
 

 

Variation in sleep traits in the Indian population during social restriction 

 

Abstract: 

Aim: We conducted this study to investigate the impact of social restrictions on chronotype 

categories, social jetlag, and sleep parameters in the Indian population. 

Material and Methods: A cross-sectional study was conducted in 2021 with 139 

participants. We used anonline questionnaire (Ggoogle Fform) enclosing respondents' 

sociodemographic information.,sSocial jetlag and sleep parameters were measured with 

the µ-MCTQ and chronotype was assessed by the r-MEQ. Chi-square, paired t-tests, and 

One-way ANOVA were used to analyse the data.Pearson correlation was used to determine 

the strength of the relationship between the variables. 

Results: Our results highlighted that a total of 23.8% of volunteers reported social jetlag 

before social restriction and it significantly reducedto 13.7% (P= .001) in the social 

restricted condition. There is no significant difference in sleep duration during the workday 

and free days of socially restriction (P=.11). We found a difference between midsleep free 

day (MSf) and midsleep free day corrected (MSfsc) (mean of 13 min before restrictions 

(P=.05) and 10 min during restrictions; P= .001). 

Conclusion: Our findings provide crucial insights into variations in sleep/wake schedule 

stability, as seen by changes in the decrease of social jetlag betweenduring restriction. It 

was established that the individuals had significantly equivalent total sleep at both time 

points, as well as a later sleep-wake time under the social restriction. 
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Abbreviations:  

h/hr  Hours  

SR  Social restriction 

SJL  Social Jetlag 

µ-MCTQ  micro-Munich Chronotype Questionnaire 

r-MEQ  reduced Morningness Eveningness questionnaire  

CT   Chronotype 

MT  Morning type  

ET  Evening type 

NT  Neither type 

MSW   Mid-Sleep Workday 

MSF  Mid-Sleep Free day 

MSFsc  Midpoint of sleep on work-free days sleep corrected 

STW  Sleep time work day  

STF  Sleep time work free day 

WUTW Wake up time work day  

WUTF  Wake up time work free day 

 

 

 

 

 

 



 

 

 

 

1. Introduction: 

In humans, sleep timing is governed by an interaction between the circadian and 

homeostatic oscillators, which determine spontaneous bedtime and wake time in 

synchronisation with the earth's light/dark cycle[1].Similar to most other living forms, 

humans and other mammals possess an internal body clock known as the circadian clock, 

which has a self-sustaining, nearly 24-hour periodicity (derived from the Latin circa diem, 

which means approximately one day). Many physiological and behavioral processes, 

including sleep, body temperature, heart rate, metabolism, and hormone secretion, as well 

as neurobehavioral processes, are given rhythmicity by this system, which also enables an 

organism to anticipate daily recurring environmental changes like the light-dark cycle, 

food availability, and predator activity. To remain synchronized with the day-night cycle, 

the circadian clock is reset daily by light, the primary entraining signal for circadian 

rhythms[2,3].All mammals appear to have a fundamental need for sleep, with humans on 

average spending one-third of their lives sleeping or attempting to sleep[4]. Sleep timing is 

regulated by two overlapping processes: the sleep-dependent homeostatic drive for sleep, 

which increases with increasing time spent awake, and the circadian process, which 

imposes a 24-hour pattern on sleep/wake behaviour[5]. The right timing of sleep, along 

with other sleep elements such as sleep quality and sleep duration, is emerging as an 

essential component of health and well-being. 

Modern lifestyles and artificial light allow us to spend more time indoors, 

depriving us of natural light during the day. Over the last 200 years, the human lifestyle 

has dramatically changed as a result of the modernization of our society, the widespread 

availability of artificial light, the nightwork inherent to our 24/7 economy, and the 

possibility of rapid travelling across time zones[6,7]. While these technological 

improvements have undoubtablyfully eased our daily livfes (e.g., constant access to light, 

energy, and food), they also introduced a new phenomenon in our population, known as 

“circadian misalignment” [6,7]. Circadian misalignment occurs when there is a mismatch 

between the environmental time and the body's internal time. It is frequently noticed in 

those who have jetlag or in shift workers[8,9].Given the extensive range of physiological 

processes regulated by the circadian clock, circadian misalignment is expected to 

negatively affect human health, with effects in the short- and long-term[6]. It has been 

established that circadian misalignment is associated with acute effects such as poor and 

shorter sleep, reduced alertness, poor performance, hypertension, and abnormal 

inflammatory status[10,11].  

Depending on our social time, our sleep timing may be in or out of sync with the 

internal circadian timing determined by the circadian clock. Circadian disruption or social 

jetlag refers to the condition in which social time differs from biological time[12]. 

