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Abstract

This prospective observational study examined
changing trends in mental and behavioral
responses, and their association with perceived
risk, severity, self-efficacy and isolation status
during the Chinese COVID-19 epidemic. There
were five waves of interviews. Descriptive statis-
tics and non-parametric test methods were used
for data analysis. Participants numbered 150 for
the linkable baseline survey and 102 completed
all 5 survey waves and were included in the ana-
lysis. Mental stress, emotional status and lifestyle
manifested a statistically significant downwards
trend across the total period of this panel study.
The number of reported new confirmed patients
perceived high risk and perceived severity were
positively associated with mental stress, emo-
tional status and lifestyle. Self-efficacy was nega-
tively associated with each type of mental and
behavioral response. The more time people were
confined to their home, the more serious the
emotional and lifestyle problems. Dose-response
relationships were noted between the number of
reported new confirmed patients and mental
stress, emotional status and lifestyle during the
five observation points. This study yielded new
information about mental and behavioral
responses among Chinese people during the

COVID-19 epidemic. Policy changes and health
education are essential for minimizing the ad-
verse health effects of these responses.

Introduction

The COVID-19 pandemic represents a massive glo-
bal health crisis [1]. The crisis has required large-
scale mental and behavioral responses that may lead
to significant mental disorders and other health
problems. Given the salience of human mental and
behavioral factors to disease prevention, it is crucial
to evaluate their role in preventing health problems
[2, 3]. According to the Stimulus, Cognition and
Response (SCR) model, various stimuli (S) affect
the internal states of people through cognition (C),
which in turn elicits mental and behavioral
responses (R) [4, 5]. COVID-19 is a strong stimulus
that plausibly induces people to perceive high risk
of infection with potentially severe health conse-
quences. Studies have reported on mental and be-
havioral responses during an outbreak of an acute
respiratory infection [6—8]. COVID-19 is a new dis-
ease, and the 2019 outbreak in Wuhan and else-
where in China may have caused high levels of
stress. An epidemic of a highly lethal disease can
overwhelm people emotionally and physically, and
induce strong mental and behavioral responses in
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both adults and children [9, 10]. A recent study
revealed that individuals’ perceived severity of the
COVID-19 epidemic was related to undesirable
emotional and behavioral outcomes among the
Chinese public [6]. However, the above studies
were all cross-sectional. Unlike cross-sectional
studies, longitudinal observation studies can exam-
ine temporal trends in mental and behavioral
responses as the epidemic progresses. This is of spe-
cial significance to understand the impact of time
and may assist in identifying behavioral measures to
mitigate stress associated with the epidemic. Few
previous empirical public health studies imple-
mented longitudinal observation during an epidemic
[11]. The main purpose of this research is to evalu-
ate changing trends in mental and behavioral
responses during the COVID-19 epidemic in China.

According to SCR theory, COVID-19 is a direct
stimulus, which in turn may increase perceived risk
and perceived severity of COVID-19 and ultimately
impact people’s mental and behavioral responses to
the disease. Some studies have found an association
between strong risk and threat perceptions and men-
tal and behavioral responses during outbreaks of se-
vere acute respiratory syndrome and Ebola [12—14].
A recent study revealed that individuals’ perceived
severity of the COVID-19 epidemic was related to
undesirable emotional and behavioral outcomes
among the Chinese public [6]. In this study, we will
examine perceived risk and threat’s influence on
mental stress, emotional status and lifestyle. The
Theory of Planed Behavior holds that self-efficacy
is a key element in behavioral adaptation [5]. Thus,
self-efficacy for preventing COVID-19 may have
an important influence on mental and behavioral re-
sponse during the epidemic. Studies have found that
self-efficacy contributes to many health-related
behaviors [15—-17], but no empirical studies exam-
ined self-efficacy in relation to COVID-19 related
behaviors. People quarantined at home or at another
location may have experienced boredom, anger,
fear and loneliness, which in turn can elicit a person-
al behavioral response [5, 18]. Some studies have
examined isolation status and its role influencing in-
fectious disease [19, 20]. Few empirical studies

were conducted to examine mental and behavioral
problems associated with isolation status [18].
This study will examine isolation status’s influence
on mental and behavioral responses.

