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INTRODUCTION 

Sleep is a normal physiological desire and is 
essential to maintain a healthy life and homeostasis 
in humans [1]. The health workers are involved in 
a round-the-clock activity that is indispensable for 
continuity of care in clinics and hospitals [1]. To this 
end, they are scheduled to work day and night in a 
rotating manner throughout the 24-hour period. 
This type of work is referred to as shift work. 
Therefore, illnesses that affect health workers due 
to pattern of work schedule or rotation will affect 
the quality of health care delivery [1,2].

Estimations indicate that about one-fifth of the 
world’s workforce is engaged in shift work [3]. 

However, the proportion of shift workers can 
reach 39% depending on the geographical region 
[4]. Research data indicate a steady increase of 
shift workers over the past decades worldwide 
[1-4]. Accumulating data suggest that shift work, 
and in particular, night shift, is one of the major 
causes of circadian rhythm disruption, resulting 
to disorders in sleep-wake cycle with fatigue, 
and altered alertness, which in turn increases 
the human factor “errors”, thereby increasing 
the likelihood of drug administration errors and 
substantially decreasing the quality of patient 
care [1,2,5]. The condition can predispose the 
worker to work-related injuries and also, reduces 
job satisfaction [1,2] and increase job-related 
stress [6]. Compared with day shift workers, 
night shifts workers come up with insomnia 
[7], mental health problems (somatization, 
interpersonal sensitivity, depression, anxiety, 
obsessive-compulsive and paranoid disorders) 
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ABSTRACT

Background: The harmful effects of shift work on heart function shave been reported in previous studies. However, the impact of 
shift work on cortical functions as recorded on EEG has not been widely reported. We aimed to investigate the possible harmful 
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workers, there was no statistically significant difference between morning and evening recordings.

Conclusion: Sleep deprivation due to work shift may cause disruption in the brain EEG recordings by affecting the biological 
rhythm.
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[2], cancer(breast cancer, prostate cancer, and 
colorectal cancer), cardiovascular disease and 
hypertension as well as associated complication 
such as ischemic stroke, gastrointestinal 
disorders (gastritis, peptic ulcers, dyspepsia, 
colitis, indigestion, appetite disorders, irregular 
bowel movements, constipation, heartburn 
etc.), poor reproductive outcomes (preterm 
delivery, and natural miscarriage) [1,2,8], back 
pain, menstrual disorders [1], and accidents, and 
significantly decrease productivity [9].

Shift work disorder has been recently identified 
a separate clinical syndrome that is characterized 
by alteration of circadian rhythm of sleep-wake, 
leading to insomnia, excessive day sleepiness, 
fatigue, and decreased alertness [2]. Based on 
available data, the disorders mentioned above can 
occur between 18 and 60% of the workforce [1]. 
On the basis of Diagnostic and Statistical Manual 
of Mental Disorders, 5th Edition (DSM-5) [2], shift 
work disorder has been shown to be high among 
the workforce ranging from 10 to 44% depending 
on the assessment method [1,7,10] and from 5 to 
44% depending on the work schedule [10].

Despite the growing number of literatures on the 
health problems associated with shift work, little 
is known about the changes that accompany the 
central nervous system after the night shift. 
However, the pathophysiological mechanisms 
associated with night shift work disorders have 
not been completely unravelled. Knowledge 
about these mechanisms may be important 
in shift work scheduling and treatment of 
related disorders. Furthermore, knowledge 
garnered from the mechanisms behind shift 
work disorders can help to effectively plan 
intervention programs to improve sleep quantity 
and quality among night shift workers, and also, 
develop guidelines on how to protect workers 
from night shift related abnormalities.

EEG is an important electrophysiological 
recording that is used to investigate 
electrocerebral activity (i.e. cortical activities) 
in both health and disease [11]. The cortical 
activities comprise action potentials and multiple 
excitatory and inhibitory postsynaptic potentials 
mostly of the neurons of the subcortical and 
cortical regions of the brain [12]. The cortical 
activities are usually reported in different 
frequency bands of EEG trace: Delta or δ, theta 
or θ, alpha or α, beta or β and gamma or γ. These 

frequency bands are the major waves of the EEG 
that represent brain information processing 
in sensorimotor, cognitive, emotional, and 
attentional domains [13,14]. 

Changes associated with EEG in health workers 
who worked both day and night shifts have not 
been reported. Therefore, the aim of this study 
was to investigate the effects of night shift on 
EEG in health workers.

