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A B S T R A C T   

The ongoing COVID-19 pandemic is not only an immediate hazard but also a long-term risk to the development 
of depressive symptoms. However, it remains unclear how people’s depressive symptoms change with the 
process of COVID-19. Further, there is also a paucity of research on the underlying antecedents and outcomes of 
depressive symptoms during this global health crisis. In this study, a longitudinal study was conducted in China 
and the data of 559 participants were collected from the outbreak period to the normalization period of the 
pandemic through self-report questionnaires. Depressive symptoms were longitudinally analyzed using Patient 
Health Questionnaire-9. Core variables involving society, family, individual cognition, and behaviors were 
studied as determinants or consequences. Latent growth curve model analyses indicated that college students had 
mild depressive symptoms at the initial stage of COVID-19 with a subsequent decreasing linear slope. Depressive 
symptoms were significantly predicted by college students’ risk perception of COVID-19, social support, family 
functioning, and smartphone addiction tendency. Further, their depressive symptoms predicted the changes in 
smartphone addiction tendency and levels of hope. In conclusion, current findings can provide implications for 
future prevention and intervention of mental disorders to assist college students through such challenging times.   

1. Introduction 

As a significant global public health emergency in the 21st century, 
the coronavirus disease 2019 (COVID-19) pandemic not only poses a 
tremendous threat to individuals’ lives but also has an unprecedented 
impact on their mental health (Xiong et al., 2020). The highly conta-
gious and life-threatening nature of COVID-19 has led to increased 
psychological distress (Vindegaard and Benros, 2020). The torrent of 
news and information regarding COVID-19 further results in the emer-
gence of an infodemic (World Health Organization, 2021) and causes 
chronic pandemic-related distress in the general population (Banerjee 
and Meena, 2021). In addition, the economic regression, unemploy-
ment, and disruptions to normal routines resulting from the pandemic 
have become new stressors that pose challenges to individuals’ mental 
health (Talevi et al., 2020; Torales et al., 2020). For example, the extant 
literature has found steep increases in the prevalence of anxiety, 
depression, and stress following the outbreak of COVID-19 (Planchue-
lo-Gómez et al., 2020; Wang et al., 2020a). The prevalence of depressive 
symptoms has become a global concern, ranging from 14.6% to 48.3% in 

different countries (e.g., China, Spain, Italy, and the USA) (Xiong et al., 
2020). Unfortunately, although research has already highlighted the 
changes in depressive experiences that occurred during the pandemic, 
the conclusions of those studies may have been limited due to their 
cross-sectional nature (e.g., Wang et al. 2020a) or short research periods 
(e.g., Magson et al. 2020). Moreover, the core determinants and con-
sequences of depressive symptoms in this crisis require further explo-
ration. Considering the acute and persistent effects of COVID-19, the 
present study aimed to shed light on these questions by investigating the 
trajectories of depressive symptoms from the outbreak of the pandemic 
to the normalization period. More importantly, we examined key ante-
cedents of the pandemic and related outcomes to explore the develop-
ment and influence of depressive symptoms during the COVID-19 
pandemic. 

1.1. The longitudinal development of depressive symptoms 

Depression is one of the most commonly reported mental disorders 
during the pandemic. During the initial stage of COVID-19, Wang et al. 
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(2020a) conducted a survey featuring more than 1000 participants in 
China and found that 16.5% of the participants reported 
moderate-to-severe depressive symptoms. On the one hand, 
pandemic-related stressors could exacerbate the risk of depression. The 
unknown infection mechanism, limited social interactions, and exces-
sive media information were found to promote a global atmosphere of 
depression (Ettman et al., 2020; Ho et al., 2020; Pierce et al., 2020). On 
the other hand, pandemic prevention measures may unexpectedly lead 
to some mental problems. For instance, home quarantine is beneficial 
with regard to stopping the spread of COVID-19 but may result in higher 
rates of depression (Planchuelo-Gómez et al., 2020). Furthermore, a 
series of public health policies and measures have made some progress 
in the fight against COVID-19, and China has entered a period of basic 
containment (Liu et al., 2020). After new arrangements allowing for a 
full resumption of work, people’s lives are gradually returning to 
normalcy, and their depressive symptoms may decrease alongside the 
positive trend in pandemic containment. Compared to studies that 
featured less than three months of follow-up, a cohort study that 
featured more than three months of follow-up reported a lower preva-
lence of depression (Bourmistrova et al., 2022). Based on the research 
literature we reviewed, we hypothesized that people would be likely to 
exhibit more depressive symptoms during the outbreak of COVID-19 and 
that their depressive symptoms would display a decreasing trend over 
time. 

