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INTRODUCTION

An outbreak of a respiratory disease of unknown cause was 
reported in Wuhan, capital of China’s Hubei province, in De-
cember 2019.1 The continued spread of the epidemic, strict 
quarantine measures and delays in colleges and universities 
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throughout the country are expected to affect the mental health 
of college students.2 During the COVID-19 epidemic, among 
the 2,031 participants, 48.14% (n=960) of American college 
students showed moderate to severe depression.3 And the 
prevalence of depressive symptoms in Chinese college stu-
dents was 12.2% (95% CI: 11.9%–12.5%).4 Data from the Ameri-
can College Health Association’s National College Health As-
sessment, college counseling centers,5,6 and individual college 
campuses7 all indicated that rates of depression disorders are 
high and, in many cases, increasing. A meta-analysis of 39 stud-
ies conducted from 1997 to 2015, including 32,694 college stu-
dents, showed that the overall prevalence of depression among 
Chinese college students was 23.8% (95% CI: 19.9%–28.5%).8 
Therefore, early detection and effective intervention measures 
should be taken to reduce college students’ depression and its 
risk factors. 

The internet has become a key resource in society and ev-
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eryday life, and internet addiction is a another worldwide pub-
lic health problem. During the COVID-19 epidemic, 46.8% 
of subjects reported increased dependence on internet use, 
while 16.6% of subjects had longer internet use time.9 Inter-
net addiction was associated with social support10 and psy-
chological disorders such as insomnia, stress, anxiety, depres-
sive symptoms.3 A body of studies have shown that people 
who are addicted to the internet would have a higher risk of 
depression.11,12 Despite previous study findings that claim in-
ternet addiction may be strongly related to depression, the 
underlying mediating mechanism (i.e., how internet addic-
tion influences depression) remain unclear, especially among 
Chinese college students.

The substantial association between both internet addiction 
and depression and sleep quality and social support may shed 
insights to our understanding about the mechanism. A sys-
tematic review of current findings in Western countries re-
ported a strong link between social support and depression 
prevention.13 Deficits in parental and classmate support may 
play a greater role in contributing to adolescent depression as 
compared to deficits in peer support.14 Similarly, college stu-
dents with sleep problems are more likely to have symptoms 
of depression. A study on sleep quality indicated that college 
students with poor sleep quality are related to increased inter-
net access and poor social support.15 Given their strong asso-
ciation with both internet addiction and depression, social 
support and sleep quality may be the main mediators of the 
relationship between internet addiction and depression. If so, 
it will help close the causal gap between internet addiction 
and depression.

Previous studies have shown that social support can poten-
tially mediate the relationship between internet addiction and 
sleep quality, indicating that social support and sleep quality 
can sequentially mediate the effect of internet addiction on 
depression in college students. Thus, social support is accept-
ed as a mediator on the relationship between internet addic-
tion and sleep quality. As there were strong associations as well 
as strong predictor effects between internet addiction, social 
support, sleep quality and depression, the following media-
tion model may be implied that college students with internet 
addiction may experience low social support before develop-
ing poor sleep quality and, consequently, develop depression 
symptoms.

Although studies have shown that there are independent 
and strong links between psychological disorders, theoretical 
models are needed to explain how internet addiction affects 
depression. Therefore, this study investigated a serial multiple 
mediation model on the basis of previous research results. The 
aim was to investigate the prevalence for depression among 
college student during the COVID-19 epidemic; to test the as-

sociation between internet addiction, social support, sleep quali-
ty, and depression; to explore the serial multiple mediation 
effect of social support and sleep quality on the association 
between internet addiction and depression.

METHODS

Participants and recruitment
During the epidemic, a paper questionnaire survey was con-

ducted among all students from a university in Wuhu, China. 
Inclusion criteria: college students who were in school during 
the epidemic period; college students who volunteered to take 
part in the survey. Exclusion criteria: college students with oth-
er psychiatric disorders. In this study, a total of 2,790 students 
were surveyed, and 2,702 valid questionnaires were returned, 
with a recovery rate of 96.85%. According to the inclusion and 
exclusion criteria of the study, 2,688 questionnaires were in-
cluded in this study, with an effective rate of 96.34%.

