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Abstract

The aim of this systematic review was to examine the evidence regarding nurse
night shift errors. Night shift work has historically been associated with
circadian rhythm changes, health risks, and even emotional effects. An
electronic literature search for "night shift nurse errors” was conducted using
Pubmed, CINAHL, Health Source: Nursing/Academic Edition, and Cochrane
Collection Plus databases. Inclusion criteria was English language, full text
available, and published dates between May 1, 2005 and May 1, 2015. Ten
studies were selected for analysis based on the inclusion criteria. The quality of
the studies and the level of evidence were categorized based on Johns Hopkins
Strength of Evidence Hierarchy. The error rate on night shift was consistently
higher than the day shift rates. Nursing factors related to the occurrence of both
near misses and adverse events included fewer years of experience, increased
frequency of night shifts, internal ward assignments and experiencing time
pressure.
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Introduction

The literature contains multiple descriptive studies that indicate rotating and
chronic night shift work is associated with many health risks for nurses. The
severity of health risks reported tend to increase with the number of years of
rotating night shiftwork. Some of the health risks findings associated with night
shift work that have been documented include increased risk of obesity for
American, Korean and Canadian nurses (Kroenke et al. 2007, Zhao et al. 2012,
Kim et al. 2013, Smith et al. 2013), Type 1l diabetes (Kroenke et al. 2007, Pan et
al. 2011), lung cancer (Schernhammer et al. 2013), menstrual disturbances
(Lawson et al. 2015), stroke (Brown et al. 2009), fractures (Feskanich et al. 2008),
hypertension or lack of blood pressure recovery (Gangwisch et al. 2013, Lo et al.
2008), thyroid disease (Burdelak et al. 2012), breast cancer (Schernhammer et al.
2006, Kolstad 2008, Megdal et al. 2005, Hansen and Stevens 2011, ljax et al.
2013), irritable bowel syndrome (Nojkov et al. 2010), and cardiovascular disease
(Wang et al. 2011). Rotating night shift too quickly has also been associated with
an increase in anxiety and depression (Chang et al. 2014a, Chang et al. 2014b).

Admi et al. (2008) discovered that although night shift nurses complained
significantly more about difficulties falling asleep, morning sleepiness, headaches
upon awakenings and excessive daytime sleepiness, there was not any significant
association between the "adaptive nurses” and the "non-adaptive™ nurses in regard
to reported clinical error and adverse patient incidents. In other words, the nurses
who developed symptoms of poor coping with rotating night shift work did not
commit any more errors than the nurses who adapted well to night shift work.

Purpose and Objectives

The purpose of this systematic review is to analyze the published evidence
to determine if there is an association between night shift rotations and nurse
error rates. In addition, specific factors identified within nurse night shift work
that might negatively impact patient outcomes will be examined and discussed.

Methodology

A systematic review was used to examine the relationship between nurse
night shift and nurse errors. An electronic literature search for "nurse night shift
errors" was conducted using the Pubmed, CINAHL, Health Source: Nursing/
Academic Edition, and Cochrane Collection Plus databases. Inclusion criteria
included English language, human studies, full text available articles, and
published dates between May 1, 2005 and May 1, 2015. Based on the search
criteria a total of 52 articles were identified. Abstracts for the identified articles
were reviewed for relevance and duplicate citations were removed. Reference lists
were also reviewed for relevancy, resulting in a total of 10 articles involving
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populations of nurses from Japan, China, Turkey, Saudi Arabia and the United
States being included in the systematic review (Table 1).

Analysis of Quality

The 10 studies were reviewed and categorized according to level of evidence
and the quality of rating of scientific evidence based on Johns Hopkins Strength of
Evidence Hierarchy. Nine of the studies were considered as Level 3 studies and
one study was considered as a Level 2 study based on the strength of the evidence.
Three of the studies had insufficient sample sizes, so were rated as low quality.
Five of the studies were assessed as good quality and two of the studies were
assessed as high quality. Because of the small sample size for the systematic
review, no study was eliminated based on quality factors but quality factors were
included as part of the summary of findings.

