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Abstract

Background and aim: Driving after a night shift imposes a risk on health care professionals and other road
users. The aim of this study was to measure psychomotor performance of driving of night shift nurses compared
to day-shift nurses.

Methods: Forty-seven volunteer female nurses working at Sina hospital in Tehran, Iran, with a call in all
departments of hospital, participated in this study (23 night shift and 24 day shift nurses) in 2016. The tests
included RT for simple reaction time, ATAVT for perceptual speed, LVT for visual orientation and ZBA for time
anticipation. Data collection tools were individual characteristics, 11-item circadian type inventory (CTI),
Stanford sleepiness scale (SSS), and Swedish occupational fatigue inventory (SOFI-20) questionnaires.
Psychomotor driving performance was assessed using validated computerized traffic psychological battery of
Vienna Test System (VTS), before and after the shifts. Data analysis was performed using paired-samples t-test
and Linear Regression.

Results: The mean age of day and night-shift nurses were 31.4+5.6 and 28.7+3.9 years respectively, no
significant difference between two groups. Thirty percent of night shift and 16.7% of day shift nurses reported
traffic accidents in the past year. The results revealed that, scores based on viewing times in visual orientation test
(p=0.005), and median reaction time score in choice reaction time and reactive stress tolerance test (p=0.045),
had a significant association with a 12-hour night shift with a 3-hour nap.

Conclusions: Twelve-hour night shift work impairs choice reaction time and visual orientation in nurses, even
though they take a 3- hour nap during the shift. These skills are required for safe driving.
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1. Introduction

Mortality rate from traffic accidents are a main health problem globally (1). Fatigue and sleepiness cause 10% to
30% of fatal traffic deaths (2). One of the most common causes of short sleep while driving, is the lack of sleep due
to job demands (3). Night shift workers are at particular risk of road traffic collisions while commuting home due to
sleepiness (4). Sleepiness reaches its maximum level at the end of the night shift (5). Nurses, particularly those who
work 12-hour night shifts, are at risk of road traffic collisions while driving home after their shift due to drowsy
driving, and a large number of nurses have reported difficulty in staying awake while driving home (6). A study of
nurses driving home after a night shift revealed that the maximum total blink duration increased, which is linked to
an increased incidence of sleep-related episodes such as reporting falling asleep at the stop light (7). In one study on
45 nurses, who worked 12-hour night shifts in a critical care unit, 95% reported at least 1 road traffic collision or
near accident while driving to and from the hospital during the past year (8). Moreover, another study on nurses
working night shifts found impaired performance, lowered consciousness, evidence of sleep-wake disorder, and
involuntary sleep at work, or while driving home (6). A study conducted on night and day shift workers in Norway
measured objective sleepiness with a simple serial reaction time test. Results revealed a significant reduction in
reaction time across days for the night shift workers, but not for the day shift workers (9). In another study, an
increased occurrence of eye blinks and longer braking reaction time were observed among sleepy drivers (10).
Several researches have examined the psychomotor skill changes associated with sleepiness. Lee ML et al.
compared driving performance and physiological signs of sleepiness after night shift with after-sleep driving and
found a significant increase in several psychomotor measures including the number of path outings, driving with the
emergency brake, slow eye movement, increased blink period, micro sleep periods, and time with eyes closed (11).
Akerstedt et al. demonstrated that night shift tests on driving simulators indicated increased electroencephalographic
(EEGQG) alpha and theta actions (12). One study indicated that drowsiness impairs performance of driver to a degree
comparable to alcohol consumption (13). Driving is a complex task that requires adequate cognitive, visual, and
motor skills. The driver must have sufficient speed, attention, and visual perceptual skills. Drivers should also have
the ability to process several environmental signals simultaneously so that they can react and make decisions rapidly
and accurately (14). Some studies have found improvement in cognitive and driving performance of the shift
workers after napping (15, 16). Occupational interventions to save lives need to determine which specific
psychomotor skills needed for driving are most severely affected by night shift work. The aim of this study was to
measure psychomotor performance of driving of night shift nurses compared to day shift nurses.

