
symptoms, such as fever, dry cough, shortness of breath 
i.e. dyspnea, headache, myalgia, cytopenia, hemoptysis, 
fatigue, diarrhea, nausea, vomiting, abdominal pain, and 
loss taste and smell (4-6). It causes acute respiratory 
distress syndrome (ARDS) and even affected multiple 
organ in elderly, and peoples were affected with multi 
morbidities such as diabetes, obesity, cardiovascular dis-
ease, blood pressure, lung and kidney diseases (7-9). The 
patients may need noninvasive ventilation, continuous 
positive airway pressure (CPAP) or non-invasive ven-
tilation (NIV), or endotracheal intubation during the 
acute phase of pneumonia (10). Infected person can 
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Abstract. Background: Due to COVID-19, a pandemic of acute respiratory syndrome in humans (SARS-
CoV-2) led to the social isolation globally as a precautionary step to save humans. There is concern regarding 
the impact of COVID-19 pandemic lockdown on dietary habits, screen time, sleep duration and physical 
activity of young children and adolescents. Accordingly, the present study analyzed the lifestyle behaviors of 
school going children residing in Saudi Arabia. Methods: The present study was conducted using an online 
survey platform and its designated link was distributed through social media. The study sample was com-
posed of 432 (166 males and 266 females) school students. The questionnaire was divided into three sections. 
The first section included general and anthropometric characteristics of the participants. The second section 
included the information related to dietary pattern and the third section included the information related to 
changes in the activity pattern among participants. Results: Some good habits such as slight increase in physi-
cal activity and sleep duration, increase in the number of meals, increased consumption of fruit, vegetables and 
red meat has been observed among all age groups, but at the same time increased consumption of unhealthy 
food, too much increased screen time has also been observed among all. Conclusion: Public health officials are 
suggested to increase their focus on lifestyle management of school students especially in tragic times like 
COVID-19 to enhance the wellbeing of population.
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Introduction

In December 2019, pneumonia cases of unknown 
origin were reported in Wuhan, China, which later 
was identified as coronavirus-19 (COVID-19) (1) and 
by January, 2020, the first instance of COVID-19 was 
reported outside  China: two in Thailand and one in 
Japan (2). COVID-19 is a severe acute respiratory syn-
drome caused by SARS corona virus 2 (SARS-CoV-2). 
SARS-CoV-2 is a single stranded positive sense RNA 
virus (+) ssRNA belonging to β-coronavirus lineage B 
(3). Its clinical symptoms consist of a wide-range of 
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transmit the coronavirus through saliva droplets, sneez-
ing and aerosols (11). Due to its seriousness and high 
transmissibility rate the World Health Organization 
declared COVID-19 as global pandemic on 11th March 
2020 (12). 

In many countries, social distancing and isola-
tion have been used as major methods of prevention 
against COVID-19 infection. The Kingdom of Saudi 
Arabia reported its first confirmed case on March 2, 
2020 and the lockdown was enacted within a week 
(March 9, 2020) of the first instance of confirmation 
(13). In order to control the spread of COVID-19 
infection, the Kingdom of Saudi Arabia suspended 
prayers at mosques, Umrah and Hajj and implemented 
strict curfew even during holy month of Ramadan. 
There were penalties and arrests for violators of lock-
down measures. All  public  gatherings  were  banned, 
and schools, universities,  and other activity  cent-
ers were closed down and due to unprecedented life-
style changes, such as decreased physical activity and 
an increase in stress, home confinement has been 
demonstrated to impact children’s wellbeing (14). In 
school going children, the impact of radical reduction 
on any form of socialization depends on many fac-
tors, such as their developmental stage, their education 
level, their special needs, their family financial situa-
tion, and whether any of their family members are in-
fected (15). As a result of pandemic massive changes 
was observed in education system, i.e. shifting from in 
campus education to online education system, smart 
working system, restrictions on outdoor activities and 
stockpiling of food. Apart from this, prolonged home 
confinement and school closure drastically impacted 
the lifestyle behavior such as sleep, eating habits and 
physical activities of students. 

Sedentary behavior along with poor diet and phys-
ical activity lead to the development of various health 
problems (16). According to researchers, obesity and 
sleep disturbances are associated with an increase in pro 
inflammatory cytokines secreted by visceral adipose, 
which can alter sleep-wake rhythms (17-18). Maintain-
ing the correct nutrition status is essential, especially 
during period of stress when the immune system have 
to fight back. Food also influences the gene expres-
sion levels of all cytokines and modulates the process 
of inflammation and oxidative stress (19). Studies have 

shown that COVID -19 lockdown influenced dietary 
profiles (20-21). Apart from education, schools also 
provide the chance to interact and communicate with 
friends and teachers for psychological comfort and dis-
ciplined the life. Studies have shown that the impact of 
lockdown was greater in young children and adolescents 
than grown-ups (22-23). Jiao et al. (24) in their study 
has mentioned that children experienced fear, disturbed 
sleep, poor appetite, anxiety and uncertainty during 
COVID-19 pandemic. In a study on children in Spain 
and Italy, the researchers reported changes in emotional 
states and behavior of children (25). An increase in food 
purchased and storage has also been reported during 
pandemic due to restriction in movement which in turn 
increased the availability of foods especially energy rich 
and processed food (26) and studies have reported that 
various factors such as insufficient sleep (27), food avail-
ability (28), physical activity (29) influence the eating 
behavior of children. It is very important for everyone to 
maintain balanced dietary pattern and healthy lifestyles. 
There is concern regarding the impact of COVID-19 
pandemic on dietary habits, screen time, sleep duration 
and physical activity of young children and adolescents. 
Accordingly, the present study analyzed the lifestyle be-
haviors of school students during COVID-19 pandemic 
lockdown, residing in Saudi Arabia.

Material and methods

Participants

The study sample was composed of 432 children. 
One hundred sixty-six (38.43%) were males and 266 
(61.57%) were females. The sample size of 385 par-
ticipants was calculated using Survey Monkey sample 
size calculator (https://www.surveymonkey.com/mp/
sample-size-calculator/) keeping a 5% margin of error 
and a 95% confidence interval. However, more sub-
jects were included in the study in order to minimize 
the errors.

Inclusion criteria 

Inclusion criteria were school students aged be-
tween 6 and 18 years living in Saudi Arabia.
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Exclusion criteria

The exclusion criteria included school students 
lesser than 6 years and more than 18 years, and partici-
pants with incomplete responses.