This study may yield information important in for-
mulating public health policy and health education
initiatives aimed at mental and behavioral problems,
with the goal of improving behavioral interventions
for preventing and mitigating COVID-19.

Materials and methods

Study design

A prospective longitudinal observation study was
designed to examine temporal trends and changes in
mental and behavioral responses over a 5-week
period of time, and their associations with selected
stimulus and support variables during the COVID-
19 epidemic in China.

Participants

Participants were recruited via a survey advertisement
in the social media groups WeChat and Douban, two
of the most popular social media platforms in China.
Inclusion criteria were membership in a common
community; being between 20 and 60 years of age;
having access to a Smartphone; knowing the Chinese
language; and willing to participate in the panel study
and provide follow-up information at five scheduled
observation points. Participants were excluded if they
refused to provide this information or had a medical
condition that could limit or preclude their participa-
tion. Within the registration system, potential partici-
pants were screened to ascertain eligibility. Upon
consent, participants received an electronic question-
naire and instructions on how to proceed. After
reading the instructions, they were asked to pro-
vide an e-consent by tapping the ‘Confirmation
and Authorization’ button and then directed to the
questionnaire. A special administrative WeChat
group was established to manage the follow-up
data collection, using a unique QR code for each
respondent. The QR code was the vehicle, not only
for identifying unique participants, but prohibiting
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non-participants from taking the survey. After
scanning the QR code, survey participants could
enter the investigation group without further
preconditions.

This panel study analyzed five waves of data col-
lected over a 5-week period of time: Wave 1 (5§
February 2020), Wave 2 (12 February 2020), Wave
3 (19 February 2020), Wave 4 (26 February 2020)
and Wave 5 (4 March 2020). The entire observation
period covered the peak and trough of the COVID-
19 epidemic in China. The number of reported new
confirmed patients in China, respectively, numbered
3887, 2015, 394, 433 and 133 at the time each wave
was administered [21].

Data collection

Data were obtained by an online survey to ascertain
mental and behavioral responses to COVID at that
time. The online survey was implemented on
Wenjuanxing (Www.wjx.cn), a survey service web-
site similar to Qualtrics or Surveymonkey, but tail-
ored to Chinese users. Each wave of the survey had
a dedicated electronic questionnaire access link.
The online questionnaire link was posted to the re-
spondent group, centrally managed in a WeChat
group, and accessible every Wednesday from 10:30
a.m. to 4:30 p.m. Data were collected from 9.00 to
11.00 a.m. every Monday. Data collectors and facil-
itators were third-year doctoral students enrolled in
a university public health program. All responses
were anonymous. The questionnaire took ~10 min
to complete, and the same survey protocol was used
for each wave of the survey to assure homogeneity
of data administration and collection. As appropri-
ate, a token of appreciation, 30 RMB (~$5.00) was
given to those participants who completed all 5
questionnaires.

Measurement

In this study, mental responses were measured via
two variables. The first variable was mental stress.
It was measured by the Perceived Stress Scale,
Chinese version (CPSS). This scale comprises 14
items for assessing perceptions of stress during the
previous month. Items are rated on a 5-point Likert-

type scale, and range from O (never) to 4 (very often)
[22]. This scale has proven to be valid and reliable
[22] and has been widely used in Chinese field re-
search [23-25]. Several studies have administered
the CPSS online, especially during the COVID-19
epidemic. Using this scale, it was found that per-
ceived stress can predict some mental and psychi-
atric problems [26-28], which supports the scale’s
validity. These studies, however, did not directivity
report the validity and reliability coefficients. The
internal reliability of the CPSS in this sample, meas-
ured by Cronbach’s Alpha, ranged from 0.7216 to
0.7534 over the five time points. Factor analysis
revealed two factor structures, perceived stress and
out of control stress, which is consistent with that of
on-site interviews [22]. This study found a statistical-
ly significant association between the number of
reported new confirmed patients and mental stress.
Opverall, online administration of the CPSS has dem-
onstrated acceptable levels of validity and reliability.

