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ARTICLE INFO ABSTRACT

Keywords: While the COVID-19 pandemic has brought about significant challenges to mental health of university students,
Anxiety there is limited research in this area. Particularly, few studies examined the person-centered mental health
Depression

symptom profiles such as depression and anxiety and the related socio-demographic predictors. Using Latent
Class Analysis (LCA), this study investigated the symptom profiles of depression and anxiety in university stu-
dents in Hong Kong under the COVID-19 pandemic and the socio-demographic predictors. A total of 978 un-
dergraduate students completed an online questionnaire including socio-demographic factors and measures of
depression and anxiety during the summer of 2022. The LCA identified three latent classes: “normal” group,
“moderate comorbid depression and anxiety” group and “severe comorbid depression and anxiety” group.
Multinominal logistic regression showed that comparing with the “normal” group and the “moderate symptom”
group, the “severe symptom”™ group had higher personal financial difficulties and individual/family member
unemployment during the pandemic. In contrast, other socio-demographic factors (age, gender, year of study,
living status, and COVID-19 infection status) had no significant association with group status. The study con-
tributes to understanding of person-centered depression and anxiety symptom profiles and the risk role of per-

Financial difficulty
Latent class groups

sonal financial difficulty in mental health of university students under the pandemic.

1. Introduction
1.1. Mental health of university students under COVID-19

Since its origination in late 2019, the COVID-19 pandemic has pre-
sented significant challenges to the global. With the increasing death
and infection rates, the widespread panic and fears in society, and
different lockdown, quarantine, and social distancing measures, peo-
ple’s normal daily life has been severely interrupted, and their mental
health has been largely influenced (Cao et al., 2022; Shek et al., 2021).
Particularly, there is a high prevalence of depression and anxiety: the
two most common comorbid mental health problems in the general
population and different subgroups. Different studies concertedly sug-
gest a high and increased level of depression (around 33,7 % in a review)
and anxiety (around 35 % in a review) in the general population
although there were study-based variances (Lakhan et al., 2020; Salari
et al., 2020). Among different subgroups in society, university students

are a highly vulnerable group that may suffer more from the pandemic
due to their specific developmental stage and encountered life chal-
lenges and tasks. Many university students, particularly those at the
undergraduate level, are in the developmental stage from late adoles-
cence to early adulthood which faces important developmental tasks
such as establishing self-identity in life and occupation, achieving in-
dependence, emotional regulation, and navigating interpersonal and
intimate relationships (Bantjes et al., 2022; Johnson, 2009; Sestito et al.,
2015). However, the pandemic severely impacted campus life in which
many university students have to stay at home and attend online cour-
ses. The isolated situation greatly hindered their needs for social and
interpersonal development and identity development in the social
context. In addition, university students face the abrupt transition from
in-person classes to online classes, the changed arrangement of evalu-
ation and assessment, the elevated financial burdens, and the increasing
uncertainty about employment situation and job prospects. These may
all increase their risk of developing mental problems such as anxiety and
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depressive symptoms (Nassr et al., 2020; Pat-Horenczyk et al., 2022;
Schiff et al., 2021).

Studies identified a high prevalence of anxiety and depressive
symptoms among students in higher education institutions across
different countries and districts, which were generally higher than the
rates in the general population. For example, in a study based on 874
Bangladesh university students, 40 and 72 % of the students experienced
anxiety and depressive symptoms (ranging from moderate to severe
levels), respectively (Faisal et al., 2022). Another study on 1,224 Bra-
zilian university students showed a prevalence rate of 52.5 % and 60.5 %
for anxiety and depression (Lopes and Nihei, 2021). In addition, a study
on 11,133 Chinese university students showed that 24.9 % and 37.0 % of
the students were experiencing anxiety and depression during the
pandemic (Zhou et al., 2021). Furthermore, a systematic review and
meta-analysis of studies conducted in different countries showed a
prevalence rate of 29 % for anxiety and 37 % for depression in college
students (Wang et al., 2021).

While the above studies suggested a high prevalence of depression
and anxiety in university students under COVID-19, several research
gaps exist that need further investigation. First, there are limited studies
investigating mental health conditions particularly anxiety and depres-
sive symptoms among students in universities in Hong Kong which is a
society blending both Chinese and Western cultures (Shek et al., 2022a,
2023). Due to the highly competitive culture of the society and some
long-lasting social problems such as lower social-class mobility and
higher housing prices (Wong and Chu, 2017), Hong Kong university
students may face more challenges and pressure during the pandemic.
Second, most of the extant studies on mental problems in students in
higher education institutions under COVID-19 adopted a ‘“varia-
ble-centered” approach which focuses on computing the prevalence
statistics based on individual variables such as depression or anxiety.
There is quite limited research conducted based on a “person-centered”
approach to understand the characteristics or subgroups of students in
higher education on a set of comorbid and highly correlated mental
health problems such as anxiety and depression. In other words, the
“person-centered” approach focuses on identifying the heterogeneities
in a population based on an individual variable or a set of variables
(Lanza and Cooper, 2016). Third, while understanding important
socio-demographic associates of university students’ mental health
problems is vital for identifying the risk groups, limited research has
been conducted in this area. In addition, there are few studies conducted
on understanding the socio-demographic predictors of student sub-
groups with different depression and anxiety profiles. To fill these
research gaps, this study adopted a person-centered approach to
examine the profiles of depression and anxiety symptoms in students in
Hong Kong higher education institutions during the pandemic through
Latent Class Analysis (LCA). In the following paragraphs, the data
analytical approach of LCA will be reviewed, together with the review of
the existing few studies on depression and anxiety using LCA and studies
on socio-demographic predictors of the two mental health problems in
university students under COVID-19.