The study was approved by the Psychological Research Eth-
ics Committee of Wannan Medical College (Batch number 
for ethical review: LL-20131401). Prior to the formal investi-
gation, the investigators received training in a uniform man-
ner, with a clear understanding of the purpose, method and 
importance of the survey. And informed consent was given to 
the students who were surveyed. During the completion of the 
questionnaire, the investigators informed them of the signifi-
cance and confidentiality of the investigation and reminded 
them of the precautions.

Measures

Background characteristics
The following background characteristics were analyzed: 

sex, age, nationality, disease history, number of exercises per 
week, father’s education, mother’s education, father’s occupa-
tions, mother’s occupations, relationship with parents, parents’ 
expectations of their children, et al.

Self-rating depression scale (SDS)
The Depression Self-Rating Scale was compiled by Zung et 

al.16 with a total of 20 items. Each item is scored on a scale of 
1 to 4. The cumulative score of each item is the total rough 
score. The integer part of the total rough score multiplied by 
1.25 is recorded as the standard total score. The higher the 
standard total score, the higher the degree of depression. If 
the standard total score is higher than 50, it is assessed as hav-
ing symptoms of depression (Cronbach’s α=0.84). SDS con-
tinuous scale scores were used for path analysis.
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Internet addiction scale (IAS)
IAS was established by Young et al.17 to investigate the de-

gree of use and dependence on the network. The scale has a 
total of 20 questions, the answer is “almost no” counts 0 points, 
“occasionally” counts 1 point, “Sometimes” counts 2 points, “of-
ten” counts 3 points, “always” counts 4 points. If the total score 
exceeds 40 points, it was judged to be indulged on the inter-
net (Cronbach’s α=0.81). IAS continuous scale scores were used 
for path analysis.

Social support rating scale (SSRS)
This study uses the SSRS compiled by Shui-yuan Xiao, the 

scale has a total of 10 questions, divided into three dimensions: 
objective support, subjective support, and support utilization. 
The higher the total score, the higher the individual’s sense of 
social support (Cronbach’s α=0.88). SSRS continuous scale 
scores were used for path analysis.

Pittsburgh sleep quality index scale (PSQI)
The PSQI scale revised by Chinese scholar Xian-chen Liu 

and others was adopted. The scale includes seven dimensions 
of subjective sleep quality, time to fall asleep, sleep time, sleep 
efficiency, sleep disorders, hypnotic drugs and daytime dys-
function. There are 18 items in total, each item has a 4-level 
score, and the total score ranges from 0 to 21 points. The high-
er the total score, the worse the quality of sleep (Cronbach’s α= 
0.82). PSQI continuous scale scores were used for path analysis.

Statistical analysis
Descriptive analyses were first conducted of background 

characteristics and the prevalence of internet addiction, sleep 
disorders and depression and the score of social support. As 
the distribution of age was skewed, this continuous variable 
was described using the median (inter-quartile range [IQR]).

Multi-variable linear regression was then performed to ex-
amine the association between background characteristics 
and internet addiction, social support, sleep quality, depres-
sion. Moreover, pairwise correlation analysis of measurements 
was used to test the relationships among the variables.

The serial multiple mediation hypothesis for internet addic-
tion, social support, sleep quality, and depression was tested 
using Preacher and Hayes’s method.18 Bootstrapping analysis 
using 5,000 resamples to test the significance of the mediation 
effect.19 The Bootstrap method provides an estimate of the in-
direct influence, tests whether the influence is statistically sig-
nificant, and also determines the confidence interval of the 
point estimate, which tends to supplement the limitations 
of the causal step method. This method shows that if the cor-
rection bias confidence interval does not contain zero, the me-
diating effect is significant.

We used IBM SPSS Statistics 26.0 (IBM Corp., Armonk, 
NY, USA) to conduct the descriptive analysis, logistic regres-
sion, and pairwise correlation analysis, and used PROCESS 
program developed by Hayes to conduct the path analysis. p 
values <0.05 were considered statistically significant.

