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Background: COVID-19 threatened global health, however little is known about the long-term courses of loneliness and their effect
on mental health in adolescents. This study aimed to explore the trajectories of loneliness among adolescents in Taizhou, Zhejiang
Province, China, during the last phase of the pandemic. We also aimed to identify risk factors in each loneliness course and the impact
of loneliness on emotional problems, peer problems, hyperactivity and conduct problems.

Methods: The study employed multistage cluster sampling to collect four waves of data from 2347 Chinese adolescents (average
baseline age of 14.7 years) covering a period of 20 months (October 2021 — May 2023). The UCLA 3-Item Loneliness Scale and the
Strengths and Difficulties Questionnaire were utilized to assess loneliness and mental health problems, respectively. Growth mixture
modelling was employed to identify latent classes of loneliness trajectories. Associated risk factors were investigated using multi-
nomial logistic regression model. Mixed-effects logistic regression models were constructed to examine the long-term impact of
loneliness classes on mental health outcomes.

Results: The overall percentage of loneliness increased from 22.9% at baseline to 32.2% at the fourth wave in our sample. Three
classes of loneliness were identified: Decreasing Low Loneliness (58.71%), Increasing Medium Loneliness (36.52%), and Increasing
High Loneliness (4.77%). Risk factors for poorer loneliness trajectories included lack of physical exercise habits, poorer mental health
literacy, medium or low perceived social support, having study difficulties, being female, higher grades, and lower economic status.
Loneliness classes were associated with the severity and variability of emotional problems, peer problems, hyperactivity and conduct
problems (ORs for the highest loneliness class: 10.24, 4.21, 3.87, 2.68, respectively). Individuals in the higher loneliness classes
experienced a significant increase in these mental health problems over time (p < 0.05 for interactions between loneliness classes and
time).

Conclusion: During the last phase of the pandemic, a large proportion of adolescents in our study endured medium to high levels of
loneliness with no signs of improvement. Both unfavorable loneliness trajectories adversely affected internalizing and externalizing
problems and displayed an upward trend in these difficulties. Results highlight the importance of tackling loneliness and improving
mental health in adolescents.
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Introduction

Since the unprecedented breakout of the COVID-19 pandemic, it has swept the world and brought devastating impacts to
all countries. Governments had no choice but to implement stringent measures to control the transmission of the
coronavirus, such as strict social distancing measures, quarantines, and lockdowns. The crisis has caused large-scale
influence on global economy, political policies, social integration, globalization processes, and global health.! Among its
many impacts, the World Health Organization (WHO) has warned us against one of its most striking aspects — the
undermined mental health of millions.” Researchers are focusing on understanding how restrictions imposed by govern-
ments affect mental health in the medium and long term.> Socially restrictive measures, quarantines and lockdowns
have been associated with reduced social interaction and increased loneliness that may lead to a rise in mental health
problems such as symptoms of depression and anxiety.'° As the probability of observing extreme epidemics can
increase up to threefold in the coming decades, empirical evidence of its psychosocial impact is urgently needed to offer
advice on global responses during future Disease X outbreaks.''

Loneliness refers to the dissatisfaction we feel when our social connections do not match our expectations or needs. '
According to the evolutionary theory of loneliness, transient loneliness can motivate people to reconnect with others."
However, when the reaffiliation motive fails, they can be at risk for prolonged feelings of loneliness.'* During the
adolescent years, many developmental changes take place such as changes in companions, autonomy, individuation,
identity exploration, and cognitive maturation.'> For example, friendship quality appears to be more important than
quantity in late childhood and adolescence. These developmental psychological characteristics make adolescents
particularly vulnerable to prolonged feelings of loneliness.'*'> According to a meta-analysis with data collected from
2000 to 2019, researchers reported high levels of loneliness for adolescents across 113 countries, ranging from 9.2% in
South-East Asia to 14.4% in the Eastern Mediterranean region.'® Since the COVID-19 outbreak, these figures seem to
have risen even further due to strict isolation policies implemented throughout the world, and a heavy burden has fallen
on adolescents’ education and normal social activities.!” During a lockdown in the UK, nearly one in two youths reported
feeling lonely.'® Young people experienced the largest increase in feelings of loneliness during the early stages of the
pandemic compared to other age groups.'**° Worryingly, in a study among British youths in 2022, 35% of participants
reported that they experienced greater loneliness than ever before, 22% encountered challenges of maintaining existing
friendships, and 23% expressed concerns that they may not be able to recover from the emotional impacts of the
epidemic.?' Similarly, a large number of Chinese adolescents experienced feelings of loneliness during school closure
(33.9%) and school reopening (40.3%) at the early stages of the pandemic.*?

A variety of factors were associated with heightened feelings of loneliness in adolescents before the pandemic. Cross-
sectional studies indicated that poor physical or psychological health, low economic status, poor friendship quality, bad
relationships in family, being bullied, and lack of social and emotional support were linked to more severe loneliness
among adolescents.> *° In terms of sex, empirical findings are inconsistent. In a meta-analysis of gender differences in
loneliness, some studies suggested that females were lonelier than males, while the results were the other way round in
some other studies.?” Although there is theoretical notion that sex differences in loneliness may emerge in adolescence,
the state of research is still undecided.?’ In a meta-analytic study of factors related to loneliness during adolescence, older
age was found to be associated with higher levels of loneliness with a low effect size.”® Additionally, a cross-sectional
study in Jordan reported that adolescents who did not feel lonely had higher levels of mental health literacy than those
who felt lonely.”” The concept of mental health literacy involves the comprehension and knowledge related to mental
health, stigma, and strategies of seeking help.’® Given the close relationship between mental health and loneliness, it is
reasonable to assume a negative correlation between mental health literacy and sense of loneliness. Some of these factors
might also act as outcomes of loneliness, however most of the previous studies of loneliness in adolescents used cross-
sectional design and therefore the direction of the effect is still unclear for many factors.

