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Objectives   Rest breaks and other work-related temporal factors, such as time spent on task, influence the 
accumulation of fatigue, and thus impact occupational injury risk. The aim of this study was to investigate the 
effect of rest breaks on “time to injury” (the time between start of work and injury) for injured workers treated in 
a nationally representative sample of US emergency departments.
Methods   Using the National Electronic Injury Surveillance System (NEISS), we identified 629 workers who had 
experienced a work-related ladder-fall. Of these, 306 were interviewed by telephone using a standardized question-
naire about the circumstances surrounding the injury. Survival analyses were used to estimate time to injury, and 
hazard ratios (HR) for time to injury were compared between workers who reported no rest break (reference) and 
workers who reported rest break(s) prior to the injury (accumulated break time categorized into 0, 1–15, 16–30, 
and >30 minutes). Age, gender, time of work start, injury time of day, and workload were included as covariates to 
control for demographic, circadian, and work-related factors, respectively. 
Results   A clear dose–response relation indicated that longer accumulated break time was associated with a 
significantly longer time to injury when compared to workers without rest breaks [total break time 1–15 min-
utes: HR 0.60, 95% confidence interval (95% CI) 0.44–0.83; 16–30 minutes: HR 0.50, 95% CI 0.33–0.75; >30 
minutes: HR 0.34, 95% CI 0.23–0.51], adjusted for all covariates. 
Conclusions   The results showed that longer total rest break time allowed for a significantly prolonged time 
spent on task without an injury. These findings suggest that rest break design could be used as a tool to enhance 
fatigue management and workplace safety. 

Key terms   emergency department; fatigue; occupational injury; occupational safety; safety; survival analysis; 
temporal factor; time on task; work hour; work scheduling.
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Temporal factors have been linked to the development 
of fatigue in the workplace, which may lead to per-
formance errors and eventually result in incidents or 
injuries in the workplace. Circadian and homeostatic 
factors (such as time of day and time awake) as well 
as sleep duration and quality have been shown to be 
related to occupational injury risk [for a review see 
(1)]. Work-related temporal factors, such as time spent 
on task, or the number of daily working hours, play a 

role in the accumulation of fatigue and can influence 
occupational injury risk (2–7). A crucial factor for 
injury prevention is the opportunity for rest breaks to 
allow for adequate recovery from work-related strains, 
both within the shift and between shifts. While it has 
been generally acknowledged that the break between 
shifts needs to be of a minimum length to allow for 
sufficient rest and sleep [eg, the European Working 
Time Directive 2003/88/EC (8) includes a minimum 
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break duration of 11 hours within a 24-hour period], 
the effects of rest breaks within a shift on occupational 
safety have not yet been sufficiently examined. Only a 
few studies have explored the effect of rest breaks on 
temporal trends in occupational injuries, and showed 
that, after a rest break, the injury risk almost returned 
to the baseline risk level measured at the start of work 
(9). Additionally, findings in office settings support the 
beneficial effect of additional short breaks on health 
and productivity (10–12). However, the preventive 
effect of rest breaks might differ depending on the 
work environment (13). Furthermore, the potential for 
a dose–response relationship between break duration 
and injury risk has not yet been examined. Gaining 
more knowledge about these relations would inform 
prevention strategies, especially with regard to the 
length of rest breaks, to enhance fatigue management 
and workplace safety. 

The aim of this study was therefore to investigate 
the impact of rest breaks on “time to injury” (ie, the 
time between start of work and the injury) in a sample 
of workers who experienced a work-related ladder-fall 
injury. The main questions were: (i) are workers who 
take rest breaks able to work longer without injury than 
workers who do not take a break? and (ii) does a longer 
total accumulated rest break time prior to an injury 
provide a greater protective effect (ie, a longer time 
to injury) than shorter total break times, suggesting a 
dose–response relationship? 

Methods

Study sample and questionnaire

The study sample consisted of workers who were treated 
in one of 65 participating US emergency departments 
(ED) after a work-related fall from a ladder. All injury 
cases were identified and recruited through the National 
Electronic Injury Surveillance System (NEISS), which 
is a stratified random sample of all ED visits in the 
USA. Thus, the injured cases were considered to be a 
representative sample of all injuries so treated (14). All 
identified eligible workers were interviewed as soon as 
possible after their injury via structured phone interview 
in the time period between September 2006 and October 
2008. Of all 629 workers invited for an interview, 306 
individuals (49.3%) responded and were included in 
the analysis.