Ethical consideration 

All participants (guardians of very small children 
and adolescents by themselves under the supervision 
of their guardians) voluntarily responded to the survey 
and indicated their informed consent within the sur-
vey. The study was conducted according to the guide-
lines of the Declaration of Helsinki and the study was 
approved by the institutional review board and ethi-
cal committee of King Saud University, Riyadh, KSA 
(Approval no. KSU-HE-21-72). Participants were as-
sured that the information given was solely for scien-
tific purpose and would be kept confidential.

Study design 

A cross-sectional approach was used to assess 
the effect of COVID-19 pandemic lockdown on the 
eating habits and lifestyle behaviors of children and 
adolescents in Saudi Arabia.

Data collection

For validation, a self- administered questionnaire 
was used, which was compiled by the authors. To en-
sure that the content of the questionnaire was valid and 
reliable, the researcher sent it to nutrition experts who 
gave their opinion related to the clarity of question-
naires. The questionnaire was published on an online 
survey platform and its designated link was distributed 
through social media (Twitter, Instagram, Telegram 
and WhatsApp), in order to reach required number of 
participants. The purpose of the study was provided 
as an introductory paragraph along with question-
naire. Participants were allowed to quit the survey at 
any point without explanation. The questionnaire was 
divided into three sections as follows:

•	 The first section included general and anthro-
pometric characteristics of the participants.

•	 The second section included the information’s 
related to changes in dietary pattern.

•	 The third section included the information’s 
related to changes in the activity pattern.

General information and anthropometric characteristics

The first segment of the study involved socio-
demographic information, such as age group, gender, 
height, weight, and waist circumference. Body mass 
index (BMI) was calculated based on information 
(height and weight) given by the participants using the 
formula BMI= weight (kg)/ height (m2). 

Healthy and unhealthy food habits among participants 
before and during COVID- 19 

Food habit was categorized into healthy eating 
habits and unhealthy eating habits. Changes in the 
healthy food habits included questions such as the 
number of meals consumed in a day, number of time 
fruit and vegetables consumed in a day, frequency of 
red meat consumption per day, and changes in the 
unhealthy food habits included questions such as fre-
quency of fast food consumption in a week, number 
of chips packets, soda drinks and energy drinks con-
sumed daily before and during pandemic.

Activity pattern (screen time, physical activity and 
sleep pattern) among participants before and during 
COVID- 19 

Screen time

Screen time included the total time spent on 
television, mobiles, laptops, I pad and video games. 
Screen time was classified as follows: Low screen time 
(<2 hours/day), High screen time (2-4 hours/day), 
Very high screen time (≥ 4hours)

Physical activity

It was assessed by time spent in exercises and  
leisure activities per week.
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Sleep duration

Regarding their sleeping duration, the respond-
ents reported the time spent in sleeping on daily basis. 
Following the National sleeping Foundation recom-
mendation (30), an average of less than 8 hours of 
sleeping daily during night was considered inadequate.

Data analysis

The data obtained from the survey were organ-
ized, coded, and analyzed using Statistical Package for 
Social Sciences (SPSS) package SPSS ver. 22.0 (IBM, 
Chicago, IL, USA). Data are represented as percent-
age for categorical variables. The Chi-Square inde-
pendence test was used to indicate differences as all 
variables are nominal. Results were considered to be 
significant at p ≤ 0.05. The effect size (d) is calculated 
as follows 

=
−

d
C

C1

2

2

Where C is the coefficient of contingency and is 
calculated from the relationship 

χ
χ

=
+

C
n

2

2

This effect is categorized according to its value into 
d (.01) = very small, d (.2) = small, d (.5) = medium, 
d (.8) = large, d (1.2) = very large, and d (2.0) = huge. 

Results

General and anthropometric characteristics of the 
participants

The sample size of the survey included 432 stu-
dents (166 males and 266 females). The general and 
anthropometric characteristics of the participants are 
presented in Table 1. 

The study participants comprised of children aged 
6-12 years (93 males and 71 females) and adolescents 
ages 13-18 years (73 males and 195 females). Highest 
(n=51) number of the males that participated in this 

study belonged to the age group of 10-12 years and the 
maximum (n=172) number of females that participated 
in the study belonged to the age group 16-18 years. 
Statistically significant (p≤0.05) difference has been 
observed between males and females in terms of age, 
height, weight and circumference. It can be predicted 
from the table that only 23 males (13.85%) and 38 
females (14.28%) were underweight. More than 50% 
females [n =157 (59%)] and 70 (42.18%) males had 
normal BMI. As compared to female participants 
(9.39%) more male participants (22.29%) were either 
overweight or obese. During COVID-19 pandemic 
lockdown even though statistically significant differ-
ence has been observed in the BMI of males and fe-
males but the effect size (ES) was only 0.22 which is 
considered as quite small. 

Determinants of the lifestyle changes during COVID-19 
pandemic in the school students

Dietary changes 

The eating habit of subjects has been divided into 
two categories as healthy eating habits and unhealthy 
eating habits (Table 2). 

A significant rise in the consumption of most 
of the foods has been revealed during COVID-19 
lockdown. Regarding the participants healthy eating 
habit a significant increase in the number of meals 
[from 10.9% to 27.8% for 4 meals a day (155.046% 
increase) and from 2.3% to 10.9% (373.913% in-
crease) for >4 meals a day; p=0.000, ES= 0.54], con-
sumption of fruits and vegetables [from 6.3% to 15.5% 
(146.032% increase ) for 3 times a day and from 1.4% 
to 2.6 % (85.71% increase) for >3 a day; p=0.000, ES= 
1.03), red meat [from 3% to 8.1% (170% increase) 
for 3 times a day and from 1.4% to 2.5% (78.57% 
increase) for more than 3 times a day; p=0.000, ES= 
01.36] has been observed. Similar pattern of healthy 
eating habits has been observed when the subjects 
were categorized on the basis of gender and age for 
number of meals, fruits and vegetable consumption 
and meat consumption per day. Although a decrease 
in the consumption of fast food for more than 4 times 
in a week [from 6.51% to 4.4% (32.4117% decrease; 
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Table 1. General and anthropometric characteristics of the participants

Males Females Total p-value Effect Size

Age (years)

6-9 42 45 87

0.000** 0.47
10-12 51 26 77

13-15 42 23 65

16-18 31 172 203

Height (cm)

100-110 15 14 29

0.000** 0.33

111-120 29 18 47

121-130 24 28 52

131-140 24 12 36

141-150 19 27 46

151-160 27 106 133

≥160 28 60 88

Weight (kg)

