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Objectives: We aim to determine whether comorbidity profiles, night sleep duration, and napping duration trajectories were associated with incident asthma in Chinese adults.
Methods: A total of 7,655 community-dwelling individuals were included in this study. Latent class/profile analysis(LCA/LPA) identified comorbidity profiles, night sleep duration, and napping duration trajectories. A generalized additive model with binomial regression assessed the associations between incident asthma with sleep trajectories.
Results: During a 7-year follow-up period, 205 individuals were newly diagnosed with asthma. LPA identified four trajectories of night sleep duration: dominant short (n = 2,480), dominant healthy-long (n = 1,405), long decreasing (n = 1875), and short increasing (n = 1895). We also found three trajectories of napping duration: short increasing (n = 3,746), stable normal (n = 1,379), and long decreasing (n = 2,530). We found three comorbidity profiles: dominant heart diseases or risks (n = 766), multiple disorders (n = 758), and minimal or least disorders (n = 6,131). Compared with dominant short night sleep duration, three other trajectories were associated with significantly decreasing incident asthma. Minimal or least disorders profile was associated with a significant reduction of new-onset asthma than two other comorbidity profiles in dominant short night sleep duration.
Conclusion: Our findings suggested that a dominant short night sleep duration trajectory potentially increases incident asthma in Chinese adults.
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INTRODUCTION
Asthma is an important public health problem with high incidence and prevalence worldwide that is a huge burden on the economy as well as the psychology of patients. Asthma-attributable deaths and disability-adjusted life-years rates were 6.48 and 297.92 per 100,000 persons in the Global Burden of Disease Study 2017, respectively [1]. A recent study demonstrated that American adolescents and adults with uncontrolled asthma are estimated to be associated with a total economic burden of $963.5 billion and 15.46 million quality-adjusted life years lost over the next 20 years [2]. Therefore, identifying independent factors for developing asthma is a public health priority in order to reduce the substantial burden (secondary to asthma itself) this has on patients and society.
The occurrence of asthma is related to the following risk factors: certain demographics, developmental, lifestyle, virus infection, medication, diet, and inhaled exposures [3]. Depression has a bidirectional association with asthma but also affects asthma-related exacerbation and death [4, 5]. Obesity, which may be classified as central and general obesity, has been identified as an important risk factor for the occurrence and development of asthma. Compared with general obesity, central obesity was more available to reflect body fat distribution and have a greater effect on comorbidity and death [6]. Comorbidity profiles potentially affect asthma severity and asthma control levels and brings increased attention to asthma management [7]. The cross-sectional studies indicated that short sleep duration may increase the prevalence of asthma [8], the frequency of asthma-related emergency department visits [9], and lung function impairment [10]. However, only one prospective study has explored the effect of different sleep duration trajectories from adolescence into adulthood on incident asthma in young adults aged 24–32 years [11]. Whether sleep duration trajectories have different influences in specific populations remains to be studied.
Short sleep duration is likely to augment the risk of developing asthma via multiple mechanisms [8, 11, 12]. Short sleep duration in a specific population, such as people who are overweight/obese, may have a more significant effect on the prevalence of asthma compared with the general population [13]. Therefore, this study aims to determine the associations between incident asthma with night sleep duration and napping duration trajectories through a large 7-year prospective study in the Chinese population. In addition, we investigate whether different sleep duration trajectories influence the incident risk in specific populations (comorbidity profiles, depression, and central obesity).
METHODS
Study Population
The China Health and Retirement Longitudinal Study (CHARLS), established between June 2011 and March 2012, is a nationally representative longitudinal study for Chinese community residents aged 45 years or older that covers 150 county-level units, 450 village-level units, and 17,708 individuals in 28 provinces.14 The CHARLS aims to collect high-quality datasets to assess the associations between social, economic, and health status in middle-aged and older populations. These samples were followed every 2–3 years in the form of personal computer-assisted face-to-face interviews. In wave 1, a total of 13,978 individuals (78.9%) received physical performance and anthropometric measures. Until 2018, individuals have received three other waves of follow-up data collection: wave 2 in 2013, wave 3 in 2015, and wave 4 in 2018. New individuals were added to each wave of the CHARLS. The Biomedical Ethics Review Committee of Peking University approved the CHARLS. The National School of Development at Peking University collected written informed consent from all individuals. A more detailed description of the CHARLS has been reported elsewhere [14].
