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University, Hefei, China, 2NHC Key Laboratory of Study on Abnormal Gametes and Reproductive

Tract, Hefei, China, 3MOE Key Laboratory of Population Health Across Life Cycle, Hefei, China,
4Department of Nephrology, The Second Hospital of Anhui Medical University, Hefei, China

Background:During the last months of 2019, worldwide attention has focused

on a pandemic of COVID-19, and the pandemic spread rapidly, becoming a

public health emergency of international concern. The Chinese government

has quickly taken quarantine measures and the drastic measures incurred to

curtail it, which could have harmful consequences for everyone’s behavior and

mental health.

Objective: This study aimed to investigate the correlation of influencing

factors and mental health symptoms among Chinese college students

according to two rounds of surveys during the COVID-19 pandemic.

Materials and methods: This study was divided into two stages of

cross-sectional investigation. In February 2020 and May 2020, two cross-

sectional surveys were conducted on college students in the above areas by

means of cluster sampling. From February 4 to February 12, 2020, 14,789

college students completed the first round of online study from 16 cities

and universities in 21 in China, excluding participants who completed the

questionnaire, and finally included 11,787 college students. After 3 months,

we also conducted a large-scale questionnaire survey based on the first

study area to observe the behavioral changes and psychological symptoms of

college students within 3 months. Using the convenience sampling method, a

survey on the cognitive and psychological status of COVID-19 among college

students was conducted in 21 universities in 16 regions in May 2020. The

regions among the two surveys are divided intoWuhan (District 1), neighboring

Hubei (District 2), first-tier cities, namely, Beijing, Shanghai and Guangzhou

(District 3), and other provinces (District 4).

Results: (1) In the first survey, the average age of the participants was 20.51

± 1.88 years. One-third of the college students were male. In total, 25.9

and 17.8% of college students reported depression and anxiety symptoms,
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respectively. College students, who reported higher ST, lower PA, higher soda

beverage and tea beverage intake, have Chinese herbal medicine and vitamin

drinking, and decreased frequency of diet had higher depression and anxiety

symptoms. Moreover, infection risk, perceived resistance to COVID-19,

concerns about physical symptoms, family/friends directly/indirectly

contacted with confirmed cases, and seeking psychological counseling

had significant associations with anxiety and depression symptoms. (2) In the

second round of surveys, 6803 males (41.7%) and 9502 females (58.3%) had

a mean age of 20.58 ± 1.81 years. The prevalence of depressive symptoms

and anxiety symptoms during COVID-19 was 30.7 and 23.9%, respectively. (3)

In both surveys, college students who reported having higher ST, lower PA,

higher soda beverage and tea beverage intake, Chinese herbal medicine and

vitamin drinking, and decreased frequency of diet also had higher depression

and anxiety symptoms. Coping styles with COVID-19 partially mediate

the association between some related lifestyle behaviors and anxiety and

depression. The results of the conditional process model analysis support

our hypothesis that lifestyle behaviors, and coping styles are both predictors

of anxiety and depression symptoms, with both direct and indirect e�ects

moderated by gender level. In logistic regression analysis, the correlation of

depression and anxiety in the second rounds of the survey was higher than

that in the first survey. In two surveys, there was a correlation between lifestyle

health behaviors and coping style, gender and mental health.

Conclusions: Our findings demonstrated that the prevalence of anxiety and

depression in the two rounds of surveys was di�erent, and the prevalence

in the second round was higher than that in the first round, as well as that

in the two rounds of surveys. All survey identified that unhealthy lifestyle

behaviors were positively associated with depression and anxiety symptoms.

Compared with the emerged city of risk areas, other pandemic regions have

a lower risk of mental health problems. The survey findings complement each

other. Lifestyle health behaviors and coping style alleviated mental health

symptoms. COVID-19-related social stressors were positively associated with

mental health symptoms. The study also suggests that at the beginning of

the pandemic, the e�ective management of college students’ mental health

problems, corresponding coping measures and maintaining a good lifestyle

play a key role in the prevention and control of other cities. Understanding

the college students’ lifestyle behaviors during COVID-19 lockdown will

help public health authorities reshape future policies on their nutritional

recommendations, in preparation for future pandemics.

KEYWORDS

depression, college students, COVID-19, lifestyle health behaviors, anxiety

Introduction

During the last months of 2019, worldwide attention

has focused on a pandemic of COVID-19, which has led

to global instability (1–3). Soon after, based on previous

experience–public health prevention strategies are likely to

remain the measure of choice for disease prevention (4),

governments around the world have implemented a variety

of containment and mitigation strategies to adequately

address the adverse impacts of COVID-19 across the country,

asking people to stay at home and avoid going out and

take protective measures to prevent the further spread of

COVID-19 to the greatest extent (5, 6). Globally, as of

5:50 pm CEST, 12 July 2022, there have been 554,290,112

confirmed cases of COVID-19, including 6,351,801 deaths,

reported to the WHO (7). The world is experiencing an
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extraordinary life-changing challenge as a result of the

COVID-19 pandemic.

It is difficult to predict exactly when the COVID-19

pandemic will subside, so many places have changed their habits

and become accustomed to a new normal— “social distancing”

is now part of daily life (8). In prolonged home quarantine,

especially at the beginning of the pandemic, because of “social

distancing,” people’s lifestyle behaviors may change greatly; at

the same time, negative effects have also emerged, and people’s

mental health may also be greatly affected (9). According to

previous study, home confinement and social distancing are two

of the main public health measures to curb the spread of SARS-

CoV-2, which can also have harmful consequences on people’s

mental health (9). Among them, the percentage of children

reporting elevated emotional difficulties rose from 17 in 2019 to

27% in 2021 (10); in addition, the CO-SPACE study conducted

in Oxford, UK, reported that childhood mental health deficits

increased during the first lockdown, recovered to some extent,

but increased during subsequent lockdown (11). A pooled

analysis of 29 studies since the start of the pandemic estimates

that one in four and one in five young people experience

elevated symptoms of depression or anxiety, respectively, with

estimates of psychological problems higher in studies conducted

during the middle and later stages of the pandemic (12). In

the United Kingdom, higher levels of anxiety (21–37%) were

reported during the pandemic in 2020 compared with 2019 (13).

Guessoum et al. review the literature on adolescent psychiatric

disorders related to the COVID-19 pandemic and lockdown and

indicated the COVID-19 pandemic and lockdown may have a

negative impact on the mental health of adolescents, although

there is still no data on the long-term impact of this crisis (5).

In addition to isolation and containment, there are also

indirect factors that affect psychology. Data show that physical

activities that promote physical and mental health have been

largely disrupted during the pandemic as a result of isolation,

while a significant reduction in activity space outside of

isolation, coupled with the rise of online activity, has led to

an increase in the use of screen media for education and

entertainment (14). Previous studies have proven that long-

term home quarantine leads to changes in daily activities,

including physical activity (PA) (mainly indoor PA) and screen

time (ST), and unhealthy lifestyle habits, such as the intake of

health care products. However, the purpose of these actions

is actually to find information about the spread and travel

trajectories of confirmed cases, both for accurate and up-to-

date information about the virus itself and for the protective

measures taken in response to the pandemic to make informed

decisions and improve health (15–17), in a sense, because of the

uncertainty about the harm caused by COVID-19. For example,

Schmitt et al. found that during the first COVID-19 lockdown

in Germany, PA decreased while leisure ST increased (18). In

addition, children reported an average (±SD) of 3.9 (±2.2) days

per week with at least 60min of physical activity and 4.4 (± 2.5)

h/day of recreational ST (19). Together, these data suggest that

PA levels have declined and ST has increased among children

and adolescents since the COVID-19 pandemic (15, 17). In

addition, other unhealthy behaviors such as sugar-sweetened

beverages (SSBs) also suggested a positive association between

the crude infection rate, the crude mortality rate and SSBs, while

fruits showed negative effects on the crude infection rate and the

crude mortality rate (20).

Due to the sudden and widespread spread of COVID-19, a

lot of information overload (misinformation and false positives)

in the media can have a huge impact on the communication

of disasters and emergencies, which can lead to bad-tempered,

anxiety, worry and depression (21, 22). In addition, it is also

possible that changes in lifestyle behavior during home isolation

may disrupt normal lifestyle rhythms, thereby increasing mental

health problems (17, 23), which will have a profound impact

on public sentiment and behavior during COVID-19, both

directly and indirectly, such as changes in sleep and dietary

rhythms and the intake of unhealthy diet behaviors including

SSBs and healthcare products consumption (24). Moreover,

Lesser et al. have explored that there was well-being differences

and changes in PA within the active and inactive groups, the

inactive participants that were more active or maintained their

activity levels indicated higher levels of social, emotional and

psychological health (25, 26). We also understand that regular

sleep habits are crucial for our physical health, so maintaining

regular diet rhythmicity and avoiding unnecessary disrupted

rhythms regardless of sleep or diet are important for our

health (27, 28). Behavioral changes among national college

students have not been widely reported in previous studies

during pandemic.

These clear results highlight the urgent need for improved

prevention and may provide a basis for corresponding

interventions. For a long time, lifestyle health behaviors have

played an important role in the pathogenesis of chronic diseases,

which provides a theoretical basis for behavioral and mental

health recommendations for school-age children and adults.

Moreover, positive coping styles were associated with reduced

negative mental health symptoms. However, there are few

studies on the overall behavior changes of college students

nationwide during the COVID-19 pandemic and its impact on

college students in different regions (29).

In the current study, only a few studies have explored

behavioral changes and mental health among college students

in the early days and within 3 months of the pandemic.

Based on previous study design (28), as evidenced by two

rounds of research, monitoring psychosocial problems and

related influencing factors among adolescents from the COVID-

19 pandemic is a public health priority that requires urgent

and effective action at multiple levels of society. This study

aims to partially further fill this gap. Therefore, our study

first aimed to investigate the prevalence of health behaviors

among college students from the beginning to 3 months
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after the COVID-19 pandemic. Second, we examined the

associations between lifestyle, healthy behaviors, and mental

health status. Specifically, we also assessed health behaviors

and mental health in different school areas. Finally, most

of the previous studies focused on the psychological and

behavioral changes before and after the pandemic of the

pandemic, while our study focused on the psychological and

behavioral changes of college students at the beginning of

the pandemic and 3 months after the pandemic. We also

displayed the behavior difference between two rounds of

survey to provide some suggestions. For these reasons, and

given that pandemics can extend from weeks to months, two

successive surveillance surveys provide a sound rationale for

the development of appropriate interventions for healthy family

lifestyle behaviors to reduce the negative psychological impact

during pandemics.

