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There has been sufficient evidence for the relationship between lifestyle and insomnia in the general population, but for individuals who already suffer from insomnia, it is not clear whether a healthy lifestyle can also pose similar benefits. The present study investigated the roles of different aspects of lifestyle in the development of individual insomnia by tracking insomnia symptoms of college students during the COVID-19 lock-down. Two surveys were conducted on 65,200 college students in the process of home isolation in Guangdong Province of China, at the pandemic outbreak period (T1) and the initial remission period (T2), respectively. Given the objectives of the present study, a total of 1,702 college students with clinical insomnia from T1 were selected as subjects. Insomnia symptoms were assessed using the Youth Self Rating Insomnia Scale (YSIS), while demographic information, epidemic exposure, and lifestyle were all measured by self-developed questionnaire, through network survey. The 1,702 college students (mean age ± standard deviation, 20.06 ± 1.46, range 16–25; 71.9% females) with insomnia symptoms were divided into three trajectory groups: recovery group, remission group, and chronic insomnia group according to their insomnia scores in T2 phase. The results showed that there was no significant difference in demographic backgrounds or epidemic exposure among the three groups, however, there were significant differences in food intake, exercise, and Internet use. The regression results further showed that both the recovery group and the remission group adopted more regular food intake than the chronic group. The recovery group exhibited better daily exercise habits than both the remission group and the chronic group. The duration of Internet use was significantly shorter for the recovery group than for the chronic group. These findings indicate a strong relationship between the lifestyle and the recovery of insomnia for college students isolated at home during the epidemic period. Significance of the different aspects of lifestyle on the recovery of insomnia are discussed.
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INTRODUCTION

Previous studies indicated that college students were prone to sleep disruption (1–5). A meta-analysis among college students reported the pooled mean prevalence of insomnia of 18.5% (9.4–38.2%) (6), which was higher than that in general population in Italy (7.4%) (7), as well as that among the general population in China (9.2%) (8). A recent study on Norwegian college students found a substantial increase in sleep problems from 2010 (22.6%) to 2018 (30.5%) (5). Given the already high prevalence, such upward trend is a concern needing to be addressed.

Insomnia exerts non-negligible adverse effects on individual's daily life. It is reported that insomnia not only impairs physical and mental functions and reduces work productivity, but could also cause mental problems, such as anxiety and depression, and even suicide (9–15). The primary aim of the present study was therefore to find the factors associated with the recovery from insomnia in college students.

Lifestyle has received increasing attention in medicine in recent years (16). Lifestyle changes can be beneficial for preventing, treating, and even reversing the progression of chronic diseases by addressing their underlying causes (17). Emerging evidence have revealed relationships between different aspects of lifestyle and insomnia, such as food intake (18, 19), exercise (20–22), and Internet use (23, 24).

The relationship between food intake and sleep has been an important research question. First of all, from the perspective of nutritional intake, dietary tryptophan can directly affect sleep quality (25). More importantly, there is emerging evidence that the food intake regularity with regards to amount is correlated with sleep disturbance. For example, overeating, especially binge eating disorder, is associated with insomnia symptoms. Individuals with binge eating disorder reported more severe insomnia symptoms than individuals without a history of binge eating disorder (19, 26). It is also demonstrated in a four-year follow-up study that excess food intake induced poor sleep quality (27). On the other hand, there are also findings which support the hypothesis that the food intake regularity with regards to time is correlated with sleep disturbance. In a cross-sectional study, the timing of meals during COVID-19 home isolation was associated with sleep disturbances (28). Adults with insomnia had more nighttime eating habits than those without insomnia (29). An individual's nighttime eating habits may lead to delays in their biorhythms, which in turn may delay sleep phases (30). On the basis of the existing studies, the current study focused on whether the regularity of food intake could help regulate sleep patterns in individuals with insomnia.

