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effects of adaptation problems,
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sleep quality of early-year
university students
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!College of Physical Education, Hunan Normal University, Changsha, China, 2Independent
Researcher, Windermere, FL, United States

Purpose: Due to heightened anxiety levels, sleep disorders become more
prevalent among university students. This study, centered on adaptive capacity
in early-year university students, aimed to explore the underlying mechanisms
through which anxiety affects sleep quality.

Methods: Between February 2023 and June 2023, a cohort of first- and second-
year university students (mean age 18.8years) from Hunan Province, China,
took part in an online survey. Anxiety was assessed using the Self-rating Anxiety
Scale; adaptation problems, academic stress, and interpersonal relationships
were assessed using the Adolescent Self-Rating Life Events Checklist; and
sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI). A
moderated serial mediation model, based on Hayes' Model 92, was used to
assess the hypothesized model.

Results: The survey resulted in 3,490 valid responses. Among respondents, 24%
exhibited anxiety symptoms and 30.4% showed abnormal sleep patterns (i.e.,
PSQl score > 8). The most significant path identified based on indirect effects was
anxiety (= 0.109), adaptation problems (f = 0.183), academic stress (= 0.081),
and sleep quality (all p-values < 0.001). Furthermore, interpersonal relationships
moderated the effects of adaptation problems (5 =-0.015, p <0.001), academic
stress (8 =—-0.012, p<0.001), and anxiety (8= 0.003, p = 0.002) on sleep quality.

Conclusion: Elevated anxiety and sleep disorders are common among
university students. Adaptive capacity may play a crucial role in sleep disorders
among early-year university students. Interventions such as fostering strong
interpersonal relationships in campus environments, may prove beneficial in
improving academic performance and sleep quality.
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1 Introduction

It is well established that sleep disorders cause the development
of noncommunicable diseases and mental illnesses (1), highlighting
the crucial role of sleep in an individual’s well-being. However,
insufficient sleep has evolved into a global public health concern.
According to a global sleep survey, over 70% of respondents reported
experiencing one or more new sleep disorders, with only 55% of
adults expressing satisfaction with their sleep quality (2). While
various factors contribute to poor sleep quality, anxiety stands out as
a primary cause among young people (3). From the lens of biological
evolution, anxiety tends to peak during young adulthood, driven by
pressures related to reproduction and social selection. University
students, transitioning into independent maturity, often face
heightened anxiety levels (4, 5). In recent years, sleep disorders have
become a prevalent issue among Chinese university students,
impacting their academic performance and well-being (6). A national
survey revealed that Chinese university students exhibit patterns of
late sleep initiation (average =23:28h), prolonged sleep onset delay
(average =31 min), and sleep deprivation (average=6.87h/day) (7).
Therefore, delving into the mechanisms underlying poor sleep quality
among Chinese university students carries significant theoretical and
practical importance.

2 Theoretical framework

Firstly, it is useful to differentiate between various types of sleep
disorders. Sleep disorders encompass disruptions in an individual’s
sleep-wake cycle, stemming from conditions such as insomnia, sleep
apnea, irregular breathing during sleep, restless legs syndrome,
and non-24-h
characterized by difficulty falling asleep, staying asleep, or waking too

narcolepsy, sleep-wake disorder. Insomnia,
early, was traditionally more prevalent among older adults. However,
epidemiological studies now indicate an increasing prevalence of this
sleep disorder among young people across various socioeconomic
conditions (8-11). Consequently, insomnia has become an
increasingly public health concern among young people, prompting
this study to focus on the poor sleep quality of university students
attributed to insomnia.

Currently, two main theories explain the relationship between
anxiety and sleep quality in school-aged youth, as illustrated in Figure 1
(see also paths 1 and 2). First, a strong relationship between anxiety and
sleep quality has been well established (12), as indicated by path 1.
University life presents numerous daily sources of anxiety. For instance,
students from low- to middle-class families may struggle with feelings
of loss stemming from unstable social status yet possess a strong desire
to ascend the socioeconomic ladder (13). This leads to intense anxiety
about an uncertain future and sometimes feelings of hopelessness.
Similarly, social media has emerged as a new source of anxiety, often
linked to comparisons of perceived life satisfaction (14). Regardless of
the specific sources of anxiety, its accumulation can significantly impact
mental health and contribute to poor sleep quality. Second, the most
frequent periodic source of anxiety among university students is related
to academic performance and the bidirectional relationship between
academic stress and sleep quality has been extensively studied (15), as
indicated by path 2. Freshmen often experience anxiety due to the
transition in learning styles from high school to university, while senior
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students face pressure related to project completion and graduation.
Academic stress acts as a negative mediator between daily anxiety and
sleep quality (path 2 in Figure 1) throughout academic semesters.
Furthermore, academic burnout resulting from poor test outcomes can
transit a temporary sleep reduction into a chronic sleep disorder (16).