1.2. Antecedents of depressive symptoms 

According to the Process-Person-Context-Time model (PPCT) based 
on ecological systems theory (Bronfenbrenner and Morris, 2006), four 
components (i.e., proximal processes, person characteristics, context, 
and time) contribute greatly to individuals’ development. In this study, 
we aimed to explore the mechanisms underlying the development of 
college students’ depressive symptoms (process) during the pandemic 
(time) by identifying the potential antecedents, ranging from the 
macroscopic to the microcosmic. We examined the role of pandemic 
situation (i.e., risk perception), a societal factor (i.e., social support; 
context—mesosystem), a family factor (i.e., family functioning; con-
text—microsystem), and an individual behavior factor (i.e., smartphone 
addiction tendency; person characteristic). 

1.2.1. Risk perception 
Focusing on people’s perceived risk is an important way to under-

stand their psychological and behavioral responses during a crisis (Qin 
et al., 2018). Risk perception is defined as individuals’ subjective eval-
uations and judgments regarding the real risks associated with a situa-
tion (Slovic, 1987; Xie and Xu, 1996). High perceived risk has been 
found to result in social unrest, pressure on health care (Peres et al., 
2020), sleep disturbances, anxiety and stress (Casagrande et al., 2020). 
During this pandemic, risk perception was also considered to be a key 
antecedent of depressive symptoms (Ding et al., 2020), with evidence 
suggesting that perception of COVID-19 risk was related to increased 
death distress and reduced happiness (Yıldırım and Güler, 2021). In 
addition, higher risk perception may cause people to experience more 
fear of infection, which can lead to increased negative emotions (Zhao 
et al., 2021; Zheng et al., 2019) and exacerbate depressive symptoms 
(Ding et al., 2020). 

Previous studies have shown that risk perception is greatly influ-
enced by trust in information, familiarity with epidemic situations, and 
interpersonal distance from people located at the epicenter (Chen et al., 
2021). In addition, popular opinions, recovery rates, and government 
preventive measures can also change people’s risk perception. A longi-
tudinal study conducted during the period during which severe acute 
respiratory syndrome (SARS) was prevalent demonstrated that residents 
dealt with information regarding SARS in a more rational manner and 
reported a lower risk perception of SARS after the epidemic situation 
was under control (Shi and Hu, 2004). Therefore, we considered the risk 

perception of COVID-19 to be a time-varying variable and expected it to 
positively predict depressive symptoms. 

1.2.2. Social support 
Support from others is an important aspect of people’s ability to 

overcome difficulties. Generally, social support is defined as referring to 
both the mental and the material support that people obtain from their 
social networks (Cobb, 1976). Empirical studies have revealed a positive 
association between social support and individuals’ psychological 
well-being (Peirce et al., 2000; Uchino, 2006, 2009). According to the 
buffering effect model, social support buffers the pathogenic influences 
of stressful events on individuals by enhancing people’s perceived 
coping ability and reducing their harmful psychological responses 
(Cohen and Willis, 1985). In nonpandemic situations, social support is 
purported to alleviate people’s mental distress after suffering natural 
disasters (Xu et al., 2013). Evidence has been found suggesting that 
people with less social support are more likely to experience depressive 
symptoms (Alsubaie et al., 2019; Guntzviller et al., 2020). During the 
COVID-19 pandemic, negative associations between social support and 
depression have also been documented (Li et al., 2020). A study of 
Chinese adolescents indicated that adolescents with less social support 
faced greater risks of depression in China during the outbreak of 
COVID-19 (Qi et al., 2020). Given that social support is an indicator of 
one’s support system and resources, which remain relatively stable, we 
treated social support as a time-invariant predictor and hypothesized 
that the level of social support would negatively predict depressive 
symptoms. 