Chronotypes may influence both sleep needs and the ability to adjust sleep schedules 

between weekdays and weekends. In addition to variations in sleep timing between 

chronotypes, previous research has indicated that evening types spend less time in bed and 

have shorter workday sleep than morning types, but sleep longer on weekends[13]. In 

addition, sleep timing is known to vary between individuals. Sleep/wake regulation 

exhibits trait-like dimensions related to circadian and homeostatic traits, resulting in an 

inter-individual difference known as morningness-eveningness preference or chronotype. 

The physiological process of sleep is highly influenced by social and environmental cues 

and varies substantially with levels of stress[14]. Conceivably, environmental and social 
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changes introduced by the pandemic create sleep disturbances[15,16]. However, the 

greatest risk for negative health effects is not from a short sleep duration but rather from 

self-reported poor sleep quality[17].  

During the COVID-19 a lockdown (social restriction) situation was created and 

affected peoplesuggested quarantine to stop the spread of the pandemic.Quarantine is the 

separation and limitation of movement of persons who have potentially been exposed to a 

contagious disease to ascertain if they become unwell, so reducing the risk of them 

infecting others[18]. The lockdownis a challenging psychological and social experience for 

most people; it demands physical and social isolation, including separation from family 

and friends, as well as irritation from the commitment to sit at home. This new life 

configuration has a substantial impact on sleep and mental health[19].Normally, about 80% 

of people in Europe use an alarm clock on workdays[20], showing that many experience 

sleep deprivation due to the conflict between their internal body clock (which follows a 

roughly 24-hour cycle and influences when we feel sleepy and awake) and the need to 

wake up early for work or school. This conflict, known as social jetlag, refers to the 

difference in the timing of midsleep (the midpoint between when we fall asleep and when 

we wake up) between workdays and days off [21]. Midsleep timing on days off, adjusted 

for any sleep debt accumulated during the workweek, is thought to reflect the phase of our 

internal body clock (the timing of our body's rhythms relative to a 24-hour 

day)[22].Therefore, midsleep timing on days off can be used to determine someone's 

chronotype (their natural preference for going to bed and waking up early or late), as 

differences in people's internal body clocks show up as differences in when they prefer to 

sleep and wake up[23]. In societies where school and work start early, people who 

naturally prefer to go to bed and wake up later may experience more social jetlag and have 

more differences in sleep timing between workdays and days off[24].In this study, we 

aimed to explore these effects by analyzing sleep/wake timings to enhance a deeper 

understandingof social jetlag and the association between alterations in key sleep 

characteristics following the implementation of restrictions. Furthermore, we investigated 

the link between chronotype and social jetlag during the restrictions. 

2. Material and methods: 
To study population and data collection,a descriptive cross-sectional study was conducted 

from May11,2021, to May 31, 2021; 21 days, in India. For both conditions (BSR and 

DSR), data were collected at the same time point.  We collected data using 

aquestionnaire,which included including three sections. The first one 

containssociodemographic information such as the age and gender of participantsand their 

professional profile, besidesinformation on their sleeping routines at homebefore and 

during the lockdown stage. The two remaining sectionsconsisted of a short version ofthe 

Morningness Eveningness Questionnaire and the µ-Munich Chronotype Questionnaire 

test.We conducted and transferred the electronic version (Ggoogle Fform) of 

thequestionnaire to theIndian population. The survey was self-applied,considering the 

pandemic conditions requiring physicaland social distancing, and lockdown. The survey 

was addressed tothe targeted population through email, and social media networks like 

WhatsApp, Facebook groups, etc.Participants consented to being part of this study and 

their anonymity and privacy were ensured. 

 

2.1 Tests and scoring: 

 

2.1.1 Micro Munich Chronotype Questionnaire (µ-MCTQ): 



 

 

The μ-MCTQ was developed from the original MCTQ[25,26]. µ-MCTQ is a validated and 

reliable questionnaire to assess Social Jetlag (SJL).SJL is believed to represent a 

misalignment between the internal circadian clock and psychosocial schedules[27].The µ-