1.2. Understanding person-centered characteristics of anxiety and
depressive symptoms in university students

In the past decades, there has been increasing research on comor-
bidity between anxiety and depression in youth and adolescents.
Theoretically, different models and pathways have been proposed for
the anxiety-depression comorbidity: one model regards that anxiety
precedes depression in which depression is a result of anxiety-related
impairment; another model proposes that anxiety and depression may
have common etiological risk (e.g., shared predisposition or family risk)
and they occur simultaneously; a third model regards that depression
precedes anxiety in which anxiety is a result of depression-related
impairment (Cummings et al., 2014; Garber and Weersing, 2010).
Particularly, scholars argued that the second model applies more to
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generalized anxiety and depression. Supporting the theoretical propo-
sitions, empirical studies also showed a high association between anxi-
ety and depression in adolescents and youth including students in higher
education (Beiter et al., 2015; Ferdinand et al., 2005; Jadoon et al.,
2010). Due to the high association and comorbidity, it is of particular
importance to identify subgroups in university students with homoge-
neous patterns or characteristics of depressive and anxiety symptoms.
First, due to their high comorbidity, understanding the potential sub-
groups with homogeneous characteristics of anxiety and depressive
symptoms can contribute to the knowledge of the person-centered
feature of the two mental health problems and contribute to the
further exploration of their etiology in a deeper manner (Beijers et al.,
2019). Second, the identification of subgroups with homogeneous
characteristics of depressive and anxiety symptoms would provide
important information for devising and implementing more targeted
treatment and intervention strategies, which contributes to the effec-
tiveness of prevention and intervention (Beijers et al., 2019; Ferdinand
et al., 2005). However, existing research on depression and anxiety of
university students mainly adopted a variable-centered approach which
focused on prevalence rates of depression and anxiety and their
respective predictors. A person-centered approach is highly needed to
identify subgroups in the population of university students with
different comorbid profiles of anxiety and depression and understand
the sociodemographic predictors of different groups.

LCA is an analytical approach aiming at identifying “population
heterogeneity” on a set of related variables/constructs instead of
focusing on identifying statistical patterns of individual variables
(Lanza and Cooper, 2016). Different from the variable-centered
approach, LCA is a “person-centered approach” that examines in-
dividuals’ differences in terms of a set of indicators. LCA is widely used
in different research fields such as psychology, education, and social
science (Pavlova et al., 2022; van Lang et al., 2006). Particularly,
scholars argued the increasing importance of LCA in developmental
research in children and adolescents due to the multidimensional and
even heterogeneous nature of many developmental constructs and the
complex comorbidity between these constructs. One biggest strength of
LCA is that it can identify subgroups in a population with “similar pat-
terns of mental health indicators” (Peterson et al. 2019, p. 2). For
example, LCA was adopted to measure subgroups in adolescents or
university students on the co-occurrence of multiple health-risk behav-
iors (Ahmadi-Montecalvo et al., 2019; Hutchesson et al., 2021). It was
also used to identify the subgroups of adolescents with comorbid mental
health disorders (Essau and de la Torre-Luque, 2019).

Regarding anxiety and depression, it is interesting and important to
understand “which comorbidity patterns of anxiety and depressive dis-
orders exist” in child and adolescent development (van Lang et al. 2006,
p- 850). It might be possible that depression exists without the occur-
rence of anxiety or anxiety develops without the presence of depression
(van Lang et al., 2006; Peterson et al., 2019). However, the existing
related studies are quite few. An early-time study on 1,987 U.S. children
and adolescents based on LCA identified a three-group model: low-level
depression and anxiety group, middle-level depression and anxiety
group, and high-level depression and anxiety group (Wadsworth et al.,
2001). Another study on 3,145 Dutch young adolescents (10-12 years)
using LCA showed a five-group model: three groups with low, medium,
and high levels of comorbid depression and anxiety and two groups with
main depression (i.e., high probability of depression but low probability
of anxiety) or main anxiety (van Lang et al., 2006). However, the two
groups with main depression or main anxiety had small numbers of
participants. In addition, a study on 2,032 referred adolescents using
LCA identified subgroups characterized by severe-level symptoms in
both anxiety and depression and a subgroup characterized by severe
anxiety but mild depression (Ferdinand et al., 2005). While these studies
provide certain indications on the comorbidity pattern of anxiety and
depression, they were mainly focused on children and early adolescents,
were conducted before the pandemic, and were based on samples in
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Western societies. A recent study on 29,663 medical students in main-
land China during the COVID-19 pandemic using LCA also identified a
three-class model for anxiety and depression symptoms: each group
corresponding to the severe-level, mild-level, and low-level of comorbid
symptoms, respectively (Liu et al., 2021). However, this study was
conducted mainly based on medical students who may have different
patterns of anxiety and depression compared with the general university
students. In view of the limited research in the field, investigating the
comorbid patterns of anxiety and depressive symptoms in students in
universities in Hong Kong during the pandemic by using LCA is needed.
This would not only contribute to the theoretical understanding of the
linkage between the two mental disorders but also provide important
information for inclusion criteria for the treatment of these disorders.

1.3. Socio-demographic predictors of latent class groups with different
symptoms of anxiety and depression

Besides understanding subgroups of students with different symp-
toms of anxiety and depression, it is also important to identify the po-
tential risk and protective factors for the subgroups. One category of
important correlates of mental issues in university students is socio-
demographic factors. However, quite limited research was conducted
in this area. Most of the existing studies adopted a variable-centered
approach to investigate the socio-demographic predictors of depres-
sion and/or anxiety in university students during the pandemic and
these studies revealed some socio-demographic correlates of psycho-
logical morbidity. For example, a body of research suggests that female
students may suffer more from anxiety and depressive symptoms than
male students under COVID-19 (Chen and Lucock, 2022; Ghazawy et al.,
2021), although there were also studies showing no predictive effect or
even opposite predictive effect of gender (Faisal et al., 2022; [slam et al.,
2020; Shek et al., 2022a, 2022b). In addition, there are inconsistent
findings on the associations between age and anxiety and depression
(Chi et al., 2020; Debowska et al., 2020; Lopes and Nihei, 2021).
Furthermore, students experiencing financial difficulties might be more
vulnerable to the negative impact of the pandemic and to the develop-
ment of anxiety and depressive symptoms. For example, a study on 6,
157 Jordan undergraduate students showed that students’ economic
difficulties during the quarantine time significantly predicted their
depressive symptoms (Saadeh et al., 2021). Similarly, another study on
Philippine university students identified that financial difficulty
encountered by oneself during the pandemic was positively associated
with students’ anxiety and depression (Galanza et al., 2023). Moreover,
personal infection or family members’ infection of the virus might be a
risk factor for the mental health of students in universities. For instance,
a study on Mexican college students found that those infected with
COVID-19 had higher levels of anxiety and depressive symptoms (Dos-
il-Santamaria et al., 2022). Another large-scale study on 44,447 college
students in mainland China revealed that having family members who
tested positive for COVID-19 or were suspected of being infected with
the virus was positively associated with depressive symptoms (Wang
et al., 2020).