The second variable was emotional status, which
was measured by a question, ‘how is your current
emotional status as compared to before COVID-19
epidemic?’ Respondents were to select one of three
options: ‘same as before’, ‘less stable than before’
or ‘much less stable than before’. Behavioral re-
sponse was measured by a question, ‘how would
you describe your regularity of lifestyle behaviors
as compared to before COVID-19 epidemic?’
Respondents again selected one of three options:
‘same as before’, ‘less regular than before’ and
‘much less regular than before’.

Several independent variables were measured as
part of this study. Perceived risk was measured by a
question ‘Do you always feel that you may be
infected?” Responses were on a 5-point Likert-type
from ‘strongly disagree’ to ‘strongly agree’. Perceived
severity was measured by the question ‘If you were
infected with COVID-19 it would be a serious misfor-
tune’. Responses were again on a 5-point Likert-type
scale ranging from ‘strongly disagree’ to ‘strongly
agree’. Isolation status was measured by asking ‘How
much time did you spend away from home each day
in the past week?” Responses included ‘completely
kept in house’, ‘less 0.5 hour outside house’, ‘from
0.5hour to less than 1hour outside house’, ‘from
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1 hour to less than 2 hours outside house’, ‘from 2 hour
to less 4 hours outside house’ and ‘4 hour or more out-
side house’. The options were coded from small to
large according to the length of stay at home each day.
Self-efficacy for preventing COVID-19 infection was
measured by asking, ‘Do you think that you can avoid
the disease through your current prevention behav-
iors?” Responses were provided on a 5-point Likert-
type scale ranging from ‘no confidence I can avoid the
disease’ to ‘much confidence I can avoid the disease’.
Demographic information requested from participants
in this study included age, gender, ethnicity, education
level, marital status and occupation.

Data analysis

All data were entered into a database using
Microsoft Excel. They were then imported into SAS
(9.3version) for the statistical analysis. Across sur-
vey waves mean scores were calculated for mental
stress, emotional status and lifestyle at different ob-
servation points. As most of the variables included
in this study were not normally distributed, we used
non-parametric testing methods to examine chang-
ing trends in mental and behavioral responses, and
their associations. The Mann—Kendall test was used
to assess changing trends across the five observation
points [29]. The non-parametric linear mixed-
effects model was used to examine the association
between confirmed new patients, perceived disease
risk and severity, self-efficacy and isolation status,
with mental stress, emotion and lifestyle status [30].
Regression parameters in fixed effects were esti-
mated using the Theil-Sen test [31, 32].

Results

A total of 150 participants were recruited at baseline.
The baseline was linkable to 3 intermediate and a final
observation point, with 102 participants completing
all 5 waves of the survey and being included in the
final analysis. Differentiated by region, 99 came from
24 provinces located across China. The remaining
three were international students who were living in
China. Of the study sample, 61.8% were female and
93.1% were Han Chinese. The average age of

Table I. Characteristics of sample (102)

Group N %
Sex

Male 39 38.2
Female 63 61.8
Age (years)

<30 37 36.1
40-49 28 27.5
50+ 37 36.9
Education

High school or junior college 50 49.0
College and more 52 51.0
Ethnicity

Han 95 93.1
Minority 7 6.9
Marital status

Never married 44 43.1
Married 51 50.0
Divorce or widowed 7 6.9
Occupation

Manager 34 333
Professional 40 39.2
Others 28 27.5

Table II. Means and their change trend across time in mental
stress, emotion and lifestyle

Group Mental stress Emotion  Lifestyle

Time 1 27.60 (8.25) 1.48 (0.64) 1.45 (0.68)
Time 2 26.03 (8.63) 1.37(0.61) 1.45 (0.65)
Time 3 24.92 (8.19 1.20(0.51) 1.39 (0.650
Time 4 25.17 (7.91) 1.22(0.46) 1.28 (0.51)
Time 5 24.57 (8.43) 1.16(0.40) 1.25(0.49)
Mann-Kendall test (Z) —3.49™" —4.02" 215"

*p<0.05; **p<0.01.

participants was 39.1 years (SD: 12.5), 43.1% were
never married and 50.0% were married (Table I).

