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Objective: This study aimed to analyze the changes in insomnia characteristics among the general population and explore associated 
factors during the COVID-19 pandemic and post-pandemic periods.
Methods: A cross-sectional study was conducted using an anonymous online survey. Questionnaires were administered at two-time 
points (T1: March 1–31, 2022; T2: March 1–31, 2023), which included an Insomnia Severity Index (ISI) and questions related to sleep 
risk factors, including the COVID-19 pandemic, familial influences, work and study conditions, social activities, physical health, use 
of electronic devices before sleep, sleep environment, food intake and exercise before sleep, etc. Insomnia characteristics were 
compared at two points, with logistic regression testing associations with sociodemographic covariates and risk factors. Six machine 
learning models were employed to develop a predictive model for insomnia, namely logistic regression, random forest, neural network, 
support vector machine, CatBoost, and gradient boosting decision tree.
Results: The study obtained 2769 and 1161 valid responses in T1 and T2, respectively. The prevalence of insomnia increased from 23.4% 
in T1 to 34.83% in T2. Univariate analyses indicated the factors of the COVID-19 pandemic, familial influences, social activity, physical 
health, food intake, and exercise before sleep significantly differed in T1 (p<0.05) between insomnia and non-insomnia groups. In T2, 
significant differences (p<0.05) were observed between the two groups, including the factors of the COVID-19 pandemic, family structure, 
work and study conditions, social activity, and physical health status. The random forest model had the highest prediction accuracy (90.92% 
correct and 86.59% correct in T1 and T2, respectively), while the pandemic was the most critical variable at both time points.
Conclusion: The prevalence and severity of insomnia have worsened in the post-pandemic period, highlighting an urgent need for effective 
interventions. Notably, the COVID-19 pandemic and physical health status were identified as significant risk factors for insomnia.
Keywords: COVID-19, public, insomnia, risk factors, machine learning

Introduction
Sleep is a process that restores the body’s physiological functions and maintains homeostasis within mental, neuro- 
immunological, cardiometabolic, and neurocognitive systems.1 In many countries, sleep disorders like insomnia 
have become major health concerns due to their prevalence. Insomnia is a disorder commonly characterized by 
difficulties in initiating or maintaining sleep, sometimes accompanied by early morning awakenings.2 Insomnia is 
linked to detrimental outcomes, including an elevated risk of physical and mental comorbidities, like depression, 
anxiety, diabetes, and cardiovascular disease; reduced quality of life; augmented incidence of accidents; and 
augmented risk of suicide.3 Short-term sleep deprivation, long-term sleep restriction, circadian rhythm disorders, 
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and untreated sleep disorders can have significant negative impacts on physical health, mental health, mood, and 
public safety.4

Numerous intrinsic and extrinsic risk factors, including biological, psychological, genetic, and social, play a role in 
both sleep deprivation and developmental disturbance.5 Previous research has linked widespread pandemics of infectious 
diseases with sleep disturbances and psychological distress.6 The COVID-19 pandemic has been associated with mental 
health problems, such as anger, insomnia, fear, and sleep disorders, among various demographic groups, including 
patients, healthcare professionals, and the general public.7 The prevalence of insomnia was previously estimated to be 
between 10% and 30%. However, during the COVID-19 pandemic, approximately 30% to 60% of individuals reported 
symptoms of insomnia, indicating that the risk of insomnia has increased twofold or even threefold on a global scale.8

A study demonstrated the adverse impact of exposure to short-wavelength light in the evening and night on subjective 
and objective sleep-related parameters.9 The work-family conflict poses a threat to healthy sleeping behaviors among 
employees. Employees who experience high levels of work interference with their personal or familial lives have 
reported experiencing sleep deprivation, poor sleep quality, and heightened symptoms of insomnia.10 

Sociodemographic factors linked to insomnia have also been documented, although results tend to vary. Research has 
highlighted that women are at a significantly higher risk of insomnia than men.11 Some research indicates that insomnia 
symptoms may be more severe in younger people,12 whereas other studies suggest that insomnia is more prevalent 
among older individuals.13

Research has been conducted on the sleep of healthcare professionals during the post-pandemic era; however, limited 
information is available on the general public’s sleep patterns.14 Therefore, we conducted an online survey to investigate 
insomnia and its related factors amongst the public in Zhejiang province to generate empirical data for formulating 
measures to enhance the sleep quality of the public. Predictive modeling can be employed as a research tool to identify 
significant insomnia-related factors. The objective of this study was to examine the prevalence and severity of insomnia 
in the general population, as well as the factors associated with insomnia symptoms during and after the COVID-19 
pandemic.