Exercise is often thought to promote sleep and reduce insomnia symptoms and is recommended as a non-pharmacological treatment in insomnia treatment guidelines (20, 31). However, empirical findings have not always been consistent. In terms of intervention for insomnia and related symptoms, most RCT studies have shown that specific form and patterns of exercise, especially aerobic exercise and exercising at regular intervals, can promote better sleep quality and thus alleviate symptoms of insomnia (32–35). These studies are usually designed with a blank control group (i.e., no training task was employed for the control group), achieving moderate or higher effect sizes. However, when individuals who completed health education was employed for the control group, no gain of exercise was found, or only very limited positive effect (36). Thus, the relationship between exercise and insomnia symptoms will be further explored in the current study in a longitudinal investigation.

China is reported to have the largest number of Internet users in the world, with an estimation of 883 million Internet users in 2019, which is estimated to surge to 1.14 billion by 2025 (37). Having become an important part of daily life, Internet use is bound to have an important and long-term impact on users' mindsets and behaviors. Cross-sectional investigation on the use of Internet and related electronic products found that excessive or even addictive Internet use were associated with mental and psychological problems, including sleep problems such as insomnia (38, 39). A few longitudinal studies have examined the causal relationship between the two. An 8-month follow-up survey of Chinese vocational school students reported that excessive Internet use was a contributor to insomnia (40). At present, most studies focus on sleep problems and insomnia from the perspective of Internet addiction and problematic Internet use. The relationship between non-excessive Internet use and insomnia remains unclear. In the case of home quarantine during the outbreak of COVID-19, the Internet was predominantly the only way for individuals to connect with the outside world, which may have a different meaning for an individual's sleep than what it used to have.


Present Study

The outbreak of COVID-19 is a serious public health crisis with extensive psychological and behavioral consequences. During the SARS outbreak in 2003, the proportion of people who reported insomnia increased significantly (41, 42). In the wake of the COVID-19 outbreak, studies have reported rates of insomnia ranging from 7.3 to 37.6% (43–47), greater than the pre-pandemic worldwide insomnia prevalence, estimated before the pandemic between 3.9 and 22% (48). An Italian study that compared insomnia symptoms among 240 college students with both gender and age controlled, before and after the pandemic, found that college students experienced more severe insomnia symptoms during the quarantine period than before the pandemic (49). In China, in order to combat the pandemic more effectively, home quarantine was implemented, which reduced the influence from the outside world. It was demonstrated that irregular lifestyle in food intake, exercise, and Internet use in home quarantine individuals during the epidemic placed great pressure on physical and mental health (50–54). Studies have found significant changes in eating habits during the pandemic, and some individuals may increase their food intake to alleviate negative emotions (50). Similarly, physical exercise habits are difficult to maintain during home isolation (51). Maintaining good exercise habits improves mental health (52), and more exercise reduces the incidence of insomnia (53). A study finds that students showed more changes in their routine behaviors than non-students after the outbreak, and insomnia scores increased more than that of non-students (54); Many studies have reported increased time spent using Internet and related electronic devices under isolation and outdoor activity restrictions (55, 56), and a strong relationship was found between bedtime use of electronic devices and sleep problems (57, 58). On other hand, the maintenance of a healthy life style was shown to reduce the adversity of physical problems and maintaining physical and mental health (59, 60). Taken together, behavior management with an aim to maintain the stability of different aspects of lifestyle might be of great clinical values.

The present study thus aimed to explore the factors that are protective against insomnia from the perspective of lifestyle. We hypothesized that a healthy lifestyle would be beneficial for overcoming insomnia among college students who were isolated at home. Most of the existing studies use cross-sectional design, which limited their capacity to explore the temporal role of lifestyle in the prognosis of insomnia. Therefore, the current study was designed to examine the relationship between lifestyle and insomnia from the perspective of the dynamic evolution of sleep problems.




MATERIALS AND METHODS


Samples and Design

This study was part of a school-based cohort study. The baseline and follow-up of this study were conducted from February 3 to February 10, 2020 (shortly after the pandemic outbreak, T1), and from March 24th to April 3rd, 2020 (before the pandemic over when the epidemic began to remiss, T2), respectively. A total of 65,200 undergraduate students under home quarantine in Guangdong Province, China, completed both self-report surveys. Details of sample characteristics in both surveys were described elsewhere (61, 62).