≤30 35 30 65

0.000** 0.30

31-40 47 43 90

41-50 25 52 77

51-60 16 67 83

61-70 17 40 57

71-80 4 17 21

81-90 14 9 23

91-100 4 4 8

≥101 4 4 8

WC (cm)

50-55 67 75 142

0.033* 0.18

56-60 35 63 98

61-65 21 32 53

66-70 20 39 59

71-75 9 31 40

76-80 10 10 20

≥81 4 16 20

BMI (kg/m2) 

<18.5 23 38 61

0.001** 0.22

18.5-24.9 69 157 226

25.0-29.9 36 45 81

30-34.9 22 17 39

35-39.9 10 7 17

≥40 5 1 6

Data represented as N (%)
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Table 2. Food habit of the participant’s before and during COVID-19 pandemic

Frequency Overall Based on Gender Based on Age

Males Females Childhood Adolescence

BP DP BP DP BP DP BP DP BP DP

Healthy Eating Habits

How many 
meals do you 
eat in a day

2 33.1 25.2 21.7 19.9 40.2 28.6 26.8 17.1 36.9 30.2

3 53.7 36.1 62.0 33.1 48.5 38.0 59.1 39.0 50.4 34.3

4 10.9 27.8 13.9 34.3 9.0 23.7 12.8 32.3 9.7 25.0

>4 2.3 10.9 2.4 12.7 2.3 9.8 1.2 11.6 3.0 10.4

P value (Effect size) 0.000 (0.54) 0.000 (0.57) 0.000 (0.53) 0.000 (0.67) 0.000 (0.55)

How many 
times do you 
eat fruits and 
vegetables in 
a day

None 13.9 12.0 12.7 7.8 14.7 14.7 9.1 7.9 16.8 14.6

1 48.8 40.0 47.0 41.6 50.0 39.1 51.8 40.2 47.0 39.9

2 29.6 29.9 31.3 29.5 28.6 30.1 32.9 32.9 27.6 28.0

3 6.3 15.5 7.8 18.7 5.3 13.5 6.1 15.9 6.3 15.3

>3 1.4 2.6 1.2 2.4 1.5 2.6 - 3.0 2.2 2.2

P value (Effect size) 0.000 (1.03) 0.000 (0.98) 0.000 (1.08) 0.000 (0.92) 0.000 (1.11)

How many 
times do you 
eat red meat 
in a day

None 15.5 14.4 12.0 12.7 17.7 15.4 14.0 12.8 16.4 15.3

1 60.6 56.0 59.7 53.6 61.3 57.5 62.2 57.3 59.7 55.2

2 19.4 19.0 22.9 19.9 17.3 18.4 18.9 19.5 19.8 18.7

3 3.0 8.1 3.6 10.8 2.6 6.4 4.9 7.9 1.9 8.2

More 1.4 2.5 1.8 3.0 1.1 2.3 - 2.4 2.2 2.6

P value (Effect size) 0.000 (1.36) 0.000 (1.4) 0.000 (1.37) 0.000 (1.26) 0.000 (1.46)

Unhealthy Eating habits

How many 
times do you 
eat fast food 
in a week

None 37.89 25.7 4.2 21.7 6.4 28.2 6.1 20.1 5.2 29.1

1 29.82 38.7 41.6 38.6 36.5 38.7 42.1 40.2 36.2 37.7

2 20.40 19.4 30.1 22.8 29.7 17.3 26.8 23.2 31.7 17.2

3-4 5.38 11.8 18.1 13.9 22.2 10.5 20.7 14.0 20.5 10.4

More 6.51 4.4 6.0 3.0 5.3 5.3 4.3 2.4 6.3 5.6

P value (Effect size) 0.000 (0.47) 0.000 (0.57) 0.000 (0.45) 0.000 (0.57) 0.000 (0.47)

How many 
pack of chips 
do you eat 
daily 

None 15.5 19.4 13.3 16.3 16.9 21.4 7.3 10.4 20.5 25.0

1 49.6 34.2 48.8 34.9 50.0 33.8 54.9 37.2 46.3 32.5

2 19.9 17.4 19.8 17.5 19.9 17.3 18.3 20.7 20.9 15.3

3 10.5 17.4 12.7 19.9 9.0 15.8 14.6 17.1 7.8 17.5

More 4.5 11.6 5.4 11.4 4.1 11.7 4.9 14.6 4.5 9.7

P value (Effect size) 0.000 (0.92) 0.000 (0.88) 0.000 (0.97) 0.000 (0.90) 0.000 (0.95)

How many 
times do you 
drink soda 
and energy 
drinks daily?

None 40.5 39.8 36.7 31.9 42.9 44.7 43.9 37.8 38.4 41.0

1 39.8 39.1 37.3 39.8 41.4 38.7 37.8 43.3 41.0 36.6

2 10.5 13.0 13.4 17.5 8.6 10.2 9.8 10.4 10.8 14.6

3 6.0 4.4 7.8 6.0 4.9 3.4 6.1 6.7 6.0 3.0

More 3.2 3.7 4.8 4.8 2.3 3.0 2.4 1.8 3.7 4.9

P value (Effect size) 0.000 (1.01) 0.000 (0.96) 0.000 (1.04) 0.000 (0.91) 0.000 (1.11)

BP- before pandemic; DP- during pandemic 
The Chi-Square independence test was used to indicate differences as all variables are nominal. Results were considered to be significant at p ≤ 0.05.
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p=0.000, ES= 0.47)] has been reported, but at the 
same time an increase in the consumption of chips 
from 10.5% to 17.4% (65.7143% increase) for 3 times 
a day and from 4.5% to 11.6% (157.778% increase) for 
more than 3 times a day; p=0.000, ES=0.92), and soda 
and energy drink (from 3.2% to 3.7% (15.625% in-
crease) for more than 3 times/day; p=0.000, ES=1.01) 
has also been reported. Simultaneously, it can be ob-
served from the table that almost 25% students didn’t 
consume any kind of fast food and 19.4% of them 
didn’t consume any chips. It is interesting to note that 
almost 40% of students didn’t drink any energy or soda 
drinks. Almost similar pattern has been observed for 
unhealthy eating habits when the subjects were cat-
egorized on the basis of gender and age.

Screen use 

Students’ pattern of screen use has been presented 
in Table 3. 

