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Abstract

Few studies have examined the psychological impact on adolescents of family confinement and infection exposure during
the COVID-19 pandemic. However, these surveys lacked follow-up data to determine how the family confinement affects
participants’ depression and anxiety. The purpose of this study was to evaluate the psychological status and related risk
and protective factors of adolescents after two months of family confinement for preventing COVID-19 in China, and com-
pare them with baseline data. We surveyed teenagers in January 2020 before the COVID-19 outbreak (T1) and after home
confinement (T2). We used the Patient Health Questionnaire (PHQ), the Generalized Anxiety Disorder (GAD) Scale and
the Childhood Trauma Questionnaire (CTQ). 13,637 valid questionnaires were collected at T1, of which 22.34% reported
depressive symptoms (PHQ-9 > 10) and 14.42% reported anxiety symptoms (GAD-7 > 10). At T2, the rates decreased to
14.86 and 7.44%, respectively (all P<0.0001). Of the adolescents, 223 reported potential risk of exposure to COVID-19.
We then compared them to the 9639 non-risk adolescents using a propensity score matching analysis. The adolescents with
potential exposure risk had higher rates of depression (26.91 vs 15.32%, P=0.0035) and anxiety (14.80 vs 7.21%, P=0.01)
than risk-free adolescents. Among adolescents with an exposure risk, psychological resilience was protective in preventing
depression and anxiety symptoms, while emotional abuse, a poor parent—child relationship were risk factors. Long-term
home confinement had minimal psychological impact on adolescents, but COVID-19 infection rates accounted for 50% of
the variance in depression and anxiety among adolescents even with low community rates.
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schools and keeping social-distance have been regarded as
the only effective strategy to stop the spread of the pan-
demic[1, 2], especially covert infections[3]. The World
Health Organization (WHO) reports that since governments
closed schools and substituted teaching at home online, more
than 1.5 billion children and 90% of global students have
remained at home and been relatively isolated from peers,
raising concerns about home confinement[4, 5]. In China,
there are few online surveys showing that COVID-19 may
affect the adolescents’ psychological status [5-9]. Moreover,
these surveys lack baseline data to determine whether the
pandemic has exacerbated the participants’ depression and
anxiety. Therefore, a longitudinal study on the psychologi-
cal profile of adolescents before and after the COVID-19
outbreak is warranted.
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On the other hand, poor parent—child relationships and
abuse have been shown to directly increase the occurrence of
depression and anxiety among adolescents [10, 11]. Mean-
while, psychological resilience to cope with difficulties can
moderate depression and anxiety caused by an adverse envi-
ronment [12]. However, these important factors were not
taken into account in previous studies on the mental status
of adolescents in home confinement. Therefore, our study of
adolescents in confinement at home was designed to assess
the parent—child relationships, adverse experiences, and
resilience for coping with depression or anxiety.

In this longitudinal study, we have baseline information
because just before the outbreak of COVID-19 we conducted
a Nationwide Investigation on Psychological Health in Early
Adolescents of China (NIPHEAC) and completed the first
round (T1) in January 2020 in five cities’ middle schools.
After two months of the home confinement, in March 2020,
we conducted the second-round survey (T2) on the partici-
pants from the T1 survey. T2 survey was done after COVID-
19 infections had spread minimally in these five cities. Our
purpose for this paper was to assess the impact of both home
confinement and its interaction with early stage COVID-
19 infection on these adolescents’ psychological status and
compare it to their pre-pandemic status. We expected to
better understand changes in these adolescents’ anxiety and
depression during long-term home confinement, and to for-
mulate better quarantine policies for the future.

Methods
Longitudinal study setting and participants

NIPHEALC is a school-based, two-round survey on anxiety,
depression, childhood abuse and correlative factors among
students of middle school [grade 7 (age 13), 8 (age 14) and
9 (age 15)]. This study began in November 2019 and was
designed for two rounds of surveys, with 3 months between
each survey. The first round was a pen-paper survey, while
the second rounds were online surveys. All the procedures
of survey were shown in Flowchart (Supplementary file).
At the baseline, the middle school samples were selected
through a two-stage cluster sampling method. In the first
stage, 5 cities or counties were randomly selected from the
stratified regional framework of China. In the second stage,
a whole middle school was randomly selected from the list
of middle schools provided by the local education bureau
of the selected city or county. We adopted the whole sam-
pling method, and conducted a survey of all students in the
school according to our protocol. We selected five repre-
sentative middle schools in the general population across
China. These five representative middle schools were located
in the cities of QingDao, ZaoZhuang, GongYi, Yulin and
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DongGang across the provinces of Shandong, Henan, Shanxi
and Liaoning, respectively. We surveyed all the students in
these schools at the round one.

