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Abstract: Shift work, including night work, has been regarded as a risk factor for medical safe-
ty. However, few studies have investigated the difference in medical error risk between two- and
three-shift systems. A total of 1,506 registered nurses working shifts at teaching hospitals par-
ticipated in this study to evaluate the difference in medical error risk between two- and three-

shift systems.

After adjustment for potential confounding factors using a log Poisson general-

ized estimating equation model, the results showed significantly higher frequencies of perceived
adverse events over 6 months in the three-shift than in the two-shift system, with estimated mean
numbers of adverse events of 1.05 and (.74, respectively. Shorter intervals after night shifts and
greater frequency of night shifts in three-shift systems, which reduce the recovery time from
night shift work, may be linked to increased medical errors by nurses.

Key words: Medical error, Nurse, Three-shift system, Two-shift system, Prospective cohort study

Introduction

Improving patient safety by preventing medical errors
is a socially important issue. Many studies have report-
ed patient risks associated with medical errors and empha-
sized the need for implementing more patient safety mea-
sures!'=®. 1In particular, shift work, including night work,
has been regarded as a risk factor for safety*”. Shift
work schedules vary depending on a variety of conditions,
including timing and length of work hours; fixed or rotat-
ing scheduling; duration and direction of rotation; num-

*To whom correspondence should be addressed.
E-mail: ka-tnk @nifty.com

ber of consecutive days of night work; and number of
work hours per week. With respect to differences in occu-
pational safety between 8-h shifts (three-shift system) and
12-h shifts (two-shift system), most previous studies have
been conducted in industrial rather than medical fields.
While some studies reported that 12-h shift work is linked
to increases in fatigue and errors, which in turn leads to
a higher risk of accidents®-!D, others found no significant
increase in accidents associated with a change from 8- to
12-h shift work!2!¥, and no consistent conclusions have
thus yet been reached. In their investigation of outcomes
after changing from 8- to 12-h shift work in petrochem-
ical plants and a fertilizer producing company, Pollock et
al. found an increase in the percentage of serious injuries



358

and a decline in the percentage of minor injuries in petro-
chemical plants, but no change in the fertilizer plant.
Based on these findings, they concluded that the impact
of 12-h shift work varies depending on the characteristics
of workers, and the working environment'>.

Although several large-scale studies have investigated
the impact of differences in length of shift work on health
in medical fields'® 7, few of these focused on safety as
an outcome. Here, we investigated the difference in med-
ical error risk among nurses between the two- and three-
shift system, with consideration to potential confounding
factors, including psychological stress and work environ-
ment characteristics.

Methods

Participants and procedures

A total of 1,506 registered nurses working shifts at five
teaching hospitals participated in the study. The authors
also worked at these hospitals. Among the five hospitals,
two (hospitals A and B) had the same type of three-shift
system and three (hospitals C, D, and E) had the same
type of two-shift system. Hospitals A and B employed a
total of 411 and 276 shift work nurses, and C, D and E
employed 573, 126, and 120, respectively. The two-shift
work schedule was composed of daytime (8:00-17:00)
and nighttime (16:30-8:30) shifts. The daytime work
included 1-h lunch breaks. During night work, a 2-h nap
and breaks between 22:00 and 4:00 were regulated. The
three-shift work schedule was composed of day
(8:30-17:00), evening (15:00-23:30), and night
(23:00-9:00) shifts. The daytime work included 1-h lunch
breaks, and the evening work included 30-min breaks.
During night work, a 1.5-h nap and breaks were regulat-
ed. For both the two- and three-shift systems, the num-
ber of consecutive nights of work was, in principle, lim-
ited to two. Each hospital had irregular schedules depend-
ing on individual or other staff schedules.

