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Abstract: 
Introduction: The human brain and body are naturally programmed to stay awake during the day and to sleep at 
night. Yet, sleeping during the day can be a necessary part of life, as millions of people work at hours that overlap 
with the habitual time for sleep.  
Aims and Objective: The aim of our study was to find out the comparison in sleep stages in healthy night shift 
workers and day shift workers and also investigate daytime sleep EEG following consecutive night shifts.  
Method: Clinical polysomnography classically records the EEG during sleep with the help of the electrodes 
placed on the scalp according to the standardized international 10-20 system.  
Result:  The present study showed the non- significant difference in the mean values of age in day and night shift 
workers wherease BMI showed significant difference in mean values of day shift workers and night shift workers 
(p<0.001). The mean comparison of stages of sleep N1, N2 and REM showed highly significant result while no 
significant result was observed in N3 stage of sleep.  
Conclusion: The study concluded that shift workers have negative consequences on health by disturbing circadian 
rhythm. As compared with day shift workers, night shift workers are more likely to achieve less hours of sleep in 
the day and spend a greater percentage of the night awake with this night shift workers has increased risk of OSA 
as compared to day shift worker. 
Keynotes: Non rapid eye movement (NREM), Rapid eye movement (REM), Slow wave sleep (SWS), Circadian 
rhythm. 
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 
original work is properly credited. 
Introduction

The human brain and body are naturally 
programmed to stay awake during the day and to 
sleep at night. Yet, sleeping during the day can be a 
necessary part of life, as millions of people work at 
hours that overlap with the habitual time for sleep. It 
is reported that shifting the main sleep period to 
daytime due to night work reduces total sleep 
time[1] and causes poor and non-restorative 
sleep[2]. Sleep loss and non-restorative sleep have 
significant adverse short and long-term health 
consequences[3] and may impair cognitive 
functioning.[4] 

Shift work has been recognized as having a negative 
influence on health and safety[5]. Working on the 
night shift, usually from 11 p.m. to 7 a.m. or 12 
midnight to 8 a.m.[6], typically causes changes in 
the sleep–wake patterns, which can lead to transient 
periods of misalignment between circadian rhythms 
that are detrimental to health.[7] This includes 

effects on sleep patterns. The literature suggests that 
working on the night shift is associated with 
increased risks of health problems, such as 
cardiovascular and metabolic diseases, depression, 
reproductive problems, and cancer.[6] 

Sleep is a “reversible behavioural state of perceptual 
disengagement from, and unresponsiveness to the 
environment”. Sleep is broadly divided into rapid 
eye movement (REM) sleep and non-REM 
(NREM), which are characterized by distinct 
physiological, neurological, and psychological 
features.[8] NREM sleep is divided into three stages: 
N1, N2, and N3 as defined by the American 
Academy of Sleep Medicine (AASM). In short, the 
transition from wakefulness to N1 is defined by the 
transition from alpha waves (8-13Hz) to theta waves 
(4-7 Hz activity), and by reduced muscle tone and 
conscious awareness of one’s surroundings. Stage 
N2 is recognized by the presence of theta waves in 
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addition to specific electroencephalographic (EEG) 
features such as “sleep spindles” and “K-
complexes”, and further reduction in muscle tone 
and awareness. N3, also called delta sleep or slow 
wave sleep (SWS), is characterized by waves with 
high amplitude (> 75 μV) and low frequency (< 2 
Hz)[9]. The aim of our study was to find out the 
comparison in sleep stages in healthy night shift 
workers and day shift workers and also investigate 
daytime sleep EEG following consecutive night 
shifts. 

Material & Methods: The study was conducted in 
Department of Physiology, J.L.N Medical College 
Ajmer & attached hospital. 

Study Design: This was a prospective observational 
study which carried out healthy nursing staff in 
Department of Respiratory Medicine. 

Informed written consent was taken from all 
subjects after ethical clearance by the ethical 
committee of Jawaharlal Nehru Medical college, 
Rajasthan Ajmer. 

Study population and sample size: Subjects 
between 25 to 45 years of age with healthy day shift 
and night shift workers. 

Inclusion Criteria: Total 60 samples were collected 
and divided into two groups: 

Group A: Included 30 subjects of rotating night 
shift workers. 

Group B: Included 30 subjects of day shift workers. 

Exclusion Criteria: Alcoholic and smoker, primary 
chronic insomnia, narcolepsy, parasomnias, 
wake/sleep cycle disorders 

Day shift workers and Night shift workers:  

Each study subject had a 7 consecutive days of duty: 

Day shift workers were defined as those individuals 
who worked from (9am to 3pm). 

Rotating Night shift workers were defined as those 
who worked from (8:00pm to 7:00am). 

Collection of data: Data were collected by a 
structured interview questionnaire, included 
demographic data, working conditions, occupational 
history and health related behaviours.  