Our data collection protocol followed the American
Association for Public Opinion Research (AAPOR) report-
ing guidelines, and was approved by the Ethics in Human
Research Committee of the Third Affiliated Hospital of
Beijing University of Chinese Medicine (No. BZYSY-
2019KYKTPJ-21). On the day before the investigation,
the head teacher informed each student in the class of the
details of the survey and asked the students to tell their par-
ents or guardians. The head teachers collected signed forms
from the adolescents and their parents or guardians before
handing out the questionnaire. All students participated in
this study voluntarily and students had a choice to decline
participation. In addition, all adolescents were anonymous
because no privacy-related information, such as name, ID,
cell phone, and home phone number, was recorded in the
questionnaire.

Patient and Public Involvement statement: patients and
the public were not or will not be involved in the design, or
conduct, or reporting, or dissemination plans of the research.

Longitudinal survey administration practices
First round of survey

We conducted the first survey (T1) from November 22, 2019
to January 4, 2020. Eight experienced staff administered this
survey to all students in 5 middle schools. The staff distrib-
uted uniform-printed questionnaires to each classroom, read
the instructions aloud in Mandarin, answered the students’
questions, observed the students during the survey and col-
lected the completed surveys.

The criteria of invalid questionnaires are pre-defined as
follows: (1) Less than 90% of the paper questionnaire was
completed. (2) Unreasonable or illogical data was found in
the questionnaire. (3) Important data such as gender or age
were not completed. (4) Staff confirmed that the student
hadn’t filled in the questionnaire seriously.

Second round of survey

We conducted the second survey round from March 21 to
March 31, 2020, using exactly the same questions from the
first round questionnaire and converting them into online
digital questionnaires by the professional version of Wen-
juanxing. Wenjuanxing (www.wjx.cn) is an online crowd
source platform in mainland China, which is equivalent to
Amazon Machinery Turkey [13].

In order to ensure the effectiveness of the online sur-
vey, we conducted online training for the head teachers in
advance. After online class, all teachers released the link
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of questionnaire to students according to the protocol, and
supervised the students to fill out and submit the question-
naire. During the online survey, the head teacher obtained a
list of students who had not participated in the online survey.
If the response rate of a grade was less than 80%, then 5%
of no-responders were randomly selected and contacted by
the head teacher by phone to make sure that they completed
the online survey. The data of 5% of non-respondents were
used to investigate the bias of non-respondents and adjust
the effect of non-response.

The criteria of invalid questionnaires are pre-defined as
follows: (1) We added two questions to test the validity of
the answers, namely, “I answered all questions honestly.”
“All of my answers were based on my real experiences
and thoughts.” We provided a “yes” and “no” option and
arranged them in a different order in the two questions. If
either of these two questions was answered as “no”, then
the questionnaire was considered invalid. (2) Participants
spent less than 3 min (result from internal test) to complete
the survey. (3) Different data was repeatedly submitted from
the same IP address. (4) Unreasonable and illogical data
were found.

We retrieved 14,241 questionnaires in the first survey
round (T1) and 10,768 in the second round (T2). Exclud-
ing invalid questionnaires left 96% (13,637) from T1 and
95% (10,216) from T2 as valid questionnaires. The valid fol-
low-up rate was 75% (10,216/13,637) and varied by region
(P <0.001). To examine whether the 25% T2 non-responders
differed from the T2 responders, we randomly selected and
had 202 T2 non-respondents complete the questionnaire. We
found no substantial differences between these two groups
(Supplemental Table 1).

Main outcome measures

We used Chinese versions of validated measurement tools,
and all interpretations of the scores and cutoff values were
based on previous studies [14-21]. We measured depres-
sion symptoms using the 9-item Patient Health Question-
naire (PHQ-9; range 0-27), and anxiety symptoms using the
7-item Generalized Anxiety Disorder (GAD-7) Scale (range,
0-21). The total scores were interpreted as: PHQ-9, normal
(0-4), mild (5-9), moderate (10-14), and severe (15-27)
depression [22, 23]; GAD-7, normal (0-4), mild (5-9), mod-
erate (10-14), and severe (15-21) anxiety [24]. The cut-off
value for clinically relevant depression and anxiety symp-
toms was all set as 10 [14, 22, 25]. We considered students
who scored over the cut-off point as having symptoms.