1.2.3. Family functioning 
During the outbreak of the pandemic, many families spent more time 

at home than normal due to confinement measures. Therefore, the 
organizational properties of a family group and the interactions among 
family members may have significantly affected people’s mental health. 
Family functioning refers to the ability of the family to satisfy the basic 
needs of its members (Ryan and Keitner, 2009) and the effectiveness of 
family communication, emotional connection, and ability to cope with 
developmental changes or situational stressors (Olson, 2000; Olson 
et al., 1983). According to family system theory, family functioning 
plays a significant role in child development and mental health (Beavers 
and Hampson, 2000). Good family functioning has been found to be 
related to fewer negative outcomes, such as suicidal behaviors (King 
et al., 1993) and depressive symptoms. In contrast, adolescents with less 
supportive and more conflictual family environments tend to become 
more depressed (Sheeber et al., 1997). In pandemic situations, the effect 
of family functioning on individuals’ mental health may be amplified. 
Studies have indicated that individuals with poor family functioning 
exhibit higher levels of perceived stress (Wu et al., 2021), anxiety, and 
depressive symptoms (Li et al., 2020) during COVID-19. In this study, 
college students’ family functioning was viewed as a time-invariant 
predictor due to its stability across time (Zhao et al., 2021). We 
further expected this factor to be negatively associated with depressive 
symptoms during the COVID-19 pandemic. 

1.2.4. Smartphone addiction tendency 
With regard to individual behavior, we sought to explore the influ-

ence of smartphone use in this context. Due to the demands of enter-
tainment and productivity during the period of home-quarantine, people 
spent more time using smartphones to connect with the world (Liu, 
2020). Increased smartphone use may represent a hidden crisis with 
regard to the development of smartphone addiction and further lead to 
physical and psychological problems (Ratan et al., 2021). The present 
study conceptualizes smartphone addiction, which has been a widely 
studied behavioral addiction in recent years, in terms of individuals’ 
inability to control their smartphone use to the extent that they neglect 
other aspects of their lives and experience psychological and behavioral 
problems (Lee et al., 2014; Liu et al., 2017). Geng et al. (2021) reported 
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that people with higher smartphone addiction tendency are more likely 
to postpone their bedtime, which may generate more negative emotions 
such as depression and anxiety. Moreover, a systematic review sug-
gested a positive association of medium strength between smartphone 
addiction and depressive symptoms (Elhai et al., 2017). During the 
COVID-19 pandemic, although the effectiveness of smartphones with 
regard to satisfying people’s needs has generally been recognized, it is 
noteworthy that excessive smartphone use might result in more 
depressive symptoms, especially during the outbreak of COVID-19. A 
survey of home-confined adolescents noted that COVID-19-related 
exposure severity increased their tendency toward smartphone addic-
tion and further exacerbated their post-traumatic stress disorder (PTSD) 
symptoms (Hu et al., 2021). Therefore, we considered college students’ 
smartphone addiction tendency to be an important predictor of their 
depressive symptoms. 

1.3. Outcomes of depressive symptoms 

Exploring the outcomes of depressive symptoms can expand our 
understanding of the long-term effects of depressive symptoms. In this 
study, we considered both general and problematic outcomes. Specif-
ically, after experiencing a public health emergency, depression may 
change people’s perspectives on the world and the ways in which they 
approach their future lives. Moreover, as smartphone use becomes part 
of college students’ daily routine in this digital age, the question of 
whether depression could affect their subsequent internet-specific 
behavior or problematic device use requires further examination. 
Therefore, we included college students’ hope (i.e., general cognitive- 
emotional outcome) and smartphone addiction tendency (i.e., prob-
lematic behavioral outcome) as a complementary set of outcomes that 
are able to provide a more detailed picture of the potential consequences 
of depressive symptoms trajectories. 

1.3.1. Smartphone addiction tendency 
In addition to the potential predictive effect of smartphone addiction, 

some researchers have argued that there is a reciprocal relationship be-
tween smartphone addiction and depressive symptoms (Park et al., 2019; 
Stanković et al., 2021). Therefore, we also acknowledged the plausible 
status of smartphone addiction tendency as an outcome of depressive 
symptoms. The Interaction of Person-Affect-Cognition-Execution 
(I-PACE) model proposes that people may exhibit maladaptive use of 
the internet and smartphones in stressful environments (Brand et al., 
2016, 2019). Use of smartphones as terminals to access the internet is 
considered to constitute a coping strategy for negative emotions (Elhai 
et al., 2020). During the COVID-19 pandemic, Jin et al. (2021) argued 
that individuals with more depressive symptoms tended to use smart-
phones to relieve the stress caused by the pandemic, which further 
increased their risk of becoming addicted to smartphones. Based on 
previous findings, we hypothesized that college students’ depressive 
symptoms would be positively associated with their smartphone addic-
tion tendency. 

