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Objectives This study assessed the extent to which working various types of nonstandard shift schedules (eg,
night and evening shifts) is associated with the risk of occupational injuries or illnesses.

Methods Multivariate analyses were conducted using data from 13 years (1987 to 2000) of the National
Longitudinal Survey of Youth (NLSY) encompassing 110 236 job records and over 82 000 person-years of work
experience. Cox proportional hazard regression techniques were used to derive hazard ratios comparing the
relative risk of suffering a work-related injury among people working night, evening, rotating, split, and
irregular shifts to the risks for those working conventional day shifts, after adjustment for age, gender,
occupation, industry, and region. Incidence rates were normalized using a common denominator of 100 person-
years of “at-risk time” to obtain valid comparisons.

Results  All of the nonstandard shift schedules, except split shifts, were found to have a higher risk for
occupational injuries and illnesses than conventional day shifts. After control for the selected covariates, the
calculated hazard ratios were 1.43 for evening shifts [95% confidence interval (95% CI) 1.26-1.62], 1.36 for
rotating shifts (95% CI 1.17-1.58), 1.30 for night shifts (95% CI 1.12-1.52), 1.15 for irregular shifts (1.03—
1.30), and 1.06 for split shifts (0.71-1.58).

Conclusions  These findings suggest that nonstandard shifts are not more risky merely because of the
concentration of hazardous jobs in those types of schedules or because of underlying differences in the
characteristics of employees working nonstandard shifts. The results point to the need to extend targeted injury

prevention programs not only to people working night shifts, but also to those who work evenings.
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The United States (US) Department of Labor estimates
that approximately 15 million Americans (14% of the
private-sector workforce) work on evening, night, or
rotating shifts or on other forms of shift work that dif-
fer from conventional day shifts (1-2). [We refer to
these unconventional shift schedules as nonstandard
shifts.] In the United States, men, African-Americans,
and young workers are more likely to work nonstand-
ard shifts than women, Caucasians, and older workers
(1-2). The use of nonstandard shifts varies by industry
and fluctuates according to economic conditions. US
industries commonly scheduling nonstandard shifts in-
clude health care, transportation, education, retail, food
products, and police, fire, and emergency services (1—
2).

Evidence suggests that working nonstandard shifts
can adversely affect workers’ health (3—8). Several stud-
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ies have attributed such effects primarily to disruptions
in the body’s system for regulating circadian rhythms,
the so-called biological clock, which helps to stabilize
metabolic, endocrine, sleep, and other physiological
functions (9-12). Nonstandard shifts have been associ-
ated with sleep disturbances (13-15), digestive system
and eating problems (7, 16-18), depression and other
psychological or nervous disorders (19-20), cardiovas-
cular disease (7, 20-23), certain types of cancer (24—
26), and miscarriage (27-29). It has been suggested that
working nonstandard shifts can exacerbate the effects
of various systemic diseases including diabetes melli-
tus and epilepsy (7, 20). Nonstandard shift work has also
been linked to a variety of social effects, including iso-
lation, problems with family relationships (20, 30-32),
alcohol and tobacco use (33), absenteeism (34-36), and
decreased vocational performance (13-14, 37, 38).

1 University of Massachusetts Medical School, Shrewsbury, Massachusetts, United States.
2 Environ Health Sciences Institute, Amherst, Massachusetts, United States.

Reprint requests to: Dr Allard E Dembe, Division of Health Services Management and Policy, Center for Health Outcomes,
Policy and Evaluation Studies, The Ohio State University School of Public Health, 472 Cunz Hall, 1841 Millikin Road,

Columbus, OH 43210, USA. [E-mail: adembe @sph.osu.edu]
232

Scand J Work Environ Health 2006, vol 32, no 3



Several studies have examined the relationship be-
tween the type of shift schedule (eg, day, evening, night,
rotating) and the risk of workplace accidents (39-48).
Other studies have investigated whether workplace ac-
cidents are related to shift duration (49-51), time of day
within a shift (52-54), or the number of successive shifts
worked over several days or nights (55-56). One re-
searcher recently attempted to aggregate the effects of
the various features of shift work (type, duration, time
of day, and successive shifts) into a summary “risk in-
dex” (57). Several reviews have been published sum-
marizing existing research concerning the association
between shift work and industrial accidents (58-60).

