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Abstract
Background  At present, insomnia, fatigue and mental health problems of researchers are increasingly prominent, 
and they are facing great perceived stress. However, there are relatively few studies on Chinese researchers, and 
the relationship between them is not clear. This study mainly explores the current status of insomnia and fatigue 
symptoms of Chinese researchers, and the relationship with perceived stress and anxiety symptoms.

Methods  A Total of 961 Chinese researchers participated in this nationwide cross-sectional survey. The Pittsburgh 
Sleep Quality Index (PSQI), Fatigue Severity Scale (FSS), Perceived Stress Scale (PSS) and Generalized Anxiety Disorder 
Scale (GAD-7) were used for evaluation. The count data were analyzed by chi-square analysis, the measurement data 
were analyzed by independent sample t test, and the chain mediation analysis was used to explore the relationship 
between insomnia, fatigue symptoms, perceived stress and anxiety symptoms.

Results  The prevalence of insomnia symptoms was 36.9% and The prevalence of fatigue symptoms was 68.7% 
among Chinese researchers. The multivariate covariance analysis showed that the scores of anxiety symptoms, 
perceived stress, and fatigue symptoms of the researchers with insomnia symptoms were higher than those of the 
researchers without insomnia symptoms (p<0.001). Insomnia and fatigue symptoms were related to lifestyle and 
exercise. Fatigue and anxiety symptoms played a chain mediating role between perceived stress and insomnia 
symptoms (Total indirect effect: 0.180(0.146,0.211), Direct effect: 0.036(-.0.001,0.079), Total effect: 0.216(0.190,0.242)).

Conclusion  Insomnia and fatigue symptoms are serious among Chinese researchers. We should pay attention to the 
sleep and mental health problems of researchers, strengthen psychological intervention, and reduce their perceived 
stress level.
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Introduction
Researchers are those engaged in scientific research, 
experimentation and development, including profession-
als in the fields of ‌ natural science research, ‌ social science 
research and ‌ medical research [1].‌ researchers usually 
work in‌ scientific research institutions, ‌universities or 
enterprises. For some researchers working in universities 
and hospitals, their workload is heavy, not only under-
taking research work, but also often undertaking teach-
ing, medical work. In recent years, with the emphasis on 
scientific research and development, the proportion of 
investment in science and technology has increased, and 
the assessment of scientific researchers has become more 
stringent. Scientific researchers are facing huge psycho-
logical pressure, and their mental health problems such 
as insomnia, anxiety, fatigue symptoms have become 
more prominent [2, 3].

Research conducted on college students and staff mem-
bers indicates That insomnia symptoms have significantly 
increased in Recent years. The incidence of insomnia 
among college students has risen from 24% To 40%, while 
among staff members, it has increased from 15% To 42% 
[4]. The Research results for doctoral students show that 
59% of them have deterioration in sleep quality [5]. Study 
conducted on Chinese Researchers aged between 25 
and 55 revealed That approximately 38.66% of the par-
ticipants exhibited insomnia symptom, which aggravated 
physical diseases such as hypertension [6]. Another study 
involving 14,552 scientific researchers from Chinese 
research institutions, medical and health care institu-
tions, enterprises and public institutions, as well as uni-
versities, found That 48.6% of the participants suffered 
from insomnia symptoms. For those whose sleep Dura-
tion was less Than 5 h per day, The overall prevalence of 
cardiovascular diseases among scientific Researchers was 
40.3% [7].

Perceiving stress refers to the psychological experi-
ence of an individual regarding the demands, challenges 
or threats in the environment, as well as their ability to 
cope with them. Studies have shown that researchers are 
under significant psychological pressure, especially dur-
ing the pandemic [8, 9]. Application for funding proj-
ects, high impact factor journals, academic competition 
and other multiple pressures, but for Chinese research-
ers, due to the constraints of various factors, the pressure 
is more prominent, for example, for research university 
teachers, in the scientific research work at the same time, 
as well as engaged in teaching work, but also face the 
“either up or go” pressure [10]. A survey of researchers in 
Beijing showed That 69.7% of researchers felt work pres-
sure in The past 1 month, and in the mental stress test, 
blood pressure and heart rate were significantly higher 
than that at rest,, and the cardiac sympathetic parasym-
pathetic nerve was in an unbalanced state [6]. It has been 

confirmed in different populations that there is a signifi-
cant positive correlation between perceived stress and 
insomnia symptoms [11–14]. Excessive stress leads to 
excessive arousal in cognition and emotions, which in 
turn causes insomnia [15].

Fatigue presents as persistent weariness impacting 
both cognitive and physical functioning, with symptoms 
resistant to conventional restorative measures. Research-
ers fatigue symptoms are also worthy of attention, most 
researchers are in a state of physical and mental exhaus-
tion, according to the “Fourth National Survey Report 
on the Status of Science and Technology Workers”, The 
average weekly working hours of science and technol-
ogy workers Reached 49.7  h, which is 24.3% more than 
the legal working hours. researchers often refer to their 
working hours as “711,” which refers To working 11 h a 
day, seven days a week [16]. In a global survey involving 
over 13,000 Researchers, 38% of the respondents indi-
cated that they often felt overly stressed at work in the 
past month. Persistent fatigue also interacted with insom-
nia symptoms, resulting in a decline in the researchers’ 
sleep quality [17]. Moreover, studies had shown that per-
ceptual pressure affects an individual’s fatigue symptoms, 
increasing both psychological and physiological fatigue 
[18, 19].

Long-term fatigue and work pressure also seriously 
affect the mental health of staff. In the “2019 Survey 
Report on the Mental Health Status of scientific and 
Technological Workers”, a survey of more Than 10,000 
scientific and Technological workers in Research insti-
tutes of the Chinese Academy of Sciences and their affili-
ated organs and enterprises found that more than 50% 
of scientific and Technological personnel have different 
degrees of anxiety. Of these, 42.2% had mild anxiety, 8.8% 
had moderate anxiety, and 4.5% had severe anxiety [20]. 
Another survey of graduate students from 234 Research 
institutions in 26 countries found That graduate students 
Reported 6 times more anxiety and depression symptoms 
than the general population [21]. A study conducted on 
public universities revealed That the incidence of anxiety 
symptoms among staff members was as high as 60% [22]. 
The occurrence of anxiety symptoms is related to many 
factors. Previous studies have found that mental fatigue 
and perceived stress are both associated with anxiety, 
and weaken the ability of emotional regulation [23–25]. 
Anxiety symptoms are risk factors for insomnia. Individ-
uals with anxiety symptoms are in a highly alert, fearful 
and tense state of heightened arousal, which exacerbates 
insomnia symptoms [26, 27]. Studies have shown That 
60% To 70% of patients with generalized anxiety disorder 
exhibit prolonged sleep latency and reduced deep sleep 
[28].