However, the proposed effects of anxiety and/or academic stress
may be influenced by additional co-factors. Zhang and colleagues
proposed that rumination and resilience serve as psychological traits
mediating the link between stress and sleep quality among university
students (17). In a broader context, their theory implies that an
individual’s ability to adapt to adversity or new environments may
impact how anxiety affects sleep quality. This is a crucial point in the
Chinese context: the majority of Generation Z, comprising about 20%
of the country’s population, were born into arguably the most rapid
socioeconomic transition in modern Chinese society. China has been
accelerating its urbanization process since 2014, which has brought
about short-term challenges. The high cost of urban living not only
poses resistance to urban modernization but also triggers various
financial and social anxieties in youth (18). Integrating young
individuals from low- and middle-income families into modern urban
life necessitates an adaptation process. Uncertainty stress, stemming
from these challenges, is known to impact one’s mental health (19)
and sleep quality (20). This underscores the need for the new
generation of Chinese youth to cultivate and demonstrate higher
adaptive capacity to navigate these changes effectively. Additionally,
university students studying away from their hometown are more
susceptible to life event adjustments, leading to mood swings (21).
Difficulties in adaptation may result in reduced learning capabilities,
contributing to heightened academic stress. Accordingly, we propose
the existence of an indirect effect as depicted in path 3 of Figure 1. The
first hypothesis is stated as follows:

HI: Adaptation problems mediate the relationship between
anxiety and academic stress, thereby impacting sleep quality
among Chinese university students.
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FIGURE 1

A hypothesized model between anxiety and sleep quality among
early-year university students. This relationship is depicted through
arrows indicating the directional influence of mediators and
moderator on sleep quality. The solid lines represent the known
relationships in the literature. The dashed lines signify areas where
further investigation is needed. The heart/hand icon indicates
potential opportunities for intervention if the hypothesized mediation
path 3 and moderation path 4 could be validated.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1476020
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhao and Zhang

These interactions are further complicated by the existence of
social networks. Interpersonal relationships are integral to social
networks, and the behaviors of others, as well as the occurrence of
negative events within these networks, can profoundly influence
individuals. Given the centrality of interpersonal relationships in
mental health theories (22, 23), it is plausible that interpersonal
relationships could act as a moderating factor for adaptation problems
and academic stress. Indeed, a few studies have supported this notion.
For example, Zhang et al. found that interpersonal relationships could
enhance school adaptation by providing increased social support and
fostering resilience, which was correlated with improved adaptation
(24). Similarly, Ye et al. identified disturbances in interpersonal
relationships as risk factors for social adjustment (25). Additionally,
Kiuru et al. demonstrated that high-quality interpersonal relationships
were linked to higher academic achievement through improved
school well-being (26). Hence, we propose the second hypothesis,
depicted in path 4 of Figure 1, as follows:

H2: Interpersonal relationships may either positively or negatively
moderate the relationship between anxiety and sleep quality,
thereby affecting sleep quality among Chinese university students.

In summary, current gaps include the specific mechanisms
through which anxiety affects sleep quality and the moderating factor
that influences this relationship, and potential interventions to
improve sleep quality in university students. Therefore, this study
aimed to address a theoretical gap by proposing a moderated serial
mediation model between anxiety and sleep quality. In this model,
we hypothesized that adaptation problems and academic stress
sequentially mediate these effects, with interpersonal relationships
moderating their impact on sleep quality. Ultimately, this theoretical
model could inform the development of targeted interventions to
mitigate sleep disorders in university students, especially as they
navigate critical transitions toward career advancement stages.

3 Methods
3.1 Participants

The study was conducted in accordance with the Declaration of
Helsinki, and approved by the Ethics Committee of Hunan Normal
University (protocol code 2023 No.362). This survey-based research
invited first- and second-year students from Hunan Normal
University, Central South University, Hunan University, Hunan
Agricultural University, and Changsha University of Science and
Technology to participate. The exclusion criteria include students
currently undergoing mental health treatments or taking medications
for sleep disorders. All participants or their legal guardians have
provided written informed consent, which was electronically signed,
for participation in this study.

3.2 Protocol

The data were collected using a survey method, employing a
cluster random sampling approach. Through an online platform
(Questionnaire Star, Changsha Ranxing Information Technology Co.),
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we distributed a total of 3,500 surveys to 700 students randomly
selected from the aforementioned five universities between February
2023, and June 2023. Therefore, the survey was conducted during the
second semester for first-year university students and the fourth
semester for second-year university students. Figure 2 outlines the
research process.

3.3 Instrument

Anxiety levels were assessed using the Self-rating Anxiety Scale
(SAS) (27). The SAS has demonstrated satisfactory psychometric
properties among Chinese university students (28), and Chinese-
adapted norms were applied in this study for diagnosis. Scores of 70
or higher indicate severe anxiety, 60-69 indicate moderate anxiety,
50-59 indicate mild anxiety, and scores below 50 indicate normal
states. In this study, Cronbach’s alpha and Kaiser-Meyer-Olkin (KMO)
values were 0.74 and 0.90, respectively.

The Adolescent Self-Rating Life Events Checklist (ASLEC) (29)
was used to evaluate the mediators and moderator in this study. The
scale serves as a valuable tool for assessing mental health conditions
and has been adopted in diverse populations (30, 31). The ASLEC
comprises 26 items concerning negative life events, from which 11
items relevant to this study were selected. Factor 1 of the ASLEC
pertains to interpersonal relationships, including “misunderstood/
rejected by others” (item 1), “looked down upon” (item 2), “break up
with close friends” (item 4), “cheated/ridiculed” (item 15), and
“conflicts with family members” (item 25). Factor 2 of the ASLEC
addresses academic stress and includes “failure in a test” (item 3),
“homework overload” (item 9), “family financial problems” (item 16),
“failure in a competition” (item 18), and “Entrance examination
pressure” (item 22). Factor 4 of the ASLEC relates to adaptation
problems, including “major change in life habits” (item 5), “living
apart from family” (item 8), “personal serious illness/injury” (item
11), and “others” (item 27). Initially, respondents indicated whether
each event occurred to them in the past 12 months, responding “yes”
or “no.” If the event did not occur, it received a score of 0; otherwise,
respondents rated the perceived stress of each experienced event on a
five-point Likert scale ranging from 1="“not at all” to 5= “extremely
severe.” The scores of individual items were summed to generate a
factor score, with higher scores indicating a greater number of
negative life events experienced in the past year. In this study, each
factor’s Cronbach’s alpha was greater than 0.70, and the KMO value
was 0.96.