Under the influence of the COVID-19 pandemic, the situations that cause adolescents to feel lonely became even
more complicated. Adolescence, as a critical period of social development, is particularly sensitive to the effects of public
panic and social restrictions introduced in response to the COVID-19 crisis.*' ** The trends in inactivity among

adolescents were worsened due to the absence of routine, social distancing measures, and limited access to gymnasium
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and equipment.®* Many students found the adaptation to major changes in study routines difficult. A high proportion of
Chinese adolescents reported having difficulty in studying at home (54.2%) and disliked remote learning (46.1%), and
these difficulties were particularly problematic for adolescents who had poor parent-child relationships.>> These situa-
tions need to be considered when we study loneliness and its related factors during a special period. However, predictors
of loneliness courses in adolescents during the pandemic have not been fully documented. Many studies of adolescents’
loneliness during the COVID-19 were cross-sectional, which can only suggest factors concurrently associated with
loneliness, rather than predictors of the long-term trajectories of loneliness.

The implications of loneliness extend beyond negative feelings of isolation, as it is also related to mental health
problems. Two broad dimensions are included in mental health, namely internalizing and externalizing problems.*®
Internalizing problems represent a spectrum of disturbances characterized by negative emotion, such as depression,
anxiety, and social withdrawal. On the other hand, externalizing problems are characterized by disinhibition, including
traits such as hyperactivity, aggression, and rule violation.’” Existing research has shown that loneliness was associated
with internalizing problems in young people, such as depression, anxiety and peer relationship problems.***! Previous
studies have also spotlighted the close relationships between loneliness and externalizing problems, including hyper-
activity, conduct problems and violent acts.**** For adolescents during the COVID-19 pandemic, a systematic review
reported that there were close associations between elevated feelings of loneliness and increased depressive symptoms,
anxiety symptoms, gaming addiction and insomnia in cross-sectional studies.*> Although longitudinal associations were
more complex, most of the prospective studies in the review found that loneliness predicted symptoms of depression and
anxiety amid the pandemic period, and that social connection via online networks helped diminish the adverse impact of
social distancing measures on adolescent mental health.*>*” Consequently, the potential ramifications of COVID-19 on
loneliness are not only pertinent to population well-being, but also relevant to mental health problems which could occur
or deteriorate as a result.

While data about how the COVID-19 pandemic affected loneliness and mental health were available prior to and
during the crisis, we have little information on what the trajectories of loneliness are after the pandemic has lasted for
a long time and if these changes have continued at the end of the pandemic. A trajectory describes the evolution of
repeated measure of loneliness over time. Modelling trajectories can classify individuals into distinct classes where
people within a given subgroup share greater similarities than those from other subgroups.*® As compared to approaches
based on sample means, trajectory modelling is more useful to characterize intra- and inter-individual variability and
patterns of loneliness over time so that vulnerable populations can be identified to inform personalized prevention and
clinical practice.*” Few studies reported loneliness trajectories during the pandemic. For example, a study in Spain
reported three courses of loneliness in adults during the last state of the emergency.’® However, the longitudinal changes
in loneliness and its impact may be different in adolescents and may differ across countries where different approaches
were implemented to manage the spread of coronavirus. Also, this study has only two time points across a period of nine
months which prevents the depiction of medium- and long-term trajectories of loneliness. Additionally, there is
insufficient evidence of what factors are related to loneliness trajectories in adolescents. Although some protective and
risk factors against loneliness were reported during the pandemic,”’ many of them were found in cross-sectional studies
and were not necessarily relevant to adolescents. Much more detailed, longitudinal exploration is required for adolescents
as loneliness and its increase were the highest among young people compared to the other age groups during the
pandemic.>? Furthermore, there is a lack of scientific evidence of the impact of loneliness trajectories on mental health
outcomes in adolescents, especially externalizing problems such as hyperactivity and conduct problems. Therefore,
addressing these research gaps is of paramount importance to better understand and support adolescent mental health in
a context of global uncertainties.

Researchers consider loneliness, its risk and protective factors, and its impact on psychological health as priorities of
COVID-19 related mental health studies.’® Therefore, this study aimed to explore the trajectories of loneliness in
a sample of 2347 Chinese adolescents tracked across 20 months from October 2021 to May 2023 when WHO announced
COVID-19 emergency over. We also sought to identify risk and resilience factors in each loneliness course, and the
impact of loneliness experiences on mental health, including emotional problems, peer problems, hyperactivity and
conduct problems. This information would help us understand the consequences of the pandemic on loneliness and
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highlight areas to consider when seeking ways to reduce its effects in the post-pandemic period. We propose three
hypotheses: (1) there are different patterns of loneliness trajectories, (2) adolescents with unfavorable demographic,
social and behavior characteristics, such as low economic status, lack of social support, physical inactivity, having study
problems and poor mental health literacy, are more likely to report poor loneliness trajectories, and (3) loneliness
trajectories are related to the severity and variability of emotional problems, peer problems, hyperactivity and conduct
problems.