2. Material and Methods

2.1. Participants

In the present study, 50 nurses (25 day shift nurses and 25 night shift nurses) were included, but 3 nurses withdrew
after the training session. The sample size was estimated on the basis of previous study using sample size formula by
STATA 12. In a previous study the mean reaction time of study participants was 349 milliseconds. The estimated
sample size to detect a 15% change in the reaction time with a power of 80% by using paired-samples t-test was 21.
Therefore, this study was conducted on 47 female nurses (23 night shift nurses and 24 day shift nurses), who worked
at Sina hospital, in Tehran (Iran) in 2016. In Sina hospital, the day shift was 7 hours (7:00 AM-2:00 PM), and the
night shift was 12 hours (7:00 PM-7:00 AM), with a 3-hour nap time (00.00-03.00 AM or 003:01-06:00 AM) for
the nurses. The nurses chose their own nap time. In this study day shift nurses usually work on the day shift and
night shift nurses usually work on the night shift.

2.2. Selection Criteria

For homogeneity of the participants of the study, and because male nurses always work more than one shift in 24
hours, only healthy female nurses were included in our study. Those aged from 20 to 40 years, and had at least 1
year job experience and a driver’s license, were actively driving, and worked only 1 shift during the past 24 hours of
the study were included. They were asked not to drink coffee or take sleeping or anti-sleep pills 24 hours before the
trial. The exclusion criteria were people who use medication for sleeping or sleep disorders.

2.3. Data Collection Procedures

This study was conducted at the laboratory of Sina Trauma and Surgery Research Center located at Sina hospital.
This is a public and specialized hospital with 23 departments and 477 beds. Volunteer nurses from the night shift
and day shift program of the hospital participated in the study with a call in all departments of Sina Hospital. They
were recruited based on the inclusion criteria and were provided with a full explanation of the study and research
purposes. We used the VTS to study the fitness to drive. Various studies conducted on traffic psychological
evaluation used VTS standardized tests to determine the fitness to drive (17, 18). In several countries including
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Germany and Austria, drivers who have lost their privilege to drive in cases of serious traffic violations, are required
by law to pass these tests to regain their driver’s license (19). The VTS tests were performed over 3 sessions for
them. All the participants attended a training session (the first session). After ensuring that the nurses were fully
trained, we included them in the study. They were asked to take the computerized tests before starting their shift,
i.e., at 7:00 AM for those working on the day shift and at 7:00 PM for those working on the night shift (second
session). Then, they were asked to take the tests again at the end of the same shift, i.e., at 2:00 PM for those on the
day shift and at 7:00 AM for those on the night shift (third session) (Figure 1).

23 night-shift nurses 24 day-shift nurses

I |
vy

First session
Training session

Second session Second session

Taking tests Taking tests
oo Tt ! e I
: Difference | 1 Difference :
i of Scores? ! ’ | of Score? I
_____________________ 1

Third session Third session
Taking test Taking test
Figure 1. Study diagram
2.4. Ethical Aspects

To motivate the participants to present their best performance, it was announced that they would be awarded a
maximum cash bonus of $14 according to the score achieved in the sessions. All the participants signed an informed
written consent form. The research project was approved by the Research Ethics Committee of Tehran University of
Medical Sciences (IR TUMS.REC.2015.1984-7/12/2015) and in accordance with the ethical guidelines of the 1975
Declaration of Helsinki.

2.5. Data Collection Tools

Data collection tools included validated computerized traffic psychological battery of VTS, whose validity and
reliability have been proven in previous studies (19, 20), and 4 questionnaires. The questionnaires were an
individual characteristics questionnaire. Moreover, the 11-item Circadian Type Inventory (CTI) (21), Stanford
Sleepiness Scale (SSS) (22), and Swedish Occupational Fatigue Inventory (SOFI-20) questionnaires (23) were used.
The validity and reliability of these tools have been reported in other studies (21-23). The CTI questionnaire
measures rhythm, stability, and amplitude of circadian rhythm. Flexible/Rigid (FR) deliberates a sign of rhythm
stability and expresses flexibility or rigidity of sleeping habits. Rigid types refer to those who are less able to sleep at
unusual hours. Languid/vigorous (LV) denotes the amplitude of circadian. Languid types have problems to
overcome sleepiness. Vigorous types are more alert during the day, require less sleep, and are less influenced by
sleep inertia on waking than languid types. Vigorous and flexible types would best deal with shift work (24). A
traffic psychological test battery of VTS assessments was used to collect the psychomotor performance data. Each
test has different forms in this battery, and we selected the tests by consulting a relevant expert. In our study, 4 tests
were used as follows (19): Adaptive Tachistoscopic Traffic Perception Test (ATAVT) (S1 form): In this test,
pictures of traffic sights are offered to the participants for 1 second. Then, they have to choose from a list of 5
different object classes that were observable in the picture (e.g., motor vehicles, motorcyclists, pedestrians, traffic
lights, and road signs). The main variable of this test was “overview” that measures perceptual speed. High score
reflects better visual observational ability and skill in obtaining an overview. The reliability of this variable was
determined as Cronbach’s alpha score equal to 0.8. Determination Test (DT) (S1 form): This test evaluates the

