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Abstract

Background: The benefits of nonstandard work hours include increased production

time and the number of jobs. While for some sectors, such as emergency services,

around‐the‐clock work is a necessary and critical societal obligation, work outside of

traditional daytime schedules has been associated with many occupational safety

and health hazards and their associated costs. Thus, organizational‐ and policy‐level

decisions on nonstandard work hours can be difficult and are based on several

factors including economic evaluation. However, there is a lack of systematic

knowledge of economic benefits and costs associated with these schedules.

Methods: We conducted a scoping review of the methodology and data used to

examine the economic benefits and costs of nonstandard work hours and related

interventions to mitigate risks.

Results: Ten studies met all our inclusion criteria. Most studies used aggregation and

analysis of national and other large datasets. Costs estimated include health‐related

expenses, productivity losses, and projections of future loss of earnings. Cost ana-

lyses of interventions were provided for an obstructive sleep apnea screening pro-

gram, implementation of an employer‐based educational program, and increased

staffing to cover overtime hours.

Conclusions: A paucity of studies assess nonstandard work hours using economic

terms. Future studies are needed to expand economic evaluations beyond the em-

ployer level to include those at the societal level because impacts of nonstandard

work go beyond the workplace and are important for policy analysis and formulation.

We pose the opportunity for researchers and employers to share data and resources

in the development of more analyses that fill these research gaps.
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1 | INTRODUCTION

Almost one quarter of American workers work nonstandard sche-

dules such as shift work or long work hours.1 It has been suggested

that the benefits of these types of schedules include the creation of

more jobs and increased production.2 Work during nontraditional

hours can allow for time for tasks (e.g., maintenance) that may not be

possible during busier daytime hours when more activity is occurring.

For some occupations, such as emergency services, providing

around‐the‐clock‐services is a critical societal necessity. From an

worker's perspective, benefits of nonstandard work hours include

higher rates of pay, time for dependency care, or easier work
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commutes during times with lower traffic volume, with positive ef-

fects on worker well‐being and health.3,4 However, these types of

schedules are not without adverse occupational safety and health

(OSH) risks. Working nonstandard hours requires workers to sleep

during natural biological waking times and work during natural sleep

times, and might impose erratic or irregular sleep schedules and

routines on workers. This can disrupt sleep and increase the risk for

OSH outcomes such as MVCs, workplace injuries, and chronic dis-

eases such as cancer and cardiovascular disease.5–10

Multiple factors, such as regulations, safety and health risks, and

worker acceptability come into play when making operational and

policy decisions regarding shift scheduling or OSH interventions.

Economic factors can provide additional insights throughout the

decision‐making process, both from the societal and employer's

perspectives. However, economic evaluation is rarely considered in

OSH due to the lack of comprehensive surveillance and epidemio-

logical data, and complex problem of identifying benefits and

costs.11,12

The purpose of this study is to gain a better understanding of the

current literature which describes the economic benefits and costs

associated with nonstandard work hours, and the cost‐effectiveness

of interventions to mitigate related risks. We assessed the current

literature for benefits and costs experienced by employers and

workers. We also sought to describe external benefits or costs (i.e.,

“externalities”) which represent the effects on third parties (or so-

ciety) financially, physically, or psychically.13 We sought to identify

methods used in prior literature including data sources which can aid

in decision making about shift scheduling and interventions in current

operations; and identify directions for future research.

This manuscript is part of a series of papers developed following

the NIOSH Working Hours, Sleep and Fatigue Forum in September

2019.14 The purpose of this series is to identify the research gaps in

our understanding of working hours, sleep, and fatigue that are

specific for industry sectors and working populations at higher risk

for fatigue‐related OSH events in the United States. Collectively, the

papers provide overviews of the current state of research, identify

safety and health risks, highlight effective interventions, and suggest

future research directions.

2 | METHODOLOGY

We conducted a scoping review to identify and describe the

economic benefits and costs of nonstandard work schedules,

such as shift work and long work hours, in the current literature.

Scoping reviews aim to map key concepts in a research area and

the main sources and types of evidence available.15 Unlike sys-

tematic reviews, scoping reviews do not “identify gaps, defi-

ciencies and trends in the current evidence.” As such, “an

assessment of methodological limitations… is generally not per-

formed.”15 We followed existing review frameworks to system-

atically search, select, and synthesize existing knowledge.16–18

We identified literature search terms, databases, and seminal

articles by consulting economists and researchers with expertise

in nonstandard work hours, and by identifying terms from key

articles. Terms related to nonstandard work hours, and economics

were included in the search strategy (Supporting Information).

