I; International Journal of

I
sl Nursing & Clinical Practices

Ooshige et al., Int J Nurs Clin Pract 2021, 8: 344
https://doi.org/10.15344/2394-4978/2021/344

Original Article

Open Access

A Comparison of Fatigue, Level of Physical Activity, and Sleep Quality
in Pregnant and Non-Pregnant Nurses Working 16-Hour Night Shifts in

Japan

Narumi Ooshige™', Tae Yamaguchi', Mitsuyo Nakashima?, Ryohei Kimura®, Takuro Tobina', Miyuki Nagamatsu® and

Yumiko Kuraoka?

'Department of Nursing, Faculty of Nursing and Nutrition, University of Nagasaki, Nagasaki 851-2195, Japan
2Department of Nursing, School of Medicine, University of Fukuoka, Fukuoka 814-0180, Japan
*Department of Nursing, Japanese Red Cross Kyushu International College of Nursing, Fukuoka 811-4157, Japan

Abstract

Background: Most medical institutions require long work hours, making nurse health risk an important

issue.

Methods: This longitudinal study involved 26 pregnant and non-pregnant Japanese nurses in whom we
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compared fatigue, intensity of physical activity, and quality of sleep for each working time throughout the

course of the day shift, night shift, and day off.

Results: Subjective fatigue increased after each shift. The cumulative fatigue symptoms index (CFSI) score
was higher in non-pregnant nurses. Continued sympathetic nerve predominant state and higher activity
level were found in non-pregnant nurses compared to pregnant nurses.
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Conclusion: Non-pregnant nurses had a higher level of fatigue according to CFSI, and they were in a

stressful state throughout the night shift.

Background

A large-scale cohort study of female nurses engaged in shift work
revealed that continuously working night shifts increases the risk of
coronary heart disease (CHD). Furthermore, it was found that the
risk of CHD reduces after a long period has passed after quitting such
shift work [1]. Moreover, it has also been reported that based on the
characteristics of shift work, correlations with fatigue are observed
following night shifts and while awaiting leave [2].

According to a survey of Japanese nurses, a two-shift system
accounts for approximately 30% overall, and 43.1% nurses work
prolonged night shifts of 216 hours [3]. The proportion of prolonged
night shifts of 216 hours has not changed in recent years and accounts
for over half at 52.5%, which is a serious situation eliciting concern
over the impact of long night shifts on patient safety and the health of
nursing staff.3When subjective fatigue persists, it leads to cumulative
fatigue, which makes it difficult to recover. Clinical experience <5
years, subjective busyness in night shift work, and the number of steps
on a day off as a measure of physical activity were identified as factors
associated with Cumulative Fatigue Symptoms Index (CFSI) in nurses
working in two-shift systems [4]. However, no studies related to
cumulative fatigue in pregnant nurses are available. Furthermore, in
hospitals with a heavy night shift load, the turnover rate tends to be
high, and the most common reason for the nursing staff to quit their
jobs is for “childbirth and childcare,” accounting for 22.1% [5].

No universal coping method has been established for shift workers
who need to change their sleeping time zone intentionally. A previous
study of sleep among pregnant women revealed that as a change
associated with the progression of pregnancy, nocturnal awakening is
common in the first trimester. As pregnancy progresses into the third
trimester, the Pittsburgh Sleep Quality Index (PSQI) score increases,
indicating poorer sleep quality [6]. In Japan, it has been reported that
sleep is disturbed more at one month postpartum than in the first and
third trimesters, whereas the sense of difficulty in sleeping was better
postpartum than in the second and third trimesters [7]. However, the

subjects of these reports were all women of the general population.
Physical inactivity has garnered attention as a factor that affects sleep
disturbance [8]. Moreover, it has been reported that physical activity
can hinder fatigue [9]. Therefore, it has been found that sleeping status
is related to the level of physical activity and fatigue. However, the
actual situation for nurses who work 16-hour night shifts in a two-
shift system comparing pregnant and non-pregnant nurses is unclear.
Therefore, we thought that clarifying the characteristics of each
period by comparing fatigue, physical activity intensity, and quality
of sleep according to pregnant and non-pregnant nurses would
provide support to enable continued employment while maintaining
performance.

We aimed to elucidate the differences between pregnant and non-
pregnant nurses in their 20s through 30s working 16-hour night shifts
in a two-shift system using subjective and objective indicators of
fatigue, physical activity intensity, and quality of sleep throughout the
flow of a day shift, night shift, and day off.