1.3.2. Hope 
Hope refers to the perceived capability to explore the potential 

pathways that can be followed to achieve one’s goals (pathway) and to 
motivate oneself to use those pathways (agency) (Snyder, 1995, 2002). 
Previous studies have reported that college students’ mental health 
status could negatively predict their level of hope (Li, 2021). Addi-
tionally, research on patients with depression found that such patients 
exhibit much lower levels of hope (Ren et al., 2018). People with 
depressive symptoms tend to have more negative self-perceptions (e.g., 
self-esteem, self-efficacy; Dai and Feng 2008), unclear goals and insuf-
ficient motivation, which result in a lower level of hope (Phan, 2013). 
Similarly, college students who experienced more depression during the 
COVID-19 pandemic may have felt hopeless about their established 
goals and future lives. In the present study, we hypothesized that 

depressive symptoms during the COVID-19 pandemic would negatively 
predict college students’ levels of hope. 

2. Method 

2.1. Participants 

The dataset used in this study was drawn from a longitudinal study 
focused on the effects of the COVID-19 pandemic on college students’ 
mental health and behaviors. Participants were recruited from different 
universities in China. Based on the development of previous epidemics 
(e.g., SARS) and the COVID-19 pandemic in China, participants were 
surveyed four times corresponding to the different periods of the 
pandemic (i.e., outbreak, basic containment, regular control, and 
normalization). A sample of 559 college students (29.16% male, Mage =

20.42, SD = 1.39) participated in the initial investigation, and there 
were 557 participants at Time 2 (T2). Subsequently, 474 students and 
445 students from the original research group completed the follow-up 
investigations at Time 3 (T3) and Time 4 (T4), respectively. Chi-square 
tests and independent sample t-tests indicated no significant differences 
in terms of gender (χ2(1)= 0.144, p > 0.05), age (t(557) = − 1.25, p >
0.05), depressive symptoms (t(557) = − 0.63, p > 0.05), risk perception 
(t(557) = − 1.82, p > 0.05), social support (t(557) = 1.45, p > 0.05), 
family functioning (t(557) = − 1.13, p > 0.05), and smartphone addic-
tion tendency (t(557) = − 0.66, p > 0.05), thus suggesting a random 
pattern of missing data. 

2.2. Procedure 

This study was approved by the Research Ethics Committee of the 
author’s institution, and we also obtained informed consent from all 
participants. The initial investigation was conducted in June 2020, and 
participants were told to recall their psychological and behavioral re-
sponses between January and March 2020 (T1; the outbreak period of 
COVID-19). At the beginning of the questionnaire, we provided some 
detailed information (e.g., confirmed case data, official news, and gov-
ernment policies) to illustrate the development of COVID-19 in China 
from January to March 2020 to help participants recall their feelings and 
behaviors more accurately. One week later, the second wave of data 
collection (T2; the basic containment period of COVID-19) was per-
formed to measure participants’ psychological status at that time. 
Furthermore, participants were asked to complete a survey regarding 
their feelings and behaviors in September 2020 (T3; the regular control 
period of COVID-19) and December 2020 (T4; the normalization period 
of COVID-19). 

2.3. Measures 

2.3.1. Depressive symptoms (T1-T4) 
Participants’ depressive symptoms were evaluated using the Patient 

Health Questionnaire-9 (PHQ-9), which is a reliable and valid measure 
of depression severity (Kroenke et al., 2001). Participants were asked to 
indicate how often they had been bothered by the problems described by 
the items over the past two weeks. Each item was scored on a scale 
ranging from 0 (not at all) to 3 (nearly every day), with a higher score 
indicating a higher level of depressive symptoms. In the present study, 
Cronbach’s alpha coefficients for this scale were 0.92 at T1, 0.88 at T2, 
0.90 at T3, and 0.90 at T4. 

2.3.2. Risk perception (T1-T4) 
We adapted the public risk perception scale (Dai et al., 2020) to 

measure participants’ risk perception of the COVID-19 pandemic. This 
10-item scale originally measured people’s risk perception regarding 
public health emergencies; thus, in this study, we reworded the scale to 
refer to the COVID-19 pandemic. Participants responded to each item on 
a 5-point scale ranging from 1 (strongly disagree) to 5 (strongly agree), and 
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a higher score was indicative of greater risk perception of the COVID-19 
pandemic. The Cronbach’s alpha coefficients of this scale were 0.81 at 
T1, 0.75 at T2, 0.84 at T3, and 0.83 at T4. 

2.3.3. Social support (T1) 
Participants’ self-reports of social support during the outbreak of the 

COVID-19 pandemic were assessed using the Social Support Rating Scale 
(Xiao, 1999). This 10-item scale includes three dimensions, including 
subjective support, objective support, and support-seeking behavior. 
Some expressions were modified to suit the actual situation of college 
students (e.g., “colleagues” → “students”). A higher score suggested a 
higher level of social support. The Cronbach’s alpha coefficient of this 
scale in this study was 0.68 (T1). 