We searched electronic databases including MEDLINE (OVID),

EMBASE (OVID), PsycINFO, Scopus, EconLit, Business Source,

National Safety Council, and the National Academies Press. We

also included peer‐reviewed literature and gray literature.

Articles were included if they were published in 1980 or later,

written in English, involved an adult working population (18+ years

old) who was exposed to nonstandard work hours such as shift work

and long work hours. We included only studies among countries

classified by theWorld Bank as “high income” which would be similar

and generalizable to U.S. industry practices. Additionally, the out-

come of interest had to be reported in economic terms. Descriptions

of benefits, costs, or interventions were included.

Our search strategy, conducted in 2019, returned 12,600

articles. Six additional studies, identified by two authors (I. W.

and M. B.) from sources outside of the search during study con-

ceptualization, were added as potential articles to include in the

review2,19–23 (Figure 1). Once all citations were merged and du-

plicates removed, 11,116 citations remained for title and abstract

screening. This initial screening was completed by (I. W.) to

identify studies which addressed the research question and ful-

filled all inclusion criteria. From this, 66 articles remained for a

full‐text screening which was completed by three authors (I. W.,

B. Q., and E. I.). I. W. reviewed all articles, B. Q. and E. I. each

reviewed half. Where there was a discrepancy between two au-

thors on the inclusion or exclusion of an article, the third reviewer

acted as a tiebreaker. Ten articles were identified to be included

in the final step of data charting (Table 1). Two of these studies

were among those initially identified from other sources.22,23 The

reviewers met to discuss data to be charted (i.e., data sources

used, benefits or costs described, and economic estimates). A

pilot charting exercise was conducted with four articles to ensure

consistency in capturing key aspects for evaluation and synthesis.

Afterward, the reviewers met to compare results as a further

assurance of consistency and discuss final results for all included

articles and resolve any discrepancies.

3 | RESULTS

Among the 10 articles included in this scoping review, seven were

published in peer‐reviewed journals (Table 1). Some of the articles

estimated the economic benefits associated with interventions.

While most examined costs among the general working population,

two were focused on health care professionals25,28 and one focused

on commercial truck drivers.26 Costs were reported for medical ex-

penses (e.g., medical cost of treating heart disease), productivity

losses, work‐related motor vehicle crashes (MVCs), and health out-

comes. Five studies reported costs from the employer's perspective

(i.e., internal costs),23–25,28,31 while four reported external costs from
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the perspective of the worker, his/her family, and society.26,27,29,30

These external costs included projected future loss of earnings and

estimates of costs related to loss of ability to attend to household

responsibilities. Cost of shiftwork and long work hours was described

in five studies.24,27,28,30,31 Cost analyses—a method used to compare

the costs of different interventions (including no intervention at all)—

were provided for an obstructive sleep apnea (OSA) screening pro-

gram, implementation of an employer‐based sleep/fatigue educa-

tional program, and increased staffing to cover overtime hours.23,25,26

National compensation strategies to fund treatment of adverse

health outcomes related to long work hours and shiftwork were also

described.22,29 The majority of studies used data from multiple

sources to estimate costs associated with nonstandard work hours.

We report the economic estimates in US dollars, converting from

another currency when necessary. However, because most of the

studies do not state the time frame or year for which the economic

estimate is reported, we were unable to convert the estimates to

constant dollars. Thus, the dollar values of the estimates are not

commensurate.

3.1 | Cost of shift work, long work hours, and
related short sleep

Coburn24 provided an estimate of health‐related expenses (i.e., cost

of coronary heart disease [CHD]/heart attacks, MVCs, accidental

deaths at work, and other medical and psychiatric illnesses) and costs

related to reduced human productivity at work (i.e., manufacturing

productivity, industrial accidents, employee turnover, and retraining

costs) from the societal perspective. To calculate the cost of CHD,

the risk of CHD among shift workers and prevalence of shift workers

in the United States were applied to the cost of CHD from the na-

tional population as reported by National Health Care Financing

Review. The cost of automobile accidents and workplace fatalities

was obtained by applying the proportion of shift workers to total

national costs of all accidents reported by the National Safety

Council. Cost estimates related to medical and psychiatric illnesses,

losses in manufacturing productivity, industrial accidents, and em-

ployee turnover and retraining were provided; however, it was un-

clear how these costs were estimated. The authors report health and

F IGURE 1 Overview of scoping methodology
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reduced productivity costs attributed to shiftwork totaled $77 billion

annually in the United States in the early 1990s.