Although the above studies indicate the association between anxiety
and depression and some socio-demographic factors such as gender, age,
financial problems, and infection of the virus, the findings are still
inconclusive. In addition, there have been limited studies examining the
connection between these socio-demographic factors and mental health
issues such as anxiety and depression in university students using a
person-centered approach. Only two studies were identified in this area.
Wadsworth et al. (2001)’s study based on LCA found an association
between age, gender, and latent-class groups in which elderly girls
demonstrated higher levels of comorbid anxiety and depression. Using
LCA, Liu et al. (2021) also showed that more female medical students
were in the higher and mild depression and anxiety groups compared
with the normal group. The literature is quite limited and there has been
no study conducted to examine the role and effects of other important
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socio-demographic factors such as financial hardship and personal
infection of the virus on depression and anxiety through a
person-centered approach using LCA. In addition, there is no research
conducted in Hong Kong. The pandemic has exerted a substantial in-
fluence on the world economy, leading to higher rates of unemployment,
reduced income, and financial instability and insecurity (Bashir et al.,
2020; Kim et al., 2022). In Hong Kong, many university students
conduct part-time work to afford their own tuition fees (Chu, 2021);
they may face greater financial difficulties during the pandemic, which
constitutes a major stressor for their development of mental health
problems such as anxiety and depression (ElTohamy et al., 2022; Pie-
trabissa and Simpson, 2020).

1.4. Purpose of the study

Taking into account the above review of the literature, the present
study aimed to investigate the subgroups of university students on
symptoms of anxiety and depression under COVID-19 using LCA and
investigate the socio-demographic predictors of the subgroups. Two
research questions were addressed based on the study purpose.

Research Question 1. What is the profile of latent groups of univer-
sity students with different symptoms of anxiety and depression under
the pandemic?

Research Question 2. What are the socio-demographic predictors of
the latent groups of university students with comorbid anxiety and
depression? Particularly, informed by the literature (Galanza et al.,
2023; Saadeh et al., 2021), we hypothesized that higher financial dif-
ficulty would be associated with the subgroup characterized by
higher-level anxiety and depressive symptoms (Hypothesis 1).

2. Methods
2.1. Participants and procedure

The study was based on the data collected in a research project
investigating the psychological well-being of university students under
COVID-19 (Shek et al., 2023). Ethical review of the project was con-
ducted and ethical approval of conducting the project was granted by
the Institutional Review Board of the authors’ affiliated institution. The
data collection was conducted in the summer (from June to August) of
2022 which was at the middle stage of the fifth wave of the pandemic in
Hong Kong in which there were a high number of confirmed cases and
the stringent anti-pandemic measures of the government. The partici-
pants were undergraduate students coming from The Hong Kong Poly-
technic University, a public university in Hong Kong. The method of
quota sampling was adopted in recruiting the participants with students’
year of study and faculty as two considering characteristics. During the
data collection period, as all the courses were conducted in online mode
based on the policy of the University and students mainly stayed at home
to conduct their study activities, the recruited participants were invited
to complete a survey questionnaire in an online mode. The questionnaire
included socio-demographic information and measures of the mental
health of university students. Before doing the questionnaire, formal
consent was obtained from each participant and all the participants were
informed of the principle of free withdrawal and confidentiality of data
and personal information. A total of 978 students finally completed the
questionnaire (Shek et al., 2023).

2.2. Measures

2.2.1. Anxiety and depression

The participants’ anxiety and depressive symptoms were assessed
through the “Depression” and “Anxiety” Subscales of the short-form
“Depression, Anxiety, and Stress Scales” (DASS-21). The original DASS
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scale contains 42 items that measure three mental distresses, namely
depression, anxiety, and stress in non-clinical samples (Lovibond and
Lovibond, 1995). The scale has been validated in different cultural
groups and shown good psychometric properties (Crawford and Henry,
2003; Li et al., 2021; Moussa et al., 2017). As a shortened version of
DASS, DASS-21 has three subscales, with each subscale containing seven
items. DASS-21 has been widely used in different studies including
studies based on adolescent and university student samples and
demonstrated good psychometric properties (Cheung et al., 2020;
Esteves et al., 2021; Lu et al., 2018). All the items were rated through a
four-point measure from “0" representing “not at all” to “3” representing
“most of the time”. The internal consistency of the Depression and
Anxiety subscales in this study was found to be favorable, with Cron-
bach’s alpha coefficients of 0.88 and 0.83 respectively.

2.2.2. Socio-demographic correlates

As existing research suggests that students’ depression and anxiety
were associated with age, gender, year of study, student status, and
living status (e.g., Chen and Lucock 2022; Dhar et al. 2020; Lopes and
Nihei 2021), these socio-demographic factors were included in the LCA
analyzes as correlates to examine their predictive effects on latent
groups. Specifically, age was assessed by indicating ages in integers
(years). The participants indicated their gender information (“male”,
“female”, and “prefer not to say” with “prefer not to say” being coded as
missing value), year of study (“Year 1", “Year 2", “Year 3", and “Year 4"),
student status (“local”, “international”), and living status (“live alone”,
“living with family or roommates”). In addition, as socioeconomic status
and financial difficulties were also shown to be linked with mental
health issues in university students during the pandemic (e.g., Galanza
et al., 2023; Saadeh et al. 2021), these factors were also included in the
LCA analyzes as correlates. In specific, the participants provided infor-
mation on socioeconomic status (whether their families receive or do
not receive “Comprehensive Social Security Assistance”), financial dif-
ficulty (“do you experience financial difficulty at the present time?”), and
personal or family members’ unemployment (‘“have you or your family
member(s) become unemployed during the COVID-19 pandemic?”).
Furthermore, we also included the experience of infection with
COVID-19 as covariates (“have you tested positive for COVID-19 since early
2020?” and “have your family members tested positive for COVID-19 since
early 2020?”) according to the literature (Ghazawy et al., 2021; Luo
etal., 2021). In addition, as the government pandemic prevention policy
and university teaching and learning situation were relatively stable
during the data collection period, we believe that the students’ ques-
tionnaire completion will not be influenced by these factors. Therefore,
we did not include these factors as covariates or control variables in our
analyzes.