According to the report, the students spent signifi-
cantly more time on mobile phones, computers, I pad, 
television and video games. A significant (p≤0.05) ef-
fect of COVID-19 lockdown has been observed in time 
spent on screen with effect size (ES) of 0.63. For exam-
ple during COVID-19 pandemic lockdown the time 
spent on screen for 4-6 hours (very high screen time) 
has increased from 27.4% to 31.7% (15.69% increase) 
and daily rate of screen use for more than 6 hours (ex-
cessive screen time) increased from 20.1% to 51.9% 
(158.21% increase) which is more than double of the 
screen time used before pandemic and the use of screen 
for 1-2 hours (low screen time) decreased from 16.9% 
to 4.4% (73.96% decrease). Similar trend was observed 
when the subjects were categorized on the basis of gen-
der [(males, p=0.000, ES=0.60 and females, p=0.000, 
ES=0.66)] and age (children, p= 0.000, ES=0.52 and 
adolescence, p=0.000, ES=0.70). The time of screen use 
for more than 6 hours (excessive screen time) increased 
from 17.5% to 46.4% (165.14% increase) and 21.8% to 

Table 3. Students pattern of screen use before and during COVID-19 pandemic

Activities

Time 
spent 

(hours)

Overall Based on Gender Based on Age

Males Females Children Adolescence

BP DP BP DP BP DP BP DP BP DP

How many 
hours do you 
spend on 
screen* / day

1-2 16.9  4.4 19.3 6.0 15.4 3.4 31.1 6.7 8.2 3.0

2-4 35.6 12.0 39.8 14.5 33.1 10.5 37.8 19.5 34.3 7.5

4-6 27.4 31.7 23.4 33.1 29.7 30.8 20.1 34.1 31.7 30.2

More 20.1 51.9 17.5 46.4 21.8 55.3 11.0 39.6 25.7 59.3

P value (Effect size) 0.000 (0.63) 0.000 (0.60) 0.000 (0.66) 0.000 (0.52) 0.000 (0.70)

How many 
hours do 
you spend 
on physical 
activity/
week

≤1 47.0 48.8 45.2 52.4 48.1 46.6 50.0 62.8 45.1 40.3

1-2 24.3 23.6 24.7 26.5 24.1 21.8 27.4 20.7 22.4 25.4

2-4 9.0 6.3 15.7 4.2 4.9 7.5 7.9 3.0 9.7 8.2

4-6 16.7 16.7 10.2 12.7 20.7 19.2 13.4 12.2 18.7 19.4

More 3.0 4.6 4.2 4.2 2.3 4.9 1.2 1.2 4.1 6.7

P value (Effect size) 0.000 (0.76) 0.000 (0.99) 0.000 (0.71) 0.000 (1.06) 0.000 (0.69)

How many 
hours do you 
sleep/day

≤6 24.8 8.6 10.8 7.2 33.5 9.4 9.8 6.7 34.0 9.7

6-8 45.5 34.3 51.2 34.9 42.1 33.8 45.7 32.3 45.5 35.4

8-10 21.1 36.3 30.2 36.2 15.4 36.5 34.8 39.0 12.7 34.7

≥10 8.6 20.8 7.8 21.7 9.0 20.3 9.8 22.0 7.8 20.1

P value (Effect size) 0.000 (0.63) 0.000 (0.67) 0.000 (0.62) 0.000 (0.76) (0.57)

*Screen –mobiles, laptop, ipad, televisions, videogames etc; BP- before pandemic; DP- during pandemic
The Chi-Square independence test was used to indicate differences as all variables are nominal. Results were considered to be significant at p ≤ 0.05.
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(141.86% increase) for more than 10 hours (p=0.000, 
ES= 0.63). Simultaneously a decrease in percentage 
[from 24.8% to 8.6% (65.32% decreases)] has been 
observed in sleeping for less than 6 hours. Similar trend 
was observed when the subjects were categorized on 
the basis of gender and a significant effect of pandemic 
has been observed in each category (males- p=0.000, 
ES=0.67; females- p=0.000, ES=0.62 and children- 
p=0.000, ES=0.76; adolescents- p=0.000, ES=0.57). 
Specifically, during pandemic time an increase in the 
duration of sleeping hours has been observed.

Figure 1 depicts the determinants of lifestyle 
changes during COVID-19 pandemic, the risk in-
volved and management.

Discussion

This study was designed to determine extent of 
changes in food habits, sleep pattern and physical 
activity of school going students before and during 
COVID-19 pandemic lockdown. Social distancing 
and lockdown were the strategy adopted globally 
to reduce the spread of COVID-19. Various stud-
ies have focused on difficulties faced by peoples to 
the new standards during quarantine. Small children 
face more difficulties in understanding the complex-
ity of pandemic and schools’ closures have confined 
them to their home, limiting their social and peer 
interactions which affect their overall development. 
One more challenge for them was to encourage them 
not to take the mask off. Both, the health associated 
conditions caused by COVID-19 outbreak itself 
and actions taken to reduce the spread of the out-
break have resulted in lifestyle changes in the ma-
jority of the society. Due to COVID-19 pandemic 
lockdown various habits such as eating, sleeps, daily 
physical activities have been circumscribed due to 
enforcement of social distancing, curfews and lock-
downs. The global shutting of academic institutions 
has negatively affected over 91% of world’s student 
population (31). 

The main findings of the present study showed 
that during pandemic the school students increased 
the frequency of meal, increased the fruits, vegeta-
ble and meat consumption, increased the chips, cold 

55.3% (153.67% increases) for males and females re-
spectively and this is more than double of the screen 
time used before. The screen time of 1-2 hours (low 
screen time) decreased from 19.3% to 6.3% (67.36% 
decrease) and 15.5% to 3.4% (78.06% decreases) in 
males and females respectively. Similarly, the excessive 
screen time (more than 6 hours) increased from 11% to 
39.6% (260% increase) and 25.7% to 59.3% (130.739% 
increases) in children and adolescents respectively. It 
has been observed that males and children spent more 
time on screen during home isolation. 

