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Abstract
Background: Lockdowns to prevent the community transmis-

sion of COVID-19 pandemic has confined the people at home and
imposed social restrictions, which is expected to cause alterations
in circadian driven sleep-wake schedule and its associated
lifestyle behaviors. 

Design and Methods: An online questionnaire-based survey
was conducted to assess the impact of lockdown on the sleep-
wake pattern, meal timings and digital media exposure time on the
Indian population during lockdown. Responses of 1511 partici-
pants (age ≥18 years) were analyzed to assess the effect of gender
and age on these parameters before and during lockdown.

Results: The sleep onset-wakeup times and meals’ time was
significantly delayed during lockdown, which was more pro-
nounced in younger subjects. However, young individuals report-
ed increased sleep duration at this time. Increased digital media
duration was evident in all age groups, mainly in males. However,
females reported more delay in sleep onset-waking time and first
meal timing with longer sleep duration during lockdown. 

Conclusions: Discord with social and natural cues due to com-
plete lockdown during COVID-19 pandemic leads to a state of
social jetlag with delayed sleep-wake, meal timings and excessive
digital media exposure among Indians, which has differential
impact on males and females as well as across different age
groups. These findings have applied implications in sleep health
and related behavior during longer social isolation conditions such
as current COVID-19 or similar situations and may help to pre-
pare better for any such future events.

Introduction
Coronavirus disease (COVID-19) pandemic has affected

almost all parts of the world. The lockdown imposed for its con-
tainment in many countries, including India, generates a situation

similar to extended work free days, with partial social isolation.
This situation allows individuals to choose their own preferred
timing for sleep and wake just like free days, revealing their
masked true inner circadian preference for sleep-wake schedule,
meal timing and subjective alertness. 

The internal/endogenous circadian system/rhythm adjust the
human behavior, e.g. sleep-wake timings, physical activity, alert-
ness level to fluctuate from peak to nadir in around 24 hr,1 and also
interact with the external environmental factors i.e., sunlight2 and
social cues i.e., working hours, meal timing, exposure to artificial
light through digital screen.3 Earlier studies under complete or
partial social isolation have revealed the true circadian nature of
human in terms of sleep-wake behaviour.4,5

Staying at home during lockdown exposes people to extended
artificial light or digital screens due to excessive use of virtual
platforms in terms of TV, laptop, mobile etc. However, increased
artificial light exposure is known to have adverse effect on sleep
health, reducing its quality and increasing the day time
sleepiness.6,7 Alteration in melatonin hormone, the chronobiotic
conveying information about night/dark and therefore sleep tim-
ing to the brain, is known to be maximally affected by the late-
night artificial light exposure.8 Besides, higher screen time is also
correlated to reduced physical activity level that interferes with
the sleep quality.9 In addition, meal timing is known to act as a
non-photic cue that entrains the circadian rhythm.10

In India, strict lockdown was imposed in three phases from
March to June 2020 for the containment of the COVID-19 pan-
demic. At this juncture, we attempted to assess how derailment of
social life due to imposed social isolation, leading to compromised
sleep11 in the present scenario affects circadian driven sleep-wake
pattern and other lifestyle related behavior. So, we conducted a
brief survey on Indian population in two major Indian languages,
English and Hindi, to understand the possible alterations in sleep-
wake schedules and the daily routine related activities such as
meal timings and exposure time to digital media (i.e., TV,
laptop/computer/mobile, etc.) as a consequence of lockdown. 
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Significance for public health