METHODS

Participants

Sixteen healthy health workers (nurses and 
physicians) aged 25–35 years (mean age  ±  
standard deviation=29.61  ±  7.39) participated 
in this study. The study was conducted in Abuja, 
Nigeria, from January to May 2019. Of 16 subjects, 
9 were work shift (sleep deprivation) group and 
7 workers were non work shift group. Work 
shift (sleep deprivation) group (n=9) remained 
awake for 26 hours. Non-work shift group slept 
in their homes. EEG was applied at 09.00 am and 
07.00 pm for both shift and non-shift groups. All 
participants were right-handed according to self-
report and confirmed by Edinburgh Handedness 
Inventory [15]. They had comparable education 
level (15–17 years).
Inclusion criteria

1. Absence of any health problem based on 
recent medical examination.

2. Willingness to participate. 

3. Total abstinence from drugs.
Exclusion criteria

1. Unwillingness to participate in the study. 

2. Presence of health problems such as 
psychiatric, respiratory, metabolic, cardiac or 
central and autonomic nervous system disease, 
which may affect EEG tracing. The Mini-Mental 
State Examination was initially used to screen 
participants of cognitive deficit. No participant 
had cognitive deficit on this test. 

3. Individuals using medications or drugs were 
not considered for participation. Those who 
fail the drug abuse test were not involved in 
the study.

Procedure

The experimental protocol was in line with the 
declaration of Helsinki and approved by the 
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local ethics committee. The aims and objectives 
of the study were explicitly explained to the 
participants before commencing the experiment. 
All participants gave written informed consent 
to participate in the study a day before the 
commencement of the study. To avoid artifacts in 
the EEG tracing, the participants were requested 
to relax comfortably in an arm chair. The study 
lasted for one week.
EEG recording

The EEG signal was recorded according to the 
standard international 10/20 system, with a 
sampling rate of 1 kHz. EEG data was recorded by 
two channel bipolar montage; F2–F4 (right brain 
hemisphere) and F3–F7 (left brain hemisphere) 
(Figure 1) [16,17].

The digital EEG was recorded by using Power 
Lab 26T (AD Instruments, Bella Vista, Australia), 
a device used for multimodal monitoring of bio-
signals. In this study, the EEG was extracted 
morning at 09.00 am and evening at 07.00 
pm for all participants. EEG frequency bands 
considered for analysis were delta waves (1–3 
Hz), theta waves (4–7 Hz), alpha waves (8–12 
Hz), beta waves (13–30 Hz), gamma1 waves (31–
40 Hz), gamma2 waves (41–50 Hz) and gamma3 
waves (60–80 Hz).

The electroencephalographic signal processing 
analyses were performed in MATLAB. The 
changes in frequency and amplitude of the EEG 
were analyzed by means of power spectrum, 
measured as total power in microvolts-squared 
divided by frequency (µV2/Hz) [6]. We used 
Discrete Fourier Transform (DFT) to calculate 

the power spectrum of time domain discrete 
EEG signal. Power spectral density (PSD) is 
frequency response of a periodic or random 
signal. PSD shows distribution of signal strength 
depending on the frequency. The EEG data we 
were recorded is a time domain discrete signal.

Power spectral density can be expressed with 
Equation 1.

2                 (1)

Where N is the number of samples and xi(k) is 
the Discrete Fourier Transform (DFT) of the time 
domain discrete xi(n) signal. xi(k) is calculated 
as shown in Equation 2.

e-j(2π/N)nk               (2)
Statistical analysis

The SPSS software (version 18.0 for Windows) 
was used for statistical data analysis. Results are 
expressed as mean  ±  standard deviation (SD) 
as well as in percentages (%). The pattern of 
data distribution was evaluated by Kolmogorov 
Smirnov test. Unpaired Student T-test was used 
for comparison of results of EEG waves in shift 
and non-shift health workers. Differences were 
considered statistically significant at p˂0.05.

RESULTS

The EEG tracing of F2–F4 (right brain hemisphere) 
of shift health workers revealed a decrease in 
beta power (µV2/Hz), gamma1 power (µv2/Hz), 
gamma2 power(µv2/Hz)and total gamma power 
(µv2/Hz) in the evening compared to morning 
recording (beta: t=2.21, p=0.04; gamma1: t=2.32, 

Figure 1: Left and right brain before and after shift work, time domain EEG.
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p=0.04; gamma2: t=2.13, p=0.04; total gamma 
power: t=2.24, p=0.04) (Table1). In non-shift 
health workers, there was no difference between 
morning and evening EEG tracings for the all 
parameters in F2-F4 (right brain hemisphere) 
(Table 2).

Also, in the shift health workers, EEG tracing 
of F3–F7 (left brain hemisphere) revealed a 
decrease in beta power (µV2/Hz), gamma1 power 

(µv2/Hz), gamma2 power (µv2/Hz), gamma3 
power (µv2/Hz) and total gamma power (µv2/Hz) 
in the evening EEG compared to morning recording 
EEG (beta: t=2.21, p=0.04; gamma1: t=2.37, p=0.04; 
gamma2: t=2.17, p=0.04; gamma3: t=2.29, p=0.04; 
total gamma power: t=2.37, p=0.04) (Table 3). 
But in the non-shift health workers, there was no 
difference between morning and evening for the all 
EEG parameters in EEG tracing of F3-F7 (left brain 
hemisphere) (Table 4).