MCTQ asks simple questions about sleep-wake behaviour, separately for work and work-

free days. SJL was calculated by the standard procedure, SJL= Mid sleep of free 

days(MSF) minus Mid sleep of workdays (MSW). As such, the MCTQ differs from other 

instruments that assess diurnal preference, in that it is a measure of sleep/wake behaviour 

and not of psychological preference for the timing of sleep/wake behaviour [28].A “free” 

day is any day when sleep starts (the night before the free day) and sleep ends (in the 

morning of the free day) times are not dictated by work or school commitments and time 

schedules. As per standard protocol for calculating mid-sleep values for free days, a sleep 

correction was applied to free day midsleep timing (MSFsc) for participants who had 

longer sleep duration on free day; these participants slept longer on free day to compensate 

for sleep debt accumulated over the week, which was adjusted for to reflect their true free 

day midsleep timing as accurately as possible (MSFsc = MSF (SDF-SDweek)/2)[29]. Key 

sleep parameters, such as sleep start and end and duration were also calculated for both 

before and during restrictions. The participants were divided into two groups: the presence 

of social jetlag (>1 h) and the absence of social jetlag (<1 h) in the participants, 

respectively[30]. 

 

2.1.2 Reduced-Morningness Eveningness Questionnaire (r-MEQ): 

The r-MEQ was developed by [31] and only includes items 1, 7, 10, 18, and 19 of the 

original MEQ[32].r-MEQ is used to self-assess the chronotype (CT) of the individuals. 

The questionnaire has 5 questions and the score range from 4 to 26. Whereby the higher 

score indicates the Morningness chronotype. The same cut-off scores for determining CT 

groups were used in [31](Eveningness chronotype: < 12; Neither chronotype: 12–17; 

morning: >17). The validated scoring was used where the first four questions were scored 

1–5 and question 5 was scored 0–6.  

 

2.2 Statistical analysis: 

Categorial variables were shown as frequency and pPercentage. The normality of the data 

was checked by the Kolmogorov–Smirnov test. Categorial variables were compared 

between the groups using the chi-square test. A Paired t-test/Wilcoxon signed-rank test 

was used to compare the paired variables. Means and standard deviations were computed 

for all continuous outcomes.Z-scores for skewness and kurtosis were used to determine the 

distribution of the data[33]. Pearson correlation was used to determine the strength of the 

relationship between the variables. In all our analyses, P = .05 was considered to indicate 

statistical significance in two-tailed tests. The time is written in hours (hr: hr). In addition, 

based on age the subjects were assigned to one of the following four groups: Group A 

(ages in years 18-21), Group B (ages in years 22-25), Group C (ages in years 26-29), 

Group D (ages in years 30-33). The data analysis and graph preparation were performed 

using Statistical Package for the Social Sciences (SPSS) 26.0 (IBM Corporation, NY, 

USA) and GraphPad Prism Software version 8.0, San Diego, USA. 

 

3. Results: 

3.1 Demographics 

Table 1 shows the demographic profile of the study sample.Participants were invited 

toparticipate in the study via an online form. Participation was voluntary and unpaid. 

Allparticipants were students and gave their electronic informed consent before 

completing the questionnairesonline, and were informed that all data collected would be 



 

 

stored anonymously. The final sample of 139 respondents (55.4% female) with a meanage 

of 24.4±3.6years (range: 18–33y) with a statistically significant difference between 

genders (P=.019).In the studied population, we found Morning type (MT) 24 (17.3 %), 

Evening type (ET) 40 (28.8%) and Neither type (NT) 75 (54.0%) individuals (P =.001). 

 

Figure 1a shows the individual plot of SJL in both conditions. The range of SJL before SR 

was -3.00 to +2.50 hrs. while during SR it was -2.04 to +2.83 hrs. Where minus indicates 

the delay and plus indicates the advance SJL. The 

SJL decreased by 26 minutes from before SR. Figure 

1b shows the number of individuals in which SJL 

were present during the BSR and DSR. We found 

that during the SR condition (10%) SJL was 

decreased (P =.001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Demographic characteristics of 

the sample. 

Variables N (%) 

N=139 (100%) 

Gender  
Male 

Female 

 

 

62 (44.6) 

77 (55.4) 

Chronotype (CT) 

MT 

ET 

NT 

 

 

24 (17.3) 

40 (28.8) 

75 (54.0) 

Age (Mean ± SD) 

18-21 

22-25 

26-29 

30-33 

 

24.4 ± 3.6 

32 (23.0) 

51 (36.7) 

44 (31.7) 

12 (08.6) 

Jet Lag (BSR) 

Present  

Absent  

 

 

33 (23.7) 

106 (76.3) 

Jet Lag (DSR) 

Present  

Absent  

 

 

19 (13.7) 

120 (86.3) 

Abbreviations: N, number; SD, standard 

deviation; CT, chronotype; MT, morning 

type; ET, evening type; NT, neither type, 

BSR, before social restriction; DSR, 

during social restriction 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 represents the characteristics of sleep, before and during SR. We found that the 

TSF (P=.05) and MSF (P=.05), STF (P=.05) andWUTF (P=.001) were found to 

significantly increase during before SR. During SR no significant difference was noted 

between the TSF (P=.05) and MSF (P=.05) whileSTF (P=.05) and WUTF (P=.001) were 

significantly increased in SR. Before the SR, tTotal sleep was found to have significantly 

increased in the WFD while no significant change in TSF and TSW was reported during 

the SR. 
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Figure 1a shows the individual plot of the SJL 

in both conditions while Figure 1b shows the 

number of individuals having SJL before and 

during the social restriction. 