Materials and Methods
Study Population
The cross-sectional survey was conducted using anonymous online questionnaires on the Questionnaire Star platform on 
1 March-31 March 2022 and 1 March-31 March 2023. The inclusion criteria were as follows: (1) Participants who were ≥ 
18 years old were eligible; (2) Participants were independently complete; (3) Participants were willing to participate in 
the survey; (4) Participants had lived in Zhejiang for more than one month; (5) Participants were able to read and 
comprehend the purpose and content of the survey and indicated their consent to participate by clicking an option to 
proceed with the survey; (6) Participants were able to read and understand Chinese. There were no specific exclusion 
criteria in this study.

The survey was approved by the Ethics Committee of Huzhou Third Municipal Hospital.Prior to the survey, all 
participants were informed about the background of the study, its purpose, the anonymity of responses, the use of 
confidential data, and the principle of voluntary participation.

Measures
The survey adopted the convenience sampling method, collected data through an online questionnaire, and modified the 
questionnaire items after the pre-survey. Organize the employees in the hospital to publish the QR code and network link 
of the questionnaire through the WeChat platform. The respondents read, filled in, and submitted the questionnaire online 
independently.

The structured questionnaire comprised five areas: (1) The gender, age, rural/urban, group, and occupation of the 
respondents. (2) In the last month, you were infected with a history of personal COVID-19 infection; the option is “yes/ 
no/no response”. (3) The degree of impact of the pandemic on your sleep, the options are “no impact, slight impact, 
medium impact, major impact or great impact”. (4)In addition to the pandemic, what other factors have affected your 
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sleep quality (multiple choices)? The options are “familial influences, work and study conditions, social activities, 
physical health status, use of electronic devices before sleep, sleep environment, food intake and exercise before bed, 
other factors”. (5) Chinese version of insomnia severity index(ISI):15 It is a short self-reported insomnia rating scale, 
mainly used to evaluate the degree of insomnia. It contains seven items, assessed as 1) severity of sleep onset, 2) sleep 
maintenance, 3) problems with early awakening, 4) satisfaction with current sleep patterns, 5) satisfaction with daily 
functioning disturbance, 6) the significance of impairment attributed to sleep problems, and 7) the degree of distress 
caused by sleep problems. Each item contains a 5-point scale from 0 to 4, with a total score range of 0–28, where 0–7 = 
insomnia of no clinical significance, 8–14 = subclinical insomnia, 15–21 points = clinical insomnia (moderate), 22–28 
points = clinical insomnia (severe). The higher the score, the more severe the insomnia. A total score ≥ 15 indicated 
insomnia, while others were recognized as non-insomnia.16

Quality Control
The online survey restricted one submission per IP address and mobile phone to prevent duplicate responses. The first 
and second surveys gathered 2,785 and 1,173 questionnaires, respectively. Sixteen and twelve contenders, respectively, 
were among the excluded due to conspicuous abnormal answers or significant missing variables, illogical disparities, and 
response times of less than 300 seconds or more than 20 minutes. The final validated surveys amounted to 2769 and 
1161, achieving an effectiveness rate of 99.43% and 98.98%, respectively.

