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Purpose: Depression and anxiety are two highly prevalent mental disorders that commonly coexist. However, little is known about 
the association between sleep and comorbid depressive and anxiety symptoms (CDAS). Therefore, this study aims to explore the 
relationship between sleep duration, insomnia and CDAS.
Methods: This is a cross-sectional study of 22,004 community adults who participated in the China Multi-Ethnic Cohort (CMEC) 
study. Chinese version of Patient Health Questionnaire-2 and Generalized Anxiety Disorder-2 were used to screen CDAS in 
community adults. A positive score on each scale was considered indicative of CDAS. All participants received face-to-face 
interviews, medical examinations, and biochemical examinations to assess sleep duration and insomnia and collect covariates. The 
self-reported sleep duration was divided into three groups: <7 hr, 7–9 hr and >9 hr groups. Logistic regression was used to analyze the 
association between sleep duration, insomnia and CDAS. A restricted cubic spline (RCS) was used to explore the dose–response 
relationship between sleep duration and CDAS. Stratified analysis based on gender and age was conducted.
Results: Overall, 2.8% (95% CI 2.6%~3.0%) of participants reported having CDAS. After adjusting the potential covariates, sleep 
duration <7 hr (OR=1.635, 95% CI=1.335~2.004) was significantly associated with CDAS, compared with sleep 7–9 hr. After RCS 
analysis, there was a nonlinear relationship between sleep duration and CDAS. The increase in the number of types of insomnia, the 
greater the likelihood of CDAS (p for trend<0.05). In sensitivity analysis, it was found that the results were consistent with those of the 
main analysis. After stratification by gender and age, the association between sleep duration and CDAS was only observed in female 
and young and middle-aged adults, not in men and older adults.
Conclusion: Both insufficient sleep duration and insomnia are associated with a higher prevalence of CDAS in Chinese adults.
Keywords: sleep duration1, insomnia2, comorbid depressive and anxiety symptoms3, adults4, cross-sectional study5

Introduction
Sleep plays an important role in maintaining body functions such as consciousness, cognitive function, maintenance of 
biological rhythms, repair functions and stress relief.1 Poor sleep behavior is associated with many diseases. As far as 
current research is concerned, sleep related studies have explored two main aspects of sleep duration and sleep disorders. 
Some studies have shown that sleep had a great impact on the development of chronic disease. For example, people with 
poor sleeping conditions have a higher prevalence of hypertension and a greater risk of death.2,3 Likewise, sleep duration 
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also affects human health, with some asserting that too long or too short sleep duration can increase the risk of 
developing diabetes.4,5

As sleep conditions are associated with the development of a wide range of disorders, it is necessary to consider whether sleep 
has an impact on mental health. Depression and anxiety are both significant mental health disorders, and the increasing number of 
individuals suffering from anxiety or depression has garnered considerable attention from academics. Currently, there are some 
studies being conducted to explore the association between sleep and anxiety or depression. For example, some studies with older 
people in the community suggested that short sleep duration is significantly associated with an increased likelihood of developing 
depression and relapse.6 Additionally, certain studies7 have shown an u-shaped association between sleep duration and 
depressive symptoms among older individuals, while others have concluded that there is no relationship in older women.8,9 

At the same time, since sleep disorders are often used as one of the important indicators to evaluate sleep quality, at the same time, 
insomnia is a manifestation type of sleep disorders. Some researchers have focused on the association between insomnia and 
depressive symptoms. For instance, a study suggested a strong association between insomnia and depression in women 
individuals.10 Some studies also considered sleep disorders as significant predictors of the onset or recurrence of depression11– 