Assessment of Night Sleep Duration and Napping Duration
Data on night sleep duration and napping duration came from two questionnaires: “During the past month, how many hours of actual sleep did you get at night?” and “During the past month, how long did you take a nap after lunch?”
For adults, 7–8 h were regarded as an adequate duration for a healthy night’s sleep. Like previous studies, night sleep duration was divided into five groups: <6 h means a very short sleep duration; 6–6.99 h means a short sleep duration; 7–7.99 h means a healthy sleep duration; 8–8.99 h means a long sleep duration; and ≥9 h means a very long sleep duration [15].
In the Chinese population, a napping duration ≥60 min was associated with an increased risk of metabolic syndrome [16] and hypertension [17] compared with no nap. In this study, napping duration was categorized into four groups: 0 min means no nap; 0–59 min means a healthy napping duration; 60–119 means a long napping duration; and ≥120 min means a very long napping duration.
Assessment of Asthma, Comorbidity, Depression, and Central Obesity
In wave 1 of the CHARLS, the diagnosis of asthma was based on a positive answer to the following question: “Have you ever been diagnosed with asthma by a doctor?“. A total of 637 individuals with doctor-diagnosed asthma were excluded from our study. In three other waves, new-onset asthma depended on positive answers to two more questions: “Have you been diagnosed with asthma by a doctor since the last interview?” and “How did you know that you had asthma? Through routine or a CHARLS physical examination or any other method?”. With the exception of asthma, the CHARLS also obtained data on 13 other physician-diagnosed chronic illnesses, including hypertension, dyslipidemia, hyperglycemia, cancers, chronic lung diseases, liver diseases, heart diseases, stroke, kidney diseases, digestive diseases, emotional or psychiatric problems, memory-related diseases, and arthritis or rheumatism.
The 10-item Center for Epidemiological Studies–Depression Scale (CES-D10) was used to evaluate whether individuals exist depression in the CHARLS. CES-D10 included 10 items on the depressive feelings and behaviors of individuals over 1 week, and every item provided four answers. Scores of every item ranged from 0 to 3; thus, the total score of the CES-D10 fluctuated between 0 and 30. Similar to previous studies, CES-D10 ≥ 12 scores were considered depression [18–20]. Central obesity was measured by the waist to height ratio (WHtR) > 0.5 [21].
Variables
The following variables were included in this study as potential confounding factors: sex (male vs. female), age (<65 years vs. ≥ 65 years), region (North vs. East and Central vs. West), urban/rural (urban vs. rural), education levels (low vs. middle vs. high), married status (current unmarried vs. current married), smoking (never vs. ever vs. current), alcohol (never vs. ever vs. current), body mass index (BMI), and muscle strength.
No formal education and education below that of primary school was classified as a low education level. Middle education levels included the following education: home school, elementary school, middle school, and high school. Vocational school and colleges or above were categorized as a high education level. According to recommendation by the WHO, BMI was divided into the following four groups: underweight (<18.5 kg/m2), normal (18.5 to <24.0 kg/m2), overweight (24.0 to <28.0 kg/m2), and obesity (≥28.0 kg/m2). 21 Handgrip strength <28.0 kg for men and <18.0 kg for women were deemed as low skeletal strength [22].
Statistical Analysis
This study mainly included four components. First, latent class and profile analyses were used to identify the profiles of 13 physician-diagnosed comorbidities, and the trajectories of night sleep duration and napping duration, respectively. The Akaike information criterion, Bayesian information criterion, sample-size adjusted Bayesian information criterion, entropy values, and Vuong-Lo-Mendell-Rubin likelihood ratio test were used to determine the best fitting latent model and class [7, 23]. Subsequently, SPSS compared the characteristics of individuals grouped by night sleep duration trajectories. Categorical variables were presented through counts and percentages (%) and compared the difference among different groups via a chi-square test. Means and standard deviations described continuous variables with the Mann-Whitney U test for skewed continuous variables and Student’s t-test or one-way ANOVA for normally distributed continuous variables. Second, three models assessed the associations between the incidence of new-onset asthma with night sleep duration and napping duration trajectories by using generalized additive analysis with binomial regression. The first model adjusted sex, age, region, urban/rural, education levels, and married status. Model 2 included the following variables: sex, age, region, urban/rural, education levels, married status, smoking, alcohol, body mass index, and low skeletal strength. Model 3 added to the adjustment of depression, central obesity, and comorbidity profiles on the basis of model 2. In addition, we also estimated the correlation between night sleep duration and incident asthma by model 3 with the adjustment of napping duration trajectories. Third, this study respectively explored whether sleep duration trajectories bring different results for specific populations (depression, central obesity, and comorbidity profiles). Four, the study estimated the mediation effect of depression, central obesity, and comorbidity profiles in the association between sleep duration trajectories and incident asthma via mediation analysis. Mediation analysis can provide the total effect, average direct effect, average mediation effect (indirect effect), and average mediated proportion of a mediation factor [24]. SPSS, Empower® (www.empowerstats.com; X&Y solutions, Inc. Boston MA), and Mplus completed all analyses. Odds ratios (ORs) with 95% confidence intervals (CIs) represented the strength of association; meanwhile, statistical significance was defined by a two-tailed p < 0.05.