Methods
Study Design and Participants

This prospective cohort study has been collecting data every six months since 2021. Data from four waves of surveys
were included in the present study: Time 0 (October-December 2021), Time 1 (April-June 2022), Time 2 (September-
October 2022), and Time 3 (February-May 2023). The study employed multistage cluster sampling to gather information
from middle and high school students in Taizhou, Zhejiang province, China. A total of five districts/counties in Taizhou,
representing both urban and rural areas, were selected for inclusion. From each district/county, three middle schools and
three high schools, including both public and private schools, were randomly chosen. Two classes from each grade in
every school were selected to participate in the survey. The inclusion criteria for this study were: (1) students from the
selected classes, aged 12—18; (2) the ability to independently read, understand, and complete the online questionnaire;
and (3) both students and their parents provided informed consent. The exclusion criteria were: (1) removal of duplicate
questionnaire responses, retaining only the first submission; and (2) exclusion of questionnaires completed in an
excessively short time to ensure data quality. Table S1 presents the general distribution of participant characteristics in
the study. The age range in our sample is 12—18 years, with an average age 14.7 (SD = 1.7), spanning 7th to 11th grades,
which is representative of adolescents in Taizhou city.

Procedures

Potentially eligible students from the selected classes were invited to participate in the study and were informed about the
content and procedures of the survey. Those willing to participate provided informed consent from both themselves and
their parents. Class teachers then escorted them to computer rooms where they completed the online surveys via the
Wenjuanxing platform (https://www.wijx.cn). The study procedures were conducted in compliance with the ethical

principles outlined in the Declaration of Helsinki and received approval from the Ethics Committee of Taizhou
Central Hospital (2022L-01-17).

Figure S1 shows the flow of participants through each wave of the study. The sample size decreased from 4869 at TO
(October-December 2021) to 3925 at T1 (April-June 2022), reflecting a retention rate of 80.6%. The number further
declined to 2622 at T2 (September-October 2022), resulting in a retention rate of 53.9%, and finally to 2347 at T3
(February-May 2023), with a retention rate of 48.2%. During the study period, some students were reassigned to different
classes in certain schools. Since the surveys were organized according to class affiliations, this contributed to the
decrease in retention.

Measures

Loneliness

Loneliness was assessed using the UCLA 3-Item Loneliness Scale, which consists of three questions: 1) How frequently
do you experience a lack of companionship? 2) How often do you feel excluded or left out? 3) How frequently do you
feel socially isolated?>* Each question is rated on a scale from 1 to 3. The total score ranges from 3 to 9, with higher
scores indicating a greater level of loneliness. In the growth mixture model for loneliness trajectories, continuous
loneliness scores were used to capture changes in the degree of loneliness across different classes. To calculate loneliness
rates, cut-off values were applied to classify individuals as either lonely or not lonely. Participants with scores of >6 were
considered lonely, while those with scores <6 were classified as not lonely.?>*° In this study, the Cronbach’s alpha value
of the UCLA scale was 0.88.
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Emotional and Behavioral Problems

The self-reported version of the Strengths and Difficulties Questionnaire (SDQ) was utilized to evaluate participants’
emotional problems, peer problems, hyperactivity, and conduct problems.’” The SDQ comprises 25 items that assess four
domains of difficulties and one domain of strength. In this study, we focused on the four difficulty subscales to indicate
the four types of psychological problems. For example, a sample item from the peer problems subscale is: “I am usually
on my own. | generally play alone or keep to myself”. Each item is scored from 0 to 2, with each subscale consisting of
five items and scores ranging from 0 to 10. Higher values indicate greater difficulties. The SDQ employed a 4-band
categorization: close to average, slightly raised, high, and very high. Participants with “high” or “very high” categoriza-
tion in the four subscales were classified as having corresponding problems. Specifically, scores of >6 on the emotional
problems subscale indicated the presence of emotional issues; scores of >4 on the peer problems subscale signified peer-
related difficulties; scores of >7 on the hyperactivity problems subscale reflected hyperactivity issues; and scores of >5 on
the conduct problems subscale indicated conduct problems.>® The Cronbach’s alpha coefficient for internal consistency
assessment of the total difficulties scores was 0.83 in this study.

Potentially Relevant Factors

Perceived Social Support

To evaluate perceived social support, the study employed the Multidimensional Scale of Perceived Social Support
(MSPSS), which consists of 12 items.>® Each item involves 7 statements ranging from “very strongly disagree” to “very
strongly agree”, with scores assigned from 1 to 7. For example, a sample item from the scale is: “There is a special
person who is around when I am in need”. The mean score for the 12 items was calculated to gauge the overall
perception of social support. Mean scores falling within the range of 1 to 2.9 were classified as low support, scores
between 3 and 5 moderate support, and scores from 5.1 to 7 high levels of support.

Mental Health Literacy

The assessment of mental health literacy involved the use of a simplified Chinese version of the Mental Health Literacy
Questionnaire (MHLQ) developed by Epps et al on the basis of Nutbeam’s health literacy theoretical model.®® This
simplified Chinese version of the questionnaire is specifically designed to evaluate the mental health literacy of middle
school students and has been shown to possess strong reliability and validity when used among Chinese students.®' The
brief Chinese questionnaire consists of 20 questions, each offering five options ranging from “Strongly Agree” to
“Strongly Disagree” with scores from 1 to 6. For example, a sample item from the scale is: “I have the ability to address
my own mental health issues”. Total scores were obtained by summing up the scores for each question, where higher
scores indicate poorer mental health literacy.