2.3. Latent class indicators

In this study, the seven depressive symptoms assessed in the
Depression subscale and the seven anxiety symptoms assessed in the
Anxiety subscales in DASS-21 were used as indicators of latent classes
with different characteristics of depression and anxiety in the LCA an-
alyzes. To facilitate model interpretation and focus more on the risk
status of the participants in the latent class formation, the participant’s
responses to each item assessing one specific depressive symptom or
anxiety symptom in the Anxiety and Depression subscales of DASS-21
was recoded to a binary answer: “0" (not at all) was recoded to “0”
(absence of symptom)”; “1” (sometimes), “2” (frequently) and “3" (most
of the time) were recoded to “1” (presence of symptom). This practice
has been commonly adopted in different studies using LCA (e.g., Lei
et al. 2022; Rosato and Baer 2012; Veltman et al. 2017). Also, according
to the suggestion of Weller et al. (2020), “if risk status is of interest in
class formation, multiple response categories associated with negative
outcomes may be collapsed into a ‘risk present’ category and the rest
collapsed into a ‘risk not present’ category” (p. 291).
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2.4. Data analysis

Several steps of analysis were conducted. In the first step, descriptive
statistical analyzes were performed using SPSS (Version 26). This
included computing the mean, standard deviation (SD), Cronbach’s
alpha and mean inter-item correlation for the measures of depression
and anxiety, as well as the socio-demographic profile of the sample. In
the second step, LCA was conducted using Mplus (Version 8.3) to
identify latent classes (subgroups) in the participants based on their
responses to different symptoms of anxiety and depression. LCA is a
statistical technique aiming at identifying heterogeneity in a population
(i.e., latent classes or hidden groups) based on a set of observable in-
dicators (Lanza and Cooper, 2016; Nylund-Gibson and Choi, 2018).

To decide and identify the appropriate number of latent classes,
several LCA models with different numbers of classes were examined
and multiple fit indices were used to compare the different models.
Normally, the model testing starts by examining the fit indices of a
single-class model (Model 1) which is the baseline model for compari-
son; then examining a 2-class model (Model 2) and comparing its fit
indices with those of the single-class model. If the 2-class model is su-
perior to the single-class model, then continue to examine a 3-class
model (Model 3) and compare it with the 2-class model. The model
testing will not stop until the fit indices of the next model will not be
superior to the previous model. Three sets of fit indices would be
involved in deciding the best-fitted model. The initial set of fit indices
consists of information criteria which include Akaike’s Information
Criterion (AIC), Bayesian Information Criterion (BIC), and sample-size
adjusted Bayesian Information Criteria (SABIC). For information
criteria, lower values indicate a better model fit (Sinha et al., 2021). The
second set of fit indices comprised likelihood-based tests, such as the
Vuong-Lo-Mendell-Rubin adjusted likelihood ratio test (VLMR-LRT) and
Bootstrapped likelihood ratio (BLRT) (Vermunt and Magidson, 2004).
Both tests provide p values examining whether the model with one
additional class would have significant improvement than the previous
model. Third, entropy was used which examines how well the latent
classes are differentiated (Sinha et al., 2021). The higher the value, the
better the class differentiation. Also, a value over 0.80 for entropy in-
dicates a “desirable” differentiation and classification of participants
into latent classes (Vermunt and Magidson, 2004).

In the third step, logistic regression was conducted by adding cor-
relates to the LCA analyzes to identify the predictive effects of socio-
demographic factors on latent classes. First, bivariate analysis was
conducted to examine the association between each of the ten socio-
demographic correlates and latent classes. Then, multinominal logistic
regression was conducted by adding the socio-demographic factors
which had significant effects in the bivariate analyzes. All the analyzes
were conducted through Mplus (Version 8.3).

3. Results
3.1. Descriptive statistics of variables and characteristics of the sample

The mean, SD, and reliability statistics are shown in Table 1.
Regarding the socio-demographic profile of the sample, the participants
had an average age of 20.69 + 1.61 years, with 62.9 % being female and
34.4 % being male. Among the participants, 42.7 %, 32.9 %, and 24.3 %
were in Year 2, Year 3, and Year 4, respectively. 93.8 % were local and

Table 1
Descriptive statistics of the major variables.

Variable Mean SD Cronbach’s Mean inter-item
alpha correlation

DASS- 5.55 415 0.88 0.51

Depression

DASS-Anxiety 5.24 379 0.83 0.42
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6.2 % were international students; 97.8 % were living with family
members or roommates and 2.2 % were living alone. 4.6 % of the par-
ticipants’ families were receiving “Comprehensive Social Security
Assistance” (CSSA); 28.5 % reported having personal financial problems
and 21.1 % of the students reported that themselves or their family
members experienced unemployment during the pandemic. Lastly, 23.7
% of the participants had tested positive for COVID-19 since early 2020
and 36.6 % of the participants had family members tested positive for
COVID-19 since early 2020.

3.2. Selection of LCA models on profiles of symptoms of anxiety and
depression under the pandemic

The model fit indices of different LCA models with different numbers
of latent class solutions are shown in Table 2. Comparing the informa-
tion criteria that are AIC, BIC, and SABIC, the information criteria values
in the four-class solution (i.e., Model 4) were smaller than those in the
three-class solution (i.e., Model 3) which were smaller than the values in
the two-class solution (i.e., Model 2). Comparing the likelihood-based
tests, the significant p value (<0.001) for VLMR-LRT and BLRT in the
three-class solution indicated that the three-class solution was better
than the two-class solution. However, the non-significant p value
(=0.066) for VLMR-LRT in the four-class solution indicated that there
was no significant improvement in the four-class solution compared
with the three-class solution. With regard to the value of entropy, the
value 0.863 in the three-class solution and the value 0.819 in the four-
class solution indicated that the three-class solution was better than
the four-class solution. Therefore, considering the three sets of criteria
altogether, the three-class solution (Model 3) was adopted as the best-
fitted model.