The questionnaire contained 167 items to collect 
information on worker demographics, injury character-
istics and circumstances, work-related factors (ladder 
and work equipment, work tasks, work environment), 
temporal factors (injury time of day, day of week, time 

of start of work and scheduled work end on injury 
day, amount and timing of rest breaks, working hours 
in the previous week), and sleep duration and quality 
in the three nights preceding the injury. Information 
regarding questionnaire development and content and 
a detailed sample description can be found elsewhere 
(15).  

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

Rest break duration and time into the shift

Each injured worker was asked “When did you actu-
ally take a break(s) on the day you fell?”, and start 
time and duration for each reported break was recorded 
subsequently (eg, “Break 1 start 10:00 hours, for 15 
minutes”). From these records, the number of breaks 
was enumerated, and the accumulated total break time 
of all breaks taken prior to the injury was calculated. 

Time into the shift (or time to injury, a proxy for 
time spent on task) was calculated by subtracting 
the time at which the injury occurred (injury time of 
day) from the work start time, yielding the number 
of hours worked until the incidence of the ladder-fall 
injury. Total reported break time before the injury was 
subtracted from time into the shift because only the 
time into the shift that was actually spent working was 
considered relevant. Work start was measured with 
the question “When did your work or job start on the 
day of your fall?”. Injury time of day was recorded in 
response to the question “At what time of day were 
you injured?”. Since in most cases (N=278) no exact 
injury time could be recalled, injury time of day was 
recorded in 2-hour intervals for these individuals, and 
the average of this time interval was used as the injury 
time of day (eg, if the response was “injury occurred 
between 09:00–11:00 hours”, injury time of day was 
coded as 10:00 hours). 

Demographic, circadian, and work-related factors 

Age, gender, work start time, injury time of day [catego-
rized into “morning” (06:00–13:59 hours), “afternoon” 
(14:00–21:59 hours) and “night” (22:00–05:59 hours)], 
and indicators for workload were included as covariates. 
Workload and working characteristics were measured 
with 14 variables and were aggregated with principal 
factor analysis and subsequent varimax rotation into two 
factors with Eigenvalues >1 named “work demands” 
(five variables, eg, excessive amount of work, conflict-
ing demands) and “control” (nine variables, eg, decision 
latitude, learning new things) based on the theoretical 
model by Karasek (16). 
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Statistical analysis

Descriptive frequencies of demographic characteristics, 
working conditions, and temporal factors, such as time 
of day, time into the shift, scheduled work hours, and 
total rest break time, were calculated. To examine the 
effects of rest breaks on time to injury, the accumulated 
break time was categorized into “no breaks”, “1–15 
minutes”, “16–30 minutes”, and “>30 minutes” based 
on the aim of evaluating the effects of a short, medium, 
and longer overall break time. Thus, the risk of a work-
related injury across time into the shift could be esti-
mated for workers with versus without rest break(s) and 
within each rest break time category. 

To estimate median time into the shift by rest break 
time, we conducted an unadjusted stratified Kaplan-
Meier analysis (17, 18). Cox regression (19) was used 
to predict survival across time into the shift (eg, the 
accumulated or cumulative percent of workers without 
an injury at each time interval), adjusted for age, gender, 
time of work start, injury time of day categories, work 
demands, and control. Injury incidence was considered 
as the event, and time into the shift as the time variable 
(for the Cox regression categorized in 0.5-hour intervals 
from 0–≥9 hours), including rest break duration as a 
covariate. Cumulative survival across time into the shift, 
hazard ratios (HR), and 95% confidence intervals (95% 
CI) were estimated for breaks versus no breaks and for 
each rest break category. (The HR is the ratio of the rate 
at which the event occurs, where a lower HR indicates 
a longer time of event-free survival.) Due to the study 
design, all individuals had experienced an injury, thus, 
the sample contained only non-censored data. Full infor-
mation on all variables was available for 261 individuals 
(85.3%). All statistical analyses were conducted with 
SAS version 9.2 (SAS Institute, Cary, NC, USA).

Results

Demographic characteristics and temporal factors

The study sample, previously described by Lombardi 
et al (15), consisted of 263 (86%) men and 43 (14%) 
women, with a mean age of 38.8 [standard deviation 
(SD) 13.0] years. The most frequent occupational titles 
were construction/extraction, installation/repair/main-
tenance, sales and related, and management (see table 
1). Workers were scheduled to work a range from 2–16 
hours on the day of their injury, with a mean length of 
8.6 (SD 1.7) hours. About 50% of all workers experi-
enced their ladder-fall injury within the first 4 hours of 
the shift, and the mean time to injury was 4.6 (SD 2.6) 
hours. 