Costs for on‐the‐job MVCs and work‐related falls and fatalities

associated with nonstandard work hours from the societal perspec-

tive were reported by Leger.30 Direct costs were defined as “monies

to repair materials and rehabilitate people, such as medical and legal

fees, and property damage repair cost.” Indirect costs “represent the

loss of production and welfare for the individual and the nation due

to premature death or disability,” which include costs of administra-

tion and human capital. Costs associated with work‐related injuries/

fatalities and MVCs were estimated by applying the percentage of

work‐related falls and on‐the‐job MVCs which occurred during daily

circadian lows (02:00–07:00 and 14:00–17:00 h) and overnight

hours, to national cost estimates from the National Safety Council.

Leger estimated that a total of $24.7 billion in 1988 could be at-

tributed to work‐related injuries/fatalities and MVCs during periods

of circadian lows and overnight hours. It is worth noting that these

estimates include incidents occurring between 14:00 and 17:00 h,

which does not fall into the typical definition of shift work. However,

given the limited hours used in the analyses, it is possibile that

chronic fatigue could widen the period of susceptibility for fatigue‐

related events.

Workers' compensation (WC) costs for work‐related injury

among workers in nonstandard schedules were examined by Horwitz

and McCall28 and Wong et al.31 using claims data. Horwitz and

McCall28 examined the cost of lost work time—from the employer's

perspective—which may or may not have resulted in disability among

hospital workers, using WC claim data from 1990 to 1997 from the

Oregon Department of Consumer and Business Information and

Management Division. Shift types were defined by work start time:

night (8 p.m.–3 a.m.), evening (12–7 p.m.), and day shift workers

(4–11 a.m.). While night shift workers claimed significantly more lost‐

work time compared to other shift types, and evening and night shift

workers experienced a higher rate of injury than day shift, the

average total cost per claim was not statistically different: night shift

workers ($6715), day shift workers ($6187), and evening shift

workers ($6103).

Wong et al.31 used data from the Survey of Labour and Income

Dynamics, a nationally representative survey conducted by Statistics

Canada which includes information gathered in federal tax returns

including sources of income such as WC for work‐related injuries, to

assess costs from the employer's perspective.32 Shift types were

defined as: regular daytime schedule, regular night (evening and

overnight shifts), rotating (between days and nights), and other (split

shifts, irregular schedules, on‐call, and other). Receipt of WC was

used as a surrogate measure for work‐related injury or disability.

Population attributable fraction estimates, adjusted for demographic,

socioeconomic, and occupational factors, were reported as the pro-

portion of work injuries among the total workforce population that

could be prevented if effective measures were implemented to re-

duce the risk of shift work on work injury. The authors found that the

overall excess risk for work‐related injury attributed to nonstandard

schedules was 11.3%, with greater excess risk higher among women

than men (14.4% vs. 8.2%, respectively). Estimates for lost‐time

claims due to risk of injury associated with shift work were estimated

to be over CA$50.5 million (US$ 43.3 million, using conversion rate

from December 30, 2005 since workers compensation was reported

for 2005 for this study) by applying population attributable fraction

calculations to total compensation claims from that year.

The cost of short sleep from the societal perspective, in part

related to irregular work hours, was estimated by the RAND Cor-

poration27 for five different countries (United States, Canada, United

Kingdom, Germany, and Japan), as a function of a country's lost

economic output and labor productivity. A macroeconomic model of

insufficient sleep was based on reduced labor force participation and

resulting economic output due to higher mortality rates, prolonged

periods of sickness and absenteeism, and reduced productivity. The

authors also estimated the loss of future labor contributions among

adolescents attributed to reduced skill development and lifetime

earnings. Cost of insufficient sleep for 2015–2030 was estimated

across various scenarios involving longer sleep duration. Simulation

models were developed using findings from prior studies regarding

losses due to mortality and reduced productivity related to short

sleep. To estimate economic losses by country, macroeconomic data

was used such as the capital stock (human and physical), capital‐to‐

labor ratios, multifactor productivity and total hours worked, among

others, from the Penn World Tables, the Organisation for Economic

Co‐operation and Development, and the World Bank. A unique as-

pect of these simulations were the projections of insufficient sleep

among future generations and loss of economic contributions of fu-

ture offspring due to early mortality losses among the current po-

pulation of those with insufficient sleep. The estimated cost of short

sleep for the United States ranged from $281 billion to $467 billion

annually from 2015 to 2030.