The objectives and procedures of the study were
explained to the nursing director and senior nursing offi-
cer in each hospital. Each senior nursing officer then
orally explained the study to nurses on the ward or in the
outpatient department using a study information sheet, and
asked them to participate in the study. The following
information was provided to the nurses: objectives and
methods of the study, voluntary participation, no disad-
vantage from nonparticipation, option to discontinue par-
ticipation in the study at any time, and confirmation of
final informed consent by returning a self-report ques-
tionnaire to the investigator. The senior nursing officers
were excluded from the study because they were not pri-
marily involved in nursing cases. There were no other
exclusion criteria.
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The first self-report questionnaire included items con-
cerning demographic characteristics and work conditions
and was distributed to participants in November 2005.
The second questionnaire, which was distributed in May
2006, included items on the frequency of self-perceived
adverse events experienced in the last 6 months. All
reported questionnaires were sealed in individual
envelopes before collection.

The study protocol was approved by the Institutional
Ethics Committees of Showa and Kitasato Universities.

Measurement

The first questionnaire included items on gender; age;
number of years of nursing experience; position (chief
nurse or not); alcohol consumption habit (defined as
drinking at least once per week); work place; presence or
absence of a ward rotation in the last 6 months; highest
severity of sleepiness as assessed on the Stanford sleepi-
ness scale during day work; frequency of sleepiness dur-
ing work regardless of day or night shift; job stress; men-
tal status; and work conditions.

Job stress was assessed using the Nursing Stress Scale
(NSS) and the Effort-Reward Imbalance (ERI) question-
naire. The NSS!320 a well-known and widely used
scale, has 7 subscales: death and dying, conflict with
physicians, inadequate preparation, problems with peers
and supervisors, workload, and uncertainty concerning
treatment. The ERI questionnaire®! used to assess effort-
reward imbalance is based on the ERI model, a theoreti-
cal concept advocated by Siegrist?? which proposes to
assess the adverse health effects of stressful experience at
work?3-2%, This model defines stressful experience at
work as an imbalance between high effort expended and
low reward received. According to the theoretical for-
mulation, the ratio between the two scales of effort and
reward (weighted by item numbers) is calculated in order
to determine the degree of imbalance between high effort
expended and low reward received at work. The personal
characteristic of over-commitment is defined as the ten-
dency to be absorbed in work excessively.

Mental status was assessed using the Hospital Anxiety
and Depression Scale (HADS)?®, a short self-report ques-
tionnaire composed of subscales for anxiety and depres-
sion, each of which produces a score in the range of 0-21.

To evaluate work conditions, items concerning the fre-
quency of feeling unskilled, of time pressure, and of feel-
ing a lack of communication among staff were investi-
gated. These factors have been regarded as showing a
relation to medical errors?’-3". The response choices
were “no”, “occasionally”, “frequently”, or “always”, with
“no” and “occasionally” were regarded as no, and “fre-
quently” and “always” were regarded as yes. The same
response choices and collapsing of response categories
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were applied to questions concerning the frequency of
sleepiness during work. The nurse’s workplace was clas-
sified into three categories: internal ward; surgical ward;
and emergency room (ER) and intensive care unit (ICU),
with internal wards including wards for internal medicine,
dermatology, neurology, and rehabilitation; surgical wards
including pediatrics, obstetrics, gynecology, ophthalmol-
ogy, urology, otorhinology, anesthesiology (many patients
are often hospitalized for surgery on these wards), and all
surgical departments (cardiovascular surgery, gastroin-
testinal surgery, respiratory surgery, cerebral surgery,
orthopedic surgery, and plastic surgery); and ER and ICU
including pediatric and neonatal intensive care units and
operating rooms.

The second questionnaire investigated the frequency of
self-perceived error-related adverse events experienced in
the last 6 months. In this study, an error-related adverse
event was defined as an unanticipated incident in which
the subject nurse made an error which resulted in harm
to a patient’?. To investigate the frequency of perceived
adverse events in the last 6 months, the questionnaire
asked “how often in last 6 months did a patient under
your care experience injury or disadvantage due to an
error made by you?”