Construction and Validation of a Prediction Model for Insomnia
Six machine learning models, namely logistic regression (LR), random forest (RF), neural network (NN), support vector 
machine (SVM), CatBoost, and gradient boosting decision tree (GBDT), were utilized and compared to select the most 
accurate model for identifying significant factors of insomnia—the meaning of Six machine learning models and Rminer 
in Supplementary File 1. The most probable value was selected for the classification problem results, and the average 
probability was employed for regression analysis to establish the primary factors affecting sample classification. By 
attributing diverse critical values to continual variables, sensitivity and specificity calculations were executed. To create 
a predictive model for insomnia, receiver operating characteristic curve (ROC) curves were created with sensitivity and 
specificity plotted on the vertical and horizontal axes, respectively. The area under the curve (AUC) was calculated, and 
the data were analyzed by splitting them into a 70% training set, which was utilized for model construction, and a 30% 
test set, employed to validate the model.

Statistical Analysis
Data in Excel format is exported directly from the questionnaire star system for data cleaning, coding, and 
analysis. Firstly, the data underwent normality assessment, with the result implying similarity with a normal 
distribution. Subsequently, analysis was carried out using SPSS 26.0. Continuous variables were presented as 
mean±SD.

Categorical variables were presented as percentages. Categorical data were compared using a chi-squared test. 
For modeling analysis, the correlation function of the Rminer package version 1.4.5 for the R language was applied. 
With a small sample size, our study yielded no missing values. A P-value of less than 0.05 denotes statistical 
significance.

Results
Participant Characteristics
The completed and eligible questionnaires constituted 2769 and 1161 in the first and second surveys, respectively. Most 
participants in both surveys were within the young-to-middle-aged age range, with over 70% being female. Table 1 
presents the fundamental details of the participants. Other demographic characteristics of the sample participating in the 
two survey are put forth in Supplementary File 2: Table S1.
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Severity of Insomnia
As seen in Figure 1, an overview of the overall scores for insomnia was displayed using a bar chart (Figure 1A) and a line 
chart (Figure 1B). Compared to T1, T2’s overall ISI scores were significantly higher (P<0.001).

The distribution of respondents in the two surveys by age, gender, and location is illustrated in Figure 2. In T1, there 
were significant inter-group differences in the overall ISI scores between age groups, genders, and places of residence 
(P < 0.05). In T2, there were notable differences in the overall ISI scores between age groups and geographical regions 
(P < 0.001). A noteworthy discrepancy was observed between younger and older respondents in both surveys. (P < 
0.001).

Insomnia Patterns
The proportion of individuals experiencing moderately severe and very severe insomnia increased in T2 compared to T1 
across the various insomnia patterns, as illustrated in Figure 3.

Factors Associated with Insomnia
The Proportion of Factors Affecting Public Insomnia
Figure 4A indicated that both surveys revealed that over half of the respondents believed the COVID-19 pandemic 
minimally affected their sleep. Figure 4B displayed that work and study conditions, familial influences, use of electronic 
devices before bedtime, and physical health status were identified as primary factors that affect individuals’ sleep.

Table 1 Demographic Characteristics of the Sample Participating in the Two Survey

2022, n= 2769 (%) 2023, n=1161 (%)

Non-insomnia  
(n= 2121)

Insomnia  
(n= 648)

Non-insomnia  
(n= 793)

Insomnia  
(n= 368)

Age (years) 18~30 653(23.6) 208(7.5) 242(20.8) 93(8.0)
31~50 1097()39.6 319(11.5) 447(38.5) 199(17.1)

>50 371(13.4) 121(4.4) 104(9.0) 76(6.5)

X2 value 1.267 11.845
P value 0.531 0.003

Gender Male 610(22) 156(5.6) 247(21.3) 99(8.5)

Female 1512(54.6) 491(17.7) 546(47) 269(23.2)
X2 value 5.323 2.165

P value 0.021 0.141

Occupation Employed 1395(50.4) 382(13.8) 576(49.6) 214(18.4)
Unemployed 726(26.2) 266(9.6) 217(18.7) 154(13.3)

X2 value 10.042 24.249

P value 0.002 P<0.001
Place of residence Rural area 365(13.2) 138(5) 177(15.2) 111(9.6)

City 1756(63.4) 510(18.4) 616(53.1) 257(22.1)

X2 value 5.578 8.289
P value 0.018 0.004

History of personal COVID-19 

infection

Yes 12(0.4) 3(0.1) 467(40.2) 212(18.3)