Sleep quality was evaluated using the Pittsburgh Sleep Quality
Index (PSQI). The higher the global PSQI score, the poorer the sleep
quality. We applied Chinese-adapted norms for diagnosis (32), where
a global PSQI score of eight or higher signifies abnormal sleep
patterns. In this study, the Cronbach’s alpha and KMO values were
0.80 and 0.81, respectively.

3.4 Statistics

The data underwent preliminary analysis employing Student’s
t-tests (33), one-way ANOVA with Fisher’s LSD post hoc test, Harman’s
single-factor test, correlation analysis, and hierarchical multivariate
regression, all conducted in IBM SPSS Statistics (version 24.0). The
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FIGURE 2
Flow chart of the study. ASLEC, Adolescent Self-Rating Life Events Checklist; PSQI, Pittsburgh Sleep Quality Index; SAS, Self-rating Anxiety Scale.

moderated serial mediation effects were estimated using Hayes’
PROCESS (version 3.5) Model 92. In conducting moderation analysis
without prior knowledge about the population centiles, similar studies
have utilized the mean score plus or minus one standard deviation to
categorize groups (33). In this study, respondents were categorized
into two groups based on scores in relation to the sample’s mean score.
For example, those whose interpersonal relationships scores surpassed
the mean (8.19) were placed in the above-average interpersonal
relationships group, while those below the mean were placed in the
below-average group. In this context, above-average scores indicate
weaker interpersonal relationships. Hypothesized effects were
evaluated using a bias-corrected non-parametric percentile bootstrap
method with 5,000 random resamplings from the total sample size,
and significance was determined at the 5% alpha level.

4 Results
4.1 Overview of data

A total of 3,490 valid questionnaires were collected. Table 1
presents the demographics of the respondents. With the exception of
19-year-old students, who exhibited significantly higher levels of
anxiety and poorer sleep quality, no statistically significant differences
were observed among the subgroups of interest. Of the survey
respondents, 19.7% exhibited mild anxiety symptoms, 6% exhibited
moderate anxiety symptoms, and 0.3% exhibited severe anxiety
symptoms. Additionally, 30.4% of respondents had abnormal sleep
patterns (i.e., PSQI score > 8).

Frontiers in Public Health

4.2 Common method bias

Harman’s single-factor test was used to assess common
method bias. The unrotated factor analysis revealed a total of 16
common factors with eigenvalues exceeding 1. The first
factor explained 16.18% of the total variance, falling below the
threshold of 40%. This result suggests no common method bias in
the survey.

4.3 Multivariate regression

Table 2 shows the partial correlations between all variables, which
are significantly positive. Hierarchical multiple linear regression
(Table 3) shows that anxiety was a significant predictor of sleep quality.
When adaptation problems and academic stress were incorporated
into the regression model (step 4), all these variables were significant
predictors of sleep quality.

4.4 Structured model

Table 4 provides a summary of the mediating and moderating
effects observed. All mediation paths demonstrate significance,
indicating a serial mediation effect, where adaptation problems and
academic stress mediate the impact of anxiety on sleep quality among
university students, with adaptation problems exhibiting the most
pronounced indirect effect (#=0.145). These findings are visually
represented in Figure 3.
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TABLE 1 Demographic characteristics.

10.3389/fpubh.2024.1476020

Characteristic N X M, M, M; Y
Sex

Male 1,557 39.4+12.2 42425 8.1+38 8.2+4.5 6.3+3.0
Female 1,933 387 +12.3 42426 8.1+3.7 82+43 6.3+2.9
Age

<18years 204 37.5+ 11.5% 4125 7.8+3.6 7.9+4.6 6.0 +2.8%
18 years 1,222 38.4 + 12.1% 42425 8.0+3.7 8.1+43 6.2 +2.8%
19years 1,334 39.7 +12.5 42426 8.2+37 8.4 +4.4 6.5+3.0
>19years 730 39.3+12.0 43427 8.3+3.9 8.0 +4.6 6.4+32
Residence

Rural 1,971 389+ 12.1 42425 8.1+37 82+43 6.2+29
Urban 1,519 393+ 124 43+26 8.1+3.7 8.2+4.5 6.5+3.0
Ethnicity

Han 2,792 38.8+12.2 42+26 8.0 +3.7 8.1+44 6.3+3.0
Minority 698 39.9+12.5 43+25 84+38 8.5+ 4.4 6.4+3.0
Year of study

First year 1,642 383+ 12.1 42425 8.0 +3.7 8.1+43 6.2+2.8
Second year 1,848 39.7 +12.5 42426 8.2+37 8.4 +4.4 6.5+3.0
Overall 3,490 39.1+12.2 42425 8.1+3.7 8.2+ 4.4 6.3+3.0

Data are expressed as mean and standard deviation. X, anxiety; M, adaptation problems; M,, academic stress; M, interpersonal relationships; Y, sleep quality. * denotes p<0.05 vs. 19 years old.

TABLE 2 Partial correlation analysis.

1 2 3 4 )

1. Interpersonal relationships 1 - - - -

2. Adaptation problems 0.39%#% 1 - - -

3. Academic stress 0.497%#% 0.44%%% 1 - -

4. Anxiety 0.597%#3 0.577#%% 0.60%#* 1 -

5. Sleep quality 0.36%%* 0.35%#% 0.37%%% 0.46%*%* 1
##**denotes p<0.001.

Meanwhile, three significant moderating paths emerged, the effects
of which are presented in Table 5. First, interpersonal relationships
negatively moderated the impact of anxiety on sleep quality. When
anxiety was absent, university students with above-average scores in
interpersonal relationships experienced poorer sleep quality compared
to those with below-average scores in interpersonal relationships.
However, when respondents exhibited anxiety symptoms, interpersonal
relationships did not exert further influence on sleep quality. The second
significant path identified was the moderating role of interpersonal
relationships in the mediation model linking anxiety to sleep quality
through adaptation problems. It was observed that university students
with above-average scores in interpersonal relationships reported poorer
sleep quality, regardless of their adaptation problems. Finally, in cases
where anxiety influences sleep quality through both the adaptation
problems and academic stress factors, it was found that university
students with stronger interpersonal relationships, regardless of their
academic stress levels, experienced better sleep quality than their peers
with weaker interpersonal relationships.