Statistical analyses

A bivariate analysis was initially performed to deter-
mine the variables for multivariate analysis. Categorical
variables were analyzed by Fisher’s exact test, and con-
tinuous variables by the s-test. Several previous studies
have observed large differences in the frequency of med-
ical errors as a function of years of experience’3—39,
Therefore, bivariate analysis was conducted after the
entire sample was divided into tertiles of years of expe-
rience. Using a log Poisson GEE with all effects fixed,
estimated mean numbers of adverse events over 6 months
were obtained after adjustment for potential confounding
factors. The confounding factors were the variables from
the bivariate analysis that identified significant differences
in at least one level of the three experience-year cate-
gories between three-shift work and two-shift work. The
reason for using a log Poisson GEE was because the dis-
tribution of frequencies of adverse events was anticipat-
ed to be a Poisson distribution. Years of experience were
divided into three levels and applied to the models. The
statistical software SPSS version 16.0 (SPSS Inc.,
Chicago, IL, USA) was used for analysis. Statistical sig-
nificance was set at the 0.05 level, and all tests were two-
tailed.

Results

Self-report questionnaires were obtained from 1,470 of

the 1,506 nurses (97.6%) doing shift work at the five hos-
pitals. A total of 1,407 nurses (93.4%) who provided
complete responses to the questions, which included gen-
der, age, years of experience, and frequencies of adverse
events, were included in the statistical analysis. No dif-
ference was seen in gender or age between the 63 nurs-
es who provided poor responses and the 1,407 who report-
ed assessable information. All shift work included night
work. Demographic characteristics of the study partici-
pants are shown in Table 1. Of the 1,407 participants
who worked shifts, 1,330 (94.5%) were female, with a
mean (SD) age of 28.0 (5.9) yr and mean years of expe-
rience of 5.8 (5.4); 737 (52.4%) worked the two-shift sys-
tems of 16 h night shift work while 670 (47.6%) worked
the three-shift system of 10 h night shift work.

Table 1 shows the number of adverse events during the
6-month study period, demographic characteristics of the
participants, and differences in work environments.
During the study period, there was a significant differ-
ence between the two- and three-shift systems in terms of
mean number (SD) of perceived adverse events, at 0.9
(1.3) and 1.2 (1.5), respectively (p<0.05). The mean num-
ber (SD) of adverse events in hospitals A and B was 1.1
(1.4) and 1.3 (1.5), respectively, with no significant dif-
ference between them (z-test, p=0.13), while that in hos-
pitals C, D, and E was 1.0 (1.4), 0.9 (1.1), and 1.0 (1.1),
respectively, also with no significant differences between
them (analysis of variance, p=0.96). A significant dif-
ference was observed for years of experience (SD)—an
important confounding factor—between the two- and
three-shift systems (5.3 (4.8) and 6.3 (5.6), p<0.01).
Division of the sample into tertiles generated groups with
less than 3 yr’ experience (432 nurses: 30.7%), from 3 to
6 yr’ experience (472: 33.5%), and greater than 6 yr’
experience (503: 35.8%). The mean number (SD) of per-
ceived adverse events with the two- and three-shift sys-
tems in these groups was 1.4 (1.6) and 1.6 (1.7) in the
group with less than 3 yr’ experience, 0.9 (1.2) and 1.4
(1.4) in the group with 3-6 yr’ experience, and 0.6 (0.9)
and 0.8 (1.2) in the group of more than 6 yr’ experience.
The frequency of adverse events with the three-shift sys-
tem was significantly higher only in the group with 3-6
yr’ experience. In bivariate analysis performed with both
all participants together and the participants divided into
three groups according to years of experience, variables
exhibiting significant differences between the two- and
three-shift systems were age, number of night shifts, ERI
ratios, over-commitment, gender, position, alcohol con-
sumption habit, as well as the frequency of experiencing
time pressure, lack of skills, lack of communication and
sleepiness during work.

Table 2 shows the estimated mean frequencies of
adverse events during the 6-month study period using a
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Table 2.

Difference in frequencies of adverse events between three-shift system and two-shift system using log Poisson GEE analysis

Adjusted for years of experience and No. of

3 3 2)
Unadjusted night shifts worked” Adjusted for all
Estimated mean Difference Estimated mean Difference Estimated mean Difference
(SE) (95%CI) P (SE) (95%CI) P (SE) (95%CI) p
Three-shift system 1.19 (0.06) 1.21 (0.07) 1.05 (0.12)
0.24 (0.09-0.38)  <0.001 0.33 (0.16-0.50)  <0.001 0.30 (0.15-0.46)  <0.001
Two-shift system 0.94 (0.05) 0.89 (0.05) 0.74 (0.09)

GEE: generalized estimation equation, SE: standard error of mean, CI: confidence interval.

