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Objective   The aim of the present study was to investigate the effects of the duration and timing of rest breaks on 
traumatic injury risk across a shift in a relatively large sample of hospitalized workers with severe work-related 
hand injury in the People’s Republic of China (PRC).
Methods   Hospitalized workers from multiple industries with severe work-related traumatic hand injury were 
recruited from 11 hospitals in three industrially-developed cities in the PRC: Ningbo, Liuzhou, and Wuxi. Cox 
regression was used to compare time into the work shift of injury across categories of rest breaks, while evalu-
ating several potential covariates including age, gender, work hours, work start time and duration, injury day 
and time, duration and quality of last sleep, alertness/sleepiness, job control, and several transient work-related 
factors. Effect modification by work shift start time was also evaluated.
Results   With four days of injury, 703 hospitalized workers completed a face-to-face interview. After adjust-
ing for significant covariates, workers with rest breaks of 1–30, 31–60, and >60 minutes were able to work 
significantly (P<0.001) longer into their work shift without an injury (>5 hours) than those with no rest break. A 
significant interaction was also observed between rest break status and start time of the work shift. 
Conclusion   The results of this study suggest that rest breaks of any duration have a significant effect on delaying 
the onset of a work-related injury, which is modified by the time of day in which a shift begins.

Key terms   epidemiology; fatigue; occupational injury; sleep duration; sleep quality.
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As in many countries, work-related traumatic injuries 
are an important and preventable public health and 
economic concern in the People’s Republic of China 
(PRC), and fatigue due to long work hours and shifts 
schedules within continuous operations has been sug-
gested as a potential cause (1–4). In a recent study of 
3479 frontline workers in 60 factories over a two-year 
period (2008–2009) in Shenzhen, China (4), 8.3% of 
all workers reported having a traumatic injury in the 

previous 12 months, and the strongest risk factors were 
working >55 hours per week [odds ratio (OR) 1.64, 
95% confidence interval (95% CI) 1.21–2.22] and high 
mental work stress. Among traumatic injuries, acute 
injury to the hand is one of the most frequently reported 
in the PRC. According to a decade summary of epide-
miological studies (1994–2005), between 23–54% of 
all emergency room visits during this period in the PRC 
were for hand injuries (5–6).
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Fatigue can be considered as a global concept, which 
includes the subfactors of sleepiness and mental, physi-
cal, and muscular fatigue, and can be defined as “a 
biological drive for recuperative rest” (7). The bipolar 
dimension of alertness/sleepiness is influenced by fac-
tors such as circadian and homeostatic effects (eg, time 
of day, time awake, and periods of rest and sleep). 
Among workers, overall fatigue is also affected by the 
physical and mental efforts of their assigned work tasks 
as well as specific components of their work schedules, 
such as the number of hours worked, rest breaks, and 
the timing of consecutive shifts (eg, night work and 
rotating shift work) (8–9). If not carefully managed, the 
synergy among these factors may lead to an accumula-
tion of overall fatigue with the potential for significant 
performance impairment, error-risk, or ultimately an 
injury or “accident” during their workday or journey 
home (7–14). Several studies have shown the potential 
protective (ie, “recuperative”) effects of supplemental 
rest breaks within a shift and time-off between shifts, 
including significant reductions in fatigue and pain 
and increased productivity (15–20).  For example, very 
short rest breaks (eg, between 3–9 minutes per hour) 
have been shown to reduce musculoskeletal discomfort 
and strain in physically demanding work settings, such 
as meat processing and agricultural work (15–16), 
and computer-related work (17–19). Likewise, brief, 
regularly scheduled, mild physical activity and social 
breaks (7-minutes spaced hourly) have shown to be an 
effective in-flight fatigue countermeasure, by reducing 
physiological and subjective sleepiness for up to 15–25 
minutes after a break (most effectively near the circa-
dian trough) (20). In another study, short rest pauses 
(10-minute rest pause with brief neck-shoulder exercise 
were compared with a single recovery night after a pre-
vious night of short sleep, and two successive nights of 
“normal” (eight hours) sleep. This study reported that 
short rest pauses improve performance and subjective 
sleepiness, regardless of the amount of prior sleep, but 
only for a brief amount of time (15 minutes). Thus, it is 
concluded that rest pauses are not effective in obtaining 
longer “recuperative” effects (21).