BSR; Before social restriction, DSR; During 

social restriction, SJL; Social Jetlag 



 

 

 

Table 2. Overall comparison between the WD and WFD of BL and DL. 

 Before Social Restriction During Social Restriction 

Variables WD WFD t value P value WD WFD t 

value  

Pvalue 

TS 7.45±1.95 7.82±2.02 2.273 .05 7.73±2.01 7.94±1.90 1.609 .11
ns 

MS 3.73±0.97 3.91±1.01 2.272 .05 3.86±1.00 3.97±0.95 1.606 .11
ns 

ST 23.61±1.86 23.90±1.80 2.005 .05 23.59±1.59 23.91±1.68 3.490 .001 

WUT 7.08±1.58 07.74±1.91 5.693 .001 7.32±1.69 7.85±1.86 4.586 .001 

TS; Time of sleep, MS; Mid sleep, ST; Sleep time, WUT; Wake up time, Data presented in Mean±SD. ns; 

non-significant  

 

Consequently, the amount of sleep deficit accumulated in the working week reduced 

during restrictions, reflected in a reduction of the difference between MSf and MSfsc 

(mean of 13 min before restrictions (P=.05) and 10 min during restrictions; P=.001). 

However, the average sleep duration for work days was only 16 minutes longer than before 

restrictions (P= .05) and free day sleep duration was longer by a mean of 7 minutes during 

restrictions (P=.05). 

3.2 Sleep duration and social jetlag before and during social restrictions 

There was a decrease in  theanumber of participants with MSW in the early hours of the 

morning (midnight-2am and2am-4am), and an increase in later MS (from 4am to 6amand 

later than 6am; (P=.001). Similarly, on free day, there was adecrease in the number of 

participants with early MS between2a.m. and 4a.m., but there was an increase in MS 

between 4a.m.and 6a.m. (P=.001). Notably, the percentage ofparticipants reporting no SJL 

increased from 76.2% before SR to 86.3% during SR (P=.001). Pearson’s correlation 

Table 3. Sleep duration and social jetlag before and during restriction. 

 Before Social Restriction N (%) During Social Restriction N (%) P value 

MSWD  
Midnight – 2am  

2am – 4am  

4am – 6 am  

Later than 6am 

 

 

8 (5.8) 

94 (67.6) 

35 (25.2) 

2 (1.4) 

 

7 (5.0) 

87 (62.6) 

41 (29.5) 

4 (2.9) 

 

.001 

MSWFD  

Midnight – 2am  

2am – 4am  

4am – 6 am  

Later than 6am 

 

 

5 (3.6) 

88 (63.3) 

42 (30.2) 

4 (2.9) 

 

5 (3.6) 

84 (60.4) 

48 (34.5) 

2 (1.4) 

 

.001 

SJL  

Present  

Absent  

 

33 (23.8) 

106 (76.2) 

 

 

19 (13.7) 

120 (86.3) 

 

 

.001
 



 

 

method was used to show the correlations between the change in social jetlag during 

SRfollowing the imposition of restrictions on other sleep parametersduring social 

restrictions. SJL was found to be positively correlated with the MS (r= 0.339,P=.001)and 

ST(r= 0.215, P= .05) while the WUT (r= -0.322, P= .001) and MSFsc (r= -0.171, P= .05) 

were found to be negatively correlated with the SJL. 

 

4. Discussion: 

This study highlights the strong influence of workday schedules on sleep/wake cycles and 

the potential benefits of reducing social jetlag by adjusting sleep timing on workdays. The 

most marked changes were associated with social jetlag (SJL) before and during SR. The 

range of SJL before SR was -3.00 to +2.50 hrs. while during SR it was -2.04 to +2.83 hrs. 