RESULTS
A total of 7,655 community-dwelling individuals without asthma from the CHARLS 2011 completed four follow-up waves and provided detailed information on all included variables. During the 7-year follow-up period, 205 (2.7%) individuals were diagnosed with new-onset asthma. The mean age was 58.45 ± 13.45 years with 24.6% being of the elderly population (≥65 years) and 52.9% being female. A high proportion of individuals were currently married (89.1%) and lived in rural ares (62.2%). Individuals who currently smoked or ingested alcohol made up 30.8% and 24.3% of the study population, respectively. Individuals who were overweight or showed general obesity made up 40.9%. Mean napping duration gradually rose from 30 ± 41 min in 2011 to 41.5 ± 51 min in 2018, whereas mean night sleep duration slightly decreased from 6.4 h to 6.2 h with an increasing proportion of short and very short night sleep duration. Around 33.7% of individuals were diagnosed with depression and 69.8% with central obesity. In the CHARLS 2011, individuals with new-onset asthma were associated with significantly higher mean age and proportion of very short night sleep duration, depression, diabetes, chronic lung diseases, heart diseases, and arthritis or rheumatism compared with those without new-onset asthma.
Regarding night sleep duration, the best fit latent profile analysis model (see Supplementary Table S1) delineated four trajectory groups (see Figure 1): dominant short (n = 2,480, 32.4%, latent Class 1), dominant healthy-long (n = 1,405, 18.4%, latent Class 2); long decreasing (n = 1875, 24.5%, latent Class 3); and short increasing (n = 1895, 24.8%, latent Class 4). Mean night sleep duration <6 h existed in three of four waves in group 1, while a high proportion of mean night sleep duration >7 h was shown in group 2. From the beginning of wave 2, there was gradually decreasing mean night sleep duration in group 3 and increasing mean night sleep duration in group 4. We also identified three trajectories of napping duration (see Supplementary Figure S1; Supplementary Table S1) and three comorbidity profiles (see Figure 2; Table 1) as the best fit model. Three trajectories were named short increasing (n = 3,746, 48.9%, latent Class 1), stable normal (n = 1,379, 18%, latent Class 2), and long decreasing (n = 2,530, 33.1%, latent Class 3). Three comorbidity profiles were labeled as dominant heart diseases or risks (n = 766, 10%, latent Class 1), multiple disorders (n = 758, 9.9%, latent Class 1), and minimal or least disorders (n = 6,131, 80.1%, latent Class 1). Dominant heart diseases or risks profile was characterized by high probabilities for heart diseases with related risk factors (hypertension, dyslipidemia, and hyperglycemia). A multiple disorders profile was characterized by a combination of the following disorders: high probabilities for hypertension, chronic lung diseases, heart diseases, digestive diseases, and arthritis or rheumatism. A minimal or least disorders profile was characterized by the lowest probability for 13 physician-diagnosed chronic illnesses.
[image: Figure 1]FIGURE 1 | Latent class analyses of night sleep duration trajectories in individuals without asthma from the China Health and Retirement Longitudinal Study 2011. class 1, dominant short (reference, n = 2,480, 32.4%); class 2, dominant healthy-long (n = 1,405, 18.4%); class 3, long decreasing (n = 1875, 24.5%); class 4, short increasing (n = 1895, 24.8%). Night sleep duration was divided into five groups:(1) <6 h means a very short sleep duration; (2) 6–6.99 h means a short sleep duration; (3) 7–7.99 h means a healthy sleep duration; (4) 8–8.99 h means a long sleep duration; (5) ≥ 9 h means a very long sleep duration (China. 2022).