Despite these research efforts, much is still unknown
about the influence of shift work on the risk of acci-
dents and job-related injury.’ Many of the existing re-
search findings are incomplete and inconsistent. For
example, some studies have concluded that night shifts
have the greatest level of risk (43, 47), while others have
found that evening shifts (42) or rotating shifts (41, 45—
46) are the most dangerous. Other studies have not de-
tected any evidence of a relationship between the type
of shift and injury risk (14, 60-62) or have found that
conventional day work is the most dangerous (44).

Many existing studies have serious methodological
shortcomings, including small sample sizes, unique in-
dustry-specific circumstances that limit the generaliza-
bility of the findings, and the failure to account for po-
tential confounding factors. For example, jobs per-
formed during nonstandard shifts may be inherently
more dangerous, or people working nonstandard sched-
ules may have different personal characteristics (eg, age,
gender, or underlying health status) that affect their in-
jury risk. In addition, few studies have involved large
sample sizes or study populations representing a mix of
industries and occupations. A recent comprehensive re-
view of the existing literature on shift work and work-
place accidents found “few truly useful papers for anal-
ysis” and observed that “even the few detailed studies
examined point to the continuing discrepancies and un-
certainties regarding research data in this field [p 34]”
(59).

Our study attempts to advance this field of knowl-
edge by providing information about the accident haz-
ards of shiftwork schedules among a large population
of American workers. We examined the reported inci-
dence of work-related injuries and illnesses among a
nationally representative sample of 10 793 working
adults from industries throughout the United States. The
study spans 13 years of work history and draws upon
information contained in 110 236 job records. Incidence
rates for work-related injuries among workers in
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five types of nonstandard shift schedules (evening,
night, spilt, rotating, and irregular) were compared with
the rates of those working conventional day schedules.
Multivariate analyses were employed to control for the
influence of workers’ age and gender, geographic re-
gion, industry sector, and occupation.

The primary study hypothesis (based on previous
research and theoretical considerations regarding the
effects of circadian rhythms) is that working night,
evening, or rotating shifts increases the likelihood of
suffering occupational injuries or illnesses when com-
pared with working conventional day schedules, after
salient personal factors and the inherent accident risks
of the workers’ jobs and industries have been control-
led for. In our estimation, there was insufficient evi-
dence to formulate an a priori hypothesis about the rel-
ative risks associated with split or irregular shifts. Our
study examined only the relationship between the type
of workshift and accident incidence; we did not consid-
er the potential impact of time of day within shifts or
the effects of working successive shifts over several
days or nights. Results from a separate study concern-
ing the accident risks associated with shift duration and
overtime schedules using data from this cohort have
been reported previously (49).

The ultimate aim of this research is to collect infor-
mation about the extent to which particular types of
work schedules affect the risk of occupational injuries
so that strategies can be formulated to mitigate the risks
and prevention programs can be directed towards the
most vulnerable worker populations.

Study population and methods

This study used data from the National Longitudinal
Survey of Youth (NLSY), sponsored by the US Bureau
of Labor Statistics (63). The NLSY cohort is comprised
of 12 686 men and women who were 14 to 22 years of
age when first surveyed in 1979. Follow-up interviews
with NLSY respondents have been conducted annually
from 1979 through 1994 and biannually since 1996.
The NLSY collected information on respondents’
sociodemographic characteristics, household composi-
tion, education, training, detailed work histories, job and
employer characteristics, income and assets, health in-
surance status, incidence of work-related injuries and
illnesses, episodes of work disability, and the respond-
ents’ social and domestic functioning. NLSY provided
sampling weights for each response to reflect the na-
tional distribution of American adults in this age range.