Lifestyle and Sociodemographic Characteristics

Participants were asked if they had difficulties in studying currently. The average daily time spent by students on
electronic devices was documented. Habits of regular physical exercise (excluding physical education lessons) were
categorized as either yes or no. Relationships with mothers and fathers were classified into three categories: good,
average, or poor relationships. Variables strongly linked to mental health, such as stressful events (death or serious illness
of a loved one within the past three months) and overall health status (completely healthy or with conditions such as
hypertension, cardiovascular disease, diabetes, pulmonary disease, cancer, other chronic physical conditions, lack of
outdoor activity due to disability, or any other disabilities), were also considered. Sociodemographic characteristics
included sex (male/female), age, grade level (from 7th to 11th grades), and economic status (good, average, poor).

Statistical Analysis

The latent trajectories of loneliness were determined using the growth mixture model (GMM). Loneliness trajectories
were modeled as a linear function from TO to T3. Regarding the selection of latent classes, statistical indicators including
Akaike information criterion (AIC), Bayesian Information Criterion (BIC), sample-size adjusted Bayesian Information
Criterion (aBIC), the entropy, and Adjusted Lo-Mendell-Rubin Likelihood Ratio (ALMR-LR) test were employed to
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determine the optimal number of latent classes. Smaller values of AIC, BIC and aBIC indicate a better model fit.
Information entropy ranges from 0 to 1, with values closer to 1 indicating higher accuracy of model classification. The
ALMR-LR test is used to compare whether a K-class model significantly outperforms a K-1 class model.®*

After identifying the optimal number of loneliness classes, a multinomial logistic regression model was used to
compare baseline characteristics across different classes. Initially, univariate regression analyses were conducted with
loneliness trajectory as the dependent variable and factors at TO as independent variables, such as demographic
characteristics, learning-related factors, physical exercise habits and so on. Variables with p < 0.2 in the univariate
analysis were then included in the multivariable regression models. The predictors and outcomes were not examined in
reverse, as our focus was specifically on factors influencing loneliness trajectories.

Mixed-effects logistic regression models for repeated measures were used to explore the relationship between
loneliness trajectories and outcome variables (emotional problems, peer problems, hyperactivity, conduct problems)
across the four time points. The two-level random intercept models were fitted using maximum likelihood, with
loneliness trajectory as a fixed factor, time as a within-participant repeated factor, and participant ID as a random factor.
These models also examined the interactions between loneliness trajectories and interview time with emotional problems,
peer problems, hyperactivity, and conduct problems at each time point as outcomes. The models were adjusted for sex,
grade, study problems, physical exercise habits, economic status, relationships with parents, stressful events, and
students’ health status. Regression coefficients were reported with 95% confidence intervals (Cls). To provide
a justification for the models we used, Receiver Operating Characteristic (ROC) curves were generated for all models,
and corresponding Area Under Curve (AUC) values were calculated. The regression models with the four outcome
variables yielded AUC values of 0.964, 0.905, 0.971 and 0.958, respectively, indicating high predictive accuracy of the
models. To further interpret our results, sample means with 95% CIs and estimated means for the four outcomes
depending on loneliness trajectories were calculated and shown in figure We investigated only one direction - from
loneliness trajectories to mental health outcomes - as our focus was on how different loneliness trajectories impact the
four types of mental health problems.

For descriptive statistics, frequency/percentage and median/interquartile range (IQR) were used to describe catego-
rical and continuous variables. All reported p-values were based on two-sided test, with a significance level set at p <
0.05. All statistical analyses were performed using R-4.3.3 and Mplus version 7.

Results

Characteristics of the Study Population
A total of 2347 participants completed surveys at all four time points from TO to T3. Figure S1 shows the flow of
participants through each wave of the study. The characteristics of the study sample at four waves are presented in Table

S1. Among participants involved in the analyses, 49.1% were female. The average baseline age of participants was 14.7
years (SD = 1.7). At baseline, 14.8% of adolescents had emotional problems, 30.8% had peer problems, 9.4% exhibited
hyperactivity, and 6.6% had conduct problems. The proportions of loneliness across the entire sample at each wave were
as follows: TO 22.9%, T1 30.7%, T2 31.6%, and T3 32.2%. From TO to T3, there was a significant increase in the
proportions of loneliness (p<0.001) and conduct problems (p<0.001), while the proportions of emotional problems
(p=0.915), peer problems (p=0.089), and hyperactivity (p=0.805) showed no significant changes.