Results

Miller et al. (2010) compared reported medication error rates in a descriptive
retrospective study over a 1-year period between daytime and nighttime shifts in a
children’s hospital. The investigators also examined the weekday versus the
weekend error rates and characteristics of the type of errors that occurred. The
results indicated that the error rate for nighttime nursing shifts was significantly
higher than the error rate during daytime nursing shifts (p=0.005).
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Table 1. Completed Checklist for Quality Items

NUR2016-1883

Authors Sample size adequate Participants | Intervention | Control | Groups | Adequate Results Interpretation Conclusion Study
randomized group | equally data clearly and analysis provided based on clear limitation
treated | collection | presented results discussed
Johnson et | Yes (280 needed) initially, N/A N/A N/A N/A Yes Yes Yes. Descriptive Stats, General Because of small Yes
al. but then no; dropped Linear model, logistic regression sample size, limited
below needed sample size confidence in
(255) results
Miller et | Maybe; 148 in sample; no N/A N/A N/A N/A Yes Yes Yes, Cohen’s Stat for interrater Yes; noted very Yes
al. power analysis reported agreement & Pearson’s Chi Square small sample size in
one category
Alemdar et | No; 78 nurses; no info on N/A N/A N/A N/A Yes; Yes, very basic percentage data Limited strength of No
al. power descriptive conclusion due to
stats basic analysis of
data and no power
Niu et al. Yes; 62 nurses; G-power Yes Yes Yes Yes Yes Yes Yes; descriptive, chi-square, t-test, Yes Yes
indicated need 30 subjects Mann-Whitney test, and generalized
per group estimate equations.
Ramadan Maybe; 138 nurses; author N/A N/A N/A N/A Yes Yes Yes; descriptive, correlational Yes Yes
and  Al- | stated number sufficient, analysis, test conformity, adjusted for
Saleh but no power reported covariates
Chang No; only 62 nurses parti- Yes Yes No Yes Yes Yes Yes; one-way analysis of variance, Limited strength of Yes
cipated in the study; no Scheffe’s post-hoc test, and Chi- conclusion due no
power analysis was squared test. power
reported
Arimura et Maybe; 454 nurses with N/A N/A N/A N/A Yes Yes Yes; univariate analyses, multiple Yes Yes
al. 77.9% response rate, but regression, and t-tests analyses
no power reported
Tanaka Yes; 1,407 nurses N/A N/A N/A N/A Yes Yes Yes; used Poisson generalizing Yes Yes
estimating equation model to adjust
for potential confounding factors;
data analysis with Bivariate ana-lysis,
Fisher’s exact test and t-tests.
Tanaka Yes; 1,737 nurses N/A N/A N/A N/A Yes Yes Yes; multivariable analysis, Fisher’s Yes Yes
exact test, and logistic regression
analysis.
Arakawa Yes; sample size of 6,445 N/A N/A N/A N/A Yes Yes Yes; descriptive table, bivariate Yes Yes

nurses

analysis, and logistic regression.
analysis
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There was no significant difference between the reported weekend error rate
and the weekday error rate except for weekend error related to first shift on
weekday. The weekend rate was greater on the weekend compared to the first shift
error rate during the week (p=0.004). Errors in medication administration occurred
most frequently.