In the background of ongoing COVID-19 pandemic, and increased incidences of domestic violence and unrest, this study reflects a significant influence of pro-
longed lockdown on some of the basic indicators of lifestyle such as sleep-wakefulness, timing of meals and usage of electronic media. Increased sleep duration
in younger age groups with increased screen time and delayed meal time indicate their increased susceptibility to stress and its psychological consequences
such as depression, thereby potentially affecting professional productivity and personal relationships. The senior age groups are also adversely affected in rela-
tion to these aspects, being increasingly susceptible to associated health risks. On the other hand, across genders, women exhibit greater disruption of their
lifestyle behavior in terms of sleep-wake pattern and meal timings which might lead to hormonal imbalance related health conditions over long time. These
findings hold vital potential to mitigate any such associated adverse effects. 
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Design and Methods 
The study was purely a cross-sectional questionnaire-based

survey conducted for the English and Hindi speaking population of
India. The participants were recruited by sharing and circulating
the URL links of Google Survey forms in English and Hindi lan-
guage through social media platforms such as Gmail, WhatsApp
and Facebook. Ethical approval was obtained from the institutional
ethics committee prior to study. The participants provided
informed consent through a statement as a part of survey question-
naire itself before proceeding to complete the survey. CHERRIES
(PMID: 15471760; available at https://www.equator-network.org/)
guidelines was followed for designing the web survey. 

Questionnaire development and validation
We developed 30 relevant questions related to sleep-activity

pattern and social wellbeing on the basis of available resources
(Munich Chronotype Questionnaire; Morningness-eveningness
questionnaire)12,13 and general lifestyle, in English as well as in
Hindi languages. After the validation of the questionnaire in both
the languages following standard criteria, they were administered
to the Indian population, who had undergone 37 days of lockdown
till then. The responses to survey were collated from May 01 to
May 07, 2020 (i.e. during the second phase of lockdown) for the
present study.

It was a single blind study where identities of all the partici-
pants were kept completely confidential. It took about 5-10 min to
fill the questionnaire online and submit it. A total of 1511 partici-
pants (Hindi: n=421 and English: n=1090) responded during this
survey period. Subjects with existing sleep disorders, psychiatric
diagnoses, subjects on psychotropic drugs or drugs having effect
on sleep-wake cycle and pregnant women (as per their self-report-
ing through the questionnaire) were excluded. Our survey ques-
tionnaire also inquired if respondents were found COVID-19
(Corona) positive. As per response, none of them reported to be
infected. All the participants included for the study were between
18 to 80 years of age, which were divided into seven study groups
(Table 1), out of which 769 were females and 738 were males with
4 unidentified for gender.

Measures
From the 30 items of original questionnaire used, we selected

14 items related to sleep-wake schedule, major meal timings (first
meal, lunch and last meal) and the duration of digital media expo-
sure by laptop/desktop/mobile, etc. and watching TV before and
during lockdown. The sleep duration was derived as a secondary
variable from sleep onset-waking times. The internal consistency
of the 14 selected items was evaluated using Cronbach’s a, which
shows moderate degree of reliability (α=0.68) and is acceptable.14

Statistical analysis
The data obtained from survey in English and Hindi speaking

population of India were maintained in MS Excel and analysis was
carried out using SPSS version 16 for windows and XLSTAT
(annual version 2019.3.2). As the Kolmogorov-Smirnov test for
normality exhibited deviation from normality, analysis for compar-
ison within groups (before and during lockdown) was done using
Wilcoxon Signed Rank test (for paired samples), while Mann-
Whitney test was employed for between group comparison, i.e.
between male and female. Also, we conducted Chi-square test to
assess the association between different factors i.e. lockdown state
vs time slots and Kruskal-Wallis test for effect of different age
groups on studied parameters before lockdown and during lock-

down. Thereafter, Post-hoc Duncan’s Multiple Range Test was also
carried out to compare the means of studied variables amongst age
groups in each lockdown state. All statistical analyses were carried
out at the significance level ≤0.05 and all the values were
expressed as Mean±SE.

Results
The sleep onset time and wake-up time in the people, irrespec-

tive of age and gender, was significantly delayed with average
sleep onset by 38±1.2 minutes and wake-up time by 51±1.2 min-
utes during lockdown as compared to before lockdown.
Significantly higher number of people had sleep onset between
22:00 and 00:00 before lockdown but it extended even after 02:00
and 04:00 during lockdown (Figure 1A). Preferred time of wake-
up in majority of people was from 06:00-08:00 in the morning
before lockdown (Figure 1B) which extended to 06:00-10:00 dur-
ing lockdown. The average sleep duration was also significantly
more (Table 2) during lockdown with higher number of people
reporting longer sleep length (Figure 1C). Though the number of
people with sleep duration between 7 to 9 hours was more in both
groups, the number of people having 10-12 h of sleep duration was
also increased during lockdown (Figure 1C).