2.3.4. Family functioning (T1) 
Five items drawn from the short version of the General Functioning 

subscale of The McMaster Family Assessment Device (FAD) (Boterhoven 
et al., 2015) were used to measure participants’ family functioning. 
Participants rated each item on a 5-point Likert scale ranging from 1 
(strongly disagree) to 5 (strongly agree), and a higher score indicated a 
higher level of family functioning. In the present study, Cronbach’s 
alpha coefficient of this scale was 0.93 (T1). 

2.3.5. Smartphone addiction tendency (T1, T4) 
This scale was adapted from the Smartphone Addiction Scale (Su 

et al., 2014). Specifically, we used six items to assess participants’ 
smartphone addiction tendency at T1 and T4. Participants were asked to 
rate how applicable each item was to them on a 5-point scale ranging 
from 1 (not at all) to 5 (always true). The smartphone addiction tendency 
scores were created by summing these items, with a higher score indi-
cating a stronger tendency toward smartphone addiction. The Cron-
bach’s alpha coefficients of this scale in this study were 0.80 (T1) and 
0.81 (T4). 

2.3.6. Hope (T4) 
We used the State Hope Scale (Snyder et al., 1996) to measure 

participants’ levels of hope. This scale consisted of six items, and par-
ticipants were asked to rate the extent to which the items described their 
thinking at the moment they completed the measure on a scale ranging 
from 1 (definitely false) to 8 (definitely true). A higher score indicates a 
higher level of hope. In this study, Cronbach’s alpha coefficient of this 
scale was 0.90 (T4). 

2.4. Statistical analysis 

First, we used SPSS 22.0 software to conduct the descriptive analyses 
and examine the correlations among research variables. Subsequently, 
we evaluated model adequacy using Mplus 7.4 software and addressed 
missing data using full information maximum likelihood (FIML). 
Thereafter, the latent growth curve model (LGCM) was used to represent 
college students’ developmental trajectories of depressive symptoms. 
Consistent with a linear LGCM parameterization, an intercept factor, 
which reflected the average initial level of depressive symptoms, and a 
slope factor, which reflected the average level of change in depressive 
symptoms, were estimated. Subsequently, risk perception of the COVID- 
19 pandemic was considered to be a time-varying predictor of college 
students’ depressive symptoms within each time wave. Baseline (T1) 
levels of social support, family functioning, and smartphone addiction 
tendency were also incorporated into the model as time-invariant pre-
dictors and were used to predict the intercept and slope factors of 
depressive symptoms. Finally, we estimated the outcomes of the inter-
cept and slope factors by incorporating participants’ smartphone 
addiction tendency and hope at T4. The LGCM model including all 
predictors and outcomes is presented in Fig. 1. 

3. Results 

3.1. Preliminary analysis 

The descriptive statistics and correlations among the study variables 
are presented in Table 1. Overall, college students’ depressive symptoms 
decreased successively from T1 to T3 but increased slightly at T4 (see 

Fig. 1. The LGCM model.  
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Fig. 2). With regard to previous suggestions concerning the severity of 
depression symptoms (Kroenke et al., 2001), we found that 30.23% of 
participants experienced mild depressive symptoms and 28.26% of 
participants experienced moderate to severe depression at T1. The re-
sults of the paired sample t-tests showed that college students’ levels of 
depressive symptoms at T1 and T2 were significantly higher than those 
at T3 and T4 (T1-T3, t(473) = 9.06; T1-T4, t(444) = 7.63; T2-T3, t(472) 
= 9.25; T2-T4, t(443) = 7.30, all p < 0.001). The correlation analysis 
also validated the hypothesized relationships among the research 
variables. 

3.2. Latent growth curve model 

The results indicated that the unconditional LGCM exhibited an 
adequate level of fit, χ2/df = 10.377, RMSEA = 0.130 (90% CI = [0.099, 
0.163]), CFI = 0.924, TLI = 0.909, SRMR = 0.054. The parameter es-
timates of this model are reported in Table 2. The intercept factor was 
significantly higher than 0, and depressive symptoms at T1 exhibited 
significant interindividual variability. In addition, these results showed 
a statistically significant decreasing linear slope, thus also indicating 
significant interindividual variability. The correlation between these 
two growth factors was − 0.608 (p < 0.001), suggesting that participants 
with higher initial depressive symptoms tended to exhibit steeper 
declines. 

