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Background: Adolescents are vulnerable to behavioral and mental health problems,

which might be further exacerbated during the COVID-19 pandemic. This study explored

how participants with different profiles of stressful life events, coping resources (i.e.,

self-esteem and perceived social support) and coping strategies (i.e., maladaptive

and adaptive coping) varied in the prevalence of mental, behavioral, and Internet

use problems.

Methods: Data were collected from a large and representative sample of Chinese

secondary school students in Hong Kong (n = 3,136) from September to November

2020 (48.1% males; mean age= 13.6 years old). Cluster analysis and logistic regression

models were used for analysis.

Results: The prevalence of suicidal ideation and sleep disturbance was 29.8 and 55.4%,

respectively. Behavioral problems were most frequently reported in excessive social

media use (53.5%), followed by excessive Internet gaming (43.6%), obesity (34.1%),

damaging properties (14.6%), and alcohol or substance abuse (5.1%). The results of

cluster analysis yielded three distinctive stress and coping profiles: severe profile (High

Risk/Low Protective; 17.0%), moderate profile (Moderate Risk/Moderate Protective;

35.8%), and mild profile (Low Risk/High Protective; 47.2%). Participants with severe

and moderate profiles displayed significantly higher levels of mental (range for AOR:

2.08–15.06; all p < 0.001) and behavioral health problems (range for AOR: 1.22–11.22;

all p < 0.05) compared to the mild profile cluster.

Conclusions: Adolescents’ mental and behavioral health may be shaped by a

combination of stressful life events and variations in coping resources as well as

strategies. Transdiagnostic and multimodal interventions on these factors are warranted

to reduce mental, behavioral, and Internet use problems among adolescents.
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INTRODUCTION

Adolescence is a period of stressful challenges, during which
individuals undergo extensive physical, psychological, emotional,
and personality development. The high prevalence and co-
occurrence of behavioral and mental health problems in
adolescence have emerged as a paramount public health concern.
For instance, mental disorders affect 10–20% of youth worldwide;
and suicide is the third leading cause of death in 15–19 year-
old youth (1). A national survey in the U.S. reported that
7.4% of children aged 3–17 years had a current behavioral
problem (2). More importantly, the coronavirus 2019 (COVID-
19) pandemic poses a grim challenge to youths’ normal life,
including lockdowns and schooling disruptions (3). Adolescents
are particularly vulnerable to mental distress and behavioral
difficulties in pandemics (4). A systematic review reported that
41.7, 42.3, 30.8, and 21.3% of children and adolescents suffered
from depression, irritability, inattention, and sleep disturbance
during the COVID-19 pandemic, respectively (4). Internet-
related behaviors (e.g., Internet gaming) also had increased
during the pandemic among Chinese adolescents due to social
distancing andmotivation of escapism coping (5, 6). Therefore, it
is critical to raise the awareness of monitoring various behavioral
and mental health problems among adolescents during this
unusual period.

Adolescents are commonly exposed to various risks and
stressors related to interpersonal relationships, academic stress,
violence, and health threats (7). The high levels of stressful
experiences often lead to disruptions in adolescents’ physical,
mental, and behavioral health (8, 9). However, individuals
who experience negative life stress do not necessarily develop
adverse health consequences. In light of this, researchers have
proposed the concept of coping, which represents the cognitive
and behavioral efforts of an individual to manage the internal
and external demands encountered during a specific stressful
situation (10). According to the stress-coping theory, coping
responses in face of adversity will greatly affect one’s health
outcomes. Coping strategies can be adaptive (e.g., positive
reframing and acceptance) or maladaptive (e.g., rumination
and self-blame). Generally, adaptive coping (in which the
stressor is managed cognitively or through action) is thought
to mitigate the debilitating stress effects and prevent the
development of depression and risky behaviors in face of
stressors (11, 12), whereas maladaptive coping (in which the
stressor is ignored or repressed) has a positive association with
depression, suicidal ideation, and problematic behaviors (e.g.,
Internet-related behaviors) (13–15). On the other hand, coping
resources can aid in the coping process by facilitating coping
flexibility and increasing the efficacy of adopted coping strategies
(10, 16). These resources can be stable characteristics of a
person’s disposition (e.g., self-esteem) and social environment
(e.g., social support). Social support and self-esteem may have
stress-buffering effects by preventing a situation from being
appraised as stressful or by providing a solution to a stressful
problem, which are associated with lower risks of depression and
problematic behaviors (e.g., smoking and alcohol use) among
adolescents (9, 17).