The average time for the first meal, lunch, and the last meal
timings were significantly delayed by 58±0.6 min, 32±0.1 min and
15±0.1 min respectively during lockdown as compared to before
lockdown (Table 2). Besides, majority of people took their first
meal between 07:00 and 11:00 before lockdown which got extend-
ed to 13:00 during lockdown (Figure 1D). Similarly, the extent of
lunch and last meal timings became wider (11:00 to 17:00 and
22:00 to 00:00 respectively) during lockdown compared to before
lockdown (Figures 1E and 1F). 

Also, the average digital media screen time on mobile, laptop
etc. and television watching was significantly increased (Table 2)
during lockdown as compared to before lockdown (from 2-4 h to
<10 h and from 1 h to <5 h respectively) (Figures 1G and 1H). 

Overall, Chi-square test revealed significant (P<0.001) associ-
ation for all the parameters between different time slots and lock-
down states, i.e. status of lockdown had significant interaction with
the time of day (Figures 1A-1H, values shown in each panel of fig-
ures) showing alteration in the extent of duration of studied vari-
ables.

                            Article

Table 1. Age and gender wise distribution of participants.

Age               Gender   
                              Female       Male         Unidentified 
                                                                       gender          Total (n)

18-24 y                                457                339                           -                          796
25-31 y                                 89                 124                           -                          213
32-38 y                                 68                  90                            -                          158
39-45 y                                 50                  57                            -                          107
46-52 y                                 53                  48                            -                          101
53-59 y                                 29                  41                            -                           70
≥60 y                                    17                  37                            -                           54
Unidentified age               06                  02                          04                          12
Total (n)                            769                738                         04                        1511
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Table 2. Comparison of different study variables before and during lockdown.

                          Mean ± SE                Mean ranks (n)                                                Wilcoxon Signed 
                                                                                                                                                                                                       Ranks Test
Variables                        Before lockdown      During lockdown           Negative*         Positive°                   Ties#                         
                                                                                                                                                                               (n)               Z(p) [Total n]

Sleep onset time (hr)                   23:49 ± 0:02                       00:28 ± 0:03                     488.57 (254)          532.11 (788)                         442               -15.27 (<0.001) [1484]
Wake-up time (hr)                         06:59 ± 0:02                       07:50 ± 0:03                     419.07 (216)          570.27 (863)                         397               -19.68 (<0.001) [1476]
Sleep duration (hour)                   7:11 ± 0:02                         7:23 ± 0:02                      486.72 (439)          540.21(595)                          441                -5.64 (<0.001) [1475]
First meal time (hr)                       09:03± 0:02                        10:01 ± 0:02                     498.18 (200)          595.30 (956)                         329               -20.75 (<0.001) [1485]
Lunch time (hr)                              13:13 ± 0:02                       13:45 ± 0:02                     473.07 (268)          557.64 (804)                         412                -15.96(<0.001) [1484]
Last meal time (hr)                       20:47 ± 0:02                       21:02 ± 0:02                     440.08 (300)          459.41 (605)                         572                -9.37 (<0.001) [1477]
Digital media duration (hour)      4:08 ± 0:04                         6:14 ± 0:04                      529.47 (133)         656.65 (1153)                        202               -25.90 (<0.001) [1488]
TV viewing duration (hour)          1:01 ± 0:01                         2:13 ± 0:03                       284.41 (41)           479.50 (900)                         538               -25.24 (<0.001) [1479]
*During lockdown < before lockdown; °During lockdown > before lockdown; #During lockdown = before lockdown; Z (based on negative ranks). hr, 24-hour format.