A general questionnaire was designed to collect information on socio-demographics, exposure with COVID-19 epidemic, psychosocial factors and lifestyle. Surveys were conducted through the network platform (“http://www.togx.cn/step_50.html”). The investigation was approved by the Human Research Ethics Committees of South China Normal University (Ethics_No._SCNU-PSY-2020-01-001). All participants were given electronic informed consent before starting the online survey. Participations in this study were entirely voluntary and were informed that they could quit the experiment at any time.



Measures

Socio-demographic variables including gender, age, numbers of children in family, living in a rural area or urban area, were collected by dichotomous or ordinal questions at baseline (T1).

Three items were developed to assess individual exposure to COVID-19 (1) infected cases with COVID-19 in the community or village (0 = No, 1 = Yes); (2) relatives or acquaintances being contracted with COVID-19 (1 = Nobody, 2 = Do not know, 3 = Confirmed or Suspected); (3) Pandemic severity in the living province (1 = Mild, 2 = Moderate/ Severe). The severity of the province in the epidemic exposure was derived from the T1 measurement. A combination of two measurements (T1 and T2) was used to assess the extent of community outbreaks and relatives or acquaintances infections.

Lifestyle was measured from three aspects: food intake, daily exercise, and Internet use in T2. The survey question about food intake regularity was: “In the past two weeks, have you been eating three meals a day regularly on aspects of time and amount?” The subjects were asked to respond on a four-point scale (0 = Never, 1 = Seldom, 2 = Sometimes, 3 = Always). Daily exercise question was: “In the past two weeks, how much time did you spend on average exercising every day?” Answers were also recorded on a four-point scale (0 = Never, 1 = <30 min, 2 = Between 30 and 60 min, 3 = More than 60 min). The question about Internet use was: “In the past two weeks, how much time did you use the Internet every day?” Answers were recorded on a three-point scale (0 = ≤2 h, 1 = Between 3 and 5 h, 2 = More than 5 h).

Insomnia was evaluated using the Youth Self Rating Insomnia Scale (YSIS), which is a self-rating insomnia scale for Chinese adolescents (63), with an internal consistency reliability coefficient of 0.80, and a retest reliability coefficient of 2 weeks of 0.82. In the present sample, Cronbach's α for the total score were 0.89 and 0.90, respectively, at two time points. The YSIS has 8 items and evaluates 3 aspects: (1) Insomnia symptoms; (2) Self-awareness of sleep quality; (3) The effect of insomnia on daily function. Answers were scored on a 5-point Likert scale, with a total score of 40. Higher scores implied more severe insomnia. The cutoffs of the insomnia score were as follows: Normal, <22; Mild insomnia, 22–25; Moderate insomnia/probable clinical insomnia, 26-29; Severe insomnia/clinical insomnia, ≥30. Moderate insomnia and severe insomnia were pooled together, and categorized as clinic insomnia.



Statistical Analysis

All analyses were conducted with SPSS 22.0 for Windows in this study (IBM SPSS Statistics). Socio-demographic variables were first calculated descriptively. 1,702 subjects who reached probable clinical level of insomnia level at T1 were divided into recovery group (<22), remission group (22–25) and chronic group (≥26), according to the trajectory of insomnia severity as measured by YSIS between T1 and T2. Chi-square tests were performed for between-group differences in categorical variables such as demography, pandemic exposure, and living habits, and T-test or ANOVA for continuous variables. Moreover, multiple logistic regression was conducted to examine the predictive factors associated with insomnia trajectory membership. Age, insomnia score at T1 was treated as continuous, while other predictors were treated as categorical. Outcomes of two-sided tests with P-value <0.05 were regarded as being statistically significant.