Chang et al. (2011) conducted a correlational study of 62 nurses from a
psychiatric ward in Taiwan. The study compared cognitive performance at 3-4
am, considered to be the time frame of maximum fatigue, on the last night shift
of the rotation between nurses working two, three and four consecutive night
shifts. The investigator used several standardized measurements to assess the
anxiety, sleepiness, executive functioning, attention processing, and cognitive,
perceptual and motor ability. Information on validity and reliability was
presented for some but not all of the instruments. Significant differences were
only found on the Digit Symbol Substitution Test (p=0.035), the Symbol
Searching Test (p=0.045), and the information processing scale in Taiwan
University Attention Test (p=0.030) between the group that worked two
consecutive night shifts and the group who worked four consecutive night
shifts. Conclusions indicated that the subjects who worked two consecutive
night shifts had poorer perceptual and motor ability than those who worked
four consecutive night shifts. The major duties that were identified as having
greatest risk for impact were checking medical orders and prescriptions which
required similar skills as completing the Symbol Searching Test and the Digit
Symbol Substitution Test. With the reduced information processing index, the
perceptual speed would be diminished. The investigators hypothesized that a
fast shift rotation may increase the risk of medical errors based on the
perceptual and motor changes identified with these measurements.

A second study of attention levels in nurses who worked in a Taiwan
hospital was found during the systematic review. However, Niu et al. (2012)
compared the attention levels and percentage of errors of 62 nurses working
different shifts. All of the nurses in the study were randomly assigned to the
fixed shift group or the rotating shift group. The investigators considered the
shift schedule to be a control variable in the study. Information on
psychometric properties and reliability were reported for measurements utilized
with the subjects. The night shift workers had significantly higher error rates
and poorer overall performance speeds (as measured in the d2 test developed
by Brickenkampe and Zillmer) compared to day and evening shift workers.
The reported error rate on the night shift was 0.44 times more than the day shift
(p<0.001) and 0.62 times more than the evening shift (p=0.001). The
performance and accuracy scores of the shift workers was significantly less
than the control group (p<0.01).

Four studies were found that investigated factors associated with medical
errors by Japanese nurses. Alemdar et al. (2013) conducted a descriptive study
utilizing surveys from 454 nurses working in two medium scale Japanese hospitals
to investigate the relationship between shift work, mental health and medical
errors. The surveys were conducted using identical, anonymous self-administered
questionnaires that contained demographic data, shift work information, workload,
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involvement in traffic accident during past 12 months, and medical errors. In
addition the Epworth Sleepiness Scale, the Pittsburg Sleep quality index, and the
General Health Questionnaire were administered to assess for sleepiness, mental
health status and sleep quality. Multivariate analysis indicated that shift workers
had significantly more errors (p=0.001) compared to day shift only workers. In
addition, lower scores on the General Health Questionnaire were also associated
with more medical errors (p<0.001). The author concluded that shift work and
poor mental health were significant factors contributing to medical errors.

In a second study, Arakawa et al. (2011) analyzed surveys completed by
6,445 female nurses who were engaged in shift work within one of 93 Japanese
hospitals. The purpose of the study was to investigate a relationship between
medical errors that occurred within the last 6 months and lifestyle, health, and
work environment factors. A total of 79.3% (5,112) of nurses reported that they
had made medical errors or experienced medical incidents during the last six
months. Medical incidents were defined as cases in which treatment was not
affected because either the error was detected in a timely manner or corrective
measures were taken. Errors were defined as non-negligent events.
Environmental factors that correlated with increased medical errors included
working on outpatient department versus wards (p<0.0001), higher heaviness
of workload during the night shift (p<0.0001), number of night shifts per
month (p<0.006), decreased frequency of no overtime hours of work during the
night shift (p<0.0001), and increased stress due to night shifts (p<0.0001). In
addition, the investigators noted that an increase in break time during night
shifts was also predictive of medical incidents/errors. Health factors that were
found to be associated with accomplishing medical errors included being under
treatment (p=0.001), absence from work due to sickness during the past 6
months (p<0.0001), bodily pain (p=0.011), and emotional problems (p=0.007).