Frontiers in Public Health

5 Discussion

According to a recent review of epidemiological studies in China,
the pooled PSQI total score was 4.32 (95% confidence interval 3.82-
4.81), with one in five individuals in the general Chinese population
experiencing poor sleep quality (34). In our study, 30.4% of survey
respondents reported abnormal sleep patterns, with a mean PSQI
score of 6.33 (95% confidence interval 6.23-6.41). It is worth noting
that if this study had employed an international cutoff criterion such
as a PSQI total score of >6 (35), 59.3% of this sample may have been
categorized as presenting sleep disorders. These data highlight the
prevalence of sleep disorders among early-year university students
from Changsha, China. In line with existing literature (36, 37), our
findings suggest that anxiety can negatively predict sleep quality, with
academic stress acting as a mediator between these two variables. This
study contributes to our understanding of the underlying mechanisms
linking anxiety, academic stress, and sleep quality by introducing two
new theoretical viewpoints.
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TABLE 3 Hierarchical multivariate regression.

10.3389/fpubh.2024.1476020

Step Predictors Outcome R? F /] 3 p VIF
1 Anxiety Sleep quality 0216 963 0.465 31.0 <0.001 1.0
2 Anxiety Adaptation problems 0.324 1,673 0.569 40.9 <0.001 1.0
3 Anxiety Academic stress 0.377 1,057 0.516 31.8 <0.001 1.5
Adaptation problems - - 0.150 9.2 <0.001 1.5
4 Anxiety Sleep quality 0.237 361 0.329 16.1 <0.001 1.9
Adaptation problems - - 0.112 6.1 <0.001 1.5
Academic stress - - 0.121 6.4 <0.001 1.6

VIF, variance inflation factor.

TABLE 4 Indirect effects of moderated serial mediation models.

Variable Adaptation problems Academic stress Sleep quality

B SE SE SE
Constant ~0.006 0.042 0.881 —0.040 0.057 0.483 6.387 0.052 <0.001
Interpersonal relationships 0.052 0.010 <0.001 0.169 0.014 <0.001 0.070 0.013 <0.001
Anxiety 0.109 0.004 <0.001 0.123 0.006 <0.001 0.067 0.005 <0.001
Adaption problems - - - 0.183 0.024 <0.001 0.145 0.022 <0.001
Academic stress - - - - - - 0.081 0.015 <0.001
int_1 0.000 0.001 0.773 0.000 0.001 0.798 0.003 0.001 0.002
int_2 - - - 0.007 0.005 0.149 —0.015 0.004 <0.001
int_3 - - - - - - —0.012 0.003 <0.001
F 570.3 4718 165.3
R 0.329 0.404 0.249

int_1 =anxiety x interpersonal relationships; int_2 = adaptation problems x interpersonal relationships; int_3 = academic stress x interpersonal relationships.

First and foremost, adaptation problems not only acted as a
partial mediator (total effect f=0.321: anxiety — adaptation
problems — sleep quality) but also, more importantly, served as a
serial mediator (total effect f=0.440: anxiety — adaptation
problems — academic stress — sleep quality) between anxiety and
sleep quality. To our knowledge, this pathway has not been
previously reported in the literature on Chinese university students.
In Chinese culture, pre-university education is rigorous, with
adolescents spending the majority of their time in high school
engaged in curriculum activities. The transition from high school,
characterized by semi-open management and strong family
support, to independent, open management universities, brings
about significant changes in the social environments surrounding
university students. This transition often triggers high levels of
anxiety, which can lead to various mental health issues. For
instance, the open nature of campus environments provides
numerous opportunities for socializing with new peers, making
friends, and dating. However, data suggest that social life can bring
as much joy as it can depression and anxiety in young adults (38,
39). For early-year university students who have not yet developed
communication skills and adaptive skills for independent living,
heightened anxiety could lead to adaptation problems (40). These
problems, in turn, may lead to other unhealthy behaviors (41, 42),
academic stress,

and ultimately influence sleep quality.

Furthermore, the rapid transition in roles is exemplified by an
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unfamiliar living environment. In a study involving Tibetan
university students studying outside of Tibet, Kang et al. found that
45.3% of this cohort presented mild mental health issues (43),
indicating the impact of relocation on university life. Our finding
suggests that adaptive capacity is a critical factor in determining the
academic performance and sleep quality of early-year
university students.