RESULTS

The study included 2688 undergraduates (median age [IQR]= 
20.49 [20.0, 21.0] years). Most students are Han nationality 
(96.5%). 32.4% of the students had the tendency of internet 
addiction, among which the proportion of mild, moderate 
and severe were 29.8%, 2.5% and 0.1%, respectively. In our 
general study samples and internet addiction group, the inci-
dence of depression was 22.6% and 47.2%, respectively. The 
social support score for all participants was 38.70±5.94. The 
survey showed that 12.1% of the students had sleep disorders, 
and the mean score of PSQI was 4.34±2.80. In this survey, 
822 (30.6%) participants had depressive symptoms, of which 
600 (22.3%) had mild symptoms, 201 (7.5%) had moderate 
symptoms and 21 (0.8%) had severe symptoms.

Multi-variable linear regression
The results from multi-variable linear regression models of 

the relationship of the background characteristics with inter-
net addiction, social support, sleep quality, and depressive 
symptoms are tabled in Table 1. Overall, males are more likely 
than females to have the tendency of internet addiction (b= 
-1.089; BCa 95% CI: -2.019, -0.159). The better the parents’ 
relationship (b=-2.203; BCa 95% CI: -2.696, -1.711), and the 
more times they exercised (b=-0.962; BCa 95% CI: -1.378, 
-0.546), the less likely the students were to become addicted 
to the internet. The better the relationship between parents 
(b=1.766; BCa 95% CI: 1.488, 2.043) and the more times stu-
dents exercise (b=0.493; BCa 95% CI: 0.259, 0.728), the high-
er the score of social support. The higher the parents’ expecta-
tions for their children, the lower the scores for social support 
(b=-0.880; BCa 95% CI: -1.214, -0.547).The sleep quality of fe-
male is worse than that of male (b=0.481; BCa 95% CI: 0.229, 
0.733). The better the parents’ relationship (b=-0.668; BCa 95% 
CI: -0.801, -0.535),and the more times they exercised (b=-0.195; 
BCa 95% CI: -0.308, -0.083), the better the sleep quality of stu-
dents. Female are more likely to have depressive symptoms 
than male (b=1.268; BCa 95% CI: 0.424, 2.112). The degree of 
parents’ relationship (b=-2.695; BCa 95% CI: -3.142, -2.249) 
and the times of exercise (b=-0.748; BCa 95% CI: -1.125, -0.371) 
were negatively correlated with depressive symptoms.

Pairwise correlation analysis
Table 2 shows the results of the pairwise correlation analy-
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sis. There were positive and significant correlations among in-
ternet addiction, sleep quality, depression, but social support 
is significantly negatively correlated with internet addiction, 
sleep quality and depression (p<0.01).

Mediating effect test
As shown in Figure 1, using the SPSS macro program Pro-

cess compiled by Hayes to analyze the mediating effect, under 
the condition of controlling age, sex, father’s education, moth-
er’s education, father’s occupations, mother’s occupations, the 
relationship between parents, parents’ expectations of their 
children and physical activity analyze the mediating effect of 
social support and sleep quality on the relationship between 
internet addiction and depression in college students. Regres-
sion analysis showed, internet addiction could positively pre-
dict depressive symptoms (β=0.192, p<0.001). After the in-
clusion of mediator variables, internet addiction could not 
only negatively predict social support (β=-0.222, p<0.001), 
but also positively predict sleep quality (β=0.268, p<0.001). 
Similarly, social support not only negatively predicted sleep 
quality (β=-0.200, p<0.001), but also depression (β=-0.167, p< 
0.001). In other words, the higher the degree of internet addic-
tion, the lower the social support received, the poorer the qual-
ity of sleep, and the more severe the depressive symptoms.

Path analysis
As shown in Table 3, there was a significant total effect (Std. 

estimate=0.305) of internet addiction on depression. The di-
rect effect (Std. estimate=0.177) of internet addiction on de-
pression was also significant. In addition, the indirect effects 
of internet addiction on depression through social support 
(Std. estimate=0.034) and through sleep quality (Std. estimate= 
0.081) and through social support then sleep quality (Std. es-
timate=0.013) were significant. Overall, the mediating effect 
of social support and sleep quality were 41.97% (0.128/0.305) 

Table 1. Multi-variable linear regression models of students’ characteristics with internet addiction, social support, sleep quality, and depressive

Characteristics
Internet addiction Social support Sleep quality Depression
b BCa 95% CI b BCa 95% CI b BCa 95% CI b BCa 95% CI