Anthropometric measurements, such as height, 
weight, body mass index (BMI) was taken by trained 
hospital staff. 

BMI was calculated by the using the following 
equation: BMI = weight (kg) / height (m2) (Bray, 
1993). 

Polysomnography 

Sleep could be either studied by clinical observation 
or by recording the physiological information using 
the instruments. The instrumental recording of the 
physiological changes during sleep could be done by 
recording a polysomnography. Polysomnography as 
a term was coined in 1974 by Holland, Dement and 
Raynall as this method employs recording of Electro 
encephalogram (EEG), Electro oculogram (EOG), 
Electromyogram (EMG), Electrocardiogram 
(EKG), vital signs and breathing parameters. 
Polysomnography recording was done by Philips 
model- Allice PDx. 

Clinical polysomnography classically records the 
EEG during sleep with the help of the electrodes 
placed on the scalp according to the standardized 
international 10-20 system.[10] 

Before the procedure participant was given detailed 
information about the purpose and procedure of 
polysomnography.  He/she was made aware that 
they will be monitored throughout their sleep and 
educated about when and how to contact the 
technologist. A complete medical history including 
a detailed sleep history was recorded and a 
comprehensive clinical examination was done to 
record the basic vital parameters. A convenient date 
was fixed for recording.  

Procedure:  

The procedure starts with Patient Hookup. It is 
nothing but the systematic placing of various surface 
electrodes and sensors on the patient’s body.  

According to the R & K criteria the electrode sites 
are  

• Two mastoid/aural (A1, A2)  
• Two central (C3, C4)  
• Two occipital (O1, O2)
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Figure 1.  10 -20 System of electrode placement for EEG 

 
Electrodes are placed in the above-mentioned 
positions. Conventionally, the alphabets denote the 
Frontal, occipital, parietal, temporal, auricular and 
central regions. Odd numbers are used to denote left-
sided electrodes and even numbers for the right side. 

Data Analysis 

The data was collected and entered a Microsoft 
Excel sheet in the form of a master chart and 

analyzed by using standard statistical software 
(SPSS Version 20) under the guidance of a 
Biostatistician.  Significance testing for Mean ± SD 
difference of two groups was done by Student's T-
test (unpaired t-test). P-value < 0.05 was considered 
statistically significant 

 

Results

 
Table 1: Comparison of mean values of Anthropometric Data in Healthy Day shift workers and Night 

shift workers 
S.No Variable Day shift workers Night shift workers P-value 
1. Age 32.8 ± 5.0 33.9 ± 5.3 0.19 
2. BMI 23.4 ± 2.0 26.0 ± 4.0 0.001 

 
*=p value is significant 
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Table 1 showed mean Age and BMI, there was no 
statistically significant result observed in age with  
 

(p>0.05). The mean BMI showed the significant 
result with p<0.001.

Table 2:  Comparison of sleep stages between Day shift workers and Night shift workers 
S.No Variables 

(mins) 
Day Shift workers 
(Mean ± SD) 

Night shift workers 
(Mean ± SD) 

P-Value 
 

1. N1 20.9 ± 3.9 39.8 ± 33.06 0.001** 

2. N2 155.5 ± 7.9 134.7 ± 37.5 0.002** 

3. N3 55.4 ± 4.9 56.5 ± 65.21 0.46 
4 REM 71.7 ± 3.4 55.1 ± 28.9 0.001** 

 
*= p value is significant, **= p value is highly significant. 
 
 

 

Figure 2: Comparison of mean values of sleep Stages in Day shift workers and Night shift workers 
 
Table 2 and Figure 2 showed the mean comparison 
of sleep stages between day shift workers and night 
shift workers. In day shift workers the mean value of 
N1 stage was (20.9 ± 3.9) and in night shift workers 
the mean value of N1 stage was (39.8 ± 33.06). 
Statistically highly significant difference was found 
(p<0.001). In N2 stage the mean value of day shift 
workers was (155.5 ± 7.9) and in night shift workers 
were (134.7 ± 37.5). Statistically highly significant 

result was found (p<0.002). In N3 stage the mean 
value of day shift workers was (55.4 ± 4.9) and in 
night shift workers were (56.5 ± 65.21). There was 
no significant result found in N3 stage (p>0.46). In 
REM stage the mean value of day shift workers was 
(71.7 ± 3.4) and in night shift workers were (55.1 ± 
28.9). Statistically highly significant result was 
found (p<0.001).