RESULTS


Demographic Characteristics, the COVID-19 Exposure, and Psychosocial Measurements by Insomnia Status

In the outbreak period, the incidence of insomnia symptoms in college students isolated at home was 8.6%, and the incidence of clinical insomnia reached 2.6%. There were significant differences among the three groups in epidemic exposure and demographic characteristics except for age (see Table 1).


Table 1. Demographics and the COVID-19 exposure of the total sample.
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The Trend of Insomnia and the Difference of Lifestyle in Each Group

For 1,702 college students who fell into the insomnia group on the first test, there was a significant difference in their insomnia scores between T1 and T2 [29.02 ± 3.028 vs. 24.76 ± 6.486, t (1,701) = −27.299; P < 0.001; Cohen's d = 0.84], that is, the insomnia symptom of college students remitted significantly as a whole in the remission period than that in the outbreak period of COVID-19.

According to the classification of insomnia trajectories, by the time of the follow-up, 28% of the students recovered to normal sleep state (without insomnia), constituting of the recovery group; 26.4% of the students showed initial reduction in symptoms, with scores of T2 measures indicating mild insomnia (remission group). 45.7% of college students continued to show moderate to severe insomnia, namely chronic group (see Figure 1).


[image: Figure 1]
FIGURE 1. Trajectories of insomnia symptoms between two time points after the COVID-19 epidemic.


As seen in Table 2, Chi-square analysis results showed that there was no significant difference in demographic backgrounds among recovery group, remission group and chronic group, including gender, one-child status and family residence. In the investigation of pandemic exposure, there was no significant difference among the three groups in terms of the severity of the pandemic in the province where they lived, the infection situation in the community or village where they lived, and the infection situation of the close friends and relatives.


Table 2. Demographics, the COVID-19 exposure, lifestyle, and insomnia in recovery group, remission group and chronic group.
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The result of ANOVA showed that there were significant differences in insomnia scores between the three groups at T1 [F(2,1,699) = 39.01; P < 0.0001; [image: image] = 0.044]. Tukey post-hoc test indicated that the effect was mainly driven by the difference between the chronic group and recovery group (P < 0.0001), also by the difference between the chronic group and remission group (P < 0.0001) (see Figure 2). There were also significant differences among the three groups in food intake, exercise and Internet use.


[image: Figure 2]
FIGURE 2. Scores of insomnia symptoms in recovery group, remission group and chronic group at T1 and T2.


Significant between-group differences were found for participants with different insomnia trajectories on the three aspect of lifestyles (see Figure 3). In terms of food intake regularity, distribution patterns of eating regularity measures across the three groups of subjects were different. More specifically, the food intake distribution (from “Never” to “Always”) of the recovery group was most inclined to be regular, the remission group was second, and the chronic group was the worst. For daily exercise, more than half of the subjects in all three groups chose “Less than 30 minutes”. In terms of the differences between the groups, a higher percentage of people in the recovery group exercised for more than 30 min, and fewer did not exercise, while the chronic group showed the opposite pattern. In terms of Internet use time, the majority of subjects in all three groups chose “More than 5 hours”, more than 70%. Specifically, the proportion of people in the recovery group was the lowest, and the proportion of people in the chronic group was the largest.


[image: Figure 3]
FIGURE 3. The proportion of participants in the aspect of food intake regularity (A), exercise duration (B), and the Internet use duration (C) for recovery group, remission group, and chronic group.