Fewer non-laboratory field studies have examined 
the impact of rest breaks in preventing or reducing 
the potential adverse effects of fatigue for traumatic 
outcomes such as work-related injury or “accidents” 
(22–27). The primary measure(s) in these studies are 
the presence or absence of a rest break during the work 
shift (22–24) or the longer breaks between work shifts 
(25), and typically not the duration or time of day that 
the rest breaks occurred. For example, Tucker et al 
(22–24) reported that work-related injury risk across a 
shift substantially decreases after a rest break; however 
this effect may differ across work environments and 
the authors caution that although rest breaks are effec-

tive in most industrial-based field studies, there may be 
potential for increasing risk when scheduling additional 
rest breaks for workers performing tasks where stopping 
and starting up the process may increase injury risk (22). 
Among analytic studies, a case–control study among 
wood processing plant workers reported that one sig-
nificant risk factor they observed for work-related injury 
was the inability to take a rest break (26).

More recently, a study by Arlinghaus et al (27) exam-
ined the effect of the timing of rest breaks on injury risk 
within a shift and demonstrated that longer accumulated 
rest break durations allowed for a significantly longer 
time before injury (ie, fall from ladder) than workers with 
no rest break or shorter break durations prior to their fall. 
This study was limited by a relatively moderate sample 
size and homogeneous workplace exposures (ie, 306 
worker falls from a ladder primarily in construction), thus 
it is not clear whether the protective effects of rest breaks 
can be generalized to other injury types (such as traumatic 
hand injury), occupational settings (eg, manufacturing), 
or if the duration of rest breaks or the starting time of 
the work shift impact the effects of a break on fatigue. 
Additionally, it is unclear if factors such as sleep duration 
and quality prior to a work shift or alertness/sleepiness at 
the time of an injury influence the effects of rest breaks. 
The efficacy of single longer rest breaks (>60 minutes) 
has also not been evaluated nor is it known if the effect 
of shorter breaks is as effective or if a threshold exists for 
additional benefits (eg, recovery from work-related strain 
and fatigue might set in after a certain rest time, and rest-
ing longer might not add further benefits).

The aim of the present study was to investigate the 
effects of the duration and timing of rest breaks on onset 
time of a traumatic injury within a shift among a rela-
tively large sample of workers in various industries, hos-
pitalized with a severe work-related hand injury in the 
PRC (5, 6). The primary research questions pursued in 
this study were: (i) are work rest breaks associated with 
a significant delay in the onset time of a work-related 
injury and is this modified by the circadian timing of 
the start of the shift? (ii) are longer rest break durations 
associated with an increase in time worked until injury 
(ie, time-on-task)? and (iii) are the effects influenced by 
other fatigue-related covariates, such as sleep duration? 

Methods

Study sample and questionnaire

Study subjects were recruited from workers admitted 
for treatment of a sudden-onset, traumatic injury to 
the fingers, hand, or wrist in two hand-surgery and 
nine general hospitals in three industrially-developed 
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cities in the PRC: Ningbo (Zhejiang Province), Liu-
zhou (Guangxi Zhuang Autonomous Region), and 
Wuxi (Jiangsu Province). Over a two-year period, 
while in the hospital, 730 hand-injured workers were 
approached for a face-to-face interview; 27 were either 
unavailable or refused to participate, thus 703 subjects 
(96.4%) completed the study and were included in 
this analysis. Study inclusion criteria and interview 
procedures have previously been reported (5, 6). In 
summary, a clinician verified that there was one or 
more injuries to the fingers, hand, or wrist (including 
a laceration, crush, avulsion, puncture, fracture, con-
tusion, amputation, or dislocation) and that the injury 
was work-related. After obtaining informed consent, 
an interviewer – trained in human research participant 
protection, governmental regulations, interview tech-
niques, and data coding – conducted a face-to-face 
interview at the hospital using a structured question-
naire administered in Chinese (cross-translated) (28). 