Page 6419



http://www.ephysician.ir

complex choice reaction time and reactive stress tolerance, and speed under conditions of sensory stress. The main
variables of this test in the present study were median reaction time, correct, incorrect, and omitted responses. A low
score in omitted and incorrect response and median reaction time and a high score in correct response reflect better
performance in this test. The reliability of this variable was determined as Cronbach’s alpha score equal to 0.98.
Visual Pursuit Test (LVT) (S3 form): This test measures visual orientation performance, visual pursuit ability and
selective attention. The main variables studied by this test were scored based on viewing times. High score reflects
fast and accurate perception in orientation and visual pursuit ability. The reliability of this variable was determined
as Cronbach’s alpha score equal to 0.92. High score reflects the better performance. Time Movement Anticipation
Test (ZBA) (S4 form): This test assesses the ability to predict the speed and movement of an object in a space. The
main variable under study in this test was median deviation time. Low score reflects the better performance to
anticipate the speed of objects in a space. The reliability of this variable was determined as Cronbach’s alpha score
equal to 0.72.

2.6. Statistical analysis

Continuous variables are presented as mean =+ standard deviation (SD). The difference between scores at the
beginning and the end of the shift was calculated for each participant, and the difference between the scores of the 2
groups (night shift vs. day shift) was tested using t test. Multiple linear regression analysis was used to study the
effects of shift (night vs. day) on the score change (i.e. difference of the scores obtained after the shift, compared to
the scores obtained before the shift). The effect of the following variables were controlled by including them in the
model: age, driving experience (less or more than 5 years), history of Road Traffic Accidents (RTC) during the past
year, the amount of sleep during the past 24 hours (equal, less, or more than 6 hours), circadian rhythm
(flexible/rigid), amplitude (languid/vigorous), fatigue, sleepiness score, and marital status. The power of the study
was calculated for each test to detect the association of the type of the shift with the improvement in the R-square of
the model. For this purpose, the R-square for the model containing all variables except the shift type was calculated.
Next, the amount of improvement in R-square of the model by adding the shift type (as the main independent
variable) was detected. Thus, the power of the study to improve the R-square of the model by 5%, 10%, and 15%
was obtained. For this purpose, power analysis sample size software (Hintze, J. (2011) PASS 11 NCSS, LLC.
Kaysville, Utah, USA. www.ncss.com) was used. Kolmogorov Smirnov test was used for evaluation of normality.
When a variable did not have a normal distribution, it was transformed into a normally-distributed variable using the
appropriate transformation; all tests were performed on the transformed variable. Data analysis was conducted using
IBMO SPSSO© Statistics version 21 (IBM© Corp., Armonk, NY, USA). The level of significance was set at p-value
<0.05.

3. Results
In this study, 47 nurses (23 night shift nurses and 24 day shift nurses) completed the study. Table 1 demonstrates the
individual characteristics of the participants. The mean age of the study group was 30.05+4.75 (age of day and
night-shift nurses were 31.4+5.6 and 28.7+3.9 years respectively), with no significant difference between the two
groups.

Table 1. Comparison of study groups characteristics

Variables Night shift (n=23)* | Day shift (n=24)* | p-value

Age (years)® 28.7+3.9 314+ 5.6 0.094*

Driving experience (years)® 6.1£3.5 6.8+3.8 0.511¢

Marital Status® Single 15 (65.2%) 12 (50%) (p=0.292)%
Married 8 (34.8%) 12 (50%)

History of RTC® during past year* | 7 (30.4%) 4 (16.7%) 0.265%

Sleep duration during last 24 hours® | 8.742.1 6.6+1.7 0.001*

Circadian rhythm Flexible 6 (26.1%) 1 (4.2%) 0.048§
Rigid 17 (73.9%) 23 (98.5%)
Languid 4 (17.4%) 3 (12.5%) 0.701§
Vigorous 19 (82.6%) 21 (87.5%)

Fatigue score® Before shift | 1.9+14 1.6+1.2 0.647*
After shift 3.34+2.3 2.6+1.9 0.371*