Despite these specific associations between stress, coping
and health outcomes, there is very limited research defining
the collective relationships between stressful life events, coping
resources and strategies, as well as mental and behavioral
health problems among adolescents. Given that adolescents tend
to use multiple coping resources and strategies to deal with
stress, studies examining behavioral and psychological responses
to stressors should incorporate both of these constructs and
capture the multidimensionality of stress-coping processes (9).
Cluster analysis is a promising method for identifying and
describing subgroups of individuals alongmultiple dimensions of
interest (e.g., stressors, coping resources, and coping strategies).
Such an approach may assist health professionals to identify
distinct stress-coping profiles to which individuals might belong
and, subsequently, shape intervention designs to the unique
dispositions and risks of the targeted group.

In the present study, we aimed (1) to investigate the
prevalence of behavioral (e.g., smoking, substance abuse,
damaging properties, and Internet gaming) and mental health
problems (e.g., suicidal ideation and sleep disturbance) in a
large-scale and representative population of adolescents during
the COVID-19 pandemic; (2) to identify profiles of adolescents
based on their exposures to stressful life events, coping resources
(i.e., self-esteem and perceived support) and individual coping
strategies; and (3) to investigate whether the subgroups of
adolescents created by the cluster analysis differed in levels of
behavioral and mental health problems.

METHODS

Study Design and Participants
A school-based survey was conducted among secondary school
students in Hong Kong from September to November 2020 when
the spread of the virus in local clusters had been controlled
and the schools were re-opened after a long time of face-to-
face classes suspension since January 2020. A stratified random
sampling of schools was implemented with one secondary school
randomly selected and invited for each of the 18 districts
in Hong Kong. As a result, 13 of the 18 schools accepted
the invitation to participate in this study. All secondary 1–
4 (7th−10th year of formal education) students who lived in
Hong Kong and attended face-to-face classes at the investigation
time of the schools were invited. Shenzhen-Hong Kong cross-
boundary students who lived in Shenzhen, mainland China, and
attended online courses were not invited. Secondary 5 and 6
students were not invited due to schools’ concerns about their
academic stress and exam pressure. In total, 4,323 students
from the 13 schools were invited, and 3,147 (72.8%) returned
their questionnaires.

Procedures
Students and parents were invited and informed about the survey
and its purpose with school teachers’ assistance. Participants were
explained that the participation was voluntary and anonymous,
and rejection would not affect any right or service they would
receive from the school. They were also guaranteed that only
the research team can access their data. Two research assistants
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with a training background in psychology and at least 6 months
of interviewing experience implemented the survey in classroom
settings in the absence of teachers. The survey questionnaire
had about 100 items which took about 15min to complete.
No incentive was given to the participants. Ethics approval was
obtained from the corresponding author’s affiliation (Ref No.
SBRE-18-433). The written informed consent was obtained from
both parents and children.

Measures
Problematic Behaviors
Self-reported engagement in problematic behaviors was
measured using the Problem Behavior Scale, which has
been commonly used among adolescents (18, 19). The
frequency of behavioral health problems, including alcohol
or substance addiction, tobacco use, damaging properties,
running away from home, and skipping school/absenteeism,
during the past 6 months were asked. As sedentary lifestyle
and obesity are significant challenges during the COVID-19
pandemic for children and adolescents (20), we assessed obesity
problem using the item from the Pediatric Behavior Scale
to examine whether the adolescents had been overweight or
gained too much weight in the past 6 months (21). Response
categories were dichotomized into having problematic behaviors
(sometimes/very often) or not (none).

Internet Use
Two items were used to ask participants about the average time
per week they spent on social media and Internet gaming during
the past 6 months. As recommended by the American Academy
of Pediatrics that time allotted to Internet gaming should be
within 1 h per day and the total screen time should not exceed
2 h for children and teenagers (22), participants who spent >1 h
on social media and Internet gaming per day were classified as
excessive social media and Internet gaming users, respectively.

Mental Health Problems
The presence of suicidal ideation was measured using item 9 of
the Patient Health Questionnaire, which asked “Over the past
two weeks, how often have you thought that you would be better
off dead, or of hurting yourself ” (23). Responses rated on a 4-
point Likert-type were dichotomized into 0 (not at all) and 1
(several days/more than half of the days/nearly every day). Such
measurement has been widely used in previous studies (24).
The frequency of sleep disturbance in the past 6 months was
measured using a single item, with responses categorized into 1
(sometimes/very often) and 0 (none).