Loneliness Trajectories

Table 1 presents the model fit indices for the models with different number of classes. As the number of trajectories
increased, AIC, BIC, and aBIC monotonically decreased. The 3-class model had the highest entropy value, indicating
a good accuracy of model classification. Additionally, the p-value of the ALMR-LR test remains significant throughout.
To obtain the best-fitting model, an “elbow” plot of aBIC (Figure S2) was utilized.®* According to the elbow plot, a clear
inflection point is observed at three classes. The AIC and BIC also display a similar trend of change. Therefore, the
model with three classes was selected.
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Table 1 Model Fit Indices for Different Model Specifications

Number of Classes BIC AIC aBIC Entropy | ALMR-LR Number of Participants in Each Class (%)
I 2 3 4 5
| 32,399.08 | 32,347.24 | 32,370.49 - 2347(100)
2 31,779.50 | 31,710.36 | 31,741.37 0.872 <0.001 | 626(26.67) 1721(73.30)
3 30,531.26 | 30,444.84 | 30,483.60 0.996 <0.001 1378(58.71) | 857 (36.52) 112(4.77)
4 30,434.75 | 30,331.06 | 30,377.56 0.983 <0.001 1378(58.71) | 786(33.49) 112(4.77) | 71(3.03)
5 30,162.51 30,041.53 | 30,095.78 0.933 0.007 | 1212(51.64) | 460(19.60) 112(4.77) | 397(16.92) 166(7.07)

Abbreviations: BIC, Bayesian information Criteria; AIC, Akaike’s information Criteria; aBIC, Adjust Bayesian information Criteria; LMR, Lo-Mendell-Rubin.

The three loneliness trajectories are depicted in Figure 1. The first class comprised 1378 individuals (58.71%),
characterized by the lowest average loneliness scores and a slight decreasing trend over time. This trajectory was labeled
“Decreasing Low Loneliness”. The second class included 857 individuals (36.52%) with a moderate level of loneliness
scores and approximately a one-point increase in loneliness from TO to T3, which was termed “Increasing Medium
Loneliness”. The third class consisted of 112 individuals (4.77%) with the highest and continuously rising loneliness
scores, and was designated as “Increasing High Loneliness”. The labeling was based on the relative levels of loneliness
across the three categories rather than the artificial, binary cut-off score of the UCLA scale. Although the cut-off score
followed previous literature, individuals below this threshold may still experience some degree of loneliness.

Predictors of Loneliness Trajectories

Table 2 presents the descriptive statistics for baseline variables and the differences in baseline characteristics across
loneliness trajectories (The results of univariate regression analysis without adjustment for potential confounders are
presented in Table S2). After controlling for variables with p < 0.2 in Table S2, a multinomial logistic regression model
(Table 2), using “Decreasing Low Loneliness” as the reference category, identified several risk factors for “Increasing
Medium Loneliness”: being female, higher grade level, lack of a physical exercise habit, lower mental health literacy,
poorer economic status, and lower perceived social support. Similarly, lack of physical exercise habit, lower mental
health literacy, and medium or low perceived social support remained risk factors for “Increasing High Loneliness”
trajectory compared to “Decreasing Low Loneliness”. Additionally, adolescents with study problems also had higher

odds of being in the “Increasing High Loneliness™ trajectory.

Trajectories

= Increasing High Loneliness

= Increasing Medium Loneliness

UCLA score

Decreasing Low Loneliness

TO T T2 T3
Time Point

Figure | Estimated growth trajectory for each latent class based on the 3-class unconditional GMM. Solid lines represent sample means, dashed lines represent estimated

means.
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Table 2 Estimated Relative Risk Ratios of the Predictors of Loneliness Trajectories

Variables Overall n=2347 (100%) N (%) or Increasing Medium Increasing High
Median (IQR) Loneliness Loneliness
(vs Decreasing Low Loneliness)
RRR (95% CI) RRR (95% CI)
Sex Women (Ref. 1153 (49.1) 1.24 (1.03-1.50)* 1.06 (0.70-1.61)
men)
Grade 2 (1,5) 1.18 (1.11-1.25)%* 1.07 (0.94-1.23)

Average daily electronic device usage

1.00 (0.500,3.00)

0.99 (0.96-1.03)

0.96 (0.88-1.04)

Physical Activity No (Ref. yes) 859 (36.6) 1.44 (1.18-1.76)%* 221 (1.44-3.41)++*
Relationship with Good 1798 (76.6) Ref. Ref.
father
Average 484 (20.6) 1.09 (0.82-1.44) 1.43 (0.82-2.47)
Poor 65 (2.8) 0.94 (0.51-1.72) 1.83 (0.73-4.58)
Relationship with Good 1975 (84.2) Ref. Ref.
mother
Average 327 (13.9) 1.10 (0. 80-1.52) 0.78 (0.42-1.45)
Poor 45 (1.9) 1.42 (0.68-2.97) 1.67 (0.56—4.96)
Mental health literacy 32.0 (22.0,44.0) 1.02 (1.01-1.03)%** 1.03 (1.02—1.05)***
Economic status Good 459 (19.6) Ref. Ref.
Average 1750 (74.6) 1.08 (0.85-1.39) 0.63 (0.37-1.05)
Poor 138 (5.9) 1.79 (1.16-2.77)** 0.50 (0.18-1.37)
Study problems Yes (Ref. no) 1137 (48.4) 1.21 (0.99-1.48) 1.84 (1.15-2.93)*
Stressful events Yes (Ref. no) 252 (10.7) 1.22 (0.91-1.64) 1.50 (0.85-2.66)
Health status Diseased (Ref. 162 (6.9) 1.39 (0.96-2.02) 1.79 (0.96-3.33)
well)
Perceived social High support 1344 (57.3) Ref. Ref.
support ]
Medium support 928 (39.5) 1.92 (1.56-2.38)*+* 2.26 (1.37-3.74)**
Low support 75 (3.2) 3.01 (1.63-5.56)*** 8.59 (3.58-20.57)***

Notes: The results of univariate regression analysis are presented in Table S2. * p<0.05. ** p<0.01. *** P<0.001.