Physical activity 

Students’ pattern of physical activity before and 
during COVID-19 pandemic lockdown has been pre-
sented in Table 3. The percentage of the students with 
low physical activity (less than an hour) increased from 
47.0% to 48.8% (3.83% increase) and the percentage 
of students engaged in physical activity for more than 
6 hours per week also increase from 3% to 4.6% (53.33% 
increase). A significant (p≤0.05) effect of COVID-19 
pandemic has been observed on time spent on physical 
activity between before and during COVID-19 pan-
demic with overall effect size (ES) of 0.76. When the 
subjects were categorized on the basis of gender and age 
than a slight increase has been observed only among 
males [from 45.2% to 52.4% (15.93% increase)] and 
children ≥12 years [from 50% to 62.8% (25.6% increase)] 
for less than an hour activity, while females [from 48.1% 
to 46.6% (3.12% decrease)] and adolescents [45.1% to 
40.3% (10.64% decrease)] reported decrease in physical 
activity for less than an hour time physical activity. But 
at the same time, they reported an increase in physical 
activity in females [2.3% to 4.9% (113.043% increases)] 
and adolescents [from 4.1% to 6.7% for (63.41%  
increase)] for more than 6 hours. 

Sleep duration 

Students’ pattern of sleep duration before and 
during COVID-19 pandemic lockdown has been pre-
sented in Table 3. The percentage of students on the 
time spent on sleeping during COVID-19 pandemic 
lockdown increased from 21.1% to 36.3% (72.04% 
increase) for 8-10 hours and from 8.6% to 20.8% 
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Figure 1. Determinants of lifestyle changes and stressors during COVID-19 pandemic in school students

drinks and slightly increased the intake of fast food, 
increased the screen time, sleep duration and slight 
increased physical activity. Even though the parents 
and caregiver’s consideration to children’s nutrition 
was high, but at the same time unhealthy nutrition 
has also been reported. Various studies have shown 
that healthy diet and physical activity can lead to bet-
ter mental health (16,32) and observational studies 
have reported that COVID-19 lockdown influenced 
dietary profile (20,33). Staying at home due to pan-
demic resulted in boredom and news related to pan-
demic was very stressful. The central nervous system 
is in a susceptible developmental stage during infancy 
and even in adolescence and incidence of any stress-
ful condition during these times can cause short or 
long term cognitive, behavioral or physiological dam-
ages (34-35). According to Lampert et al. (36) even a 
short period of social isolation can induce long term 
effect on dopaminergic pathway. Boredom is a feel-
ing perceived due to dissatisfaction in the present life 
which was as a result of pandemic situation. Boredom 
and stress have been found to be associated with in-
creased energy intake (37) and carbohydrate rich 

food encourages the production of serotonin and in 
turn decreases the stress. In a study on animal model 
high fat diet reduced the stress, depression and anxi-
ety caused due to social isolation (38). Stockpiling of 
convenient foods rich in sugar, salt and fat as a safety 
measure to avoid excess exposure and preparation of 
new recipes as a recreational activity due to availabil-
ity of increased unstructured time in turn increases 
the availability of fried and sweet snacks. In respond 
to the undesirable experience of self-isolation, indi-
viduals will be more susceptible to look for reward 
and satisfaction physiologically linked with food 
consumption, even superseding other signs of satiety 
and hunger (39). Several studies reported unhealthier 
dietary pattern during confinement with an increase 
in sugary and fatty foods such as chocolates, chips and 
confectionaries (40, 41) which was associated with 
mood and anxiety level and these unhealthy foods was 
a suppressor of boredom.

The results reveal that the students increased the 
number of meals consumed per day. Similar result was 
obtained in a study on adults in Saudi Arabia (42). 
Pietrobelli et al. (40) reported an increase in fruit 
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associated with impaired immune responses and even 
obesity thus making more susceptible to viral infec-
tions (49-50) and weaker immune system results in 
lesser response to drugs and vaccination (51). In a 
study by Ruiz-Roso et al. (33) in multinational sam-
ples of adolescents showed that family cooked and 
provided nutritious and healthy food due to avail-
ability of sufficient times and reduced the intake of 
fast food but then also the overall quality of the food 
was not up to the mark due to increased consumption 
of sweet and fried food which is quite similar to the 
results obtained in this study. Similarly, an Italian sur-
vey also reported increased consumption of unhealthy 
food and attributed it to the psychological state of 
anxiety toward pandemic (52).

In a survey on Kingdom of Saudi Arabia; gain in 
weight among children and adolescents has been re-
ported and the increased appetite and low physical ac-
tivity was the contributed factor behind this situation 
(53). Almost similar results have been reported in this 
study, but the duration of physical activity mentioned 
in this study has increased slightly during pandemic. 
A study conducted by Jia et al. (54) on high schools, 
colleges and graduate students reported that BMIs, 
sleeping time and screen time increased when com-
pared with physical activity. 

Sedentary lifestyle and inactivity are associated 
with various metabolic disorders and screen time and 
video games is considered as another factor of inac-
tivity. Although various studies found decrease in 
physical activity (53, 55) but as contrast to those re-
ports a slight increase has been observed in physical 
activity. It has been observed that students utilized 
some time constructively in physical activity which 
provides a sense of relief to the parents. However, de-
spite the decline in outdoor activities, several indoor 
activities such as cleaning, gardening and washing 
cars along with exercises at home provided students 
an opportunity to burn calories. Similarly, in an Ital-
ian survey on adults’ sports and training frequency 
has increased among subjects who already took part 
previously (20). During lockdown even though the 
gyms were closed but people have more time to do 
exercise at home. Low physical activity has been sug-
gested to interact both with body fat and appetite 
dysregulation (56). 

consumption in children, whereas Ruiz Roso et al. (33) 
found an increase in both fruits and vegetables con-
sumption among children. Studies have stated that 
family meals are connected with strong family bonding 
and the positive role of parents regarding their chil-
dren nutrition (43-44). But at the same time, it also 
increases the possibility that they consume unhealthy 
sweet and fried snacks in between the main meals so, it 
is necessary that the parents and caregivers should be 
aware about basic principles of healthy meal prepara-
tion. Similar findings have been reported by Androu-
tos et al. (45) in a study on children’s’ and adolescents 
in Greece. Balanced nutrition maintains immunity and 
plays significant role in the prevention and manage-
ment of viral infection. In an Italian survey on subjects 
≥12 years, it has been noted that 13.4% respondents 
reported increased appetite and the increased hunger 
and appetite could justified the perception of weight 
gain observed in 48.6% of the population. Hashem 
et al. (46) also reported increased appetite, increased 
sweet and unhealthy food consumption frequent 
snacking between meals. Cross sectional studies on 
children between 6-18 years (40) and 0-19 years (47) 
also reported increased food intake during lockdown. 
Another survey from Poland also reported similar 
findings (48).