The predictors and outcomes were then incorporated into the LGCM, 
which exhibited a good fit index (χ2/df = 2.042, RMSEA = 0.050 (90% 
CI = [0.034, 0.065]), CFI = 0.957, TLI = 0.940, SRMR = 0.031). The 
results showed that participants’ risk perception of the COVID-19 
pandemic positively predicted their depressive symptoms at each time 
point. Social support and family functioning at T1 negatively predicted 
the intercept factor of depressive symptoms. In addition, participants’ 
smartphone addiction at T1 positively predicted the intercept factor and 
negatively predicted the slope factor. With respect to the outcomes, we 
found that the slope factor positively predicted changes in smartphone 
addiction tendency, and both the intercept and the slope factor of 
depressive symptoms negatively predicted hope levels at T4 (see 
Table 3). 

4. Discussion 

Exploring the development of college students’ depressive symptoms 
during the COVID-19 pandemic helps us understand how these symp-
toms emerge and fluctuate over time. The present study thus investi-
gated the developmental trajectories of depressive symptoms with 
regard to COVID-19 from its outbreak to the normalization period as 
well as the potential antecedents and outcomes of such symptoms. 

4.1. Developmental trajectories of depressive symptoms 

Our findings revealed that Chinese college students initially experi-
enced mild depressive symptoms, which were followed by an overall 
decreasing trend in subsequent periods. More specifically, we found that 
their depressive symptoms decreased from T1 to T3 and slightly 
increased at T4 (compared to T3). These findings were consistent with 
both theoretical results and the actual situation. During the outbreak of 
COVID-19, unique pandemic-related stress drastically altered people’s 
mental status (Ellis et al., 2020) and greatly elevated depression levels 
(Bourmistrova et al., 2022; Schafer et al., 2022). During the basic 
containment period, the pandemic situation in China was under control, 
thus, Chinese college students might have exhibited more confidence in 
the diagnosis and treatment of COVID-19 during this time (Wang et al., 
2020b), which helped reduce their depressive symptoms. Thereafter, 
comprehensive recovery in work and life further changed college stu-
dents’ lives in terms of increased gratitude and health concerns, 
resulting in a steady decline in depressive symptoms during the regular 
control period of COVID-19. During the normalization period, the risks Ta
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of a second wave and a new peak of infections may have had a rebound 
effect with regard to depressive symptoms. Some schools were quaran-
tined, and such school closures caused students to experience more 
depressive symptoms (Grey et al., 2020). College students may also have 
faced substantially more academic pressure at the end of this term, 
which caused them to experience more negative emotions. Besides, we 
found a significant negative relationship between the intercept and the 
slope of depressive symptoms. This relationship was probably due to the 
fact that college students who experienced more depressive symptoms 
during the initial period were more affected by the pandemic, which 
may reflect their higher environmental sensitivity or limited external 
support. As the pandemic situation gradually improved, information 

regarding preventative measures may have reassured individuals with 
higher levels of depression (Tran et al., 2020). College students were 
also able to return to normal life with additional support and care, thus 
leading to a faster decline in depressive symptoms. Furthermore, inter-
individual variability was observed in relation to the intercept and slope 
factor of depressive symptoms, which suggested that not all college 
students experienced a similarly decreasing trajectory. Some individual 
characteristics were identified as being associated with depressive 
symptoms during the COVID-19 pandemic, such as gender (Mazza et al., 
2020) and initial mental status (Dai et al., 2022). These findings rein-
force the need to better understand factors involved in the prediction 
and outcomes of depressive symptoms trajectories. 

4.2. The antecedents and outcomes of depressive symptoms 

First, the present study revealed that college students’ risk percep-
tion of the COVID-19 pandemic positively predicted their depressive 
symptoms, and these associations were found to generalize over the 
whole time period referenced by this study. Our results were convergent 
with the conclusions of previous research, which has found that higher 
risk perception causes a higher likelihood of depressive symptoms (Ding 
et al., 2020). It has been found that information regarding infection and 
personal interest had a negative impact on people’s risk perception of 
SARS, which might elicit a higher sense of panic and lead to more 
depressive symptoms (Shi et al., 2003). Additionally, people with 
limited knowledge of COVID-19 tend to exhibit increased risk percep-
tion and thus experience more fear of infection and negative emotions 
(Zhao et al., 2021). 