The instrument was designed primarily to collect 
data on transient work-related exposures preceding 
the onset of a traumatic hand injury (6, 29) and com-
pare exposures relating to the work environment, work 
equipment, work practices, and worker-related factors 
occurring during the “hazard”-to-control period. The 
primary data for the current analysis was collected to 
evaluate the impact of rest breaks on injury occurrence 
and included specific questions on work scheduling, 
break times, and other fatigue-related factors, while 
also integrating work-related “hazard” period transient 
exposures as covariates. For each worker, the primary 
data included (i) the time of day and day of week of 
the injury, (ii) the work start and scheduled work end 
time on injury day as well as the two days prior to the 
injury, (iii) the frequency and timing of each rest break, 
(iv) current and previously scheduled working hours, 
(v) sleep duration and sleep quality in three previous 
sleeps to the injury, and (vi) alertness/sleepiness (using 
the Karolinska Sleepiness Scale) at the time of injury 
and in previous days.

The Liberty Mutual Research Institute for Safety 
Institutional Review Board, the Fudan School of Public 
Health Institutional Review Board, and the Harvard 
School of Public Health Human Subjects Committee 
approved the study.

Demographic characteristics, work-related factors, and 
time into the shift 

Among worker-related and work-schedule factors, age, 
gender, total number of days worked and work hours, 
scheduled length of the shift, shift start time, time of day 
of injury and a measure of job control were analyzed. 
Shift start time was initially categorized into three 
times of the day: the morning (06:00–13:59 hours), late 

afternoon (14:00–21:59 hours), and night (22:00–05:59 
hours). Due to the limited number of workers start-
ing their shifts in the late afternoon (N=89) and night 
(N=42), these were combined (14:00–05:59 hours) for 
comparisons with the workers starting in the morning. 
Time into the work shift (proxy for time on task) was 
calculated by subtracting the reported time at which the 
injury occurred from the work shift start time (hour: 
minute), yielding the total amount of time worked until 
the injury occurred. So that only relevant work time 
into the shift was included, this estimate was adjusted 
by subtracting the total reported break time before 
the injury from time into the shift. Job control was 
measured with a single question with the levels: “self-
paced”, “non-self-paced” including “machine-paced”, 
“incentive-based”, and “quota/time-based”. In addition, 
transient factors related to the work environment, equip-
ment, and practices evaluated as covariates included 
exposure at that time of injury to using malfunctioning 
machinery, tools, or work materials; performing a task 
with a different method; performing an unusual work 
task; being distracted; rushing; feeling ill; and wearing 
gloves (6).

Rest break duration

Each worker was asked when their shift began and was 
scheduled to end on the day of their injury; also, if they 
took any rest break(s) on this day (as well as the preced-
ing two days in separate questions) along with the exact 
start and end time of each reported break. Break dura-
tion was calculated from the difference between their 
start and end time (eg, “break 1 end–start: 10:15–10:00 
hours, thus a duration of 15 minutes”), and the number 
of breaks was enumerated as was the total accumulated 
break time (up to two breaks were collected per worker 
per day) taken prior to the injury. 

Sleep duration, quality, and alertness/sleepiness

Each worker was asked, “What time did you fall asleep 
and what time did you wake up directly on the day 
(or night) of the injury?” The total sleep duration was 
calculated as the amount of sleep obtained between on- 
and offset of sleep. Workers were also asked when they 
normally fell asleep and woke up. A follow-up question 
was asked regarding their sleep quality directly before 
the injury (as well as their usual sleep): “During this 
time, how well did you sleep?” Subjective sleep qual-
ity was assessed using a self-reported 5-point scale as: 
1=“extremely badly”, 2=“quite badly”, 3=“in between”, 
4= “quite well”, 5=“extremely well”.  Due to the limited 
number of cases in the extremes of this scale, prior to 
data analysis the data was collapsed into three categories 
as: “slept badly”, “in between”, and “slept well”.  Using 
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the KSS, workers were also asked about their alertness/
sleepiness:  “How alert or sleepy did you feel at the time 
of your injury?”

