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Abstract

Objective—Our previous work has suggested that the incidence of any occurrence of injury
leave among police officers is higher on night shifts. In this study, we extended our inquiry to
determine whether the incidence of long-term injury leave varies across shifts.

Methods—~Police officers (N=419) from an urban department were included in the analysis.
Daily payroll work history data from 1994-2010 was collected. Injury leave duration was
examined ranging from =1-=90 days. Poisson regression models were used to compute incidence
rates (IR) and incidence rate ratios (IRR) of long-term injury.

Results—Cumulative incidence of injury for different durations of leave defined as >1, =5, >10,
=15, =230, and =90 days were 61.3%, 45.4%, 39.9%, 33.9%, 26.5%, and 9.6% respectively. Age-
and gender adjusted IRR of long-term injury (=90 days) for night versus day shifts was IRR 3.12,
95% confidence interval (95% CI) 1.35-7.21 and IRR 2.21, 95% CI 1.04-4.68, for night versus
afternoon shifts. Among all durations examined, the largest IRR was for injury =90 days, night
versus day shifts (IRR 3.12, 95% CI 1.35-7.21).

Conclusions—Night shift work was significantly associated with long-term injury among police
officers after adjustment for age and gender. Although type of injury was not available, it is
possible that variation in injury type across shifts might account for some of this association.
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There appears to be a high rate of duty leave due to injury among protective workers in the
United States. According to the US Bureau of Labor Statistics, protective service
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occupations had a median number of 15 days off per year due to injury compared to 7 days
off in the private sector (1). Police officers are a large part of this occupational group.
Injuries that resulted in police officers’ lost time from work were similar to those of
firefighters (38% versus 39% respectively) (2). In a study of 698 police departments in
2008, there were over 2800 injuries and more than 24 000 lost workdays, averaging 7.7
injuries and 66.4 lost workdays per agency (3).

Fatigue-related impairments due to circadian disruption can affect police officer
performance and decision-making thus increasing the risk of serious injury (4-12).
Decision-making may be particularly vulnerable to sleep loss, which impairs regions of the
brain critical for decision-making required in fast-paced, ambiguous, high-risk police
situations (13). Additionally, extended evening and night shifts are inherently more active
than day shifts because more crimes occur during these hours and there are greater — and
more hazardous — calls for service (14).

Wagsstaff & Sigstad (4) found that work periods =8 hours carried an increased risk of
accidents, and the increased risk of accidents at around 12 hours of work was twice the risk
at 8 hours. In a review of eight studies, Salminen (9) showed that the risk of occupational
injury was 41% higher for 10-compared to 8-hour working days. In addition, reported
injuries tended to be more serious and of longer duration on night shifts (9, 15). The risk of
injury increased over successive night shifts so that the fourth night shift carried 36% more
risk than the first (16).

Present study

Methods

In our previous work, we found that the incidence of injury was associated with night shift
work among police officers (17). However, little is known about the length of time off due
to injury and how this may vary across different shifts. Longer term injuries may be
indicative of more serious types of injury and can put a strain on police personnel who have
to cover duties for injured officers. The objective of the present study was to extend our
previous analysis by assessing the duration of injury associated with shift work. We
examined extended time off work due to on-duty injury on two levels. First, we examined
officers who were on leave for more than =90 days. These were considered “long-term
injuries” by the department. Second, we examined injury leave at injury durations =1, =5,
=10, 215, =30 days to determine the incidence of injury at different time intervals and across
shifts. The basic proposition was that night shift workers will have the greatest incidence of
extended injury (=90 days to long-term disability).

Study population

The Buffalo Cardio-Metabolic Occupational Police Stress (BCOPS) Study is a cross-
sectional study designed to examine associations between physiological biomarkers of
stress, subclinical metabolic and vascular disease markers, lifestyle, and psychosocial
symptomatology among police officers. A total of 710 police officers in the Buffalo police
department, a mid-sized urban police department in New York, were invited to participate in
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examinations from 4 June 2004 to 2 October 2009. Among officers invited, 464 completed
examinations for the BCOPS study. The Internal Review Board of the State University of
New York at Buffalo and the Human Subjects Review Board of the National Institute for
Occupational Safety and Health approved this study. Data collection was performed at the
Center for Preventive Medicine, State University of New York at Buffalo.

Questionnaires were administered to collect demographic and lifestyle information including
age, gender, education, race/ethnicity, police rank, years of service, alcohol consumption,
marital status, smoking status, hours of physical activity and sleep, and select physical
measures. Trained technicians obtained anthropometric measurements that included height,
weight, abdominal height, and waist circumference. Average hours of sleep in the past week
were obtained during weekdays and weekends separately. Then average self-reported sleep
duration per 24 hours in the past week was derived based on the weighted average over five
weekdays and two weekend days. Hours of physical activity were assessed using the 7-day
physical activity recall questionnaire.