Beside the increase in healthy food habit, an in-
crease in the consumption of chips and cold drinks 
for 3 times and more has also been observed in this 
study. Although a decrease in the consumption of fast 
food for more than 4 times in a week has been noted 
but at the same time increase in the percentage in its 
consumption for 3-4 times per week has also been 
observed. Slight decrease in the consumption of the 
fast food might be due to the fear of being affected by 
virus that could be transmitted through delivery per-
son. Despite the fact that it was expected that avail-
ability of fresh fruits and vegetables would decrease 
due to movement restrictions, the parents made sure 
that their children receive the best nutrition, which 
was a priority to deal with pandemics. Fresh fruits 
and vegetables are rich source of various vitamins and 
minerals such as vitamin C, vitamin E, zinc, selenium 
etc. and these nutrients boosts the immunity which 
is the prerequisite to fight against infection. Stud-
ies have shown that deficiency of these nutrients are 
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high secretion of pro inflammatory cytokines by the 
increased visceral adipose, an association between 
sleep disturbances and obesity has been reported 
which could contribute to change the sleep-wake 
rhythm  (67). The COVID-19 pandemic has shown 
various psychological manifestations and obesogenic 
behavior in children which might aggravates the epi-
demic of childhood obesity, so this issue has to be 
considered seriously as it could have severe conse-
quences which cannot be reversed. 

Limitations

The study has numerous limitations. Firstly, the 
data obtained in this study was limited to availability 
of internet and social media usage. Secondly the data 
obtained was self-reported as direct contact with the 
subjects was matter of concern due to pandemic, so 
this is an unavoidable limitation in terms of data re-
liability. Thirdly there is possibility of recall bias in 
the study.

Conclusion

The unanticipated serious situation, like 
COVID-19 pandemic has threat extending beyond 
those of direct viral infection. It unfavorably affected 
the lifestyle of children and adolescents. Although 
some good habits such as slight increase in physical 
activity and sleep duration, increase in the number of 
meals, increased consumption of fruit, vegetables and 
red meat has been observed among all age groups, but 
at the same time increased consumption of unhealthy 
food, too much increased screen time has also been 
observed among all. Therefore, public health offi-
cials are suggested to increase their focus on lifestyle 
management of school students especially in tragic 
times like COVID-19 to enhance the wellbeing of 
population.
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Studies have reported that due to protracted 
internment at home, increased use of social media 
influences them to use internet impulsively, which 
even led them to access objectionable content and 
also upsurges their susceptibility for getting bullied 
or abuse  (57). The inception of COVID-19 pan-
demic was in the mid of the academic year, which 
increased the fear of year loss or delays in students’ 
studies. Online studying and electronic distant learn-
ing were adopted globally to assure the needs of stu-
dents learning, although the students and staffs in 
the remote areas complained about the system due to 
poor network. Like this study, another study reported 
29.58% respondents spent more than 5 hours per day 
online (58). Alshehri et al. (53) also reported an in-
crease in screen time. In this study also 33.10 % of 
school students (43.97% males and 26.31% females) 
were reported to be obese. Spending excessive time 
on screen could be potential menace factor for ad-
diction to the smartphones and internet and associ-
ated with decrease in physical activity which in turn 
is responsible for increase in weight and higher BMI. 
Hashem et al. (59) in his study on Egyptian children 
and adolescents reported 94.6% have increased usage 
of screen time and they found highly significant cor-
relation between increased appetite and screen (tel-
evision, laptop, mobile, video games) time. Studies 
have shown that overuse of smartphone and internet 
may lead to mental or behavioral problems, causing 
poor performance in study, decreased real life social 
interaction, neglecting personnel life, relationship 
disorders and mood dysfunction (60-61).

The increase in sleep time may be associated 
with the fact that the children don’t have to go to 
school in the morning so they can spend more time 
in sleeping. Study suggests that decreased sleep dura-
tion lessens the quality of sleep and functionality at 
daytime (62). An association between circadian and 
biological rhythm and psychosomatic complaints has 
been found among University students (63-64). In a 
study by Androutsos et al. (45) maximum children 
sleep more than 10 hours which is almost similar to 
the present study. Intolerance of uncertainty encom-
passes the belief that certain events are deplorable, 
threatening and discriminating and studies shows 
that it is related with sleep disorder (65-66). Due to 



Progress in Nutrition 2022; Vol. 24, N. 3: e202204812

Accessed on July 25, 2021. Available on:  https://www.
who.int/director-general/speeches/detail/who-director-
general-s-opening-remarks-at-the-media-briefing-on-
covid-19-11-march-2020

13.	Nurunnabi M. The preventive strategies of COVID-19 
pandemic in Saudi Arabia.  J Microbiol Immunol Infect 
2021; 54:127-28. 

14.	Wang G, Zhang Y, Zhao J, Zhang J, Jiang F. Mitigate 
the effects of home confinement on children during the 
COVID-19 outbreak. The Lancet 2020; 395: 945–7. 

15.	Singh S, Roy D, Sinha K, Parveen S, Sharma G, Joshi G. 
Impact of COVID-19 and lockdown on mental health of 
children and adolescents: A narrative review with recom-
mendations. Psychiatry Res 2020; 293:113429. 

16.	Gomez-Pinilla F. The influences of diet and exercise on men-
tal health through hormesis. Ageing Res Rev 2008; 7: 49–62.

17.	Muscogiuri G, Barrea L, Annunziata G, et al. Obesity and 
sleep disturbance: the chicken or the egg? Crit Rev Food Sci 
Nutr 2019; 59:2158–65. 

18.	Pugliese G, Barrea L, Laudisio D, et al. Sleep apnea, obesity, 
and disturbed glucose homeostasis: epidemiologic evidence, 
biologic insights, and therapeutic strategies. Curr Obes Rep 
2020; 9:30–8

19.	Di Renzo L, Gualtieri P, Romano L, et al. Role of person-
alized nutrition in chronic-degenerative diseases. Nutrients 
2019; 11:1707.

20.	Di Renzo L, Gualtieri P, Pivari F, Soldati L, Attinà A, Cinelli 
G. Eating habits and lifestyle changes during COVID-19 
lockdown: an Italian survey. J Transl Med 2020; 18:1–15.

21.	Shenoy S, Rao C, Saoshekar AR. Effect of lockdown during 
the novel coronavirus pandemic on diet and lifestyle of In-
dian children. Sri Lanka J Child Health 2022; 50: 482-488

22.	García Ron A, Cuéllar-Flores I. Psychological impact of 
lockdown (confinement) on young children and how to 
mitigate its effects: Rapid review of the evidence. A Pediatr 
(Engl Ed) 2020; 93: 57-8. 