Second, this study expanded previous studies by showing that the 
levels of social support during the outbreak of COVID-19 negatively 
predicted initial depressive symptoms, although no additional relations 
were observed between social support and the slope of the develop-
mental trajectory. These findings highlight the protective effect of social 
support in cases of stressful events. During the initial stage of the 
pandemic, college students with higher social support received more 
material aid and psychological care, which in turn decreased their 
depressive symptoms (Li et al., 2020). In addition, our findings provided 
more empirical evidence to support the buffering effect model of social 
support. When individuals face stressful events, social support can buffer 
the potential negative impacts by reducing their unrealistic evaluations 
and negative emotions (Ding et al., 2005); however, its subsequent role 
in predicting fluctuations in depressive symptoms appears to be minor. 
However, due to the limitations entailed by our consideration of social 
support as a time-invariant predictor, future research should examine 
these associations using more dynamic measures of social support. 

Third, we found that family functioning during the outbreak of 
COVID-19 negatively predicted the initial level of depressive symptoms 
rather than its trend. On the one hand, our results, in line with those 

Fig. 2. The changes in depressive symptoms from T1 to T4.  

Table 2 
Parameter estimates from the unconditional LGCM.   

Depressive symptoms 
Intercept factor Linear slope factor 

Growth parameters  
M 7.049(0.238) *** − 0.822(0.089) *** 
Variance 22.008(2.061) *** 1.467(0.317) *** 
Correlations 

between the 
intercept and 
slope factor 

− 0.608(0.056) *** 

Note: Numbers in parentheses are standard errors *p < 0.05. **p < 0.01. ***p <
0.001. 

Table 3 
Parameter estimates from the conditional LGCM.  

Predictors Outcomes β S. E. 

T1 Social support Depression intercept − 0.128** 0.049  
Depression slope 0.040 0.057 

T1 Family functioning Depression intercept − 0.245*** 0.048  
Depression slope 0.023 0.066 

T1 Smartphone addiction 
tendency 

Depression intercept 0.544*** 0.046  

Depression slope − 0.737*** 0.058 
T1 Risk perception T1 Depressive symptom 0.155*** 0.031 
T2 Risk perception T2 Depressive symptom 0.148*** 0.023 
T3 Risk perception T3 Depressive symptom 0.110*** 0.027 
T4 Risk perception T4 Depressive symptom 0.095** 0.034 
Depression intercept △Smartphone addiction 

tendency 
0.249 0.165 

Depression slope  0.881*** 0.123 
Depression intercept T4 Hope − 0.608*** 0.069 
Depression slope  − 0.276** 0.090 

Note: β = standardized regression coefficients, S. E. = standard errors of the 
coefficient 
*p < 0.05. **p < 0.01. ***p < 0.001. 
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reported by previous studies, showed that family functioning can protect 
against depressive symptoms. It was noted that positive relationships 
and interactions among family members are conducive to reducing 
college students’ perceived stress and depressive symptoms (Li et al., 
2020; Wu et al., 2021), especially during home quarantine. In addition, 
college students with good family functioning may experience effective 
emotional regulation and family coping strategies, which are associated 
with fewer depressive symptoms (Cao et al., 2013; Freed et al., 2016). 
On the other hand, family functioning was not identified as a predictor 
of the developmental trajectory of depressive symptoms. This result may 
be explained by reference to environmental changes. When college 
students return to campus, they may have fewer connections with their 
families and spend more time with their classmates or friends. Conse-
quently, the role and importance of family functioning are less evident in 
this context. Moreover, some families suffered both financial and psy-
chological hardships following this pandemic, which may have had a 
negative impact on family functioning (Ferrara et al., 2021), thus miti-
gating its ability to serve as a dynamic predictor of the subsequent 
development of college students’ depressive symptoms. Previous studies 
have verified the protective role of family functioning, while the current 
findings provide further empirical evidence regarding the changing 
relationship between family functioning and depressive symptoms 
throughout the development of pandemic situations. 

