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Objective: Sleep difficulty is one of the main concerns during the COVID-19 pandemic. This study examined 

factors related to vaccination and physical and psychological health conditions, and sleep difficulty in college 

students in China. 

Methods: An online, cross-sectional, anonymous survey was used to investigate college students’ perceived sleep 

difficulty and relevant components (i.e., physical health condition, psychological distress, knowledge of vaccine, 

and autonomy of vaccine uptake). Hierarchical ordinal logistic regression was conducted to examine the proposed 

model with the control of participants’ demographics (i.e., gender and age). 

Results: Valid data of 3,145 students from 43 universities in mainland China was collected in January 2021. The 

average age of participants was 20.8 years old (S. D. = 2.09). The majority were single (97.4%), and about half 

were male (49.8%). Results showed that participants had less psychological distress when they had more knowl- 

edge about the COVID-19 vaccine and more autonomy to decide whether to receive it. In addition, participants 

with better physical health experienced less sleep difficulty. In contrast, those with more psychological distress 

experienced more sleep difficulty. 

Conclusions: These findings can inform healthcare providers about the relationship between different factors 

and difficulty sleeping and aid them in developing interventions addressing sleep difficulties associated with 

the global pandemic. Health authorities also can improve vaccine uptake and reduce hesitancies in future vac- 

cination campaigns based on the study results showing that greater vaccine knowledge and autonomy reduced 

psychological distress. 
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. Introduction 

The COVID-19 virus started in December 2019 as an outbreak in

hina [1] and eventually spread around the globe to be declared as a

ublic health emergency. Then, World Health Organization (WHO) offi-

ially characterized COVID-19 as a global pandemic on March 11, 2020

1] . Psychological distress, such as anxiety, depression, and unprece-

ented uncertainty, has been experienced worldwide, posing a global

hreat to mental well-being and psychological health [2] . Many popula-

ions have identified sleep difficulty as one of their top concerns during

he pandemic [3] . For example, Lin and colleagues [4] found that health-

are workers and adults from the general population reported insomnia

ymptoms at the beginning of the outbreak. Other studies focusing on

ealthcare employees, who worked directly with clients diagnosed or

t risk of COVID-19, showed even significantly higher rates of insom-
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ia, anxiety, and depressive symptoms [5–7] . Alimoradi and colleagues

8] conducted a systematic review and meta-analysis which revealed

ealthcare professionals, the general population, and COVID-19 patients

id not significantly differ in sleep problems from one another when

hese factors were analyzed by gender, even though the prevalence rate

f sleep difficulty was higher for these three groups, particularly during

ockdown measures. In another systematic review and meta-analysis, Al-

moradi and colleagues [9] discovered a pooled estimated prevalence of

7% for sleep problems during the outbreak. When the data was further

nalyzed by sample subgroups (i.e., healthcare professionals, general

opulation, COVID-19 patients), the corrected pooled estimated preva-

ence demonstrated that 37% of healthcare professionals, 18% of the

eneral population, and 57% of COVID-19 patients experienced prob-

ems with sleep [9] . Therefore, they concluded that sleep problems seem

o be a common concern during the COVID-19 pandemic, with the com-

iled sample representing young adults the most [9] . Additionally, the

eta-analysis revealed that greater levels of psychological distress (i.e.,

epression, anxiety) was associated with sleep problems [9] . Similarly,

ahrami and colleagues [3] conducted a systematic review and found
ber 2021 
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hat the global pooled prevalence rate of sleep difficulty among all pop-

lations was approximately 40% during the COVID-19 pandemic. 

Several studies have found that psychological distress may predict

 higher risk of sleep difficulty [10–11] . Since the pandemic, psycho-

ogical distress has been highly prevalent around the world [12–16] . A

arge-scale survey study revealed that more than half of the general pop-

lation reported that they experienced psychological distress starting in

he early days of the lockdown [13] . Additionally, younger age groups

i.e., 15 to 24 years old), including the college student population, had

he highest level of psychological distress in Belgium [13] , China [17] ,

nd Italy [2] due to a greater reduction in social activity [18] , and the

esulting loneliness was a strong risk factor for psychological distress

19] . Lin and colleagues [4] found that anxiety and depression are the

ajor results of the acute impact of the pandemic. Additionally, Lorant

t al. [13] indicated that 40% of the general population declared that

hey felt less useful than usual. 