Although the relationship between perceived stress 
and insomnia symptoms has been extensively studied, 
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the specific mechanisms of the chain mediating effects of 
fatigue and anxiety have not been fully explored within 
the Chinese research population. Furthermore, as men-
tioned above, it can be observed that the perceived 
stress is a significant factor contributing to fatigue, anxi-
ety, and insomnia symptoms, and there is a close cor-
relation among these symptoms. However, the specific 
causal relationship between them merits further explo-
ration. Therefore, this study initially aimed to exam-
ine whether fatigue symptoms and anxiety symptoms 
independently play a mediation role between perceive 
stress and insomnia symptoms, and whether there is a 
chain mediation effect. Based on the literature review 
and considering the complex interrelationships among 
these variables, we proposed two hypotheses: Hypoth-
esis 1: Fatigue symptoms and anxiety symptoms Respec-
tively play a mediation role between perceived stress and 
insomnia symptoms. Hypothesis 2: Fatigue symptoms 
and anxiety symptoms play a chain mediation effect role 
between perceived stress and insomnia symptoms, that 
is, perceived stress leads to the aggravation of fatigue 
symptoms, which in turn causes anxiety symptoms, and 
ultimately leads to insomnia symptoms.

Materials and methods
Design and participants
We conducted an anonymous cross-sectional survey of 
Chinese researchers using snowball sampling. We though 
the Wenjuanxing platform (​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​j​x​.​​c​n​/​​a​p​p​/​​s​
u​​r​v​e​y​.​a​s​p​x) To assess the insomnia and fatigue ​s​y​m​p​t​o​
m​s and Related influencing factors from August 26 To 
October 1, 2022. We referred To the prevalence Rate of 
insomnia disorder in the general population in the meta-
analysis, which was 30.30%. Using G*Power 3.1.9.7 for 
sample size calculation of a single group rate, we deter-
mined That the total sample size should be 36. However, 
961 graduate students and Researchers from research 
institutions, universities, hospitals and other institutions 
from 31 provinces across The country participated in the 
survey, each subject can only complete one Response, the 
questionnaire is mainly sent through wechat and QQ, 
excluding 24 invalid participants, a Total of 937 partici-
pants from 30 provinces (Supplementary Material Fig. 1) 
completed The assessment. The effective Response rate 
was 97.5%. The selection criteria of participants were: (1) 
junior and senior school students; (2) Able to read and 
understand Chinese questionnaires; (3) Wechat users or 
QQ users; (4) Voluntary participation in the investiga-
tion; (5) Submit only one survey using the same IP. The 
exclusion criteria are as follows: (1) Participants who did 
not complete their answers; (2) Participants who answer 
questions too quickly (less Than 5 min).

This study was approved by the Medical Ethics Com-
mittee of Beijing Huilongguan Hospital (Approval 

No. 2021–18-Department). Before the investigation, 
informed consent was obtained from each participant 
and an electronic informed consent was signed.

Assessment tools and procedure
Sociodemographic factors
Demographic data, including gender, age, occupation and 
education level, were collected by self-made scale.

Sleep quality
The Pittsburgh Sleep Quality Index (PSQI) was used To 
evaluate the sleep quality of the Researchers in the past 1 
month. The scale mainly includes seven factors: subjec-
tive sleep quality, sleep latency, sleep persistence, sleep 
efficiency, sleep disturbances, use of hypnotic drugs and 
daytime dysfunction. Each entry is 0–3 points, and The 
total score is 0–21 points. PSQI ≥ 8 points was consid-
ered as poor sleep quality [29, 30]. In this study, the PSQI 
demonstrated good reliability, with a Cronbach’s α coef-
ficient of 0.710, and This scale also has good structural 
validity, with a KMO value of 0.735.

Fatigue Severity Scale
The fatigue severity scale (FSS) was used To evalu-
ate the fatigue symptoms of Researchers. The scale had 
9 items, each item was composed of “strongly disagree” 
to “strongly agree”, and The score was 0–7. The score < 4 
was no fatigue, 4.0-4.9 was moderate fatigue, and ≥ 5 was 
severe fatigue. The results show that FSS has good reli-
ability, validity and internal consistency [31]. The FSS 
exhibited excellent reliability in this study, with a Cron-
bach’s α of 0.928, and This scale also has good structural 
validity, with a KMO value of 0.927.

Anxiety Symptom
Researchers’ anxiety levels were assessed using the Gen-
eralized Anxiety Disorder Scale-7 (GAD-7) developed 
by Spitzer et al., which consisted of 7 items and mainly 
assesses anxiety symptoms in The last 2 weeks. Each item 
was scored 0–3 on a scale of 0–21 overall, with higher 
scores indicating more severe anxiety symptoms. The 
total score of 0–4 was no anxiety symptom; 5–9 was mild 
anxiety; 10–14 was classified as moderate anxiety; ≥15 
was classified as severe anxiety [32]. The GAD-7 exhib-
ited excellent reliability in this study, with a Cronbach’s α 
of 0.947, and This scale also has good structural validity, 
with a KMO value of 0.934.

Perceived Stress
The Perceived Stress Scale (PSS) was used to evaluate 
the stress perception of adolescents. PSS is one of the 
most commonly used research tools for measuring indi-
vidual perceived or perceived stress levels at home and 
abroad. The tool not only measures the level of stress 

https://www.wjx.cn/app/survey.aspx
https://www.wjx.cn/app/survey.aspx
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an individual is currently experiencing, but also assesses 
whether the external pressure exceeds the individual’s 
ability to cope, mainly looking at the degree of stress an 
individual has experienced in daily Life in the last month 
Due To unpredictable, uncontrollable or overburdened 
stress. In this study, a 10-item short-form scale (PSS-10) 
was used, and Licket 0–4 rating scale was adopted, with a 
Total score of 0–40, the higher the score, the more severe 
the perceived stress [33]. The results show that the Chi-
nese version of PSS-10 has good reliability and validity in 
our study, with a Cronbach’s α coefficient of 0.782, and 
with a KMO value of 0.886.

Statistical analysis
All data in This study were statistically analyzed using 
SPSS 26.0 software. The Harman single-factor test 
method was used to examine whether there was a com-
mon method bias. Taking age, gender, whether engaging 
in swing sports and resistance exercise as covariates, a 
multivariate covariance analysis was used to compare the 
differences in perceived stress levels, anxiety symptoms, 
and fatigue symptoms between researchers with insom-
nia and those without. Using partial correlation analysis, 
the correlations among perceived stress, fatigue, anxiety 
symptoms, and insomnia symptoms were explored. The 
level of significance was set at p < 0.05.