Materials and Methods

Participants

The subject sample consisted of 26 nurses working 16-hour night
shifts in a two-shift system and who were employed at four general
hospitals with at least 160 beds and patient-nurse ratio of 7:1. The
nurses were in their 20s through 30s with no underlying diseases, such
as sleeping disorders, and the number of years of nursing experience
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was not taken into consideration. The survey period was from August
2019 to December 2020.

The shift schedule of the participating institutions included a day
shift from 8:30 to 17:00 and night shift from 16:30 to 9:00 at three out
of four hospitals. In the remaining hospital, the day shift was from
8:30 to 17:30, and the night shift was from 16:15 to 9:15. Accordingly,
in all subjects, we surveyed a consecutive four-day period involving a
day shift (8 hours), night shift (16 hours), and day off after night shift.

Data collection

We used the questionnaire “Jikaku-sho shirabe” as a subjective
scale of fatigue [10] and CFSI. For measuring the intensity of
physical activity, we used the metabolic equivalent of tasks (METSs).
To measure the quality of sleep, we used the Japanese version of the
PSQI (PSQI-J) [11]. As an objective measure of sleep, we used high
frequency components (HF), low frequency (LF)/HE, and heart rate
(HR) [12,13].

Fatigue
Subjective fatigue called Jikaku-sho Shirabe

The Jikaku-sho shirabe was measured a total of six times before
and after the day shift, before and after the night shift, and before
and after the day off. This scale had confirmed construct validity. The
questionnaire consisted of a total of 25 question items divided into
five groups. Subjective complaints of fatigue symptoms were classified
into five groups, consisting of five items each, as follows: group I:
drowsiness, group II: feeling of instability, group III: uneasiness, group
IV: tiredness, and group V: eyestrain. Thus, fatigue can be perceived
from multiple angles. Scores for each group ranged from 5 to 25
points, with higher scores indicating greater subjective fatigue [10].

CSFI

As a scale to evaluate cumulative fatigue, we used the CFSI. CFSI
consists of eight characteristic items from three aspects: mental aspect
items of “depressive feelings” “anxiety; and “decreased vitality;”
physical aspect items of “general fatigue,” “chronic tiredness;,” and
“physical disorders;” and social aspect items of “decreased willingness

to work” and “irritability” Responses to the 81 question items were

provided according to two choices, i.e., “yes” or “no,” and compared as
a mean rate of complaint for each scale [14].

HE, LF/HF, and HR

Using a WHS-1° wearable heart beat sensor from Union Tool Co.,
we measured subject HR during sleep after the day shift and when
napping during the night shift. The frequency of 0.04-0.40 Hz in HR
variability of the autonomic nervous system was included; the high
frequency component (>0.15 Hz) (HF), low frequency component
(0.04-0.15 Hz) (LF), and LF-to-HF ratio (LF/HF) were each extracted
every 5 minutes. The mean values were then calculated. The HF and
LF/HF were used as indices of parasympathetic nerve activity and
sympathetic nerve activity, respectively, and reflected fatigue and
stress [15,16]. The LF/HF reference value was <2.0.

Physical activity

Subjects wore a Lifecorder GS ° from Suzuken Co. from prior to
the start of the day shift throughout the night shift and day off, except
when taking a bath, using which physical activity was measured by
sampling the flow of the physical activity level every 4 s and converting
it into 2-minute periods. The METs of each shift were classified into
four types, which included sedentary behavior (SB) at resting level,
light physical activity (LPA) at walking level, moderate physical
activity (MPA) at brisk walking level, and vigorous physical activity
(VPA) at jogging level. The numerical classification of METs was SB:
< 1.5 METS, LPA: > 1.5 METS and < 3.0 METs, MPA: > 3.0 METS and
< 6.0 METs, and VPA: > 6.0 METs [17,18]. The measurement times
were 08:00-18:00 in the day shift, 16:00-09:00 in the night shift, and
0:00-24:00 on the day off.

PSQI-J

The PSQI-J is widely used for the evaluation of sleep disturbance,
with which seven factors including quality of sleep, time to fall asleep,
sleep duration, sleep efficiency, sleep difficulty, use of sleeping pills,
and difficulty waking up in the day are calculated to give a total score.
Total scores of the PSQI-]J range from 0-21 points, with higher scores
judged to indicate greater sleep disturbance [11].
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Survey schedule

Jikaku-sho Shirabe was measured before and after work, and a
WHS-1° wearable heart beat was used and compared during nighttime
sleep and during night shift. PSQI-J and CFSI are listed once during
the survey period (Figure 1).