Day-to-day work history data for a period of 16 years (1994-2010) were available for
participating officers from computerized payroll records. The data contained an account of
shifts, activity type, leave, sickness or injury information, and hours worked for each officer.
Participants were classified according to the time they started their shift: (i) day shift
(04:00-11:59 hours); afternoon shift (12:00-19:59 hours); and night shift (20:00-03:59
hours). The majority of officers started their shift at the following times: 08:00, 16:00, and
21:00 hours, and officers were scheduled on 10-hour permanent shifts. Total hours worked
as well as hours worked on the day, afternoon, and night shift were computed for each
participant. The length of time a participant worked was determined from date of the first
available work history data to date of exam or date of first injury, whichever occurred first.
The exposure variable of interest — day, afternoon, or night shift — represents the shift a
participant was assigned to on a specific day. To our knowledge, night shift organizational
interventions, such as napping or sleep education, have not been employed with this sample
(Buffalo, NY, Police Department correspondence).

The participants were followed for occurrence of first new injury. We chose to examine only
first injuries based on the premise that first occurrence is often of greater interest for
etiologic studies than subsequent occurrences in the same person because the first
occurrence affects the rate of subsequent occurrences (18). Only injuries that occurred while
officers were on duty were available. Injuries or accidents that occurred while traveling to
and from work were considered outside duty hours and were unavailable. Duration of first
injury was defined as the total number of days including weekends that a participant was on
leave due to an on-duty injury and ended on the first day the participant returned to a full
day of regular work. Long-term injury status in conjunction with person-hours until first
injury or date of examination (whichever came first) was the primary outcome variable of
interest. Duration of injury was classified using the following cut-off points: =90, =30, =15,
>10, =5, and =1 days. Injury leave was considered to be long-term if the duration was =90
days. Therefore, incidence of long-term injury (=90 days) was the main outcome variable of
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interest. For comparison purposes, we also examined incidence of injury leave for shorter
durations: =1, =5, =10, 215, and =30 days. The maximum time-off range was set at =90 days
because it represented a time point designated by the department as “long-term disability”
and was indicative of serious injury.

To assess average hours of sleep per day, each participant was asked: “On average, how
many hours did you sleep each night during the last five weekday nights?” A weighted
average of the sleep hours during weekdays and weekends was used to estimate sleep hours
per day. In most shift work situations, activity may vary in intensity across the 24-hour work
day resulting in a different work environment across shifts (4, 15-16). To account for these
differences, we assessed shift activity levels reported by officers across three self-report
levels: (i) low work activity (precinct not busy, low crime area); (ii) moderate work activity
(moderate complaint rate, average crime); and (iii) high work activity (very busy, frequent
complaints, high crime area). The combined effect of activity levels and shifts was then
calculated using low workload and day shift as the referent category because officers in this
group were considered to be at lowest risk of injury. Similarly, the day shift and reporting
=5 hours of sleep was used as the referent group to compare the combined effect of sleep
duration and shift on incidence of long-term injury.

Data analysis

Of the 464 participants examined, 430 had work history data from which shift work and
injury information was assessed. Of the 430, 4 were prevalent cases of injury where the
participants were on injury leave at the start of the work history records and 7 officers did
not have regular work hours prior to their first injury; hence, these 11 subjects were
excluded leaving 419 participants for analysis. Demographic and lifestyle characteristics of
study participants were summarized using means for quantitative variables and percentages
for categorical variables. These were stratified by dominant shift. Associations of potential
confounders with shift work and long-term injury were examined. Dominant shift was
defined as the shift in which a participant spent the largest percentage of his/her total regular
work time during the observation period (from 1994 to date of exam or date of first injury,
whichever came first). Chi-square tests were used to examine the association between
dominant shift and categorical covariates, while analysis of variance (ANOVA) was used to
compare mean values of continuous covariates across the dominant shift. A similar
comparison of covariates was performed across categories of injury duration. The following
steps were undertaken to calculate the incidence rate (IR) of long-term injury by shift; this
was later verified using a statistical model: (i) person-time (total number of hours worked) at
each of the three shifts was computed using work history data until the date of first injury,
for those with new injury, and date of exam for those with no injury; (ii) the number of
participants who contributed person-time toward each shift was determined; (iii) the number
of participants with injury in each of the three shifts was determined; (iv) incidence rate of
injury for each shift was computed as the number of participants with injuries in the
specified shift divided by the total person-time for the shift and expressed per 100 000
person-hours.
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The IR of long-term injury by shift and the associated 95% confidence intervals (95% ClI)
were calculated using Poisson regression for ungrouped data (19). The IR of long-term
injury were then compared across the three shifts by computing incidence rate ratios (IRR)
and the corresponding 95% CI using the Poisson model. Unadjusted and age- and gender-
adjusted associations between shift worked and incidence of long-term injury were
estimated. To understand how time to injury varies by shift, we conducted survival analysis
relating time to first long-term injury (in hours) to dominant shift of the participant during
the observation period. For each participant, time to injury was calculated as the total
number of hours worked at the regularly scheduled time from the first date of work history
data to first date of injury (for those with injury) and date of examination. Preliminary
analyses involving the role of sleep duration and workload on these associations were
limited by small sample sizes in some categories. Statistical significance was assessed for all
tests at the 5% level except for interaction terms. All analyses were conducted using the
SAS system, version 9.2 (SAS Institute, Cary, NC, USA).