As a result of the SR, respondents in our survey reduced theirsocial jetlag (SJL) by almost 

26 minutes because the total sleep of the participants was approximately the same at both 

time points. It has been shown that social jetlag of more than two hours dropped from 

52.1% before COVID-19 to 6.3% during the pandemic. Due to SR, not only sleep butalso 

depression werewas also significantly increased in the population[34]. A survey of 

subjects from Austria, Germany, and Switzerland[15] observed reduced SJL as well as a 

slight reduction in their self-reported sleep quality, increased subjective burden, and lower 

mental and physical wellbeing, during the pandemic.Furthermore, a recent study in a 

normative population found only a weak correlation between sleep quality and the social 

jetlageffect[24]. The data suggests a significant lack of sleep before the pandemic due to 

social time pressures, offering insights into the actual sleep requirements of various age 

groups. It also indicates that a tolerable sleep jet lag (SJL) is approximately 20 minutes. 

When social time pressures are reduced, individuals tend to sleep more, experience less 

SJL, and rely less on alarm clocks[35]. Our findings support a more comprehensive 

examination of how the pandemic may have impacted human sleep patterns. 

      In this present study, we didnot find any significant difference between TSW and 

TSFofsocial restriction (P= .05) but before the SR, TS significantly differed in all 

theparameters ofsleep among the participants.During the lockdown, there was a notable 

delay in the times people went to bed and woke up, particularly among younger 

individuals. Despite this delay, young people reported sleeping longer during this period. 

All age groups, especially males, showed an increase in the time spent on digital media. 

However, females experienced more delays in sleep and meal times, yet reported longer 

sleep durations during the lockdown[36]. Changes in tTotal sleep (TSF), go to sleep 

(TSF), and wakeup time (WUTF) were measures significantly increasing before the 

restriction, indicating that the participants had less sleep in the workdays as compared 

with the workfree days before restrictions, but social restriction imposeding on 

participants found the TSfound to beapproximately the same, it means the subjects had 

approximately equal sleep in the workday and workfree day. It may be because the 

participants are in their homes in the rest phase or work from home. Sleep-wake times are 

now spread to a wider window compared to before SR. Additionally, workdays versus 

work-free days differenceshave gotten smaller with increased working-from-home 

situations. It has been indicated that working and studying from home allowsed people to 

plan their sleep according to their body clock, instead of the clock on the wall[37]. The 

SR decreases the mobility of the participants to not spread the virus which causes them to 

work from home and the workday from home also becomes a workfree day. Several 

studies indicate that the COVID-19 pandemic and the resulting restrictions caused a 

significant decrease in global human mobility[38]. 



 

 

There was a significant difference in the ST (19 min) (P= .001) and WUT (31.8 min) 

(P=.001) during SR and ST (17.4 min) (P= .05) and WUT (39.6 min) (P= .001) before SR 

between the work and workfree days. A study analysing 958 responses found that 

compared to the pre-lockdown period, there was a trend towards later bedtimes and 

waking times. This shift was accompanied by a decrease in nighttime sleep and an 

increase in daytime napping[39]. These changes showed the participants hadve almost the 

same ST and WUT but the total sleep and mid sleep were different in work and workfree 

days before and during restriction. Changes on free days were lesser, although we report a 

later time of midsleep on free days during restrictions because social jetlag is linked to 

several negative health outcomes, such as metabolic disorders[40], cognitive and affective 

impairments[41], lower academic achievement, and a lower quality of life[42], these 

changes may have had a positive effect by reducing social jetlag. However, reduced social 

jetlag and longer sleep duration during SR were found in this study as well as Blume and 

colleagues[15].During SR, TS wasincreased, it may be because of the participants were 

free to plan their day and had a longer sleep duration. The study suggested that pandemic-

induced changes in lifestyle, such as remote work and lockdown policies, may have 

facilitated later sleep timing but that these changes may diminish as restrictions are 

lifted[43]. In fact, during COVID-19 restrictions, several studies have found a high 

prevalence of insomnia and daytime sleepiness[44], indicating that potential benefits from 

adjusting sleep timing and reducing social jetlag may be outweighed by other important 

COVID-19-related factors.  

The implementation of restrictions correlated with alterations in the timing of midsleep 

and social jetlag during work and work-free days. During SR, there was a reduction in the 

proportion of individuals midsleep during the early morning hours (midnight-2a.m. and 

2a.m.-4a.m.) on workdays, alongside a rise in later midsleep periods (from 4a.m. to 6a.m. 

and later than 6a.m.; P= .001). This shift in sleep patterns could be attributed to the 

imposed restrictions, leading participants to fall asleep later at night. Before the 

restrictions, 67.6% of participants were asleep between 2am and 4am, and 25.2% were 

asleep between 4a.m. and 6a.m. on workdays. During the restrictions, these figures 

changed to 62.6% and 29.5%, respectively, indicating a tendency for participants to sleep 

later during the SR.  