The probabilities of items on depression and anxiety symptoms in the
three latent classes are shown in Table 3 and Fig. 1. For the students in
Class 1 (n =253, 25.9 %), their probabilities of having all the depression
and anxiety symptoms were below 0.16 except for one symptom in
depression “I found it difficult to work up the initiative to do things”
(42.1 %) and two symptoms in anxiety “I was aware of dryness of my
mouth” (39.6 %) and “I was worried about situations in which I might
panic and make a fool of myself” (25.2 %). However, the probabilities of
the three symptom items were still lower than those in other classes.
Therefore, Class 1 was identified and labeled as the “normal” class. For
the students in Class 2 (n = 376, 38.4 %), their probabilities of having
different depression and anxiety symptoms were between 35.6 % and
55.9 %, except for the previously mentioned three symptoms (between
71.0 % and 81.8 %) and an additional symptom “I felt downhearted and
blue” (75.7 %). However, the probabilities of the four symptoms were
still lower than those in Class 3. Therefore, Class 2 was labeled as the
“moderate comorbid depression and anxiety” class. The students in Class
3 (n = 349, 35.7 %) demonstrated very high probabilities in all the
depression and anxiety symptoms (all above 90 % except for two
symptoms being 80.2 % and 87.1 %). Therefore, we labeled this class as
the “severe comorbid depression and anxiety” class.

To further understand the profiles of the depressive and anxiety
symptoms of the three latent classes, frequencies and percentages of the
reported depressive and anxiety symptoms as well as the mean numbers
and SD of the reported depressive and anxiety symptoms in each latent
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Table 3
Estimated probabilities of depression and anxiety symptoms in the three latent
classes.

Class 1
“Normal”

Class 2
“Moderate
Class comorbid
depression and
anxiety” Class

Class 3
“Severe

Symptoms

comorbid
depression and
anxiety” Class

Depressive Symptoms
I couldn’t seem to
experience any positive
feelings at all
I found it difficult to
work up the initiative to
do things
I felt that I had nothing
to look forward to
I felt down-hearted and
blue
I was unable to become
enthusiastic about
anything
I felt I wasn’t worth
much as a person
I felt life was
meaningless

Anxiety Symptoms
I was aware of dryness of
my mouth
I experienced breathing
difficulty (e.g.,
excessively rapid
breathing,
breathlessness in the
absence of physical
exertion)
I experienced trembling
(e.g., in the hands)
1 was worried about

0.105 0.559 0.946

0.421 0.818 0.963

0.129 0.552 0.950

0.153 0.757 0.987

0.075 0.505 0.949

0.043 0.368 0.911

0.085 0.397 0.929

0.396 0.710 0.927

0.089 0.356 0.802

0.069 0.376 0.871

0.252 0.817 0.969
situations in which I
might panic and make a
fool of myself

I felt I was close to panic
I was aware of the action
of my heart in the
absence of physical
exertion (e.g., sense of
heart rate increase, heart
missing a beat)

I felt scared without
good reason

0.043
0.076

0.429
0.511

0.967
0.906

0.079 0.424 0.923

class were calculated and shown in Table 4. It could be identified that
there were generally lower percentages of reported depressive and
anxiety symptoms in the “normal” Class (below 15 %) except for three
symptoms “I found it difficult to work up the initiative to do things”
(41.9 %, symptom in depression), “I was aware of dryness of my mouth”
(40.3 %, symptom in anxiety), and “I was worried about situations in
which I might panic and make a fool of myself”) (23.7 %, symptom in
anxiety). For the “moderate comorbid depression and anxiety” Class, the
percentage of reported depressive and anxiety symptoms ranged be-
tween 35.9 % to 55.9 %, except for four symptoms “I found it difficult to
work up the initiative to do things” (81.4 %, symptom in depression), “I

Table 2
Model fit indices of different latent-class number solutions in different LCA models.
Model Loglikelihood AIC BIC SABIC VLMR-LRT p value BLRT p value Entropy
1 Class —9051.012 18,130.025 18,198.422 18,153.957 n/a n/a n/a
2 Class —7137.734 14,333.467 14,475.147 14,383.043 0.000 0.000 0.902
3 Class —6766.041 13,620.081 13,835.044 13,695.299 0.000 0.000 0.863
4 Class —6687.138 13,492.275 13,780.520 13,593.136 0.066 0.000 0.819

Note. Model fit indices for the selected model are highlighted. AIC: Akaike’s Information Criterion; BIC: Bayesian Information Criterion; SABIC: sample-size adjusted
Bayesian Information Criteria; VLMR-LRT: Vuong-Lo-Mendell-Rubin adjusted likelihood ratio test; BLRT: Bootstrapped likelihood ratio.



W. Chai and D.T.L. Shek

1.2

Psychiatry Research 331 (2024) 115666

—e—Class 1

---Class2 —aA—Class3

Fig. 1. Graph of Probability Estimates for Sympotoms of Depression and Anxiety by Latent Class.

felt down-hearted and blue” (75.5 %, symptom in depression), “I was
aware of dryness of my mouth” (70.2 %, anxiety symptom), and “I was
worried about situations in which I might panic and make a fool of
myself” (82.4 %, anxiety symptom). For the “severe comorbid depres-
sion and anxiety” Class, the percentages of reported depressive and
anxiety symptoms were very high for most of the symptoms (ranging
from 91.1 to 98.9 %) except for two anxiety symptoms for which the
percentages were a bit lower including “I experienced breathing diffi-
culty” (79.1 %) and “I experienced trembling” (86.5 %). The results of
One-Way ANOVA showed significant differences in mean numbers of
depressive symptoms and anxiety symptoms across the three groups,
respectively (depressive symptoms: F = 1870.986, p < 0.001; anxiety
symptoms: F = 1591.671, p < 0.001).