3 The word “injury” is often used as a generic term covering both work-related injuries and illnesses in occupational
reporting systems in the United States. We have adopted this usage in the title and text of this article.
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This study examined the experience of these persons
between 1987 through 2000. During these years,
10 793 members of the cohort reported working in at
least one job. A job record was created for each job held
by an individual during each survey period. Altogether
110 236 job records were available for analysis, encom-
passing a total of 89 729 person-years of accumulated
worktime. Each job record contained extensive self-re-
ported information about the characteristics of the job,
including the date of beginning work in the job, the end
date (if applicable), job responsibilities and activities,
occupational category, employer’s industry sector, job
location, customary work schedule, usual daily job start-
ing and ending times, and commuting time.

The NLSY asked respondents to indicate the type
of shift schedule usually worked in each job, using the
following question: “Which of the following categories
best describes the hours you work at this job?”” The al-
ternative responses were (i) regular day shift, (ii) regu-
lar evening shift, (iii) regular night shift, (iv) shift ro-
tates (changes periodically from days to evenings),
(v) split shift (consists of two distinct periods each day),
(vi) irregular schedule or hours, or (vii) other.

The NLSY questionnaire did not provide a precise
definition for day, evening, or night shifts, and thus the
respondents answered the question based on their own
understanding of the nature of their shift schedule. The
NLSY adopted their shiftwork categories from the cor-
responding categories used by the US Census Bureau
in its monthly Current Population Survey (CPS). The
CPS categories are commonly used in employment and
shiftwork studies in the United States, and they reflect
the Census Bureau’s understanding of how shift work
terminology is generally used in American industry (64).
The CPS shiftwork question is the same as that of the
NLSY, except the CPS describes evening shifts as those
occurring “anytime between 2 PM and Midnight” and
night shifts as those occurring “anytime between 9 PM
and 8 AM.”

The primary outcome of interest in this study was
the self-reported incidence of a work-related injury or
illness. It was based on a respondent’s affirmative re-
sponse to the following question: “I would like to ask
you a few questions about any injuries or illnesses you
might have received or gotten while you were working
on a job. Since [date of last interview] have you had an
incident at any job that resulted in an injury or illness
to you?”

Because of NLSY funding restraints, a question con-
cerning work-related incidents was not included in the
1991 survey, and therefore this year of data was exclud-
ed from our study. During the 13-year observation pe-
riod, 3834 work-related injuries and illnesses were re-
ported by the cohort members, 2339 occurring in con-
ventional day shifts and 1495 in nonstandard shifts. The
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mean age of those in conventional day shifts was
31.1 years, and that of the workers in nonstandard shifts
was 32.1 years. The mean total family income was
USD 30 823 and USD 32 398, respectively for the two
groups, and their annual wages at the time of injury was
USD 18 550 and USD 22 594, respectively. The amount
of completed schooling averaged 12.5 years and
12.7 years, respectively, for the two groups (those work-
ing conventional day shifts and those working nonstand-
ard shifts). Other basic characteristics of the injured
workers and their injuries are summarized in table 1.

Crude (unadjusted) occupational injury and illness
incidence rates for each survey period were calculated
by dividing the total number of work-related injuries and
illnesses reported in jobs having each type of nonstand-
ard shift schedule by the total accumulated person time
worked in the jobs. Rate ratios, reflecting the relative
risk of reporting the occurrence of an occupational in-
jury or illness, were calculated by dividing the incidence
rate in nonstandard shift jobs by the incidence rate in
jobs with conventional day schedules. Therefore, for
example, in a particular survey period, if 300 injuries
were reported to have occurred in jobs containing 3000
person-years of nonstandard shiftwork time and 200 in-
juries were reported to have occurred in jobs contain-
ing a total of 4000 person-years of conventional day-
shift time, then the crude rate ratio would be 2.0, calcu-
lated as follows: (300 injuries/3000 nonstandard-shift
person-years) + (200 injuries/4000 day-shift person-
years) = 10.0 injuries per 100 nonstandard-shift person-
years + 5.0 injuries per 100 day-shift person-years =
crude rate ratio of 2.0.