Stressful Life Events
The Adolescent Self-Rating Life Events Checklist (ASLEC) was
used to measure the severity of life stress experienced during
the past year (8). It lists 26 negative life events on six social-
stress domains: interpersonal relationship (e.g., I argued with my
classmates), academic pressure (e.g., I failed in the examination),
being punished (e.g., I was criticized and punished), bereavement
(e.g., A family member/close friend died), the pressure of health
and adaptation, and others, which were chosen on the basis

of having occurred most frequently to Chinese adolescents.
Participants were first asked whether the particular event
happened to them. Then they were asked to rate the perceived
stressfulness of each experienced event (i.e., the extent to which
the event affected the respondent’s life) on a five-point Likert scale
ranging from 0 (not at all) to 4 (extremely severe). If a particular
event did not happen, the event was scored 0, as it did not affect
the respondent’s life at all. Summing scores for all events in each
subscale generates a total stress intensity score for the specific
domain. A higher score indicates a greater perception of stress.
The Cronbach’s alpha of the scale was 0.94 in the present study.

Perceived Social Support
Four items were used to assess perceived social support, including
two items about parental support and two items for peer support
(25). The items were “How much support had you received from
your parents/friends when you needed to talk with someone or
needed emotional support?” and “How much support had you
received from your family/friends when you needed instrumental
support (e.g., financial support)?” The items were rated on a 10-
point scale, ranging from 0 (none) to 10 (tremendous). Higher
scores denote higher levels of perceived social support. The
Cronbach’s alpha was 0.79 in the present study.

Self-Esteem
Self-esteem was measured using the abbreviated version of the
Rosenberg Self-esteem Scale (RSE). The original RSE is a 10-item
assessment with a four-point Likert scale format ranging from
strongly disagree to strongly agree. Previous studies have used
different abbreviated versions of RSE, which has shown reliability
and validity across age and gender groups (26). The five positive-
worded items of RSE were used in the current study. It had a
Cronbach’s alpha of 0.90.

Maladaptive and Adaptive Cognitive Coping
The short version of Cognitive Emotion Regulation
Questionnaire (CERQ-short) was used to assess the set
of cognitive emotion regulation strategies that individuals
apply in response to stressful life events (27). The original
CERQ has been well-validated in Chinese studies (28, 29),
which demonstrated acceptable psychometric properties (e.g.,
Cronbach’s alphas = 0.83–0.90 and test-retest coefficients =

0.64–0.68). The CERQ-short also showed satisfactory validity,
reliability, and measurement invariance (e.g., Cronbach’s alpha
= 0.80 and test-retest coefficients = 0.69) among adolescents
across different countries (30, 31) and had been applied in
Hong Kong Chinese people (32). The CERQ-short consists of
nine dimensions: (i) self-blame, (ii) other-blame, (iii) rumination,
(iv) catastrophizing, (v) putting into perspective, (vi) positive
refocusing, (vii) positive reappraisal, (viii) acceptance, and (ix)
planning. Theoretically, the nine strategies can be grouped into
adaptive coping strategies (putting into perspective, positive
refocusing, positive reappraisal, acceptance, and planning)
or maladaptive coping strategies (self-blame, other-blame,
rumination, and catastrophizing). Items were measured on a
5-point Likert scale ranging from 1 (never) to 5 (always). The
Cronbach’s alphas for the maladaptive coping subscale and
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adaptive coping subscale were relatively low but acceptable (0.57
and 0.59) (33).

Background Factors
Background information, including sex, age, whether being born
in Hong Kong, living arrangements, and parental education
levels, were collected.

Statistical Analysis
The SPSS 23.0 Statistics for Windows (IBM Corp. Released
2015, Armonk, NY: IBM Corp) were used for all statistical
analyses. The two-step cluster analysis procedure, an exploratory
method to identify natural latent groupings within a dataset
of continuous (standardized) and categorical features, based
on the agglomerative hierarchical clustering method and
assuming a joint multinomial-normal distribution was used.
Such a technique presents several advantages compared to
more traditional techniques, like automatically determining the
optimal number of clusters by comparing the values of a
model-choice criterion across different clustering solutions [i.e.,
log-likelihood distance and the Schwarz Bayesian Information
Criterion (BIC)] rather than on an arbitrary choice, using
categorical and continuous variables simultaneously, analyzing
atypical values, and being able to handle large datasets (34).
Comparative studies regarded two-step cluster analysis as one
of the most reliable in terms of the number of subgroups
detected, classification probability of individuals to subgroups,
and reproducibility of findings (35). The set of indicator
variables for the clustering procedure carried out included the
six subscales of stressful life events, self-esteem, family support,
friend support, maladaptive coping, and adaptive coping. The
clustering quality for the final model was estimated with
the Silhouette index, which constitutes a global consistency
measure of the cohesion/separation. The Silhouette index is a
commonly used indicator to measure how tightly grouped all
the data in the cluster (36). Silhouette values fall within the
range of −1 to 1 and higher values denote better matching
in one’s own cluster (similarity within the cluster) and poor
matching in other clusters (different compared to the other
clusters). Values lower than 0.30 are interpreted as having a
poor fit, between 0.30 and 0.50 as fair, and higher than 0.50
as good (37).