We assessed childhood abuse using the short form of the
Childhood Trauma Questionnaire (CTQ-SF; range 25-125)
[12, 18], which is a retrospective self-reporting quantitative
measurement tool consisting of 28 items and five subscales.
The names and cutoff values of each subscale are as follows:

emotional abuse (> =13), physical abuse (>=10), sex abuse
(>=28), emotional neglect (>=15) and physical neglect
(>=10) [26, 27]. The Cronbach alpha for total question-
naire composed of these scales was 0.851 in the first round
survey and 0.773 in the second round.

We measured psychological resilience using the Connor-
Davidson Resilience Scale (CD-RISC; range 0-100) [12, 20,
21]. The CD-RISC consists of 25 items to assess stress and
coping ability. Higher scores indicate stronger resilience.
These scales showed high internal consistency (Cronbach
alpha=0.927in first round, 0.918 in second round) in these
study samples.

The background factors and demographic data were gen-
der, age, siblings, parent marital status, baseline diseases,
and parent—child relationship. Parent—child relationship were
collected by asking whether he/she got along well with his/
her parents. In T2 survey, we designed the question to survey
exposure risk to COVID-19: “Is there anyone in your living
environment who is infected with COVID-19?". We pro-
vided four available options, namely “Yes, it’s my relatives/
friends”, “Yes, it’s someone in my community”, “Definitely
not”, and “I don’t know”. If a participant chose the first
or second option, or both, the participant was considered
to have a potential risk of exposure to COVID-19. All the
data were self-reported by the participants through these
questionnaires.

Statistical analysis

We used a Shapiro—Wilk test, Q—Q plot and p—p plot to con-
firm normality for continuous variables. Age and psycho-
logical resilience score were reported as the mean + standard
deviation (SD), and non-normally distributed continuous
variables, such as depression, anxiety and childhood abuse
scores, were described using the median and interquar-
tile ranges (IQRs). We used Student’s ¢ or the nonpara-
metric Wilcoxon test to assess any statistically significant
differences.

We presented gender, status of siblings, marital status
of parents, parent—child relationship, depression, anxiety
and childhood abuse as numbers and percentages, and used
4 tests. The Pearson analysis was performed to assess the
correlation coefficient between the incidence of COVID-19
in enrolled cities and the scores of depression and anxiety.
We adjusted the effect of non-response using the Ratio and
Regression Estimation [28].

To compare the scores and severity of depressive and
anxiety symptoms in adolescents with and without potential
risk of exposure to COVID-19 and to account for selection
bias caused by non-random assignment of participants with
different demographic and abuse factors, we performed pro-
pensity score matching (PSM). A propensity score (prob-
ability of exposure to risk) was estimated using multivariate
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logistic regression, using a caliper from 0.0001 to 0.1 of the
SD, with adolescents with or without risk as the dependent
variable.

We performed all statistical analyses using SAS (Version
9.2; SAS Institute Inc., Cary, North Carolina, USA) software
with statistical significance set at P=0.05 (2-sided).

Results
The rate of valid questionnaires and follow-up

We retrieved 14,241 questionnaires in the first survey round
(T1) and 10,768 in the second round (T2). Excluding invalid
questionnaires left 96% (13,637) from T1 and 95% (10,216)
from T2 as valid questionnaires. The valid follow-up rate
was 75% (10,216/13,637) and varied by region (P <0.001).
To examine whether the 25% T2 non-responders differed
from the T2 responders, we randomly selected and had 202
T2 non-respondents complete the questionnaire (Supple-
mentary Table 1). The data were applied to adjust the effect
of non-response using the Ratio and Regression Estimation.

Psychological outcomes of adolescents in two
rounds of survey

As shown in Table 1, the adolescents had lower depres-
sion and anxiety and higher psychological resilience
scores at T2 than at T1 (Table 1). For depressive symp-
toms, the rate was 22.34%(3046/13637) in T1 decreased
to 14.86%(1518/10216) in T2, and the adjusted rate was
14.81% in the T2. For anxiety symptom, the rate was
14.42%(1961/13637) in T1 decreased to 7.44%(760/10216)
in T2, and the adjusted rate was 8.05% in the T2.

In the second round (T2), the incidence of COVID-19
in each city was associated with depressive symptoms in
the cities (Fig. 1). The T2 survey was done after COVID-
19 infections had spread minimally in these five cities, but
COVID-19 infection rates accounted for half of the variance
(*=0.53) in depression and anxiety among adolescents.