Power (μv2/Hz) Morning Evening t-test p
Total power (μv2/Hz) 85.58  ±  42.85 87.73 ± 36.76 0.25 NS
Delta power (μv2/Hz) 78.36 ± 42.65 80.99 ± 37.02 0.32 NS
Theta power (μv2/Hz) 3.47 ± 1.68 3.65 ± 1.22 0.42 NS
Alpha power (μv2/Hz) 1.43 ± 0.89 1.38 ± 0.56 0.33 NS
Beta power (μv2/Hz) 1.48 ± 0.13 1.18 ± 0.39 2.21 0.04

Gamma1 power (μv2/Hz) 0.48 ± 0.07 0.32 ± 0.06 2.32 0.04
Gamma2 power (μv2/Hz) 0.29 ± 0.04 0.18 ± 0.07 2.13 0.04
Gamma3 power (μv2/Hz) 0.32 ± 0.03 0.22 ± 0.05 1.89 NS

Total Gamma power (μv2/Hz) 1.09 ± 0.14 0.72 ± 0.09 2.24 0.04

Table 1: Powers of the different EEG waves in the right brain of shift health workers.

Power (μv2/Hz) Morning Evening t-test p
Total power (μv2/Hz) 69.01 ± 40.47 81.65 ± 35.02 0.61 NS
Delta power (μv2/Hz) 61.57 ± 35.29 74.58 ± 35.47 0.66 NS
Theta power (μv2/Hz) 3.76 ± 3.91 3.32 ± 2.73 0.19 NS
Alpha power (μv2/Hz) 1.41 ± 1.25 1.24 ± 0.46 0.34 NS
Beta power (μv2/Hz) 1.48 ± 1.19 1.68 ± 2.12 0.34 NS

Gamma1 power (μv2/Hz) 0.48 ± 0.61 0.51 ± 0.63 0.54 NS
Gamma2 power (μv2/Hz) 0.27 ± 0.39 0.28 ± 0.45 0.35 NS
Gamma3 power (μv2/Hz) 0.32 ± 0.44 0.35 ± 0.49 1.05 NS

Total Gamma power (μv2/Hz) 1.06 ± 1.44 1.14 ± 1.58 0.66 NS

Table 2: Powers of the different EEG waves in the right brain in non-shift health workers.

Power (μv2/Hz) Morning Evening t-test p
Total power (μv2/Hz) 90.03 ± 44.29 84.01 ± 31.95 0.81 NS
Delta power (μv2/Hz) 82.79 ± 44.22 77.33 ± 32.31 0.74 NS
Theta power (μv2/Hz) 3.46 ± 1.67 3.59 ± 1.12 0.31 NS
Alpha power (μv2/Hz) 1.45 ± 0.88 1.36 ± 0.56 0.54 NS
Beta power (μv2/Hz) 1.49 ± 0.13 1.20 ± 0.19 2.21 0.04

Gamma1 power (μv2/Hz) 0.48 ± 0.09 0.32 ± 0.06 2.37 0.04
Gamma2 power (μv2/Hz) 0.29 ± 0.07 0.19 ± 0.05 2.17 0.04
Gamma3 power (μv2/Hz) 0.32 ± 0.03 0.22 ± 0.08 2.29 0.04

Total Gamma power (μv2/Hz) 1.08 ± 0.14 0.72 ± 0.11 2.37 0.04

Table 3: Powers of the different EEG waves in the left brain of shift health workers.

Power (μv2/Hz) Morning Evening t-test p
Total power (μv2/Hz) 75.59 ± 54.51 75.41 ± 47.86 0.16 NS
Delta power (μv2/Hz) 72.21 ± 51.59 66.35 ± 44.98 0.24 NS
Theta power (μv2/Hz) 2.89 ± 1.91 3.85 ± 3.97 0.54 NS
Alpha power (μv2/Hz) 1.42 ± 0.93 1.83 ± 1.13 0.87 NS
Beta power (μv2/Hz) 1.99 ± 2.37 2.17 ± 1.93 0.64 NS

Gamma1 power (μv2/Hz) 0.66 ± 0.84 0.75 ± 0.67 0.66 NS
Gamma2 power (μv2/Hz) 0.38 ± 0.61 0.41 ± 0.45 0.21 NS
Gamma3 power (μv2/Hz) 0.44 ± 0.66 0.43 ± 0.47 0.08 NS

Total Gamma power (μv2/Hz) 1.49 ± 2.12 1.59 ± 1.58 0.29 NS

Table 4: Powers of the different EEG waves in the left brain in non-shift health workers.
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DISCUSSION