Fourth, the present study revealed that college students with a higher 
smartphone addiction tendency initially exhibited more depressive 
symptoms but also that their depressive symptoms declined more 
quickly. These results suggest that initial levels of smartphone addiction 
tendency might play two opposing roles in relation to depressive 
symptoms. During the outbreak of the COVID-19 pandemic, people’s 
problematic smartphone use was found to result in more PTSD symp-
toms (Hu et al., 2021). The increased amount of time spent on smart-
phones replaced interpersonal interactions offline, thus leading to a 
higher risk of anxiety and depression (Zhang et al., 2019). Second, initial 
levels of smartphone addiction tendency may also predict decreases over 
time in depressive symptoms because smartphone addicts may receive 
additional help and pleasure from the internet that allows them to 
relieve their depression and satisfy their psychological needs. Moreover, 
the present research documented the reciprocal effect of depressive 
symptoms on smartphone addiction tendency. Specifically, the slope of 
the depressive symptoms trajectories positively predicted the changes in 
smartphone addiction tendency, showing that a slower decrease in 
depressive symptoms was related to a lower decline in smartphone 
addiction tendency. As suggested by the I-PACE model (Brand et al., 
2016, 2019), college students with a slower decrease in depressive 
symptoms habitually depend on problematic smartphone use to release 
their negative emotions and seek pleasure, thereby resulting in a 
long-lasting risk of smartphone addiction (Jin et al., 2021). Thus, 
depression may be a salient risk factor with regard to smartphone 
addiction. Future cross-lagged studies can improve our understanding of 
the complex interaction between smartphone addiction and depressive 
symptoms during the COVID-19 pandemic. 

Additionally, we explored the potential influence of depressive 
symptoms on people’s hope. Our results showed that both the initial 
level and the slope of depressive symptoms were negatively associated 
with college students’ state hope during the COVID-19 normalization 
period. Hope theory (Synder, 2002) has highlighted the key role of a 
goal in promoting pathway and agency thinking. College students with 
more depressive symptoms during the outbreak period tended to have 
more negative perceptions of themselves (Dai and Feng, 2008) and to 
engage in less goal setting, which subsequently resulted in a lower level 
of hope. Previous studies have also demonstrated that patients with 
depression exhibit much lower levels of hope and emotional self-efficacy 
(Ren et al., 2018). Moreover, college students with a slower decrease 
rate of depressive symptoms might immerse themselves in negative 
emotions for a long time, which is detrimental to the development of 
hope. 

4.3. Limitations and implications 

With respect to limitations, we relied on self-report questionnaires, 
and the baseline data were collected through participants’ recall. The 
recall data may be influenced by participants’ current status or may be 
biased due to intense emotions during a certain month. Besides, as this 
study was based on the context of the changing pandemic situation in 
China, the generalizability of our conclusions may be limited when 
applied in other countries due to varying levels of pandemic severity. 
Finally, with respect to the selection of the antecedents and outcomes, 
follow-up studies that include a more comprehensive set of variables (e. 
g., school-related variables such as academic achievement or adjustment 
to online learning) may be necessary to complement the current 
findings. 

Despite these limitations, the current findings have great signifi-
cance. This study provides a more detailed picture of the acute and 
persistent effects of COVID-19 on college students’ depressive symp-
toms. Additionally, the present study reveals how depressive symptoms 
changed as the pandemic progressed, thus helping fill the extant 
research gaps. In addition, our study complements previous findings and 
adds another piece to the puzzle by uncovering the core determinants 
and consequences of depressive symptoms in this context. Furthermore, 
our findings also provide guidance for the prevention and intervention 
of college students’ mental disorders during public health emergencies 
from different perspectives (e.g., individual, family, and society). For 
example, the current study suggests that educators and mental health 
workers should pay attention to the development of college students’ 
psychological status under emergencies. In addition, measures should be 
taken by college authorities to provide more social support and early 
psychological interventions, so that college students are more compe-
tent for future challenges. Secondly, based on the findings of this study 
regarding family functioning and depressive symptoms, improving 
family adaptability, emotional connection, and closeness would be an 
effective way to reduce college students’ depressive symptoms and other 
mental health problems. Thirdly, the predictive role of risk perception 
on depressive symptoms highlights the importance of developing a 
correct perception of the pandemic. Governments should ensure the 
proper and timely dissemination of COVID-19 related information to 
prevent panic from rumors and false information, which could help to 
relieve the psychological impacts of the COVID-19 pandemic on the 
general public. 

5. Conclusions 

This study revealed an initially mild and subsequently decreasing 
trajectory of depressive symptoms. Social support and family func-
tioning were identified as protective factors for depressive symptoms 
during the pandemic, while college students’ risk perception and 
smartphone addiction tendency were significantly related to their 
depressive symptoms. In turn, depressive symptoms were found to be 
associated with college students’ behavioral (i.e., smartphone addiction 
tendency) and cognitive-emotional (i.e., hope) responses. As the 
pandemic remains ongoing, future studies should explore the effects of 
COVID-19 on college students’ mental health in the postpandemic era. 
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