Figure 1. Distribution of number of respondents across different time slots before and during lockdown. Extended sleep onset time
beyond 04:00 h (A) and waking time beyond 12:00 h (B) with reduced sleep duration in most of the respondents, though not marked
(C), was evident during lockdown. Late first meal time till 15:00 h (D), lunch time till 17:00 h (E) and last meal time till 24:00 h (F)
was present during lockdown. Increased duration of digital media even beyond 10 h (G) and TV viewing duration for more than 5 h
was seen for majority of subjects (H) during lockdown. Chi-square result shown in each panel depicts significant (p<0.001) associa-
tion/interaction between different time slots and studied variables in relation to lockdown states.
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Gender difference
As compared to males, females reported significant delay in

sleep onset time, wake-up time and sleep duration during lock-
down (Table 3). Also, first meal and lunch time was later in
females compared to male during lockdown. Last meal time was
significantly earlier in females before lockdown but became same
as that of males during lockdown (Table 3). Digital media time (on
mobile/laptop, etc.) was significantly higher in male compared to
female both before and during lockdown. However, significantly
longer duration of television viewing was reported in males before
lockdown, but during lockdown females had more duration of TV
watching (Table 3).

Effect of age
Change in age showed significant association with the out-

come of all the parameters both before and during lockdown as
revealed by Kruskal-Wallis test, except lunch time during lock-
down (Table 4). Post hoc analysis showed that before lockdown,
only younger people (18-24 years old) were going to sleep signif-
icantly later, i.e. after midnight, followed by age groups 25-31 and
32-38 years old, while rest of the age groups showed early sleep
timings (before or around 11:00). However, during lockdown, sig-
nificantly delayed sleep onset time was observed in all the age
groups (Figure 2A). Wake-up time, before lockdown, was earliest
(p<0.05) in people above 46-years of age groups (i.e. around or
before 06:00), followed by later waking time in 39-45 and 32-45
years old age groups. The younger age groups (25-31 and 18-24
years old) had significantly latest wake-up time (after 7:00) before
lockdown. But, during lockdown, the wake-up time was seen to be
significantly delayed in all the age groups except for ≥60 years old
group people. The youngest age group (18-24 years old) reported
significantly most delayed wake-up time (after 8:00) compared to
other age groups during lockdown (Figure 2B). Before lockdown,
significantly longer sleep duration was observed in 25-31 and 32-
38 years old age group, followed by 39-45, 46-52, 53-59, ≥60
years old age groups. But, 18-24 years old age group had signifi-
cantly shortest sleep duration before lockdown (Figure 2C).
However, during lockdown, significantly longer sleep duration
was observed in 18-24 years old from their pre-lockdown state,
whereas, marked reduction in sleep duration was reported in 32-

38, 39-45, and ≥60 years old subjects, though statistically not sig-
nificant (Figure 2C). 

The effect of age on meal timings (first and last meals) was sig-
nificant both before and during lockdown. However, age did not
show effect on the lunch time during lockdown (Table 4). The first
meal before lockdown was significantly earlier in all age groups
(before and around 21:00) except for ≥60 years old group with the
youngest age group (18-31 years old) having latest first meal (after
22:00) during lockdown (Figure 2A). Lunch time before lockdown
was significantly earlier in age group 18-24 years old (around
13:00) and later in 25-31 years old. A delay in lunch timing was
observed during lockdown; however, the difference as function of
age was not significant (Figure 2E). The difference in lunch time
before and during lockdown differed significantly within all age
groups except for 53-59 and ≥60 years old with increased number
of people having late lunch timings during lockdown. Age had a
significant effect on the last meal timings also both before and dur-
ing lockdown (Table 4). The last meal time during lockdown was
significantly delayed in all the age group people except for 46-52
and ≥60 years old (Figure 2F).

The duration of digital media time in terms of use of mobile,
laptop etc. and viewing television also significantly differed as
function of age both before and during lockdown (Table 4). The
screen time was significantly longer in younger age groups (18-38
years old), which showed a decreasing trend with advancing age
and ≥60 years old people reported lowest screen time both before
and during lockdown as revealed by post-hoc test. In all age
groups, the mean digital media time increased significantly during
lockdown (Figure 2G). Younger age group (18-24 years old) how-
ever, spent least time (average <1 h watching television before
lockdown; p<0.05) compared to other age groups, while older peo-
ple (≥60 years old) spent more time. The duration of television
viewing increased significantly during lockdown in all age groups
(Figure 2H), by about 2 h in young age and 3 h in older people. 