We used Model 6 of SPSS 26.0 PROCESS v 3.4 to ana-
lyze the chain mediation effect to explore the role of 
fatigue symptoms, and anxiety symptoms in perceived 
stress and insomnia [34]. Perceived pressure was as The 
independent variable, insomnia symptoms as the depen-
dent variable; fatigue symptoms and anxiety symptoms as 
the mediating variables; age, gender, whether engaging in 
swing sports and Resistance exercise as covariates. The 
output indicators included total effect, direct effect and 
indirect effect. We used the bootstrap method to test the 
mediating effect, set the sample size as 5000, and chose 
a 95% confidence interval (CI) for direct and indirect 
effects. A 95%CI for indirect effects that does not contain 
a zero value is statistically significant.

Results
Common method bias test
The results of The Harman single-factor test showed that 
the cumulative variance explained by the first common 
factor was 19.64%, which was less Than the standard crit-
ical value of 40%. Therefore, there was no serious com-
mon method bias in this study.

The distribution of each dimension factor of PSQI scale 
and socio-demographic characteristics for insomnia and 
fatigue symptoms
A Total of 937 researchers who met The Research cri-
teria were included in the analysis, including 414 males 

(44.2%) and 523 females (55.8%), with an average age of 
31.96 ± 8.95 years old. A Total of 346 (36.9%) Research-
ers had insomnia symptoms, and 644 (68.7%) research-
ers had fatigue symptoms. The average sleep Duration 
of The Researchers was 6.75 ± 1.05  h. 387 (41.3%) of 
The Researchers went to bed between 23 and 24 am, 
and 140 (14.9%) of The Researchers went to bed longer 
than 24 am. The total PSQI score of the researchers was 
(6.88 ± 3.77). The scores of each dimension in descend-
ing order are: daytime dysfunction was (1.63 ± 0.97), 
subjective sleep quality was (1.21 ± 0.73), sleep latency 
was (1.20 ± 0.98), sleep disturbance was (1.04 ± 0.61), 
sleep duration was (0.88 ± 0.62), sleep efficiency was 
(0.43 ± 0.74), hypnotic drugs were (0.15 ± 0.53) (Fig.  1). 
Education level has an impact on insomnia symptoms, 
the incidence of bachelor’s degree is the highest, followed 
by doctoral degree, master’s degree and post-doctoral 
degree are lower (p = 0.002). Researchers working in 
research institutes have the most severe insomnia and 
fatigue symptoms (p = 0.044 and p = 0.040). Compared 
with researchers in other provinces, the incidence of 
insomnia symptoms among researchers in Beijing is 
higher (p = 0.009). Age and gender had no effect on the 
researchers’ symptoms of insomnia and fatigue. (Table 1).

Effects of lifestyle and exercise on insomnia and fatigue 
symptoms
Researchers with a napping habit had higher inci-
dence of insomnia and fatigue symptoms (p = 0.006 and 
p = 0.041). Researchers who engaged in weekly aero-
bic exercise had a lower incidence of fatigue symptoms 
(p = 0.004). The incidence of insomnia symptoms was 
lower in the researchers who performed weekly swing 
exercises (p = 0.013 and p = 0.009) and resistance exer-
cises (p = 0.042 and p = 0.039). Researchers who exer-
cised for more Than 30  min had a lower incidence of 
insomnia symptoms (p<0.001). Moderate-intensity 
exercise researchers had a lower incidence of insomnia 
symptoms(p = 0.001). Researchers who had physical dis-
eases and played mobile phones for more Than 30  min 
during sleep had a higher incidence of insomnia symp-
toms (p<0.001 and p = 0.012). (Table 2).

Differences scores in the perceived stress, fatigue and 
anxiety in the group with or without insomnia symptoms
Multivariate analysis of covariance showed that the per-
ceived stress total score, subjects’ stress perception and 
the ability to cope with stress score of researchers with 
insomnia symptoms was higher than those without 
insomnia symptoms (p<0.001). Researchers with insom-
nia symptoms had higher symptoms of fatigue, and anxi-
ety symptoms than those without insomnia symptoms 
(p<0.001) (Fig. 2).
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Relationship between insomnia symptoms and perceived 
stress, fatigue and anxiety symptoms
Partial correlation analysis showed that the PSQI total 
and each factor score were positively correlated with 
subjects’ stress perception, perceived stress total score, 
fatigue symptoms and anxiety. Subjective sleep quality, 
sleep latency, anxiety symptoms were negatively corre-
lated with the ability to cope with stress score. There was 
a pairwise correlation between fatigue and anxiety symp-
toms (all p<0.05) (Fig. 3).

Mediation analysis
The chain mediation effect showed That model fit well. 
Total effect of perceived stress on insomnia symptoms 
was 0.216, with direct effect was 0.036. However, The 
95% confidence interval (CI) of The direct effect includes 

0, indicating a complete mediation effect. And The 95% 
CI of all indirect effects do not include 0, which indicates 
That all indirect effects are effective, with the total indi-
rect effect being 0.180, accounting for 83.33% of The total 
effect. Path 1, path 2, and path 3 are Respectively 0.037 
(17.13%), 0.129 (59.72%), and 0.014 (6.48%) (Tables 3 and 
4; Fig. 4).

Discussion
This study provides an important Theoretical contri-
bution to Chinese Researchers by clarifying the chain 
mediation effect role of fatigue and anxiety symptoms 
between perceived stress and insomnia symptoms. Our 
research results are consistent with the 3P factors model 
of insomnia and the susceptibility-stress model, further 
confirming the role of long-term stress as an inducing 

Fig. 1  Each dimension of researchers on PSQI scale (N = 937)
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and persistent factor leading to sleep disorders. Nota-
bly, by demonstrating how stress manifests through both 
fatigue and anxiety symptoms, we have expanded these 
models and exerted a compound influence on insomnia. 
This mechanistic insight offers a detailed understanding 
of the association between occupational stress and sleep 
disorders, which has not been fully explored in previous 
studies targeting academic populations.

Our study found that Chinese researchers have a higher 
incidence of insomnia symptoms (36.9%) and fatigue 
symptoms (68.7%). 75.8% researchers self-reported less 
Than 7  h of sleep, The phenomenon of staying up late 
is common among Chinese Researchers, and 14.9% last 
went To bed after 12 am, which may be related to the 
fact that scientific researchers have to undertake other 
affairs such as teaching, meetings, laboratory and clini-
cal work during the daytime working time. Insufficient 
sleep duration, staying up late, excessive labor, etc., 
also make the daytime function disorders of research-
ers, easy to be sleepy and insufficient energy during the 
day, aggravate the fatigue symptoms. In addition, the 
fatigue symptoms were also related to low satisfaction, 
job burnout, physical health problems and other factors 
[35–40]. Nature reader survey showed That about 40% 
scientific researchers work more Than 60 h a week, and 
another study showed The weekly working hours of col-
lege teachers Reach 51.64  h, The proportion of severe 
overwork is 50.81% [41]. Our research has revealed That 
Chinese Researchers suffer from more severe insomnia 
symptoms. A study conducted on PhDs found that the 

incidence of anxiety and insomnia was only 20% in Euro-
pean [42]. This might be attributed to the fact that Chi-
nese researchers are under greater professional pressure 
and have more demanding tasks [43].