Materials and methods

Setting and participants

This study is divided into two stages of cross-sectional

investigation. In February 2020 and May 2020, two cross-

sectional surveys were conducted on college students in the

above areas by means of cluster sampling. This first nationwide

cross-sectional online survey was described in previous study

(30). A two-stage sampling strategy was used (30). Finally, after

removing the participants without completed questionnaires,

11,787 (Supplementary Table S1) participants from 16 cities and

19 colleges in China were involved in the current study, and

we followed the methods of Zhang et al. (30, 31). Referring to

the region and university of the first survey, in May 2020, 21

universities were selected from 16 regions to conduct the second

survey, and a total of 16,305 people completed the questionnaire.

At the time of the second survey, the students are still under

lockdown for several months.

Procedure

They completed the questionnaires in Chinese college

students through an online survey platform (“Survey Star

[https://www.wjx.cn/]”). The Ethics Committee of Anhui

Medical University approved this study (the number of ethical

approvals is 20200319). All respondents provided informed

consent. Data collection took place over several days (4 February

to 12 February 2020 and May to June 2020).

Survey variables

The study included some questions related to the COVID-

19 pandemic from a two rounds of survey. The structured

questionnaire consisted of questions that covered several

aspects: (1) sociodemographic data; (2) whether someone had

pneumonia in the past 14 days and tourism history in risk

areas; (3) contact history with COVID-19 patients in the past

14 days; (4) knowledge and concerns about COVID-19; (5)

precautionary measures against COVID-19 in the past 14 days;

(6) additional information required concerning COVID-19; (7)

lifestyle health behaviors with COVID-19 and coping style;

and (8) mental health symptoms. Sociodemographic data were

collected on gender, age, grade, student type, regional areas and

school areas. Lifestyle health behaviors with COVID-19 were

measured with the following fields: ST, PA, SSBs, frequency

of diet, health food (including Chinese herbal medicine or

vitamin), appetite and vigor change.

The ST of participants was measured with one question:

“How much time do you spend on screen time?” (32). ST was

categorized as > 4 h/d (high), 2–4 h/d (medium) and ≤ 2 h/d

(low) (30, 33–35).

Participants’ PA was measured using the question, “On how

many days in the last week did you spend at least an hour

(60min) on PA?” (That is, the total amount of PA in a day

makes your heart beat faster and sometimes your breathing

significantly faster)?” The options range from 0 to 7 days (36)

High PA was defined as at least three days per week (PA≥3 days)

of exercise (30, 31). This item has previously been used in large

student surveys (30), and has been shown to provide relatively

comprehensive access to information on health behavior to

generate effective and reliable responses (37).

The SSBs of participants were measured with two questions:

during the last week, how many sugar sweetened beverages do

you drink per day? The answers were: none, < 1 bottle per day,

one bottle per day, two bottles per day, three to four bottles per

day, and more than four bottles per day (30); The frequency

of diet was measured with one question: during the last week,

do you feel your sleep was more regular? The answers were

increased, unchanged and decreased (30).

Health food was measured with two questions: during the

last week, do you consume Chinese herbal medicine/vitamin?

The answers were yes and no (30).

Appetite and vigor changes were measured with two

questions: compared with before, if you feel worse appetite than

before or worse vigor than before? The answers were none,

sometimes, half of the day, all the time (30).

Copying style with COVID-19 questionnaire was measured

by following questions: (1) Like to keep the unhappy things in

mind, but never forget it; (2) When you encounter setbacks, you

usually compare them with similar people to make sense; (3)

In the face of painful events, can be used to alleviate the pain

with positive actions, such as physical activity; (4) Encounter

the unhappy thing will vent anger on others and often lose

his temper. The responses to these questions were assigned the

following scores: 1 (not at all), 2 (several days), 3 (more than half

the day), 4 (nearly every day) (30). Cronbach’s α was 0.74.
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Mental health was measured using the patient health

questionnaire (PHQ), the generalized anxiety questionnaire

(GAD) and calculations of scores were based on a previous study

(38, 39). The total stress subscale score was divided into normal

(0–4), mild stress (5–9), moderate stress (10–14), and severe

stress (15–21); the PHQ-9 scale was divided into normal (0–

4), mild (5–9), moderate (10–14), moderate severe (15–19) and

severe (20-27) (30, 40).

Statistical analysis

Both in two rounds of survey, descriptive statistics were

calculated for sociodemographic characteristics, lifestyles health

behaviors and mental health. The chi-square test was used to

analyze the prevalence of depression and anxiety in general

data and health behaviors. The scores of the PHQ-9 and GAD-

7 scales were expressed as multivariate variables in chi-square

test and dichotomous variable in logistic regression. We also

build a multiple lifestyle health behavior index to measure

overall behaviors during the pandemic based on previous study

(unpublished data). The ST was scored as 1 (> 4 h/d), 2 (2–

4 h/d), or 3 (≤ 2 h/d). The PA was scored as 1 (<3 days)

or 2 (≥3 days). The SSBs were scored as 5 (none), 4 (<

1 bottle per day), 3 (one bottle per day), 2 (two to three

bottles per day), and 1 (more than four bottles per day). The

frequency of diet was scored as 3 (increased), 2 (unchanged),

and 1 (decreased). Health foods, including the Chinese herbal

medicine vitamin, were scored as 1 (yes) and 2 (no). Worse

appetite and vigor than before were scored as 1 (none), 2

(sometimes), 3 (half of the day), and 4 (all the time). The

multiple lifestyle health behavior index was calculated as the sum

of these behavior scores. In terms of coping styles, items 1 and

3 were reverse scoring items, and items 2 and 4 were forward

scoring items. Then, the total score of the entries was calculated.

We used linear regressions to calculate the association

between sociodemographic characteristics, lifestyle behaviors,

and mental health, with a significance level of P < 0.05.

The chi-square test was used for comparison between

the two rounds of survey. The associations are presented in

the form of regression coefficients and their 95% confidence

intervals (CIs). Statistical analysis was performed using SPSS

Statistics 23.0.

Results

In the second round of surveys, there were 15 936 college

students, 6 690 males (42.0%), and 9 246 females (58.0%),

with a mean age of 20.58 ± 1.81 years. The prevalence rates

of depressive symptoms and anxiety symptoms during the

COVID-19 pandemic were 30.7 and 23.9%, respectively. The

daily ST > 4 h/d, 2–4 h/d and ≤ 2 h/d of college students

were 28.4, 37.1, 34.5% and the PA < 3 d/w and PA ≥ 3 d/w

accounted for 54.6 and 45.4%; 35.4% of the college students had

sugar sweetened beverages intake, 6.2 and 20.4% of the college

students had Chinese herbal medicine and vitamin intake, 19.0

and 16.1% of the college students had reported worse sleep and

diet rhythmicity than previous conditions, respectively. Similar

results of the second survey are shown in Tables 1, 2. There were

also some significant results between different school areas and

health behaviors in Table 3.

The comparison of health behaviors at the different survey

times is shown in Table 4. In the first survey, ST> 4 h was higher

than in the second survey (55.1 vs. 44.9%). The other results

were also shown in PA (≥ 3 d, first vs. second= 32.3 vs. 67.7%),

decreased diet rhythmicity (changed, first vs. second = 35.0 vs.

65.0%), Chinese herbal medicine (have, first vs. second = 56.9

vs. 43.1%) and vitamin (have, first vs. second = 41.4 vs. 58.6%),

worse vigor than before (all the time, first vs. second = 46.6 vs.

53.4%) (all P < 0.01). There were significant differences between

the two surveys and different levels of mental health. Compared

with the first survey, the prevalence of depression and anxiety

in the second rounds of the survey was higher (depression: first

vs. second = 25.9 vs. 30.6%; anxiety: first vs. second = 17.8

vs. 23.9%).

For further observation, we have attached the results of the

first survey, the first survey results of the prevalence between

health behaviors and depression, anxiety symptoms were shown

in previous data (41).

In logistic regression analysis, the correlation of depression

and anxiety in the second rounds of the survey was higher

than that in the first survey (depression: OR = 1.26, 95% CI

= 1.16, 1.36; anxiety: OR = 1.47, 95% CI = 1.35, 1.60). These

results are shown in Table 5. After adjusting for confounding

factors, ST > 4 h/d was positively correlated with depression

(OR = 1.72, 95% CI: 1.58,1.87) and anxiety symptoms (OR

= 1.39, 95% CI: 1.27,1.53) compared with daily ST ≤ 2 h/d.

Daily 2–4 h/d ST was also positively correlated with depression

(OR = 1.09, 95% CI: 1.001,1.18), but not anxiety symptoms

(OR = 0.98, 95% CI: 0.90,1.08) compared with daily ST ≤ 2

h/d. After adjusting for confounding factors, compared with PA

≥ 3 d/w, < 3 d/w was positively correlated with depression

(OR = 1.43, 95% CI: 1.33,1.53) and anxiety symptoms (OR =

1.34, 95% CI: 1.31–1.63). College students who reported higher

SSB intake, Chinese herbal medicine and vitamin consumption,

and changed frequency of diet had higher depression and

anxiety symptoms. Moreover, the scores on the second survey

were higher than those on the first survey for anxiety and

depression symptoms.

For further observation, we have attached the results of the

first survey, the first survey results of the association between

health behaviors and mental health among college students were

shown in previous data.

In Tables 6, 7 mediation and moderate analyses were

conducted to determine whether relationships between lifestyle
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TABLE 1 The prevalence between health behaviors and depression among college students.