Chi-square tests and analysis of variance (ANOVA)
with Fisher’s least significant difference (LSD) post-hoc
test were used to confirm whether individuals of clusters
differed significantly in sociodemographic characteristics
and indicators included in the cluster analysis; effect sizes of
cluster differences were represented by Cohen’s d and odds
ratio. In addition, multivariate logistic regression models
were performed to test the associations between cluster
membership and mental/behavioral health outcomes, adjusted
for all sociodemographic variables. The adjusted odds ratios
(AOR) and corresponding 95% confidence intervals (CI)
were reported. P-values lower than 0.05 are considered
statistically significant.

RESULTS

Descriptive Characteristics
The mean age of the participants was 13.6 years and 51.9%
were females. Of all the participants, 73.0% lived with both
parents while 21.4% lived in a single-parent family; 15.8% of the
participants’ mothers and 13.4% of their fathers had obtained an
educational level of college or above (Table 1). The mean values
and standardized deviations for the cluster indicators, including
stressful life events across six domains, self-esteem, family and
friend support, maladaptive coping, and adaptive coping, are also
presented in Table 1.

Clustering Outcomes
The solution selected as the optimal in the two-step cluster
procedure was for three latent empirical groups. As shown in
Supplementary Table 1, this solution gave the highest value for
the ratio of distance measures and lower value of BIC. The
3-cluster solution achieved the highest ratio distance measure
(2.78) and a cohesion/ separation index into the fair range
(silhouette = 0.3). Figure 1 displays the ordered bar chart with
the relative relevance for each indicator used in the clustering.
These weights ranged from 0 to 1, and greater values indicate a
lower likelihood that changes between clusters are attributable to
chance. The measures with the greatest discriminative relevance
were the six subscales of stressful life events, followed by self-
esteem, family support, maladaptive coping, and friend support.

Comparison Between Clusters
Descriptive data for sociodemographic characteristics, stressful
life events, self-esteem, family support, friend support,
maladaptive coping, and adaptive coping are reported by
cluster in Table 1 and showed graphically in Figures 2, 3. The
largest cluster (47.2%) was characterized by low levels of stressful
life events and maladaptive and adaptive coping as well as
high levels of self-esteem, family support, and friend support,
compared to the remaining two clusters. Cluster 2 comprised
35.8% of the sample, characterized by moderate levels of stressful
life events, coping strategies, self-esteem, and perceived support.
The final cluster 3 was marked by high values on all six domains
of stressful life events, high levels of maladaptive and adaptive
coping, and low levels of self-esteem, family support, and friend
support. The three clusters differed significantly in the levels of
these indicators and the majority showed a large effect size of
between-group differences (Cohen’s d > 0.8; Table 1). Based on
the set of results in this study, cluster 1 was labeled as “low-risk
profile (Low Risk/Low Protective)”, cluster 2 as “moderate-risk
profile (Moderate Risk/Moderate Protective)”, and cluster 3 as
“severe-risk profile (High Risk/Low Protective)”.

With respect to sociodemographic variables, the three clusters
significantly differed in gender, age, whether or not born in
Hong Kong, and living arrangement. Participants who were born
in Hong Kong and lived with both parents were more likely to
be classified into the low profile group (cluster 1). Males and
younger adolescents were over-represented in cluster 1 relative
to cluster 2 (Table 1).
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TABLE 1 | Comparison between the clusters in sociodemographic and psychosocial variables.

Independent variables Total (n = 3,087) Cluster 1 (n = 1,457) Cluster 2 (n = 1,106) Cluster 3 (n = 524) P-value Cluster 1 vs. 2 Cluster 1 vs. 3 Cluster 2 vs. 3

