing of COVID-19 surges, health policies, race, income, access 

to health care, and the type of job, have been associated with differences in COVID-19 

morbidity and mortality.15,17,20

In this study, disparities in COVID-19 mortality among working-age decedents were similar 

to those previously reported. Billock et al. found significantly elevated PMRs in the 

transportation and warehousing, healthcare and social services, management, administrative 

and waste services industry workers and among workers in the community and social 

services, protective services, personal care services, and transportation and material moving 

occupations.3 Workers in most of these industries/occupations (healthcare workers, public 

administration workers, mining accommodation and food services, and protective service 

workers) were considered essential during the COVID-19 pandemic.20–22 Essential workers 

were required to continue working during the pandemic, often in person and in close contact 

with coworkers or the public, and were considered essential to critical infrastructure.20,23 

In 2020, essential workers had higher COVID-19 death rates than those employed in 

nonessential positions.21,22 Some of these differences may be associated with vaccine 

hesitancy.24,25 Lower vaccination acceptance rates were reported among workers employed 

in the following occupations: construction and extraction trade (45.7%); installation, 

maintenance, and repair (52.1%); transportation and material moving (60.6%); protective 

services (63.1%), including police and sheriff officers; and production workers (63.6%).24,25 

Moreover, workers in some occupations (transportation and warehousing, emergency 

responders, protective services, and meat and poultry processing workers) are racially 

diverse, low-wage workers whose jobs may require close interaction with the public or 

work in close proximity to their coworkers and who had language barriers, long work hours, 

and limited availability of PPE, placing them at increased risk of COVID-19 infection.20,26–

28 SARS-CoV-2 is transmitted through aerosol, and differences in the implementation of 

workplace safety measures, such as availability and proper use of effective PPE, adequate 

ventilation in workplace settings, maintaining appropriate physical distancing, sick leave 

policies, and vaccine uptake, may partially explain the lower mortality COVID-19 deaths in 

certain industries and occupations.27,28
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Sex differences in COVID-19 deaths were observed among decedents in certain 

industries and occupations, similar to previous findings.3 Working-age male decedents had 

significantly higher COVID-19 PMRs in more than half of the examined industries and 

occupations, and the PMRs varied by sex. Among male decedents, the public administration 

and management of companies and enterprises (including workers in the trucking, 

warehousing, research and developments, administering, and overseeing and managing 

programs and public administration) and community and social services occupations had 

the highest COVID-19 PMRs. Among female decedents, the utilities industry and protective 

services occupation had the highest COVID-19 PMRs. A majority of essential workers 

in the occupations (transportation and material moving, production, construction and 

extractions, installation and material moving, and protective services, among others) with 

high COVID-19 PMRs were males, as previously reported.20 In addition, females in the 

personal care services (62% were females) had significantly higher COVID-19 PMR than 

males. Differences by sex in sociodemo-graphic characteristics, health behaviors, preexisting 

health status, job type, and vaccination coverage may partially explain the variations in 

PMRs by industry and occupation.15,16,27 Higher odds of COVID-19 testing and diagnosis 

were observed among male healthcare workers than among females.29 A study evaluating 

healthcare workers in Ontario, Canada from March to July 2020 attributed 31% of the 

COVID-19 cases to occupational exposures, 59% were attributed to staff-to-staff contact, 

and 41% were considered as acquired from a patient.30

Occupational exposures to the SARS-CoV-2 virus and differences in COVID-19 vaccination 

rates have been reported as important contributors to disparities in COVID-19 mortality.25 

Promoting confidence in vaccines and reducing barriers to access are needed to 

protect workers from severe health consequences of vaccine-preventable diseases.25,30,31 

Furthermore, the findings from this study could help guide targeted public health messaging 

and prompt public health risk response and management for COVID-19 and other similar 

illnesses with high morbidity and mortality or pandemics with respiratory transmission in 

the workplace, thus mitigating the impact of future outbreaks.4,31,32

Limitations

The findings in this report are subject to limitations. COVID-19 deaths were not validated 

using medical records. No information on employment status at the time of death or 

workplace exposures is available on death certificates. Therefore, it is unknown whether 

workplace exposures could have led directly to COVID-19 death. Moreover, the usual 

industry and occupation information reported on the death certificate may not be the 

industry and occupation in which workplace exposures might have occurred. Workplace 

exposure risk may depend on the job type, and other factors, including difficulty in 

determining where SARS-CoV-2 infection occurred, lack of testing, misdiagnosis of 

COVID-19 as other respiratory diseases such as pneumonia or influenza, and limited data 

on workplace infection or outbreak information, could have contributed to underreporting 

of COVID-19 deaths. Many decedents aged ≥65 years could have been working during 

the pandemic and were excluded from the current analysis. PMRs were calculated because 

no denominator data were available to calculate risk in industry and occupation subgroups 

because the decedent’s usual industry and occupation collected on the death certificate 
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may not be the same as their current industry and occupation, which is typically captured 

on population-level surveys. PMR measures the relative cause-specific mortality, and the 

estimates are relative to the number and distribution of all deaths within a given industry 

or occupation. Therefore, PMR differences by population explain the differences in the 

proportion of deaths from the cause of interest rather than absolute risk. However, previous 

findings have shown that industry-/occupation-specific PMRs calculated were similar to 

the death rates.3 Finally, results are limited to 50 jurisdictions and may not represent the 

nonparticipating jurisdictions.

CONCLUSIONS

Disparities in COVID-19 mortality among working-age (15–64 years) decedents by sex 

and usual industry and occupations exist among certain population groups. These findings 

underscore the importance of implementing multilayered interventions in the workplace 

to prevent severe COVID-19 by improving vaccination rates, protecting unvaccinated and 

otherwise at-risk workers, and mitigating the spread of COVID-19. Prevention programs, 

including engineering controls (e.g., ventilation), administrative controls (e.g., vaccination 

policies; sick leave policies; physical distancing, including through the use of telework 

and flexible schedules), PPE, and enhanced cleaning programs with a focus on high-touch 

surfaces, are essential to preventing COVID-19 in the workplace.32,33 In addition, once 

infected, access to tertiary prevention through prompt, appropriate diagnosis and medical 

treatment is critical to improving outcomes and reducing COVID-19 mortality. Additional 

up-to-date information on COVID-19 vaccines and industry-specific health regulations can 

be accessed from the Occupational Safety and Health Administration website.33
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