Second, interpersonal relationships may act as both a remedy
and a catalyst for poor sleep quality. In this study, interpersonal
relationships partially moderated the effects of adaptation problems
(f=-0.015), academic stress (f=—0.012), and anxiety (#=0.003)
on sleep quality. Respondents with below-average scores in
interpersonal relationships had better sleep quality compared to
those with above-average scores, regardless of their adaptation
problems. This suggests that strong interpersonal relationships can
mitigate the negative impact of adaptation problems on sleep
quality. Zhang et al. also reported that interpersonal relationships
can enhance social support, thereby alleviating adaptation
problems (24). Our findings not only corroborate Zhang et al’s
conclusion but also extend the effect to sleep quality. Regarding
academic stress, respondents with below-average scores in
interpersonal relationship slept better than those with above-
average scores, irrespective of their level of academic stress. This
finding aligns with existing research on the effect of interpersonal

relationships on academic performance (26) and broadens our
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FIGURE 3
Conceptual diagram of moderated serial mediation model using
Hayes' PROCESS (Model 92). Beta values (all p-values < 0.01)
represent indirect effects.

understanding of its moderating role in sleep quality. However,
effectively managing interpersonal relationships could sometimes
deplete emotional resources (44), leading to a negative feedback
loop known as “I am tired” (45), characterized by a high demand
for interpersonal relationships, depleted emotional resources, and
consequently heightened anxiety. In a study of first-year Chinese
university students, Deng et al. found that extraversion displayed
a curvilinear relationship with depression (39). Specifically, the
relationship was significantly negative from lower to moderate
levels of extraversion, but it plateaued at higher levels. Essentially,
beyond a certain threshold, actively maintaining positive
interpersonal relationships may not provide additional benefits for
improving mental health. This phenomenon was also observed in
our study: as anxiety levels increased, respondents with below-
average scores in interpersonal relationship exhibited deteriorating
sleep quality. This suggests that while maintaining strong
interpersonal relationships within normal anxiety levels can
positively affect sleep quality, unchecked anxiety may diminish the
beneficial effects of interpersonal relationships.

From a practical standpoint, future research could intervene in
the pathway of anxiety’s impact on sleep quality by focusing on the
pivotal mediating factor identified in this study: adaptability.
While empirical studies suggest that the adaptive capacity of
university students can be enhanced through support in family
relationships (46), we believe this approach may not offer a
fundamental solution. As the saying attributed to Han Feizi goes,
“distant water cannot put out a nearby fire” The transition to
university represents a major life transition: Campus life is
expected to broaden students’ social networks, from which they
begin to rely less on family and seek mutual support from peers.
Accordingly, it is our opinion that the fundamental approach lies
in developing the adaptive capacity of developing new social
networks. Research has shown that university students who
actively engage in university clubs tend to be better learners (47,
48), possibly due to the cultivation of positive interpersonal
relationships that enhance adaptive capacity, subsequently
facilitating learning. Likewise, some studies indicate that university
students who participate actively in club activities experience
better sleep quality (49, 50), which may also be influenced by the

aforementioned mechanism. Therefore, participating in
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TABLE 5 The moderating effects of interpersonal relationships on sleep
quality of university students.

Interpersonal relationships

Below-average

Above-average

group group
Anxiety
No anxiety group 52+26 6.5 £ 2.3%%*
Mild anxiety group 8.0+32 8.0+27
Moderate anxiety 9.7+32 9.3+34
group
Adaptation problems
Below-average group 5127 6.6 + 2.5%%%*
Above-average group 6.6 +2.9 8.0 £ 2.9%%*
Academic stress
Below-average group 5126 6.7 + 2.7
Above-average group 6.6+3.0 7.8 £2.8%%*

Data (Pittsburgh Sleep Quality Index score total score) are expressed as mean and standard
deviation. The cutoff criteria applied in grouping were determined based on the following
scores: mean score of adaptation problems =4.22; mean score of academic stress=8.11; mean
score of interpersonal relationships =8.19. *** denotes p <0.001 vs. below-average group.

leisure-time social activities such as hometown associations,
special interest groups, and professional readiness clubs may prove
effective in assisting early-year university students in adapting to
their new roles, environments, and communication skills,
consequently improving academic performance and sleep quality.
We propose that future research focuses on examining the effect of
social activities on university students’ sleep quality.

This study has several limitations that warrant consideration.
First, it relies on participants’ self-reported data, which may introduce
response bias. For example, relying on self-ratings to assess
interpersonal relationships may not be reliable, and future research
could benefit from using peer ratings for a more accurate evaluation.
Additionally, being a cross-sectional survey, this study precludes
drawing causal conclusions. Second, the sample was drawn exclusively
from Changsha, potentially limiting the generalization of the findings.
Moreover, the mechanisms underlying sleep disorders among senior
university students and graduate students may be influenced by other
factors (37). Third, despite interpersonal relationships being a
significant moderator, its effect (i.e., ) appears relatively minor. In this
regard, the lack of a centile distribution of interpersonal relationships
among university students hampers accurate grouping and may not
reflect the true impact of strong/weak interpersonal relationships on
the factors under examination.

In conclusion, this study established a serial mediation model
with a moderating effect. Among the paths examined, the most
significant one identified was anxiety leading to adaptation problems,
subsequently influencing academic stress and sleep quality. While this
pathway may not universally apply to all cultural contexts, it does shed
light on addressing poor sleep quality among early-year Chinese
university students, particularly by addressing adaptation challenges
associated with transitioning to campus life. Essentially, these findings
underscore the importance of young adults developing adaptive
capacity and interpersonal relationships to navigate various challenges
in a highly competitive society.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1476020
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhao and Zhang

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by all participants or
their legal guardians have provided written informed consent, which was
electronically signed, for participation in this study. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this study
was provided by the participants’ legal guardians/next of kin.

Author contributions

CZ: Data curation, Formal analysis, Investigation, Writing — original
draft, Writing - review & editing. YZ: Writing - review & editing.

References

1. Irwin MR. Why sleep is important for health: a psychoneuroimmunology perspective.
Annu Rev Psychol. (2015) 66:143-72. doi: 10.1146/annurev-psych-010213-115205

2. Koninklijke Philips N.V. Seeking solutions: How COVID-19 changed sleep around
the world 2021. Available at: https://www.philips.com/c-dam/b2c/master/experience/
smartsleep/world-sleep-day/2021/philips-world-sleep-day-2021-report.pdf (Accessed
March 19, 2021).