3.2 | Cost analyses of interventions

High prevalence of OSA, and working irregular schedules are com-

mon among commercial truck drivers.33–35 This increases the risk for

falling asleep at the wheel and occupational crashes, necessitating

the development of OSA diagnoses strategies. Gurubhagavatula

et al.26 explored the tradeoffs of two (OSA) screening programs from

the societal perspective: in‐laboratory polysomnography for all dri-

vers and polysomnography for only drivers with high risk of OSA

(selective polysomnography) using OSA modeling algorithms as de-

termined by body mass index, age, and gender. Employer costs in

terms of testing, treatment, and MVCs were represented. The cost of

MVCs attributable to OSA were estimated using US Department of

Transportation data for large trucks, risk estimates of OSA‐related

crashes from prior studies, and reported costs from the Federal

Motor Vehicle Carrier Safety Administration for large‐truck and

large‐bus crashes which included costs of medical treatment, emer-

gency services, property damage, lost productivity, and monetary

value of the pain, suffering and reduced quality of life experienced by

the victim and his or her family.
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The authors estimated that the cost of no screening measures

would result in $689/driver due to fixed costs of crashes attributed

to missed cases of OSA. The cost of performing polysomnography on

all drivers was estimated to be $920/driver. Selective poly-

somnography, using prescreening algorithms for OSA risk, was the

most cost‐effective measure and ranged from $358/driver to $372/

driver, depending on the selection procedure.

A report from the National Safety Council outlined the metho-

dology behind their “Cost of Fatigue Calculator” which estimates

fatigue‐related expenses—from the employer's perspective—such as

absenteeism, decreased productivity, and medical costs specific to

each organization based on user‐provided information such as in-

dustry, geographical location, and number of employees.23 Expenses

were related to sleep deficiencies (<7 h of sleep/night) and sleep

disorders (i.e., insomnia, OSA, restless legs syndrome, shift work sleep

disorder). Prevalence of nonstandard schedules was identified by

combining reported industry category with information from the

American Time Use Survey. Proportion of all workers with sleep

deficiencies was extracted from reported geographic location and

linked to sleep duration by state from the Behavioral Risk Factor

Surveillance System. Adjustments were made to reflect the propor-

tion of nightshift workers with sleep deficiencies that was estimated

using data from the National Health Interview Survey. Prevalence of

sleep disorders was estimated using prior studies and adjusted for

those working night shifts as described by the National Sleep

Foundation. The number of workers with sleep deficiencies or sleep

disorders was calculated by applying the proportions to user‐

reported organization size.

Cost per worker due to absenteeism related to sleep deficiencies

and sleep disorders was derived from prior studies on insomnia.

Further adjustments were made for night shift workers, based on

higher absenteeism rates compared to regular daytime workers. Cost

per worker attributed to reduced productivity was based on esti-

mates of days lost to presenteeism due to insomnia and sleep defi-

ciency (as reported by the America Insomnia Survey and the RAND

Corporation) and multiplied by median hourly wage plus benefits for

user‐reported industry. Total health care costs due to chronic health

conditions related to OSA and insomnia was determined using esti-

mates of annual health care expenditures from prior studies and

adjusted for inflation. Total organizational costs were derived by

applying costs per employee to the number of employees estimated

with sleep deficiencies and disorders.

The benefits associated with an employer‐initiated sleep health

education program was based on user estimates of the percentage of

employees who would take the training. Employees who take the

course might reduce the impact of sleep deficiencies and disorders,

and consequently, related costs to the employer.

Drebit et al.25 explored the cost‐savings of increasing nursing

staff to offset overtime wages from the employer's perspective.