Logistic Regression of the Influence of Lifestyle on the Trajectory of Insomnia

Multivariate regression analysis was conducted to investigate the relationship between the changes in insomnia symptoms of the three groups of subjects, and food intake, exercise habits, and Internet use, controlling for the effects of epidemic exposure, demographic variables, and baseline insomnia level (see Table 3). Taking the recovery group as reference, multivariate logistic regression analyses were conducted. College students who chose “Do not know” as an answer to the infection in relative or acquaintances (OR for “Do not know” vs. “Nobody” being 1.33, 95% CI 1.03–1.71, P = 0.03), showed more severe symptoms of insomnia at T1 (OR 1.17, 95% CI 1.12–1.22, P < 0.001) and more Internet use (at T2) (OR for > 5 h vs. ≤ 2 h = 2.05, 95% CI 1.16–3.61, P = 0.01), with higher likelihood of developing chronic insomnia. In addition, individuals who reported less regular eating habits (OR for Sometimes vs. Never = 0.55, 95% CI 0.30–1.00, P = 0.05; OR for Always vs. Never = 0.25, 95% CI 0.14–0.45, P < 0.001) and had less time for exercise (OR for 30–60 min vs. Never = 0.65, 95% CI 0.43–0.98, P = 0.04; OR for > 60 min vs. Never = 0.35, 95% CI 0.20–0.62, P < 0.001) had a higher risk of chronic insomnia (see Table 3). Taking the recovery group as reference, college students in remission group reported less time for exercises (OR for > 60 min vs. Never = 0.43, 95% CI 0.23–0.79, P < 0.01). Taking the chronic group as reference, individuals with lower insomnia scores at T1 (OR 0.89, 95% CI 0.86–0.93, P < 0.001) and kept more regular eating habits (OR for Sometimes vs. Never = 2.28, 95% CI 1.30–3.99, P < 0.0001; OR for Always vs. Never = 3.09, 95% CI 1.78–5.36, P < 0.001) had a higher likelihood of insomnia remission.


Table 3. Multivariate logistic regression of predictors on insomnia trajectories.
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DISCUSSION

In the total sample of the present study, 1,702 students reached the level of clinical insomnia (2.6%). Two months after the outbreak of the pandemic, it was found that the statuses of college students who had clinical insomnia varied: some fully recovered and no longer had insomnia (recovery group, 28%), some showed reduction in symptoms back to mild insomnia (remission group, 26.4%), and nearly a half continued to suffer from probable clinical insomnia (chronic group, 45.7%). Significant between-group differences were found on three aspects of lifestyle: food intake, Internet use, and daily exercise. Further regression analysis showed that lifestyle was a predictor of insomnia change, when the effects of epidemic and other demographic variables were controlled for.

First of all, we found that regular food intake was an important factor that buffers the development of insomnia symptoms, i.e., the remission and recovery groups maintained higher food intake regularity than those with chronic insomnia. The two basic activities of food intake and sleep are rhythmical (18, 64). Regular food intake in terms of time and amount may help better stabilize daily biological rhythms, and develop good sleep hygiene habits to improve the symptoms of insomnia. Existing studies have also found that regular food intake helps avoid circadian clock disorders and reduce metabolic disorders (65). The current study provided evidence for that the regularity of food intake and sleep, which are two basic activities, may have a certain coupling effect. The level of lifestyle regularity was closely associated with the recovery process of insomnia, that is, individuals with more regular lifestyle exhibited greater degree of recovery from insomnia.

In addition, we found that a lack of daily exercise was a risk factor for individuals to develop chronic insomnia or not be able to recover fully, compared with those in the recovery group. According to the WHO, 2.5 h of exercise per week (0.5 h a day multiplied by 5 days) is enough to provide a significant health boost (66). Results of randomized controlled trials (RCT) using exercise up to this dose (2.5 h in total per week) also suggested that regular exercise can help reduce the insomnia symptoms (32–35). This may be because regular exercise can help individuals break the vicious cycle of insomnia (20). The result of the present study further suggested that a longer period of exercise seems to have more benefits, especially more than 60 min of daily exercise, may promote reduction in insomnia, with the hope to recover to normal sleep level. This was similar to the findings of a longitudinal study of college students, which also suggested that 60 min or more of moderate physical activity could help maintain physical and mental health during the pandemic (51). In the case of home isolation during the pandemic, the amount of physical and mental activity, such as daily life, work, and study, is greatly reduced. Thus, students may need even more exercise to maintain the balance between energy intake and expenditure.