Many factors can contribute to psychological distress. For example,

he perceived level of knowledge relative to the COVID-19 vaccine could

ncrease an individual’s risk perception, increasing the level of psycho-

ogical distress [20] . However, knowledge could also be associated with

n increased capacity of avoiding risky behaviors and endorsing protec-

ive behaviors, such as avoiding crowds, wearing masks, keeping social

istance, and receiving the COVID-19 vaccine [21] , which, in contrast,

ight decrease psychological distress. Hogan et al. [22] found that the

articipants’ knowledge of the COVID-19 vaccine will likely translate to

 greater openness to getting vaccinated. In another study conducted in

angladesh, the results showed that university or higher levels of edu-

ation were associated with greater COVID-19 vaccine knowledge [23] .

When considering vaccine injection, every individual should have

he right to freely choose to receive the COVID-19 vaccine, i.e., to have

ndividual autonomy over their body. Through focus groups and inter-

iews, Visser et al. [24] identified that autonomy was an important com-

onent in choosing to accept a pertussis vaccine; participants expressed

hey would reject a vaccine offer absent the autonomy of choice be-

ause making decisions regarding their bodies was important to them.

owever, vaccine hesitancy, defined as “the reluctance or refusal to vac-

inate despite the availability of vaccines, ” has been identified as one

f the major threats to global health [25] . It has become an important

ssue in the COVID-19 pandemic. Furthermore, COVID-19 vaccine hes-

tancy was identified as the most prominent factor for psychological

istress, such as anxiety, depression, and peritraumatic distress in Israel

26] . Previous research found that psychological reactance may cause

sychological distress resulting from people’s perceptions that rules or

egulations might threaten one’s autonomy and freedom of choice [27] .

owever, it is still unclear how the autonomy of choice in a vaccine

ecision is associated with psychological distress in the COVID-19 pan-

emic. 

Additionally, physical health condition should also be considered

ith sleep difficulty. For example, shortness of breath or difficulty

reathing is one of the main symptoms of COVID-19 [28] . In one study,

udhiraja et al. [29] found that patients with breathing problems had

tatistically higher levels of sleep difficulty than those without breath-

ng problems. Additionally, physical health condition can cause acute or

hronic pain [30] , and research reported that more than 50% of clients

ith sleep difficulty suffer from chronic pain [31] or other medical dis-

rders [29] . Furthermore, the varying quarantine and lockdown policies

nforced in many countries during the pandemic were found to nega-

ively affect people’s behaviors in general, including their sleep patterns

nd their amount of physical activity, which decreased their physical

ealth condition [32] . One study found that insufficient physical activ-

ty was a risk factor for disturbed sleep patterns [33] . Also, a study from

eunion Island suggested that young adults lacking physical activity and

isrupted sleep experienced an impaired quality of life [34] . 

A study conducted by the Centers for Disease Control and Prevention

CDC) indicated that the national weekly COVID-19 incidence among

eople aged 18–22 years (e.g., college students) increased 62.7% in Au-
2 
ust 2020 [35] . However, college students are generally considered a

ow-risk population and were not prioritized for vaccination or COVID-

9 studies. Consequently, college students may have a varied under-

tanding of vaccination information. They may not be fully aware of how

heir knowledge and desire for autonomy of uptake might cause under-

ying psychological distress. In addition, both physical health condition

nd psychological distress might play a consequential role in sleep dif-

culty. Therefore, it is extremely important to include college students

s research participants and understand their perspectives during the

OVID-19 pandemic. The current study aims to examine the following

ypotheses: 

Hypothesis 1 (H1): Knowledge concerning the COVID-19 vaccine

ill be associated with psychological distress. 

Hypothesis 2 (H2): Autonomy of COVID-19 vaccine injection will be

ssociated with psychological distress. 

Hypothesis 3 (H3): Psychological distress will be positively associ-

ted with sleep difficulty. 

Hypothesis 4 (H4): Physical health condition will be negatively as-

ociated with sleep difficulty. 