Associations of demographic and lifestyle characteristics of study participants with
dominant shift are shown in table 1. The study participants consisted of 312 men and 107
women and were on average 43 years old (range 27-70 years). The percentages of the 419
participants who worked dominantly on the day, afternoon, and night shifts were 41%, 32%,
and 27% respectively. Approximately 10% of the sample had extended injury (=90 days).
Participants on the night shift were younger and more likely to be male, had fewer years of
work experience, and were composed of a large percentage of patrol (84%) compared to day
shift officers. Only 2.4% of participants reported taking sleep medication and its use did not
vary across shifts (P=0.92). Participants with long-term injury leave (=90 days) were more
likely to be single (unmarried), patrol officers, and current smokers and were engaged in
more hours of physical activity per week (data not shown). In addition, those who were
injured had fewer years of service than noninjured officers.

Table 2 shows the IR and IRR of long-term injury by shift work. Of the 419 participants,
9.6% (N=40) had long-term first injury during the observation period and the number of
officers with injuries were 12, 11, and 17 on the day, afternoon, and night shift, respectively.
The association between shift work and long-term injury among police officers was
statistically significant. After adjusting for age and gender, the IR of long-term injury for
officers working on the night shift was 3 times more frequent than for those working on the
day shift (IRR 3.12, 95% CI 1.35-7.21, P=0.01), and 2.2 times more frequent than for those
working on the afternoon shift (IRR 2.21, 95% CI 1.06-4.68, P=0.04).

Comparing short- and long-term injury leave

The first part of our analysis concerned the impact of shift work on long-term injury leave
(=90 days). To further explore injury leave of shorter duration, we established injury leave
criteria of =1, =5, 10, =15, and =30 days off duty. The long-term injury criterion of =90
days was included in the analysis in order to compare it with shorter durations.
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Cumulative incidence of injury associated with duration of leave of =1, =5, =10, =15, =30,
and =90 days were 61.3%, 45.4%, 39.9%, 33.9%, 26.5%, and 9.6% respectively. Table 3
displays results for IRR of injury by shift at each duration category of time off duty. The
IRR were significantly higher for officers on night compared with day shifts regardless of
the duration of leave time (except for =10 days). The largest IRR for night versus day (IRR
3.12, 95% CI 1.35-7.21) and for night versus afternoon (IRR 2.21, 95% CI 1.06-4.68) were
observed for long-term injury =90 days.

Discussion

We compared the association of shift work with incidence rates of long-term injury leave
among police officers using several definitions of injury leave time including long-term
leave at =90 days and a group of shorter duration leave times. The highest incidence of long-
term injury (=90 days) was among officers who worked night shifts compared to those who
worked day or afternoon shifts. The comparison of long-term injury leave (=90 days) with
shorter durations (=1, =5, =10, =15, =30 days) showed that the largest IRR for night versus
day (IRR 3.12, 95% CI 1.35-7.21) and night versus afternoon (IRR 2.21, 95% CI 1.06—4.68)
were observed for long-term injury (=90 days), indicating that officers on night shift had a
greater risk of long-than short-term injury.

These findings suggest that working night shifts not only increases the incidence of injury as
noted in our previous work, but also increases the likelihood of long-term injury (=90 days).
It follows that longer time periods off from work may be indicative of more serious injury.
Our results showed that approximately 34% of officers who worked night shifts were off
duty =15 days — twice the rate of the Bureau of Labor Statistics reported national median of
15 days (1).

Strengths and limitations

While previous studies have suggested that injuries to police officers occur more frequently
on night shifts, they rely heavily on self-reported shift work data. We were instead able to
examine shifts systematically based on multiple years of objective, day-to-day actual work
records of officers. We were also able to take into account differences in age and gender
across shifts.