! Adjusted for years of experience and number of night shifts per month.

2 Adjusted for years of experience, number of night shifts, ERI ratios, over-commitment, gender, position, habit of alcohol consumption, workplace and frequencies of expe-
riencing feelings (concerning work overload, time pressure, lack of skills, and sleepiness during work).

log Poisson GEE. Significant variables in the bivariate
analysis except age (due to its strong correlation with
years of experience) were used as independent variables.
Results demonstrated higher frequencies of adverse events
in the three- than in the two-shift system in the model
adjusted for years of experience and number of night
shifts per month, and in that adjusted for all variables.
The estimated mean numbers (SE) of perceived adverse
events of the two- and three-shift systems were 1.05
(0.12) and 0.74 (0.09), respectively, and the effect size
(95% confidence interval) was 0.30 (0.15 to 0.46) in the
model adjusted for all variables.

Discussion

Results from a log Poisson GEE with adjustment for
potential confounding factors demonstrated that teaching
hospital nurses doing three-shift work had a higher fre-
quency of perceived adverse events than their counter-
parts doing two-shift work.

While many studies have investigated the influence of
8-h (three-shift system) and 12-h shifts (two-shift system)
on safety in laboratory settings or industrial fields, no con-
sistent conclusions have been reached. Among findings,
12-h shifts helped to increase consecutive free or leisure
time, but also significantly affected accident risk”; work-
ers in 12-h systems involving surveillance work had a
higher frequency of error toward the end than at the begin-
ning of work, in both day and night shifts, whereas coun-
terpart workers in 8-h shifts did not3”); and significant
declines in attention were seen after 10 h of work, for
both day and night shifts'®. In their comparison of acci-
dent rates 10 yr before and 10 yr after a change from 8-
h to 12-h shifts in one company, Laundry et al. confirmed
a significant decline in minor and moderate injuries, and
also found a trend toward a decline, although not statis-
tically significant, in on-the-job-accidents as a whole3®);
while Lowden er al. reported that a change from 8-h to
12-h shifts was positive in most respects (satisfaction with
work hours, sleep, and time for social activities) and that

health, perceived accident risk, and reaction-time perfor-
mance were not negatively affected!®. In contrast, two
studies comparing 8- and 12-h shift systems observed no
differences in workers’ simple performance outcomes as
assessed by reaction time measures'3 9 while a third
reported no remarkable increase in accidents by manu-
facturing workers after a change from 8-h to 12-h shifts!?.
In the medical field, Macias et al. reported that the per-
centage of incidents, including needle-stick and bio-fluid
exposure accidents, increased in the 2 h before the end
of a 12-h shift, but not in the 2 h before the end of an
8-h shift>». Because two-shift systems in other countries
usually involve 12-h shifts, in contrast to the 16 h’ night
work in Japanese two-shift systems, these results from
other countries cannot be directly applied to Japanese
cases of two-shift work. In any case, these discrepancies
among previous findings for worker error clearly point to
the need for additional in-depth studies. Pollock et al.'>
and Lowden et al.'¥ suggest that they can be attributed
to differences in work time and sequential work patterns,
worker characteristics, and work environment. Studies
investigating the impact of differences between two- and
three-shift systems need to clearly describe how they
adjusted for confounding factors. A strength of the pre-
sent study is its adjustment for more confounding factors
than previous studies.

In the present study, bivariate analysis demonstrated
that only the nurses with 3—-6 yr’ experience working the
three-shift system reported a significantly higher fre-
quency of adverse events. This finding may be related
to the fact that this group also had the highest NSS scores
and ERI ratios. It has been reported that elevated stres-
sors increase the risk of medical error3®. Dorrian et al.
reported that one of the most important predictors of nurse
error was stress*®. Nurses with 3-6 yr’ experience are
expected to serve not only as full-fledged nurses who sat-
isfactorily manage their nursing duties, but also to play a
central role in educating and supporting novice nurses.
Due to the greater frequency of shift work, these pres-
sures and burdens may accrue more frequently to nurses
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working three-shift systems than their counterparts work-
ing in two-shift systems.