N (%) N (%) N (%) N (%) p-value Odds Ratio p-value Odds Ratio p-value Odds Ratio

Sociodemographic variables

Gender 0.012 0.003 0.242 0.272

Male 1,507 (48.1%) 736 (50.6%) 492 (44.7%) 248 (47.6%) Ref Ref Ref

Female 1,629 (51.9%) 719 (49.4%) 609 (55.3%) 273 (52.4%) 1.25 1.12 0.89

Born in Hong Kong 0.008 0.009 0.014 0.691

No 533 (17.0%) 216 (14.9%) 207 (18.8%) 102 (19.6%) Ref Ref Ref

Yes 2,602 (83.0%) 1,236 (85.1%) 895 (81.2%) 419 (80.4%) 0.81 0.81 0.99

Living with parents <0.001 <0.001 <0.001 0.047

Both 2,227 (73.0%) 1,135 (78.7%) 767 (69.7%) 329 (63.8%) Ref Ref Ref

Mother 504 (16.2%) 192 (13.3%) 193 (17.5%) 112 (21.7%) 1.46 1.82 1.28

Father 166 (5.3%) 58 (4.0%) 69 (6.3%) 37 (7.2%) 1.65 2.31 1.40

Neither 171 (5.3%) 58 (4.0%) 71 (6.5%) 38 (7.4%) 1.72 2.31 1.33

Mother’s educational level 0.825 0.574 0.958 0.635

Primary school or below 226 (7.3%) 87 (6.1%) 85 (7.8%) 51 (9.9%) Ref Ref Ref

Middle school 1,396 (45.3%) 650 (45.7%) 490 (45.1%) 228 (44.3%) 0.87 0.74 0.83

College or undergraduate 408 (13.2%) 217 (15.3%) 128 (11.8%) 52 (10.1%) 0.73 0.58 0.78

Master or above 78 (2.5%) 41 (2.9%) 20 (1.8%) 15 (2.9%) 0.52 0.81 1.61

NA (e.g., don’t know) 972 (30.9%) 426 (30.0%) 364 (33.5%) 169 (32.8%) 0.94 1.06 0.98

Father’s educational level 0.110 0.903 0.054 0.052

Primary school or below 314 (10.2%) 112 (7.8%) 124 (11.4%) 73 (14.1%) Ref Ref Ref

Middle school 1,449 (46.8%) 685 (47.9%) 488 (44.8%) 243 (47.0%) 0.72 0.64 0.91

College or undergraduate 370 (11.8%) 198 (13.8%) 117 (10.7%) 49 (9.5%) 0.66 0.52 0.78

Master or above 47 (1.5%) 17 (1.2%) 19 (1.7%) 9 (1.7%) 1.53 0.93 0.65

NA (e.g., don’t know) 913 (29.5%) 418 (29.2%) 341 (31.3%) 143 (27.7%) 0.72 0.44 0.67

Mean (SD) Mean (SD) Mean (SD) Mean (SD) P-value p-value Cohen’s d p-value Cohen’s d p-value Cohen’s d

Age 13.6 (1.3) 13.6 (1.3) 13.7 (1.3) 13.6 (1.4) 0.007 0.007 −0.08 0.562 0.00 0.010 0.07

Psychological variables

Self-esteem 14.2 (3.0) 15.5 (2.4) 13.2 (2.8) 12.4 (3.2) <0.001 <0.001 0.88 <0.001 1.10 <0.001 0.27

Family support 11.1 (5.1) 13.3 (4.5) 9.4 (4.8) 8.5 (5.0) <0.001 <0.001 0.84 <0.001 1.01 <0.001 0.18

Friend support 10.6 (5.0) 12.1 (4.6) 9.3 (4.7) 9.1 (5.2) <0.001 <0.001 0.60 <0.001 0.60 0.448 0.04

Adaptive coping 16.3 (3.2) 16.0 (3.3) 16.3 (2.9) 17.2 (3.4) <0.001 0.022 −0.10 <0.001 −0.36 <0.001 −0.29

Maladaptive coping 12.9 (2.6) 12.0 (2.5) 13.3 (2.4) 14.4 (2.7) <0.001 <0.001 −0.53 <0.001 −0.92 <0.001 −0.43

SLE-relationship 4.7 (4.3) 1.7 (1.8) 5.6 (3.0) 11.3 (3.6) <0.001 <0.001 −1.58 <0.001 −3.37 <0.001 −1.72

SLE-academic pressure 4.4 (4.0) 1.8 (1.8) 5.1 (2.8) 10.4 (3.7) <0.001 <0.001 −1.40 <0.001 −2.96 <0.001 −1.62

SLE-punishment 3.4 (4.8) 0.6 (1.1) 3.3 (2.7) 11.5 (5.3) <0.001 <0.001 −1.31 <0.001 −2.85 <0.001 −1.95

SLE-bereavement 1.5 (2.6) 0.3 (0.9) 1.6 (2.1) 4.8 (3.6) <0.001 <0.001 −0.81 <0.001 −1.72 <0.001 −1.09

SLE-health and adaption 1.5 (2.0) 0.5 (0.8) 1.6 (1.5) 4.2 (2.5) <0.001 <0.001 −0.92 <0.001 −1.99 <0.001 −1.26

SLE-others 2.2 (2.7) 0.6 (1.0) 2.4 (1.8) 6.5 (2.9) <0.001 <0.001 −1.24 <0.001 −2.72 <0.001 −1.70

Post-hoc LSD significant comparison (0.05). SLE, stressful life events. P-values <0.05 are presented in bold.
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FIGURE 1 | Summary of clustering results. SLE, stressful life events.