 
Table 3: Comparison of Percentage of various stages of sleep between Day shift workers and Night shift 

workers 
S.No Variables 

(%) 
Day Shift workers 
(Mean ± SD) 

Night shift workers 
(Mean ± SD) 

P-Value 

1. N1 % 6.8 ± 1.3 17.1 ± 19.8 0.003** 

2. N2 % 51.2 ± 1.5 48.1 ± 11.1 0.05* 

3. N3 % 18.2 ± 1 18.3 ± 14.0 0.48 
4 REM % 23.6 ± 0.6 26.0 ± 36.7 0.35 

  
*= p value is significant, **= p value is highly significant. 
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Graph 3 Shows: The mean value (%) of Sleep Stages of Day Shift Workers & Night Shift Workers 

 
Table 3 and Figure 3 depict the Mean Comparison 
of Percentage of various sleep stages between day 
shift workers and night shift workers. In day shift 
workers the mean value of N1% was (6.8 ± 1.3) and 
in night shift workers the mean value of N1 % was 
(17.1 ± 19.8). Statistically highly significant 
difference was found (p<0.003). In N2 % the mean 
value of day shift workers was (51.2 ± 1.5) and in 
night shift workers were (48.1 ± 11.1). Statistically 
significant result was found (p<0.05). In N3 % the 
mean value of day shift workers was (18.2 ± 1) and 
in night shift workers were (18.3 ± 14.0). There was 
no significant result found in N3 stage (p>0.48). In 
REM % the mean value of day shift workers was 
(23.6 ± 0.6) and in night shift workers were (26.0 ± 
36.7). There was no significant result found in REM 
% (p>0.48). 

Discussion 

The aim of present study was to compare the sleep 
stages in healthy day shift workers and night shift 
workers. In our study we found that night shift 
workers have higher BMI as compared to day shift 
workers. One study, which found similar body mass 
indices in day and shift workers, reported more 
centrally disposed adipose tissue in shift 
workers.[11] Niedhammar et al. [12] followed 469 
nurses for 5 years, and found that weight gains 
(especially those >7 kg) were more frequent among 
nurses on night work than on daytime work. A study 
by van Amelsvoort et al[13] found an association 

between BMI and duration of shift work experience. 
Torhild T Pedersen et al. found no such difference 
in the continuity of stage N3 between daytime sleep 
and nighttime sleep. However, our characterization 
of the EEG of deep NREM sleep suggests that the 
restorative function is highly affected during a night 
shift period.[14] 

Pires et al. conducted a study on Brazilian bus 
drivers working shifts showed significantly reduced 
sleep length and sleep efficacy, with more N1 sleep 
when sleeping at daytime. For the younger drivers, 
there was also less REM sleep and slightly more 
minutes of N3 when sleeping in the day compared to 
sleeping at night.[15] 

The present study found that the sleep stages in night 
shift workers shown significant result in comparison 
to day shift workers. Support for this contention 
comes from comparisons to ordinary nighttime 
sleep, and of the sleep/wake measures within the 
three consecutive daytime sleep periods. The 
homeostatic drive for sleep (indicated by latency to 
enter sleep and the rate of rise of SWA) was higher 
than nighttime sleep and became increasingly 
altered across the simulated night shift period. 
Additionally, the sleep debt accumulated as time 
spent sleeping was lowest at D3. Other quantitative 
EEG field [16-19] and laboratory [20] studies after 
one single night shift report a reduced total sleep 
time of >1.5 h. However, laboratory studies looking 
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at sleep after 6 night shifts have reported some 
conflicting results. Dahlgren[21] found reduced total 
sleep time in both permanent and rotating shift 
workers, supporting our findings, though Lamond et 
al[22] found that total sleep time was not 
significantly different from nighttime sleep across 6 
daytime sleep periods. One explanation for the 
enhanced sleep duration in the study by Lamond et 
al could be that the participants were shielded from 
social and environmental disturbances throughout 
the experiment. Disturbed sleep after simulated 
night shift work is also supported by an animal 
model of shift work, where simulated night shift 
work in the resting phase reduces total sleep time in 
the active phase.[22] 

Conclusion: 

The study concluded that shift work has negative 
consequences on health by disturbing circadian 
rhythm. When sleep is measured 
polysomnographically, there appears to be a sleep 
scarring associated with a working life involving 
shift work. As compared with day shift workers, 
night shift workers are more likely to achieve less 
hours of sleep in the day and spend a greater 
percentage of the night awake with this night shift 
workers have increased risk of OSA as compared to 
day shift worker. Other aspects related to the 
worker’s health must be addressed preventively, to 
reduce the impact of night work, such as sleep 
hygiene (number of hours of sleep, sleep and wake 
up time, environmental conditions) with a regular 
health check- up. In this context, adequate and good 
quality rest after night shifts is necessary to 
minimize the negative impacts on workers’ health 
and facilitate recovery of the HPA axis. To 
investigate the consequences of shift work, it is 
desirable to assess the sleep patterns of night-shift 
workers for >2 weeks with the combined use of a 
sleep diary and subjective questionnaire. 

References 

1. Åkerstedt T. Shift work and disturbed 
sleep/wakefulness. Occup Med. 
2003;53(2):89–94.  