Two additional studies examined nurse medical errors and near miss events in
relation to night shifts at Japanese teaching hospitals. Tanaka et al. (2010a)
surveyed 1,860 registered nurses working in 5 teaching hospitals in Japan via self-
report questionnaires. The questionnaires gathered demographic data, lifestyle
patterns, and work environment information. A second questionnaire inquired
about frequency of self-perceived near misses and adverse events experienced in
the last six months. In addition, the Nursing Stress and Hospital Anxiety and
Depression scales were administered to gather information regarding nursing-
specific job stress, depression and anxiety. A total of 1,407 nurses worked a
rotation schedule to include night shifts. Data was analyzed using multivariate
analysis. Factors found to be significantly related to the occurrence of both near
misses and adverse events included fewer years of experience (p<0.001), increased
frequency of night shifts (p<0.001), internal ward assignments (p<0.02), lack of
communication (p<0.001), nursing stressors (p<0.001) and experiencing time
pressure (p<0.02). In addition, increased depression scores (p<0.08) were also
associated with an increased frequency of near miss events.

Tanaka et al. (2010b) compared the medical error risk among nurses working
two shift (16 hour shifts) and three shift (8 hour shifts) systems. All shift work
included night work. The investigators collected self-reported questionnaires from
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1,407 registered nurses working at teaching hospitals in Japan. Bivariate analysis
was performed to determine the variables for multivariate analysis. Fishers’ exact
test was used to analyze categorical variables and the t-test to analyze continuous
variables. A log Poisson GEE was used because the distribution frequencies of
adverse events was anticipated to be a Poisson distribution. After adjusting for
years of experience and number of night shifts per month, the results indicated that
nurses working in the three-shift system had a significantly higher perception of
perceived adverse events than the nurses working in the two-shift system
(p<0.001).

Arimura et al. (2010) conducted a descriptive correlational study by surveying
454 nurses who worked at one of two hospitals located in Shiga Prefecture, Japan.
The identical, anonymous self-administered questionnaires inquired on
involvement in a "medical error” within the past month. The questionnaire also
involved questions regarding demographic variables, work load, health habits,
frequency of night shifts, and life style factors. In addition the Epworth Sleepiness
Scale and the Pittsburgh Sleep Quality Index were also administered to assess
sleepiness, mental health status and sleep quality. Data was examined using
univariate analyses, multiple logistic regression analysis, and t-tests. Univariate
analyses revealed significant differences between the "with error" and the "without
error" groups with respect to night shift work and poor mental health (p<0.05).
The "with error" group of nurses tended to have "poor mental health™ and worked
night shift rather than day shifts.

In addition, Ramadan and Al-Saleh (2014) conducted a study of 138
registered nurses working night shift in an intensive care department in Saudi
Arabia to examine a relationship between sleep deprivation and the occurrence of
errors via self-reported questionnaires. The questionnaires included items on the
Pittsburgh Sleep Quality Index, demographic characteristics, and reported medical
errors. The data was analyzed using correlation and stepwise logistic multiple
regression. The investigators discovered that "sleep-deprived nurses had higher
number of medical errors per participant when compared to non-sleep deprived
nurses at 8-,10-, 12-shift lengths, p<0.001, p<0.014, and p<0.001, respectively" (p.
100). In addition, the authors found that the greater the number of work hours per
week, the higher the number of medical errors.

Similarly, Johnson et al. (2014) investigated the relationship between sleep
deprivation and errors among staff who worked the night shift in a cross sectional,
correlational study of 219 nurses. A general linear model was used to test for
association between sleep deprivation, number of hours slept and patient care
errors. The investigators controlled for selected covariates. Model fit and
conformity to model assumptions were tested. Number of hours slept was
determined from a sleep diary. The patient care errors were self-reported by the
nurses. Demographic data and shift work data were gathered from a questionnaire.
After for controlling for covariates, the results indicated that sleep deprived nurses
reported more patient care errors than non-sleep deprived nurses (p=0.005). The
sample size of this study was smaller than anticipated due to missing data resulting
in a reduced power of the tests. No psychometric evaluation measures were
performed, so no information on validity and reliability.
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Alemdar et al. (2013) examined the medical error types and causes by Turkish
nurses in a descriptive study of 78 nurses from a randomly selected hospital in
Giresun city center. The common types of medical errors discovered were hospital
infection rate, diagnostic errors, needle or cutting tool injuries and problems
related due drug usage. The self-reported causes of the medical errors in the study
were 38.5% of nurses as tiredness, 36.4% of nurses as increased workload and
34.6% of nurses as long working hours (Table 2).