FIGURE 2 | Radar-chart displaying the differences between the three clusters. SLE, stressful life events. Standardized scale scores were presented.

Associations Between Cluster Membership
and Mental, Behavioral, and Internet Use
Problems
Figure 4 illustrates the prevalence of mental, behavioral, and
Internet use problems in the total sample and by clusters. 5.1, 2.3,
2.6, and 2.8% of the participants reported that they had alcohol
or substance abuse, tobacco use, running away from home,
and skipping school/absenteeism in the previous 6 months,
respectively. While about half of the participants reported that
they had excessive social media and Internet gaming use and
34.1% had obesity problems. Concerning mental health, 29.8%
of them reported suicidal ideation in the past 2 weeks and half
of them had sleep disturbance in the past 6 months (55.4%).

The detailed frequency distribution of mental, behavioral, and
Internet use problems is presented in Supplementary Table 2.

Adjusted for all sociodemographic variables, the multivariate

logistic regression models indicated that compared to the low

profile cluster, individuals in the moderate and severe profile

groups consistently reported significantly higher prevalence of

behavioral (range for AOR: 1.22–11.22; all p < 0.05) and mental

health problems (range for AOR: 2.08–15.06; all p < 0.001)

(Table 2). We also conducted multinominal logistic regression

analysis to assess the associations between cluster membership
and behavioral/mental health outcomes using the original
response categories of dependent variables, which showed similar
significant results (Supplementary Table 3).
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FIGURE 3 | Line-chart displaying the levels of participants’ risk and protective profiles. SLE: stressful life events. The percentage of SLE variables represented the

proportion of individuals who had at least one type of stressful life events in the specified domain. The percentage of self-esteem, family support, friend support,

adaptive coping and maladaptive coping variables represented the proportion of individuals who scored above the median of the specified scale.

DISCUSSION

Principal Results
The present study investigated the prevalence of various mental,
behavioral, and Internet use problems in a large-scale adolescent
population in Hong Kong, China, during the COVID-19

pandemic. We further explored whether adolescents could be
differentiated based on stress and coping profiles, and assessed

whether their levels of health-related behaviors and mental

health problems varied as a function of these profiles. The
results provided empirical evidence that adolescents’ behavioral

and mental health may be shaped by the combined profiles
of their stressful experiences, coping resources, and adopted
coping strategies. These findings highlight the potential for
multimodal stress and coping interventions that may help
adolescents to prevent and reduce their various psychological and
behavioral risks.

We found that about 30% of the adolescents expressed
suicidal ideation and half of them had sleep disturbance, which

was higher than the prevalence of suicidal ideation reported

in a pre-COVID-19 study among a representative sample of
secondary school students in Hong Kong (13.7%) (38). Other

studies also reported significant increases in mental health
problems among adolescents due to the COVID-19 pandemic

(39, 40). The prevalence of problematic behaviors in the present
study is comparable to or lower than the findings of a pre-
COVID-19 study among 7,975 Hong Kong secondary school
students, including smoking (5.1 vs. 7.8%), substance use (2.3
vs. 2.5%), running away from home (2.6 vs. 6.7%), truancy

(2.8 vs. 6.2%), and damaging properties (11.4 vs. 14.5%) (41).
This pattern corroborates a prior national survey in Iceland,
showing that COVID-19 has significantly increased the mental
distress of adolescents while the decrease in risky behaviors (e.g.,
substance use) was observed (42). It is plausible that the COVID-
19 preventive measures (e.g., social isolation) have reduced
adolescents’ access to substances or risky behaviors. This is also
consistent with social developmental theories that adolescents’
behaviors are socially influenced, and preventive measures might
have reduced negative peer influence on and rewards of exploring
problematic behaviors (43). In addition, parental supervision
over children’s behaviors may have enhanced due to school
closure and increased time spent at home. Notably, of the
various problematic behaviors, adolescents reported the highest
prevalence in excessive Internet gaming and social media use,
and obesity (all>30%). Similarly, a previous study also suggested
that adolescents’ Internet gaming increased during the pandemic
and school closures (44). These findings underline the need
for interventions of adolescents’ sedentary lifestyles especially
Internet use during the pandemic to prevent the potential long-
term adverse health impact. Continued parental surveillance of
Internet use behaviors at different stages of the pandemic and
after schools are resumed is greatly warranted.