2. Ganesan S, Magee M, Stone JE, et al. The 
impact of shift work on sleep, alertness and 
performance in healthcare workers. Sci Rep. 
2019;9(1):4635. 

3. Banks S, Dinges DF. Behavioral and 
physiological consequences of sleep restriction. 
J Clin Sleep Med. 2007;03(05):519–528. 

4. Van Dongen H, Maislin G, Mullington JM, 
Dinges DF. The cumulative cost of additional 
wakefulness: dose-response effects on 
neurobehavioral functions and sleep physiology 
from chronic sleep restriction and total sleep 
deprivation. Sleep. 2003;26(2):117–126. 

5. Di Milia, L.; Bohle, P.; Loudoun, R.; Pisarski, 
A. Contemporary research findings in 
shiftwork. Appl. Ergon. 2008, 39, 539–540. 

6. Perrucci, R.; MacDermid, S.; King, E.; Tang, 
C.-Y.; Brimeyer, T.; Ramadoss, K.; Kiser, S.J.; 
Swanberg, J. The Significance of Shift Work: 
Current Status and Future Directions. J. Fam. 
Econ. Issues 2007, 28, 600–617.  

7. Rosa, D.; Terzoni, S.; Dellafiore, F.; 
Destrebecq, A. Systematic review of shift work 
and   nurses’ health. Occup. Med. 2019, 69, 
237–243.  

8. Kryger, M. H., Roth, T., & Dement, W. C. 
(2011). Principles and Practice of Sleep 
Medicine (5th ed.). St. Louis, Mo: Elsevier. 

9. Iber, C., Ancoli-Israel, S., Chesson, A., & Quan, 
S. (2007). The American Academy of Sleep 
Medicine (AASM) Manual for the Scoring of 
Sleep and Associated Events: Rules 
Terminology and Technical Specifications (1 
ed.). Westchester, Il: AASM. 

10. International 10-20 system positioning Manual 
11. Nakamura K, Shimai S, Kikuchi S, et al. Shift 

work and risk factors for coronary heart disease 
in Japanese blue-collar workers: serum lipids 
and anthropometric characteristics. Occup Med 
1997;47:142–146.  

12.  Niedhammer I, Lert F, Marne MJ. Prevalence 
of overwight and weight gain in relation to night 
work in a nurses’ cohort. Int J Obesity 1996; 
20:625–633. 

13. Van Amelsvoort L. Cardiovascular Risk Profile 
in Shift Workers. Wageningen: Wageningen 
University, 2000. 

14. Torhild T Pedersen, Erlend Sunde, Jonathan 
Wisor, Jelena Mrdalj, Ståle Pallesen, Janne 
Grønli et al Sleep Homeostasis and Night Work: 
A Polysomnographic Study of Daytime Sleep 
Following Three Consecutive Simulated Night 
Shifts, Nature and Science of Sleep 2022:14 
243–254. 

15. Pires MLN, Benedito-Silva AA, De Mello MT, 
Del Giglio S, Pompe´ia C, Tufik S. Sleep habits 
and complaints of adults in the city of Sa˜o 
Paulo, Brazil, in 1987 and 1995. Braz. J. Med. 
Biol. Res.2007; 40:1–11. 

16. Åkerstedt T, Kecklund G, Knutsson A. Spectral 
analysis of sleep electroencephalography in 
rotating three shift work. Scand J Work Environ 
Health. 1991;17:330–336.  

17.  Torsvall L, Akerstedt T, Gillander K, Knutsson 
A. Sleep on the night shift: 24-hour EEG 
monitoring of spontaneous sleep/wake 
behavior. Psychophysiology. 1989;26(3):352–
358.  

18. Torsvall L, Åkerstedt T, Gillberg M. Age, sleep 
and irregular work hours: a field study with 
electroencephalographic recordings, 
catecholamine excretion and self-ratings. Scand 
J Work Environ Health. 1981;7:196–203.  



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 
 

Maan et al.                           International Journal of Current Pharmaceutical Review and Research  

1197   

19. Smith-Coggins R, Rosekind MR, Hurd S, 
Buccino KR. Relationship of day versus night 
sleep to physician performance and mood. Ann 
Emerg Med. 1994;24(5):928–934.  

20. Matsumoto K. Sleep patterns in hospital nurses 
due to shift work: an EEG study. Waking 
Sleeping. 1978; 2:169–173 

21. Dahlgren K. Adjustment of circadian rhythms 
and EEG sleep functions to day and night sleep 

among permanent night workers and rotating 
shiftworkers. Psychophysiology. 
1981;18(4):381–391.  

22. Lamond N, Dorrian J, Roach G, et al. The 
impact of a week of simulated night work on 
sleep, circadian phase, and performance. Occup 
Environ Med. 2003;60(11):e13.

 