Demographic

variables

Total Depression χ
2 value

Mild

stress

Moderate

stress

Moderate–severe

stress

Severe

stress

Gender 69.37**

Male 6,690 1,177 (17.6) 453 (6.8) 293 (4.4) 89 (1.3)

Female 9,246 1,959 (21.2) 577 (6.2) 253 (2.7) 73 (0.8)

Age (years) 25.83**

≤19 4,978 907 (18.2) 287 (5.8) 142 (2.9) 42 (0.8)

20–22 9,097 1,852 (20.4) 596 (6.6) 336 (3.7) 100 (1.1)

≥23 1,861 377 (20.3) 147 (7.9) 68 (3.7) 20 (1.1)

Regional areas 31.68**

Area 1 3,608 762 (21.1) 257 (7.1) 136 (3.8) 37 (1.0)

Area 2 6,336 1,248 (19.7) 400 (6.3) 196 (3.1) 44 (0.7)

Area 3 1,487 270 (18.2) 88 (5.9) 52 (3.5) 18 (1.2)

Area 4 4,505 856 (19.0) 285 (6.3) 162 (3.6) 63 (1.4)

Students type 41.17**

Medical students 8,883 1,727 (19.4) 535 (6.0) 255 (2.9) 70 (0.8)

Non-medical students 7,053 1,409 (20.0) 495 (7.0) 291 (4.1) 92 (1.3)

Grade 55.15**

Freshmen 4,406 789 (17.9) 267 (6.1) 136 (3.1) 36 (0.8)

Sophomore 3,923 740 (18.9) 234 (6.0) 137 (3.5) 34 (0.9)

Junior 3,740 829 (22.2) 244 (6.5) 120 (3.2) 50 (1.3)

Senior 2,671 530 (19.8) 190 (7.1) 103 (3.9) 33 (0.8)

Fifth-grade 1196 248 (20.7) 95 (7.9) 50 (4.2) 9 (0.8)

ST 293.41**

>4 h 4,532 1,024 (22.6) 425 (9.4) 213 (4.7) 90 (2.0)

2–4 h 5,920 1,193 (20.2) 308 (5.2) 136 (2.3) 28 (0.5)

≤2 h 5,484 919 (16.8) 297 (5.4) 197 (3.6) 44 (0.8)

PA 121.17**

≥3 d 7,237 1280 (17.7) 371 (5.1) 192 (2.7) 67 (0.9)

<3 d 8,699 1,856 (21.3) 659 (7.6) 354 (4.1) 95 (1.1)

Sugar beverages 159.88**

None 1,0287 1,898 (18.5) 598 (5.8) 276 (2.7) 87 (0.8)

One to two bottle 4,510 967 (21.4) 344 (7.6) 206 (4.6) 50 (1.1)

Three to four bottles 707 164 (23.2) 56 (7.9) 39 (5.5) 10 (1.4)

More than five bottles 432 107 (24.8) 32 (7.4) 25 (5.8) 15 (3.5)

Vitamin 3.92

Yes 3,255 660 (20.3) 226 (6.9) 115 (3.5) 37 (1.1)

No 12,681 2,476 (19.5) 804 (6.3) 431 (3.4) 125 (1.0)

Chinese herbal medicine 66.22**

Yes 995 235 (23.6) 91 (9.1) 58 (5.8) 21 (2.1)

No 14,941 2,901 (19.4) 939 (6.3) 488 (3.3) 141 (0.9)

Worse appetite than before 10296.46**

None 13,504 1,990 (14.7) 517 (3.8) 155 (1.1) 48 (0.4)

Sometimes 1,788 1,067 (59.7) 332 (18.6) 123 (6.9) 22 (1.2)

Half of the day 520 70 (13.5) 154 (29.6) 247 (47.5) 32 (6.2)

All the time 124 9 (7.3) 27 (21.8) 21 (16.9) 60 (48.4)

(Continued)
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TABLE 1 (Continued)

Demographic

variables

Total Depression χ
2 value

Mild

stress

Moderate

stress

Moderate–severe

stress

Severe

stress

Worse vigor than before 14967.08**

None 11,647 1,069 (9.2) 190 (1.6) 42 (0.4) 8 (0.1)

Sometimes 3,185 1,873 (58.8) 511 (16.0) 112 (3.5) 16 (0.5)

Half of the day 883 168 (19.0) 291 (33.0) 339 (38.4) 46 (5.2)

All the time 221 26 (11.8) 38 (17.2) 53 (24.0) 92 (41.6)

Frequency of diet 715.49**

Decreased 2,558 597 (23.3) 275 (10.8) 146 (5.7) 40 (1.6)

Increased 2,548 638 (25.0) 272 (10.7) 171 (6.7) 62 (2.4)

Unchanged 10,830 1,901 (17.6) 483 (4.5) 229 (2.1) 60 (0.6)

Survey time 81.28**

First survey 11,787 2,022 (17.2) 569 (4.8) 342 (2.9) 120 (1.0)

Second survey 15,936 3,136 (19.8) 1,030 (6.5) 546 (3.4) 162 (1.0)

**P < 0.01.

health behaviors and mental health symptoms were (to some

extent) mediated by coping responses to COVID-19. These

results illustrate that there were significant indirect effects

(of small magnitude) alongside significant direct effects (of

moderate-to-large magnitude) for lifestyle health behaviors.

Compared with males, females attenuated the higher coping

style effect and the effect of a better lifestyle on anxiety

and depression.

Discussion

Principal findings

Based on the previous study, the second round of national

survey was conducted to investigate the association between

lifestyle behavior changes, coping styles, COVID-19-related

information, and mental health symptoms in Chinese college

students at the beginning of the pandemic and 3 months later.

It is helpful to provide a good theoretical basis for subsequent

intervention. Our nationwide two rounds of survey had some

main findings.

Firstly, in the first survey, only 21.3% had ST < 2 h, nearly

50.0% of the college students ST were more than 4 h per

day, and 70.7% of the college students had inadequate activity

(PA < 3 d/w) at the beginning of the pandemic (30). Some

researchers have shown that during the pandemic, ST was higher

in young adults (16, 42). These results also showed that the

pandemic had different effects on people of different ages. The

ST results of college students in this study were higher than

those in previous studies (31). While most previous studies have

investigated ST exposure in all age groups, our study focused

on college students, who are more prone to “infodemic” due to

the freedom of time and new age trends (43). Secondly, at the

same time, we found that the PA deficiency of adolescents was

nearly 71% (30), higher than that of adults during the pandemic

period (nearly 60%) (16), and the prevalence of insufficient

PA of college students was higher than the previous research

level (51%) (44) in our study. A possible reason was that our

study involved different affected areas in the country, and some

areas were in cities with a high incidence of pandemics, so

physical inactivity was high. After 3 months, in the second

survey, the prevalence of ST (>4 h/d) and PA (<3 d/w) were

28.4 and 54.6%, respectively. This downward trend shows that

people can learn to change bad behavior as the pandemic

occurs, along with the availability of information and effective

implementation of policy intervention. Thirdly, 13.7 and 15.6%

of the college students had soda and tea beverage intake,

11.1 and 19.5% of the college students had Chinese herbal

medicine and vitamin intake, and 15.6% of the college students

reported decreased diet rhythmicity. In the second survey, the

prevalence of SSB intake, Chinese herbal medicine and vitamin

intake, and decreased diet rhythmicity were 35.4, 6.2, 11.7, and

16.0%, respectively. Fourthly, in our study, 25.9 and 17.8% of

college students reported depression and anxiety symptoms,

respectively. In the second survey, the prevalence rates of

depression and anxiety were 30.6 and 23.9%, respectively.

Finally and interestingly, both in two rounds of survey, we

also found that the individual and multiple lifestyle health

behavior scores were associated with depression and anxiety

symptoms among college students (the β value of depression and

anxiety in second survey were 1.38 and 1.08, P all<0.01, adjusted

model). Moreover, we found that coping style with COVID-19

partially mediated the associations between some of the related
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TABLE 2 The prevalence between health behaviors and anxiety among college students.

Demographic variables Total Anxiety χ
2 value

Mild stress Moderate stress Severe stress

Gender 50.95**

Male 6,690 1,076 (16.1) 461 (6.9) 92 (1.4)

Female 9,246 1,649 (17.8) 409 (4.4) 117 (1.3)

Age (years) 52.30**

≤19 4,978 749 (15.0) 218 (4.4) 50 (1.0)

20–22 9,097 1,649 (18.1) 535 (5.9) 129 (1.4)

≥23 1,861 330 (17.7) 117 (6.3) 30 (1.6)

Regional areas 57.08**

Area 1 3,608 696 (19.3) 213 (5.9) 56 (1.6)

Area 2 6,336 1,023 (16.1) 312 (4.9) 52 (0.8)

Area 3 1,487 224 (15.1) 68 (4.6) 25 (1.7)

Area 4 4,505 782 (17.4) 277 (6.1) 76 (1.7)

Students type 75.07**

Medical students 8,883 1,427 (16.1) 407 (4.6) 84 (0.9)

Nonmedical students 7,053 1,298 (18.4) 463 (6.6) 125 (1.8)

Grade 63.31**

Freshmen 4,406 638 (14.5) 209 (4.7) 42 (1.0)

Sophomore 3,923 671 (17.1) 208 (5.3) 42 (1.1)

Junior 3,740 692 (18.5) 225 (6.0) 65 (1.7)

Senior 2,671 499 (18.7) 157 (5.9) 45 (1.7)

Fifth-grade 1,196 225 (18.8) 71 (5.9) 15 (1.3)

ST 154.40**

>4 h 4532 884 (19.5) 309 (6.8) 111 (2.4)

2–4 h 5,920 1007 (17.0) 231 (3.9) 48 (0.8)

≤2 h 5,484 834 (15.2) 330 (6.0) 50 (0.9)

PA 62.88**

≥3 d 7,237 1095 (15.1) 337 (4.7) 84 (1.2)

<3 d 8,699 1630 (18.7) 533 (6.1) 125 (1.4)

Soda beverages 166.56**

None 10,287 1,582 (15.4) 460 (4.5) 114 (1.1)

One bottle 4,510 909 (20.2) 313 (6.9) 65 (1.4)

One to two bottle 707 135 (19.1) 55 (7.8) 16 (2.3)

Three to four bottles 432 99 (22.9) 42 (9.7) 14 (3.2)

More than five bottles

Vitamin 67.36**

Yes 995 208 (20.9) 89 (8.9) 30 (3.0)

No 14,941 2,517 (16.8) 781 (5.2) 179 (1.2)

Chinese herbal medicine 4.62

Yes 3,255 584 (17.9) 190 (5.8) 48 (1.5)