To adjust for the influence of selected covariates, we
carried out multivariate analyses to calculate hazard ra-
tios for each nonstandard shift category using Cox pro-
portional hazard regression techniques, which are used
to analyze the effect of multiple risk factors over the
time preceding the occurrence of an event. These anal-
yses generate hazard rates that can be applied as de-
scribed earlier to derive hazard ratios, which can be in-
terpreted similarly to relative risks. Our analyses using
the Cox proportional hazard techniques included all of
the accumulated person-time spent in nonstandard shift
work preceding the first injury in a particular job dur-
ing a survey period, disregarding subsequent injuries
and associated workshift time in the job following the
injury. Rate ratios and hazard ratios for the entire study
period were computed using injury and person-time data
aggregated across all of the survey years. After we ex-
cluded 6805 person-years of worktime that were subse-
quent to the first injury in a job, a total of 82 924 per-
son-years of job history were available for analysis in
the final Cox proportional hazard regression models.

Each regression model included the accumulated
person-time for one of the five nonstandard shift



categories as the primary independent variable, accu-
mulated person-time in conventional day schedules as
the referent variable, the reporting of a work-related in-
jury or illness as the dependent variable, and the fol-
lowing covariates: age (22-43), gender (male, female),
region (northeast, south, north central, west), occupa-
tional grouping (high risk versus low risk), and indus-
try grouping (high risk versus low risk). High-risk oc-
cupations included US Census (1970) Occupation Clas-
sification Codes 401-575, 601-715, and 740-785
(craftsmen, foremen, operatives, and laborers), and
high-risk industries included US Census (1970) Indus-
trial Classification Codes 067-077 and 107-398 (con-
struction and manufacturing sectors) (65). The occupa-
tion and industry codes selected for inclusion in the
high-risk categories have traditionally higher than av-
erage occupational injury and illness incidence rates, as
reported by the US Bureau of Labor Statistics (66).

Crude incidence rates and rate ratios were calculat-
ed with SAS (version 8.0) statistical software (67). The
ProQuest software system was used to create a database
of jobs and person-time exposure records (68), and Cox
proportional hazard regression analyses were carried out
on that database using Stata SE (version 7) statistical
software (69). Sample weights were applied to derive
nationally representative estimates for American work-
ers in the NLSY cohort age range. Because the hazard
ratio calculations were based on a sample rather than
on the entire target universe (Americans aged 14—
22 years as of 1979) of the NLSY, the results were sub-
ject to sampling error. To account for sampling effect,
we estimated 95% confidence intervals (95% CI) around
the hazard ratios by applying Taylor approximation
techniques using SUDAAN (version 7.5) analytical soft-
ware (70).

Results

The incidence rates of reported occupational injuries and
illnesses per 100 worker-years, by type of shift sched-
ule, for each NLSY survey period are summarized in
table 2. The incidence rates for nonstandard shift sched-
ules generally exceeded the rates for conventional day
schedules for all of the survey years. In addition, the
rates for every shift schedule, including conventional
day schedules, tended to decrease over the 13-year
course of the study.

Table 3 presents the unadjusted rate ratios and the
adjusted and unadjusted hazard ratios and 95% confi-
dence intervals for the injuries or illnesses reported in
jobs with nonstandard shift schedules versus jobs with
conventional day schedules, using aggregated data for
the entire study period (1987-2000). Night, evening,
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Table 1. Characteristics of workers injured in conventional and
nonstandard shifts in 1987-2000—weighted data from the Na-
tional Longitudinal Survey of Youth. (US = United States)