According to[43]the lifestyle changes imposed by the pandemic, such as remote work and 

lockdown policies, may have contributed to a shift towards later sleep schedules. 

Likewise, on free days, there was a decline in the number of participants experiencing 

early midsleep between 2 a.m. and 4 a.m., coupled with an increase in midsleep between 

4am and 6am (P= .001). In both scenarios, there was a higher number of participants 

experiencing midsleep between 4am and 6am on workdays and work-free days during the 

restrictions. This may be attributed to the fact that all subjects were free to sleep at their 

preferred times, without the constraint of work on the next morning and the no need to 

wake up early for daily responsibilities. Schools or / Offices were also closed these days, 

so there were no early morning duties, allowing participants to delay both their sleep and 

wake-up times. Significantly, the percentage of participants who reported experiencing no 

social jetlag increased from 76.2% before the restrictions to 86.3% during the restrictions 

(P= .001).The findings from[45]indicated that the pandemic had an impact on various 

sleep characteristics, including longer sleep durations, later bedtimes, and poorer sleep 

quality. These changes were associated with shifts in family routines during the pandemic 

period.It has been shown thatwhen compared to adolescents who experienced a regular 

school schedule, the "natural experiment" initiated by the COVID-19 pandemic shutdown 



 

 

of schools resulted in a 2-hour shift in sleep patterns, longer sleep duration, better sleep 

quality, and less daytime sleepiness [46]. 

However, we did not record affective status in the current study, so we cannot directly 

test the relationships between changes in sleep quality and their itseffect. It is evident that 

the impact ofthe social restriction on sleep behaviors may not be uniform across the 

population and could be influenced by factors such as household composition, family 

structure, socioeconomic status, age, and caregiving duties.  

 

Conclusion: 

Our findings provide crucial insights into variations in sleep/wake schedule stability, as 

seen by changes in the decrease of social jetlag during restriction. It was established that 

the individuals had significantly equivalent total sleep at both time points and a later 

sleep-wake time under the social restriction. Overall, understanding the effects of 

COVID-19 on sleep-wake patterns and implementing strategies to support healthy sleep 

can contribute to overall well-being during these challenging times. Further studies are 

needed on the changes in sleep-wake patterns in the post-pandemic period. 

 

References: 

 

1. Dijk DJ, Von Schantz M. Timing and consolidation of human sleep, wakefulness, 

and performance by a symphony of oscillators. J Biol Rhythms. 2005;20(4):279-

290. doi:10.1177/0748730405278292 

2. Roenneberg T, Merrow M. The circadian clock and human health. Current Biology. 

2016;26(10):R432-R443. doi:10.1016/j.cub.2016.04.011 

3. Kronfeld-Schor N, Visser ME, Salis L, van Gils JA. Chronobiology of interspecific 

interactions in a changing world. Philosophical Transactions of the Royal Society B: 

Biological Sciences. 2017;372(1734). doi:10.1098/rstb.2016.0248 

4. Eban-Rothschild A, Giardino WJ, de Lecea L. To sleep or not to sleep: neuronal and 

ecological insights. Curr OpinNeurobiol. 2017;44:132-138. 

doi:10.1016/j.conb.2017.04.010 

5. Borbély AA, Daan S, Wirz-Justice A, Deboer T. The two-process model of sleep 

regulation: A reappraisal. J Sleep Res. 2016;25(2):131-143. doi:10.1111/jsr.12371 

6. Inokawa H, Umemura Y, Shimba A, et al. Chronic circadian misalignment 

accelerates immune senescence and abbreviates lifespan in mice. Sci Rep. 

2020;10(1). doi:10.1038/s41598-020-59541-y 

7. Vetter C. Circadian disruption: What do we actually mean? European Journal of 

Neuroscience. 2020;51(1):531-550. doi:10.1111/ejn.14255 

8. Eisenstein M. Chronobiology: Stepping out of time. Nature. 2013;497(7450):S10-

S12. doi:10.1038/497S10a 

9. Baron KG, Reid KJ. Circadian misalignment and health. International Review of 

Psychiatry. 2014;26(2):139-154. doi:10.3109/09540261.2014.911149 



 

 

10. Sletten TL, Cappuccio FP, Davidson AJ, Van Cauter E, Rajaratnam SMW, Scheer 

FAJL. Health consequences of circadian disruption. Sleep. 2020;43(1). 

doi:10.1093/sleep/zsz194 

11. Chellappa SL, Morris CJ, Scheer FAJL. Effects of circadian misalignment on 

cognition in chronic shift workers. Sci Rep. 2019;9(1). doi:10.1038/s41598-018-

36762-w 

12. Taillard J, Sagaspe P, Philip P, Bioulac S. Sleep timing, chronotype and social jetlag: 

Impact on cognitive abilities and psychiatric disorders. BiochemPharmacol. 