The mean mental stress score at baseline was
27.60 and it declined to 24.57 at the end of the study.
Emotional status had a baseline score of 1.48 and it
dropped to 1.16 by study completion. Lifestyle had
a mean score of 1.45 when the study was initiated
and it was reduced to 1.25 by study completion. All
of the reported changes for these variables were stat-
istically significant (Table II). The mean of per-
ceived risk and perceived severity showed a
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Table III. Means and their change trend across time of dependence variables

Group Confirmed new Perceived risk (SD)  Perceived severity  Self-efficacy (SD)  Isolation status (SD)
patients (number) (SD)

Time 1 3887 3.36 (1.68) 3.52(1.24) 4.01 (0.97) 3.98 (2.52)
Time 2 2015 2.27 (1.05) 3.27 (1.25) 4.01 (0.82) 3.46 (2.47)
Time 3 394 2.18 (0.95) 3.31(1.25) 3.99 (0.84) 3.09 (2.33)
Time 4 433 2.16 (0.93) 3.28 (1.18) 4.07 (0.76) 2.48 (2.06)
Time 5 139 2.11(0.82) 3.22(1.27) 4.05 (0.81) 1.98 (1.61)
Trend test (Z, P) —908.800 —6.23" -1.73" 0.37 4.68""

(19.115)>™

“Trend test using repeated measures analysis of variance by GIM program (f, P).

*p<0.05; **p<0.01.

Table IV. Factors associated with for mental stress, emotion status and lifestyle

Emotion (f3, SE) Lifestyle (5, SE) (q17life)

Group Mental stress (f8, SE)
Confirmed new patients 0.0076 (0.0024)™"
Perceived risk 2.3409 (0.0018)"
Perceived severity 0.9724 (0.2513)"

—2.1833 (0.3080)""
0.07131 (0.14304)

Self-efficacy
Isolation status

(ql6emotion)
0.0093 (0.003)"" 0.0062 (0.002)"
0.15332 (0.02332)" 0.04330 (0.02018)"

1.9026 (0.3198)"
—0.1100 (0.03235)"
0.02428 (0.01134)"

0.8199 (0.2513)""
—0.1909 (0.02826)""
0.02651 (0.01021)"

#p<0.05; #4p<0.01.

statistically significant downwards trend across the
total observation period with a Z value in the former
of —6.23 and —1.73 in the latter (statistically signifi-
cant at 0.01 and 0.05 level). Simultaneously, there
was a statistically significant downwards trend in
isolation status [Z value 4.68, statistically significant
at 0.01 level (Table II)].

Table IV indicates that the number of reported
new confirmed patients in China, perceived high risk
and perceived severity for contracting COVID-19
were positively associated with mental stress, emo-
tion status and lifestyle during COVID-19 epidemic,
with a § of 0.008 (P<0.01), 0.009 (P<0.01) and
0.006 (P<0.05), respectively. Perceived high risk
was associated with mental stress, emotion status and
lifestyle [=2.341 (P<0.01), 0.153 (P<0.01) and
0.043 (P<0.05), respectively]. The  was 0.972
(P<0.01), 0.820 (P<0.01) and 1.903 (P<0.01) for
perceived severity. Self-efficacy was negatively asso-
ciated with mental and behavioral responses
[f=—2.183 (P<0.01), —0.191 (P<0.01) and —0.110
(P<0.01)]. The more time people were confined to

their homes, the worse was their emotional and life-
style status [/=0.027 (P<0.05) and 0.024 (P<0.05)].
Significant positive correlations were found be-
tween the number of reported new confirmed
patients in China and mental stress, emotion status
and lifestyle level over five observation points.
Pearson correlation coefficients () were 0.99
(P<0.0001), 099 (P<0.0001) and 0.78 (P<
0.0001), respectively. Fig. 1 shows that mental
stress, emotional status and lifestyle level changed
with the number of reported new confirmed
patients in China over the five observation points.