Outcomes in adolescents with and without risk
of exposure to COVID-19

Among 10,216 adolescents surveyed in T2, 223 adolescents
reported that their relatives/friends, or someone in commu-
nity were infected, 354 adolescents reported that they didn’t
know whether there was infected case in living environment.
10,216-223-354=9639. A total of 9639 adolescents reported
that there was definitely no infected case in their living envi-
ronment. Because the mean symptom scores and infection
rates were low, we focused on the 223 adolescents who
reported a risk of COVID-19 exposure. Among them, 195
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reported that someone in their community was infected with
COVID-19, 21 reported that their close relatives or friends
were infected, and 7 adolescents reported both. These three
groups did not differ (all P> 0.05) in their depression and
anxiety symptoms (Supplementary Table 2).

However, these 223 reported significantly higher rates of
depression and anxiety than adolescents without such risk
(N=9639), as shown in (Table 2). Because the two groups
differed on demographic and abuse factors, we used PSM
analysis to match and statistically adjust for regions, age,
sex, siblings, parental marital status, parent—child rela-
tionship, child abuse and psychological resilience score.
After applying the matching algorithm, 222 respondents
were retained, and adolescents at risk for exposure still had
more depression (median [IQR] PHQ-9 scores: 6 [2, 10]
vs 3 [1, 8]; P<0.0001, rate: 60 [26.91%] vs 34 [15.32%];
P=0.0035) and anxiety symptoms (median [IQR] GAD-7
scores: 3 [0,7] vs 1 [0,5]; P=0.0002, rate: 33 [14.80%] vs 16
[7.21%]; P=0.01) than those without risk (Table 2).

Association between COVID-19 exposure risk
and psychological outcomes

Univariate logistic regression analysis showed that depres-
sion (OR, 2.3; 95%CI, 1.7-3.1; P <0.0001) and anxiety
symptoms (OR, 2.4; 95%CI, 1.6-3.5; P <0.0001) were more
common in adolescents with than without exposure risk to
COVID-19. In the meantime, being girls (OR, 1.7; 95%CI,
1.4-1.8; P<0.0001; OR, 1.6; 95%ClI, 1.4-2.0; P <0.0001)
and having experience of emotional abuse (OR, 5.6; 95%ClI,
4.7-6.8; P<0.0001; OR, 5.0; 95%CI, 4.1-6.2; P<0.0001)
were also risk factors, while psychological resilience (OR,
0.45; 95%CI, 0.41-0.50; P <0.0001; OR, 0.46; 95%CI,
0.41-0.53; P<0.0001) and good parent—child relationship
(OR, 0.18; 95%CI, 0.13-0.25; P <0.0001; OR, 0.26; 95%CI,
0.18-0.37; P <0.0001) were protective factors of depression
and anxiety respectively. After controlling for age, gender,
resilience score, childhood abuse scores, marital status of
parents and parent—child relationship, we continued to show
that the adolescents with high exposure risk had greater
depression (OR, 1.8; 95%CI, 1.2-2.5; P=0.0018) and
anxiety symptoms (OR, 1.7; 95%CI, 1.1-2.7; P=0.0126)
(Table 3).

Behavioral protective and risk factors in adolescents
with COVID-19 exposure risk

Multivariable stepwise forward logistic regression analy-
sis showed that in the 223 adolescents with exposure risk,
greater psychological resilience was protective in prevent-
ing depression (OR, 0.35; 95% CI, 0.21-0.61; P=0.0002)
and anxiety symptoms (OR, 0.32; 95% CI, 0.16-0.65;
P=0.0013). Adolescents reporting emotional abuse were
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Table 1 Demographic and psychological characteristics of first and second round responders

First round(N=13,637)

Second round(N=10,216)

Pvalue Effect size dggpe, (95%CI)

Demographic characteristics
Age, mean=+SD
Gender, categories no. (%)
Boys
Girls
Regions, categories no. (%)
YuLin city
ZaoZhuang city
DanDong city
QingDao city
GongYi city
Only child, categories no. (Yes/No)
Marital status of parents, categories no. (%)
Married
Divorced
Remarried
Single
Parent—child relationship, categories no. (%)
Poor
Moderate
Good
Live with parents, categories no. (%)
No
Yes

Psychological characteristics

PHQ-9, depression symptoms score, median (IQR)