. Materials and methods 

.1. Participants and recruitment procedures 

The current study used an online questionnaire and targeted college

tudents as the main participants. The research team contacted coun-

elors at mainland China colleges to help recruit students. The study’s

urposes and procedures were shared with these individuals. After the

nitial contact, study materials were disseminated to the forty-three

ounselors who agreed to help. Two inclusion criteria were used in the

urrent study: (a) participants needed to be undergraduate or gradu-

te students studying in a college program in mainland China, and (b)

articipants needed to be age 18 years or older. 

The college counselors then helped launch the online survey and dis-

eminated the study information to their corresponding students in each

chool. The online survey was self-administered, avoiding direct con-

act between researchers and participants. Students in this study were

nformed that participation was voluntary and data collection was confi-

ential and anonymous. Informed consent was obtained before the par-

icipants could further access the study’s survey. Once the data collec-

ion commenced, the enrolled students had ten days to complete the

urvey. The data was collected at the beginning of January 2021, one

ear after the COVID-19 outbreak. The Institutional Review Board of

he Jianxi Psychological Consultant Association (IRB ref: JXSXL-2020-

E22) approved the study proposal before data collection began. En-

olled participants completed all the survey items, given that the survey

latform did not allow missing answers. Therefore, no missing data were

bserved in the study. 

.2. Assessments 

.2.1. Knowledge of COVID-19 vaccine measure 

Three items were used to measure the participants’ knowledge about

he COVID-19 vaccine with the seven-point Likert scale (1 = Strongly

isagree; 2 = Disagree; 3 = Somewhat disagree; 4 = Neutral; 5 = Some-

hat agree; 6 = Agree; 7 = Strongly agree). These three items are: “I

now very well how vaccination protects me from the COVID-19 ”, “I

nderstand how the COVID-19 jab helps my body fight the COVID-19

irus ”, and “How the COVID-19 jab works to protect my health is a mys-

ery to me ”. The last item was negatively worded, so the scorings for

his item were reversed. Sum of these three items was used as the latent

ariable to indicate participants’ knowledge of vaccine uptake. A higher

core indicates a better knowledge and understanding of the COVID-19

accine. The three items had good internal consistency ( 𝛼 = 0.84). 
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.2.2. Autonomy of vaccine uptake measure 

The participants’ perceived autonomy regarding uptake of the

OVID-19 vaccine was assessed by three items with the seven-point Lik-

rt scale (1 = Strongly disagree; 2 = Disagree; 3 = Somewhat disagree;

 = Neutral; 5 = Somewhat agree; 6 = Agree; 7 = Strongly agree). These

hree items are: “I can choose whether to get a COVID-19 jab or not ”, “I

eel under pressure to get the COVID-19 jab ” and “I get the COVID-19

ab only because I am required to do so ”. The last two items were neg-

tively worded, so the scorings were reversed. Sum of these three items

as used to represent the latent variable of participants’ autonomy of

accine uptake. A higher score indicates greater autonomy of uptake for

he COVID-19 vaccine. The internal consistency of these three items was

cceptable ( 𝛼 = 0.62). 

.2.3. Psychological distress measure 

The participants’ psychological distress was measured with four

tems (i.e., anxiety, irritability, depression, and feeling inferior to others)

ith the five-point Likert scale (1 = Not at all; 2 = Slightly; 3 = Moder-

te; 4 = Severe; 5 = Extremely). A sample item is “Please carefully recall

nd rate the degree of depression you experienced in the last week (in-

luding today). ” A higher score indicates a higher level of psychological

istress. The four items had excellent internal consistency ( 𝛼 = 0.94). 

.2.4. Physical health condition measure 

One item, “In the past week, how was your physical health condi-

ion? ” was used to evaluate the participants’ perceived physical health

ondition using the five-point Likert scale (1 = significantly worse than

thers; 2 = worse than others; 3 = the same as others; 4 = better than

ther; 5 = significantly better than others). A higher score represents a

etter physical health condition. 

.2.5. Sleep difficulty measure 

One item, “Please carefully recall and rate the degree of sleep diffi-

ulty you experienced in the last week (including today), ” was used to

easure the participants’ sleep difficulty with the five-point Likert scale

1 = Not at all; 2 = Slightly; 3 = Moderate; 4 = Severe; 5 = Extremely).

 higher score indicates a worse condition of sleep difficulty. 