Costs for overtime wages among nurses from a southwest region in

Canada were determined using payroll data from 2005 to 2008,

which included employment status (full time, part time, casual), hourly

wage rate and number of regular and overtime hours worked during

each bi‐weekly reporting period. Regular work hours for each em-

ployment status type and overtime pay rates were defined by pre‐

existing union agreements. Cumulative overtime pay was estimated

to be $84.4 million CDN by the end of the 4‐year follow‐up period

and represented 10%–12% of all wages. A simple cost analysis was

conducted by converting the number of overtime hours into full‐time

equivalents (1879.2 h), which could have resulted in 910 full‐time

positions at a cost of $56.4 million. Thus, they estimated an increase

in full‐time staff could result in a net savings of $27.6 million.

However, it is unclear if overhead and fringe benefit costs (e.g.,

healthcare) were included in these calculations.

3.3 | National compensation programs

Two national compensation programs for night shift workers and

families of workers who died from long work hours were described

by Iwasaki et al.29 and Sjølie and Boseley22 Iwasaki et al.29 reported

on the compensation mechanism from the Japanese government for

the workers who have been permanently disabled or families of

workers who have died due to karoshi. Loosely defined as “death due

to overwork,” it is recognized by the Japanese Ministry of Health,

Labor and Welfare as the death or permanent disability from cere-

brovascular diseases and ischemic heart disease attributed to

overwork—defined as 100 overtime hours or more for the past 1

month, or 80 overtime hours or more per month for the past 2–6

months before the onset of disease.36 Compensation for karoshi

began in the 1980s primarily as litigation through court cases and did

not become formally recognized by the Japanese government until

2002 when the “Comprehensive Program for the Prevention of

Health Impairment Due to Overwork” was formed.36 Benefits paid

include a lump sum payment to the family, funeral expenses, a yearly

pension for the surviving spouse, educational expenses for children,

and a yearly pension for children until they graduate from uni-

versity.37,38 Despite this information, there is little information in the

English‐language literature about the number of claims or the total

compensation awarded since the inception of this compensation

program. Iwasaki et al.29 reports on a single case of karoshi‐related

fatality (date unknown) of a male worker, 45 years old, married with

children with an annual income of ~$55,000 USD. Surviving family

members were awarded ~$760,000 USD.

Following the classification of shift work as a “probable human

carcinogen” by the International Agency for Research on Cancer,5 the

Danish government began awarding compensation benefits to wo-

men who worked for more than 20 years in night shift work and were

diagnosed with breast cancer. Under Danish employment laws, all

employers must insure their workers against industrial injuries and

disease, and compensatory benefits are paid by the employer's in-

surers.39 The Danish National Board of Industrial Injuries adjudicates

claims decisions on a case‐by‐case basis and exposure to shift work is

weighed against other cancer‐risks such as smoking to determine if

the risk of nonwork‐related factors are greater. Economic compen-

sation is based on loss of working capacity, potential lost lifespan and
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“pain.”40 Other than descriptive information, little information is re-

ported about the number of claims and amount awarded since the

inception of this compensatory measure. The compensation amount

was only described in one article found in this scoping review. Sjølie

and Boseley22 reported that in 2008, 38 women who worked night

shifts for at least 1 night per week for more than 20 years and were

diagnosed with breast cancer were awarded 30,000 to 1 million

Danish kroner (US$4740–158,150).22

4 | DISCUSSION

Nonstandard work hours remain a necessity in certain circumstances,

such as emergency services or to accommodate job tasks that may

not be feasible during traditional work hours. In addition, some

workers prefer nonstandard work hours with benefits such as in-

creased wages, time for other responsibilities (e.g., dependency care)

or opportunities for secondary employment.41 However, working

long hours or during traditional sleeping hours has been associated

with an increased risk of adverse OSH outcomes. As such, the de-

cision to redesign work schedules or employ OSH fatigue‐mitigation

interventions should include several factors such as feasibility,

worker well‐being and economic measures. Our scoping review

aimed to answer the question “how has nonstandard work schedules

been described in economic terms in the current literature?” by

providing information such as monetary estimates, data sources and

methodologies to assist future research and decision‐making pro-

cesses with respect to economic considerations.