No 12,681 2,141 (16.9) 680 (5.4) 161 (1.3)

Worse appetite than before 11881.55**

None 13,504 1,405 (10.4) 266 (2.0) 62 (0.5)

Sometimes 1,788 1,210 (67.7) 223 (12.5) 37 (2.1)

Half of the day 520 92 (17.7) 357 (68.7) 40 (7.7)

All the time 124 18 (14.5) 24 (19.4) 70 (56.5)

(Continued)
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TABLE 2 (Continued)

Demographic variables Total Anxiety χ
2 value

Mild stress Moderate stress Severe stress

Worse vigor than before 14770.26**

None 11,647 620 (5.3) 67 (0.6) 13 (0.1)

Sometimes 3,185 1,849 (58.1) 253 (7.9) 28 (0.9)

Half of the day 883 213 (24.1) 506 (57.3) 65 (7.4)

All the time 221 43 (19.5) 44 (19.9) 103 (46.6)

Frequency of diet 638.70**

Decreased 2,558 588 (23.0) 212 (8.3) 56 (2.2)

Increased 2,548 595 (23.4) 285 (11.2) 68 (2.7)

Unchanged 10,830 1542 (14.2) 373 (3.4) 85 (0.8)

Survey time 163.92**

First survey 11,787 1,465 (12.4) 462 (3.9) 171 (1.5)

Second survey 15,936 2,725 (17.1) 870 (5.5) 209 (1.3)

**P < 0.01.

lifestyle behaviors and anxiety and depression. The results of

the conditioned process model analysis support our previous

hypothesis that lifestyle, health behaviors, and coping styles are

predictors of anxiety and depressive symptoms, and their direct

and indirect effects on outcomes are moderated at the gender

level. This is our large-scale population-based two rounds of

study investigating lifestyle behaviors, COVID-19-related social

stressors, and psychological effects among college students in

China during the first pandemic to 3 months.

Comparison with other studies

Such strict social and economic measures are expected to

have important effects on people’s health and lives (45), thus

it also causes a variety of psychological problems, such as

bad-tempered, anxiety and depression (21, 22). In this study,

depressive symptoms of college students were higher than

in the general survey before pandemic (46, 47) and another

cross-sectional epidemiological study during pandemic (48).

In addition, the depressive and anxiety symptoms of second

survey were higher than first survey. Another study reported

that a high prevalence of intangible psychological stress caused

by ST was positively associated with depressive symptoms in

the case of longer isolation periods (49). These results suggest

that the psychological impact of the pandemic should not be

ignored, as in previous studies adolescents have been shown to

have significantly higher rates of post-traumatic stress disorder

(PTSD) symptoms as a result of experiencing isolation (50).

Moreover, similar results have been obtained in animal studies,

when rodent adolescent isolation occurs chronically, over 1

week or longer, it has even more profound effects (51). In

addition, according to two rounds of survey, more attention

should be given to the behavior and symptoms of depression

and anxiety among women (9, 52), non-medical backgrounds

and college students in high risk areas. Furthermore, women

are more likely to exhibit unhealthy behaviors and symptoms

of depression and anxiety than men based on two rounds

of survey, perhaps because women are more emotional and

emotional and are relatively prone to stress (30). The incidence

of depressive symptoms is reported to be higher than that

in men among previous studies (16, 21, 53, 54). According

to the second surveys, we found the prevalence of depressive

symptoms and anxiety symptoms during COVID-19 was 30.7

and 23.9%, respectively, which were all higher than first survey,

this shows that at the beginning of the pandemic, people’s

panic and uncertainty about the virus caused some psychological

problems, and as the number of confirmed cases gradually

increased, it reached a peak, so the psychological problems

became more serious.

Some research articles have also found that whether prior to

or during the pandemic pandemic, high levels of ST (>4 h) was

associated with anxiety and depression, therefore, our research

has carried out two rounds of survey, aims to observe whether

there is this kind of phenomenon during pandemics, the results

also confirmed that high levels of ST during the pandemic

caused psychological problems; and originally found in young

people’s survey, based on sedentary ST are also an important

factor in assessing health behavior (30, 55, 56). During COVID-

19, we received the amount of information through social

media (screen time) has increased dramatically, but the quality

control, and pieces of information, some unfiltered information

coming into our view through social media, coupled with the

uncertainty about COVID-19, is why its negative emotions are

also increasing (57–59). The fragmentation of information in

news can only lead to unnecessary trouble and fear. There is
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TABLE 3 The di�erence regional areas of health behaviors among college students.

Different behavior variables Regional areas

Area 1 Area 2 Area 3 Area 4 P-value

ST >0.05

≤2 h (low) 742 (13.5) 1917 (35.0) 286 (5.2) 2,539 (46.3)

2–4 h (medium) 853 (14.4) 2167 (36.6) 281 (4.7) 2,619 (44.2)

>4 h (high) 663 (14.6) 1622 (35.8) 242 (5.3) 2,005 (44.2)

PA >0.05

≥3 d (high) 1,014 (14.0) 2586 (35.7) 389 (5.4) 3,248 (44.9)

<3 d (low) 1,244 (14.3) 3120 (35.9) 420 (4.8) 3,915 (45.0)

SSBs <0.01

None 1,369 (13.3) 3,965 (38.5) 462 (4.5) 4,491 (43.7)

One to two bottle 695 (15.4) 1,441 (32.0) 271 (6.0) 2,103 (46.6)

Three to four bottles 116 (16.4) 188 (26.6) 49 (6.9) 354 (50.1)

More than five bottles 78 (18.1) 112 (25.9) 27 (6.3) 215 (49.8)

Chinese herbal medicine <0.01

No 2,091 (14.0) 5,442 (36.4) 745 (5.0) 6,663 (44.6)

Yes 167 (16.8) 264 (26.5) 64 (6.4) 500 (50.6)

Vitamin <0.01

No 1,710 (13.5) 4686 (37.0) 631 (5.0) 5,654 (44.6)

Yes 548 (16.8) 1020 (31.3) 178 (5.5) 1,509 (46.4)

Worse appetite than before <0.01

None 1,863 (13.8) 4912 (36.4) 681 (5.0) 6,048 (44.8)

Sometimes 297 (16.6) 610 (34.1) 92 (5.1) 789 (44.1)

Half of the day 78 (15.0) 152 (29.2) 27 (5.2) 263 (50.6)

All the time 20 (16.1) 32 (25.8) 9 (7.3) 63 (50.8)

Worse vigor than before >0.05

None 1,620 (31.9) 4,180 (35.9) 605 (5.2) 5,242 (45.0)

Sometimes 462 (14.5) 1,177 (37.0) 42 (4.8) 426 (48.2)

Half of the day 142 (16.1) 273 (30.9) 42 (4.8) 426 (48.2)

All the time 34 (15.4) 76 (34.4) 13 (5.9) 98 (44.3)

Meal frequency <0.01

Decreased 385 (15.1) 824 (32.3) 146 (5.7) 1,193 (46.8)

Increased 349 (13.6) 919 (35.9) 130 (5.1) 1,160 (45.3)

Unchanged 1,524 (14.1) 3,963 (36.6) 533 (4.9) 1,193 (44.4)

The bold values indicates the significant results.

growing evidence that exposure to traumatic or threatening

content from ST can influence fear conditioning by activating

fear circuits in the brain and may produce symptoms of post-

traumatic stress disorder, particularly flashbacks (59). But with

the development of the pandemic, the news about this part have

been confirmed, so everyone’s ST will gradually decline, and then

transferred to other activities, such as the increase of physical

activity; however, due to the uncertainty and uncertainty of

COVID-19 itself, it will bring bad emotional aftereffects to

people (57, 60), that is why the prevalence of mental health

problems continued to increase in the second study.

Interestingly, we also found that medium-level ST was

negatively associated with college students’ depression and

anxiety symptoms in first survey (30) but not in second survey.

One possible reason is that in the early stage of COVID-19

pandemic, people paid more attention to relevant news and

information, including patient information on diagnosis and

action and pandemic prevention measures. These social media

can provide online information, such as Health, Peace and

Good Doctor, Ali Dingxiang BBS, wechat), As well as online

office and school routines (i.e., online classes, online work,

exercise programs on electronic devices), the time spent on ST

is basically useful (42), and suggested a U-shaped non-linear

association between ST and depression symptoms in previous

study (61). Non-linear associations between sitting time and

major depressive episode onset might explain this inconsistency
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TABLE 4 The association between health behaviors and mental health among college students.

Different behavior variables Survey time χ
2 value

First survey Second survey

ST 1125.34**

>4 h (high) 5,570 (55.1) 4,532 (44.9)

2–4 h (medium) 3,706 (38.5) 5,920 (61.5)

≤2 h (low) 2,511 (31.4) 5,483 (68.6)

PA 742.65**

<3 d (low) 8,334 (48.9) 8,699 (51.1)

≥3 d (high) 3,453 (32.3) 7,236 (67.7)

Chinese herbal medicine 212.08**

No 1,312 (56.9) 995 (43.1)

Yes 10,475 (41.2) 14940 (58.8)

Vitamin 3.40

No 2,302 (41.4) 3,255 (58.6)

Yes 9,485 (42.8) 12,680 (57.2)

Worse appetite than before 82.90**

None 10,349 (43.4) 13,503 (56.6)

Sometimes 1,007 (36.0) 1,788 (64.0)

Half of the day 290 (35.8) 520 (64.2)

All the time 141 (53.2) 124 (46.8)

Worse vigor than before 204.49**

None 9,428 (44.7) 11,647 (55.3)

Sometimes 1,752 (35.5) 3,184 (64.5)

Half of the day 414 (31.9) 883 (68.1)

All the time 193 (46.6) 221 (53.4)

Frequency of diet 294.82**

Increased 1,591 (38.3) 2,558 (61.7)

Decreased 1,157 (31.2) 2,548 (68.8)

Unchanged 9,039 (45.5) 10,829 (54.5)

**P < 0.01.

(62). It does take time for people to explore information about

COVID-19, make sense of the messages they receive and share

them with those close to them through social media, and it

is possible that appropriate information seeking behavior may

reduce mental health due to uncertainty during the COVID-

19 pandemic (30, 63), many studies have also shown that, to

some extent, social media, such as direct communication (i.e.,

messaging, video chatting, etc.), has been shown to improve

healthy mental states (64); However, given the “information

pandemic” and emotional contagion through online social

networks, spending excessive time searching for COVID-19

news on ST is debatable (42). Our results also support these

theories and current phenomena; not necessarily, the more

screen time, the worse but also have a critical value. With

the development of the pandemic, people’s living habits have

returned to normal, and they have more or less understanding

of COVID-19 news. The higher the video time itself, the worse

the psychological problems, so that explains why the results

after 3 months were the opposite of the original results, but

similar to those of the previous study. At the physical activity

level, there has been increasing evidence, both during and before

epidemics, that high PA is associated with many health benefits

(65, 66) and had a positive impact during COVID-19 (30, 67).