[image: Figure 2]FIGURE 2 | Latent class analyses of comorbidity profiles trajectories in individuals without asthma from the China Health and Retirement Longitudinal Study 2011: class 1, dominant heart diseases or risks (reference, n = 766, 10%); class 2, multiple disorders (n = 758, 9.9%); class 3, minimal or least disorders (n = 6,131, 80.1%) (China. 2022).
TABLE 1 | Probability of each indicator variable across three profiles of comorbidities in individuals without asthma from the China Health and Retirement Longitudinal Study.
[image: Table 1]Table 2 showed the characteristics of the study population grouped by night sleep duration trajectories. The rank of incident asthma was dominant short (3.7%), short increasing (2.5%), dominant healthy-long (2.3%), and long decreasing (1.8%). Three models suggested that three other night sleep durations were associated with a significantly decreasing risk of developing asthma than the dominant short night sleep duration trajectory (see Table 3; Figure 3A). Napping duration trajectories had no significant effect correlation with incident asthma. After adjusting the potential confounding factors in model 3, long decreasing (adjusted OR = 0.51, 95% CI: 0.34–0.76) and short increasing (adjusted OR = 0.69, 95% CI: 0.48–0.98) trajectories and the dominant healthy-long trajectory (adjusted OR = 0.66, 95% CI: 0.49–0.998, p < 0.05) saw a significantly lower incidence of asthma than the dominant short night sleep duration trajectory.
TABLE 2 | The characteristics of four night sleep duration trajectories in individuals without asthma from the China Health and Retirement Longitudinal Study.
[image: Table 2]TABLE 3 | Associations between the incidence of new-onset asthma with night sleep duration and napping duration trajectories.
[image: Table 3][image: Figure 3]FIGURE 3 | Associations between the incidence of new-onset asthma with night sleep duration in different study populations. Four night sleep duration trajectories: class 1, dominant short; class 2, dominant healthy-long; class 3, long decreasing; class 4, short increasing. (A) all study population; (B) study population stratified by depression; (C) study population stratified by three comorbidity profiles(class 1, dominant heart diseases or risks; class 2, multiple disorders; class 3, minimal or least disorders); (D) study population stratified by central obesity (China. 2022).
Figure 3 demonstrated the effects of night sleep duration trajectories in incident asthma for all of the study population and specific populations. Generalized additive analysis with binomial regression provided an adjusted incidence of new-onset asthma for each specific population. The highest adjusted incidence (5.2%) of new-onset asthma was shown in individuals with depression and dominant short night sleep duration trajectory after adjusted model 3 plus napping duration trajectories. A minimal or least disorders profile was associated with a significant reduction of new-onset asthma than two other comorbidity profiles in the dominant short night sleep duration trajectory (see Figure 3C). However, the difference in incident asthma among four night sleep duration trajectories seemed to be insignificant in the minimal or least disorders profile.
Mediation analyses suggested that depression provided 5.4% (95% CI: 0.09%, 15.2%, p = 0.042) of the total effect in the association between dominant short night sleep duration trajectory and incident asthma. Central obesity (average mediated proportion = −0.01%, 95% CI: −1.17%, 1.27%, p = 0.948) and comorbidity profiles seemingly had no significant mediation effect.
DISCUSSION
To our knowledge, this is a new prospective study to investigate the relationship between incident asthma with different night sleep duration and napping duration trajectories in Chinese middle-aged and older adults. Our study had the following findings. Firstly, a dominant short night sleep duration trajectory was associated with an increased risk of developing asthma, especially in individuals with depression. Secondly, the incidence of new-onset asthma among different napping duration trajectories had no significant difference. Thirdly, a dominant short night sleep duration trajectory might affect the occurrence of asthma by mediating the effect of depression. Fourthly, people with dominant heart diseases or risks and multiple disorders profiles were more prone to incident asthma than someone with a minimal or least disorders profile.