Statistical analysis

Demographic characteristics for workplace and tem-
poral factors, such as time of day, time into the shift, 
scheduled work hours, and total rest break duration 
were summarized using descriptive statistics. Accumu-
lated total break time was categorized into no breaks 
and 1–30, 31–60, and >60 minutes based on the aim of 
evaluating the effects of a short, medium, and longer 
break times on the time-to-injury. Work-related injury 
risk across time into the shift was then estimated 
and compared among workers with and without rest 
break(s), as well as within each rest break category. 
To estimate median time into the shift by rest break 
time, unadjusted stratified Kaplan-Meier analysis was 
conducted (30, 31).

Cox regression (32) was used to estimate the asso-
ciation between rest break status and the time into the 
work shift of the injury (eg, the accumulated or cumu-
lative percent of workers without an injury at each 
time interval), while evaluating the following covari-
ates: age, gender, total weekly work hours, shift start 
time, scheduled shift length, time and day of injury, 
sleep duration and sleep quality before the injury, and 
alertness/sleepiness at the time of injury. In addition, 
seven transient work-related exposures at the time of 
injury were evaluated as covariates that include using 
malfunctioning machinery, tools, or work materials; 
performing a task with a different method; perform-
ing an unusual work task; being distracted; rushing; 
feeling ill; and wearing gloves (6). Injury incidence 
was denoted as the event of interest, and time into the 
work shift as the time variable. Cumulative survival 
across time into the shift, hazard ratios (HR), where 
the HR is the ratio of the rate at which the event occurs 
and a lower HR indicates a longer time of event-free 
survival, and 95% confidence intervals (95% CI) were 
estimated for breaks versus no breaks and for each 
rest break category. Due to the within-subject nature 
of this case-crossover study (6, 29, 33), all individuals 
experienced an injury during their workday, and thus 
all cases had an outcome event (non-censored data).  
To evaluate effect modification by shift start time, we 
used a similar Cox regression model comparing those 
starting their shift in the morning and earlier in the day 
(06:00–13:59 hours) to workers starting later in the 
afternoon or night (14:00–05:59 hours), after control-
ling for age, gender, weekly work hours, shift duration, 
day of injury, last sleep quality, and rushing at the time 
of injury. All statistical analyses were conducted with 
SAS version 9.2 (SAS Institute, Cary, NC, USA).

Results

Worker characteristics

Worker characteristics are presented by category of 
accumulated break duration on the day of injury in table 
1. Among the 703 injured workers, 527 (75.0%) were 
male, with a mean age of 31.8 (95% CI 31.0–32.6) years. 
Descriptive details of this study sample have been pub-
lished elsewhere (6); in summary, workers were rapidly 
interviewed post injury in the hospital with 86% being 
interviewed within two weeks (median of four days) of 
their injury. The nature of injury was generally severe 
[39.1% involving crushes, amputation (18.9%), lac-
eration (16.7%), fracture (12.1%), and avulsion (8.2%)] 
with powered machines involved in 59.5% of the inju-
ries. Males worked mostly in occupations related to 
machinery, fabricated metal, basic metal, and wood 
products, whereas females had a greater representation 
in plastics, food products, textiles, and publishing. Less 
than 32% of workers had prior safety training and 44% 
reported having a safety officer supervising their work-
place. The distribution of the day of the week of these 
injuries was relatively uniform; however, the peak was 
Saturday (15.7%) with the lowest proportion occurring 
on Thursday (11.3%).