Characteristic Workers with ~ Workers with
injuries occur- injuries occur-
ing in conven- ing in non-

tional day shifts standard shifts
(N=2339) (%) (N=1495) (%)
Gender
Male 57.4 62.4
Female 42.6 37.6
Race
Black 1.3 12.5
Non-Black 88.7 87.5
Hispanic ethnicity
Hispanic 6.5 6.7
Non-Hispanic 93.5 93.3
US region of residence
Northeast 16.2 18.0
North Central 30.2 33.3
South 31.0 30.0
West 22.6 18.8
Area of residence
Urban 75.0 72.0
Rural 25.0 28.0
Occupation
Professional and technical 12.7 9.7
Managers, officials, proprietors 8.9 10.7
Sales workers 2.2 2.2
Clerical 13.2 9.4
Craftsmen, foremen 22.1 13.1
Operatives 16.8 21.8
Laborers, except farm 9.6 8.3
Service workers 13.4 22.5
Other 1.1 2.3
Industry
Agriculture, forestry, fisheries 3.6 3.2
Mining 0.4 1.6
Construction 13.8 53
Manufacturing 20.6 26.3
Transportation and communication 6.6 7.6
Wholesale and retail trade 18.3 21.0
Finance, insurance, real estate 2.9 1.3
Business, repair services 55 6.7
Personal services 3.5 3.0
Entertainment, recreation 1.2 2.8
Professional and related services 18.3 13.2
Public administration 53 8.0
Type of injury or illness
Musculoskeletal conditions 33.9 34.0
Fractures 6.9 8.6
Cuts and bruises 24.8 25.0
Burns 3.4 41
Other traumatic injuries 10.8 12.4
Insect bites 1.3 0.8
Sexually transmitted diseases 0.7 0.4
Disorders of peripheral nervous system 2.5 2.4
Other occupational diseases 11.5 9.2
Miscellaneous 4.2 341
Worker covered by union contract 18.0 25.0
Job satisfaction
Like the job (very much or fairly well) 84.6 82.0
Dislike the job (very much or 15.4 18.0
somewhat)
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Table 2. Incidence rates of reported occupational injuries and illnesses per 100 worker-years by type of shift schedule in 1988-2000—

weighted data from the National Longitudinal Survey of Youth.

Work schedule Year

1988 1989 1990 1992 1993 1994 1996 1998 2000
Routine night shift 8.86 12.64 8.48 11.43 8.39 6.78 8.47 6.14 3.57
Routine evening shift 14.80 11.31 8.44 12.94 12.26 7.38 6.15 4.94 493
Rotating shift 14.07 7.61 7.84 10.16 8.61 5.49 6.41 5.77 4.69
Split shift .2 .2 8.46 6.04 5.35 6.70 5.47 7.63 3.1
Irregular schedule 10.90 8.19 8.02 6.82 7.21 6.32 4.35 4.45 411
Routine day shift 8.15 7.37 6.62 7.25 6.41 5.26 453 3.98 3.13

a The split shift category was added in 1990.

Table 3. Unadjusted rate ratios and adjusted and unadjusted hazard ratios and 95% confidence intervals (95% Cl) for injuries or
illnesses reported in jobs with nonstandard shift schedules versus conventional day schedules—weighted data from the National Lon-

gitudinal Survey of Youth aggregated for 1987-2000.2

Work schedule Unadjusted  95% Cl Unadjusted  95% CI Adjusted®  95% Cl
rate ratio hazard ratio hazard ratio

Conventional day shift 1.00 . 1.00 - 1.00 .
Routine night shift 1.32 1.17-1.49 1.46 1.26-1.70 1.30 1.12-1.52
Routine evening shift 1.45 1.31-1.59 1.44 1.27-1.63 1.43 1.26-1.62
Rotating shift 1.22 1.09-1.37 1.34 1.15-1.55 1.36 1.17-1.58
Split shift 1.10 0.82-1.49 1.06 0.73-1.54 1.06 0.71-1.58
Irregular schedule 1.04 0.95-1.13 1.02 0.91-1.14 1.15 1.03-1.30

2N=110 236 job records for the rate ratios and 109 087 for the hazard ratios.

b Cox proportional hazard regression model with age, gender, occupation, industry, and region as covariates.

rotating, and irregular shift schedules were found to
have an increased risk of occupational injuries and ill-
nesses when they were compared with conventional day
shifts after age, gender, occupation, industry, and region
were controlled for. Evening shifts carried the greatest
injury risk (43% elevated risk), followed closely by ro-
tating (36%) and night shifts (30%), in that order. Ir-
regular shifts were found to have only a slightly elevat-
ed injury risk (hazard ratio 1.15, 95% CI 1.03-1.30).
No effect was observed for split shifts.