Based on the multivariate stressful experiences, coping
resources, and coping responses, participants were categorized
into three groups: High Risk/Low Protective, Moderate
Risk/Moderate Protective, and Low Risk/High Protective. The
two-step cluster analysis indicated that a three-cluster solution
was the best model for a fair cluster quality, evidenced by
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FIGURE 4 | Frequency of behavioral, Internet use, and mental health problems by clusters.

the lower value of BIC and the maximum ratio of distance
measures (45). Future studies are warranted to confirm whether
this clustering pattern exists among adolescents in different
regions. We found that adolescents who were not born in
Hong Kong and in single-family were more likely to have
moderate/severe profiles, supporting the migration morbidity
hypothesis that immigration leads to psychosocial problems
in migrant populations (46). Such at-risk subpopulations
warrant further investigation. While low-risk group reported
the highest levels of self-esteem, family support, and friend
support, which might be protective factors of adolescents’ mental
and behavioral health (9, 17). Furthermore, clustering results
supported that adolescents with high levels of stressful life events
had relatively low self-esteem, social support as well as more
maladaptive and adaptive coping. This pattern corroborates
previous studies that stressful experiences may lead to feelings
of powerlessness, helplessness, and loss of self-control, which
thus result in a predisposition toward more maladaptive coping
(47). The availability of coping resources may also inhibit
stress proliferation indirectly through its effect on the choice of
coping strategy (e.g., less maladaptive coping). Unexpectedly,
maladaptive coping showed a similar pattern with adaptive
coping across clusters. This may suggest that maladaptive
and adaptive coping are relatively two distinct constructs
instead of the opposite ends of a single dimension (48). It is
plausible that people use more than one strategy, including
both maladaptive and adaptive styles, to manage a stressful
situation. In addition, adaptive coping showed a relatively
weaker discriminative relevance in identifying at-risk groups
compared to maladaptive coping, corroborating previous studies
that maladaptive coping has stronger associations with health
outcomes than adaptive coping (48). Relevant stakeholders

including educators, gatekeepers, and parents should be made
aware of adolescents’ coping characteristics and skill training
about the reduction of maladaptive coping and promotion of
adaptive coping may be considered as an important agenda in
health policy and health education in advancing adolescents’
mental and behavioral health.

Beyond identifying stress-coping profiles using cluster
analysis, the present study found consistent and robust
associations between cluster membership and a wide range
of mental and behavioral health problems. Compared to the
low-risk cluster, individuals with high and moderate profiles
reported a significantly higher prevalence of problematic
behaviors and mental health issues. Notably, the dose-response
relationship was observed that the severe cluster had larger
odds ratios than the moderate cluster across all health outcomes
when using the low-risk cluster as the reference group. These
findings provide empirical support for the stress-coping theory
that stressful experiences and coping strategies play significant
roles in determining individuals’ mental and behavioral health
(11, 13, 14, 17). This study further demonstrated a deeper
understanding that adolescents’ behaviors and psychological
health may be shaped by their combined profiles of stressful
experiences, available coping resources, and coping styles.
Relevant health promotions may incorporate and target
different perspectives of stress and coping to achieve greater
intervention efficacy.

Limitations
The study has limitations. First, the cross-sectional design cannot
determine causal inferences. Adolescents with mental distress
might further isolate themselves, resulting in reduced social
support and increased maladaptive coping. Future prospective
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TABLE 2 | Associations between cluster membership and behavioral, Internet

use, and mental health problems.