3.3. Socio-demographic predictors of symptoms profiles

3.3.1. Univariate logistic regression in LCA with socio-demographic
correlates

The socio-demographic profiles of each latent class are shown in
Table 5. In factors of receiving CSSA, experiencing personal financial
difficulty, and experiencing oneself/family member unemployment, the
percentages of the “severe comorbid depression and anxiety” Class were
higher than those of the “moderate comorbid depression and anxiety”
Class which were further higher than those of the “normal” Class. To
examine the associations between different socio-demographic factors
and the latent groups, we first conducted the univariate logistic
regression by adding each individual socio-demographic factor in the
LCA analyzes to examine its predictive effect on latent groups. Table 6
presents the results of univariate analyzes. As shown in Table 6, living
status, CSSA, personal financial difficulty, unemployment of oneself or
family members, and family members tested positive for COVID-19
showed significant predictive effects. In specific, compared to the like-
lihood in the “normal” group (Class 1, the reference class), the likelihood
of living alone (B = 2.118, SE = 1.047, p < 0.05, OR = 8.315, 95 %ClI,
1.069-64.680) was 8.315 times higher in the “severe comorbid
depression and anxiety” group (Class 3); the likelihood of family
receiving CSSA (B = 1.464, SE = 0.503, p < 0.01, OR = 4.323, 95 %ClI,
1.614-11.578) was 4.323 times higher in the “severe comorbid

depression and anxiety” group; the likelihood of having personal
financial difficulties (B = 1.047, SE = 0.213, p < 0.001, OR = 2.848, 95
%CI, 1.875-4.328) was 2.848 times higher in the “severe comorbid
depression and anxiety” group; and the likelihood of unemployment of
oneself or family members (B = 1.004, SE = 0.257, p < 0.001, OR =
2.728, 95 %CI, 1.648-4.515) was 2.728 times higher in the “severe
comorbid depression and anxiety” group.

In addition, compared to the likelihood in the “normal” group (Class
1, the reference class), the likelihood of having personal financial dif-
ficulties (B = 0.504, SE = 0.229, p < 0.05, OR = 1.655, 95 %CI,
1.057-2.592) was 1.655 times higher in the “moderate comorbid
depression and anxiety” group (Class 2); the likelihood of unemploy-
ment of oneself or family members (B =0.613, SE = 0.269, p < 0.05, OR
=1.845, 95 %CI, 1.088-3.128) was 1.845 times higher in the “moderate
comorbid depression and anxiety” group; and the likelihood of having
family members tested for COVID-19 (B = 0.516, SE = 0.210, p = 0.01,
OR = 1.676, 95 %CI, 1.109-2.531) was 1.676 times higher in the
“moderate comorbid depression and anxiety” group. Furthermore,
compared to the likelihood in the “moderate comorbid depression and
anxiety” group (Class 2, the reference class), the likelihood of family
receiving CSSA (B = 1.379, SE = 0.464, p < 0.01, OR = 3.973, 95 %CI,
1.601-9.857) was 3.973 times higher in the “severe comorbid depres-
sion and anxiety” group; and the likelihood of having personal financial
difficulty (B = 0.543, SE = 0.186, p < 0.01, OR = 1.721, 95 %ClI,
1.195-2.478) was 1.721 times higher in the “severe comorbid depres-
sion and anxiety” group. Based on the results of univariate analyzes, the
five socio-demographic factors: living status, CSSA, personal financial
difficulty, unemployment of oneself or family members, and family
members tested positive for COVID-19 were selected as covariates in the
final multivariate logistic regression in the LCA analyzes. As the corre-
lation coefficients between the five involved socio-demographic vari-
ables were all below 0.35 and the VIF values were all below 2, the weak
multicollinearity among these variables did not constitute a major
problem in data analysis in multivariate logistic regression.