Impact of Loneliness Trajectories on Mental Health Problems

Table 3 reports the results of four mixed-effects logistic regression models, demonstrating the influence of loneliness
trajectories, time, and their interactions on the outcome variables. Using “Decreasing Low Loneliness™ as the reference, it
was found that individuals in the “Increasing Medium Loneliness” and “Increasing High Loneliness” trajectories had
a higher probability of experiencing emotional problems, peer problems, hyperactivity, and conduct problems, although
the effect sizes were smaller for the “Increasing Medium Loneliness”. In each of the four models, there was at least one
significant interaction between medium or high loneliness course and time with the four emotional and behavioral
problems as the outcomes. Interactions revealed that adolescents in the course “Increasing High Loneliness” experienced
a statistically significant increase in emotional problems, peer problems, and hyperactivity from TO to T3. Individuals in

the “Increasing Medium Loneliness” trajectory also exhibited an increasing trend in emotional, peer and conduct
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Table 3 Associations Between Loneliness Trajectories and the Four Mental Health Outcomes

Emotional Problems Peer Problems Hyperactivity Conduct Problems
OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p
Classes of loneliness
Decreasing low loneliness Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Increasing medium loneliness 3.81 (243, 5.98) <0.001 1.33 (0.99, 1.80) 0.057 2.67 (1.52, 4.69) <0.001 1.17 (0.70, 1.95) 0.555
Increasing high loneliness 10.24 (4.41,23.82) | <0.001 | 4.21 (2.20,8.09) | <0.001 | 3.87 (1.33, 11.24) 0.013 2.68 (1.01, 7.07) 0.047
Time 0.80 (0.71, 0.90) <0.001 | 0.89 (0.83,0.95) | <0.001 0.79 (0.68, 0.92) 0.002 1.11 (0.98, 1.26) 0.101
Interaction: Class x Time
Decreasing low loneliness x Time Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Increasing medium loneliness x Time 1.19 (1.03, 1.38) 0.018 1.54 (1.39, 1.70) | <0.001 1.19 (0.99, 1.44) 0.061 1.66 (1.41, 1.95) [ <0.001
Increasing high loneliness x Time 1.79 (1.38, 2.33) <0.001 1.46 (1.17, 1.82) | <0.001 1.93 (1.42, 2.63) <0.001 1.22 (0.90, 1.65) 0.137

problems over time compared to “Decreasing Low Loneliness”. Figure 2 depicts the changes in four outcome variables

according to three loneliness trajectories, providing a visual presentation of how the scores for emotional and behavioral

problems worsened notably in the “Increasing High Loneliness” and “Increasing Medium Loneliness” trajectories.
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Figure 2 Changes in scores of mental health outcomes over time depending on course of loneliness. Solid lines represent sample means, and dashed lines represent
estimated means. Additionally, the 95% confidence intervals of sample means were displayed. Subpart (a) illustrates the emotional problem scores of adolescents across
three loneliness trajectory categories at four time points, with higher scores indicating more severe emotional issues within the group. Subpart (b) depicts the peer problem
scores for the same categories over the four time points, where higher scores suggest greater peer difficulties. Subpart (c) presents the hyperactivity problem scores for the
three loneliness trajectory categories at four time points, with higher scores indicating more severe hyperactivity issues. Subpart (d) outlines the conduct problem scores of
adolescents in the three loneliness trajectory categories from TO to T3, with higher scores signifying more severe conduct problems.
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Discussion

The present study identified three distinct trajectories of loneliness in Chinese adolescents during the last phase of the
COVID-19 pandemic. Around 4.8% of the participants reported “increasing high loneliness”, 36.5% “increasing medium
loneliness”, and 58.7% “decreasing low loneliness”. In the 20 months until the end of the pandemic, loneliness levels
increased remarkably in the highest and medium loneliness trajectories, and decreased slightly in the lowest trajectory.
Factors at TO including lack of physical activity, lower social support, poorer mental health literacy, and having study
problems, were all risk factors for being in a higher loneliness group. There was also evidence that being female, higher
grade, and lower household income predicted being in the medium loneliness class, although not the highest class. The
adolescents with “increasing high loneliness” and “increasing medium loneliness” were more likely to report emotional
problems, peer problems, hyperactivity and conduct problems. They also had higher increases of these problems from TO
to T3 compared to those with “decreasing low loneliness”.