Categories no. (%)
No symptom (0-9)
With symptoms (10-27)
Categories no. (%)
Normal (0-4)
Mild (5-9)
Moderate (10-14)
Severe (15-27)

GAD-7, anxiety symptoms score, median (IQR)

Categories no. (%)

No symptom (0-9)

With symptoms (10-21)
Categories no. (%)

Normal (0—4)

Mild (5-9)

Moderate (10-14)

Severe (15-21)
Resilience score, mean+ SD
Emotional abuse score, median (IQR)
Categories no. (%)

No experience (< 13)

With experience (>=13)
Physical abuse score, median (IQR)
Categories no. (%)

13.77+1.02

6993(51.28)
5221(48.72)

1924(14.11)
3380(24.79)
1001(7.34)

3524(25.84)
3808(27.92)
3291/10294

12,323(90.73)
631(4.65)
394(2.9)
234(1.72)

345(2.54)
3145(23.19)
10,074(74.27)

675(7.96)
12,932(92.04)

5(2,9)

10,591(77.66)
3046 (22.34)

6612(48.49)
3979(29.18)
1685(12.36)
1361(9.98)
3(1,7)

11,670 (85.58)
1967 (14.42)

8382(61.47)
3288(24.11)
1217(8.92)
750(5.5)
2.27+0.73
6(5.9)

12,526(91.85)
1111(8.15)
5(5.6)

14.33+1.12

5221(51.11)
4995(48.89)

1892(18.52)
2363(23.13)
580(5.68)
2694(26.37)
2687(26.3)
2532/7684

9291(90.95)
461(4.51)
262(2.56)
202(1.98)

266(2.6)
2485(24.32)
7465(73.07)

411(4.02)
9805(95.98)

3(0,7)

8698 (85.14)
1518 (14.86)

6304(61.71)
2394(23.43)
878(8.59)
640(6.26)
1(0,4)

9456 (92.56)
760 (7.44)

7792(76.27)
1664(16.29)
438(4.29)
322(3.15)
3.43+0.74
7(5.9)

9362(91.64)
854(8.36)
5(5.5)

<.0001 0.53(0.50, 0.55)
0.7908

<.0001

0.3205
0.1945

0.1105

0.0006

<.0001 0.30(0.27,0.33)
<.0001

<.0001

<.0001 0.39(0.36, 0.42)

<.0001

<.0001

<.0001 1.58(1.55,1.61)

<.0001 0.12(0.09, 0.14)
0.5548

<.0001 0.15(0.12, 0.18)
<.0001
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Table 1 (continued)

First round(N=13,637)

Second round(N=10,216) P value Effect size d¢ e, (95%CI)

No experience (< 10) 12,852(94.24) 9803(95.96)
With experience (>=10) 785(5.76) 413(4.04)
Sex abuse score, median (IQR) 5(5.,5) 5(5,5) <.0001 0.11(0.08,0.13)
Categories no. (%) <.0001
No experience (< 8) 13,209(96.86) 10,008(97.96)
With experience (>=8) 428(3.14) 208(2.04)
Emotional neglect score, median (IQR) 10(7,14) 9(6,13) <.0001 0.12(0.09, 0.14)
Categories no. (%) <.0001
No experience (< 15) 10,613(77.83) 8356(81.79)
With experience (>=15) 3024(22.17) 1860(18.21)
Physical neglect score, median (IQR) 8(6,10) 6(5,9) <.0001 0.29(0.27,0.32)
Categories no. (%) <.0001
No experience (< 10) 9899(72.59) 8236(80.62)
With experience (>=10) 3738(27.41) 1980(19.38)
PHQ-9 9-item patient health questionnaire, GAD-7 7-item generalized anxiety disorder
Fig. 1 Correlation Between €1 mm—Local Incidence of COVID-19 i
the Mean Depresswn or ==o==Mean Depression Symptoms Score =0.70 5.07
Anxiety Symptoms Scores and % Mean Anxiety Symptoms Score 498 r=0 L6
the COVID-19 Incidence in ) 14
Enrolled Cities. Shown are the o 4.09 b4
mean scores of depression and S 4 1.2 é
anxiety symptoms, the local 2 g
incidence of COVID-19 (per g - =
100,000 population) and their = 2.48 | 05 =
correlation in five cities i =]
)
Z 2 L 0.6 %
S o
= L 0.4
1 E
L 02
o 0.08 |

YuLin

more likely to develop depression (OR, 1.3; 95%CI, 1.2-1.4,
P <0.0001) and anxiety symptoms (OR, 1.2; 95% CI,
1.1-1.4; P=0.0001). Other risk and protective factor rel-
evant to anxiety alone was a good parent—child relationship
(OR, 0.12; 95% CI, 0.02-0.68; P=0.0168) (Table 4).