Discussion 
The present study is an attempt to assess the impact of imposed

lockdown on account of COVID-19 pandemic on sleep-wake

                            Article

Table 3. Gender related comparison of different study variables before and during lockdown.

Variables                              Lock-down                              Mean ± SE/Mean rank (n) Mann-Whitney test
                                             status                                 Female                                      Male                   Mann-Whitney U             Z(p)

Sleep onset time (hr)                   Before                             23:47 ± 0:03/731.78 (747)                 23:50 ± 0:03/740.35 (724)                  267265.0                      -0.39 (0.70)
                                                           During                             00:32 ± 0:04 /758.52 (747)                00:38 ± 0:04/712.77 (724)                  253593.5                      -2.08 (0.04)
Wake-up time (hr)                         Before                             06:58 ± 0:03/730.77 (747)                 07:01 ± 0:03/741.40 (724)                  266504.0                      -0.49 (0.63)
                                                           During                             08:00 ± 0:04/773.43 (747)                 07:40 ± 0:04/697.38 (724)                  242454.0                     -3.45 (0.001)
Sleep duration (hour)                  Before                              7:11 ± 0:02/739.72 (747)                  7:10 ± 0:02 /732.16 (724)                  267635.0                      -0.35 (0.73)
                                                           During                              7:29 ± 0:03/764.56 (747)                   7:17 ± 0:03/706.54 (724)                   249082.0                     -2.64 (0.008)
First meal time (hr)                      Before                             09:01 ± 0:03/731.32 (759)                 09:05 ± 0:03/751.17 (722)                  266655.5                      -0.90 (0.37)
                                                           During                             10:09 ± 0:04/779.17 (759)                09:53 ± 0:04 /700.88 (722)                 245030.0                    -3.55 (<0.001)
Lunch time (hr)                             Before                             13:13 ± 0:02/732.88 (759)                 13:12 ± 0:02/748.52 (721)                  267835.0                      -0.73 (0.47)
                                                           During                             13:49 ± 0:02/759.86 (759)                 13:41 ± 0:03/720.12 (721)                  258925.0                      -1.81 (0.07)
Last meal time (hr)                       Before                              20:42 ± 0:02/696.47(753)                 20:53 ± 0:02 /779.39 (720)                 240559.0                    -3.80 (<0.001)
                                                           During                             21:02 ± 0:02/ 735.29 (753)                21:03 ± 0:02/ 738.78 (720)                 269795.5                      -0.16 (0.87)
Digital media duration (hour)    Before                              3:55 ± 0:05/710.11 (756)                   4:23 ± 0:06/776.13 (728)                   250700.5                     -3.00 (0.003)
                                                           During                              5:58 ± 0:06/705.41 (756)                   6:31 ± 0:07/781.02 (728)                   247145.0                     -3.42 (0.001)
TV viewing duration (hour)         Before                              0:58 ± 0:02/705.28 (752)                   1:03 ± 0:02/772.04 (723)                   247239.0                    -3.49 (<0.001)
                                                           During                              2:10 ± 0:04 /728.45 (752)                  2:16 ± 0:04/747.93 (723)                   264669.5                      -0.90 (0.37)
hr, 24-hour format.
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Figure 2. Comparison of effects of before and during lockdown for different age groups. Significantly delayed sleep onset time in all
age groups (A), waking time in all age groups except ≥60 y people (B) and increased sleep duration in age groups of 18-24 and 32-38
y (C) was observed during lockdown. Significantly late first meal time in all age groups (D), lunch time in all age groups except 53-59
y and ≥60 y people (E) and last meal time in all age groups except ≥60 y individuals (F) was evident during lockdown. Digital media
duration (G) and TV viewing duration (Figure 2H) also was found to be significantly more during lockdown in all age groups.  *p<0.05;
**p<0.01; ***p<0.001. Values are expressed as Mean±SE. 
Post-hoc analysis at the level of p<0.05 denotes the significance of difference in mean change of studied variables across different age
groups both before and during lockdown. Highest to lowest mean indicated by ‘a’ to ‘e’ alphabets, where, same alphabet denotes non-
significant difference among age groups.   