Ethical approval and informed consent

Ethical considerations were implemented with the approval of the
Research Ethical Review Board of the Japanese Red Cross Kyushu
International College of Nursing, with which the researcher is

Results
Participant characteristics

Pregnant nurses had an average pregnancy week of 23.5 weeks
(SD 5.2 weeks).The unpaired t-test used that the mean age was
significantly higher for the non-pregnant nurses when compared
with the pregnant nurses (p < 0.05). Besides, although no significant
difference was noted, the number of steps in each shift was higher for
the non-pregnant nurses than for the pregnant nurses. Fisher’s exact
test used that most pregnant nurses cohabited with their family (p <
0.05) (Table 1).

affiliated (Approval Number: 19-005-(1)).

- N
( Variable n Mean SD p-value )
Age Pregnant 11 29.5 3.8 0.029*
Non- Pregnant 15 34.1 5.6
Years of experience Pregnant 11 7.2 4.0 0.081°
Non- Pregnant 15 10.6 5.2
Numbers of month of night shift experience Pregnant 11 75.9 48.2 0.118°
Non- Pregnant 15 114.7 67.7
Numbers of night shifts/months Pregnant 11 4.5 1.6 0.326°
Non- Pregnant 15 5.1 1.4
Bed time after day shifts Pregnant 11 22:06 40 0.545%
Non- Pregnant 15 23:05 55
Wake-up time after night shifts Pregnant 11 6:33 1.53 0.361°
Non- Pregnant 15 7:05 1.01
Nap start time during night shifts Pregnant 11 1:40 2.24 0.793*
Non- Pregnant 15 1:53 1.44
End time of nap during night shifts Pregnant 11 3:10 2.13 0.432*
Non- Pregnant 14 3:48 1.42
Nap time Pregnant 11 109 20 0.246°
Non- Pregnant 15 100 19
PSQI-J Pregnant 11 6.9 2.8 0.664*
Non- Pregnant 15 7.5 4.0
Daily shift steps Pregnant 11 9635 2128 0.093*
Non- Pregnant 15 12770 5638
Night shift steps Pregnant 11 16334 3703 0.223%
Non- Pregnant 15 22047 14734
Day of steps Pregnant 11 4707 2771 0.122*
Non- Pregnant 15 8069 6475
Pregnant (n=11) Non- Pregnant (n=15) P-value
n % n %
Prenatal 53.3 7 46.7
Multipara 3 27.3 8 72.7 0.184
Family living together 11 52.4 10 47.6
Non-family living together 0 0 5 100.0 0.033"
Children living together 3 23.1 7 72.7
Non-Children living together 8 61.5 8 46.7 0515
Table 1: Chracteristics of the participants.
*unpaired t test
\ PFisher's exact test )
\. %
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Jikaku-sho Shirabe and CFSI scores

The two-way analysis of variance results revealed a significant
difference in the intra-subject test of all Jikaku-sho shirabe symptoms,
excluding the feeling of instability (p< 0.01); however, there was
no significant difference between the subjects. Furthermore, no
interaction was observed for any of the symptoms (Figure 2). In the

CFSI, higher values were found for the physical ailments of pregnant
women compared to general female Japanese laborers (n= 23,835)
[14]; however, mental ailments had lower values. As a result of the
multivariate analysis of variance according to the presence or absence
of pregnancy, non-pregnant women more often complained of feeling
depressed, experiencing poor physical health, and anxiety in the CFSI
(p< 0.05) (Figure 3).
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Figure 2: Comparison of Jikaku-sho Shirabe during day shift, night shift, day off among pregnant and non-pregnant
Note. Drowness: F(5,120)= 6.57,p< .000, Pregnancy: F(1,24)= .355, p= .557 and DrownessxPregnant interaction: F(5,120)= 1.634, p=.156
Instability: F(3,78)= 2.581,p=.054, Pregnancy: F(1,24)= 1.865, p=.185 and Instabilityx Pregnant interaction: F(3,78)= 0.620, p=.618
Uneasiness: F(3,69)= 6.673,p< .001, Pregnancy: F(1,24)=.002, p=.968, and Uneasinessx Pregnant interaction: F(3,69)= 0.663, p= 572
Dullness: F(3,65)= 20.035,p< .001, Pregnancy: F(1,24)= .442, p=.513 and Dullnessx Pregnant interaction: F(3,65)= 0.466, p= .687
\\Eyestmin: F(3,80)= 11.981,p< .001, Pregnancy: F(1,24)= 1.047, p= 316 and EyestrainxPregnant interaction: F(3,80)= 0695, p=.572 J
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HF, LF/HF, and HR