.2.6. Background information measure 

Demographic information, including the participants’ age, gender,

arital status, and educational level (undergraduate vs. graduate), was

ollected in the survey. 

.3. Data analyses 

Descriptive statistics such as means, standard deviation, frequency,

nd percentage were used to analyze the participants’ characteristics. As

ll of the study variables were measured as ordinal scales, Spearman’s

ho correlation coefficients were used to examine the zero-order associ-

tions between the variables. Finally, the ordinal logistic regression was

sed to examine the contribution of each independent variable toward

he dependent variable (i.e., sleep difficulty). The Wald Chi-Square test

as applied to examine the null hypothesis that the estimate equals

 [36] . The 𝛼 level was set at 0.05. More specifically, the proposed

odel is outlined in Fig. 1 , where knowledge of vaccine and vaccine

ptake autonomy are the explanatory factors underlying psychological

istress; psychological distress along with physical health condition are

he explanatory factors underlying sleep difficulty. All explanatory fac-

ors were constructed latently, except for those variables assessed only

sing one item (i.e., physical health condition and sleep difficulty). Ad-

itionally, the regression coefficient will be used to estimate increase

n the log odds of the dependent variable per unit increase in the value

f the independent variables. In this case, how would the psychological

istress level change with the increase of vaccine knowledge (H1) and

accine autonomy (H2) when all of the other variables in the model are

eld constant; also, how would the sleep difficulty level change with the
3 
ncrease of psychological distress (H3) and physical health (H4) when all

f the other variables in the model are held constant. Furthermore, the

xponential function of the regression coefficient, the odds ratio (OR),

ill be reported with the 95% confidence interval (CI) [37] . 

. Results 

.1. Demographics 

This study consisted of 3,145 mainland Chinese students who study

t one of the 43 participating colleges. The majority were undergrad-

ate students (n = 3026, 96.2%). The average age was 20.8 years old

S. D. = 2.09), the majority were single (97.4%), and half were male

49.8%). 

.2. Psychological distress and vaccine knowledge and autonomy 

Table 1 shows the strength and direction of existing associations be-

ween variables of the current study. 

The results supported the hypotheses of correlations between psy-

hological distress and vaccine knowledge and autonomy. The Wald Chi-

quare test statistics for the COVID-19 vaccine knowledge and auton-

my are 33.75 and 50.42, respectively, both with an associated p < .001.

herefore, we rejected the null hypotheses and concluded that the re-

ression coefficients for vaccine knowledge and vaccine autonomy were

ound statistically different from zero in estimating psychological dis-

ress in the model. Based on Fig. 2 , a one-unit increase in the college

articipants’ COVID-19 vaccine knowledge, resulted in a .070 decrease

 p < .001) in the log of odds of being in a higher psychological distress

evel when all other variables in the model are held constant. The odds

atio = .932 (95% CI = .911 to .954). Also, with a one-unit increase in

he college participants’ COVID-19 vaccine autonomy, resulted in a .087

ecrease ( p < .001) in the log of odds of being in a higher psychological

istress level when all other variables in the model are held constant.

he odds ratio = .917 (95% CI = .895 to .939). In other words, when the

articipants had more knowledge about the COVID-19 vaccine, they had

ess psychological distress (H1). Furthermore, when the participants had

reater autonomy regarding COVID-19 vaccine uptake decisions, their

sychological distress decreased (H2). 

.3. Sleep difficulty and psychological distress and physical health 

ondition 

The current results supported our hypotheses of correlations between

sychological distress, physical health condition, and sleep difficulty.