No 2109(76.2) 645(23.3) 291(25.1) 129(11.1)

No 

response

/ / 35(3.0) 27(2.3)

X2 value 0.097 4.280

P value 0.755 0.118
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Univariate Analysis of Different Influencing Factors and Insomnia
In T1, significant differences (p<0.05) between insomnia and non-insomnia groups regarding the COVID-19 pandemic, 
familial influences, social activities, physical health status, food intake, and exercise before bed. In T2, significant 
differences (p<0.05) were observed between the two groups concerning the COVID-19 pandemic, familial influences, 
work and study conditions, social activities, and physical health status, as presented in Table 2.

Figure 1 Distribution of total insomnia scores overall In the bar chart (A), compared with T1(1–31 March 2022), in T2 (1–31 March 2023), there was a significant increase 
in the number of people with moderate to severe insomnia. (B) represented that total, the mean±SD of ISI (Insomnia Severity Index) score was 9.66±6.66 and 11.46±7.63 
(range=0–28) in the first and second surveys, respectively. The total ISI scores were significantly higher in T2 compared to T1 (P<0.001). *** means P<0.001.
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Construction of a Prediction Model for Insomnia
The statistical factors mentioned above, including demographics and influencing factors, were used to develop the 
predictive analysis model. Six machine learning models, namely LR, RF, NN, SVM, CatBoost, and GBDT, were utilized 
and compared to select the most accurate model for identifying significant factors of insomnia, as depicted in Figure 5A– 
F. Among them, RF demonstrated the highest accuracy rate (90.92% correct in T1), as shown in Figure 5B. The variable 
that proved to be of particular significance in the RF model at both time points was the impact of the COVID pandemic. 
During model validation, the SVM model showed the highest prediction accuracy of 78.51% in T1, with an area under 
the curve (AUC) value of 0.684, as shown in Figure 6A–F. Six machine learning models were utilized and compared to 
select the most accurate model for identifying significant factors of insomnia in T2, as depicted in Figure 7A–F. Among 
them, RF demonstrated the highest accuracy rate (86.59% correct in T2), as shown in Figure 7B. The RF model was 
found to have the highest prediction accuracy of 75.62% in T2, with an AUC value of 0.859, as depicted in Figure 8A–F.

Discussion
Sleep plays an integral role in maintaining optimal health. Insomnia, a prevalent condition with a substantial negative 
impact on physical and mental well-being, public safety, and quality of life, has been extensively studied. However, the 
potential effects of COVID-19 on insomnia during and after the pandemic remain understudied in the general population. 
This research examined the severity of insomnia, the prevalence of insomnia symptoms, and the associated factors in the 

Figure 2 Distribution of insomnia and participant characteristics As reported in (A–C), there were differences in total ISI (Insomnia Severity Index) scores between 
different genders, places of residence, and age groups, and the differences were statistically significant (P<0.05). (D–F), there were statistically significant differences in total 
ISI scores between regions and age groups (P<0.001), but no gender differences in T2. (G) highlighted significant differences between both surveys among younger and older 
respondents(P<0.001). (I) described in both surveys that there was little difference between the good sleepers and the poor sleepers across genders. * means P<0.05.** 
means P<0.001.
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public during and after the COVID-19 pandemic. Most respondents were women between the ages of young and middle- 
aged, residing in urban areas and working in various occupations. A limited number of individuals in T1 contracted the 
COVID-19 pandemic. Contrarily, over fifty percent of individuals in T2 were infected with the virus.