Although we started with a broad range of gray and scientific

literature, we found a paucity of economic estimates related to

nonstandard work hours. Results of our scoping review found that

studies only analyzed costs of nonstandard work hours and related

interventions. Benefits of nonstandard schedules, in the context of

OSH, were not described in any of the literature captured, suggesting

that this is area has not yet been explored in the English‐language

scientific literature. Costs reported were mainly from the perspective

of the employer, which are helpful for organizational decisions. Three

main sources of data were used to determine costs: risk estimates

from prior studies, prevalence of nonstandard work hours and sleep

impairment from national surveys, and economic data. Types of costs

ranged from proximal to the worker (e.g., salary, health care) or

fatigue‐related event (e.g., MVCs, work injuries), to distal measures

requiring further assumptions (e.g., future lost earnings, reduced

productivity). WC claims were the most frequent source of in-

formation used to estimate costs.

Cost analyses were used to compare the costs associated with

increased staffing to cover overtime hours, OSA screening, educa-

tional programs, and increasing sleep duration. The benefits asso-

ciated with OSH interventions outweighed the associated costs in all

studies. However, this is based only on a small handful of studies and

thus more research is needed to explore the benefit‐cost of other

types of interventions. Economic costs from national compensation

systems for disease or disability related to shift work and long work

hours were only reported in two sources in our scoping review. While

both programs have been in place for over a decade, little has been

presented in the English‐language literature on how compensation is

calculated and how much has been awarded since their inception.

Knowledge of this type of information could be useful for other

countries and compensation mechanisms.

Results from this scoping review suggest that there is room for

more research in this area. Future studies are needed to expand

economic evaluations beyond the employer perspective to the soci-

etal perspective, to consider all benefits and costs.42–45 Assessments

restricted to the employer perspective ignore an important fact: the

burden that employers create is borne by their workers, the com-

munity, and society—or taxpayers—overall. The impacts of non-

standard schedules extend beyond the workplace, affecting not only

the well‐being of the worker, but also the worker's family, commu-

nity, and society as a whole. For example, Leigh et al.46 estimated

that workers compensation covers less than 25% of the costs of

occupational injury and illness in the United States; the remainder of

the costs fall on workers and taxpayers.46 Therefore, analyses at the

societal level consider all costs and all benefits regardless of who

pays and who benefits, and this points to “externalities,” or costs

borne by people or entities who should not bear them. Concentrating

only on employer‐based perspectives will underestimate the true

costs or benefits. Therefore, considerations from the societal per-

spective should be used when designing and economic evaluation

whose insights might be helpful for decision‐makers.

More work is needed to better understand the benefits of non-

standard schedules which could include employers' cost savings

when running maintenance tasks during slower activity times and

societal benefits with 24‐h services such as emergency care. While

prior studies have alluded to some workers' preferences for non-

standard work hours, estimates of economic benefits from a worker

perspective could help provide a more balanced approach concerning

workers' health and well‐being.3,4,41 Whether workers have the

choice to work nonstandard hours, including specific schedules such

as permanent night shifts or rotating shifts, should also be considered

as control over work schedules is positively associated with worker

well‐being.47

Future research directions should include longitudinal designs to

assess trends in benefits and costs related to nonstandard work hours

or the effectiveness of interventions over time. Additionally, while

studies have mainly concentrated on costs of either shift work or long

work hours, our review did not find any which examined the inter-

action of shift timing with shift duration. This creates potential ave-

nues to study this, and other, interactions. Studies included in this

scoping review described nonstandard schedules in broad terms (e.g.,

irregular schedules, long work hours, night shift work), however,

there is a need to refine epidemiological methods in shift work re-

search to improve risk estimates, with cascading effects on economic

estimates.48 This could include a sector‐specific approach, with em-

phasis on unique work conditions or job tasks (e.g., fly‐in/fly‐out

operations, turndowns in oil, and gas organizations). Other ap-

proaches may include comparisons of shift types, shift rotations,
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incorporation of rest breaks between‐ and within‐ work shifts. This

would provide more detailed information that could be applied to

decisions about work scheduling and other work‐related fatigue‐

mitigation interventions.

Many of the studies included in this review were conducted by

combining various datasets and making assumptions to determine

cost estimates. Thus, multidisciplinary approaches involving epide-

miology and economics are needed to provide the different skills and

expertize. We pose the opportunity for researchers and employers to

share data and resources in the development of more analyses that

fill these research gaps.
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