The current study found that prolonged Internet use was quite prevalent among Chinese college students from Guangdong province during the COVID-19 epidemic. More than 79.7% of students with insomnia symptoms use the Internet for more than 5 h per day, in another words, prolonged Internet use has been linked to insomnia, which is consistent with a number of studies on Internet overuse, and the overuse or poor use of related electronic products (67–70). The present study also found that more than 5 h of Internet use is a risk factor for chronic insomnia, it has to do with a longitudinal design for mobile excessive use of relation with insomnia results consistent, namely insomnia may be the result of excessive use of network rather than a cause (40). Similarly, two longitudinal studies in Italy found a strong association between smartphone use and insomnia, with increased use of electronic devices within 2 h of bedtime exacerbating insomnia symptoms, and reduced use time improving insomnia symptoms (57, 58). Prolonged use of interactive electronic products may not only cause hyper arousal and interferes with healthy sleep initiation, buy also make deep sleep more difficult (71, 72). Prolonged Internet use and bright lights on screens at night suppress melatonin secretion, forcing circadian rhythms out of whack disrupt the regulation of biological sleep/wake rhythms (67, 69, 73).

It is important to note that the current study did not find a predictive role for Internet use in remission vs. recovery, or persistent insomnia vs. remission. This suggested that Internet use may not be as sensitive as exercise and food intake in the prognosis of insomnia. It is worth noting that this study only investigated the time of Internet use in a day as a whole, without specific time points, which may inevitably limit the sensitivity of the prediction of Internet use duration, considering a strong relationship between the changes of evening exposure to electronic devices and the time course of sleep problems, which have been consistently reported (57, 58). Food intake and exercise, while both being sensitive in predicting the prognosis of insomnia, play different roles. Regular food intake was relevant to a fundamental change in the direction from insomnia to normal sleep. Eating behaviors and sleep behaviors are synchronized that are essentially regulated by interactions between circadian clocks and hormones, and this network of interactions has a strong effect on behavior. This means that these two behaviors are in a multi-layered network system, and changing one factor may affect the whole network. So, maintaining a stable food intake rhythm may provide a way to stabilize circadian rhythms (64, 65). Thus, maintaining stable food intake behavior can help restore the circadian rhythm of the master biological clock, so as to improve insomnia symptoms. In contrast, the effect of daily exercise on the recovery of insomnia are primarily on the magnitude of improvement. Various mechanisms have been proposed to explain how exercise may render sleep benefits. It is postulated that exercise increases energy expenditure and body temperature in a manner that facilitates sleep for recuperation of the body (74–76). In general, it is important to maintain a healthy lifestyle during quarantine in order to help the recovery of insomnia.



LIMITATIONS AND DIRECTIONS FOR FUTURE RESEARCH

The current study was conducted in the context of epidemic home isolation, during which the influence of other external factors on insomnia symptoms was reduced, so it was more conducive to explore the influence of daily lifestyle on insomnia. The setting of quarantines helps control for some variables while also being distinctive to everyday situation. Thus, it should be cautious in extrapolating to the relationship between lifestyle and the development of insomnia in general. More importantly, the development of insomnia and lifestyle were both obtained through self-report observations in the current study, without manipulation of the variable. Therefore, the current study can't rule out the possibility of the opposite relationship, i.e., the improvement in insomnia may leads to a more regular lifestyle, or that it could work both ways. Rigorous RCT experiment is needed to explore the impact of lifestyle on the improvement of insomnia.

Sleep measures was not taken by objective measurements, such as the recognized gold standard PSG (Polysomnography). There were also limitations in the evaluation of lifestyle. Only general surveys were conducted on the three lifestyles, and standardized questionnaires were not employed. Lifestyle details were thus not available, such as the time of the meal, the structure of food intake, and the type of exercise. Future research can conduct a detailed investigation of lifestyle from different aspects, which may be more conducive to the understanding of the relationship between lifestyle and insomnia development, and provide operational guidance for insomnia rehabilitation.



CONCLUSION

The regularity of lifestyle is closely related to the recovery of insomnia in home quarantine college students during the COVID-19 epidemic. The food intake regularity in the lifestyle plays the more basic role than exercise, and to some extent, acts as the premise of other aspects of the lifestyle.
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