Sleep is a widespread physiological phenomenon that significantly and cyclically impacts our fundamental physio
logical processes.16 Any disturbance to the sleep-wake cycle will not only have acute repercussions but also lead to long- 
term effects, contingent on the duration of exposure.17 Sleep deprivation can lead to chronic inflammation and increase 
the risk of infectious and inflammatory diseases, such as cardiometabolic, neoplastic, autoimmune, and neurodegenera
tive diseases.18 The COVID-19 pandemic has resulted in significant alterations to sleep patterns, affected sleep-wake 
cycles through lifestyle modifications, and raised the likelihood of insomnia, jeopardizing overall physical and mental 
health.19 Insomnia is widely prevalent in the general population, with research indicating a surge in insomnia symptoms 
during the COVID-19 pandemic.20 During the COVID-19 pandemic, sleep disorders affected 40.49% of the global 
population and 36.73% of the general population, according to a related meta-analysis.21 Additionally, a study found that 
clinical insomnia (ISI ≥ 8) was prevalent in 55.2% of individuals.22 It has also been reported that respondents who 
developed long-term symptoms after hospitalization for the COVID-19 pandemic reported symptoms of insomnia 
(49.6%) and excessive daytime sleepiness (35.8%).23 The prevalence of insomnia was more significant than that reported 
in prior studies, plausibly explained by divergent thresholds, questionnaire design, and cultural variations. The T2 
findings indicate that a higher proportion of individuals perceived a more significant effect of the pandemic on their 

Figure 3 Insomnia patterns. 
Notes: As shown in Figure 3, the proportion of individuals experiencing moderately severe and very severe insomnia increased in T2 in comparison to T1 across the various 
insomnia patterns. In T2, a notable increase was observed in the percentage of participants who expressed dissatisfaction with their current insomnia pattern in comparison to T1. 
(A) Difficulty falling asleep (B) Difficulty staying asleep (C) Problems waking up too early (D) To what extent do you consider your sleep problem to interfere with your daily 
functioning (eg, daytime fatigue, mood, ability to function at work/daily chores, concentration, memory, mood, etc) currently? (E) How worried are you about your current sleep 
problem? (F) How noticeable to others do you think your sleep problem is in terms of impairing the quality of your life? (G) How satisfied are you with your current sleep pattern?
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sleep. Furthermore, according to the univariate analysis and prediction model, the pandemic exhibited an independent 
impact on sleep. These outcomes could be connected to a noteworthy surge in infections with COVID-19.

Sociodemographic factors, including gender and age, are highly linked with sleep. A recent study24 indicates that 
symptoms of insomnia are increasingly prevalent among the elderly population, leading to shorter and less frequent 
sleep. Overall, women’s sleep quality was inferior to men’s, despite objective measures revealing that men’s sleep is 
shorter and more fragmented. An international collaborative study indicated that the prevalence of insomnia symptoms 
(>40%) and insomnia disorders (>25%) is higher in women, younger age groups, and in some European and American 
countries than in residents of Asian countries such as China and Japan 8% for disorder and 22–25% for symptoms.25 

Figure 4 The proportion of factors affecting public insomnia As shown in (A), two surveys showed that more than half of the population thinks the pandemic was mildly 
affecting their sleep. The results showed an increase in the number of people who believed that the pandemic could affect their sleep to a greater extent in T2. (B) shows 
that a similar percentage of people chose factors that affected sleep in the two surveys. Work and study conditions, familial influences, use of electronic devices before 
bedtime, and physical health status were the main factors that the population chose to influence sleep.
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Prior research has demonstrated that gender is a significant factor in the experience of sleep disruption.26 For example, 
one study showed that women were at a higher risk of developing insomnia than men. A substantial body of research has 
demonstrated that women are more likely to experience mental health issues than men.27 Furthermore, a lack of sufficient 
sleep can result in women exhibiting higher levels of anxiety than men.28 The present study produced comparable 
findings concerning age and gender.

Table 2 Univariate Analysis of Different Influencing Factors and Insomnia

2022, n= 2769 (%) 2023, n=1161 (%)

Non-insomnia  
(n= 2121)

Insomnia  
(n= 648)

Non-insomnia 
(n= 793)

Insomnia  
(n= 368)

Pandemic Normal 1351(48.8) 304(11) 376(32.4) 132(11.4)
Mild 580(20.9) 142(5.1) 271(23.3) 63(5.4)

Moderate 133(4.8) 103(3.7) 96(8.3) 77(6.6)

Moderately 
severe

45(1.6) 70(2.5) 40(3.4) 55(4.7)