Among all workers, 145 (49.8%) reported having 
had ≥1 rest break during their shift prior to their injury 
and the accumulated rest times varied in length between 
5–90 minutes, with a mean duration of 30 (SD 20) min-
utes. Of all workers, 110 (37.8%) reported having had 1 
break, 25 (8.6%) reported 2 breaks, 9 (3.1%) reported 3 
breaks, and one worker reported 4 breaks prior to their 
injury; the median number of rest breaks was 1. Among 
workers with 1 rest break, reported frequencies of the 
rest break time categories were N=64 (1–15 minutes), 
N=35 (16–30 minutes) and N=11 (>30 minutes). Accu-
mulated break time was >30 minutes for all workers 
with ≥2 rest breaks. 

Tables 2 and 3 present the distribution of age, work 
hour characteristics, sleep duration, day of the week 
when the injury occurred, and working conditions by 
total accumulated break time. Age, hours worked in the 
previous week (including overtime), scheduled shift 
duration, days worked per week, and sleep duration on 
the night prior to the injury did not differ significantly 
or systematically between rest break categories, with 
the exception that workers without any rest breaks were 
scheduled to work about 1 hour less than workers with 
>30 minutes total rest time (see table 2). 

In the earlier hours of the day (ie, between 06:00–
14:00 hours), in which most workers were scheduled to 
work (88.9%), 225 (73.8%) of all injuries were reported. 
Injury frequency in the afternoon (14:00–22:00 hours) 
and night (22:00–06:00 hours) was substantially lower 
with 66 (21.6%) and 14 (4.6%), respectively, with 86.6% 
and 6.9% of all workers scheduled to work during that 
time, respectively. Based on the number of workers 
scheduled within each time interval, the proportion of 
injuries was 82.7% (morning), 24.9% (afternoon), and 
66.7% (night).

The effect of rest breaks on time to injury

Unadjusted median times into the shift in each rest break 
category were calculated using Kaplan-Meier estima-
tion. Workers without rest breaks worked a median 
of 3.0 hours (95% CI 2.5–3.5) before the injury, and 
median time to injury was 3.8 hours (95% CI 3.3–4.3) 
for individuals with 1–15-minute break time, whereas 
workers with longer total rest break time were able to 
work significantly longer into their workday without an 
injury (16–30 minutes: 6.0 hours, 95% CI 5.0–7.0; >30 
minutes: 6.8 hours, 95% CI 5.8–8.2). 

Figure 1 shows the cumulative survival distribu-
tions for injury risk across time into the shift, stratified 
by accumulated rest break duration, estimated with 
Cox regression and controlling for age, gender, time of 
work start, injury time of day, and working conditions. 
Workers, who reported at least one rest break before the 
injury, experienced the ladder-fall significantly later in 
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their shift than workers without any breaks (adjusted 
HR 0.49, 95% CI 0.38–0.63). Furthermore, the results 
showed a dose–response relationship between time to 
injury and rest break duration, indicating that longer 
accumulated break times were associated with a sig-
nificantly increased time into the shift (P<0.05, risk 
estimates are presented in table 4). 

Additionally, injury time of day was significantly 
associated with time into the shift (injuries occurred 
earlier into the shift in the mornings compared to after-
noons), but no effect on time into the shift was found 
for age, gender, work start time, and work-related fac-
tors (see table 4). Other variables tested for predictive 
effects on time to injury were day of the week, work-
ing hours in the last week, and sleep duration on the 
nights preceding the injury, but since no effects were 
statistically significant, these variables were dropped 
from the Cox model. 

Discussion

The results of this study on workers who experienced a 
ladder-fall injury indicated that rest breaks may have an 
important effect on injury risk. Workers reporting rest 
breaks worked significantly longer without an injury 
than workers without rest breaks. Furthermore, a clear 
dose–response relationship showed that time into the 
shift without an injury increased substantially with 
increasing total rest break time. 

These results were in line with previous findings 
showing a beneficial and preventive effect of rest breaks 
on occupational injuries (3, 9, 13) and health (10–12). 
However, only very few studies have explored rest break 
length effects on safety and performance. One study did 
not find differences in reaction time between a 15- and 
60-minute break in a driving simulator setting using a 

Table 1. Distribution of gender, occupational groups, and injury day of the week by total accumulated break time prior to the injury.