Sleepiness score® Before shift | 1.7+0.5 2+0.4 0.014*
After shift 3.1+1.6 2.4+0.9 0.121*

a: n (%), b: Mean+ SD, c: Road traffic collision, d: Test for difference between pre-test and post-test; *Mann-
Whitney U test, tt- test, § Chi-square test, §Fisher’s exact test
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History of RTC during the past year was reported in 30.4% of the night shift nurses and 16.7% of the day shift
nurses. Score differences of sleepiness and fatigue pre- and post-shift were obtained. Night shift nurses, even with a
3-hour nap, reported significantly more sleepiness than day shift nurses (Mann-Whitney U statistics=155, p=0.007).
However, score differences of fatigue pre- and post-shift were not statistically significant between night and day
shift nurses (Mann-Whitney U statistics =264.5, p=0.807). Table 2 shows the univariable analysis. The difference
between the scores at the beginning and the end of the shift did not show any significant relationship with the shift in
tests. In multiple regression analysis, by controlling the effect of potential confounders, we observed an association
between shiftwork and the “median reaction time score” in the DT test, as well as the “scores based on viewing
times” in the LVT test. Day shift working nurses showed more decrease in the “median reaction time score” at the
end of the shift (compared to the beginning of the shift) than night shift working nurses (p=0.045) (Table 3).
Moreover, the “scores based on viewing times” at the end of the shift showed an increase in day shift working
nurses, that was more than night shift working group (p=0.005). However, the differences of ATAVT and ZBA test
scores at the end of the shift compared to the beginning of the shift, did not have any statistically significant
association with shift type in regression analysis. Table 4 presents the power of multiple regression analysis for
detecting a relationship of 5%, 10%, and 15% with shiftwork.

Table 2. Univariate analysis of association between night- work and psychomotor driving performance scores

Test Variable Unit Score difference (After—Before shift) p-
Mean £SD value
Day shift Night shift

ATAVT (perceptual Overview - 0.7543.77 0.30+3.28 0.67

speed)

DT (Choice reaction Incorrect response Number | 2.0+7.26 0.13+3.66 0.27

time) Onmitted response Number | -1.00£8.68 -2. 5245.62 0.48

Median Reaction time Second | -0.02+0.03 0.00 +0.03 0.12

LVT (Visual Score (based on viewing times) - 0.79+2.04 0.00+2.39 0.23

Orientation)

ZBA (Time Median deviation time SQRT Second | -0.05+0.23 -0.07+0.24 0.88

anticipation) transformed

Table 3. Multiple regression analysis of significant association of the psychomotor driving tests with night shift
work among nurses

Tests Dependent variables Coefficient | 0.95% CI p-value
DT Choice reaction time) | Median Reaction Time -0.019 -0.037,0.000 | 0.045%*
LVT (Visual Orientation) | Score (based on viewing time) | -1.698 -2.860, -0.536 | 0.005*

CI: Confidence interval; *Significant at 0.05 level

Table 4. The power of the multiple linear regression analysis to detect an association between night-work and

studies variables, adjusted for potential confounders
Test Variables Power for 5% Power for 10% Power for 15%
improvement in the | improvement in | improvement in
model R? the model R? the model R?
ATAVT Overview 40.7% 71.5% 89.4%
DT Incorrect response 90.3% 99.9% >99.9%
Onmitted response 62.6% 93.0% 99.5%
Median Reaction time* 99.7% >99.9% >99.9%
LVT Score (based on viewing time)* | 82.8% 99.9% >99.9%
ZBA Median deviation time SQRT 60.3% 91.5% 99.2%
transformed

* A statistically significant difference was observed in night shift participants compared to day shift

4. Discussion

In the present study, we compared the effect of night and day shift work on the psychomotor driving performance of
the nurses after shifts, including choice reaction time, perceptual speed, visual orientation and time anticipation. The
results revealed increased sleepiness and choice reaction time and decreased visual orientation ability after the night