Severe 12(0.4) 29(1) 10(0.9) 41(3.5)

X2 value 224.252 132.161
P value P<0.001 P<0.001

Familial influences No 1444(52.1) 366(13.2) 465(40.1) 185(15.9)

Yes 677(24.4) 282(10.2) 328(28.3) 183(15.8)
X2 value 29.500 7.140

P value P<0.001 0.008

Work and Study conditions No 1076(38.9) 326(11.8) 343(29.5) 193(16.6)
Yes 1045(37.7) 322(11.6) 450(38.8) 175(15.1)

X2 value 0.035 8.546

P value 0.851 0.003
Social activities No 1689(61) 491(17.7) 622(53.6) 272(23.4)

Yes 432(15.6) 157(5.7) 171(14.7) 96(8.3)

X2 value 4.418 2.904
P value 0.036 0.088

Physical health status No 1446(52.2) 307(11.1) 514(44.3) 160(13.8)

Yes 675(24.4) 341(12.3) 279(24) 208(17.9)
X2 value 92.436 47.001

P value P<0.001 P<0.001
Use of electronic devices before 

sleep

No 1273(46) 386(13.9) 466(40.1) 212(18.3)

Yes 848(30.6) 262(9.5) 327(28.2) 156(13.4)
X2 value 0.042 0.138

P value 0.838 0.710

Sleep environment No 1647(595) 48617.6() 621(53.5) 282(24.3)
Yes 474(17.1) 162(5.9) 172(14.8) 86(7.4)

X2 value 1.973 0.410

P value 0.160 0.522
Food intake and exercise before bed No 1792(64.7) 568(20.5) 679(58.5) 299(25.8)

Yes 329(11.9) 80(2.9) 114(9.8) 69(5.9)

X2 value 3.952 3.622
P value 0.047 0.057

Other factors No 1748(63.1) 512(18.5) 699(60.2) 291(25.1)

Yes 373(13.5) 136(4.9) 94(8.1) 77(6.6)
X2 value 3.828 16.465

P value 0.05 P<0.001
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Furthermore, a study indicated that insomnia was more prevalent in rural populations than urban populations. During 
the COVID-19 pandemic in China, one report showed that urban patients had a significantly higher insomnia rate than 
rural patients (29.5% vs 25.5%).29 This finding contradicts the results of the current study. One possible explanation is 
that most participants in this study resided in urban areas, whereas the rural areas needed stronger knowledge and more 
current information surrounding the pandemic. Additionally, elderly individuals generally experience poorer sleep 
quality, which is more prevalent in rural areas.30 It is also possible that socio-economic, cultural, and ethnic factors 
may exert a considerable influence on the occurrence of insomnia.31,32

Numerous factors, including excessive exposure to media, such as television, newspapers, and radio, modern 
technology, illnesses, and psychological conditions, such as anxiety and stress, are significant catalysts for acute and 
chronic sleep disorders.1 Work and study conditions, familial influences, use of electronic devices before bedtime, and 
physical health status were identified as the primary sleep factors by a similar percentage of individuals in both surveys.

The relationship between work and family has been significant over the past few decades. This is due to changes in 
familial influences and the composition of the labor force, such as the increase in the number of employed mothers and 
dual-income families. As a result, many employees now have to balance their work and family responsibilities. 
Additionally, societal progress is causing a blurring of lines between professional and personal life, creating a greater 
possibility for mutual impact.33 Research has established a correlation between insomnia and elevated work stress, high 
demands, and an increased workload.34 Furthermore, a study has illustrated that high levels of work-family conflict may 
impact the sleep quality of women who work.35 Most participants in the survey were female, which could explain the 