2021;191. doi:10.1016/j.bcp.2021.114438 

13. Roepke SE, Duffy JF. Differential impact of chronotype on weekday and weekend 

sleep timing and duration. Nat Sci Sleep. 2010;2:213-220. doi:10.2147/NSS.S12572 

14. Fortunato VJ, Harsh J. Stress and sleep quality: The moderating role of negative 

affectivity. Pers Individ Dif. 2006;41(5):825-836. doi:10.1016/j.paid.2006.03.024 

15. Blume C, Schmidt MH, Cajochen C. Effects of the COVID-19 lockdown on human 

sleep and rest-activity rhythms. Current Biology. 2020;30(14):R795-R797. 

doi:10.1016/j.cub.2020.06.021 

16. Leone MJ, Sigman M, Golombek DA. Effects of lockdown on human sleep and 

chronotype during the COVID-19 pandemic. Current Biology. 2020;30(16):R930-

R931. doi:10.1016/j.cub.2020.07.015 

17. Tang NKY, Fiecas M, Afolalu EF, Wolke D. Changes in sleep duration, quality, and 

medication use are prospectively associated with health and well-being: Analysis of 

the UK household longitudinal study. Sleep. 2017;40(3). doi:10.1093/sleep/zsw079 

18. Brooks SK, Webster RK, Smith LE, et al. The psychological impact of quarantine 

and how to reduce it: rapid review of the evidence. The Lancet. 

2020;395(10227):912-920. doi:10.1016/S0140-6736(20)30460-8 

19. Fiorillo A, Gorwood P. The consequences of the COVID-19 pandemic on mental 

health and implications for clinical practice. European Psychiatry. 2020;63(1). 

doi:10.1192/j.eurpsy.2020.35 

20. Roenneberg T, Allebrandt K V., Merrow M, Vetter C. Social jetlag and obesity. 

Current Biology. 2012;22(10):939-943. doi:10.1016/j.cub.2012.03.038 

21. Roenneberg T, Pilz LK, Zerbini G, Winnebeck EC. Chronotype and social jetlag: A 

(self-) critical review. Biology (Basel). 2019;8(3). doi:10.3390/biology8030054 

22. Roenneberg T, Merrow M. Entrainment of the Human Circadian Clock. Cold Spring 

Harb Symp Quant Biol. 2007;72(1):293-299. doi:10.1101/sqb.2007.72.043 

23. Adan A, Archer SN, Hidalgo MP, Di Milia L, Natale V, Randler C. Circadian 

typology: A comprehensive review. Chronobiol Int. 2012;29(9):1153-1175. 

doi:10.3109/07420528.2012.719971 

24. Raman S, Coogan AN. Closing the Loop Between Circadian Rhythms, Sleep, and 

Attention Deficit Hyperactivity Disorder. In: Handbook of Behavioral 



 

 

Neuroscience. Vol 30. Elsevier B.V.; 2019:707-716. doi:10.1016/B978-0-12-

813743-7.00047-5 

25. Ghotbi N, Pilz LK, Winnebeck EC, et al. The µMCTQ: An Ultra-Short Version of 

the Munich ChronoType Questionnaire. J Biol Rhythms. 2020;35(1):98-110. 

doi:10.1177/0748730419886986 

26. Roenneberg T, Wirz-Justice A, Merrow M. Life between Clocks: Daily Temporal 

Patterns of Human Chronotypes. J Biol Rhythms. 2003;18(1):80-90. 

doi:10.1177/0748730402239679 

27. Wittmann M, Dinich J, Merrow M, Roenneberg T. Social Jetlag: Misalignment of 

Biological and Social Time. Chronobiol Int. 2006;23(1-2):497-509. 

doi:10.1080/07420520500545979 

28. Levandovski R, Sasso E, Hidalgo MP. Chronotype: a review of the advances, limits 

and applicability of the main instruments used in the literature to assess human 

phenotype. Trends Psychiatry Psychother. 2013;35(1):3-11. doi:10.1590/S2237-

60892013000100002 

29. Roenneberg T, Merrow M. Entrainment of the Human Circadian Clock. Cold Spring 

Harb Symp Quant Biol. 2007;72(1):293-299. doi:10.1101/sqb.2007.72.043 

30. Dwivedi A, Jaiswal S, Moral Kumar A, Malik S, Rani S. Association of social jetlag 

with sleep, breakfast jetlag, and other daily behaviors in Indian population. 