Discussion

Our study had four major findings. (1) The incidence and
severity of anxiety and depression in 10,216 adolescents
were lower after the outbreak of the pandemic than that
before confinement. (2) The potential risk of exposure to
COVID-19 even with low community rates of infection was
a strong independent risk factor for anxiety and depression
during confinement. (3) The adolescents with risk of expo-
sure to COVID-19 not only had significantly higher rates and
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DanDong

ZaoZhuang
City

QingDao GongYi

severity of anxiety and depression based on infection risk,
but had additive risks from emotional abuse. (4) Psychologi-
cal resilience or coping strategies and a good parent—child
relationship were protective in preventing depression and
anxiety, when faced with COVID-19 infection risk.

The mental status impact of confinement
on adolescents

Overall, the study found no increase in anxiety and depres-
sive symptoms after two months of home confinement, the
rates were considerably higher at T1 than at T2. Although
several other studies have reported relatively high rates of
anxiety and depressive symptoms among adolescents during
the COVID-19 outbreak [6-9], however, according to the
review of Racine et al. these surveys lack baseline data [29]
to determine whether participants’ depression and anxiety
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Table 2 Comparison between

- ” Adolescents with  Adolescents P value Matched adoles- P value
adoles.cent.s with and without potential risk without risk cents without risk
potential risk of exposure to N=223 N=9639 N=222
COVID-19
Psychological characteristics
PHQ-9, depression symp- 6 (2,10) 3(0,7) <.0001  3(1,8) <.0001
toms score, median (IQR)
Categories no. (%) 0.0035
No symptom (0-9) 163 (73.09) 8305 (86.16)  <.0001 188 (84.68)
With symptoms (10-27) 60 (26.91) 1334 (13.84) 34 (15.32)
Categories no. (%) <.0001 <.0001
Normal (0-4) 88 (39.46) 6103 (63.32) 137 (61.71)
Mild (5-9) 75 (33.63) 2202 (22.84) 51 (22.97)
Moderate (10-14) 30 (13.45) 781 (8.1) 19 (8.56)
Severe (15-27) 30 (13.45) 553 (5.74) 15 (6.76)
GAD-7, anxiety symptoms 3 (0,7) 1(0,4) <.0001  1(0,5) 0.0002

score, median (IQR)
Categories no. (%)

No symptom (0-9) 190 (85.20) 8982 (93.18) <.0001 206 (92.79) 0.0100
With symptoms (10-21) 33 (14.80) 657 (6.82) 16 (7.21)

Categories no. (%) <.0001 0.0339
Normal (0-4) 131 (58.74) 7480 (77.6) 156 (70.27)
Mild (5-9) 59 (26.46) 1502 (15.58) 50 (22.52)
Moderate (10-14) 18 (8.07) 383 (3.97) 9 (4.05)
Severe (15-21) 15 (6.73) 274 (2.84) 7(3.15)

Table 3 Impacts of potential risk of exposure to COVID-19 on depression and anxiety symptoms identified by multivariable logistic regression
analysis

Model 1 Model 2 Model 3 Model 4
OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value
Depression symptoms
Adolescents with- 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA
out potential
risk

Adolescents with  2.292 (1.695,3.098) <.0001 1.916(1.390,2.641) <.0001 1.874 (1.323,2.656) 0.0004 1.766 (1.235,2.526) 0.0018

potential risk
Anxiety symptoms

Adolescents with- 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA
out potential
risk

Adolescents with  2.376 (1.628,3.467) <.0001 1.966 (1.325,2.916) 0.0008 1.832(1.194,2.809) 0.0055 1.737 (1.126,2.681) 0.0126
potential risk

NA not applicable

Model 1: Univariate logistic regression;

Model 2: Model 1 and further adjusted for Resilience Score;

Model 3: Model 2 and further adjusted for Childhood abuse;

Model 4: Model 3 and further adjusted for Marital Status of Parents, Parent—child relationship, Age and Gender

are a pre-pandemic continuation of the or are caused only  the outbreak [6], while in our study, the rate was 14.86% at
by the pandemic. In addition, the results of these studies are ~ T2. Only one survey of American adolescents had baseline
similar to our results at T2. For example, Chen et al. reported ~ data and found that the scores of depression and anxiety
that 13.35% of adolescents had depressive symptoms during scale increased slightly after the outbreak of COVID-19,
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Table 4 Associated factors
of depression and anxiety