3. Luthra S, Agrawal S, Kumar A, Sharma M, Joshi S, Kumar J. Psychological well-
being of young adults during COVID-19 pandemic: lesson learned and future research
agenda. Heliyon. (2023) 9:¢15841. doi: 10.1016/j.heliyon.2023.e15841

4. Gao W, Ping S, Liu X. Gender differences in depression, anxiety, and stress among
college students: a longitudinal study from China. J Affect Disord. (2020) 263:292-300.
doi: 10.1016/j.jad.2019.11.121

5. Manzar MD, Alghadir AH, Khan M, Salahuddin M, Albougami A, Maniago JD,
et al. Anxiety symptoms are associated with higher psychological stress, poor sleep, and
inadequate sleep hygiene in collegiate young adults—a cross-sectional study. Front
Psych. (2021) 12:12. doi: 10.3389/fpsyt.2021.677136

6. Li L, Wang Y-Y, Wang S-B, Zhang L, Li L, Xu D-D, et al. Prevalence of sleep
disturbances in Chinese university students: a comprehensive meta-analysis. J Sleep Res.
(2018) 27:€12648. doi: 10.1111/jsr.12648

7. Chen ], Wu R. Relations of sleep quality to depression and anxiety in college
students. China ] Health Psychol. (2021) 29:608-14. doi: 10.13342/j.cnki.cjhp.2021.04.028

8. McArdle N, Ward SV, Bucks RS, Maddison K, Smith A, Huang R-C, et al. The
prevalence of common sleep disorders in young adults: a descriptive population-based
study. Sleep. (2020) 43:zsaa072. doi: 10.1093/sleep/zsaa072

9. Wheaton AG. Short sleep duration among middle school and high school
students—United States, 2015. MMWR Morb Mortal Wkly Rep. (2018) 67:85-90. doi:
10.15585/mmwr.mm6703al

10. Zhou S-J, Wang L-L, Yang R, Yang X-J, Zhang L-G, Guo Z-C, et al. Sleep problems
among Chinese adolescents and young adults during the coronavirus-2019 pandemic.
Sleep Med. (2020) 74:39-47. doi: 10.1016/j.sleep.2020.06.001

11. Alves FR, de Souza EA, de Franga Ferreira LG, de Oliveira Vilar Neto J, de Bruin
VMS, de Bruin PFC. Sleep duration and daytime sleepiness in a large sample of Brazilian
high school adolescents. Sleep Med. (2020) 66:207-15. doi: 10.1016/j.sleep.2019.08.019

12.Nyer M, Farabaugh A, Fehling K, Soskin D, Holt D, Papakostas GI, et al.
Relationship between sleep disturbance and depression, anxiety, and functioning in
college students. Depress Anxiety. (2013) 30:873-80. doi: 10.1002/da.22064

13. Delhey J, Schneickert C, Steckermeier LC. Sociocultural inequalities and status
anxiety: redirecting the Spirit level theory. Int ] Comp Sociol. (2017) 58:215-40. doi:
10.1177/0020715217713799

14.Lam TN, Jensen DB, Hovey JD, Roley-Roberts ME. College students and
cyberbullying: how social media use affects social anxiety and social comparison.
Heliyon. (2022) 8:¢12556. doi: 10.1016/j.heliyon.2022.e12556

15.Yan Y-W, Lin R-M, Su Y-K, Liu M-Y. The relationship between adolescent
academic stress and sleep quality: a multiple mediation model. Soc Behav Pers. (2018)
46:63-77. doi: 10.2224/sbp.6530

Frontiers in Public Health

10.3389/fpubh.2024.1476020

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

16.van der Heijden KB, Vermeulen MCM, Donjacour CEHM, Gordijn MCM,
Hamburger HL, Meijer AM, et al. Chronic sleep reduction is associated with academic
achievement and study concentration in higher education students. J Sleep Res. (2018)
27:165-74. doi: 10.1111/jsr.12596

17. Zhang D, Hu X, Liu Q. Stress and sleep quality among undergraduate students:
chain mediating effects of rumination and resilience. J Psychol Sci. (2021) 44:90-6. doi:
10.16719/j.cnki.1671-6981.20210113

18. Feng Z, Tang Y, Huang H, Liu Y. Urbanicity and depression among Chinese youth:
a cross-sectional study based on the China labor-force dynamic survey. Appl Spat Anal.
(2023) 17:619-36. doi: 10.1007/s12061-023-09548-5

19. Wu D, Yu L, Yang T, Cottrell R, Peng S, Guo W, et al. The impacts of uncertainty
stress on mental disorders of Chinese college students: evidence from a Nationwide
study. Front Psychol. (2020) 11:11. doi: 10.3389/fpsyg.2020.00243

20.Ye H, Chen S, Cai Z, Jiang N, Liu Y, He S, et al. Negative life events and sleep
disturbance among adolescents: intolerance of uncertainty as mediator and moderator.
Sleep Med. (2024) 117:79-86. doi: 10.1016/j.sleep.2024.03.029

21. Foulkes L, McMillan D, Gregory AM. A bad night's sleep on campus: an interview
study of first-year university students with poor sleep quality. Sleep Health. (2019)
5:280-7. doi: 10.1016/j.s1€h.2019.01.003

22. Pilgrim D, Rogers A, Bentall R. The centrality of personal relationships in the
creation and amelioration of mental health problems: the current interdisciplinary case.
Health. (2009) 13:235-54. doi: 10.1177/1363459308099686

23.YuY, He M. Perceived stress from interpersonal relations predicts suicidal ideation
in Chinese university students: roles of meaning in life and coping humor. Heliyon.
(2023) 9:e14106. doi: 10.1016/j.heliyon.2023.e14106