23.	Mohler-Kuo M, Dzemaili S, Foster S, Werlen L, Walitza 
S. Stress and mental health among children/adolescents, 
their parents, and young adults during the first COVID-19 
own in Switzerland. Int J Environ Res Public Health 2021; 
18: 4668.

24.	Jiao WY, Wang LN, Liu J. Behavioral and emotional disor-
ders in children during the COVID-19 epidemic. J Pediatr 
2020; 221: 264-6.

25.	Orgilés M, Morales A, Delvecchi E, Mazzeschi C, Espada 
JP. Immediate psychological effects of the COVID-19 quar-
antine in youth from Italy and Spain. Front Psychol 2020; 
11:579038.

26.	Rodriguez-Perez C, Molina-Montes E, Verardo V, et al. 
Changes in dietary behaviours during the COVID-19 
outbreak confinement in the Spanish COVIDiet Study. 
Nutrients 2020; 12: 1730.

27.	Tambalis KD, Panagiotakos DB, Psarra G, Sidossis LS. 
Insufficient sleep duration is associated with dietary habits, 
screen time and obesity in children. J Clin Sleep Med 2018; 
14: 1689–96.

Funding: No funding.

Availability of data and materials: The data generated or analyzed 
during this study are included in this published article.

Consent for publication: All co-authors and participants have 
given their consent for publication of this article 

Competing interests: The authors declare that they have no com-
peting interests

References

1.	Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y. Early transmis-
sion dynamics in Wuhan, China, of novel coronavirus–infected 
pneumonia. N Engl J Med 2020; 382:1199–07.

2.	Fernández-Quintela A, Milton-Laskibar I, Trepiana J, et 
al. Key Aspects in nutritional management of COVID-19  
patients. J Clin Med 2020; 9:2589. 

3.	Pan Y, Li X, Yang G, et al. Serological immunochromato-
graphic approach in diagnosis with SARS-CoV-2 infected 
COVID-19 patients. J Infect 2020; 81: e28-32.

4.	Brann DH, Tsukahara T, Weinreb C, et al. Non-neuronal 
expression of SARS-CoV-2 entry genes in the olfac-
tory system suggests mechanisms underlying COVID-19 
-associated anosmia. Sci Adv 2020; 6: eabc5801.

5.	Oliveira BA, de Oliveira LC, Sabino EC, Okay TS. SARS-
CoV-2 and the COVID-19 disease: a mini review on diag-
nostic methods. Rev Inst Med Trop São Paulo 2020; 62: e44.

6.	Wu D, Wu T, Liu Q, Yang Z. The SARS-CoV-2 outbreak: 
what we know. Int J Infect Dis 2020; 94: 44-8.

7.	Yue H, Bai X, Wang J, et al. Clinical characteristics of coro-
navirus disease 2019 in Gansu province, China. Ann Palliat 
Med 2020; 9:1404-12.

8.	Rothan HA, Byrareddy SN. The epidemiology and patho-
genesis of coronavirus disease (COVID-19) outbreak. J Au-
toimmun 2020; 109:102433.

9.	Yan CH, Faraji F, Prajapati DP, Boone CE, De Conde AS. 
Association of chemosensory dysfunction and Covid-19 
in patients presenting with influenza-like symptoms. Int  
Forum Allergy Rhinol 2020; 10:806-13.

10.	Ding L, Wang L, Ma W, He H. Efficacy and safety of early 
prone positioning combined with HFNC or NIV in mod-
erate to severe ARDS: a multi-center prospective cohort 
study. Crit Care 2020; 24:28

11.	Dhand R, Li J. Coughs and Sneezes: Their role in trans-
mission of respiratory viral infections, including SARS-
CoV-2. Am J Respir Crit Care Med 2020; 202:651-9. 

12.	World Health Organization.  WHO Director-General’s 
Opening Remarks at the Media Briefing on COVID-19. 



Progress in Nutrition 2022; Vol. 24, N. 3: e2022048 13

45.	Androutsos O, Perperidi M, Georgiou C, Chouliaras G. 
Lifestyle changes and determinants of children’s and ado-
lescents’ body weight increase during the first COVID-19 
lockdown in Greece: The COV-EAT study. Nutrients 2021; 
13:930.

46.	Hashem SA, El Refay AS, Mostafa HH, Kamel IH, 
Sherif LS. Impact of coronavirus disease-19 lockdown on 
Egyptian children and adolescents: Dietary pattern changes 
health risk. Open Access Maced J Med Sci 2020; 8:561-9.

47.	Allabadi H, Dabis J, Aghabekian V, Khader A, Khammash 
U. Impact of COVID-19 lockdown on dietary and life-
style behaviours among adolescents in Palestine. Dyn Hum 
Health 2020; 7:1-11.

48.	Sidor A, Rzymski P. Dietary choices and habits during 
COVID-19 lockdown: Experience from Poland. Nutrients 
2020; 12: E1657.  

49.	Maggini S, Pierre A, Calder PC. Immune function 
and micronutrient requirements change over the life 
course. Nutrients 2018; 10:1531.

50.	Childs CE, Calder PC, Miles EA. Diet and immune func-
tion. Nutrients 2019; 11:1933.

51.	Dhurandhar NV, Bailey D, Thomas D. Interaction of obe-
sity and infections. Obes Rev 2015; 16:1017–29.

52.	Scarmozzino F, Visioli F. Covid-19 and the subsequent 
lockdown modified dietary habits of almost half the popula-
tion in an Italian sample. Foods. 2020; 9:675. 

53.	Alshehri LM and Al Agha AE. Impact of Covid-19 lock-
down on the unhealthy dietary habits and physical activity 
of children and adolescents living in the Kingdom of Saudi 
Arabia. Ann Med Health Sci Res 2021; 11: S2 26-31.

54.	Jia P, Zhang L, Yu W, et al. Impact of COVID-19 lock-
down on activity patterns and weight status among youths 
in China: The COVID-19 impact on lifestyle change survey 
(COINLICS). Int J Obes (Lond) 2020; 4:1–5.

55.	Samarkandy M, Abou Abbas O. Reducing the psychologi-
cal impact of quarantine (sic) due to the COVID-19 pan-
demic on children in Saudi Arabia. Divers Equal Health 
Care 2020; 17:153-157. 