he Wald Chi-Square test statistic for psychological distress is 1638.49

ith an associated p < .001. Additionally, the Wald Chi-Square test

tatistic for the physical health condition is 5.22 with an associated

 = .022. Therefore, we rejected the null hypotheses and concluded that

he regression coefficients for the psychological distress and the physical

ealth condition were found statistically different from zero in estimat-

ng sleep difficulty in the model. Based on Fig. 2 , a one-unit increase in

sychological distress score in the college participants, resulted in a .543

ncrease ( p < .001) in the log of odds of being in a higher sleep difficulty

evel when all other variables in the model are held constant. The odds

atio = 1.722 (95% CI = 1.677 to 1.768). Also, a one-unit increase in the

hysical health condition score, yielded a .098 decrease ( p = .016) in

he log of odds of being in a higher sleep difficulty level when all other

ariables in the model are held constant. The odds ratio = .907 (95%

I = .837 to .982). Therefore, the findings showed when the partici-

ants had more psychological distress, more sleep difficulty was found

H3). When the participants experienced better physical health condi-

ion, they had less sleep difficulty (H4). 
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Fig. 1. The proposed model in explaining sleep diffi- 

culty among mainland Chinese university students. 

Table 1 

Descriptive Statistics and Correlation Matrix between Variables 

Mean 

(S.D.) 

Spearman’s rho 

1. 2. 3. 4. 5. 

1. Knowledge of vaccination 16.01 (2.96) 1 

2. Autonomy of vaccine uptake 15.06 (3.40) -.386 ∗ ∗ 1 

3. Psychological distress 7.58 (4.05) -.057 ∗ ∗ -.085 ∗ ∗ 1 

4. Physical health condition 3.53 (0.95) .043 ∗ .073 ∗ ∗ -.214 ∗ ∗ 1 

5. Sleep difficulty 1.94 (1.16) -.008 -.075 ∗ ∗ .752 ∗ ∗ -.185 ∗ ∗ 1 

Note. ∗ ∗ p < 0.01; ∗ p < 0.05 

Fig. 2. Results of the proposed model in explaining sleep difficulty among mainland Chinese university students. 
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. Discussion 

The unprecedented circumstances and uncertainty created by the

OVID-19 pandemic threaten the global community’s psychological and

hysical well-being [2] . Difficulties with sleep have been a major con-

ern throughout the pandemic, especially in the college population [38–

9] . Thus, the current study examined the broad concept of sleep dif-

culty and its correlated factors among college students. The results

upported our proposed model that college students’ perceived knowl-

dge about the COVID-19 vaccine, as well as their autonomy regarding

OVID-19 vaccine uptake, predicted their psychological distress. Fur-

hermore, we discovered that psychological distress (e.g., feeling more
4 
r less autonomy-related anxiety regarding vaccine uptake), as well as

hysical health condition, were explanatory factors for sleep difficulty.

hese results were strengthened by the large enrollment of student par-

icipants representing 43 mainland China colleges and the application

f sophisticated analytic methods. Detailed illustrations for our research

ndings are described below. 

.1. COVID-19 vaccination and psychological stressors: Impacts of 

nowledge and autonomy 

The WHO identified vaccine hesitancy as a threat to the health of

he global population [25] . Thus, willingness to be vaccinated against
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s  
OVID-19 is a major factor to consider for vaccine uptake [40] . With

he emergence of numerous vaccines available worldwide to combat

he current COVID-19 epidemic, we explored the impact of perceived

nowledge and autonomy for vaccine uptake on psychological dis-

ress. College students in this study who demonstrated greater perceived

nowledge about the COVID-19 vaccine reported lower levels of psycho-

ogical distress, indicating that more information and experience with

he subject may have reduced feelings such as depression, anxiety, irri-

ability, and feeling inferior to others. In addition, Bai et al. [41] discov-

red that college students taking health-related courses were more apt to

ccept COVID-19 vaccination than college students taking non-health-

elated courses. Thus, the nature of health-related coursework may have

ncreased the students’ knowledge level and familiarity with vaccination

nd may explain the greater willingness to accept the COVID-19 vaccine.