Following adjustment for years of experience, NSS
score, ERI ratio, and several other potential confounders,
the present results demonstrated that nurses in three-shift
work had a higher frequency of perceived adverse events
than their counterparts working two-shift schedules. This
difference may be attributable by several possible factors.
Previous research has indicated a higher risk of incidents
during night shifts*7-4D. In our study, however, total
hours of night shift work per month did not substantial-
ly differ among systems, with nurses working the two-
shift system having an average of 4.3 night shifts and
60.02 h of night work (4.3 shifts 4.3 x 14 h) per month
versus 7.5 night shifts and a total of 63.75 h of night work
(7.5 shifts x 8.5 h) in those working the three-shift sys-
tem. Taking a nap during night shifts is reported to be
effective in reducing the risk of medical errors*>+%.
While both the two- and three-shift systems in the pre-
sent study were regulated to offer a nap opportunity dur-
ing night shifts, the mandated 2 h for the former may
have provided a more favorable effect than the 1 h for
their three-shift counterparts. Unfortunately, we did not
investigate napping behavior here, and this assumption
needs to be tested.

Citing the finding that hospital nurses in two-shift work
involving 16-h night shifts were less busy and had longer
off-shift time after night shifts than those in three-shift
work with 8-h night shifts, Takahashi et al. suggested that
these factors help reduce the work-related health problems
induced by long night shifts*¥. Longer intervals after
night work may enable longer main sleep, and guarantee
sufficient recovery time from night shift work to spend
on stress coping, which may in turn be linked to reduc-
tions in errors during work hours!® 4>, 1In the present
study, the mean number of night shifts per month signif-
icantly differed (p<0.01) between the two- and three-shift
systems (Table 1). Moreover, because nurses in the three-
shift systems work not only more night shifts, but also
work evening shifts, they are more likely to be exposed
to artificial lighting at night, and therefore have less time
for exposure to daylight. This pattern of light and dark-
ness may disturb circadian rhythm*®, and the resulting
increase in fatigue and decrease in attention would like-
ly increase the risk of medical error. The need for more
studies focusing on health hazards faced by health care
workers, including nurses, as well as to the assessment of
preventive measures has been widely acknowledged*”.
Studies of care workers in nursing homes, currently the
subject of much attention in Japan, increasingly demon-
strate associations between shift work and worker sleep
and musculoskeletal disorders*-49, and additional stud-
ies with a wide range of health care workers are neces-
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sary. Given that the interaction between shift work and
psychosocial factors is an important research theme in
fields other than health care3®, a wide range of studies
of shift work and worker health in a range if fields is
anticipated.

Limitations

In addition to those mentioned above, several other lim-
itations in generalizing our results warrant mention. First,
adverse events were not assessed by interview or through
objective observation, but were self-reported on an
anonymous basis. Although some measurement bias may
have occurred, anonymous reporting is associated with a
significant increase in the rate of reported medical
errors>!=33,  Further, as participants were required to
recall adverse events during the previous 6-month period,
some recall bias may also have been present. Subjects
were not asked about the time or details of incidents,
which prevented the examination of event time and sever-
ity. Second, we did not identify working hours, which
are thought to have a strong relationship with incident
occurrence. However, as all study hospitals had an
administrative policy to reduce overtime (defined as
working more than 40 h per week) to less than 20 h per
month, we speculate that there were no significant dif-
ferences between the hospitals, and that total working
hours per month were in the range of approximately 160
to 180. Background safety and medical error prevention
policies among hospitals were not completely concordant,
but an accurate evaluation of these would be extremely
difficult. Nevertheless, given that all five hospitals are
teaching institutions and share safety provisions such as
providing incident management systems and on-the-job
education programs for incident prevention, significant
differences among them are unlikely.
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