Figure 5 Construction of risk prediction model for insomnia in 2022 The correlation function of the Rminer package version 1.4.5 for the R language was utilized for 
modeling analysis. The fitting function was used to model variable importance calculations. Subsequently, the LR (logistic regression) model (A), RF (random forest) model 
(B), NN (neural network) model (C), SVM (support vector machine) model (D), GBDT (gradient boosted decision tree) model (E), and CatBoost model (F) were 
employed, respectively. The chart displaying variable importance for the model can be seen in the top panel (a1, b1, c1, d1, e1, f1). The middle panel (a2, b2, c2, d2, e2, f2) 
exhibits the model’s AUC curve while the bottom panel (a3, b3, c3, d3, e3, f3) illustrates the CV. confuse matrix of the model.
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notable prevalence of work-study and family-related concerns. A study indicated a tenuous association between work 
demands, such as workload, time pressure, overtime, and insomnia amidst the pandemic.36

One study indicated that prolonged social media usage throughout the day was linked to a reduced risk of poor sleep 
quality. Utilizing social media for over two hours before bed heightened this risk.37 The findings from the investigation 
demonstrated that individuals who increased their use of electronic devices during the pandemic lockdown experienced 
a decrease in sleep quality, heightened insomnia symptoms, and reduced sleep time,38 consistent with the results found in 
this study. A cross-sectional study during the early COVID-19 pandemic revealed that social media usage was an 
independent predictive risk factor for insomnia symptoms,39 although not reported in our study. China is reported to have 
the most significant number of Internet users worldwide, predicted to increase to 1.14 billion by 2025,40,41 due to the 
growing popularity of smartphones and other technology devices. As a result, this could explain why no distinction was 
detected in the multivariate analysis concerning the use of electronic devices.

The data indicated a relatively high proportion of individuals experiencing physical health problems, with statistically 
significant differences in both univariate analysis and prediction models (P<0.05). Insomnia has been associated with 
a range of physical health conditions, including cancer, diabetes, chronic fatigue syndrome, asthma, and migraine 
headaches.42 The negative impact of prolonged sleep deprivation can create a harmful cycle with long-lasting effects 
on both physical and mental well-being.43 There is evidence indicating a connection between sleep disorders and a range 
of chronic conditions. These relationships may have reciprocal effects, as inadequate sleeping patterns can adversely 
affect an individual’s physical and mental well-being, further impairing their sleep ability. Although the connection 
between sleep disruption and certain chronic illnesses has been confirmed, how sleep patterns specifically relate to 
hypermorbidity remains uncertain.

Figure 6 Validation of the insomnia risk prediction model in 2022. The correlation function of the rminer package (version 1.4.5) in the R language was used for modeling 
analysis, and the fit function was employed to calculate the significance of the modeled variables. The dataset was separated into a training set (70%) and a test set (30%) for 
model building and validation, respectively. The models used were LR (A), RF (B), NN (C), SVM (D), GBDT (E), and CatBoost (F). The AUC curves of the models are 
displayed on the upper panel (a1, b1, c1, d1, e1, f1) while the accuracy of the models is displayed on the right panel (a2, b2, c2, d2, e2, f2).
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Predictive models can forecast the incidence and prevalence of insomnia in different demographic groups based on 
historical data and current trends. These predictions can inform public health policy development and assist communities 
and government agencies in allocating resources to enhance sleep health. Predictive models can analyse large data sets to 
identify potential risk factors associated with insomnia. Identifying these factors can facilitate preventing and managing 
insomnia at the individual and healthcare professional level. Clinical predictive modeling uses a mathematical formula to 
predict the unknown based on known characteristics. The known characteristics are input into the model to calculate the 
probability of the unknown outcome. The results of our investigation demonstrated that neural networks were less 
effective than random forest. A neural network is a hierarchical structure of interconnected nodes that contain an 
activation function to compute the network’s output. In contrast, a random forest is a collection of decision trees, 
where the final nodes/leaf nodes represent the majority class for classification problems or the average class for 
regression problems. Random forests offer various interpretations of decision trees and exhibit better performance. 
However, neural networks require more data to be effective. The neural network may have yet to fully utilize its benefits 
due to the limited data size in this study. The SVM model showed the highest prediction accuracy during validation in 
T1. SVM performs better in controlling overfitting, especially when the sample size is small. It can improve the model’s 
generalization ability by selecting the optimal decision boundary through interval maximization. SVM often shows high 
prediction accuracy for small sample datasets due to its effective use of samples and generalization ability. Potential 
overfitting in the modeling process could be a limitation of the sample size number, and further validation using external 
datasets will be required in the future.