Work schedule and rest breaks

The percentage of workers scheduled by time of the 
workday presented in figure 1 shows that most workers 
(>70%) were scheduled to work between 08:00–18:00 
hours; however, at least 30% of the workers in this study 
started their work day at 06:00 hours and others were 
scheduled to work up until 20:00 hours. Mean sched-
uled shift length among all workers was 9.6 (95% CI 
9.4–9.7) hours. With regards to rest breaks, among the 
703 workers, 432 (61.4%) reported having one or more 
rest breaks prior to their injury (see table 1). Among 
these, 385 reported a single rest break and 47 reported 
having two breaks. The mean and median accumulated 
total break duration for workers who had rest was 0.84 
[standard error of the mean (SEM) 0.04] and 0.5 hours, 
respectively. When categorized by duration (see table 1), 
271 (38.6%) workers had no rest-break time, 89 (12.7%) 
had accumulated rest break times from 1–30 minutes, 163 
(23.2%) from 31–60 minutes, and 180 (25.6%) workers 
had >60 minutes of break time. Scheduled shift length 
(hours) for workers slightly increased across categories 
of accumulated rest break times, with an overall mean of 
9.6 (95% CI 9.4–9.7); however, workers without a sched-
uled rest break had a slightly (but significantly) shorter 
scheduled work day than those with rest breaks of 31–60 
or ≥60 minutes. Among all workers, 8.3% reported work-
ing overtime at the time of injury (6).
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Figure 1. Per-
cent of workers 
scheduled and 
injured by time 
of day (24-hour 
clock).

Table 1a. Distribution of gender by total accumulated break time prior to the injury. 

No break 1–30 minutes 31–60 minutes >60 minutes Total

N % N % N % N % N %

Total 271 38.6 89 12.7 163 23.2 180 25.6 703 100.0

Male 201 38.1 56 10.6 129 24.5 141 26.8 527 75.0
Female 70 39.8 33 18.8 34 19.3 39 22.2 176 25.0
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Table 1b. Distribution of demographic, work hours and shift characteristics, sleep duration and quality, and alertness/sleepiness by total 
accumulated break time prior to the injury. [95% CI=95% confidence Interval]

No break 1–30 minutes 31–60 minutes >60 minutes Total
Mean 95% CI /

Range
Mean 95% CI /

Range
Mean 95% CI /

Range
Mean 95% CI /

Range
Mean 95% CI /

Range

Age (years) 31.4 30.1–32.6 30.6 28.6–32.7 31.2 29.6–32.8 33.5 32.1–35.0 31.8 31.0–32.6
Total weekly work 
hours 

53.4 51.3–55.5 58.6 56.0–61.3 59.4 57.0–61.7 53.5 51.8–55.2 55.5 54.3–56.6

Days per week 6.3 6.2–6.4 6.5 6.4–6.7 6.5 6.3–6.6 6.4 6.2–6.5 6.4 6.3–6.5
Scheduled shift 
length (hours)

8.9 8.6–9.3 9.2 8.9–9.6 9.9 9.6–10.1 10.3 10.0–10.7 9.6 9.4–9.7

Sleep duration  
preceding the injury 
(hours)

8.5 8.2–8.8 8.6 8.1–9.0 8.9 8.7–9.1 8.3 8.0–8.7 8.6 8.4–8.7

Sleep quality preced-
ing the injury score

3.7 0.0–5.0 a 3.8 2.0–5.0 a 3.9 0.0–5.0 a 3.7 1.0–5.0 a 3.8 0.0–5.0 a

Alertness / sleepiness 
preceding injury 

3.0 0.0–7.0 a 3.1 0.0–9.0 a 2.9 1.0–7.0 a 3.2 1.0–8.0 a 3.0 0.0–9.0 a

a Range.
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Sleep duration, sleep quality, and alertness/sleepiness

Among all workers, the mean total sleep duration was 
8.6 (95% CI 8.4–8.7) hours, which was similar across 
rest break time categories (table 1). However, mean 
sleep duration was significantly different across work-
ers within different shift start time categories (P<0.001, 
data not shown). For morning workers (06:00–13:59 
hours), mean sleep duration was 8.7 hours. Compared 
with day workers, the mean sleep duration of afternoon 
workers (14:00–21:59 hours) was 42 minutes shorter 
(8.0 hours) while that of night workers (22:00–05:59 
hours) was over 1.5 hours shorter (7.1 hours). The 
mean overall response for subjective sleep quality was 
3.8 (95% CI 3.7–3.8) suggesting that workers slept 
on average “quite well”. With regards to how alert or 
sleepy the workers felt at the time of their injury, the 
mean response was 3.0 (95% CI 2.9–3.1), suggesting 
they were generally “alert”. Both sleep quality and 
alertness/sleepiness were similar across categories of 
accumulated rest break times.