HF and LF/HF while sleeping at night after the day shift were
significantly higher in non-pregnant women, and only HR was
significantly lower (p< 0.05). The LF/HF during the night shift was
significantly higher for non-pregnant nurses (p< 0.05). There was no
significant difference observed during night shifts and when napping
during night shifts. The LF/HF of non-pregnant nurses was higher
than the reference value at all shift times. A robust unpaired t-test was
used, even if it was not a perfect normal distribution (Table 2).

Physical activity

The SB, LPA, MPA, and VPA were compared to non-Pregnant and
Pregnant in day and night shit subjects. As a result of the unpaired
t-test, LPA of the day shift was more common for pregnant nurses (p<
0.05), while the activity of non-pregnant nurses was commonly VPA
(p< 0.01). In the night shifts, VPA was only common among the non-
pregnant nurses (p< 0.01). On the day off, no significant difference
was observed (Figure 4).
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Figure 3: Comparison of Cumulative Fatigue Symptoms Index (CFSI) Scores among pregnant and non-pregnant with general female Japanese

Physical disorders: F(1)= 7.732, p= .010, Anxiety(1)= 10.811,p= .003, Depressive feelings: F(1)=9.608, p= .005, Decreased vitality: F(1)= .680, p= .418,
General fatigue: F(1)=.040,p=.844, Irritability: F(1)=.357, p=.556, Decreased willingness to work: F(1)= 3.143,p=.089, Chronic tiredness: F(1)=.638,p=.432

Physical disorders a

Irritability ¢

a physical aliments
b mental aliments
¢ social aliments

General laborers(n=23,835)

o

\i’*P<.01, *P<.05 -
‘// 7\\
Pregnant (n=11) Non-pregnant (n=15) p-value
Mean SD Mean SD

Sleeping HF after day shift 724.8 262.6 1349.3 1046.3 0.041

Sleeping LF/HF after day shift 1.5 1.0 16.5 254 0.039

Sleeping HR after day shift 72.9 9.4 63.9 9.1 0.022

HF during night shift 495.1 190.3 942.9 845.1 0.065

LF/HF during night shift 2.8 2.8 16.1 18.9 0.017

HR during night shift 92.6 13.2 87.6 6.9 0.220

Night shift nap HF 503.2 197.9 806.1 751.9 0.208

Night shift nap LE/HF 2.0 2.6 56.5 140.3 0.169

Night shift nap HR 82.7 15.9 71.7 7.7 0.053

Table 2: Comparison of HE, LF/HE, HR among Pregnant and non-Pregnant.

\ unpaired t test. Y
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Discussion

In the present study, the pregnant nurses had a mean age of 29
years, were mid-career nurses with 7 years of nursing experience, and
had a moderately high mean PSQI-J score of 6.9; however, they did
not exhibit severe sleep disturbance. The non-pregnant nurses had a
mean age of 34 years. Despite being older than the pregnant women,
they were similarly mid-career nurses with 10 years of experience.
Furthermore, the mean PSQI-J score was 7.5 points, which was a
somewhat higher score than that of the pregnant nurses, indicating
worse quality of sleep, and they were more active with a greater
number of steps in all shift times compared to the pregnant nurses.
Moreover, as many of the non-pregnant nurses often cohabited with
children, it is inferred that time taken for childcare might have led to
poor quality of sleep [19].

Subjective fatigue tended to increase after day shifts; nonetheless,
with regard to before and after night shifts, subjective fatigue increased
after night shifts, and only the feeling of instability was unchanged
from before to after the shifts. Although no significant difference
was observed according to the presence or absence of pregnancy,
sleepiness was more strongly felt by pregnant nurses after their night
shift than by non-pregnant nurses. Increased sleepiness is a factor that
easily affects the deterioration of sleep quality for pregnant women
[20]. Furthermore, as sleepiness easily hinders one’s duties [21], early
recovery from increased sleepiness after shift completion is important.