Table 4. Summary of Kruskal-Wallis test for the effect of age on different study variables before and during lockdown.

Variables        Chi-Square value (df, p, n)
                                                                            Before lockdown                                                         During lockdown

Sleep onset time (hr)                                                        244.00 (6, <0.001, 1473)                                                                   154.98 (6, <0.001, 1473)
Wake-up time (hr)                                                              258.55 (6, <0.001, 1466)                                                                   282.82 (6, <0.001, 1466)
Sleep duration (hour)                                                          23.61 (6, 0.001, 1465)                                                                       40.18 (6, <0.001, 1465)
First meal time (hr)                                                            33.51 (6, <0.001, 1475)                                                                     71.76 (6, <0.001, 1475)
Lunch time (hr)                                                                   54.41 (6, <0.001, 1474)                                                                         8.81 (6, 0.18, 1474)
Last meal time (hr)                                                              22.90 (6, 0.001, 1468)                                                                         15.83 (6, 0.02, 1468)
Digital media duration (hour)                                          48.63 (6, <0.001, 1477)                                                                    131.76 (6, <0.001, 1477)
TV viewing duration (hour)                                              220.21 (6, <0.001, 1469)                                                                    69.46 (6, <0.001, 1469)
hr, 24-hour format.
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behavior, meal timings and digital media exposure time on Indian
population and also to explore the same as function of gender and
age. The principal findings clearly point out that social distancing
and stay at home restriction due to lockdown has significantly
altered all the above-mentioned parameters. 

Our survey reveals delayed sleep onset and delayed wake-up
time in majority of people during lockdown which was similar to
studies comparing work free days/holidays versus work days
wherein sleep-wake up times on weekends was seen to be delayed
than weekdays.15 This behavior has been attributed as a mean to
compensate the accumulated sleep debt during working days.15

However, only young age group (18-24 years old) subjects of our
study showed longer sleep duration during lockdown as they also
reported minimum duration of sleep before lockdown. This con-
firmed the fact that they compensated their sleep deficit during
lockdown. Furthermore, people were away from social entrain-
ment, a potential cue of working society, which forces them to
sleep and wake-up on time, resulting in the delayed and self-cho-
sen sleep-wake timings.3 The present survey was conducted after
about 5 weeks of lockdown, which of course was a long duration
of deficient exposure of the individuals to the natural sunlight, the
most robust body clock (circadian) entrainer/synchronizer which
adjust the sleep-wake times to sunrise and sunset timings.2
Therefore, lack of social and natural light entrainment could be
additional reasons for delayed sleep-wake in all age groups.4,7

However, it should be emphasized here that the sleep duration
rather showed reduction (though non-significant) in all other age
group subjects except for the younger two groups (i.e. 18-31 years
old) who are known victims of modern lifestyle related sleep
deficits.16 Late sleep onset and wake-up time of younger age group
affirms the evening chronotype of young age group and higher use
of light emitting electronic devices.16 But it may be pointed out
here that the sleep duration was not adversely affected during lock-
down and people got enough sleep of recommended duration (≥7
h).17 Latest reports of Blume et al.18 from Europe and Wright et
al.19 from USA during the present COVID-19 lockdown has also
documented for increased sleep duration due to decrease in work
pressure and social jetlag. Average sleep onset and wake-up time
in female was later than male in our study during lockdown com-
pared to before lockdown. This result was contrary to the reports
suggesting females to be more of morning chronotype and have
early melatonin onset compared to males under normal
conditions.20,21 A possible explanation for such finding might be
the late night use of light emitting portable electronic devices that
suppresses or delays the melatonin onset in females.16