Effects of rest break on time-to-injury 

Table 2 presents the results for the full Cox regression 
model (without interaction terms) for time-to-injury by 
accumulated rest break category, evaluating as poten-
tial covariates: age, gender, total weekly work hours, 
day and time of injury, shift start time, shift duration, 
last sleep duration (hours) and sleep quality, alertness/
sleepiness, job control, and seven transient work-related 
exposures. Workers with no rest break worked a median 
of 2.0 hours before their injury occurred, whereas work-
ers with rest break durations of 1–30, 31–60, and >60 
minutes, worked significantly longer (P<0.001) into 
their work shift without injury (5.4, 5.5, and 6 hours, 
respectively). Complete data on all variables was avail-
able for 622 workers (88.5%). Age, gender, alertness/
sleepiness, job control, and most transient work-related 
factors were not statistically significant (P>0.05) and 
final estimates are presented in figure 2 after adjustment 
for only significant covariates (note: age and gender 
were forced into the final model).

Effect modification by shift start time

In the full model, a rest break of any duration led to 
significantly longer time into the work shift without 
injury than no rest break (P<0.001). There was also a 
statistically significant difference among workers with 
different shift starting times (P<0.001), specifically, 
among workers starting their shift in the morning or 
earlier in the day (06:00–13:59 hours) compared with 
those starting later in the afternoon or night (14:00– 
05:59 hours). Thus, in evaluating effect modification 

Table 2. Full model a to predict time-to-injury by categories of 
rest break duration using Cox regression. [HR=hazard ratio; 
SE=standard error; 95% CI=95% confidence interval]

Main effect Median 
time-to-
injury 

(hours)

Parameter 
estimate

SE HR 95% CI

Rest break duration
No break 2.0 Referent
1–30 minutes 5.42 -0.90 b 0.14 0.41 0.31–0.54
31–60 minutes 5.54 -1.02 b 0.12 0.36 0.29–0.46
>60 minutes 6.08 -0.90 b 0.13 0.41 0.31–0.53

Control variables
Age -0.01C 0.01 1.00
Time of injury 
(hour, minutes)

-0.11 b 0.01 0.90

Total work hours 
(weekly)

-0.02 b 0.01 0.98

Scheduled shift 
length (hours)

-0.17 b 0.03 0.84

Day of injury -0.04 d 0.02 0.96
Sleep duration 
(prior to injury)

 0.05 d 0.02 1.05

Sleep quality  
(prior to injury)

-0.21 e 0.08 0.81

Alertness / 
sleepiness  
(at time of injury)

 0.01 C 0.03 1.00

Gender
Male Referent
Female 0.01 C 0.10 0.99

Shift start time
06:00–13:59 Referent
14:00–05:59 -0.96 b 0.14 0.38

Tracient factors f

None Referent
Unusual perform-
ing equipment

-0.13 C 0.09 0.88

Unusual task -0.01 C 0.12 0.98
Unusual method -0.12 C 0.12 0.89
Feeling sick  0.07 C 0.24 1.07
Rushed -0.30 e 0.11 0.74
Distracted  0.24 C 0.13 1.28
Gloves  0.01 C 0.09 1.00

Job control g

Non-self-paced Referent
Self-paced -0.14 C 0.09 0.87

a Controlling for age, gender, total weekly work hours, injury time, in-
jury day, shift start time, shift duration, workers last sleep duration 
and sleep quality, alertness/sleepiness, and tracient factors (including 
unusual performing equipment, unusual task, unusual method, feel-
ing sick, rushing, distracted, wearing gloves), and job control with no 
interaction.