The CFSI revealed that non-pregnant nurses complained more of
mental ailments, including a feeling of depression and instability, and
poor physical health, and it was inferred that the mental ailments
persisted. Furthermore, the CSFI is an evaluation tool to investigate
the “load phenomenon” in the work environment [22]. In a previous
study of caregivers using the CFSI, it was reported that caregivers
strongly complained of physical ailments, including general fatigue
and chronic tiredness, and that individuals with good diet and
exercise habits had a lower sense of fatigue [23]. Psychological job
demands were significantly associated with acute and chronic fatigue
and intershift recovery. Rotating shifts were significantly related
to acute fatigue [24]. Unlike the results of previous studies [23,24],
non-pregnant nurses of the present study had markedly high values
for mental ailments, while pregnant and non-pregnant nurses had
high values for physical ailment. This result suggests that nurses
working 16-Hour Night Shifts in a two-shift system tend to have
high cumulative fatigue, and in particular, non-pregnant nurses had
a higher level of activity during their duties, which has a major impact
on their workload.

The autonomic nervous system showed higher values for HF and
LF/HF in non-pregnant nurses than in pregnant nurses while sleeping
at night after their day shift. Pregnant nurses had higher HR than
non-pregnant nurses during sleep and night shifts after day shift. In
particular, compared to a previous study [12] in which an LE/HF of
>4 was considered an excited state, non-pregnant nurses exhibited
high values. Therefore, it was inferred that they were in a sympathetic
nerve predominant stressful state even when sleeping at night on
workdays. Furthermore, during night shifts and when napping during
night shifts, the fact that non-pregnant nurses showed high values
indicated that the stressful state persisted while napping during night
shifts.

We found that subjective fatigue, except for the feeling of instability,
in nurses working a 16-hour shift in a two-shift system intensified

during day shifts but could be recovered by getting adequate sleep at
night. Furthermore, even in night shifts, the sense of fatigue increased
but recovered through the day off. This tendency was found to be
the same between pregnant and non-pregnant nurses. Moreover,
the autonomic nervous system results when sleeping after the day
shift and during night shifts suggested that the sympathetic nerve
predominant stressful state in non-pregnant nurses continued from
the day shift until the night shift.

With regard to the intensity of physical activity, upon comparing
the intensity of physical activity in the day shift, LPA was common
in pregnant nurses and VPA was common in non-pregnant nurses.
This finding implied that non-pregnant nurses carried out duties with
a higher intensity of physical activity in the day shift. Comparison of
pregnant nurses and non-pregnant nurses in the night shift indicated
that VPA was common in non-pregnant nurses, which indicated
that the non-pregnant nurses had a greater amount of work than the
pregnant nurses also in the night shift continuing from the day shift.
On the day off, there was no difference according to the presence or
absence of pregnancy, and the intensity of physical activity was the
lowest, with SB accounting for 70% of one day for both groups alike.
Societal indicators of reductions in human energy expenditure and
hikes in SB during the past several decades are particularly striking.
In recent decades, affluent populations have become increasingly
sedentary, with many adults spending 70% or more of their waking
hours sitting [25]. This risk of SB was reported in 2010, and in the
results of the present study too, the rate of SB on the day off was
comparable, and it was inferred that for nurses working a 16-hour
shift in a two-shift system, it was the required activity level to recover
from fatigue following the night shift. Therefore, it is not sufficient to
merely increase the level of activity. It is equally important to propose
ways to spend time in SB and activity content that leads to fatigue
recovery.

We found that the physical activity intensity of nurses working
a 16-hour shift in a two-shift system tended to be more commonly
moderate or greater in non-pregnant women during the working
hours of day shifts and night shifts. Furthermore, the feeling of fatigue
could be reduced by spending time doing low intensity physical
activity in pregnant and non-pregnant nurses alike on their day off
following a night shift.

Limitations

The present study has two limitations. First, the details of activities
in the physical activity intensities were not clarified. Second, in terms
of background information on the four institutions where the subjects
were employed, although the patient-nurse ratio was 7:1, the number
of beds varied from 160 to 400 beds.

Conclusions

Our investigation revealed that both pregnant and non-pregnant
nurses experienced increased fatigue before and after day shifts as well
as night shifts but recovered by sleeping at night. Furthermore, it was
found that indulging in physical activity of intensity comparable to
SB on one’s day off promoted fatigue recovery. We found that when
compared to pregnant nurses, non-pregnant nurses experienced
a persistent sympathetic nerve predominant stressful state from
sleeping after the day shift through the night shift.
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