Characteristic Total accumulated break time

No breaks 1–15 minutes 16–30 minutes >30 minutes Total

N % N % N % N % N %

Total 146 50.2 64 22.0 35 12.0 46 15.8 291 100.0

Gender 
Women 17 11.6 11 17.2 3 8.6 11 23.9 42 14.4
Men 129 88.4 53 82.8 32 91.4 35 76.1 249 85.6

Occupation (top 5)
Construction and extraction 54 37.2 28 43.8 19 54.3 13 28.9 114 39.5
Installation, repair, maintenance 34 23.5 14 21.9 5 14.3 9 20.0 62 21.5
Sales and related 11 7.6 6 9.4 4 11.4 9 20.0 30 10.4
Management 12 8.3 2 3.1 1 2.9 4 8.9 19 6.6
Office and administrative support 8 5.5 5 7.8 2 5.7 2 4.4 17 5.9

Day of injury
Monday 27 18.5 8 12.5 5 14.3 6 13.0 46 15.8
Tuesday 31 21.2 11 17.2 5 14.3 9 19.6 56 19.2
Wednesday 29 19.9 21 32.8 7 20.0 5 10.9 62 21.3
Thursday 23 15.8 10 15.6 7 20.0 8 17.4 48 16.5
Friday 19 13.0 9 14.1 5 14.3 8 17.4 41 14.1
Saturday 7 4.8 5 7.8 3 8.6 5 10.9 20 6.9
Sunday 10 6.9 0 0.0 3 8.6 5 10.9 18 6.2

Table 2. Distribution of age, working hour characteristics, and sleep duration in the night prior to the injury by total accumulated break 
time prior to the injury [95% CI=95% confidence interval].

Characteristic Total accumulated break time

No breaks 1–15 minutes 16–30 minutes >30 minutes Total

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

Age (years) 38.6 36.4–40.7 37.3 34.1–40.5 40.6 35.6–45.6 40.1 36.6–43.6 38.8 37.3–40.7
Weekly working hours 
(hours/week)

40.6 38.5–42.6 41.5 38.7–44.3 40.1 35.3–44.9 40.8 37.2–44.5 40.8 39.5–42.2

Days per week 5.0 4.8–5.1 4.9 4.8–5.1 4.9 4.6–5.2 5.0 4.7–5.2 4.9 4.8–5.0
Scheduled shift length 
(hours)

8.4 8.1–8.7 8.9 8.6–9.2 8.5 7.8–9.1 9.3 8.8–9.7 8.6 8.4–8.8

Sleep duration preceding the 
injury (hours)

7.4 7.2–7.5 7.3 7.1–7.6 6.7 6.3–7.1 7.3 7.0–7.6 7.3 7.1–7.4
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Table 3. Distribution of work demands and control by total accumulated break time prior to the injury [%=proportion of workers answer-
ing with “agree/strongly agree”; 95% CI=95% confidence interval].

Characteristic Total accumulated break time

No breaks 1–15 minutes 16–30 minutes >30 minutes Total

% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

Job requires working fast 28.6 21.0–36.1 12.5 4.2–20.8 26.5 10.8–42.1 31.1 17.0–45.2 25.6 20.5–30.7
Job requires working hard 87.9 82.5–93.4 93.8 87.7–99.8 91.4 81.7–100 88.6 78.9–98.4 89.7 86.1–93.2
Not asked to do an excessive 
amount of work

83.7 77.5–89.9 88.9 80.9–96.9 82.9 69.7–96.0 86.7 76.3–97.0 85.5 81.4–89.6

Enough time to get job done 87.8 82.3–93.3 89.1 81.2–96.9 88.6 77.5–99.7 93.3 85.8–100 89.3 85.7–92.9
Free from conflicting 
demands

78.4 71.5–85.3 92.2 85.4–98.9 87.9 76.1–99.6 86.4 75.8–96.9 83.6 79.2–87.9

Job requires learning new 
things

81.6 75.1–88.0 90.5 83.0–97.9 97.1 91.3–100 91.1 82.5–99.8 86.6 82.6–90.5

Job involves a lot of  
repetitive work 

87.2 81.7–92.8 96.9 92.5–100 100.0 ·· 95.6 89.3–100 91.4 88.2–94.6

Job requires creativity 77.4 70.3–84.5 85.9 77.2–94.7 94.3 86.2–100 93.3 85.8–100 83.3 78.9–87.6
Job allows own decisions 78.0 71.1–84.9 85.9 77.2–94.7 94.3 86.2–100 91.1 82.5–99.8 83.5 79.2–87.8
Job requires high level of 
skill