Significantly more digital time was reported by the females in our
survey which was also more in younger age group subjects.
However, in contrast to the earlier reports under normal condition
that claimed females suffering from sleep disturbances the
most,22,23 we found that during lockdown, sleep duration was more
in females. However, all the subjects in our study showed delayed
sleep onset and wake-up time during lockdown irrespectively of
age and gender which is comparable to a state of social jetlag, i.e.
discrepancy in the sleep timings on the free days in relation to
working days3. This therefore, was clearly indicative of a state of
disturbed sleep-wake rhythm pattern in the subjects. The early
sleep and wake-up times and shorter sleep duration in older age
groups compared to younger people both before and during lock-
down conditions suggest that the age-related alteration in sleep-
wake behavior persist during lockdown.23 The evening chronotype
behavior, seen mostly in younger age group people, is also known
to shift towards morning preferences with aging22 which was quite
evident in the age-related changes in our study both before and
during lockdown.

Our study shows significant delay in the major meal timing viz.
first meal, lunch and the last meal/dinner during lockdown. An ear-
lier study from north India had reported 06:58 and 22:45 as median
of the first and last meal.24 However, we report later median time
for first meal (09:00 to 10:00) and earlier (21:00) for the last meal,
irrespective of lockdown status amongst the survey population of
India. The current survey encompasses data from many parts of the
India including urban as well as rural areas which might be the rea-
son for this difference. The delayed first meal timing in female dur-
ing lockdown could be reasoned as the delayed awakening that
cause late hours distribution of energy and macro nutrients thereby
influencing the next meal time.25,26 Further, this delay in first meal
as well as lunch time in females could be accounted to the fact that
generally on account of cultural norms, Indian females eat later
than other family members. Earlier sleep and wake timing in older
age group coincides with earlier first and the last meals during
lockdown compared to younger subjects who preferred late hours.
But significant delay in all the meal timings during lockdown was
quite evident in our study, suggesting thereby a state of altered/dis-
turbed pattern of feeding behavior. Meal timing is also known to
act as a non-photic cue that entrains the circadian rhythm,10 thus in
turn the delayed meal timing could also have influenced the sleep-
wake schedule. Increased digital/online media, e.g. mobile, laptop,
television, etc., during lockdown quite obviously points towards
the fact that these modes were the only platforms for social con-
nections, working platform and source of entertainment and infor-
mation/study during lockdown. In fact, increased screen time
exposure, specially before bed time, might be the reason for the
delayed sleep onset and wake-up time as artificial light exposure is
known to hinder the sleep-wake cycle through disruption of mela-
tonin mediated circadian sleep-wake behaviour.21 Moreover,
increased screen time leads to lower physical activity and thus low
energy expenditure could be delaying the meal times and altering
the sleep-wake rhythm.9,27,28 In this context, a recent survey in
Italian young age group individuals has also reported similar trend
of delayed sleep-wake timings, time in bed and increase digital use
during lockdown.29

Conclusions
With the outbreak of COVID-19 pandemic, there have been var-

ious reports from different part of world18,19,29 assessing impact of
lockdown on the social and personal profile of people. However, to
the best of our knowledge, present study is the first scientific report
for Indian population assessing the impact of COVID-19 lockdown
on sleep-wake profile and associated social behavior with insight
towards gender difference as well effect of age which has not yet
been reported. Other strengths of the study are a) fairly large sample
size compared to other reports during the present lockdown and b)
collection of data after 37 days of complete lockdown which is a
good span of time to quantify the effects of lockdown. Our study
concludes that lockdown has reduced the masking effects of societal
and natural timing and unveiled individual’s circadian preference
through altered sleep-wake, meal time and digital media exposure
pattern. This opens path for further investigation of association of
sleep-wake and lifestyle behavior during longer social isolation, e.g.
extended COVID-19 lockdown or similar crisis situations.

However, one limitation of the current study is that majority of
respondents were from young age group, thus skewing the data
while comparing with other age group people. Also, inclusion of
potentially susceptible group to behavioral changes, i.e. adoles-
cents, could have provided further information. 
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