It is concerning that 41.3% of participants were in the medium and high loneliness trajectories across the four time
points. At T3, 32.2% of adolescents had loneliness total scores above the cut-off score and were considered as “lonely”.
Data based on nationally representative samples within World Health Organization regions pre-COVID-19 suggest that
only 9.2% to 14.4% of adolescents experienced loneliness.'® Our study did not include adolescents outside of Taizhou,
but the findings nonetheless indicate that there are a large number of adolescents feeling high levels of loneliness in
China. It is also notable that loneliness for the medium and high groups had a consistent growth, particularly around the
end of the pandemic. The start of the survey at T3 coincided with one month following the official end of zero-COVID
-19 policy in China. Although there are no more social distancing measures, people went through an abrupt outbreak of
COVID-19 before life returned to normal, so it might be a response to worries over infection for themselves and those
they care about. However, it is also possible that fatigue due to the long-term pandemic and socially restrictive measures
may have exacerbated the existing feelings of loneliness. Moreover, the economy in Taizhou is largely dependent on
international trade. As globalization decreased in China during the pandemic, various goods trade was disrupted and local
economy was affected.’ As shown in Table S1, the proportion of good economic status steadily declined from 19.6% at
TO to 15.2% at T3. The negative impact on family income may aggravate household tensions and intensify adolescent
loneliness.** Apart from pandemic-related reasons for the increase in loneliness, there could be more factors which has
played a role in the trend even before the crisis, such as internet consumption, weaker levels of social networks, and
deterioration of mental health problems. A study across 37 countries reported worldwide increases in adolescent
loneliness from 2012 to 2018, in conjunction with the rise of internet use and smartphone access.®> In regards to the
lowest loneliness trajectory among 58.7% of participants, there is a gradual decrease over the 20 months, with the lowest
level recorded at the last assessment. Shortly after the survey at T2, China’s State Council announced new guidelines on
a national level which optimized COVID-19 response and loosened some restrictions.®® Whether the indication of
improvement of loneliness in this group is a result of the optimization of epidemic prevention and control policy remains
to be explored in future research. Nevertheless, it is striking that loneliness levels in some adolescents had marked
changes over time. Our findings suggest that the adolescents with medium to high levels of loneliness showed poor
adaptation to the circumstances and had growing sensations of loneliness over time.

The finding on physical inactivity being a risk factor for loneliness echoes previous studies during both the pandemic
and ordinary times.®”-°® Several intervention studies found that physical activity programs contributed to a reduction in
loneliness.®®"° Potential moderators and mediators may exist within this relationship such as social support, given that
social elements were involved in many physical activity interventions.®® Furthermore, physical activity is known to boost
mood and reduce symptoms of depression and anxiety, which are often associated with loneliness.”’ Exercise triggers the
release of endorphins, which can enhance emotional well-being, leading to a more positive outlook and reduced feelings
of social isolation.” Similarly, our finding that adolescents with low and medium social support had higher odds of being
lonelier than those with high support is consistent with research showing a negative association between social support
and loneliness.”* Perceived social support reassures people that they are not alone in dealing with challenges and that
help is available if required. This perception offers a sense of security and comfort.”* Even if someone does not
frequently use the support available, just believing that it is there when needed can reduce feelings of loneliness.””

4002  eee Psychology Research and Behavior Management 2024:17

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=484113.docx
https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al

There has been some evidence that friend support had a greater impact on feelings of loneliness than family and
significant other support as adolescents begin to expand the connections beyond their family circle and attach increasing
importance to friendship.”® It is notable that poor mental health literacy was a risk factor for higher loneliness. People
without sufficient mental health literacy are at risk for both lack of knowledge around positive health behaviors and
difficulties identifying psychosocial problems and making sound decisions.”® Those with greater mental health literacy
may be more likely to obtain adequate assistance and utilize available resources to address their psychosocial
difficulties.”” Having study problems was also identified as a risk factor for loneliness. Existing studies have confirmed
the influence of loneliness on student engagement and academic achievement, while our study proved that adolescents
with self-perception of poor academic performance were also more likely to have chronic loneliness.”® Low academic
achievement can lead to negative perceptions and stigma, both from peers and adults. Adolescents who struggle
academically may be labeled as “not smart enough” or “lazy”, which can damage their social status among peers.”’
Research has shown that students who do not meet academic expectations are at higher risk of being socially isolated,
leading to reduced social engagement and greater loneliness.*® These variables, on the other hand, can be considered as
resilience factors that protect against loneliness, namely regular physical activity, high level of social support, good
mental health literacy, and academically supportive campus culture, highlighting the importance of future interventions
targeting these aspects which could potentially reduce perceptions of loneliness in adolescents.

Although being female, higher grade, and poor economic status predicted being in the “increasing medium lone-
liness” class, they did not have significant associations with the “increasing high loneliness” group. Given the large effect
size of certain factors on the highest level of loneliness, eg low perceived social support (RRR=8.59), their impact may
override the influence of variables such as sex, grade, and economic status which played less of a role. In addition,
baseline economic status cannot capture the decline in household economic conditions over time. Whether changes in
financial status would better account for different trajectories of loneliness needs to be explored in future research.

Furthermore, adolescents with higher levels of loneliness demonstrated a greater likelihood of both internalizing
problems (emotional and peer problems) and externalizing problems (hyperactivity and conduct problems) compared to
those in the group with low level of loneliness. In most cases, individuals with medium and high levels of loneliness also
reported a significant increase in mental health problems from TO to T3, which could be attributed to the increasing
prevalence of chronic loneliness. In the whole sample, emotional problems, peer problems, and hyperactivity did not
significantly increase from TO to T3 (Table S1). A possible reason is that over half of the participants were in the
“Decreasing Low Loneliness” group whose mental health status may be relatively stable during the pandemic.
A systematic review and meta-analysis found that while some adolescents experienced increases in depression and
anxiety, others reported stable or even decreased symptoms during the pandemic.®' This stability was noted particularly
among groups with lower exposure to psychological stressors, highlighting the complex nature of adolescent mental
health responses during COVID-19 and the importance of identifying vulnerable subgroups who require better health-
care. As a potential stressor, chronic loneliness is closely associated with depressive symptoms, maladaptive social
cognition, and poor recovery following a mental health crisis.®* ** Researchers have suggested that transient loneliness
may serve an evolutionary purpose by prompting people to reestablish connections for the sake of survival and genetic
continuity.®> However, chronic loneliness poses potential risks due to its tendency to create a self-reinforcing loneliness
loop where lonely persons become increasingly distrustful of others and anticipate negative relationships, and as a result,
they would prefer to avoid future social interactions.® Our results are also consistent with existing studies about
loneliness trajectories which found that both high and medium trajectories were at increased risk for depression, anxiety,
self-harm and suicidal ideation.’**¢ All these findings indicate that adolescents who experience chronic loneliness at any
degree, not limited to those with high level of loneliness, may benefit from strategies aimed at decreasing loneliness.
Furthermore, our study adds to the existing evidence that, in addition to internalizing problems, prolonged high levels of
loneliness had negative impact on externalizing problems, including hyperactivity and conduct problems. Adolescents
experiencing loneliness may exhibit externalizing behaviors as a way to express frustration, seek attention, or cope with
negative emotions.®” Loneliness is often linked to emotion dysregulation which can lead to increased irritability, poor