The values of the calculated rate ratios and hazard
ratios were similar. Adjustment for covariates did little
to change the basic findings. The adjusted hazard ratio
of 1.30 (95% CI 1.12—-1.52) for night shifts was some-
what less than the unadjusted hazard ratio of 1.46 (95%
CI 1.26-1.70) for night shifts. Our calculations indicat-
ed that this difference was due primarily to the influ-
ence of the occupation variable in the regression model.

Discussion

The results of this study corroborate the findings of pre-
vious research indicating that workers in nonstandard
shift schedules have a greater risk of occupational inju-
ries and illnesses than those in conventional day shifts.
The magnitudes of the risk estimates in our analysis are
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generally similar to those calculated in previous stud-
ies. Folkard & Tucker (58) have estimated that work-
ing night shifts carries a 30.4% increased risk and that
afternoon shifts have an 18.3% greater risk. Gold et al
(41) found a relative risk for work injuries and errors
of 1.88 (95% CI 0.88-4.02) for nurses in night shifts
and 1.97 (95% CI 1.07-3.63) for those in rotating shifts.
Horwitz & McCall (42) found an 84% increased risk for
evening shift workers and a 58% increased risk for night
shift workers when they were compared with conven-
tional day schedule workers. These studies, along with
ours, indicate an increased risk of between 18% and
97% for nonstandard shifts. Our results are approximate-
ly in the middle of this range (1.43 for evening shifts
and 1.30 for night shifts).

Adjustment for age, gender, occupation, industry,
and region in the analysis did not substantially change
the magnitude of the calculated hazard ratios. Thus it is
unlikely that the higher accident rates seen in nonstand-
ard shifts are merely the result of more hazardous jobs
being performed in nonstandard shifts or demographic
differences in the employee population working those
schedules. Our findings are consistent with the hypoth-
esis that nonstandard shifts are more hazardous because
of fatigue, sleepiness, stress, and other consequences of
disrupted circadian rhythms.

We found that the hazard ratios for night, evening,
and rotating shifts were similar (1.30, 1.43, and 1.36,



respectively) with overlapping 95% confidence inter-
vals. Nevertheless, our finding that the risks of work-
ing evening shifts are a bit greater than night and rotat-
ing shifts is somewhat surprising. Most other studies in
this field have concluded that night and rotating shifts
are more dangerous than evening shifts, a conclusion
that is consistent with biological considerations about
the effects of circadian rhythms and disrupted sleep pat-
terns. One recent study involving US hospital workers
also found a comparatively greater occupational injury
risk for evening shift workers (42). The authors of that
study speculated that variations in specific nursing tasks
or staffing levels in the evening shift may have contrib-
uted to this result.

To some extent, the decline in incidence rates be-
tween 1988 and 2000 observed in our study reflects the
general decline in occupational injury and illness rates
reported nationally during that period. Data of the US
Bureau of Labor Statistics indicate that occupational
injury and illness rates decreased by 29% during that
period, from an average of 8.6 to 6.1 reportable cases
annually per 100 workers (71). Possible causes for that
decline include safer workplaces and a shift from man-
ufacturing to service-oriented jobs, which typically have
lower average injury rates (72). Another factor affect-
ing the relatively larger injury-rate decline (60-67%)
observed in our study is the aging of our cohort, the
members of which were 23 to 31 years of age in 1988
and 35 to 43 years of age as of 2000. Younger workers
generally have higher incidence rates than older ones,
in part because workers tend to move into lower-risk
occupations (eg, managerial and administrative) as they
age.