Dependent

outcomes

AOR (95% CI) P-value

Alcohol or

substance abuse

Cluster 1 (ref) 1.00

Cluster 2 3.26 (2.03, 5.25)*** <0.001

Cluster 3 6.92 (4.23, 11.32)*** <0.001

Tobacco use Cluster 1 (ref) 1.00

Cluster 2 2.05 (1.07, 3.93)* 0.032

Cluster 3 5.14 (2.69, 9.84)*** <0.001

Obesity Cluster 1 (ref) 1.00

Cluster 2 2.08 (1.74, 2.49)*** <0.001

Cluster 3 2.42 (1.93, 3.02)*** <0.001

Damaging

properties

Cluster 1 (ref) 1.00

Cluster 2 4.17 (3.08, 5.63)*** <0.001

Cluster 3 11.22 (8.17, 15.39)*** <0.001

Running away

from home

Cluster 1 (ref) 1.00

Cluster 2 4.47 (1.91, 10.46)*** <0.001

Cluster 3 17.95 (7.95, 40.51)*** <0.001

Skipping

school/absenteeism

Cluster 1 (ref) 1.00

Cluster 2 2.82 (1.52, 5.24)** 0.001

Cluster 3 4.92 (2.57, 9.40)*** <0.001

Excessive social

media use

Cluster 1 (ref) 1.00

Cluster 2 1.19 (1.01, 1.41)* 0.041

Cluster 3 1.75 (1.40, 2.19)*** <0.001

Excessive Internet

gaming use

Cluster 1 (ref) 1.00

Cluster 2 1.22 (1.02, 1.45)* 0.026

Cluster 3 1.65 (1.32, 2.06)*** <0.001

Suicidal ideation Cluster 1 (ref) 1.00

Cluster 2 5.80 (4.66, 7.23)*** <0.001

Cluster 3 15.06 (11.59, 19.56)*** <0.001

Sleep disturbance Cluster 1 (ref) 1.00

Cluster 2 2.66 (2.24, 3.16)*** <0.001

Cluster 3 3.82 (3.03, 4.82)*** <0.001

*p < 0.05, **p < 0.01, ***p < 0.001.

studies are warranted. Second, self-reported measures might be
subject to recall bias and social desirability bias (e.g., disclosing
substance use may be sensitive for students). In order to
increase response rate and guarantee response quality, short
measures of coping and self-esteem were used. Maladaptive
and adaptive coping subscales showed low internal reliability.
Future studies should be replicated with the full CERQ scale
and further test the appropriateness of two-factor structure (i.e.,
adaptive and maladaptive dimensions) using confirmatory factor
analysis. Third, as data for this study were gathered from young
adolescents from participating secondary schools in Hong Kong,
there might be selection bias. Findings cannot be generalized

to out-of-school adolescents, e.g., institutionalized adolescents,
home-schooled adolescents, or adolescents who cannot attend
school in-person due to/during the pandemic. The generalization
of the findings should be cautious and future study may consider
stratified random sampling based on the number of schools in
each district to improve the representativeness of the sampling.
However, the sex and age distribution in the current sample
was comparable to the latest census data of secondary grade 1–4
students in Hong Kong (49). Fourth, we assessed obesity problem
solely using previous behavioral scale item. The measurement of
physical activity, sedentary behavior, and body mass index may
be considered in future studies to have a more comprehensive
investigation of adolescents’ physical health and health behaviors.
Fifth, the silhouette coefficient of clustering result indicated a
fair model fit. Robust clustering methodology with better fit and
taking into account outliers should be explored. Lastly, future
studies should include other important mental health problems
(e.g., depression and anxiety) and problematic behaviors (e.g.,
stealing and bullying), and explore the interplay between mental
and behavioral risks among adolescents.

CONCLUSIONS AND PUBLIC MENTAL
HEALTH IMPLICATIONS

This study is a timely investigation of mental and behavioral
health problems among Chinese adolescents in Hong Kong
during the COVID-19 pandemic, and efforts should be
made to mitigate adolescents’ mental and behavioral health
problems. The findings offer important public health and clinical
implications in the assessment and potential management of
at-risk adolescents. First, high levels of stressful life events
were reported by adolescents, especially in the domain of
relationships, academics, or being punished. Pre-COVID studies
also suggested that adolescents’ stressful life events mainly
came from academic domain and interpersonal relationships
with family, teachers, and friends (8, 50). School social
workers and counselors should be aware of these common
stressors of adolescents. Second, students at risk of suffering
from mental distress and engaging in unhealthy behaviors
could be systematically screened primarily based on their
profiles of negative life events as these indicators provided
the greatest discriminative power to identify different clusters.
However, coping resources and strategies may provide additional
precision to identify groups that might best benefit from
interventions in a cost-effective manner (12). Health promotions
to reduce adolescents’ mental and behavioral risks should thus
incorporate and target both stress and coping to achieve greater
intervention efficacy, such as alleviating stressful perceptions,
increasing coping resources (e.g., enhancing social support
and self-efficacy), and reducing maladaptive coping. Therefore,
interventions based on transdiagnostic approaches, such as
cognitive-behavioral therapy and problem-solving therapy,
and the formation of supportive networks for adolescents,
may be particularly beneficial and efficient to prevent and
reduce multiple mental and behavioral risks in a cost-effective
manner (37).
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