Our research has found that Lifestyle and exercise have 
an impact on insomnia and fatigue symptoms. Previous 
studies on The adult population have shown that using 
mobile phone for more than 30 min before bedtime can 
lead to shorter sleep duration and excessive daytime 
sleepiness. This is because the blue light emitted by elec-
tronic screens inhibits the secretion of melatonin and 
affects the sleep rhythm [44]. Regarding exercise, the inci-
dence of insomnia and fatigue symptoms among Chinese 
researchers participating in the swing sports was lower. 
Swing sports can mobilize all muscle systems, making 
people more focused and keeping the brain active, which 
helps to delay brain aging and protect the cardiovascular 
system, and reduce all-cause mortality [45]. Aerobic exer-
cise and resistance exercise can reduce the incidence of 
fatigue symptoms, which is consistent with studies from 
abroad [46, 47]. A randomized controlled trial showed 
that moderate aerobic exercise has a recovery effect on 
mental fatigue, which may be related to the increase in 
cerebral blood flow and tissue oxygenation levels after 
exercise, thereby promoting the oxygenation of the pre-
frontal lobe and increasing the content of neurotrophic 
factors and other nutrients in the circulation [48, 49].

In terms of demographic factors, our study found 
that undergraduate and doctoral students had a higher 
incidence of insomnia than master’s and post-doctoral 

Table 1  Socio-demographic characteristics and association with insomnia and fatigue symptoms (N = 937)
variables n % Insomnia symptoms fatigue symptoms

n % P n % P
Gender 0.138 0.055
  Male 414 44.2 142 34.3 271 65.6
  Female 523 55.8 204 39.0 373 71.3
Educational level 0.002 0.515
  Bachelor’s degree 133 14.2 59 44.4abc 95 71.4
  Master’s degree 443 47.3 145 32.7c 298 67.3
  Doctorate degree 261 27.9 114 43.7b 177 67.8
  Postdoctoral 100 10.6 28 28.0ac 74 74.0
Vocational institutions 0.044 0.040
  Colleges 453 48.3 147 32.5 296 65.3
  Hospitals 112 12.0 44 39.3 73 65.2
  Research institutes 231 24.7 99 42.9a 174 75.3a

  Others 141 15.0 56 39.7 101 71.6
Age (years old) 0.952 0.166
  < 35 595 63.5 221 37.1 417 70.1
  35–45 260 27.7 96 36.9 178 68.5
  > 45 82 8.8 29 35.4 49 59.8
Beijing 0.009 0.140
  Yes 446 47.6 184 41.3 317 71.1
  No 491 52.4 162 33.0 327 66.6
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students in Terms of education level, which is gener-
ally consistent with previous findings. Previous studies 
have found that the incidence of insomnia symptoms 
among college students is 31.4%, which is higher than 
that of the general population [50, 51]. The reason for the 
increase may be related to the impact of COVID-19. Dur-
ing theCOVID-19, students often suspend classes, take 
online classes at home or in dormitories, have circadian 
rhythm disorders, and many students have psychologi-
cal problems such as anxiety and depression, which also 
aggravate insomnia symptoms [52–55]. Many doctoral 
students are faced with the pressure of scientific research, 
timely graduation, job hunting and employment, and the 
COVID-19 epidemic has caused many doctoral students 

to fail to complete research experiments on time, and the 
incidence of delayed graduation has increased, which 
will lead to insomnia [56–59]. Researchers in scientific 
research institutes have a higher incidence of insomnia 
and fatigue symptoms, which may be related to the high 
pressure of scientific research institutes and more heavy 
scientific research tasks they undertake [60, 61].

Our research shows that stress is closely related to 
insomnia symptoms, and researchers with insomnia 
symptoms have increased subjective perceived stress 
levels and decreased stress coping ability. Previous stud-
ies have shown a Link between stress and insomnia, 
both The 3P factor model of insomnia and the diathe-
sis induced model emphasize the influence of perceived 

Table 2  Effects of lifestyle and exercise on insomnia and fatigue symptoms (N = 937)
variables n % Insomnia symptoms fatigue symptoms

n % P n % P
Napping 0.099 0.655
  No 255 27.2 105 41.2 255 69.8
  Yes 682 72.8 241 35.3 682 68.3
Snoring 0.006 0.041
  No 507 54.1 167 32.9 334 65.9
  Yes 430 45.9 179 41.6 310 72.1
Smoking 0.755 0.749
  No 866 92.4 321 37.1 594 68.6
  Yes 71 7.6 25 35.2 50 70.4
Drinking 0.240 0.613
  No 687 73.7 246 35.8 469 68.3
  Yes 250 26.3 100 40.0 175 70.0
Aerobic exercise 0.143 0.004
  No 180 19.2 75 41.7 140 77.8
  Yes 757 80.2 271 35.8 504 66.6
Swing sports 0.013 0.009
  No 748 79.8 291 38.9 529 70.7
  Yes 189 20.2 55 29.1 115 60.8
Resistance exercise 0.042 0.039
  No 852 90.9 306 35.9 594 69.7
  Yes 85 9.1 40 47.1 50 58.8
Relaxing exercise 0.877 0.795
  No 854 91.1 316 37.0 588 68.9
  Yes 83 8.9 30 36.1 56 67.5
Exercise duration 0.064 <0.001
  ≤ 30 min 370 39.5 150 40.5 284 76.8
  > 30 min 567 60.5 196 34.6 360 63.5
Exercise intensity 0.001 0.846
  Mild 149 15.9 58 38.9 105 70.5
  Moderate 490 52.3 154 31.4 337 68.8
  Severe 298 31.8 134 45.0 202 67.8
Somatic disease <0.001 0.466
  No 235 25.1 111 47.2 166 70.6
  Yes 702 74.9 235 33.5 478 68.1
Play mobile phone before bed 0.012 0.786
  ≤ 30 min 108 11.5 28 25.9 73 67.6
  > 30 min 829 88.5 318 38.4 571 68.9
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stress on insomnia [13, 62]. When an individual is in a 
state of stress for a long time, it will produce negative 
coping ways such as over-preparation, helplessness and 
rejection, and will produce negative emotions and emo-
tional dysregulation such as anxiety, tension and irrita-
bility, which will make the individual in a state of high 
awareness and lead to insomnia [63]. Studies have shown 
that people with chronic stress have increased insom-
nia symptoms such as difficulty initiating sleep, frequent 
nocturnal awakening, early morning awakening [15]. Our 
study also found that researchers with insomnia symp-
toms had higher anxiety and fatigue symptoms, which 
is consistent with the results of previous studies. Studies 
have shown that fatigue will cause individual production, 

physical and psychological fatigue, resulting in technical 
stress, loss of motivation, insomnia, daytime sleepiness, 
sleep rhythm disorders and other sleep disorders[64–66].