Synthesis of Findings

The error rate for nurses working night shift is higher than the rate for
nurses working the day shift (Miller et al. 2010, Niu et al. 2012, Arimura et al.
2010, Tanaka et al. 2010a, Arakawa et al. 2011). Fatigue and sleep deprivation
contributed to more patient errors (Johnson et al. 2014, Alemdar et al. 2013,
Ramadan and Al-Saleh 2014, Arimura et al. 2010. In addition, heaviness of
workload (Arakawa et al. 2011, Alemdar et al. 2013), poor mental health to
include depression (Arimura et al. 2010, Tanaka et al. 2010a, Arakawa et al.
2011) and extended working hours (Alemdar et al. 2013, Arakawa et al. 2011)
were found to be associated with an increased error rate for night shift nurses.
Nurses who work night shift were found to demonstrate poorer speed and
accuracy than staff who worked the day shift (Niu et al. 2012). Furthermore
Chang et al. (2011) found that greater perceptual and motor ability impairment
was found in nurses who worked 2 consecutive night shifts compared to those
who worked four consecutive night shifts. This finding may indicate that fast
shift rotation may impact perceptual and motor ability more than slower shift
rotations. Finally, Tanaka et al. (2010b) discovered that those workers who
worked three 8-hour shifts schedules reported significantly more errors than the
group of nurses who worked in the two 12-hour shift group.

Discussion and Recommendations

Many of the studies reviewed are based on self-report data collected through a
survey method. All of the studies were descriptive and/or correlational. The error
rate on night shift was consistently described as higher than the error rate on day
shifts, even when the same nurses rotated both shifts. Tiredness or fatigue was one
of the factors reported by the nurses as contributing to error rate. The ANA (2014)
published a position statement on the nurse responsibility regarding fatigue. Some
hospitals are beginning to implement fatigue management programs that focus on
a shared responsibility between nurses and supervisors to prevent incidents related
to fatigue. Some of these fatigue management programs restrict the number of
hours the nurse can work during a shift or during a work week. Most programs are
restricting the hours a nurse may be on call outside the normal work day.

10
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Table 2. Summary of Studies

Authors Sample Method Findings

Miller et al. | Centralized database of errors reported DS Medication error rate for night shift nurses significantly higher than day time nurses (p=0.05)

(2010) from Jan 2008 — Dec 2008 at a 96-bed

academic, tertiary care children’s
hospital

Chang et al. | 62 Psychiatric Nurses in Taiwan DCS Significant differences found on the Digit Symbol Substitution Test (p=0.035), the Symbol Searching Test

(2011) (p=0.045), and the information processing scale in Taiwan University Attention Test (p=0.030) between
the group that worked two consecutive night shifts and the group who worked four consecutive night
shifts. A fast shift rotation may increase the risk of medical errors based on the perceptual and motor
changes identified with these measurements.

Niu et al. | Taiwan PRPGS The night shift workers had significantly higher error rates and poorer overall performance speeds

(2012) (p<0.01) compared to day and evening shift workers. The reported error rate on the night shift was 0.44
times more than the day shift (p<0.001) and 0.62 times more than the evening shift (p=0.001).

Arakawa et | 6,445 female hospital nurses engaged in DCS Environmental factors correlated with increased errors included working on outpatient department (p<0.0001),

al. (2011) shift work (93 Japanese hospitals) higher heaviness of workload (p<0.0001), number of night shifts per month (p<0.006), decreased frequency of
no overtime hours (p<0.0001), and increased stress (p<0.0001). Health factors associated with medical errors
included being under treatment (p=0.001), absence due to sickness (p<0.0001), bodily pain (p=0.011), and
emotional problems (p=0.007).