It is also fully confirmed that PA can affect the mental health

of college students (68, 69), while low PA levels lead to more

depression, which is basically consistent with previous studies

(30, 31). Outcomes were similar between PA and depressive

symptoms during the COVID-19 pandemic, and in addition,

people’s behavior was limited during the pandemic, which could

lead to adverse psychological outcomes (70). Similar results were

also shown in second survey. This also suggests that both at

the beginning of the pandemic and three months later, together

with pre-pandemic studies, suggest that the association between

physical activity levels and mental health is relatively clear,
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TABLE 5 The association between health behaviors and mental health

among college students.

Different behavior

variables

Anxiety and depression

Anxiety OR (95% CI) Depression OR

(95% CI)

ST

≤2 h (low) 1.00 1.00

2–4 h (medium) 0.98 (0.90,1.08) 1.09 (1.001,1.18)*

>4 h (high) 1.39 (1.27,1.53)** 1.72 (1.58,1.87)**

PA

≥3 d (high) 1.00 1.00

<3 d (low) 1.34 (1.24,1.44)** 1.43 (1.33,1.53)**

Sugar beverages

None 1.00 1.00

One to two bottle 1.52 (1.40,1.65)** 1.40 (1.30,1.51)**

Three to four bottles 1.52 (1.28,1.80)** 1.59 (1.36,1.86)**

More than five bottles 2.06 (1.68,2.53)** 1.82 (1.49,2.22)**

Chinese herbal medicine

No 1.00 1.00

Yes 1.60 (1.39,1.84)** 1.62 (1.23,1.39)**

Vitamin

No 1.00 1.00

Yes 1.09 (1.0,1.20) 1.09 (1.00,1.18)

Worse appetite than

before

None 1.00 1.00

Sometimes 31.92 (28.67,35.53)** 29.48 (26.59,32.68)**

Half of the day 120.86 (96.65,151.14)** 167.59 (120.90,232.31)**

All the time 94.02 (63.69,138.79)** 133.40 (74.30,239.53)**

Worse vigor than before

None 1.00 1.00

Sometimes 31.90 (27.93,36.43)** 25.44 (22.07,29.33)**

Half of the day 109.21 (75.58,157.81)** 119.97 (73.80,195.04)**

All the time 62.89 (34.52,114.58)** 65.83 (30.63,141.48)**

Frequency of diet

Decreased 1.00 1.00

Increased 1.17 (1.04,1.32) 1.15 (1.03,1.29)*

Unchanged 0.45 (0.41,0.50) 0.47 (0.43,0.51)**

Survey time

First survey 1.0 1.0

Second survey 1.47 (1.35,1.60)** 1.26 (1.16,1.36)**

Adjusted for age, grade, gender, student types, regional areas, residential areas. *P < 0.05,
**P < 0.01.

meaning that higher levels of physical activity are associated

with better mental health. Di Renzo et al. reported that a slight

increased physical activity, which was similar with our results

(71). Although the second screen time and physical activity

TABLE 6 Model characteristics for the conditional process analysis.

Anxiety Depression

B P–value P–value

Lifestyle behaviors −1.43 <0.001 −1.78 <0.001

Coping style −0.25 <0.001 −0.32 <0.001

Gender −4.62 <0.001 −5.22 <0.001

Lifestyle behaviors x gender 0.24 <0.001 0.29 <0.001

Gender x Coping style −0.31 >0.05 −0.07 >0.05

R2 0.26 0.27

F 1137.64 1185.98

Mediate variables, coping style; Moderated variables, gender; Independent variables,

lifestyle health behaviors; Dependent variables, mental health symptoms. The bold values

indicates the significant results. x, interaction effect.

results were lower than the first prevalence, the psychological

problems still increased, indicating that the factors affecting

psychological problems include but are not limited to these

two behaviors, prompting us to further consider whether other

factors play a role.

Therefore in our study, we also explored SSBs (including

soda and tea beverage in first survey, whereas only SSBs

in second survey) intake. According to our knowledge, SSBs

themselves cause mental health problems in different age groups

(72, 73). Some studies concerned the correlation between SSBs

and physical health— a higher intake of SSBs had a positive

effect on infection rates by COVID-19, and the same results

also demonstrated that the intake of fruits had a positive effect

on mortality by COVID-19 (20), few study pay attention to

the mental health and SSBs. The reason for our focus on

sugar-sweetened beverage consumption during the COVID-19

outbreak is to promote the development of healthy behaviors

and reduce the further adverse psychological effects of unhealthy

behaviors among adults, especially new age youth, who are

mainly college students, during COVID-19. Because COVID-

19 itself can cause psychological problems for a long time. In

a large environment such as COVID-19, people will increase

and decrease their intake of SSBs when informed by media

information, as students’ lifestyles change, their thoughts also

change, and SSB intake causes mental health problems not only

by themselves but also by a range of behaviors, also known

as the so called “Theory of Planned Behavior (TPB)” (74),

this included ST and PA, which were mentioned earlier, they

influence each other. Food intake was reportedly increased

because of emotional eating as a means of comfort and to feel

better in response to anxious states (71, 75), with higher levels of

this reported behavior in women (71). Moreover, because of the

infodemic, students also take the action of buying Chinese herbal

medicine (e.g., radix isatidis and Yunnan Baiyao) and vitamins

to improve their physical fitness to further increase unnecessary

panic.Whereas, in second survey, the phenomenon has declined
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TABLE 7 Bootstrapped conditional direct and indirect e�ects.

Anxiety Depression

Effect SE (LL,UL) Effect SE (LL,UL)

Direct effect

Predictor Lifestyle health behaviors

Moderator Male −1.1883 0.0219 −1.2312,−1.1453 −1.50 0.0274 −1.55,−1.44

Female −0.9443 0.0205 −0.9846,−0.9041 −1.21 0.0257 −1.26,−1.16

Indirect effect

Predictor Coping style

Moderator Male −0.0243 0.0039 −0.0332,−0.0179 −0.0329 0.005 −0.0431,−0.0235

Female −0.0390 0.0047 −0.0491,−0.0306 −0.0559 0.0059 −0.0685,−0.0449

Mediate variables, coping style; Moderated variables, sex; Independent variables, lifestyle health behaviors; Dependent variables, mental health symptoms. The model was controlled for

age, grade, student types, regional areas, residential areas.

slightly. Possible reason was that with the time of the epidemic,

people’s lives have gradually returned to normal even if they

are still in quarantine, and the news about COVID-19 is slowly

seeping into their brains. People have also learned how to protect

themselves through practice and the news media, so the related

hoarding behavior has decreased. Sleep was one of the most

crucial factors to recover whenever someone suffered diseases

or lifestyle events; otherwise, sleep disturbances would cause

anxiety and panic problems during the COVID-19 pandemic

(76, 77).

In addition, we also explored the students’ degree of diet

rhythmicity; compared to decreased students who reported

unchanged and increased, they had better mental health

problems, which suggested that in situations such as COVID-

19, proper timing of diet habits may be necessary to increase

unnecessary panic attacks and negative symptoms (78). We also

compared two rounds of survey, ST > 4 h, changed decreased

diet rhythmicity, Chinese herbal medicine and vitamin intake,

the frequency of all the time worse vigor than before were higher

than in the second survey.

In order to better understand the impact of comprehensive

behaviors on mental health, we attempted to use multiple

health indicators, which are designed to explore the possible

combined effects of behaviors both in two rounds of surveys.

We all know that among students who engage in one healthy

behavior, clusters of healthy behaviors are also more likely to

engage in other healthy behaviors. In our study, the index

included appetite, vitality, diet rhythm, SSBs, ST, and PA

(79). To get a fuller picture of the impact of behavior on

psychological problems, because coping style is a key factor

affecting psychological problems, which has also been reported

in previous studies (80), we included coping styles as a variable,

the current study revealed a significant moderate effect of

coping style on the development of anxiety and depression

symptoms in college students among two rounds of survey.

Coping style can effectively decrease all indices of distress and

is positively associated with well-being (81, 82), and more use

of cognitive and prosocial coping behaviors was associated with

fewer mental health problems (81), during COVID-19, this

research identified positive and negative correlations between

presented coping styles and manifested psychopathology (82).

However, there is no study explored the potential association.

Based on these, the results of the conditional process model

analysis supported our hypotheses that lifestyle health behaviors

and coping style were both predictors for anxiety and depression

symptoms, and their direct and indirect effects were all

moderated by the level of gender. Although we have not

compared the trend between two rounds of survey, our study

further proved the robustness of the model through two rounds

of survey.

We also concerned the influence of COVID-19 perception

in previous study (21), nearly 94.7% of the students paid

close attention to whether they had symptoms such as

fever, cough, sneezing or fatigue. In the first survey, logistic

regression association in the study showed that perceived

physical symptoms, such as fever and cough, were significantly

associated with higher anxiety and depression symptoms.

A previous study also showed that physical symptoms can

have a significant impact on psychological responses (21,

83). The correlation between physical health perception and

depression has also been demonstrated (84). In these two

rounds of survey, family/friends living with students who

had direct/indirect contact with COVID-19 affected areas

were also significantly associated with increased anxiety levels.

It can be concluded that because students care about the

health of their families and friends. In addition, there was

no clear treatment, so the corresponding increase in anxiety

and depression symptoms (29). In second survey, we also

examined the correlation between the duration of home

isolation and mental health symptoms, interestingly, the

shorter duration of home isolation were correlated with higher

mental health symptoms. Although we have not compared
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the trend between two rounds of survey, our study further

proved the robustness of the model through two rounds

of survey.