b P<0.00.
C Not significant as P<0.05.
d P<0.05.
e P<0.01.
f Presence or absence of tracient factor at the time of the injury.
g Self-paced” means worker has control over the pace of work. Non-

self-paced includes “machine-paced”, “incentive-based”, and “quota/
time-based”.
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by shift start time on injury risk by rest break status 
(see table 3), we found a strong, statistically signifi-
cant interaction (P=0.0003) between rest break status 
(yes versus no) and shift start time (morning versus 
afternoon or night). Workers starting their shift earlier 
in the day, who reported at least one rest break, experi-
enced a work-related injury significantly later into their 
shift than workers with no reported breaks [adjusted 
HR (HRadj) 0.28, 95% CI 0.23–0.34]. In comparison, 
workers starting shifts later in the afternoon or night 
experienced a statistically significant protective effect 
of their rest-break, however, the break effect was sig-
nificantly weaker compared to workers with rest breaks 
who had started their shift earlier in the day (HRadj 
0.61, 95% CI 0.41–0.90). 

Discussion

The results of this study examining a large sample of 
hospitalized workers in the PRC suggest that rest breaks 
of any duration have a significant effect on delaying the 
onset of a work-related traumatic injury. That is, work-
ers reporting rest breaks were able to work significantly 
longer into their work shift without an injury than those 
with no rest break. Significant covariates included total 
work hours, time and day of injury, shift start time, shift 
duration, last sleep duration (hours), and sleep qual-
ity. Alertness/sleepiness was, however, not significant. 
Although, we expected alertness/sleepiness at the time 
of the injury to be significant, there is some evidence 
that shift workers habituate to a lower level of well-
being (34). Thus, the self-reported subjective ratings 
of alertness/sleepiness reported by potentially fatigued 
workers may overestimate the actual level. Additionally, 
a statistically significant interaction between rest break 
status and shift start time was observed. Therefore, 
workers starting shifts later in the afternoon or night 
experienced a statistically significant protective effect 
of their rest break, however, importantly the break effect 
was significantly weaker compared to workers who had 
breaks but started their shift earlier in the day. 

Our findings are consistent with those of Tucker et al 
(22–24), who reported decreases in work-related injury 
risk after a rest break, and Arlinghaus et al (27) who 
demonstrated that workers with longer accumulated rest 
break durations worked longer into their workday with-
out injury than both those with no rest breaks or shorter 
breaks (1–15 minutes: HRadj 0.60, 95% CI 0.44–0.83; 
16–30 minutes: HRadj 0.50, 95% CI 0.33–0.75; >30 
minutes: HRadj 0.34, 95% CI 0.23–0.51). We observed 
a significant difference only in the time-to-injury in 

Figure 2. Final model: cumulative 
survival probability for time into 
the work shift of injury by rest break 
duration. Estimates calculated using 
Cox regression, adjusted for age, 
gender, total weekly working hours, 
shift start time, shift duration, day 
and time of injury, last sleep dura-
tion and quality, and rushing at the 
time of injury.

Table 3. Interaction model  to predict time into the work shift of in-
jury by rest break status and shift start time category. [HR=hazard 
ratio; 95% CI=95% confidence intervals]. Note: Statistically sig-
nificant interaction (P=0.0003) between rest break status and 
work shift start time (morning versus afternoon or night).

Rest break  
status

Morning a  
(06:00–13:59)

Afternoon or night a 
(14:00–05:59)

HR 95% CI HR 95% CI

No break(s) 
reported

Referent ·· Referent ··

Reported at least 
one rest break 0.28 0.23–0.34 0.61 0.41–0.90

a Controlling for age, gender, total weekly work hours, shift duration, 
day of injury, the workers last sleep quality, and rushing at the time 
of injury.
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comparing workers with and without a rest break. How-
ever, injury onset time occurred on average 30 minutes 
earlier for workers with shorter breaks (1–30 minutes) 
compared to those with longer breaks (>60 minutes). 
A possible key difference between the two studies is 
that Arlinghaus et al (27) were able to examine shorter 
break intervals (ie, 15 minutes). Clustering of break-time 
durations in our study led to sample size limitations in 
developing similar cut-off points, however, when we 
evaluated rest break duration as a continuous variable 
in a similar Cox regression model (without interaction 
terms), we observed a highly statistically significant 
(P<0.0001) slope parameter estimate [B1 -0.27, standard 
error (SE) 0.07 or HRadj 0.77, 95% CI 0.67–0.97].