The physiological importance of sleep has been 
reported in many studies. Indeed majority of 
humans spend approximately one-third of their 
lives asleep. It is therefore not a surprise that any 
disruption of the processes that regulate sleep 
can result to substantial consequences [18]. 
The results of a previous recent study made by 
recording HRV (heart rate variability) showed 
that sleep deprivation was associated with 
sympatho-vagal imbalance with sympathetic 
dominance [19]. This suggests that sleep 
deprivation impairs processes associated with 
regulation of cardiac rhythm. Available data 
suggest that sleep deprivation or shift work 
causes a multi-system hazard, probably due to 
impairment in circadian rhythm [7,20,21]. This 
is based on the hypothesis that circadian rhythm 
is essential for homeostasis of several systems 
of the body [7,22]. Unfortunately, however, data 
on the effects of sleep deprivation or shift work 
on cortical functions as recorded with the EEG 
are scanty. The results of our study have added 
substantial data to the literature on EEG markers 
of shift work. 

Sleep deprivation disrupts synchronization 
of the supra chiasmatic nucleus, affecting the 
secretion of hormones and neurotransmitters 
such as acetylcholine, noradrenaline, serotonin, 
corticosteroids, and melatonin, which participate 
in cortical rhythm-genesis and modulation 
of EEG waves. The imbalances in hormone 
or neurotransmitter secretion can result to 
different disorders in cortical rhythms and other 
physiological processes [7,20-22]. 

Sustained wakefulness or sleep deprivation 
has been reported to increase neuronal firing. 
Indeed staying asleep counterbalances the 
increased neuronal firing during prolonged 
wakefulness or sleep deprivation [23]. However, 
emerging evidences indicate that various brain 
regions respond differently to sleep deprivation. 
For instance, Greer et al. reported decreased 
neuronal activity in appetitive evaluation regions 
within the human frontal cortex and insula cortex 
following sleep deprivation. In contrast, neuronal 
activity in the amygdala was amplified [24]. 
Previous studies have showed high variability in 
EEG rhythms in wakefulness/sleep deprivation 
or sleep [25]. Bersagliere et al. showed that sleep 
deprivation results to an increase in mid-delta 

activity (1.25–2 Hz), particularly in parietal and 
frontal brain. Interestingly, independent on the 
duration of sleep, occipital and temporal brain 
had increased low-delta (0.5–1 Hz) activity [26]. A 
couple of authors have shown conflicting results 
regarding changes associated with EEG δ waves 
after sleep deprivation. It appears that δ power 
is regulated independently of sleep duration 
[27]. However, Pressman [28] has indicated a 
role of delta waves in evaluating sleep processes 
and disorders. Comparable findings about the 
role of delta waves as potential indicator of sleep 
restriction were reported by Stephenson et al. 
[29]. Indeed predominance of low-frequency 
EEG such as delta waves indicates decreased 
alertness, which reflects a decrease in activation 
of the cerebral cortex, indicating fatigue and 
decreased cognition [30]. The role of delta EEG 
in sleep processes has been discussed elsewhere 
[31]. Although further investigations are 
necessary, findings from our study suggest that 
there were no significant differences between 
morning and evening recordings of delta EEG 
for the shift workers or non-shift workers. 
Therefore, there is need to revise EEG δ power as 
an indicator of sleep deprivation [27] and also, 
investigate how this EEG wave changes with 
shift-work adaptation in different categories of 
workers.

In line with literature data, our study revealed 
that alpha, theta, delta powers are not affected 
by sleep deprivation. The shift health workers 
(sleep deprivation group) had a decrease in beta 
power and gamma powers in the evening EEG 
compared to morning recording for both right 
and left brain hemisphere. However, in the non-
shift health workers, there was no difference 
between morning and evening EEG tracing for 
the all parameters in EEG tracing of both right 
and left brain hemispheres. It can be suggested 
that the differences observed in shift workers 
may indicate a possible adaptation to their 
work schedule. But there is severe lack of data 
regarding adaptation of circadian clock (master 
controller of sleep-wake cycle and homeostasis) 
in chronic shift work or sleep deprivation. 
Evidences from human studies indicate a 
possible role of circadian clock adaptation in 
shift-work, sleep deprivation, lifestyle habits 
[31], sleep disorders [32,33]. Adaption of the 
circadian rhythm to day-night cycle has also 
been reported in drosophila [34], suggesting this 
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property of the master circadian clock may be 
evolutionarily determined.

CONCLUSION

Though scheduling and diversification of 
working time is important in work organization, 
contributing to the improvement of human 
life, there are potentially serious health 
consequences that are associated with such work 
arrangement on the workers. Thus the need to 
develop measures and interventions that will be 
directed towards mitigating the negative effects 
of shift work on workers’ health, in addition to 
providing solutions for a better work scheduling 
that will have substantially lower negative health 
impact on workers’ health.
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