Limitations and strengths

Our study inevitably has some limitations. First, this

study is a cross-sectional study that could not establish a

causal relationship between lifestyle behaviors and mental

health outcomes. Furthermore, the variables in this study

were self-reported using an electronic questionnaire, and given

the specific pandemic situation, we were unable to actually

test college students, so there may be recall bias. Third,

the biological mechanism underlying this association has not

yet been directly assessed. Future longitudinal studies should

further sample collection to explore possible psychosocial

and biological pathways. Finally, we did not obtain the

physical health status and objective lifestyle behaviors of

the participants before pandemic in this study. We do not

report the first study results, which have been reported in

previous studies. Furthermore, our study is a continuous

follow-up study conducted every 6 months to further clarify

the relationship.

Our study results are also worthy of attention. First, we

have a large sample of college students and different pandemic

areas to compare regional differences in order to provide

basic information to local schools and governments about

the psychology and behavior of college students during home

quarantine. Second, the timely grasp of the pandemic problem

for domestic college students’ psychology during the first

pandemic, especially the basic situation of psychological and

behavioral problems, can provide a reference; and we also

investigated the second survey, further provide intervention

measures for exploring the psychological and behavioral changes

in different periods of the pandemic, and this survey has

already investigated the third survey, changes in behavioral and

psychological problems will be explored further. Third, during

the period of isolation, on the one hand, people should not

only reasonable and proper arrangement through the media

spend time on news attention pandemic, the corresponding

increase physical activity and reduce the occurrence of poor

eating behaviors, such as reducing the intake of some health

care products due to psychological problems, so as to further

deepen the development of psychological problems, maintain

a good pace of life, to further address possible follow-ups.

Finally, on the other hand, the need to respond to the

nationwide home quarantine measures has greatly restricted

the movement of people, especially those who have been

in contact with confirmed cases. Family isolation will have

different degrees of psychological impact. This study can

provide reference for subsequent research by asking relevant

information. Therefore, this study took this as a starting

point to carry out a nationwide survey of college students’

mental health.

Conclusion

Our study found that the psychological and behavioral

results are different, with the second being higher than the

first survey; adoption of healthy lifestyle behaviors and timely

and correct understanding of COVID-19-related factors are

negatively correlated with anxiety and depression symptoms.

Relevant government departments should also focus on health

education for college students with non-medical backgrounds

to improve their understanding of the novel coronavirus.

At the same time, the influence of the relevant government

departments and universities should play an active and attract

students to arrange appropriate activities during the period of

popular, such as reducing recreational screen time, increased

physical activity, maintaining a healthy diet, propaganda

popular science knowledge and keep a good pace of life,

especially in the family, during the period of separation further

planning their lives and have a rest. Through two rounds of

investigation and research, it is found that the psychological

problems of college students should be continuously paid

attention to and a series of intervention measures should be

taken. This study provides some possible references from the

behavioral style and living habits. Therefore, understanding the

relationship between college students’ lifestyle health behaviors

and their psychology during home quarantine will help school

leaders and the Ministry of Education urgently formulate

and implement effective policies and interventions for college

students’ lifestyle health behaviors (85). We also tried to ask

the two rounds of college students whether they consulted

psychological support. Although the results of this study were

not presented, they also provided a good investigation basis for

this study.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary material, further inquiries

can be directed to the corresponding author/s.

Ethics statement

The studies involving human participants were

reviewed and approved by Anhui Medical University. The

patients/participants provided their written informed consent

to participate in this study. Written informed consent was

obtained from the individual(s) for the publication of any

potentially identifiable images or data included in this article.

Frontiers in PublicHealth 14 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1031560
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2022.1031560

Author contributions

YZ collected and arranged the data and drafted the

manuscript. ST and XW were responsible for contacting

cooperative units, participant recruitment, and data collection.

YQ, XM, HG, ZZ, and PZ were all responsible for participant

recruitment and data collection. FT obtained the funding and

designed the study. All authors contributed to the article and

approved the submitted version.

Funding

This study was funded by the Anhui Medical University

Emergency Key Research Project for Novel Coronavirus

Pneumonia (YJGG202001) and National Natural Science

Foundation of China (82073578).

Acknowledgments

We thank all participants who were involved in the study for

their input. The following researchers are not listed as authors:

Heng Meng (Huazhong University of Science and Technology),

Hong Yan (Wuhan University), Jinkui Lu and Jianmin

Xiang (Shangrao Normal University), Yan Zhang (contacts

of Daqing Normal University, Guangxi University, Hohai

University), Songli Mei (Jilin University), Asimuguli (Xinjiang

Medical University), Xiaoming Lou (Zhengzhou University),

Hong Wang (Chongqing Medical University), Lili Pan and

Zhaohui Huang (Anhui Medical University), Ying Huang

(Kunming Medical University), Lianguo Fu (Bengbu Medical

College), YufengWen (WannanMedical College), Wenjie Gong

(Central South University), Jindong Ni (Guangdong Medical

University), Yifei Hu (Capital Medical University), Xiaojian Yin

(Shanghai Institute of Technology), and Chenwei Pan (Soochow

University). We frankly thank all participants and the schools

involved in the survey, as well as other staff members on

the scene.

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.

2022.1031560/full#supplementary-material

References

1. Hui DS, I Azhar E, Madani TA, Ntoumi F, Kock R, Dar O, et al. The
continuing 2019-nCoV pandemic threat of novel coronaviruses to global health-
The latest 2019 novel coronavirus pandemic in Wuhan, China. Int J Infect Dis.
(2020) 93:264–6. doi: 10.1016/j.ijid.2020.01.009

2. World Health Organization. Novel coronavirus (2019-nCoV)Situation
Report-17[EB/OL]. (2020). Available online at: https://www.who.int/docs/
defaultsource/coronaviruse/situation-reports/20200206-sitrep-17-ncov.pdf?~
sfvrsn$=$17f0dca_4 (accessed February 6, 2020).

3. Shehzad K, Xiaoxing L, Bilgili F, Koçak E. COVID-19 and spillover effect of
global economic crisis on the united states’ financial stability. Front Psychol. (2021)
12:632175. doi: 10.3389/fpsyg.2021.632175

4. Talic S, Shah S, Wild H, Gasevic D, Maharaj A, Ademi Z, et al. Effectiveness
of public health measures in reducing the incidence of covid-19, SARS-CoV-2
transmission, and covid-19 mortality: systematic review and meta-analysis BMJ.
(2021) 375:e068302. doi: 10.1136/bmj-2021-068302

5. Guessoum SB, Minassian S, de Staël P, Touhami F, DiGiovanni M, Radjack
R, et al. Adolescent psychiatric disorders during the COVID-19 pandemic and
lockdown. Psychiatry Res. (2020) 291:113264. doi: 10.1016/j.psychres.2020.113264

6. Wilder-Smith A, Freedman DO. Isolation, quarantine, social distancing
and community containment: pivotal role for old-style public health measures
in the novel coronavirus (2019-nCoV) pandemic. J Travel Med. (2020)
27:taaa020. doi: 10.1093/jtm/taaa020

7. World Health Organization. Novel coronavirus (2019-nCoV). Situation
Report−124. (2022). Available online at: https://covid19.who.int/ (accessed
November 8, 2022).

8. Frounfelker RL, Santavicca T, Li ZY, Miconi D, Venkatesh V,
Rousseau C, et al. COVID-19 experiences and social distancing: insights
from the theory of planned behavior. Am J Health Promot. (2021)
35:1095–104. doi: 10.1177/08901171211020997

9. Obregón-Cuesta AI, Rodríguez-Fernández P, León-Del-Barco B, Mendo-
Lázaro S, Mínguez-Mínguez LA, González-Santos J, et al. Psychological effects
of home confinement and social distancing derived from COVID-19 in the
general population-a systematic review. Int J Environ Res Public Health. (2021)
18:6528. doi: 10.3390/ijerph18126528

10. Moore G, Anthony R, Angel L, Hawkins J, Morgan K, Copeland L, et al.
Mental health and life satisfaction among 10-11-year-olds in Wales, before and
one year after onset of the COVID-19 pandemic. BMC Public Health. (2022)
22:379. doi: 10.1186/s12889-022-12752-6

11. Creswell C, Shum A, Pearcey S, Skripkauskaite S, Patalay P, Waite P, et al.
Young people’s mental health during the COVID-19 pandemic. Lancet Child
Adolesc Health. (2021) 5:535–7. doi: 10.1016/S2352-4642(21)00177-2

12. Racine N, McArthur BA, Cooke JE, Eirich R, Zhu J, Madigan S,
et al. Global prevalence of depressive and anxiety symptoms in children and
adolescents during COVID-19: a meta-analysis. JAMA Pediatr. (2021) 175:1142–
50. doi: 10.1001/jamapediatrics.2021.2482

Frontiers in PublicHealth 15 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1031560
https://www.frontiersin.org/articles/10.3389/fpubh.2022.1031560/full#supplementary-material
https://doi.org/10.1016/j.ijid.2020.01.009
https://www.who.int/docs/defaultsource/coronaviruse/situation-reports/20200206-sitrep-17-ncov.pdf?~sfvrsn$=$17f0dca_4
https://www.who.int/docs/defaultsource/coronaviruse/situation-reports/20200206-sitrep-17-ncov.pdf?~sfvrsn$=$17f0dca_4
https://www.who.int/docs/defaultsource/coronaviruse/situation-reports/20200206-sitrep-17-ncov.pdf?~sfvrsn$=$17f0dca_4
https://doi.org/10.3389/fpsyg.2021.632175
https://doi.org/10.1136/bmj-2021-068302
https://doi.org/10.1016/j.psychres.2020.113264
https://doi.org/10.1093/jtm/taaa020
https://covid19.who.int/
https://doi.org/10.1177/08901171211020997
https://doi.org/10.3390/ijerph18126528
https://doi.org/10.1186/s12889-022-12752-6
https://doi.org/10.1016/S2352-4642(21)00177-2
https://doi.org/10.1001/jamapediatrics.2021.2482
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2022.1031560

13. Office for National Statistics. Coronavirus and Anxiety, Great
Britain: 3 April 2020 to 10 May. (2020). Available online at: https://
www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/articles/
coronavirusandanxietygreatbritain/3april2020to10may2020 (accessed February
20, 2021).

14. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg
N, et al. The psychological impact of quarantine and how to reduce it:
rapid review of the evidence. Lancet (London, England). (2020) 395:912–
20. doi: 10.1016/S0140-6736(20)30460-8

15. Pietrobelli A, Pecoraro L, Ferruzzi A, Heo M, Faith M, Zoller T, et al.
Effects of COVID-19 lockdown on lifestylestyle behaviors in children with obesity
living in Verona, Italy: a longitudinal study. Obesity (Silver Spring). (2020) 30:
22861. doi: 10.1002/oby.22861

16. Qin F, Song YQ, Nassis GP, Zhao LN, Cui SQ, Lai LL, et al. Prevalence
of Insufficient physical activity, sedentary screen time and emotional well-Being
during the early days of the 2019 Novel Coronavirus (COVID-19) pandemic in
China: A national cross-sectional study. (2020). Available online at: https://ssrn.
com/abstract=3566176 (accessed April 9, 2020).

17. Xiang M, Zhang Z, Kuwahara K. Impact of COVID-19 pandemic on
children and adolescents’ lifestylestyle behavior larger than expected. Progress in
Cardiovascular Diseases. (2020) 63:531–32. doi: 10.1016/j.pcad.2020.04.013

18. Schmidt SCE, Anedda B, Burchartz A, Eichsteller A, Kolb S, et al.
Physical activity and screen time of children and adolescents before and during
the COVID-19 lockdown in Germany: a natural experiment. Sci Rep. (2020)
10:21780. doi: 10.1038/s41598-021-03905-5

19. Tandon PS, Zhou C, Johnson AM, Gonzalez ES, Kroshus E.
Association of children’s physical activity and screen time with mental
health during the COVID-19 pandemic. JAMA Netw Open. (2021)
4:e2127892. doi: 10.1001/jamanetworkopen.2021.27892

20. Abdulah DM, Hassan AB. Relation of dietary factors with infection and
mortality rates of COVID-19 across the world. J Nutr Health Aging. (2020)
24:1011–8. doi: 10.1007/s12603-020-1512-3

21. Wang CY, Pan RY, Wan XY, Tan YL, Xu LK, Ho CS, et al.
Immediate psychological responses and associated factors during the initial
stage of the 2019 Coronavirus Disease (COVID-19) pandemic among the
General Population in China. Int J Environ Res Public Health. (2020)
17:1729. doi: 10.3390/ijerph17051729

22. Zandifar A, Badrfam R. Iranian mental health during the COVID-19
pandemic. Asian J Psychiatr. (2020) 51:101990. doi: 10.1016/j.ajp.2020.101990

23. Xiao CA. Novel Approach of consultation on 2019 Novel Coronavirus
(COVID-19)-related psychological andmental problems: structured letter therapy.
Psychiatry Investig. (2020) 17:175–6. doi: 10.30773/pi.2020.0047

24. Jia P, Liu L, Xie X, Yuan C, Chen H, Guo B, et al. Changes
in dietary patterns among youths in China during COVID-
19 pandemic: the COVID-19 impact on lifestyle change survey
(COINLICS). Appetite. (2021) 158:105015. doi: 10.1016/j.appet.2020.
105015

25. Lesser IA, Nienhuis CP. The impact of COVID-19 on physical activity
behavior and well-being of canadians. Int J Environ Res Public Health. (2020)
17:3899. doi: 10.3390/ijerph17113899

26. Grieger JA, Habibi N, O’Reilly SL, Harrison CL, Moran LJ, Vo H, et al.
Psychological distress and its association with intake of sugar-sweetened beverages,
discretionary foods, and alcohol in women during the COVID-19 pandemic in
Australia. Nutrition. (2022) 103:111794. doi: 10.1016/j.nut.2022.111794

27. Morin CM, Carrier J, Bastien C, Godbout R. Canadian Sleep and Circadian
Network. Sleep and circadian rhythm in response to the COVID-19 pandemic. Can
J Public Health. (2020) 11: 654–7. doi: 10.17269/s41997-020-00382-7

28. Saals B, Boss HM, Pot GK. Young people and adolescents have more irregular
meals during the COVID-19 pandemic: a nested case-control study on chrono-
nutrition before and during the COVID-19 pandemic. Chronobiol Int. (2022)
39:991–1000. 2054347. doi: 10.1080/07420528.2022.2054347

29. Duan L, Shao X, Wang Y, Huang Y, Miao J, Yang X, et al. An investigation
of mental health status of children and adolescents in China during the
pandemic of COVID-19. J Affect Disord. (2020) 275:112–8. doi: 10.1016/j.jad.2020.
06.029

30. Zhang Y, Wu X, Tao S, Li S, Ma L, Yu Y, et al. Associations between screen
time, physical activity, and depressive symptoms during the 2019 coronavirus
disease (COVID-19) pandemic among Chinese college students. Environ Health
Prev Med. (2021) 26:107. doi: 10.1186/s12199-021-01025-0

31. Wu XY, Tao SM, Zhang YK, Zhang SC, Tao FB. Low physical activity
and high screen time can increase the risks of mental health problems

and poor sleep quality among Chinese college students. PLoS ONE. (2015)
18:10:e0119607. doi: 10.1371/journal.pone.0119607

32. Tremblay MS. LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley
RC, et al. Systematic review of sedentary behavior and health indicators
in school-aged children and youth. Int J Behav Nutr Phys Act. (2011)
8:98. doi: 10.1186/1479-5868-8-98

33. Sisson SB, Camhi SM, Church TS, Martin CK, Tudor-Locke C, Bouchard
C, et al. Leisure time sedentary behavior. occupational/domestic physical activity,
and metabolic syndrome in US men and women. Metab Syndr Relat Disord. (2009)
7:529–36. doi: 10.1089/met.2009.0023

34. Sloan RA, Sawada SS, Girdano D, Liu YT, Biddle SJ, Blair SN, et al.
Associations of sedentary behavior and physical activity with psychological
distress: a cross-sectional study from Singapore. BMC Public Health. (2013)
13:885. doi: 10.1186/1471-2458-13-885

35. Hamer M, Stamatakis E, Mishra GD. Television- and screen-based
activity and mental well-being in adults. Am J Prev Med. (2010) 38:375–
80. doi: 10.1016/j.amepre.2009.12.030

36. Tremblay MS, Warburton DE, Janssen I, Paterson DH, Latimer AE, Rhodes
RE, et al. New Canadian physical activity guidelines. Appl Physiol Nutr Metab.
(2011) 6:36–46. doi: 10.1139/H11-009

37. Janssen I, Katzmarzyk PT, Boyce WF, Vereecken C, Mulvihill C, Roberts
C, et al. Health Behavior in School-Aged Children Obesity Working Group.
Comparison of overweight and obesity prevalence in school-aged youth from 34
countries and their relationships with physical activity and dietary patterns. Obes
Rev. (2005) 6:123–32. doi: 10.1111/j.1467-789X.2005.00176.x

38. Martin A, Rief W, Klaiberg A, Braehler E. Validity of the brief Patient
Health Questionnaire Mood Scale (PHQ-9) in the general population. Gen Hosp
Psychiatry. (2006) 28:71–7. doi: 10.1016/j.genhosppsych.2005.07.003

39. Beard C, Hsu KJ, Rifkin LS, Busch AB, Björgvinsson T. Validation
of the PHQ-9 in a psychiatric sample. J Affect Disord. (2016) 193:267–
73. doi: 10.1016/j.jad.2015.12.075

40. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity
of a brief depression severity measure. J Gen Intern Med. (2001)
16:606–13. doi: 10.1046/j.1525-1497.2001.016009606.x

41. Zhang Y, Tao S, Qu Y, Mou X, Gan H, Zhou P, et al. Lifestyle
behaviors and mental health during the coronavirus disease 2019 pandemic
among college students: a web-based study. BMC Public Health. (2022) 22:2140.
doi: 10.1186/s12889-022-14598-4

42. Ni MY, Yang L, Leung C, Li N, Yao XI, Wang Y, et al. Mental health, risk
factors, and social media use during the cOVID-19 pandemic and cordon sanitaire
among the community and health professionals in Wuhan, China: cross-sectional
survey. JMIR Mental Health. (2020) 7:e19009. doi: 10.2196/19009

43. Main A, Zhou Q, Ma Y, Luecken LJ. Relations of SARS-related stressors
and coping to Chinese college students’ psychological adjustment during the 2003
Beijing SARS pandemic. J Couns Psychol. (2011) 58:410–23. doi: 10.1037/a0023632

44. Ghrouz AK. NoohuMM.’ Dilshad MM.Warren SD, BaHammam AS, Pandi-
Perumal SR Physical activity and sleep quality in relation to mental health among
college students Sleep Breath. (2019) 23:627–34. doi: 10.1007/s11325-019-01780-z

45. Talevi D, Socci V, Carai M, Carnaghi G, Faleri S, Trebbi E, et al. Mental
health outcomes of the CoViD-19 pandemic. Riv Psichiatr. (2020) 55:137–
44. doi: 10.1708/3382.33569

46. Feng Q, Zhang QL, Du Y, Ye YL, He QQ. Associations of physical activity,
screen time with depression, anxiety and sleep quality among Chinese college
freshmen. PLoS ONE. (2014) 9:e100914. doi: 10.1371/journal.pone.0100914

47. Hrafnkelsdottir SM, Brychta RJ, Rognvaldsdottir V, Gestsdottir S, Chen KY,
Johannsson E, et al. Less screen time and more frequent vigorous physical activity
is associated with lower risk of reporting negative mental health symptoms among
Icelandic adolescents. PLoS ONE. (2018) 26:e0196286. doi: 10.1371/journal.pone.
0196286

48. Huang Y, Wang Y, Wang H, Liu Z, Yu X, Yan J, et al. Prevalence of mental
disorders in China: a cross-sectional epidemiological study. Lancet Psychiatry.
(2019) 6:e11. doi: 10.1016/S2215-0366(18)30511-X

49. Hawryluck L, Gold WL, Robinson S, Pogorski S, Galea S, Styra RSARS, et al.
control and psychological effects of quarantine, Toronto, Canada. Emerg Infect Dis.
(2004) 10:1206–12. doi: 10.3201/eid1007.030703