Depression symptoms

Anxiety symptoms

symptoms in 223 adolescents OR (95%CI) P value OR (95%CI) P value
with potential risk of exposure
to COVID-19 Resilience score 0.354 (0.206,0.608) 0.0002 0.324 (0.162,0.644) 0.0013
Emotional abuse score 1.287 (1.166,1.420) <.0001 1.224 (1.104,1.357) 0.0001
Parent—child relationship
Poor NA NA 1 [Reference] NA
Moderate NA NA 0.121 (0.021,0.684) 0.0168
Good NA NA 0.133 (0.025,0.724) 0.0796

NA not applicable

compared with those before the outbreak. However, in this
study, the depression and anxiety scores of adolescents
before and after the pandemic were low, which had no clini-
cal significance. For example, the average values of GAD-7
before and after the outbreak were 1.64 and 1.85, respec-
tively [30].

Our study suggests that many Chinese children are bet-
ter off in quarantine than at school. Although this finding
is counterintuitive and at odds with most other studies, it
generally seems premature to recommend school closures
as soon as possible. We think that this may be due to the
objective school or education environment in China. As we
all know, the main purposes of education in Chinese schools
are to obtain higher scores in the National College Entrance
Examination through repeated exercises and examinations
[31]. The examination-centered pedagogy has been proved
to be the main stressor and cause of anxiety and inadequate
psychological development of Chinese students [32]. In
schools, there are many tests and examinations, as well as
strict rules and regulations, while during home confine-
ment, children simply stay at home without extracurricular
activities, school tests and examination, and without a strict
school environment, which may help reduce anxiety and
depression[31].

According to Brooks et al. [33], the main stressors during
quarantine were long duration of quarantine, fear of infec-
tion[34], withdraw from one’s social network (no phone or
internet), insufficient supplies of food or other necessities,
reduced income[35], and stigma[36]. Brooks suggested that
increased communication with family and friends could
reduce the negative impact of quarantine. Therefore, there
are several other reasons that may explain why we found no
negative psychological impact in our adolescents after home
confinement during this early phase of COVID-19 infection.

First, among the 10,216 adolescents, only 223 had
COVID-19 cases in their living circumstance, therefore,
most adolescents had no fear of infection. Second, in our
study, 95.98% of the adolescents were at home confinement
with their parents, and communicated with them or other
family members daily, to mitigate any stress caused by con-
finement. Third, when adolescents attended class online,
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they could interact with teachers and friends, without feel-
ing isolated from their social networks. Fourth, adolescents
have no financial or daily responsibilities for essential sup-
plies, unlike their parents or other adults. Fifth, since all the
schools were shut down and all the student were at home, no
stigma would be acquired. Sixth, the relatively low incidence
of COVID-19 in our surveyed regions, ranging from 0.8 to
1.3 per 100,000 populations [37], might have produced low
levels of anxiety and depression. However, the simple five-
point correlation between the mean symptom levels with
the five local rates of COVID-19 infection showed a sig-
nificant positive association of more symptoms with higher
incidence of infection, which accounted for half of the vari-
ance in these measures (Fig. 1). This association was more
pronounced when adolescents with a high risk of infection
were compared to those with a low risk of infection.

The psychological impact of exposure risk
of COVID-19

Consistent with the quarantine literature[7, 34, 36, 38], we
found that the 223 adolescents with a high risk of COVID-
19 exposure had a significantly higher rate of depression
(26.91%) and anxiety (14.8%) symptoms than those with-
out this risk (15.32 and 7.21% respectively). Furthermore,
the exposure risk outweighed other risk factors such as few
abuse experiences, meanwhile the exposure risk also out-
weighed the protective factors of the family structure, a good
parent—child relationship and high psychological resilience,
in reducing these adolescents’ anxiety and depression symp-
toms. Previous studies identified the fear of infection as a
primary stressor during quarantine [39, 40], and another
study also showed that acquaintance with or exposure to
a confirmed case of SARS was correlated with depressive
symptoms [38]. A third study from the USA reported that
30% of children, who were quarantined after contacting
confirmed cases of SARS or HIN1, met criteria for Post-
traumatic Stress Disorder (PTSD) [41]. Therefore, previous
studies have shown that adolescents who are at high risk of
exposure to severe infections have a higher rate of depres-
sion and anxiety symptoms. Although in this study, during
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the COVID-19 epidemic, depression and anxiety scores were
not substantially higher than the T1 scores, the incidence of
depression and anxiety was significantly higher among the
223 high-risk adolescents exposed to COVID-19 than that
of the control group.