Age -0.048 -0.458, 0.362 0.127 -0.104, 0.358 0.014 -0.097, 0.125 -0.085 -0.456, 0.287
Sex (ref: male) -1.089*§ -2.019, -0.159 0.452 -0.073, 0.977 0.481‡§ 0.229, 0.733 1.268†§ 0.424, 2.112
Father’s education -0.159 -0.651, 0.333 -0.097 -0.375, 0.180 0.012 -0.121, 0.146 0.040 -0.406, 0.487
Mother’s education 0.112 -0.397, 0.620 -0.265 -0.552, 0.022 -0.007 -0.145, 0.131 0.016 -0.445, 0.478
Father’s occupations -0.060 -0.195, 0.074 -0.012 -0.088, 0.064 -0.016 -0.052, 0.021 -0.054 -0.176, 0.067
Mother’s occupations -0.056 -0.190, 0.078 0.007 -0.069, 0.082 -0.014 -0.050, 0.022 0.009 -0.112, 0.131
The relationship 
  between parents

-2.203‡§ -2.696, -1.711 1.766‡§ 1.488, 2.043 -0.668‡§ -0.801, -0.535 -2.695‡§ -3.142, -2.249

Parents’ expectations 
  of their children

-0.336 -0.927, 0.256 -0.880‡§ -1.214, -0.547 -0.137 -0.297, 0.024 0.359 -0.178, 0.896

Physical activity -0.962†§ -1.378, -0.546 0.493‡§ 0.259, 0.728 -0.195‡§ -0.308, -0.083 -0.748‡§ -1.125, -0.371
*p<0.05; †p<0.01; ‡p<0.001; §Statistically significant associations. b, unstandardized coefficient; BCa, bias corrected and accelerated: 5,000 
bootstrap samples; CI, confidence interval

Table 2. Questionnaire scores and pairwise correlation analysis (N=2,688)

Variable Mean±SD Internet addiction Social support Sleep quality Depression
Internet addiction 36.20±10.31 1
Social support 38.70±5.94 -0.261* 1
Sleep quality 4.34±2.80 0.338* -0.289* 1
Depression 45.05±9.49 0.363* -0.339* 0.464* 1
*p<0.01. SD, standard deviation

Internet addiction Depression

Sleep qualitySocial support

-0.222*

0.192*

-0.200*

0.268* -0.167*

0.327*

Figure 1. Path analysis of internet addiction, social support, sleep 
quality and depression among college students (N=2,688). Age, 
sex, father’s education, mother’s education, father’s occupations, 
mother’s occupations, the relationship between parents, parents’ 
expectations of their children and physical activity were adjusted 
as covariates in the path analysis. Parameters displayed are stan-
dardized estimates of the direct effect on each pathway. *p<0.001.
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in the pathway from internet addiction to depression. 

DISCUSSION

This study not only provides epidemiological data on inter-
net addiction, social support, sleep quality, and depression in 
college students during the COVID-19 epidemic, but also elu-
cidates their relationships and underlying mechanisms using 
a serial multiple mediation model. In our general study sam-
ples and internet addiction group, the incidence of depression 
was 22.6% and 47.2%, respectively. Compared with back-to-
school college students who use the internet normally, indi-
viduals with internet addiction are more likely to develop de-
pressive symptoms. These results are consistent with the results 
of a previous meta-analysis of the association between inter-
net addiction and psychiatric co-morbidity,20 which found that 
internet addiction is closely related to depressive symptoms.

The present findings identified significant relationships be-
tween internet addiction, social support, sleep quality, and de-
pression, and strongly suggest that more efforts are needed to 
monitor college students’ internet use and prevent sleep dis-
orders and improve social support to reduce the occurrence 
of depression symptoms. Our results show a mediating effect 
of social support on the association between internet addic-
tion and sleep quality. Social support is usually defined as the 
perceived comfort, care, respect, or help a person receives from 
others. College students may be addicted to the internet, which 
reduces the opportunity to communicate and accompany oth-
ers, so that they receive very little social support. However, 
studies have reported that supportive ties were positively re-

lated to sleep quality.21 Judging from the available evidence, it 
is reasonable to mediate the relationship between internet ad-
diction and sleep quality. Besides, our model tested the bidi-
rectional relationship between internet addiction and sleep 
quality with a statistically significant result. However, we found 
that in the correlation between internet addiction, sleep quality 
and depression, sleep quality is a stronger mediator than inter-
net addiction, which is consistent with the previous literature.