13(Whether insomnia, as a type of sleep disorder, also has this relationship is a question worth exploring). Most of these studies 
have been conducted in areas with relatively developed economies. It should be acknowledged that varying levels of economic 
development can lead to inconsistencies, which can influence the likelihood of developing various psychological problems. 
Furthermore, previous studies primarily focused on older individuals with small sample sizes. However, it is important to note 
that adults under the age of 60 face significant stressors and are more susceptible to experiencing depression and anxiety 
disorders. Most importantly, previous studies examined the association between sleep and anxiety or depression separately. 
Currently, there are no reports on the association between sleep and comorbid depressive and anxiety symptoms (CDAS). 
Anxiety and depression may initially have distinctive features. However, as they are present for an extended period of time, often 
depression will combine with anxiety episodes. Some studies have found that the combination of the two is often associated with 
a higher risk of death compared to anxiety or depression alone and that co-morbid conditions are more harmful.14 Understanding 
the prevalence of CDAS in community population and exploring the association between sleep and CDAS is of practical 
significance. Therefore, this study aims to understand the prevalence of CDAS and to explore the impact of sleep duration and 
insomnia on CDAS in adult residents in relatively undeveloped areas of China using baseline data from the Yunnan region of the 
Chinese Multi-Ethnic Cohort (CMEC), as well as evaluate whether there is difference in this association between older adults and 
non-elderly young and middle-aged adults.

Materials and Methods
Study Design and Participants
All participants signed informed consent before data collection and this study was approved by Kunming Medical 
University Medical Ethical Review Board (KMMU2020MEC078). The baseline survey of the CMEC study was 
conducted from May 2018 to September 2019. Previous studies on CMEC have been described in great detail.15 The 
data for this study were primarily based on the Yunnan of the CMEC. A multi-stage stratified cluster sampling method 
was used to obtain samples from community populations in Yunnan Province in this study. In the first stage, four 
minority communities (Yongsheng County, Heqing County, Yongren County, and Wuding County) were selected as the 
study sites on the basis of the need to establish natural population cohorts in different places where ethnic minorities 
gather. Yongsheng County has a total population of 336,832, with 65.07% Han Chinese. Heqing County has a total 
population of 243,031, with the Bai ethnic group accounting for 59% of the total population. Wuding County has a total 
population of 236,500, with Yi accounting for 32.08%. Yongren County has 58,573 Yi, accounting for 55.5% of the total 
population. In the second stage, two to eight communities were selected in each settlement (depending on the size of the 
community), taking into account the migrant status and local health conditions. In the final stage, all participants who met 
our inclusion criteria were invited to participate in our study, taking into account the gender ratio and age ratio, 
estimating a population response rate of 60% (60–90% in rural areas and 40–60% in urban areas). Persons who met 
the following two conditions: (a)who were between the ages of 30–79 years old (b) who had lived in the above- 
mentioned four counties of Yunnan Province were selected as the participants. A total of 23,143 community residents 
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were engaged, and then we excluded those who had no information about sleep, anxiety and depression symptom-related 
indicators survey (204 participants), those who have missing values on the relevant covariates (935 participants) and 
people with only anxiety or only depressive symptoms were excluded (n=1056). Finally, a total of 20,948 participants 
were included in this study. The response rate was 95.07%. The detailed process is shown in Figure 1. Power analysis 
revealed a power level of 1.00 (Z=1.95, α=0.05) in the present study (total sample size=22,004). The study was based on 
a standardized survey methodology and a variety of rigorous quality control measures.

Data Collection
The face-to-face interviews were conducted using a self-developed questionnaire through an information collection 
application that had additional logical check and recording functions. The collected information in the questionnaire 
included demographic variables (such as ethnicity, age, gender, occupations, household income, marital status, educa-
tional level), lifestyle habits (such as smoking, alcohol drinking, physical activity), body mass index (BMI), sleep 
duration, and insomnia. The entire interview was carried out by trained interviewers who were medical staff from local 
health facilities or medical students from local universities and were particularly familiar with the minority languages 
spoken in the area.15 The participants all underwent physical examination and laboratory tests on site after the survey. 
These included measurements of height, weight, blood pressure, heart rate, as well as blood and urine tests. Blood 
samples were collected from all subjects after an overnight fasting for routine blood tests, fasting blood glucose levels, 
glycosylated haemoglobin levels, lipid levels and biochemical indexes of hepatic function tests. All medical examina-
tions were conducted by trained medical postgraduates following standard operating procedures.16