3.3.2. Multivariate logistic regression in LCA with socio-demographic
correlates
Table 7 presents the results of multivariate logistic regression in LCA
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Table 4 Table 5
Frequency, percentage, and mean number of depression and anxiety symptoms Sociodemographic profiles of the three latent classes of anxiety and depression.
in the three latent classes. Sociodemographic factors Class 1 Class 2 Class 3
Symptoms Class 1 Class 2 Class 3 “Normal” “Moderate “Severe
“Normal” “Moderate “Severe Class comorbid comorbid
Class comorbid comorbid (N = 253) depression and depression and
depression depression anxiety” Class anxiety” Class
and anxiety” and anxiety” (N = 376) (N = 349)
Class Class n (%) n (%) n (%)
n (%) n (%) n (%) Gender
Depressive Male 79 (32.2 124 (33.8 %) 133 (39.2 %)
Symptoms %)
I couldn’t seem 25 (9.9 %) 210 (55.9 %) 329 (94.3 %) Female 166 (67.8 243 (66.2 %) 206 (60.8 %)
to experience %)
any positive Year of Study
feelings at all The Second Year 101 (39.9 173 (46.0 %) 144 (41.3 %)
I found it 106 (41.9 306 (81.4 %) 337 (96.6 %) %)
difficult to work %) The Third Year 83 (32.8 119 (31.6 %) 120 (34.4 %)
up the initiative %)
to do things The Fourth Year 69 (27.3 84 (22.3 %) 85 (24.4 %)
I felt that I had 36 (14.2 201 (53.5 %) 332 (95.1 %) %)
nothing to look %) Student Status
forward to Local 234 (92,5 354 (94.1 %) 329 (94.3 %)
I felt down- 37 (14.6 284 (75.5 %) 345 (98.9 %) %)
hearted and blue %) International 19 (7.5 %) 22 (5.9 %) 20 (5.7 %)
1 was unable to 18 (7.1 %) 188 (50.0 %) 331 (94.8 %) Living Status
become Living alone 9 (2.4 %) 1 (0.4 %) 12 (3.4 %)
enthusiastic Living with family 367 (97.6 252 (99.6 %) 337 (96.6 %)
about anything members or roommates %)
I felt I wasn’t 10 (4.0 %) 135 (35.9 %) 318 (91.1 %) CSSA
worth much as a Receiving CSSA 6 (2.4 %) 11 (3.0 %) 28 (8.5 %)
person Not receiving CSSA 243 (97.6 359 (97 %) 303 (91.5 %)
I felt life was 10 (4.0 %) 135 (35.9 %) 318 (91.1 %) %)
meaningless FD_P
Anxiety Symptoms With personal financial 48 (20.6 101 (28.7 %) 130 (40.0 %)
I was aware of 102 (40.3 264 (70.2%) 323 (92.6 %) difficulty %)
dryness of my %) Without personal 185 (79.4 251 (71.3 %) 194 (59.9 %)
mouth financial difficulty %)
I experienced 22(8.7%) 135(359%) 276 (79.1 %) FU
breathing Having unemployment of 35 (14.7 78 (22.1 %) 93 (28.9 %)
difficulty (e.g., oneself or family %)
excessively members under COVID-
rapid breathing, 19
breathlessness Not having 203 (85.3 275 (77.9 %) 229 (32.4 %)
in the absence of unemployment of oneself %)
physical or family members under
exertion) COVID-19
I experienced 16 (6.3%) 141 (37.5%) 302 (86.5 %) COVID_IND
trembling (e.g., Having personal infection 52 (21.3 89 (24.2 %) 91 (27.4 %)
in the hands) of COVID-19 %)
I was worried 60 (23.7 310 (82.4 %) 338 (96.8 %) Not having personal 192 (78.7 279 (75.8 %) 241 (72.6 %)
about situations %) infection of COVID-19 %)
in which I might COVID_FAM
panic and make Family member infection 81 (33.1 157 (42.7 %) 120 (36.5 %)
a fool of myself of COVID-19 %)
IfeltIwasclose 10(4.0%) 158 (42.0 %) 338 (96.8 %) Not having family 164 (66.9 211 (57.3 %) 209 (63.5 %)
to panic member infection of %)
1 was aware of 17(6.7%) 193 (51.3 %) 315 (90.3 %) COVID-19
the action of my Mean (SD)  Mean (SD) Mean (SD)
heart in the Age 20.63 20.62 (1.69) 20.8 (1.56)
absence of (1.54)
physical . R R K
exertion (e.g., Note. CSSA = Comprehensive Social Security Assistance Scheme; FD_P = Per-
sense of heart sonal Financial Difficulty; FU = Unemployment of Oneself or Family Members;
rate increase, COVID_IND = Personal Infection of COVID-19; COVID_FAM = Family Member
heart missing a Infection of COVID-19.
beat)
0, 0,
‘INfi(:::OiCta;i " 176.7%) 160 (42.6%) 321 (92.0 %) with the inclusion of socio-demographic correlates. CSSA, personal
reason financial difficulty, unemployment of oneself and family members, and
Mean (SD)  Mean (SD) Mean (SD) F family members tested positive for COVID-19 had significant predictive
Mean number of 1.00 3.90 (1.51) 6.64 (0.58) 1870.986*** effects while living status did not have significant effects. In specific,
S;I:lr::;z: (1.00) after controlling the effects of other predictors, compared to the likeli-
Mean number of 0.96 3.62 (1.47) 6.34 (0.90) 1501671+ hood in the “normal” group (Class 1, the reference class), personal
anxiety (0.93) financial difficulty (B = 0.761, SE = 0.242, p < 0.01, OR = 2.140, 95 %
symptoms CI, 1.331-3.442) was 2.140 times higher than in the “severe comorbid
Note. *One-way ANOVA; *** p < 0.001. depression and anxiety” group; and the likelihood of unemployment of
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oneself or family members (B = 0.594, SE = 0.282, p < 0.05, OR =
1.811, 95 %CI, 1.042-3.148) was 1.811 times higher than in the “severe
comorbid depression and anxiety” group. In addition, upon controlling
the effect of other predictors, compared to the likelihood in the “mod-
erate comorbid depression and anxiety” group (Class 2, the reference
class), the likelihood of family receiving CSSA (B = 1.243, SE = 0.477,p
< 0.01, OR = 3.468, 95 %CI, 1.361-8.835) was 3.468 times higher in the
“severe comorbid depression and anxiety” group; the likelihood of
personal financial difficulties (B = 0.465, SE = 0.213, p < 0.05, OR =
1.593, 95 %CI, 1.049-2.417) was 1.593 times higher in the “severe
comorbid depression and anxiety” group; and the likelihood of having
family members tested positive for COVID-19 (B = —0.379, SE = 0.189,
p < 0.05, OR = 0.685, 95 %CI, 0.472-0.992) was 0.685 times higher in
the “severe comorbid depression and anxiety” group.

4. Discussion

4.1. Latent class groups on symptoms of anxiety and depression in
university students

The present study examined the profiles of symptoms of anxiety and
depression in a sample (N = 987) of undergraduate students in Hong
Kong using latent class analyzes. Its aim was to identify the heteroge-
neity (subgroups) in the sample on symptoms of anxiety and depression,
which adopted a person-centered approach instead of a variable-
centered approach in normal data analytical techniques. The study
identified three latent classes (subgroups) that had distinctive charac-
teristics of symptoms of anxiety and depression: Class 1 represented
students with a normal level of anxiety and depression, Class 2
comprised students with moderate levels of anxiety and depression, and
Class 3 consisted of students with severe levels of anxiety and depres-
sion. The findings have significant implications for the existing litera-
ture. First, most of the extant literature on mental health issues in
university students during the pandemic adopted a variable-centered
approach which focused on examining the prevalence or status of
mental health problems or psychological morbidity based on individual
variables (Faisal et al., 2022; Lopes and Nihei, 2021; Zhou et al., 2021).
There is quite limited research adopting a person-centered approach to
examine subgroups in the university student population based on a set of
mental health problems, particularly on the comorbid patterns of anxi-
ety and depression. The three latent class groups identified in the present
study indicated the high comorbidity of anxiety and depression symp-
toms as there was no group with high anxiety and low depression or with
low anxiety and high depression. This was in line with other limited
existing empirical studies on comorbidity patterns of anxiety and
depression using LCA, which showed a high association between anxiety
and depression in university students (van Lang et al., 2006; Liu et al.,
2021; Wadsworth et al., 2001). Altogether, the findings of the study
contribute to the literature on student subgroups with different comor-
bid patterns of anxiety and depression in university students under the
pandemic. The findings also contribute to designing better intervention
and prevention programs targeting student subgroups with different
comorbid patterns of anxiety and depression (van Lang et al., 2006;
Peterson et al., 2019).