24. Zhang X, Huang P-f, Li B-q, Xu W-j, Li W, Zhou B. The influence of interpersonal
relationships on school adaptation among Chinese university students during
COVID-19 control period: multiple mediating roles of social support and resilience. J
Affect Disord. (2021) 285:97-104. doi: 10.1016/j.jad.2021.02.040

25.Ye B, Lei X, Yang J, Byrne PJ, Jiang X, Liu M, et al. Family cohesion and social
adjustment of chinese university students: the mediating effects of sense of security and
personal relationships. Curr Psychol. (2021) 40:1872-83. doi: 10.1007/s12144-018-0118-y

26.Kiuru N, Wang M-T, Salmela-Aro K, Kannas L, Ahonen T, Hirvonen R.
Associations between adolescents’ interpersonal relationships, school well-being, and
academic achievement during educational transitions. J Youth Adolesc. (2020)
49:1057-72. doi: 10.1007/s10964-019-01184-y

27. Zung WWK. A rating instrument for anxiety disorders. Psychosomatics. (1971)
12:371-9. doi: 10.1016/S0033-3182(71)71479-0

28. Pang Z, Tu D, Cai Y. Psychometric properties of the SAS, BAL and S-AI in Chinese
university students. Front Psychol. (2019) 10:10. doi: 10.3389/fpsyg.2019.00093

29.Liu X, Liu L, Yang J, Chai F, Wang A, Sun L, et al. The adolescent self-rating life
events checklist and its reliability and validity. Chin ] Clin Psychol. (1997) 5:34-6. doi:
10.16128/j.cnki.1005-3611.1997.01.011

30. Xiao Q, Song X, Huang L, Hou D, Huang X. Association between life events,
anxiety, depression and non-suicidal self-injury behavior in Chinese psychiatric

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1476020
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1146/annurev-psych-010213-115205
https://www.philips.com/c-dam/b2c/master/experience/smartsleep/world-sleep-day/2021/philips-world-sleep-day-2021-report.pdf
https://www.philips.com/c-dam/b2c/master/experience/smartsleep/world-sleep-day/2021/philips-world-sleep-day-2021-report.pdf
https://doi.org/10.1016/j.heliyon.2023.e15841
https://doi.org/10.1016/j.jad.2019.11.121
https://doi.org/10.3389/fpsyt.2021.677136
https://doi.org/10.1111/jsr.12648
https://doi.org/10.13342/j.cnki.cjhp.2021.04.028
https://doi.org/10.1093/sleep/zsaa072
https://doi.org/10.15585/mmwr.mm6703a1
https://doi.org/10.1016/j.sleep.2020.06.001
https://doi.org/10.1016/j.sleep.2019.08.019
https://doi.org/10.1002/da.22064
https://doi.org/10.1177/0020715217713799
https://doi.org/10.1016/j.heliyon.2022.e12556
https://doi.org/10.2224/sbp.6530
https://doi.org/10.1111/jsr.12596
https://doi.org/10.16719/j.cnki.1671-6981.20210113
https://doi.org/10.1007/s12061-023-09548-5
https://doi.org/10.3389/fpsyg.2020.00243
https://doi.org/10.1016/j.sleep.2024.03.029
https://doi.org/10.1016/j.sleh.2019.01.003
https://doi.org/10.1177/1363459308099686
https://doi.org/10.1016/j.heliyon.2023.e14106
https://doi.org/10.1016/j.jad.2021.02.040
https://doi.org/10.1007/s12144-018-0118-y
https://doi.org/10.1007/s10964-019-01184-y
https://doi.org/10.1016/S0033-3182(71)71479-0
https://doi.org/10.3389/fpsyg.2019.00093
https://doi.org/10.16128/j.cnki.1005-3611.1997.01.011

Zhao and Zhang

adolescent inpatients: a cross-sectional study. Front Psych. (2023) 14:14. doi: 10.3389/
fpsyt.2023.1140597

31. Zhang W, Wang Z. Negative life events and adolescents’ externalizing problems: a
moderated mediation model. Curr Psychol. (2023) 42:19596-606. doi: 10.1007/
$12144-022-03109-8

32.Liu X, Tang M, Hu L, Wang A, Wu H, Zhao G, et al. Reliability and validity of the
Pittsburgh sleep quality index. Chin J Psychiatry. (1996) 29:103-7.

33. Liao C, Zhang K, Lin Y, Han L, Hu X. The relationship between negative life events
and mental health of overseas Chinese left-behind children: a moderated mediation
model. Curr Psychol. (2023) 42:25843-54. doi: 10.1007/s12144-022-03656-0

34. Chen P, Lam ML, Si TL, Zhang L, Balbuena L, Su Z, et al. The prevalence of poor sleep
quality in the general population in China: a meta-analysis of epidemiological studies. Eur
Arch Psychiatry Clin Neurosci. (2024) 274:1-14. doi: 10.1007/s00406-024-01764-5

35. Dietch JR, Taylor DJ, Sethi K, Kelly K, Bramoweth AD, Roane BM. Psychometric
evaluation of the PSQI in U.S. college students. ] Clin Sleep Med. (2016) 12:1121-9. doi:
10.5664/jcsm.6050

36. Garcia-Garcia J, Manas A, Gonzalez-Gross M, Espin A, Ara I, Ruiz JR, et al.
Physical activity, sleep, and mental health during the COVID-19 pandemic: a one-year
longitudinal study of Spanish university students. Heliyon. (2023) 9:e19338. doi:
10.1016/j.heliyon.2023.e19338