In the influence of stress on insomnia symptoms, the 
changes in the hypothalamic-pituitary-adrenal (HPA) 
axis caused by stress cannot be ignored. When individu-
als are in a state of chronic stress, the HPA axis remains 
continuously activated, causing the hypothalamus to 
release corticotropin-releasing hormone (CRH), which in 
turn stimulates the pituitary gland to secrete adrenocor-
ticotropic hormone (ACTH), ultimately leading to exces-
sive secretion of cortisol by the adrenal cortex. Under 
normal physiological conditions, cortisol levels exhibit 
diurnal rhythmic changes, being higher in the morning 

Fig. 2  Differences in perceived stress, anxiety symptoms, and fatigue symptoms between Chinses researchers with and without insomnia symptoms (N 
= 937). Note: A indicates that perceived stress total score among Chinese researchers with insomnia symptoms was higher than those without; B indi-
cates that ability to cope with stress score among Chinese researchers with insomnia symptoms was lower than those without; C indicates that subjects’ 
perception of srtess score among Chinese researchers with insomnia symptoms was higher than those without; D indicates that fatigue symptom score 
among Chinese researchers with insomnia symptoms was higher than those without; E indicates that anxiety symptom score among Chinese researchers 
with insomnia symptoms was higher than those without
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Table 3  The role of fatigue and anxiety symptoms in the chain mediation of perceived stress and insomnia symptoms (N = 937)
Mediation model Mediation path effect (β) SE The proportion of mediation effect (%)a 95%CI

lower upper
Indirect effect Path 1: X→M1→Y 0.037 0.007 17.13 0.025 0.051

Path 2: X→M2→Y 0.129 0.016 59.72 0.098 0.159
Path 3: X→M1→M2→Y 0.014 0.003 6.48 0.009 0.019
Total indirect effect 0.180 0.016 83.33 0.146 0.211

Direct effect 0.036 0.019 16.67 −0.001 0.079
Total effect 0.216 0.013 0.190 0.242
Path1: X→M1→Y: Perceived stress total score → Fatigue symptoms → PSQI total score

Path2: X→M2→Y: Perceived stress total score → anxiety symptoms → PSQI total score

Path3: X→M1→M2→Y: Perceived stress total score → Fatigue symptoms → anxiety symptoms → PSQI total score

X Perceived stress total score, M1 Fatigue symptoms, M2 Anxiety symptoms, Y PSQI total score
aThe percentage representing the total effect

Fig. 3  Relationship between insomnia symptoms and perceived stress, fatigue and anxiety symptoms (N = 937)
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and lower at night; however, chronic stress disrupts this 
rhythm, resulting in abnormal elevation of cortisol lev-
els at night, directly inhibiting the secretion of melato-
nin and reducing the duration of slow-wave sleep, and 
prolonging the sleep latency [67]. Moreover, excessive 
secretion of CRH can activate the locus coeruleus-nor-
epinephrine (LC-NE) system, enhancing the reactivity 
of the amygdala, while inhibiting the function of the pre-
frontal cortex (PFC), leading to decreased cognitive con-
trol ability and increased rumination thinking, further 
exacerbating the difficulty in falling asleep [68].

Our study also used the mediation effect model to 
explore the relationship between perceived stress, 
fatigue, anxiety and insomnia symptoms. The results 
first showed that fatigue symptoms and anxiety symp-
toms were mediating factors between perceived stress 
and fatigue symptoms respectively, and there was a chain 
mediation effect between them. At a higher level of per-
ceived pressure, individual workload increases, leading to 

fatigue symptoms, resulting in insomnia symptoms, and 
perceived pressure will make the body in a state of anxi-
ety, which will also affect insomnia[69, 70]. This also sug-
gests that for researchers with insomnia symptoms, we 
should pay attention to their psychological stress levels, 
maintain appropriate relaxation, and reduce fatigue and 
anxiety symptoms.

Our research also has the following limitations. 
Firstly, this study adopted a cross-sectional subjective 
scale assessment method based on self-reporting. This 
assessment method lacks objective evaluation indica-
tors and may lead to information bias, thereby limit-
ing the inference of causal relationships. Additionally, 
this study employed a snowball sampling method, with 
a relatively small sample size, concentrated in regions 
such as Beijing, Guizhou, and Shandong. The assessment 
was conducted through electronic questionnaires, and 
the participants were not controlled by the researchers, 
which may affect the representativeness of the sample 

Table 4  Model fitting index of the chain mediation effect of fatigue symptoms and anxiety symptoms in the perceived stress and 
insomnia symptoms (N = 937)
Regression equation Model fitting index Standardized regression 

coefficient
Dependent variable Independent variable R R2 F p β t p
Fatigue symptoms Perceived stress total score 0.421 0.177 40.143 <0.001 0.707 13.47 <0.001
Anxiety symptoms Perceived stress total score 0.789 0.623 255.841 <0.001 0.526 31.439 <0.001

Fatigue symptoms 0.080 8.372 <0.001
PSQI total score Perceived stress total score 0.594 0.352 72.190 <0.001 0.036 1.896 0.058

Fatigue symptoms 0.053 6.645 <0.001
Anxiety symptoms 0.245 9.381 <0.001

Fig. 4  The role of fatigue and anxiety symptoms in the chain mediation of perceived stress and insomnia symptoms (N = 937). Note: a1 represents the 
effect value of perceived stress total score positively predicting figure symptom; a2 represents the effect value by which perceived stress total score posi-
tively predict anxiety symptoms; b1 represents the positive predictive effect value of fatigue symptoms on anxiety symptoms; b2 represents the effect 
value of the positive prediction of anxiety symptoms on insomnia; c’ represent direct effect; c represents the total effect; d21 represents the effect value 
of fatigue symptoms positively predicting anxiety symptoms ***: p<0.001
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and result in selection bias. Moreover, key demographic 
and professional variables such as research field, work-
ing hours, and professional title were not systematically 
collected, thus making it impossible to assess their con-
founding effects. Finally, this study focused on individual-
level factors while ignoring the influence of institutional 
factors (such as economic pressure or working environ-
ment), which may have a significant impact on sleep and 
fatigue conditions.

In future studies, a multi-center design should be 
adopted to ensure broader representativeness in terms 
of regions and institutions. A mixed method combining 
quantitative scales, structured interviews, and objective 
PSG assessments should be employed to enhance the 
reliability of the data. Stratified sampling by factors such 
as research field, career title, region, workload and fam-
ily support. should be conducted to identify specific sub-
groups of insomnia and fatigue symptoms. Longitudinal 
follow-up should be used to clarify causal relationships. 
This will enhance the general applicability and practical 
significance of the research results, making them appli-
cable to different types of research groups.