The risk factors of depression and anxiety
in adolescents with exposure risk

Previous emotional abuse is also a risk factor of anxiety and
depression in the 223 adolescents with exposure risk for
COVID-19. These associations are consistent with a broader
literature of Chinese adolescents, which shows that for every
1 point increase of emotional abuse scores, the risk of mul-
tiple suicidal attempts increased by 12 and 23%, respec-
tively [26]. Furthermore, strong associations are observed
between childhood emotional abuse and the diagnoses of
major depression and anxiety disorders [42—44], and having
poor family relationships leads to anxiety and depression in
adolescents [45].

In contrast, psychological resilience or an ability to show
positive defenses [46] and effective adaptations [47] to
adversity, moderates the effects of adverse circumstances
[48] and childhood abuse among Chinese [12] and Turk-
ish [49] adolescents. Psychological resilience is dynamic
and can increase after natural disasters, often called post-
traumatic growth (PTG) [50]. With PTG, adolescents take
more responsibility and develop prosocial behaviors after
adverse experiences. Overall, consistent with the PTG litera-
ture, most of our adolescent’s resilience scores significantly
increased after two months of home confinement, in spite of
no significant changes in emotional or physical abuse during
these two months. Family support and family structure also
play important roles during PTG. The good parent—child
relationship is regarded as primary preventive measure of
children’s psychological disorders, Numerous studies show
that learning effective parenting skills and improving family
relationships can promote adolescent mental health.

In summary, our results suggest that adolescents at risk
of exposure to COVID-19 should be regularly monitored by
parents and education workers, especially those adolescents
with poor parent—child relationships, and emotional abuse.
Moreover, parents need to communicate with adolescents
and seek professional mental health intervention when faced
with a high risk of COVID-19 infection [5]. Some factors
would be interesting to assess in future studies (extended
home confinement, brutal grief, intrafamilial violence, over-
use of the Internet and social media) [51]. The assessment of
addictive behaviors may also be pertinent in future studies
[52].

Our study had both limitations and strengths. We had
three main limitations. First, paper and pencil question-
naires were used to collect baseline data at the T1 survey,

while we conducted the T2 survey online, which may
cause instrumental bias. Second, a quarter of the partici-
pants from the T1 survey did not respond to the T2 survey,
although no obvious non-respondent bias were found based
on the analysis in 202 no-respondents at T2, we have used
Ratio and Regression Estimation [28] to adjust the non-
responder effect. Third, all our data were adolescents’ self-
reports. These self-reports from the adolescents might have
limited the accuracy of their own parent—child relationship
assessments and of their risk for exposure to COVID-19. In
addition, the parent—child relationship was only collected by
verbally asking him/her if he/she got along well with his/her
parents, and we did not use psychological tools to collect this
information. However, we also had several strengths. First,
we obtained pre-pandemic baseline psychological data on a
relatively large sample of adolescents for investigating the
changes in them after confinement. Second, we collected
factors related to depression and anxiety, such as abuse, psy-
chological resilience, and parent—child relationships. Third,
we found 223 cases of adolescents with potential exposure
to COVID-19, and performed PSM analyses to confirm the
adverse psychological effects of potential COVID-19 expo-
sure on these adolescents.

In these five cities with a low incidence of COVID-19,
we found no adverse psychological impact on adolescents
after home confinement for 2 months unless the adolescent
had a perceived direct risk of COVID-19 exposure. Thus, it
is suggested that school closure should be implemented as
soon as possible before an epidemic with a high contagion
risk spread. This action will also minimize the psychological
impact of adolescents becoming exposed to the trauma of a
risk for infection, which appears to induce both depression
and anxiety symptoms. Moreover, adolescents at potential
risk of exposure to COVID-19, or living in an area with high
rates of infection might be at serious risk of psychologi-
cal harm, and interventions should be considered quickly,
especially for adolescents with a poor parent—child relation-
ship, and emotional abuse. However, our finding should be
interpreted with caution, as adolescents may report fewer
symptoms of psychological distress during the initial few
months into the pandemic. The current data suggest that
prolonged home confinement is associated with academic
struggles and significantly increased depressive and anxiety
symptoms reporting by adolescents.
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