87.1 81.4–92.7 88.9 80.9–96.9 97.1 91.3–100 93.3 85.8–100 89.6 86.0–93.1

Little freedom for decisions 20.0 13.3–26.7 17.2 7.7–26.7 11.4 0.3–22.5 11.4 1.6–21.1 17.0 12.6–21.3
Variety on the job 85.8 80.0–91.6 95.3 90.0–100 97.1 91.3–100 95.6 89.3–100 90.7 87.4–94.1
A lot to say about what  
happens on the job 

70.9 63.3–78.5 87.5 79.2–95.8 85.3 72.8–97.8 88.6 78.9–98.4 78.9 74.2–83.6

Opportunity to develop own 
abilities

81.3 74.7–87.9 89.1 81.2–96.9 94.3 86.2–100 95.6 89.3–100 86.1 82.1–90.1

Figure 1. Cumulative survival for individuals without a ladder-fall across time into the shift, stratified by rest break duration. Estimates were 
calculated with Cox regression, adjusted for age, gender, work start time, injury time of day, work demands, and control.
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small sample (20). Another study in an occupational 
setting (21) demonstrated that introducing a 10-minute 
rest break after every 60 minutes of work is less tiring 
than a break of 15 minutes every 90 minutes, consistent 
with results from earlier studies (22, 23). While frequent 
short breaks seem to show a stronger protective effect 
than a single long break, more studies are needed to 
support this finding. Due to limitations in sample size 
and combinations of break frequency and duration, it 
was not possible to examine this question further in this 
study (among workers with one rest break, different 
accumulated break times were reported, but all workers 
with ≥2 breaks reported >30 minutes total break time, 
see also results section). 

The results showed that workers with start times 
very early or late in the day did not experience the 
injury earlier or later into the shift than other workers. 
In contrast, workers injured in the morning had worked 
significantly less time until injury than workers injured 
in the afternoon. One explanation might be that most 
workers were scheduled to start work in the mornings 
and, therefore, time to injury by definition was longer for 
those injured in the afternoon hours compared to those 
injured earlier in the day. This temporal distribution of 
injuries and scheduled workers was consistent with an 
earlier study on occupational traumatic hand injuries (5). 
Variables like sleep duration and quality on the nights 
before the injury were also tested and did not affect 
time to injury, most likely due to lack of variation in 
the sample (about 70% reported 7–8 hours of sleep per 

night). The number of shifts worked prior to the injury 
might have influenced the effect of rest breaks on injury, 
but no information on consecutive shifts was available. 
However, hours worked in the previous week were 
controlled in the analysis and served as an indicator for 
the overall exposure. 

Limitations and strengths 

Experiencing an injury later into the work shift may 
increase the likelihood of a worker to have the opportu-
nity for a rest break (or to take longer breaks or several 
short breaks). This could lead to an overestimation of the 
protective effects of rest breaks. However, there was no 
control group with the same amount of breaks without 
an injury for comparison. For workers experiencing the 
injury after 7 or 8 hours into the shift (who should have 
had similar rest break opportunities), longer rest breaks 
had slightly longer survival times as shown in figure 
1, thus longer rest breaks appeared to be protective. 
Another argument could be that longer break duration 
increased time to injury per se but break times were 
subtracted from time to injury for the statistical analyses. 

The findings also indicated that workers without rest 
breaks were scheduled to work 1 hour less than workers 
with long total break time (>30 minutes), and thus expo-
sure was slightly different. Thus, it could be expected 
that time to injury would be 1 hour shorter among 
workers without rest breaks, compared to those with 
>30-minute rest breaks, if rest breaks had no effect on 
time to injury. However, the difference in median time 
to injury between these groups was 3.8 hours, indicating 
a disproportionally stronger effect of rest break time that 
could not have been caused by a 1 hour shorter shift. 