Conclusion
Our research shows that the incidence of insomnia and 
fatigue symptoms among Chinese researchers is very 
high. Researchers with insomnia had higher perceived 
stress and more severe fatigue and anxiety symptoms. 
Fatigue and anxiety symptoms played a chain mediating 
role between perceived stress and insomnia symptoms. 
This indicates that the mental health problems of Chinese 
researchers cannot be ignored. The national science and 
education departments should establish a mental health 
support system for researchers, optimize the research 
management and assessment mechanisms, and improve 
crisis intervention and emergency support, in order to 
create a healthy research culture environment.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​5​-​2​4​8​0​0​-​y.

Supplementary Material 1

Acknowledgements
The authors would like to thank all the subjects who participated in this 
study. The authors thank all the researchers and scientific advisors for their 
contribution to the design of this study.

Data sharing and declaration
The datasets generated and/or analyzed during the current study are not 
publicly available but are available from the corresponding author upon 
reasonable request.

Authors’ contributions
L.-L. W.: formal analysis, methodology, project administration, writing original 
draft; S.-J. Z.: conceptualization, data curation, investigation; H.-L. L.: data 

curation, investigation, project administration; M. -Q., G. -L: conceptualization, 
investigation, project administration, resources; J.-X. C. ang Y.-L. T.: funding 
acquisition, project administration, supervision, writing – review & editing.

Funding
This research was supported by the This research was supported by Beijing 
Hospitals Authority Clinical Medicine Development of Special Funding (code: 
YGLX202539); Resident Physician Standardized Training Quality Improvement 
Program (code: ZP2024059);National Key Research and Development Program 
of China (code: 2021YFC2501504)༛Beijing Municipal Administration of 
Hospitals Incubating Program (code: PX2025066).

Data availability
The datasets generated and/or analyzed during the current study are not 
publicly available but are available from the corresponding author upon 
reasonable request.

Declarations

Ethics approval and consent to participate
The ethical standards from the 1964 Declaration of Helsinki and its later 
amendments were followed, and approval for this study was granted by the 
Ethics Committee of Beijing Huilongguan Hospital. All respondents and their 
guardians provided informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 March 2025 / Accepted: 5 September 2025

References
1.	 Dai H, Zhou LX. Analysis and suggestions on the structural characteris-

tics of Chinese scientific and technological workers:based on the total 
scale of Chinese scientific and technological workers in 2020. Tech Rev. 
2023;41(9):98–104.

2.	 Li ZB, Han DY, Li XL. Impact of Challenge-Hindrance scientific stress on 
knowledge sharing behavior. Chin J Clin Psychol. 2018;26(2):4.

3.	 Pan RY, Tao ZL, Lu SH, Cai N, Liu XF. Present situation of hypertension, insom-
nia, anxiety and depression in young and middle-aged scientific workers. 
Chin J Evid Based Cardiovasc Med. 2022;14(3):308–12.

4.	 Marelli S, Castelnuovo A, Somma A, Castronovo V, Mombelli S, Bottoni 
D, Leitner C, Fossati A, Ferini-Strambi L. Impact of COVID-19 lockdown 
on sleep quality in university students and administration staff. J Neurol. 
2021;268(1):8–15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​4​1​5​-​0​2​0​-​1​0​0​5​6​-​6.

5.	 Gaudel J, Ahalli S, Fort E, Bridai Y, Baborier N, Charbotel B. The impact of 
lockdown on mental health in phd students, a cohort study in a French 
university. Encephale. 2024;50(1):75–84.

6.	 Chi YP, Lu ZL. Study on mental stress and cardiac injury of scientists and 
technologists in Beijing. Mod Sci. 2024;1:15–25.

7.	 Zhang LJ, Bao YP, Tao SH, Ren XQ, Liu MY. The characteristics and risk factors 
of cardiovascular diseases and psychological status in science and technolo-
gyists. Chin J Intern Med. 2022;61(9):1037–43.

8.	 Van Der Feltz-Cornelis CM et al. Workplace stress, presenteeism, absentee-
ism, and resilience amongst university staff and students in the COVID-19 
lockdown. Front Psychiatry. 2020;11:588803. 

9.	  Yang J, Wang X, Yang HQ. Research on the overwork problem of scientific 
researchers from the perspective of Involution -Take University Teachers as an 
Example. Hum Resour Dev China. 2024;41(4):109–24.

10.	  Sun SC. A survey on the health status of university teachers under the 
background of "Healthy China"——A case study of universities in Jiangxi 
Province. Guide Sci Educ. 2023;32:147–50.

11.	 Du J, Liu Z, Zhang X, Shao P, Hua Y, Li Y, Lang H, Ni C. Occupational stress 
and insomnia symptoms among nurses during the outbreak of COVID-19 in 
china: the chain mediating effect of perceived organizational support and 
psychological capital. Front Psychiatry. 2022;13:882385.

https://doi.org/10.1186/s12889-025-24800-y
https://doi.org/10.1186/s12889-025-24800-y
https://doi.org/10.1007/s00415-020-10056-6


Page 12 of 13Wang et al. BMC Public Health         (2025) 25:3695 

12.	 Mu L, Zhou Y, Jamal GC, Wu HE, Wang Y, Wang Y, Wang J, Zhang XY. 
Insomnia mediates the effect of perceived stress on emotional symptoms 
during the first wave of the COVID-19 pandemic in China. J Affect Disord. 
2023;323:770–7.

13.	 Lu Z, Li Y, Yan Z, Sang Q, Sun W. The effect of perceived stress on insomnia 
symptoms among college students: A moderated mediation model. Psychol 
Res Behav Manag. 2024;17:3021–32.

14.	 Qi X, Zhao Q, Wang W. Severity of insomnia and stress perception as a 
chained mediator between perceived social support and somatic symptoms 
in chinese’s nurses. Appl Nurs Res. 2025;83:151940.

15.	 Kuo WC, Ersig AL, Kunkul F, Brown RL, Oakley LD. Linking chronic stress to 
insomnia symptoms in older adults: the role of stress co-occurrence during 
the pandemic. Res Nurs Health. 2023;46(1):68–79.

16.	 The Fourth National Survey Report on the Status of Scientific and Technologi-
cal Workers. (2017). National Academy of Innovation Strategy. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​
n​a​i​​s​.​o​​r​g​.​c​​n​/​​z​k​c​​g​/​y​​j​c​g​/​​a​r​​t​/​2​​0​1​8​​/​a​r​t​​_​9​​3​0​c​​c​3​d​​7​c​8​2​​a​4​​4​3​2​​9​a​8​​5​b​f​b​​6​7​​f​4​0​2​9​3​9​.​h​t​
m​l

17.	 T C. Joy and stress triggers: a global survey on mental health among 
researchers. Available from: ​h​t​t​p​s​:​​​/​​/​w​a​n​g​a​​r​​i​​.​a​f​r​​i​c​​a​​/​s​​i​​t​​e​/​u​p​​l​o​a​​​d​s​​/​C​a​​c​t​u​​s​M​e​n​​​t​​a​
l​-​H​e​a​​l​t​h​-​​2​0​2​0​.​p​d​f., 2022. 13(64):1–9.