Tanaka et al. | 1,737 nurses working in 5 teaching DCS Factors found to be significantly related to the occurrence of near misses and adverse events for nurses

(2010) hospitals in Tokyo and Kanagawa Japan working rotating shifts included fewer years of experience (p<0.001), increased frequency of night shifts
(p<0.001), internal ward assignments (p<0.02), lack of communication (p<0.001), nursing stressors
(p<0.001), depression (p<0.08) and experiencing time pressure (p<0.02).

Tanaka et al. | 1,407 nurses working shifts at one of DCS Nurses working in the three-shift system had a significantly higher perception of perceived adverse events

(2010) five teaching hospitals in Japan than the nurses working in the two-shift system (p<0.001).

Arimura et | 454 Japanese nurses ( 2 Shiga DCS Shift work and poor mental health significantly associated with medical errors (p<0.05). After adjustment for

al. (2010) Prefecture hospitals) burnout or depression, only fatigue and distress remained significantly significant associated with errors.

Ramadan 138 Saudi Arabian registered nurses DCS The investigators discovered that "sleep-deprived nurses had higher number of medical errors per

and Al-Saleh | working in intensive care department participant when compared to non-sleep deprived nurses at 8-,10-, 12-shift lengths, p<0.001, p<0.014, and

(2014) p<0.001, respectively".

Johnson et | 289 nurses started study; 255 nurses Sleep deprived nurses reported more patient care errors than non-sleep deprived nurses (p=0.005).

al. (2014) finished study

Alemdar et | 78 Turkish nurses DS Self-reported causes of the medical errors were tiredness (38.5%), increased workload (36.4%), and long

al. (2013) working hours (34.6%).

Note: DS: Descriptive Study, DCS: Descriptive, Correlational Study, PRPGS: Prospective, Randomized Parallel Group Study, CSCS: Cross-sectional, Correlational Study.

11
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Nurses may be provided education on the symptoms and hazards of fatigue
and guidelines for when the nurse needs to tell the supervisor that they are not safe
to work. In addition, the guidelines addressed sleep cycles, breaks, and
uninterrupted periods of time away from work (Birmingham et al. 2013).

Another characteristics associated with tiredness is decision regret. Scott et
al. (2014) conducted a descriptive study utilizing questionnaires from 546
members of the American Association of Critical-Care Nurses. Self-report
questionnaires utilized to gather information on work-related data, sleep
quality/quantity, daytime sleepiness, clinical-decision self-efficacy and decision
regret. Decision regret was reported by 157/546 nurses (29%). The nurses who
reported decision regret also reported more fatigue, more daytime sleepiness,
worse sleep quality and less inter shift recovery than the nurses without decision
regret. The highest correlations on the binary logistic regression model with
decision regret were working 12-hour shifts (p=0.01) and low levels of clinical
decision satisfaction (p<0.001).

Strategies to decrease sleep deprivation and improve attention during the
night might be effective in reducing the night shift error rate. Moderate exercise
for 30 minutes, taking a nap, and moderate caffeine consumption prior to night
shift, have been shown to increase alertness. However, consuming simple sugars
or intense exercise for long periods tend to increase sleepiness (Caruso and
Hitchcock 2010). Ruggiero and Redeker (2014) conducted a systematic review of
13 experimental and quasi-experimental studies related to naps during the night
shift. The overall findings indicate that planned naps during night shifts reduce
nocturnal sleepiness and improve sleep-related performance deficits. Another
factor that seems to really impact sleep deprivation is the shift rotation schedule.
Allowing nurses to use a self-scheduling method may help them establish more of
a work-life balance and actually have some positive health effects (Bambra et al.
2008). Another scheduling strategy is to ensure forward rotations for shift changes.
In other words, moving from night shift to day shift versus night shift to evening
shift. Studies indicate that it is easier for nurses to adjust to a forward rotation
(Bambra et al. 2008). However, the literature is lacking on evidence-based
research studies to support changes in current practice. Future research should
focus on developing and testing the effectiveness of interventions designed to
mitigate or reduce the risk of errors during night shift rotations.
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