Although our total sample size included 419 officers, some categories were limited in size.
There were also only 40 officers who sustained a long-term injury (=90 days). It is possible
that a form of selection bias could have existed. However, the distribution of dominant shift
(day, afternoon, and night) and the occurrence of long-term injury did not vary significantly
between study participants and non-responders (P=0.41 and P=0.28, respectively, based on
the Chi-square test).

We had limited data on possible additional factors that may influence injury. For example,
the number of average hours of sleep per 24-hour period was collected from officers but was
only available at the time of the clinic visit. Sleep hours were dichotomized at <5 and =5
hours in accordance with Belenky et al’s (20) recommended sleep restriction performance
bifurcation values. Although the number of participants was limited in several categories,
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officers who worked the night shift and reported <5 hours of sleep (4 cases/25 at risk) had an
age and gender-adjusted long-term injury rate 4.5 times greater (IRR 4.45, 95% CI 1.47-
13.53, P=0.01) than those who worked the day shift and reported =5 hours of sleep (9
cases/149 at risk). Lack of sleep can affect cognitive abilities. Killgore et al (21, 22) found
that sleep deprivation tended to impair the ability to use past experiences to guide decision-
making and increase risky choices. Sleep deprivation also tended to slow the ability to make
choices that are emationally charged and to increase propensity to accept controversial
solutions to dilemmas. (23). These factors may lead to more frequent and possibly more
serious injuries at work. A recent study by Rajaratnam et al (24) reported that even two
hours loss of sleep is associated with decrements in performance. Sleep disorders resulting
in chronic sleep deficiency may therefore adversely affect job performance and increase
accident risk.

In most shift work situations, activities performed may vary in intensity (workload) across
the 24-hour work day resulting in a different work environment across shifts (16, 25). While
we did not have long-term data on workload, we were able to collect information at the time
of the officer’s visit to the clinic. Workload was subjectively described as high, moderate, or
low. Officers with high activity levels who worked on night shifts experienced a higher
incidence of extended time off duty due to injury. The age- and gender-adjusted IRR for
long-term injury was nearly five times larger (IRR 4.61, 95% CI 1.45-14.86) for the
combination of “high activity and night shift” (13 cases/83 at risk) compared to “low
activity and day shift” (6 cases/64 at risk). In a night shift environment of high demands and
increased workload, the outcome of psychological strain along with circadian disruption can
result in increased physical and mental fatigue and the risk of more injury or accidents (21).
Results involving sleep duration and workload are based on a small number of cases as
evidenced by the wide CI and hence should be interpreted with caution.

Lastly, data concerning types of injury were not available. However, police injuries can be
characterized by previous research. A recent study on the extent to which police injuries
changed from 1996-1998 to 2006—2008 reported that the largest proportion of incidents
occurred as a result of controlling or arresting suspects (41.0%). This category accounted for
69.6% of all incidents. The most common injuries in these incidents were bruise/black eye/
contusion (30.4%), bodily fluid contact (21.7%), and human bites (15.6%). Other common
injuries in suspect-related incidents were cuts/punctures/abrasions/lacerations (26.8%),
sprains/strains (24.8%), and other muscle pain (17.6%). The most common types of injuries
associated with accidents were other muscle pain (21.5%), sprain/strain (18.1%), and contact
with infectious disease/bodily fluid (18.6%) (26). It was interesting that the authors of this
study also concluded that younger officers are more likely to sustain an injury. Younger
officers are generally more active and may put themselves in situations that result in injury.
Although in the present study the majority of officers who worked on night shift were on
average younger than those on other shifts, we adjusted for differences in age across shifts.
Variability in the type of injury across shifts could account for some of the association of
interest. For example, if certain types of injury that lead to longer duration of leave (eg,
gunshot) are more commonly found on the night shift, then differences in long-term injury
incidence across shifts that we report could be due to differences in the type of injury that
oceurs.
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In conclusion, this study assessed the daily shift schedule and occurrence of injury leave
over a 15-year period among a cohort of police officers. The results show that, independent
of age and gender, officers working on the night shift were at higher risk of injury leave
compared to those on day or afternoon shifts. This increased risk of injury for night shift
workers was largest for durations of injury leave lasting =90 days.

Future research might take into account factors examined in this study in order to help
prevent long-term injuries in this critical population. Longitudinal studies may help to
determine the impact of working shifts over extended periods of time. The integration of
frequency and duration of injuries would be an interesting and worthwhile consideration for
future studies. In the present study, we focused only on occurrence of first injury.
Additionally, objective measurement over time of sleep duration and workload would
enhance understanding of the role these factors might play in influencing risk of future
injury.

In a practical sense, shift design and proper sleep education may be of value in police injury
prevention. In times of economic strife, decreased police budgets, and fewer police
personnel, it is essential that officers remain free of injury and capable of performing their
duties.
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