18.	 Angoff HD, Dial LA, State F, Varga AV, Kamath S, Musher-Eizenman D. Impact 
of stress and decision fatigue on parenting practices related to food and 
physical activity during COVID-19. Child Care Health Dev. 2022;48(6):911–6.

19.	 Azizoddin DR, Jolly M, Arora S, Yelin E, Katz P. Longitudinal study of fatigue, 
stress, and depression: role of reduction in stress toward improvement in 
fatigue. Arthritis Care Res (Hoboken). 2020;72(10):1440–8.

20.	 Fu XL, Chen ZK, Chen X. ZY, Report on national mental health development 
in China (2019–2020). 2020 ed. Social Sciences Academic Press · Qunxue 
Publishing Branch; 2021.

21.	 Evans TM, et al. Evidence for a mental health crisis in graduate education. Nat 
Biotechnol. 2018;36(3):282–4.

22.	 Manaf MRA, Shaharuddin MA, Nawi AM, Tauhid NM, Othman H, Rahman 
MRA, Yusoff HM, Safian N, Ng PY, Manaf ZA, Kadir NBA, Yanasegaran K, Basir 
SMA, Ramakrishnappa S, Ariff MI, Ganasegeran K. Perceived symptoms of 
depression, anxiety and stress amongst staff in a Malaysian public university: 
A workers survey. Int J Environ Res Public Health. 2021;18(22):11874.

23.	 Torrente F, Yoris A, Low D, Lopez P, Bekinschtein P, Vázquez GH, Manes F, 
Cetkovich M. Psychological symptoms, mental fatigue and behavioural 
adherence after 72 continuous days of strict lockdown during the COVID-19 
pandemic in Argentina. BJPsych Open. 2021;8(1):e10.

24.	 Grillon C, Quispe-Escudero D, Mathur A, Ernst M. Mental fatigue impairs emo-
tion regulation. Emotion. 2015;15(3):383–9.

25.	 Akinci M, Sánchez-Benavides G, Brugulat-Serrat A, Peña-Gómez C, Palpatzis E, 
Shekari M, Deulofeu C, Fuentes-Julian S, Salvadó G, González-de-Echávarri JM, 
Suárez-Calvet M, Minguillón C, Fauria K, Molinuevo JL, Gispert JD, Grau-Rivera 
O, Arenaza-Urquijo EM. ALFA study. Subjective cognitive decline and anxious/
depressive symptoms during the COVID-19 pandemic: what is the role of 
stress perception, stress resilience, and β-amyloid? Alzheimers Res Ther. 
2022;14(1):126.

26.	 Cox RC, Olatunji BO. Sleep in the anxiety-related disorders: A meta-analysis of 
subjective and objective research. Sleep Med Rev. 2020;51:101282.

27.	 Gao R, Wang H, Liu S, Wang X, Song S, Wang Y. Study on anxiety, depression, 
and sleep conditions and their interrelations among vocational college 
students during the COVID-19 pandemic management normalization. Front 
Public Health. 2024;12:1385639.

28.	 Carbone EA, Menculini G, de Filippis R, D’Angelo M, De Fazio P, Tortorella A, 
et al. Sleep disturbances in generalized anxiety disorder: the role of calcium 
homeostasis imbalance. Int J Environ Res Public Health. 2023;20:4431.

29.	 Lu TY, Li Y, Xia P, Zhang GQ, Wu DR. Analysis on reliability and validity of the 
Pittsburgh sleep quality index[J]. Chongqing Med. 2014;43(3):261–3.

30.	 Liu XC, Tang MQ, Hu L, et al. Reliability and validity of the Pittsburgh sleep 
quality Index[J]. Chin J Psychiatry. 1996;29(2):29103–7.

31.	 Delva M, et al. Prevalence and predictors of fatigue in patients with episodic 
migraine. Wiadomości Lekarskie. 2022;75(8):1970–4.

32.	 He XY, Qian LC. Reliability and validity of a generalized anxiety disorder 
scale in general hospital outpatients. J Shanghai Archives Psychiatry. 
2010;22(4):200–3.

33.	 Sun Y, Kan GL, Shi Y. BX, The perceived stress Scale-10 (PSS-10) is reliable and 
has construct validity in Chinese patients with systemic lupus erythematosus. 
Lupus. 2018;28(2):149–55.

34.	 Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing 
and comparing indirect effects in multiple mediator models. Behav Res 
Methods. 2008;40:879–91.

35.	 Liu X. International comparative study on job satisfactionandits influencing 
factors of scientific researchers. STUOIES Sci SCENCE. 2023;41(5):874–85.

36.	 Zhao YD, Xu SC, Huang YY. The change of scientific personnel’s occupational 
burn -out and its influencing factors. Science Soc. 2020;10(1):14.

37.	 Singh D , Singh A , Dilip K ,et al.Comparison of Job Satisfaction among 
Degree College Teachers having high, moderate and low Occupational 
Stress: Two Way Analysis of Variance Design. 2020. 

38.	 BjRksten MG, Almby B, Jansson ESJAE. Hand and shoulder ailments among 
laboratory technicians using modern plunger-operated pipettes. Appl Ergon. 
1994;25(2):88.

39.	 Sweileh WM, Toxicology. Research trends and scientific analysis of publica-
tions on burnout and compassion fatigue among healthcare providers. J 
Occup Med Toxicol. 2020 13;15:23. 

40.	 Kim, S.H.Y., Gae Soo, A study on the Stress and Fatigue of Research Workers. 
Korean J Occupational Environ Med. 1998;10(1):105. 

41.	 Woolston. Postdoc survey reveals disenchantment with working life. J Nat. 
2020;587(7834):505–8.

42.	 Kowalczyk M, Karbownik MS, Kowalczyk E, Sienkiewicz M, Talarowska M. 
Mental health of phd students at Polish Universities-Before the COVID-19 
outbreak. Int J Environ Res Public Health. 2021;18(22):12068.

43.	 HQ, Y.J.W.X.Y. Research on the overwork problem of scientific researchers 
from the perspective of involution: take university teachers as an example. 
Hum Resour Dev China. 2024;41(4):109–24.

44.	 Schrempft S, et al. Associations between bedtime media use and sleep 
outcomes in an adult population-based cohort. Sleep Med. 2024;121:226–35.

45.	 Chekroud SR, et al. Association between physical exercise and mental health 
in 1·2 million individuals in the USA between 2011 and 2015: a cross-sec-
tional study. Lancet Psychiatry. 2018;5(9):739–46.

46.	 Freer A et al. A home-based exercise programme attenuates fatigue in 
primary biliary cholangitis: results from the EXCITED clinical trial. JHEP Rep. 
2024;6(12):101210.