37. Ahammed B, Jahan N, Seddeque A, Hossain MT, Shovo T-EA, Khan B, et al.
Exploring the association between mental health and subjective sleep quality during the
COVID-19 pandemic among Bangladeshi university students. Heliyon. (2021) 7:¢07082.
doi: 10.1016/j.heliyon.2021.e07082

38. Bajoghli H, Keshavarzi Z, Mohammadi M-R, Schmidt NB, Norton PJ, Holsboer-
Trachsler E, et al. “T love you more than I can stand!” - romantic love, symptoms of
depression and anxiety, and sleep complaints are related among young adults. Int J
Psychiatry Clin Pract. (2014) 18:169-74. doi: 10.3109/13651501.2014.902072

39. Deng Y, Chen H, Yao X. Curvilinear effects of extraversion on socialization outcomes
among Chinese college students. Front Psychol. (2021) 12:12. doi: 10.3389/fpsyg.2021.652834

40.Zhang K, Mi Z, Parks-Stamm EJ, Cao W, Ji Y, Jiang R. Adaptability protects
university students from anxiety, depression, and insomnia during remote learning:

Frontiers in Public Health

09

10.3389/fpubh.2024.1476020

a three-wave longitudinal study from China. Front Psych. (2022) 13:13. doi: 10.3389/
fpsyt.2022.868072

41. Shan X, Ou Y, Ding Y, Yan H, Chen J, Zhao J, et al. Associations between internet
addiction and gender, anxiety, coping styles and acceptance in university freshmen in
South China. Front Psych. (2021) 12:12. doi: 10.3389/fpsyt.2021.558080

42. Wang A, Wang Z, Zhu Y, Shi X. The prevalence and psychosocial factors of
problematic smartphone use among Chinese college students: a three-wave longitudinal
study. Front Psychol. (2022) 13:13. doi: 10.3389/fpsyg.2022.877277

43.Kang Y, Li C, Xie S, Ma M, Liu W. Mental health and the related factors of Zangzu
undergraduates in inland. Chin ] Behav Med Brain Sci. (2013) 22:556-8. doi: 10.3760/
cma.j.issn.1674-6554.2013.06.025

44. Afifi TD, Merrill AE, Davis S. The theory of resilience and relational load. Pers
Relationsh. (2016) 23:663-83. doi: 10.1111/pere.12159

45. Barnes CM, Van Dyne L. 'I'm tired": differential effects of physical and emotional
fatigue on workload management strategies. Hum Relat. (2009) 62:59-92. doi:
10.1177/0018726708099518

46. Huang Z, Zhang L, Wang J, Xu L, Wang T, Tang Y, et al. Family function and life
satisfaction of postgraduate medical students during the COVID-19 pandemic: the
mediating role of meaning in life and depression. Heliyon. (2022) 8:e09282. doi:
10.1016/j.heliyon.2022.e09282

47. Pusztai G, Fényes H, Markos V. The effect of volunteering and voluntary group
membership on student's persistence. Heliyon. (2021) 7:¢07900. doi: 10.1016/j.
heliyon.2021.e07900

48.Ho J, Smith S, Oakley E, Vanderford NL. The use of a book club to promote
biomedical trainee professional development. Heliyon. (2022) 8:e08675. doi: 10.1016/j.
heliyon.2021.e08675

49.Ji C, Yang J, Lin L, Chen S. Anxiety and sleep quality amelioration in college
students: a comparative study between team sports and individual sports. Behav Sci.
(2022) 12:149. doi: 10.3390/bs12050149

50. Doerksen SE, Elavsky S, Rebar AL, Conroy DE. Weekly fluctuations in college
student leisure activities and well-being. Leis Sci. (2014) 36:14-34. doi:
10.1080/01490400.2014.860778

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1476020
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3389/fpsyt.2023.1140597
https://doi.org/10.3389/fpsyt.2023.1140597
https://doi.org/10.1007/s12144-022-03109-8
https://doi.org/10.1007/s12144-022-03109-8
https://doi.org/10.1007/s12144-022-03656-0
https://doi.org/10.1007/s00406-024-01764-5
https://doi.org/10.5664/jcsm.6050
https://doi.org/10.1016/j.heliyon.2023.e19338
https://doi.org/10.1016/j.heliyon.2021.e07082
https://doi.org/10.3109/13651501.2014.902072
https://doi.org/10.3389/fpsyg.2021.652834
https://doi.org/10.3389/fpsyt.2022.868072
https://doi.org/10.3389/fpsyt.2022.868072
https://doi.org/10.3389/fpsyt.2021.558080
https://doi.org/10.3389/fpsyg.2022.877277
https://doi.org/10.3760/cma.j.issn.1674-6554.2013.06.025
https://doi.org/10.3760/cma.j.issn.1674-6554.2013.06.025
https://doi.org/10.1111/pere.12159
https://doi.org/10.1177/0018726708099518
https://doi.org/10.1016/j.heliyon.2022.e09282
https://doi.org/10.1016/j.heliyon.2021.e07900
https://doi.org/10.1016/j.heliyon.2021.e07900
https://doi.org/10.1016/j.heliyon.2021.e08675
https://doi.org/10.1016/j.heliyon.2021.e08675
https://doi.org/10.3390/bs12050149
https://doi.org/10.1080/01490400.2014.860778

	Moderated serial mediation effects of adaptation problems, academic stress, and interpersonal relationships on the sleep quality of early-year university students
	1 Introduction
	2 Theoretical framework
	3 Methods
	3.1 Participants
	3.2 Protocol
	3.3 Instrument
	3.4 Statistics

	4 Results
	4.1 Overview of data
	4.2 Common method bias
	4.3 Multivariate regression
	4.4 Structured model

	5 Discussion

	References