A unique and important finding of this study is the 
statistically significant effect modification of rest break 
status by shift starting time, in which workers with a 
rest break during the morning shift or early afternoon 
(06:00–13:59 hours) experienced their injury signifi-
cantly later in their work shift than those starting work 
later in the afternoon or night (14:00–05:59 hours). In 
the latter case, although there was a protective effect, 
it was significantly weaker than what was observed for 
workers starting their shift in the morning. Perhaps the 
effect moderation by time of day (circadian) is due to 
differences in time from a worker’s last sleep to the start 
of his shift and differences in sleep duration, which may 
contribute as strongly to a restorative effect as a rest 
break later in the day. This is supported by the finding 
that workers with later shift starting time had a signifi-
cantly shorter (P<0.001) mean sleep duration. This may 
suggest that it is especially important for afternoon and 
night workers to have additional rest breaks (or breaks 
of longer duration) since their sleep may be both further 
in time from their previous sleep and of shorter duration. 

This study has several limitations and strengths. In the 
case of workers reporting an injury later into their work 
shift, there may have been more person-time to have rest 
breaks, thus potentially overestimating the protective 
effects of a rest break. In an attempt to correct for this, 
total rest break duration for each worker was subtracted 
from their time-to-injury for the analysis. Scheduled shift 
lengths also differed slightly across the rest break catego-
ries (see table 1), however this variable was statistically 
adjusted for in the final model. With regards to the spe-
cific activity occurring during the rest breaks, there was 
no additional information as to whether the worker used 
this break time to obtain recuperative rest or participate 
in other activities, although the impact on delaying the 
time-to-injury suggests it was recuperative. 

Another potential limitation is that these data are 
from a case-crossover study (6, 29, 33), which is a 
within person design and there are no uninjured con-
trols to compare our results. This self-matched design 
controls measured and unmeasured confounders that do 

not vary within an individual over a short time period 
(ie, within a shift), however there may be confounding 
by multiple correlated unmeasured transient factors that 
impact the effect of a rest break on the time-to-injury 
(29, 33). For example, if a worker was fatigued and 
concurrently rushing while conducting the task at the 
time of their injury, this would remain confounded. 
Also this study relied on each subject’s recall of their 
rest break times and other information. However, an 
important strength is the relatively short period of time 
between the work injury and the follow-up interview of 
the hospitalized worker (median of four days). Recall 
within four days of an injury has been previously shown 
to provide relatively reliable estimates of self-reported 
work exposure (35). Other strengths include the wide 
variety of occupational settings in which the injured 
workers in this study were employed, allowing for an 
examination of the potential effects of rest breaks across 
a heterogeneous group of workers.

In conclusion, the results of this study suggest that 
rest breaks have a significant effect on delaying the 
onset time of a work-related injury, which may have 
significant safety implications both in the PRC and 
other countries. In May of 2012, the Ministry of Human 
Resources and Social Security in the PRC issued draft 
rules on working hours for consultation. With regards to 
rest periods (“breaks”), two conditions were proposed. 
The first proposes “rest periods during a workday must 
be included in the calculation of working hours”, in 
addition, the draft measures also prescribe compulsory 
rest periods of “no less than 20 minutes for every 4 hours 
of work and 10 minutes for every 2 hours of driving.” 
In the US, laws and requirements regarding rest breaks 
vary by state; however most employers do offer short 
breaks (usually lasting 10–20 minutes for every 4 hours 
worked). Similarly, in the EU under the Working Time 
Directive 2003/88/EC (36), a worker is entitled to an 
uninterrupted break of 20 minutes when daily working 
time is >6 hours. The findings of this study support the 
use of rest breaks during a work shift, along with other 
proposed measures to delay the onset time of a work-
related injury and potentially counteract the effects of 
work fatigue (36, 37) as a means of obtaining recupera-
tive rest and enhancing worker safety.
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