Page 6421




http://www.ephysician.ir

shift among the nurses. Some studies in agreement with our study indicated an increase in sleepiness, and as a result,
a decrease in psychomotor performance associated with the duration of the shift work among health care and
professional drivers (25). In line with our study, several studies have shown that sleepy drivers have slower reaction
times (26, 27), which make it hard to identify the dangers and react to them rapidly and properly (28). A research by
Vetter et al. indicated an increase of median reaction time among night shift workers (29). In our study, in choice
reaction time test, median reaction time revealed a significant direct association with the night shift, indicating that
the reactive stress tolerance becomes worse after the night shift compared to the day shift. However, no significant
association was found between the type of shift and changes in the scores in other components of this test such as
correct response, incorrect response, and omitted response after the shift, compared to before the shift. A study done
by Vorster P et al. indicated that participants who balance their reaction time with accuracy are less likely to make
incorrect responses and make more correct responses in sufficient time. Fast reaction times and low accuracy also
lead to more accidents. Intermediate reaction time and intermediate accuracy is required for fewer accidents in real
situations (30). Also inconsistent with our study, another research indicated choice reaction time improved in both
night, morning and late afternoon shift groups at the end of the shift. The authors believed that learning effects and
voluntary choice of night shift were possible reasons for these results among night shift workers (31). Choice
reaction time test includes multiple stimuli and multiple responses, so attention requirements are more, and it is
highly crucial in driving vehicles when unpredicted traffic signals present (32). A study by Duri¢ P et al. indicated
that drivers who were involved in traffic collisions showed longer choice reaction time (33). Also, in our study,
visual orientation that means accuracy, and speed in gaining an overview, revealed significant associations with the
night shift. While driving, the orienting operation is essential to concentrate on locations of important information
such as when the traffic light turns from yellow to red. Also, in an unpredictable situation, for example, when a
driver appears from the back of a parked car, the orienting ability is essential for shifting the attentional focus to
another location in the field of vision and respond to the appearance of a new object, i.e., the driver (34). On the
other hand, in our study, changes in the scores of observational ability such as perceptual speed, and time
anticipation, did not show any significant association with a 12-hour night shift with a 3- hour nap. It is likely that
the 3-hour nap time in our study is an effective factor in this regard. Moreover, research has shown that increasing
working hours from 6 to 9 hours increased the risk of sleepiness in 51% of the participants. While each hour of the
main sleep reduced the drowsiness by 15% (35). Based on the power of the present study in Table 3, there was no
significant difference between the night and day shift nurses in the 2 above-mentioned tests. Palermo et al. surveyed
the association between length of nap (up to 2 hours, 2- 3 hours, and 3 hours or more) during the night shift and the
performance after work among 1,940 nurses of 18 public hospitals in Brazil. The results revealed that the association
was only significant for the group who napped 2 to 3 hours during the night shift (36). The decrease in performance
after a night shift was not solely attributed to the night shift per se. Instead, the longer length of the night shift,
compared to the day shift, might have been due to a secondary effect on the psychomotor abilities of driving. Night
shift nurses with a 3-hour nap worked 9 hours, and day shift nurses worked 7 hours. Furthermore, according to
several studies, extended nursing shift causes poor quality of sleep (25), and napping during the night shift has a
poorer quality compared to normal nocturnal sleep (37). A study by Ruggiero et al. revealed that 42% to 50% of the
participants were not able to sleep during their nap opportunity in the night shift because of the noisy environment
(4). The results may also be affected by the time-on-task effect. Another explanation is that nurses may be suffering
from the effects of sleep inertia. Studies have also shown that night work adversely affects psychomotor
performance as a result of the struggle between night work programs and circadian rhythm (38). Moreover, as shift
workers regularly decide to switch back to night sleep and daytime activities on their days off, their adjusted sleep-
wake schedule is not retained long enough to be adequately adapted (39).

5. Strengths and Limitations

In this study, most of the variables that could affect the test results were self-matched. Therefore, the internal
validity of the study was verified. The results are roughly generalizable to female night shift working health
professionals, as most of them are nurses. If the personality traits of the nurses had been assessed as potential
intervening factors and circadian rhythm (flexible/rigid) and amplitude (languid/vigorous) had been equally
distributed between the 2 groups, it would have added more validity to the study. While all participants were asked
to abstain from taking coffee and anti-sleeping pills in the past 24 hours prior to the study, we were not able to
document the adherence to this request.

6. Conclusions
It appears that the 12-hour night shift with a 3-hour nap along with subjective sleepiness after shift was one of the
findings of the present study. This study found that choice reaction time and visual orientation even with a 3-hour
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nap, were impaired significantly after the night shift to a point, where it was unsafe for them to drive home after a
night shift. Moreover, in our study, no significant difference was found between night and day shift nurses in the
perceptual speed, and time anticipation ability of driving after shift.
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