50. Sprang G, Silman M. Posttraumatic stress disorder in parents and youth
after health-related disasters. Disaster Med Public Health Prep. (2013) 7:105–
10. doi: 10.1017/dmp.2013.22

51. Orben A, Tomova L, Blakemore SJ. The effects of social deprivation
on adolescent development and mental health. Lancet Child Adolesc Health.
(2020) 4:634–40. doi: 10.1016/S2352-4642(20)30186-3

Frontiers in PublicHealth 16 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1031560
https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/articles/coronavirusandanxietygreatbritain/3april2020to10may2020
https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/articles/coronavirusandanxietygreatbritain/3april2020to10may2020
https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/articles/coronavirusandanxietygreatbritain/3april2020to10may2020
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.1002/oby.22861
https://ssrn.com/abstract=3566176
https://ssrn.com/abstract=3566176
https://doi.org/10.1016/j.pcad.2020.04.013
https://doi.org/10.1038/s41598-021-03905-5
https://doi.org/10.1001/jamanetworkopen.2021.27892
https://doi.org/10.1007/s12603-020-1512-3
https://doi.org/10.3390/ijerph17051729
https://doi.org/10.1016/j.ajp.2020.101990
https://doi.org/10.30773/pi.2020.0047
https://doi.org/10.1016/j.appet.2020.105015
https://doi.org/10.3390/ijerph17113899
https://doi.org/10.1016/j.nut.2022.111794
https://doi.org/10.17269/s41997-020-00382-7
https://doi.org/10.1080/07420528.2022.2054347
https://doi.org/10.1016/j.jad.2020.06.029
https://doi.org/10.1186/s12199-021-01025-0
https://doi.org/10.1371/journal.pone.0119607
https://doi.org/10.1186/1479-5868-8-98
https://doi.org/10.1089/met.2009.0023
https://doi.org/10.1186/1471-2458-13-885
https://doi.org/10.1016/j.amepre.2009.12.030
https://doi.org/10.1139/H11-009
https://doi.org/10.1111/j.1467-789X.2005.00176.x
https://doi.org/10.1016/j.genhosppsych.2005.07.003
https://doi.org/10.1016/j.jad.2015.12.075
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1186/s12889-022-14598-4
https://doi.org/10.2196/19009
https://doi.org/10.1037/a0023632
https://doi.org/10.1007/s11325-019-01780-z
https://doi.org/10.1708/3382.33569
https://doi.org/10.1371/journal.pone.0100914
https://doi.org/10.1371/journal.pone.0196286
https://doi.org/10.1016/S2215-0366(18)30511-X
https://doi.org/10.3201/eid1007.030703
https://doi.org/10.1017/dmp.2013.22
https://doi.org/10.1016/S2352-4642(20)30186-3
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2022.1031560

52. Connor JP, Quinn SD, Schaefer C. Health risks and outcomes
that disproportionately affect women during the Covid-19 pandemic: a
review. Soc Sci Med. (2020) 266:113364. doi: 10.1016/j.socscimed.2020.
113364

53. Lim GY, Tam WW, Lu Y, Ho CS, Zhang MW, Ho RC, et al. Prevalence of
depression in the community from 30 countries between 1994 and 2014. Sci Rep.
(2018) 8:2861. doi: 10.1038/s41598-018-21243-x

54. Qiu J, Shen B, Zhao M, Wang Z, Xie B, Xu YA, et al. Nationwide
survey of psychological distress among Chinese people in the COVID-19
pandemic: implications and policy recommendations. Gen Psychiatr. (2020)
6:e100213. doi: 10.1136/gpsych-2020-100213

55. Lissak G. Adverse physiological and psychological effects of screen time on
children and adolescents: literature review and case study. Environ Res. (2018)
164:149–57. doi: 10.1016/j.envres.2018.01.015

56. Twenge JM, Campbell WK. Associations between screen time and
lower psychological well-being among children and adolescents: evidence
from a population-based study. Prev Med Rep. (2018) 18:271–83. (2018)
003. doi: 10.1016/j.pmedr.2018.10.003

57. Chao M, Xue D, Liu T, Yang H, Hall BJ. Media use and acute psychological
outcomes during COVID-19 pandemic in China. J Anxiety Disord. (2020)
74:102248. doi: 10.1016/j.janxdis.2020.102248

58. Holman EA, Garfin DR, Silver RC. Media’s role in broadcasting acute stress
following the Boston Marathon bombings. Proc Natl Acad Sci U S A 7. (2014)
111:93–8. doi: 10.1073/pnas.1316265110

59. Dubey S, Biswas P, Ghosh R, Chatterjee S, Dubey MJ, Chatterjee S,
et al. Psychosocial impact of COVID-19. Diabetes Metab Syndr. (2020) 27:779–
78. doi: 10.1016/j.dsx.2020.05.035

60. Resnyansky L. Social media, disaster studies, and human communication.
IEEE Technol Soc Magazine. (2014) 33:2301857. doi: 10.1109/MTS.2014.2301857

61. Liu M, Ming Q, Yi J, Wang X, Yao S. Screen time on school, days, and risks
for psychiatric symptoms, and self-harm in Mainland Chinese, Adolescents. Front
Psychol. (2016) 25:574. doi: 10.3389/fpsyg.2016.00574

62. Watanabe K, Kawakami N. Association between sitting time at work
and the onset of major depressive episode: a 1-year prospective cohort
study using the Bayesian regression. BMC Public Health. (2021) 21:1960.
doi: 10.1186/s12889-021-12059-y

63. Lachlan KA, Spence PR. Terrorist attacks and uncertainty reduction: media
use after September 11. Behav Sci Terrorism Political Aggression. (2009) 1:101–
10. doi: 10.1080/19434470902771683

64. Burke M, Marlow C, Lento T. Social network activity and social wellbeing.
CHI’10: Proceedings of the SIGCHI conference on human factors in computing
systems. Atlanta, GA: ACM Press. (2010). p. 1909–12.

65. O’Donovan G, Blazevich AJ, Boreham C, Cooper AR, Crank H, Ekelund
U, et al. The A. B. C of physical activity for health: a consensus statement
from the british association of sport and exercise, sciences. J Sports Sci. (2010)
28:573–91. doi: 10.1080/02640411003671212

66. Crisafulli A, Pagliaro P. Physical activity/inactivity and COVID-19. Eur J Prev
Cardiol. (2020) 28:e24–e26. doi: 10.1177/2047487320927597

67. Limbers CA, McCollum C, Greenwood E. Physical activity moderates
the association between parenting stress and quality of lifestyle in working
mothers during the COVID-19 pandemic. Ment Health Phys Act. (2020)
19:100358. doi: 10.1016/j.mhpa.2020.100358

68. Adams TB, Moore MT, Dye J. The relationship between physical activity
and mental health in a national sample of college females. Women Health. (2007)
45:69–85. doi: 10.1300/J013v45n01_05

69. Jiménez-Pavón D, Carbonell-Baeza A, Lavie CJ. Physical exercise as
therapy to fight against the mental and physical consequences of COVID-19

quarantine: special focus in older people. Prog Cardiovasc Dis. (2020) 63:386–
8. doi: 10.1016/j.pcad.2020.03.009

70. Lippi G, Henry BM, Sanchis-Gomar F. Physical inactivity and cardiovascular
disease at the time of coronavirus disease 2019 (COVID-19). Eur J Prev Cardiol.
(2020) 27:906–8. doi: 10.1177/2047487320916823

71. Di Renzo L, Gualtieri P, Cinelli G, Bigioni G, Soldati L, Attinà
A, et al. Psychological aspects and eating habits during COVID-19 home
confinement: results of EHLC-COVID-19 Italian online survey. Nutrients. (2020)
12:2152. doi: 10.3390/nu12072152

72. Kendig MD. Cognitive and behavioral effects of sugar consumption
in rodents. A review. Appetite. (2014) 80:41–54. doi: 10.1016/j.appet.2014.
04.028

73. Sanchez-Villegas A, Zazpe I, Santiago S, Perez-Cornago A, Martinez-
Gonzalez MA, Lahortiga-Ramos F, et al. Added sugars and sugar-sweetened
beverage consumption, dietary carbohydrate index and depression risk in the
Seguimiento Universidad de Navarra (SUN) Project. Br J Nutr. (2018) 119:211–
21. doi: 10.1017/S0007114517003361

74. de Bruijn G, van den Putte B. Adolescent soft drink consumption, television
viewing and habit strength. investigating clustering effects in the theory of planned
behavior. Appetite. (2009) 53:66–75. doi: 10.1016/j.appet.2009.05.008

75. Scarmozzino F, Visioli F. COVID-19 and the subsequent lockdown modified
dietary habits of almost half the population in an Italian sample. Foods. (2020)
9:675. doi: 10.3390/foods9050675

76. Irwin MR, Opp MR. Sleep health: reciprocal regulation
of sleep and innate immunity. Neuropsychopharmacology. (2017)
42:129–55. doi: 10.1038/npp.2016.148

77. Gulia KK, Kumar VM. Importance of sleep for health and wellbeing amidst
covid-19 pandemic. Sleep Vigil. (2020) 4:49–50. doi: 10.1007/s41782-020-00087-4

78. Stanton R, To QG, Khalesi S, et al. Depression, anxiety and stress during
COVID-19: associations with changes in physical activity, sleep, tobacco and
alcohol use in Australian Adults. Int J Environ Res Public Health. (2020)
17:4065. doi: 10.3390/ijerph17114065

79. Leech RM, McNaughton SA. Timperio A. The clustering of diet, physical
activity and sedentary behavior in children and adolescents: a review. Int J Behav
Nutr Phys Act. (2014) 11:4. doi: 10.1186/1479-5868-11-4

80. Huang Y, Chen Y, Lin Y, Lin Z, Yang M, Zhang J, et al. The impacts of coping
style and perceived social support on the mental health of undergraduate students
during the early phases of the COVID-19 pandemic in China: a multicenter survey.
BMC Psychiatry. (2021) 21:530. doi: 10.1186/s12888-021-03546-y

81. Dawson DL. COVID-19: psychological flexibility, coping, mental health,
and wellbeing in the UK during the pandemic. J Contextual Behav Sci. (2020)
17:126–34. doi: 10.1016/j.jcbs.2020.07.010
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