RESEARCH REVIEW International Journal of Multidisciplinary. 2021;6(4). 

doi:10.31305/rrijm.2021.v06.i04.016 

31. Adan A, Almirall H. Horne &amp; Östberg morningness-eveningness questionnaire: 

A reduced scale. Pers Individ Dif. 1991;12(3):241-253. doi:10.1016/0191-

8869(91)90110-W 

32. Horne JA, Ostberg O. A Self Assessment Questionnaire to Determine Morningness 

Eveningness in Human Circadian Rhythms. Vol 5.; 1976. 

https://www.researchgate.net/publication/22126774 

33. Kim HY. Statistical notes for clinical researchers: assessing normal distribution (2) 

using skewness and kurtosis. Restor Dent Endod. 2013;38(1):52-54. 

doi:10.5395/rde.2013.38.1.52 

34. Jaiswal S, Soni N, Sirohi BP, Kumar S, Malik S, Rani S. Forced Social Isolation 

leads to Smartphone Addiction and Depression. RESEARCH REVIEW International 

Journal of Multidisciplinary. 2024;9(3):38-47. 

doi:10.31305/rrijm.2024.v09.n03.004 

35. Korman M, Tkachev V, Reis C, et al. COVID-19-mandated social restrictions unveil 

the impact of social time pressure on sleep and body clock. Sci Rep. 2020;10(1). 

doi:10.1038/s41598-020-79299-7 

36. Sinha M, Pande B, Sinha R. Impact of COVID-19 Lockdown on Sleep-Wake 

Schedule and Associated Lifestyle Related Behavior: A National Survey. Vol 9.; 

2020. https://www.equator-network.org/ 



 

 

37. Cal-Kayitmazbatir S. Türk Fen veSağlıkDergisi Turkish Journal of Science and 

Health COVID-19 Pandemisinin Türk 

İnsanlarınınSirkadiyenRitmineveYaşamKalitesineEtkisi. 

https://dergipark.org.tr/tr/pub/tfsd 

38. Bonaccorsi G, Pierri F, Cinelli M, et al. Economic and social consequences of 

human mobility restrictions under COVID-19. Proceedings of the National 

Academy of Sciences. 2020;117(27):15530-15535. doi:10.1073/pnas.2007658117 

39. Gupta R, Grover S, Basu A, et al. Changes in sleep pattern and sleep quality during 

COVID-19 lockdown. Indian J Psychiatry. 2020;62(4):370-378. 

doi:10.4103/psychiatry.IndianJPsychiatry_523_20 

40. Kelly RM, Healy U, Sreenan S, McDermott JH, Coogan AN. Clocks in the clinic: 

Circadian rhythms in health and disease. Postgrad Med J. 2018;94(1117):653-658. 

doi:10.1136/postgradmedj-2018-135719 

41. McGowan NM, Voinescu BI, Coogan AN. Sleep quality, chronotype and social 

jetlag differentially associate with symptoms of attention deficit hyperactivity 

disorder in adults. Chronobiol Int. 2016;33(10):1433-1443. 

doi:10.1080/07420528.2016.1208214 

42. Chang SJ, Jang SJ. Social jetlag and quality of life among nursing students: A cross-

sectional study. J Adv Nurs. 2019;75(7):1418-1426. doi:10.1111/jan.13857 

43. Yuan RK, Zitting KM, Maskati L, Huang J. Increased sleep duration and delayed 

sleep timing during the COVID-19 pandemic. Sci Rep. 2022;12(1). 

doi:10.1038/s41598-022-14782-x 

44. Janati Idrissi A, Lamkaddem A, Benouajjit A, et al. Sleep quality and mental health 

in the context of COVID-19 pandemic and lockdown in Morocco. Sleep Med. 

2020;74:248-253. doi:10.1016/j.sleep.2020.07.045 

45. Richter SA, Ferraz‐ Rodrigues C, Schilling LB, Camargo NF, Nunes ML. Effects of 

the COVID-19 pandemic on sleep quality in children and adolescents: A systematic 

review and meta-analysis. J Sleep Res. 2023;32(1). doi:10.1111/jsr.13720 

46. Gruber R, Saha S, Somerville G, Boursier J, Wise MS. The impact of COVID-19 

related school shutdown on sleep in adolescents: a natural experiment. Sleep Med. 

2020;76:33-35. doi:10.1016/j.sleep.2020.09.015 

  