56.	Panahi S, Tremblay A. Sedentariness and health: sedentary 
behavior more than just physical inactivity? Front Public 
Health 2018; 6:258

57.	Cooper, K. Don’t let children be the hidden victims of  
COVID-19 pandemic.  2020. Accessed on July 25, 2021.  
Available on: https://www.unicef.org/press-releases/dont-let- 
children-be-hidden-victims-covid-19-pandemic.

58.	Duan L, Shao X, Wang Y, et al. An investigation of men-
tal health status of children and adolescents in china dur-
ing the outbreak of COVID-19.  J Affect Disord 2020; 
275:112-118. 

59.	Hashem SA, El Refay AS, Mostafa HH, Kamel IH, Sherif 
LS. Impact of coronavirus disease-19 lockdown on Egyp-
tian children and adolescents: Dietary pattern changes 
health risk. J Med Sci 2020; 8:561-569.

60.	Kahraman Ö, Demirci EÖ. Internet addiction and atten-
tion-deficit–hyperactivity disorder: effects of anxiety, de-
pression and self-esteem. Pediatr Int 2018; 60:529–34.

28.	Scaglioni S, De Cosmi V, Ciappolino V, Parazzini F, Bram-
billa P, Agostoni C. Factors influencing children’s eating be-
haviours. Nutrients 2018; 10: 706.

29.	Gubbels JS. Environmental influences on dietary intake of 
children and adolescents. Nutrients 2020; 12: 922.

30.	Hirshkowitz M, Whiton K, Albert SM, et al. National sleep 
foundation’s sleep time duration recommendations: meth-
odology and results summary. SLEH 2015; 1: 40–3.

31.	Lee J. Mental health effects of school closures during 
COVID-19. Lancet Child Adolesc Health 2020; 4:421.

32.	Matsuoka Y, Hamazaki K. Considering mental health from 
the viewpoint of diet: The role and possibilities of nutri-
tional psychiatry. Seishin Shinkeigaku Zasshi 2016; 118: 
880–94.

33.	Ruiz-Roso MB, de Carvalho Padilha P, Mantilla-Escalante 
DC, et al. Covid-19 confinement and changes of adoles-
cent’s dietary trends in Italy, Spain, Chile, Colombia and 
Brazil. Nutrients 2020; 12: 1807.

34.	Nugent NR, Tyrka AR, Carpenter LL, Price LH. Gene-
environment interactions: early life stress and risk for de-
pressive and anxiety disorders. Psychopharmacology (Berl) 
2011; 214:175-96. 

35.	Gunnar M, Quevedo K. The neurobiology of stress and de-
velopment. Annu Rev Psychol 2007; 58: 145-73. 

36.	Lampert C, Arcego DM, de Sá Couto-Pereira N, et al. 
Short post-weaning social isolation induces long-term 
changes in the dopaminergic system and increases suscepti-
bility to psychostimulants in female rats. Int J Dev Neurosci 
2017; 61:21-30. 

37.	Moynihan AB, van Tilburg WAP, Igou ER, Wisman A, 
Donnelly AE, Mulcaire JB. Eaten up by boredom: Consum-
ing food to escape awareness of the bored self. Front Psychol 
2015; 6:369.

38.	Finger BC, Dinan TG, Cryan JF. High fat diet selectively 
protects against the effects of chronic social stress in mouse. 
Neuroscience 2011; 192: 351-60.

39.	Singh M. Mood, food and obesity. Front Psychol 2014; 
5:1–35.

40.	Pietrobelli A, Pecoraro L, Ferruzzi A, et al. Effects of 
COVID-19 lockdown on lifestyle behaviors in children 
with obesity living in Verona, Italy: a longitudinal study. 
Obesity 2020; 28:1382–5. 

41.	Xiang M, Zhang Z, Kuwahara K. Impact of COVID-19 
pandemic on children and adolescents’ lifestyle behavior 
larger than expected. Prog Cardiovasc Dis 2020; 63:531-32.

42.	Alhusseini N, Alqahtani A. Covid -19 pandemic’s impact 
on eating habits in Saudi Arabia. J Public Health Res 2020; 
9:1868

43.	Martin-Biggers J, Quick V, Zhang M, Jin Y, Byrd-Bred-
benner, C. Relationships of family conflict, cohesion, and 
chaos in the home environment on maternal and child food-
related behaviours. Matern Child Nutr 2018; 14: e12540. 

44.	Welsh EM, Frenc SA, Wall M. Examining the relationship 
between family meal frequency and individual dietary in-
take: Does family cohesion play a role? J Nutr Educ Behav 
2011; 43: 229–35. 



Progress in Nutrition 2022; Vol. 24, N. 3: e202204814

66.	Lauriola M, Carleton RN, Tempesta D, et al. A correla-
tional analysis of the relationships among intolerance of 
uncertainty, anxiety sensitivity, subjective sleep quality, and 
insomnia symptoms. Int J Environ Res Public Health 2019; 
16:3253. 

67.	Muscogiuri G, Barrea L, Aprano S, et al. Sleep quality in 
obesity: Does adherence to the mediterranean diet matter? 
Nutrients 2020; 12:1364. 

Correspondence:
Shaista Arzoo
Department of Food and Nutrition Sciences, College of Food 
and Agriculture Sciences, King Saud University
Riyadh, Saudi Arabia
Email: sarzoo@ksu.edu.sa

61.	Soni R, Upadhyay R, Jain M. Prevalence of smart phone ad-
diction, sleep quality and associated behaviour problems in 
adolescents. Int J Res Med Sci 2017; 5:515–19.

62.	Schlarb AA, Claßen M, Hellmann SM, Vögele C, Gul-
ewitsch MD. Sleep and somatic complaints in university 
students. J Pain Res 2017; 10:1189.

63.	Nagane M, Suge R, Watanabe S-I. Relationship between 
psychosomatic complaints and circadian rhythm irregular-
ity assessed by salivary levels of melatonin and growth hor-
mone. J Circadian Rhythms 2011; 9:9.

64.	Nagane M, Oyama Y, Suge R, Watanabe S-I. Psychoso-
matic conditions in university students related to melatonin 
biological rhythm and cortisol morning levels. Biol Rhythm 
Res 2020; 51:543-51. 

65.	Panjwani AA, Millar BM, Revenson TA. Tolerating Uncer-
tainty in the Dark: Insomnia symptoms, distress, and well-
being among parents of adolescents and young adults with 
cancer. Int J Behav Med 2021; 28:14-20. 