Discussion

Addressing a gap in the literature, this Chinese study
found temporal trends in mental and behavioral
responses during the COVID-19 epidemic. Mental
stress declined over the observation period, a trend
consistent with the decline in the actual risk of infec-
tion. New confirmed patients with COVID-19 in
China across the 5 observation points were 3887,
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Fig. 1. Relevant scatter plot between the number of reported new confirmed patients in China and perceived stress, emotion and

lifestyle.

2015, 394, 433 and 139, respectively [21]. The base-
line observed in this study is the peak of the disease
epidemic, and 72.5% of the respondents reported
high levels of stress. This indicates that COVID-19
produced a great psychological challenge to people’s
mental health. Even at the last point of observation,
when the outbreak numbers had dropped to a low
point, 58.8% of respondents still were reporting high
levels of stress. This percentage is higher than that
reported prior to COVID-19 (44.5%, 95% CIL:
46.1%, 42.9%) [22]. Emotional status and lifestyle
problems also demonstrated similar declining trends
with mental stress over the observation period.
Moreover, there are dose—response relationships be-
tween the number of reported new confirmed
patients in China and mental stress, emotion and life-
style. Viewed as a stimulus, this disease overwhelms
people and elicits strong mental and behavioral
responses. COVID-19, as a global pandemic,
presents a great threat to people’s normal life and
health. It generates negative mental and behavioral
outcomes [9, 10, 32].

The risk of disease and the severity of outcomes
are crucial predictors of individual behaviors. This
study adds new evidence that perceived risk of con-
tracting COVID-19 and perception of the severity
of its consequences are associated with mental
stress, poor emotional status and poor lifestyle.
These findings are generally compatible with those
from some other studies [3, 6, 12]. This

phenomenon may be explained by SCR theory.
COVID-19 infection is a strong stress stimuli, which
induces high levels of perceived risk and perceived
severity, which in turn elicits negative mental and
behavioral responses in people. Excessive strong
mental and behavioral responses are harmful to
health and well-being.

This study found perceived self-efficacy was posi-
tively associated with each of the measured mental
and behavioral responses. This finding is consistent
with results from previous studies [15—17]. This phe-
nomenon can also be explained by the Theory of
Planned Behavior. It can be seen that self-efficacy
mobilizes people’s inner power, and is responsible for
preventing the mental and behavioral damage caused
by fears of COVID-19. This study found that the more
time people remained at home, the more intense the
resulting mental, emotional and lifestyle problems.
This is probably because people quarantined at home
or at another location may have experienced boredom,
fear, anger and loneliness, which in turn elicited nega-
tive mental and behavioral responses [5, 18]. This
indicates that appropriate isolation measures should
only be employed for COVID-19 and any future epi-
demics when absolutely necessary.

There are limitations to this study. First, sample
size was small. Nevertheless, the sample was com-
prised of individuals from 24 provinces covering di-
verse regions of China and a wide array of
demographic characteristics. Second, sample
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attrition may introduce a ‘cluster’ bias since many
longitudinal studies over-represent some character-
istics, such as high educational attainment. A more
sophisticated design and representative sample
would be necessary to resolve this problem. Third,
we measured the total level of ‘emotional status’
and ‘lifestyle’ change before and after the COVID-
19 epidemic. It should be noted that emotional status
and lifestyle could actually improve during the
COVID-19 epidemic. COVID restrictions could po-
tentially improve family relationships and stabilize
a chaotic lifestyle. Time spent at home might be
more restful and peaceful than one’s regular work
schedule. The measures used for emotional status
and lifestyle change in this article only allowed par-
ticipants to respond that these factors were the same
as before COVID or were worse since COVID.
There was no opportunity for respondents to indi-
cate that their emotional status or lifestyle behaviors
had actually improved. Therefore, the ratings for
these questions have the potential to produce biased
responses as they are one sided (i.e. only allowing
people to report feeling the same or worse).

This study provides new information on temporal
trends of mental and behavioral responses and other
related factors during the epidemic. As the pandem-
ic continues with predictions of potential spikes and
second waves around the globe, it is likely that more
restrictive measures as those implemented during
the first spike will be again needed. Findings from
this study could guide future COVID responses in
both less and more developed countries. The find-
ings highlight implications for understanding
change and trends in mental and behavioral
responses during the COVID-19 global pandemic.
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