This is the first study to examine a serial multiple media-
tion model of the associations between internet addiction and 
social support and sleep quality and depression of college stu-
dents returning to school during the COVID-19 epidemic. 
The mediation model demonstrated that internet addiction 
was sequentially correlated with low social support in the first 
step, and further positively affected the onset of poor sleep 
quality, which was associated with a greater risk of depres-
sion. The overall intermediary effect of this approach accounts 
for 41.97%. Furthermore, both social support and sleep qual-
ity significantly modulated the pathway of depression, high-
lighting the key mediating roles of social support and sleep 
quality in the overall model. The results are consistent with a 
study by Grey et al.22 on the effect of cognitive social support 
on sleep and depression during the COVID-19 pandemic. 
Students with internet addiction may spend considerable 
time online, which may affect their sleep-wake plan and de-
velop sleep disorders, including insomnia and as many previ-
ous studies have shown, this leads to the development of de-
pressive symptoms.23 Therefore, better control of internet use 
by college students, improvement of social support and im-
provement of sleep quality are the core of preventing depres-

Table 3. Results of path analysis (N=2,688)

Paths Std. estimate SE
Bootstrapping 95% CI

Lower 2.5% Upper 2.5%
Depression

Total effect 0.305 0.016 0.273 0.337
Direct effect 0.177 0.016 0.145 0.208
Indirect effect

Total indirect effect 0.128 0.009 0.110 0.147
Specific indirect effect

Internet addiction → Social support → Depression 0.034 0.005 0.025 0.044
Internet addiction → Sleep quality→ Depression 0.081 0.007 0.066 0.096
Internet addiction → Social support → Sleep quality→ Depression 0.013 0.002 0.010 0.017

Coefficient
Internet addiction → Social support -0.222 0.011 -0.148 -0.107
Social support → Sleep quality -0.200 0.009 -0.112 -0.077
Sleep quality → Depression 0.327 0.060 0.988 1.223

Std. estimate, standardized estimate; SE, standard error; CI, confidence interval
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sion during the COVID-19 pandemic.
However, the findings of this study can be interpreted in the 

light of study limitations. The risk behaviors and their associ-
ation being studied cross-sectionally, it is impossible to infer 
directionality in the relationship among internet addiction, so-
cial support and sleep quality; whether depressive symptoms 
are secondary to internet addiction, social support, and sleep 
quality, or it predicts the three factors. Alternatively, sleep prob-
lem and social support could serve as outcome of internet ad-
diction and depressive symptoms theoretically. Considering 
the purpose of the research, these approaches have not been 
tested in this study. Recently, Fazeli et al.24 observed that psy-
chological distress (i.e., depression, anxiety, and stress) served 
as a strong mediator in the association between internet gam-
ing disorder and insomnia and quality of life during the CO-
VID-19 epidemic. In future studies, the measurement of pre-
dictive factors and mediating factors is higher than the outcome 
variable, which will provide stronger evidence for the path of 
the development of students’ depressive symptoms. Similarly, 
since the research method is a questionnaire survey, this re-
search may be affected by social expectations bias, that is, stu-
dents’ responses may be influenced by what they consider so-
cially acceptable, rather than providing actual practice. Another 
limitation of this study is the questionnaire-based diagnosis 
of depression and sleep problem. In addition, this study did 
not completely rule out other psychiatric problems, such as 
ADHD. So if these limitations can be resolved, it will have a 
great change to the mediation model.

In conclusions, this is the first study to examine a serial mul-
tiple mediation model of the associations between internet 
addiction and social support and sleep quality and depression 
of college students returning to school during the COVID-19 
epidemic. We found a serial multiple mediation effect of so-
cial support and sleep quality on the pathway from internet 
addiction to depression. The findings indicated that the stron-
ger the degree of internet addiction, the lower the individual’s 
sense of social support and the worse the quality of sleep, which 
will ultimately the higher the degree of depression. We recom-
mend that interventions for internet addiction, social sup-
port and sleep quality should be strengthened to prevent de-
pression among college students returning to school during 
the COVID-19 epidemic.
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