Strengths and limitations

This analysis has several important advantages over pre-
vious studies. For example, it was based on a large sam-
ple size and an extended (13-year) period of longitudi-
nal observation, we used a nationally representative
sample of American workers in diverse employment
settings, we controlled for the potential confounding
effects of occupation, industry, age, gender, and region,
and we employed several techniques, including a Cox
proportional hazard analysis for estimating the magni-
tude of risk.

We also normalized the observed incidence rates by
using a denominator of 100 worker-years, thus avoid-
ing a common methodological flaw made in some pre-
vious shiftwork studies. For example, other studies have
observed more injuries among workers in nonstandard
shifts, but have failed to account for the total number
of people working each type of shift or the duration of
time spent in the shifts by these workers. This study con-
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troled for that effect by deriving risk ratios which com-
pared the propensity to suffer injuries by workers in
each shift schedule during a standardized period of “at
risk” time.

This study was based on self-reported information.
There were no means for validating workers’ responses
externally, and thus our results may be subject to recall
errors. In this respect, the NLSY has advantages over
other self-reported surveys in that the cohort had been
surveyed regularly since 1979 and thus was familiar
with the questionnaire, the survey process, and the in-
formation required.

The NLSY was not designed to be a survey about
work-related injuries and illnesses or demanding work
schedules—its primary objective was to evaluate par-
ticipants’ long-term labor market transitions and wage
history. The survey thus avoids problems of informa-
tion bias that typically plague attempts to ask injured
workers about job conditions and workplace accidents.
Unlike surveys focusing on occupational injury report-
ing, it is unlikely that respondents to the NLSY were
attempting intentionally or unintentionally to justify the
legitimacy of a work-related disorder or to establish its
compensability under workers’ compensation laws.
These issues are unrelated to the main concerns of
NLSY, and thus the data obtained are presumably less
susceptible to contamination by such considerations.

The NLSY did not provide precise definitions for
each type of shift schedule, and thus each respondent
used his or her own judgment to assign it into one of
the available shift categories. This approach may have
resulted in some misclassification, although there is no
reason for assuming that the misclassification would
have systematically biased the results towards any par-
ticular shift category. Random misclassification would
tend to underestimate our resulting risk estimates.

Our control of age, gender, occupation, industry, and
region in the analysis is a strength of this study. How-
ever, many other potential covariates—such as work-
ers’ education and income levels, family composition,
and health status—were not included in the analysis, and
thus their influence was not assessed. We also did not
analyze differences in risk between industry sectors or
occupational classifications. The study was based on
data from workers who were 22 to 43 years of age dur-
ing the study period. Older workers may react differ-
ently to fatigue, stress, and other aspects of shift work
than younger workers do. Therefore, our results are not
necessarily generalizable to workers of all ages.

Other potentially useful information was not availa-
ble in the NLSY dataset. We did not have information
available on the hour at which the injury occurred, the
kinds of job activities being performed, or the event
leading up to the injury. Our aim in this study was to
estimate the relative injury risks involved in specific
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types of nonstandard shift schedules. We did not evalu-
ate other potentially hazardous aspects of shift sched-
ules, such as the amount of time spent within a shift
prior to the injury, the risks involved in working suc-
cessive shifts over several days or nights, the duration
of each shift, or the total number of hours worked per
day or per week by the respondents. It is likely that these
other characteristics of shift work also affect the risk of
injury. In a future study, we plan to investigate these
interactive effects, particularly the combined effect of
shift duration and type of shift.

Policy implications

Our research indicates that appropriate prevention ef-
forts ought to target workers in evening, night, and ro-
tating shifts. For example, employers need to assure
adequate staffing of safety personnel and first-aid pro-
viders for such shifts. Relevant injury prevention pro-
grams currently provided for day and night shift work-
ers should be extended to cover people working evening
shifts as well. Special injury prevention measures should
be considered to help people cope with the effects of
working nonstandard hours, such as rest breaks, sleep
aids, behavioral counseling, light therapy, and pharma-
cological treatment.
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