Other limitations include that due to the data being 
collected within a case-crossover study design (15), only 
cases were interviewed, thus there is no comparison with 
a control group of uninjured workers. Additionally, the 
response rate was not high (49.3%), and no information 
was available to examine differences between the study 
sample and the non-responders. Furthermore, while 
the most likely bias in follow-back studies is related to 
recall (24), recall quality could not be assessed. Since 
the median lag time between the injury and the follow-
up interview was 34 days, recollection of the exact 
injury circumstances may have been less precise. It has 
been shown that recall within 4 days of an injury pro-
vides reliable results (24), but in the present study, reli-
ability was not estimated. Although the injured workers 
were asked to give the time of day in which they were 
injured, they were given the option of providing a cat-
egorical response (eg, 06:00–08:00 hours, 12:00–14:00 
hours, etc.). Only 27 individuals were able to give the 
exact time of the day, therefore the majority was based 
on 2-hour intervals. In addition, some reports on rest 

Table 4. Parameter estimates, hazard ratios, and 95% confi-
dence intervals (95% CI) to predict time to injury by rest break 
duration, using Cox-Regression, controlling for age, gender, 
work start, injury time of day, work demands, and control. 

Parameter Parameter 
estimate

Standard 
error

Hazard 
ratio

95% CI

Rest break 
duration
No break Referent
1–15 minutes -0.51 a 0.16 0.60 0.44–0.83
16–30 minutes -0.70 a 0.20 0.50 0.33–0.75
>30 minutes -1.09 a 0.21 0.34 0.23–0.51

Gender 
Women Referent
Men -0.24 0.19 0.79 0.54–1.14

Age 0.00 0.01 1.00 0.99–1.01
Work start 0.01 0.02 1.00 0.96–1.05
Injury time of day
Morning Referent
Afternoon -1.46 a 0.19 0.23 0.16–0.34
Night -0.50 0.45 0.61 0.25–1.48

Workload factors
Work demands 0.12 0.08 1.13 0.97–1.31
Control -0.07 0.07 0.93 0.81–1.06

a P<0.05.
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breaks were not precise enough to be used (eg, “I had a 
lunch break but I do not remember the time or duration 
of the break.”). This should not have led to any sys-
tematic biases regarding time to injury and rest breaks; 
however, the times presented should not be regarded as 
exact hours worked until the injury occurred. The pos-
sibility of confounding by unmeasured variables is also 
possible, for example there may be work environment-
related factors that influence both time to injury and 
rest breaks (eg, work pace). However, all workers were 
matched on task (working on a ladder when injured) 
and weekly work hours and scheduled shift duration 
did not differ consistently and significantly between 
workers with and without a rest break, or between rest 
break duration categories, indicating no confounding 
between rest break opportunities and temporal factors. 
Additionally, the survival models accounted for work-
load to control for potential confounding, although no 
workload factor was statistically significant in predicting 
time to injury. This supports the validity of the findings. 
However, these results should not be generalized to the 
overall population of workers, since the occupational 
groups in this study are characterized by generally haz-
ardous working conditions, and rest breaks might have 
different effects on injury in other occupations and tasks.

Only about 50% of all interviewed workers reported 
≥1 rest break, and in some cases working long hours 
without any rest breaks was reported. This leads to the 
question if the prevalence of rest breaks was low in this 
sample of injured workers or if this finding was due to 
imprecise recall of rest breaks. This also implies that the 
rest time categories chosen here should not be regarded 
as rigid suggestions for rest break design, but rather as 
a first attempt to study the dose–response effects of rest 
break times on time to injury in a field setting. Despite 
possible inaccuracy in reporting, however, it is unlikely 
that there would have been systematic recall errors 
regarding rest breaks depending on time to injury. 

On the other hand, the present study has several 
strengths, such as the use of data from a representative 
sample of US emergency departments, which were col-
lected with a systematic approach to case-ascertainment 
(15) and a highly specific case definition. Participants 
represented a quite homogeneous group mainly con-
sisting of occupational categories such as construc-
tion/extraction and installation/repair/maintenance, and 
included only ladder falls, which decreased the likeli-
hood of confounding by work-related factors or different 
mechanisms of fatigue and injury.

In conclusion, the results of the present study indi-
cate that taking rest breaks substantially increases time 
spent on task without an injury, with longer total rest 
break time showing a higher protective impact than 
shorter break time. Although fatigue across the shift 
was not directly examined here, the findings indicate 

that accumulated work-related fatigue can be at least 
partially reversed by rest breaks. Thus, these results 
should be taken into account for future workplace inter-
ventions to reduce fatigue and improve occupational 
safety. Further investigations of optimal rest break 
duration and distribution using samples with different 
types of injuries and occupations are needed to increase 
the validity of these findings and develop strategies for 
workplace interventions. The recovery effect might also 
depend on the activity during the break (25); therefore, 
future studies should collect detailed information about 
the type of rest breaks (eg, nap, lunch break).
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