47.	 Ernst M et al. Resistance training for fatigue in people with cancer. Cochrane 
Database Syst Rev. 2024;11(11):CD015518.

48.	 Yufi Kartika A et al. Feasibility, acceptability, and preliminary effective-
ness of implementing a 12-week home-based aerobic and resistance 
exercise program for breast cancer patients receiving endocrine treat-
ment in indonesia: A mixed methods study. J Am J Respir Crit Care Med. 
2024;12:20503121241272706. 

49.	 Oberste M, et al. Acute aerobic exercise to recover from mental exhaustion – 
a randomized controlled trial. Physiology & Behavior. 2021:241.

50.	 R LDX. Correlation of insomnia with perceived stress in college students. J 
Nan Fang Yi Ke Da Xue Xue Bao. 2024;44(4):795–800.

51.	 Brian E, Chyi L et al. The prevalence of probable mental health disorders 
among hospital healthcare workers during COVID-19: A systematic review 
and meta-analysis. J Affect Disord. 2023;330:329–45. 

52.	 Li JH, Liu LC, Huang LL, Ma AD, Chen ZJ, Deng YJ, Zhao YS. JB, Depression, 
anxiety, and insomnia symptoms among Chinese college students: A net-
work analysis across pandemic stages. J Affect Disord. 2024;356:54–63.

53.	 Gao R, Liu WH, Wang S, Xiong X, Song XX, Wang SY. Y, Mental well-being and 
sleep quality among vocational college students in sichuan, China during 
standardized COVID-19 management measures. J Front Public Health. 
2024;12:1387247. 

54.	 Wang JF, Li XX, Zuo J, Wang HY. G, Mobile phone addiction and insomnia 
among college students in China during the COVID-19 pandemic: a moder-
ated mediation model. J Front Public Health. 2024;12(0):1338526.

55.	 Deng AP, Cai WC, Deng J, Mu ZY, Song YF, Meng HJ, Meng YJ, Huang 
XD, Zhang XH, Huang L, Zhang Y, Chen W, Ran J. MS, Effects of internet 
addiction and academic satisfaction on mental health among college 
students after the lifting of COVID-19 restrictions in China. J Front Psychiatry. 
2023;14:1243619.

56.	 Mateusz K et al. Mental Health of PhD Students at Polish Universities-Before 
the COVID-19 Outbreak. Int J Environ Res Public Health. 2021;18(22):12068. 

57.	 Daria P et al. Well-being among phd candidates. J Psychiatr Pol. 
2022;55(4):901–14.

58.	 Paucsik M, et al. Self-compassion and savouring buffer the impact of the 
first year of the COVID‐19 on phd students’ mental health. Stress Health. 
2022;38(5):891–901.

https://www.cnais.org.cn/zkcg/yjcg/art/2018/art_930cc3d7c82a44329a85bfb67f402939.html
https://www.cnais.org.cn/zkcg/yjcg/art/2018/art_930cc3d7c82a44329a85bfb67f402939.html
https://www.cnais.org.cn/zkcg/yjcg/art/2018/art_930cc3d7c82a44329a85bfb67f402939.html
https://wangari.africa/site/uploads/CactusMental-Health-2020.pdf
https://wangari.africa/site/uploads/CactusMental-Health-2020.pdf


Page 13 of 13Wang et al. BMC Public Health         (2025) 25:3695 

59.	 Börgeson E et al. Challenges in phd education due to COVID-19 - disrupted 
supervision or business as usual: a cross-sectional survey of Swedish bio-
medical sciences graduate students. BMC Med Educ. 2021;21(1):294.

60.	 Huang SC, Hu SB, Wu LL, Wang YB. A survey on psychological stress of post-
graduates in scientific research institutes and countermeasures. CHINA Med 
Pharm. 2024;14(10):115–8.

61.	 Wang LL, Huang ZF. Investigation and research on mental health status of 
workers in military research institutes. PSY. 2022;17(8):229–31.

62.	 Meaklim H, et al. Beyond stress: altered Sleep-Wake patterns are a key behav-
ioral risk factor for acute insomnia during times of crisis. Behav Sleep Med. 
2022;21(2):208–25.

63.	 Hua ZY, Xia MDD. XL, Emotional Dysregulation and Time Structure Mediate 
the Link between Perceived Stress and Insomnia among Unemployed Young 
People in China: A Cross-Sectional Study. International Journal of Environ-
mental Research and Public Health. 2022;19(19).

64.	 Axelsson J, van Someren EJW, Balter LJT. Sleep profiles of different psychiatric 
traits. Translational Psychiatry,.2024;14(1):284.

65.	 Aschale Wale M et al. Predictors of insomnia among undergraduate students 
at Hawassa university sidama, ethiopia, 2023: a facility-based cross-sectional 
study. Front Psychiatry. 2024;15.

66.	 Urrejola-Contreras GP. Relationship between mental fatigue and burnout 
syndrome in remote workers during the COVID-19 pandemic: an integrative 
review. Revista Brasileira De Med Do Trabalho. 2023;21(03):01–8.

67.	 Dressle RJ, Feige B, Spiegelhalder K, Schmucker C, Benz F, Mey NC, Riemann 
D. HPA axis activity in patients with chronic insomnia: A systematic review 
and meta-analysis of case-control studies. Sleep Med Rev. 2022;62:101588.

68.	 McCall JG, Al-Hasani R, Siuda ER, Hong DY, Norris AJ, Ford CP, Bruchas MR. 
CRH engagement of the locus coeruleus noradrenergic system mediates 
Stress-Induced anxiety. Neuron. 2015;87(3):605–20.

69.	 Huynh G, et al. Assessment of insomnia and associated factors among 
patients who have recovered from COVID-19 in Vietnam. Patient Prefer 
Adherence. 2022;16:1637–47.

70.	 Alqahtani JS, Quality S et al. Insomnia, anxiety, fatigue, stress, memory and 
active coping during the COVID-19 pandemic. Int J Environ Res Public Health. 
2022;19(9):4940. 

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Chain mediating effect of fatigue, anxiety symptoms on the relationship between perceived stress and insomnia in Chinese researchers
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Design and participants
	﻿Assessment tools and procedure
	﻿Sociodemographic factors
	﻿Sleep quality
	﻿Fatigue Severity Scale
	﻿Anxiety Symptom
	﻿Perceived Stress
	﻿Statistical analysis


	﻿Results
	﻿Common method bias test
	﻿The distribution of each dimension factor of PSQI scale and socio-demographic characteristics for insomnia and fatigue symptoms
	﻿Effects of lifestyle and exercise on insomnia and fatigue symptoms
	﻿Differences scores in the perceived stress, fatigue and anxiety in the group with or without insomnia symptoms
	﻿Relationship between insomnia symptoms and perceived stress, fatigue and anxiety symptoms
	﻿Mediation analysis

	﻿Discussion
	﻿Conclusion
	﻿References