4.2. Socio-demographic correlates of latent class groups of anxiety and
depression

Results of the univariate and multivariate logistic regression in LCA
with socio-demographic correlates showed that economic problems or
financial difficulties had significant predictive effects on the latent class
groups. Particularly, compared with the “normal” group and the
“moderate symptom” group, the “severe symptom” group had a signif-
icantly higher probability of having personal financial problems, prob-
lems of unemployment of oneself or family members, or being in a
family receiving CSSA. Nevertheless, no significant difference was
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observed between the “normal” group and the “severe symptom” group
on all other socio-demographic factors. The results contribute signifi-
cantly to the existing literature. While there has been a body of research
on socio-demographic factors related to anxiety and depressive symp-
toms in university students under COVID-19 (e.g., Chen and Lucock
2022; Lopes and Nihei 2021; Saadeh et al. 2021), the studies mainly
adopted a variable-centered approach so there is no research identifying
socio-demographic risk factors to subgroups of university students on
symptoms of comorbid anxiety and depression under the pandemic. The
results of the present study indicate that financial difficulties or prob-
lems would be a significant risk factor for subgroups of students with
different levels of comorbid anxiety and depression in university stu-
dents as they significantly differentiated the “severe symptom” group
from the “normal” and “moderate symptom” group. The findings were
also consistent with the existing studies based on a variable-centered
approach showing that financial difficulties significantly and posi-
tively predicted anxiety and depression among students in higher edu-
cation institutions under COVID-19 (Eisenberg et al., 2007; Galanza
et al.,, 2023). The findings provide important information that can
contribute to enhanced intervention and prevention strategies for
addressing mental health issues among university students during the
pandemic through identifying risk groups who were experiencing
financial difficulties, unemployment, or in families with low socioeco-
nomic status.

With regard to the predictive effects of age, gender, year of study,
and living status, interestingly, the results of this study showed that the
three latent class groups did not differ in these factors. This is incon-
sistent with some of the existing studies on the significant predictive
effects of these socio-demographic factors on anxiety and depression in
university students under the pandemic (e.g., Chen and Lucock 2022;
Chi et al. 2020; Dhar et al. 2020). One reason for the inconsistent
findings might be due to the different predictive effects of these
socio-demographic factors on depression and anxiety. For example,
some studies found that while gender significantly predicted anxiety
(females had higher anxiety than males) (Muzaffar et al., 2022), it did
not predict depression in university students (Chen et al., 2013; Eisen-
berg et al., 2007). Also, there were studies showing that gender did not
predict both anxiety and depression in university students (Islam et al.,
2020; Ramon-Arbués et al., 2020). With regard to year of study, while
some of the existing studies showed that lower-year students had higher
levels of anxiety and depression (Bayram and Bilgel, 2008), some studies
revealed that higher-year students demonstrated higher levels of anxiety
and depression (Yu et al., 2021). Under the specific circumstances of the
pandemic, both junior and senior year students might face significant
challenges and pressures; therefore, their level of mental health prob-
lems might not have significant differences.

Furthermore, the study found a non-significant effect of family
member infection of COVID-19 on latent class groups with different
profiles of anxiety and depression. This is inconsistent with many
existing research based on a variable-centered approach which showed a
significant positive association between family member infection and
mental health problems such as anxiety and depression (Cao et al., 2020;
Wang et al., 2020). One possible explanation of the result might be due
to different periods of the pandemic in which the study was conducted
and different government policies on the pandemic. For example, the
study of Cao et al. (2020) and Wang et al. (2020) were all based on
college students in mainland China at “the early outbreak peak of
COVID-19 in China” during which people would have higher pressure
and fear regarding infection with COVID-19 (Cao et al., 2020); therefore,
the family member infection might have higher chance to trigger mental
health problems during this period. However, the present study was
based on data in the summer of 2022 which was around the middle
period of the fifth wave of the pandemic in Hong Kong; during that time,
the infection rate of the virus had already dropped significantly, and the
people has already had rich knowledge about the pandemic (Lung et al.,
2022). Besides, the lethality of the Omicron strain is much lower than



W. Chai and D.T.L. Shek

those of the earlier strains. Therefore, having family members being
infected might not be a high stressor that would lead to mental health
problems in university students.

Despite the innovative nature of the study, it is imperative to note
several limitations. First, while quota sampling adopted in this study is
cost-effective and it was commonly adopted in different studies under
the pandemic due to difficulties of recruiting study participants (e.g.,
Bautista-Diaz et al. 2023; McBride et al. 2021), it is a non-probability
sampling which could not make generalization of the results (Iliyasu
and Etikan, 2021). Future research should be conducted based on the
method of random sampling. Second, the participants were mainly
recruited from one university. Future research should be conducted
based on the participants from multiple universities to replicate the
results. Third, the self-report measures were employed in the study
which may be biased due to the social desirability (Tanaka-Matsumi and
Kameoka, 1986). Other approaches to assessing anxiety and depression
such as structured psychiatric interviews based on depressive episodes
could be employed in future research.

In conclusion, using LCA, this study identified three subgroups with
different characteristics of depressive and anxiety symptoms. The first
group was characterized by lower percentages of having the most
depressive and anxiety symptoms. The second group was characterized
by middle to high percentages of having depressive and anxiety symp-
toms. The third group was characterized by extremely high percentages
of having the most depressive and anxiety symptoms. This study also
suggests that economic or financial difficulty would be a high-risk factor
for identifying subgroups with high levels of depression and anxiety.
Despite the limitations, this study contributes significantly to the un-
derstanding of subgroups of university students with different comor-
bidity patterns of anxiety and depression during the pandemic, which
also sheds light on more effective interventions and prevention of anx-
iety and depression. Future research could go further to include other
mental health indicators that have high comorbidity with depression
and anxiety in the LCA such as stress symptoms assessed in the DASS
scale to deepen the understanding of the subgroup characteristics. In
addition, future research could go further to examine the potential
COVID-19-related risk factors for subgroups with person-centered
characteristics of depression and anxiety symptoms.
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