Similarly, medical students reported a greater willingness to receive

he COVID-19 vaccine than non-medical school students [42] . Further-

ore, students familiar with the COVID-19 vaccine identified that vac-

ination is a safe and effective way to protect others and were more

ikely to accept a COVID-19 vaccination [41] . These results imply that

reater knowledge about vaccines may be an important component to

onsider regarding vaccine uptake and decreasing vaccine hesitancy. A

revious study showed that most of the distrust and concerns about the

OVID-19 vaccines were driven by widespread, deliberate misinforma-

ion from online sources and skeptical communities [43] . Additionally,

isinformation exposure was associated with a younger age (i.e., 20–

9 years) and higher education levels (i.e., college education or above)

44] , which was consistent with our study population. Another previ-

us study showed that when people relied more on social media as their

ain news source, they were more likely to believe misinformation

bout the pandemic [45] . In addition, studies found that misinforma-

ion exposure was associated with psychological distress, such as anx-

ety, depression, and posttraumatic stress disorder symptoms [ 44 , 46 ].

his finding and ours aligned and confirmed Wang’s and colleagues’

40] conclusions that educating the community about the vaccine is an

mportant factor in increasing the willingness to receive the COVID-19

accination. Demonstrating to the public that the vaccine is both safe

nd effective [ 41 , 47 ] with undisputable data [48] may provide a way

o overcome vaccine hesitancy and eventually reduce psychological dis-

ress. 

Although vaccines are intended to minimize the worst disease out-

omes, they are neither perfectly safe nor perfectly effective [49] . The

evere consequences of the COVID-19 pandemic have stimulated discus-

ions that approved vaccines should be made mandatory [50] . However,

onsidering individual rights and ethics, mandatory vaccination has not

een ruled out in most countries, and there are no clear guidelines to en-

orce population-wide vaccination requirements [51] . Grzybowski et al.

52] argued a way to avoid coercion and allow people to maintain per-

onal autonomy regarding vaccine uptake is to hold people who refuse

accinations financially responsible for any treatment costs accrued if

hey or their children fall ill with a vaccine-preventable infection. How-

ver, a lack of autonomy regarding decisions about vaccine uptake can

ead to an emotionally heightened situation [53] . Our findings showed

hat the more personal autonomy participants felt regarding COVID-19

accine uptake, the lower their levels of psychological distress. 

Conversely, when autonomy to choose is taken away, people experi-

nce psychological impacts, which was consistent with a previous study

ith the German population [53] . In Sprengholz et al.’s study [53] , par-

icipants in a hypothetical scenario experienced significantly higher lev-

ls of psychological distress when they were told that they had no choice

egarding the brand of COVID-19 vaccine they received. This lack of au-

onomy also significantly reduced by about 40% their willingness to be

accinated [53] . Likewise, Visser et al. [24] discovered that reducing in-

ividuals’ autonomy to decide about injecting a pertussis vaccine would

esult in rejection of the vaccine; participants voiced that it was impor-

ant to make their own decisions. A similar attitude was identified in

urses in Israel [54] . Survey responses revealed that 64% of nurses felt
5 
hey should have the autonomy to decide about vaccine uptake, and

0% indicated they do not trust anyone else to decide for them regard-

ng vaccine uptake [54] . Hakim et al. [55] also identified autonomy as

 concern regarding mandatory vaccinations. In a survey of employees

t St. Jude Children’s Research Hospital, participants were asked about

heir thoughts regarding a mandatory influenza vaccination program.

mong the participants against mandatory influenza vaccinations, vio-

ation of autonomy and freedom was rated as the top reason [55] . There-

ore, autonomy and choice appear to be important factors for vaccine

cceptance. 

.2. Psychological distress, physical health, and sleep difficulty 

Multiple studies have shown that many people experienced sleep

ifficulty during the COVID-19 pandemic [ 3 , 56 ]. Therefore, assessing

actors that contribute to sleep difficulty is important because compro-

ised sleep may leave individuals more vulnerable to severe cases of

OVID-19 [57] . Additionally, sleep difficulty may also affect the effi-

acy of COVID-19 vaccines [58] . Thus, the current study’s findings that

sychological distress, physical health condition, and sleep difficulty are

ssociated with one another in college students are concerning due to

he present state of the world. 