Figure 7 Construction of risk prediction model for insomnia in 2023 The correlation function of the rminer package version 1.4.5 for the R language was utilised for 
modeling analysis. The fitting function was used to model variable importance calculations. Subsequently, the LR model (A), RF model (B), NN model (C), SVM model (D), 
GBDT model (E), and CatBoost model (F) were employed, respectively. The chart displaying variable importance for the model can be seen in the top panel (a1, b1, c1, d1, 
e1, f1). The middle panel (a2, b2, c2, d2, e2, f2) exhibits the model’s AUC curve while the bottom panel (a3, b3, c3, d3, e3, f3) illustrates the CV. confuse matrix of the model.
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This study is subject to some limitations as it was an online survey conducted solely in Zhejiang Province, and the 
sampling techniques used were non-probability. The findings of this study are not generalizable to the broader Chinese 
population, as the study sample is not representative of the entire population of China (1.3 billion). Furthermore, China is 
home to 56 ethnic groups, with significant variations in socio-cultural and economic contexts across the country. Various 
factors, such as electronic devices used, sample size, age, gender, and occupation distribution, may have influenced the 
outcomes. Potential confounding variables were not explored in the statistical analyses, which is a limitation of this 
paper. Furthermore, evaluating insomnia and the factors affecting it relied solely on self-reported questionnaires. This 
cross-sectional study did not allow causal relationships to be inferred among all factors. The examination only briefly 
explored insomnia and omitted an investigation into additional aspects. Therefore, prudence is necessary when general
izing the present findings due to potential response and selection biases that may impact our data.

The findings of our study have significant implications for the development of health policy and the practice of 
clinical medicine. The COVID-19 pandemic has the potential to exert a detrimental impact on sleep patterns, affecting 
both the mental health of individuals and the quality of life of communities. Our study aimed to examine the prevalence 
and severity of public insomnia, as well as the factors associated with it, during and after the pandemic in Zhejiang 
Province. The investigation of public sleep problems contributes to improving individual health and psychological well- 
being and has far-reaching implications for social health, economic stability, and equity. The findings provide a basis for 
developing targeted sleep interventions for different population groups and symptom types. Several potential interven
tions are put forth in Supplementary File 3.

It would be beneficial for future studies to implement additional recruitment strategies, such as gender-balanced 
recruitment, to ensure a more representative sample and reduce any potential bias introduced by gender imbalance. 

Figure 8 Validation of the insomnia risk prediction model in 2023 The correlation function of the rminer package (version 1.4.5) in the R language was used for modeling 
analysis, and the fit function was employed to calculate the significance of the modelled variables. The dataset was separated into a training set (70%) and a test set (30%) for 
model building and validation, respectively. The models used were LR (A), RF (B), NN (C), SVM (D), GBDT (E), and CatBoost (F). The AUC curves of the models are 
displayed on the upper panel (a1, b1, c1, d1, e1, f1) while the accuracy of the models is displayed on the right panel (a2, b2, c2, d2, e2, f2).
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Subsequent longitudinal follow-up studies will be conducted to investigate changes in the dynamics of the COVID-19 
pandemic on public sleep. Further studies based on larger, more representative samples with more objective measures 
involving multiple psychological symptoms and time points and related studies conducted in other regions are required to 
validate our findings. Future studies will examine other mental health problems, including eating disorders, anxiety, 
depression, alcohol and drug abuse, and low self-esteem, to explore the mechanisms that occur between sleep and related 
factors.

Conclusion
In conclusion, the prevalence and severity of insomnia in the general population have increased in the post-pandemic 
period. It is noteworthy that physical health and the status of infection with the COVID-19 pandemic are significant 
factors influencing the prevalence of insomnia. The findings of this study will provide epidemiological evidence to 
inform the development of interventions for insomnia symptoms in the general population. Furthermore, the study 
proposes a series of potential interventions, the efficacy of which will be evaluated in future prospective studies.
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