In our study, latent profile class identified a dominant short night sleep duration trajectory during the 7-year follow-up period, which is more available to determine the cumulative impact of long-term exposure to short sleep duration on the risk of developing asthma than the single measurement of sleep duration in cross-sectional studies. We also found two other night sleep duration trajectories (long decreasing and short increasing) with short-term exposure to short sleep duration. Individuals in long decreasing and short increasing trajectories had a significantly lower risk of developing asthma compared with the dominant short night sleep duration trajectory. Our study indicated that the improvement of sleep duration potentially weakens the adverse effects that are secondary to short sleep duration. Inflammatory processes were regarded as an important mechanism linking short sleep duration and asthma. A persistent short sleep duration trajectory was associated with higher levels of systemic inflammation than a good sleep duration trajectory [25]. Studies suggested that depression and its severity may be attributed to short sleep duration [26, 27]. Our study also found that the prevalence of depression in the dominant short night sleep duration trajectory was higher than those in three other night sleep duration trajectories. We speculated that short sleep duration has the ability to affect the occurrence and development of asthma by increasing the risk of depression. Mediation analysis demonstrated that depression mediated up to 5.4% of the association between dominant short night sleep duration trajectory and incident asthma. Taken together, depression may be considered a potential pathway linking asthma and short sleep duration.
Two cross-sectional studies stratified weight status by BMI and then suggested that short sleep duration in overweight but not normal weight was accompanied by an increased risk of asthma compared with healthy sleep duration [8, 13]. This study demonstrated that a dominant short night sleep duration trajectory had a significantly higher incidence of asthma rate than a long decreasing trajectory in multiple specific populations (depression, central obesity, a dominant heart diseases or risks profile, and a multiple disorders profile) with the exception of a minimal or least disorders profile. In addition, a minimal or least disorders profile harbored a significantly lower risk of developing asthma than two other comorbidity profiles of the dominant short night sleep duration trajectory. Other studies have confirmed that short sleep duration seems to have a significant effect on clinical outcomes in individuals with some underlying diseases at baseline (such as hypertension, metabolic syndrome, cardio-metabolic risk factors, and possible vascular cognitive impairment) but not those without some underlying diseases [28–31]. The pathophysiological mechanism of this phenomenon remains unknown. A possible explanation is that obesity or depression or a multiple disorders profile is associated with a low-grade level of systemic inflammation. Short sleep duration may have additive effects on systemic inflammation on the basis of underlying diseases and then lead to a significant impact on clinical outcomes. In addition, a previous study indicated either common potential mechanisms, such as shared environmental or genetic exposures, or a possible causal association between asthma with short sleep duration and comorbidity profiles [7]. We conclude that our findings on the associations between night sleep duration trajectories with incident asthma in specific comorbidity profiles are novel and important. We hope that our study is a starting point for precision prevention and early intervention against new-onset asthma by way of screening and treating comorbidity profiles.
Children with asthma were associated with a higher frequent number of nap days than those without asthma [32], while the association of napping duration with incident asthma has not been studied. Long napping duration (≥60 min) was found to bring adverse clinical outcomes in cross-sectional studies [16, 17]. This prospective study suggested no significant effect of napping duration trajectories on incident asthma. Three napping duration trajectories had health napping duration after CHARLS wave 3, thus we did not assess the effect of continuously long napping duration on incident asthma. The association between napping duration and asthma remains to be further explored.
The main strength of our study exists in determining the associations between incident asthma with night sleep duration, napping duration, and comorbidities by using a national population-based prospective study and multiple statistical analyses. The major limitation is that the data on sleep, asthma, and comorbidity come from the questionnaire’s results, which has the potential for selection bias. A small proportion of people with asthma never seek help for clinicians, which potentially led to the underdiagnosis of incident asthma. However, a series of follow-up visits with CHARLS physical examinations may help individuals to improve their health consciousness and reduce the aforementioned selection bias. Additional limitations include the lack of other sleep disorders (such as insomnia and sleep apnea), which can potentially affect the final results. In addition, each individual is assigned based on the highest probability of belonging to one of the latent classes but not actually belonging to a single group in latent class analysis. Therefore, individuals may have a healthy sleep and napping duration at a certain time.
Conclusion
In conclusion, this study found there is an association between a dominant short night sleep duration trajectory and an increasing incidence of new-onset asthma in the Chinese middle-aged and older population, especially individuals with depression. However, the incidence of asthma among four night sleep duration trajectories showed no significant difference in the minimal or least disorders profile. The findings indicate that precision prevention and early intervention may be targeted for high-risk groups to reduce the secondary burdens of asthma. Further studies are warranted to further corroborate our results by using objective measures of sleep duration, asthma, and comorbidities.
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