impulse control, and difficulty managing social relationships, and then may manifest as problematic behavior.*®
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Moreover, adolescents with externalizing behaviors might struggle to form and maintain friendships, which could
perpetuate feelings of loneliness, creating a negative cycle.®

One noteworthy strength of our study is the use of longitudinal data, which allowed us to examine changes in
loneliness across four time points during the last phase of the pandemic and to classify subgroups with distinct loneliness
patterns. As adolescents had different mental health responses during crisis, it is important to identify vulnerable
populations to guide tailored prevention strategies and clinical interventions. Another strength pertains to the investiga-
tion of the impact of loneliness trajectories on externalizing problems including hyperactivity and conduct problems, as
most of the existing studies just focus on internalizing problems such as depression and anxiety. Some studies found that
adolescents with ADHD were lonelier than those without ADHD, however they did not establish the direction of the
effect.” Our study confirmed that sustained high levels of loneliness can intensify symptoms of externalizing problems.

However, some limitations of our study should be taken into account. First, although we used cluster sampling from
30 schools in Taizhou, adolescents from other areas in China were not included. While Taizhou may effectively reflect
the situation in southeastern coastal regions of China, the findings may not be generalizable to other geographical areas of
the country. Therefore, caution should be exercised when interpreting the extent to which these results can be applied to
the broader Chinese adolescent population. Second, even though reliable assessment tools were utilized in our study, the
measures employed for loneliness and mental health problems are brief version or screening scale, which might limit
their capacity to offer comprehensive insights. Third, these analyses focused on loneliness trajectories in adolescents
during the pandemic, but how they compare to experiences of loneliness in the post-pandemic period remains to be
investigated in future studies. Fourth, this study only explored the predictive value of risk factors on loneliness
trajectories, however these factors could also be outcomes of loneliness. Similarly, the emotional and behavioral
problems may influence subsequent loneliness. Future research should examine these reverse relationships. Fifth, the
study primarily focused on the predictors and mental health outcomes of loneliness trajectories. However, future studies
could delve deeper into potential moderators, such as differences between early, middle, and late adolescence.

There are a number of implications from our findings. The results presented here indicate the exceptionally high level
of loneliness with no signs of improvement for many adolescents, which had great impact on internalizing and
externalizing problems. The study highlights the importance of considering how to tackle loneliness both within the
context of COVID-19 and more generally. It is consistent with the goal of a new Commission launched recently by WHO
to address loneliness as a pressing health threat and foster social connection.”® In order to deal with the growing number
of reports about loneliness in adolescents, due in part to the COVID-19 pandemic, it is necessary to design effective and
easy to implement strategies involving the wider school community. Many parents and caregivers may struggle to spot
signs of loneliness and mental health problems in adolescents, although they have a lot of impact on how their children
think. Thus, efforts should be made to provide them with regular low-level training on how to identify indications of
these problems combined with guidance for dealing with them and information about helpful resources. Regular training
sessions for teachers and support staff in school would also bring benefit to students as teachers play important role in
improving adolescent mental well-being. Apart from common mental health problems, adolescent loneliness should be
monitored continuously in school, and timely support should be offered to those who report loneliness, particularly
chronic loneliness.*® Our results of the predictors of loneliness trajectories suggest that strategies to improve physical
activity, social support, mental health literacy, and assist students with poor academic performance may help reduce their
loneliness. Some interventions aimed at tackling loneliness, such as social prescribing, should be adapted for adolescents
and be promoted to make sure that young people are aware of them.”' Together, these approaches may help lessen
adolescent loneliness and possibly decrease their risk of internalizing and externalizing problems.

Conclusions

Overall, our findings suggest that loneliness in more than half of the participants were low and decreasing during the final
stage of the pandemic, but for many adolescents, these levels were medium to high with no indications of reduction.
People with inadequate physical activity, lower social support, poorer mental health literacy, and study problems were at
a greater risk of experiencing higher levels of loneliness. Both unfavorable loneliness trajectories adversely affected
internalizing and externalizing problems and displayed an upward trend in these problems, thus highlighting the disparity
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of the impact on mental health between trajectories. Future research should investigate whether the observed loneliness
patterns persist and evaluate their influence on mental health. The COVID-19 pandemic brought a great disruption to
people’s lives, and adolescents were heavily affected. More interventions and guidelines are urgently needed to diminish
loneliness in adolescents. Strategies that facilitate meaningful social interactions for young people should be prepared in
the event of an outbreak of Disease X in the future.
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