Our results were consistent with previous studies that revealed sleep

ifficulty and psychological distress are related [59] . Furthermore, neg-

tive effects, such as anxiety, depression, and stress, predicted partici-

ants’ sleep quality [ 56 , 60–62 ]. Notably, one study showed that partici-

ants who had been classified as good sleepers before the pandemic but

ated their sleep poorly during the pandemic experienced even greater

egative effects, such as irritability [56] . Another study found that when

eople were more depressed, they were less apt to follow safety recom-

endations regarding COVID-19 transmission [60] , which jeopardizes

heir health and those around them. Additionally, psychological distress

e.g., depression, anxiety, irritability, etc.) and sleep difficulty are both

ritical risk factors for suicidality [ 59 , 63 ], especially among adolescents

nd young adults, including college students [64] . With the high preva-

ence rate of sleep difficulties during the COVID-19 pandemic, poten-

ially increasing suicidality is a possible consequence worthy of future

esearch [65] . 

Apart from psychological distress, the current study identified that

he presence of physical health problems correlated to sleep difficulty

n college students. Zhang et al. [66] also studied the impact of self-

ated sleep parameters on the progression of COVID-19 in hospitalized

dults with confirmed cases of COVID-19 and lymphopenia. They dis-

overed that patients classified as poor sleepers required longer hospi-

alization stays and needed intensive care unit treatment at a signifi-

antly higher rate than those identified as good sleepers. In addition,

heir recovery from lymphopenia was significantly slower, increasing

he patient’s chance of critical illness [66] . Also, sleep loss may affect

n individual’s immune system, maybe explaining the association be-

ween reduced sleep duration and increased vulnerability to respira-

ory infections [67] . Donners et al. [68] discovered that college stu-

ents who reported decreased immunity to pathogens had significantly

oorer sleep quality than those who reported normal and healthy im-

unity to pathogens. Another study found that hospitalized COVID-19

atients with poorer physical health condition had a poorer sleep qual-

ty than their counterparts who had mild physical health issues [69] ;

urthermore, patients with fewer hours of sleep developed greater lev-

ls of organ damage [70] . Therefore, the above results were consistent

ith our findings that physical health condition correlates with clients’

leep difficulty. 

.3. Limitations and future study suggestions 

A few limitations should be noted when interpreting the present

tudy’s results. First, although the study had a large sample size across
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3 universities from China, the students comprised a convenience sam-

le and participated voluntarily, thus restricting the generalizability of

he present findings. Second, this study used a cross-sectional design and

ad no long-term follow-up. Given that information related to COVID-19

accines is released daily, students’ knowledge and autonomy of vacci-

ation, as well as their physical and psychological influences on sleep,

ight potentially change over time. However, the cross-sectional de-

ign prevents us from capturing such changes. Third, the current study

easured college students’ perceived vaccine knowledge; however, the

erceived knowledge could not represent the actual knowledge. There-

ore, future studies may want to explore how the objective knowledge

ase of college students might play a role in their psychological distress.

Furthermore, physical health condition and sleep difficulty were

oth measured with a single item. Therefore, the depth and breadth of

hese concepts were limited in interpretation. Lastly, the current study

id not collect the students’ majors, and thus, we cannot determine if

he students’ courses of study influenced their responses. Future studies

ould consider collecting longitudinal data, implementing an objective

accine knowledge measurement, and expanding the survey items re-

arding physical health condition and sleep difficulty to enable severity

nd quality to be further quantified. Also, future studies could collect

tudents’ majors and explore their exposure to vaccination information

o determine if it influences their objective knowledge or level of psy-

hological distress. Additionally, the medical field functions based on

atient choice and consent. Therefore, it may be interesting to see if stu-

ents in health-related programs respond differently to COVID-19 vac-

ine uptake autonomy and psychological distress vs . students in other

reas of study. 

. Conclusions 

Based on our study results, empowering individuals with greater

nowledge about the COVID-19 vaccine, and increasing their auton-

my regarding vaccine uptake, may be one way to reduce psychologi-

al distress and resulting sleep problems. Effective screening procedures

hould be developed to identify students who experience psychological

istress and unstable physical health condition. Additionally, COVID-19

accination health education activities should be specifically directed

oward increasing awareness and knowledge in the student population.

hen encountering college students who express vaccine hesitancy, in-

erpersonal communication should be considered as each individual’s

eed is unique. Immediate and suitable interventions should be provided

o help them cope with sleep difficulty. Additionally, proper physical ac-

ivity and psychological consultation should be considered and incorpo-

ated into school counseling programs to improve students’ sleep quality

uring the COVID-19 pandemic. 
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