Identify of Comorbid Depressive and Anxiety Symptoms (CDAS)
A comprehensive assessment of mental status was conducted for all participants based on two screening questionnaires 
from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), using the Chinese version of 
the 2-item Patient Health Questionnaire (PHQ-2) and the 2-item Generalized Anxiety Disorder Scale (GAD-2). The two 
screening scales improve the efficiency of monitoring depressive symptoms and anxiety symptoms in large population- 
based epidemiological surveys, and studies have shown good reliability and validity of PHQ-2 in screening for 
depressive disorders and GAD-2 in screening for anxiety.14 The PHQ-2 contains two items that are asked in ques-
tionnaire form: “how often they have been uninterested in doing things in the past two weeks”; “how often they have felt 
depressed, frustrated or hopeless in the past two weeks” 17 The GAD-2 contains two items: “how often you have felt 
nervous, anxious or irritable in the past two weeks” and “how often you have not been able to stop or control your worry 

Figure 1 Flow diagram of selection of participant (based on CMEC study).
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in the past two weeks”. Each item corresponds to four different levels of response: “not at all”, “a few days”, “more than 
half of the days” and “almost every day”, which were assigned scores of “0, 1, 2 and 3”, respectively. The total score is 
calculated by summing up the item scores. Both scales have a total score ranging from 0 to 6. When PHQ-2 and GAD-2 
were used to screen for depressive symptoms and anxiety symptoms, a cut-off point of 3 points was employed for 
positive diagnosis.14,18,19 In this study, a positive score on each scale was considered indicative of CDAS. A healthy 
reference group was defined as residents who neither had CADS nor exhibited symptoms of anxiety or depression.

Assessment of Sleep Duration
The sleep duration was obtained from the self-reports of participants. We calculated P25 and P75 for the sleep duration of 
participants, which were 7 hr and 9 hr, respectively. Additionally, these values had been used as a cut-off point in many 
epidemiological studies6,20,21 conducted in the Chinese population. Therefore, the self-reported sleep duration was 
divided into three groups: <7 hr, 7~9 hr and >9 hr groups. Participants who slept <7 hr were considered short sleepers, 
while those who slept >9 hr were considered long sleepers, the optimal sleep duration of 7~9 hr was considered the 
reference group.

Assessment of Insomnia
The sleep disorder conditions in this study were derived from a questionnaire. Three types of insomnia were identified, 
and participants answered “yes or no” to of the following questions; ①the disorders of initiation and maintenance 
(DIMS) was identified if participants answered “Yes” to the question “Do you need more than half an hour to fall asleep 
at least three days a week?”; ②the Early Morning Waking Disorder (EMA) was identified if participants answered “Yes” 
to the question “Do you wake up early in the morning at least three days a week and are unable to fall back asleep?”;③ 
the Daytime Dysfunction (DDF) was identified if participants answered “Yes” to the question “Do you have difficulty 
sleeping at least three days a week and have difficulty staying awake during the day while working, eating or talking to 
others?”22,23 The number of types of insomnia present for each participant was accumulated and further graded into 
a hierarchy of scores according to the number of reported insomnia: 0 for none of the above types of insomnia, 1 for any 
one type, 2 for any two types, 3 for all three types.

Assessment of Covariates
Most covariates in this study were obtained through survey using questionnaires, while a few were obtained through 
physical examinations and laboratory testing, such as BMI, blood glucose, blood pressure, and so on.

Firstly, the basic demographic variables include ethnic, age (young and middle-aged adults aged 30~64 years old, 
older adults aged ≥65 years old), gender, occupation, household income, marital status (married, divorced, widowed, 
never married), and educational level (not attending school, primary school, junior high school, senior high school, 
college, university and above).

Secondly, lifestyle-related variables mainly include smoking, alcohol consumption and physical activity. Smoking 
was measured by asking about the current smoking status and categorized as never smoked, currently smoking and quit 
(quit was defined as having stopped smoking for 6 months or more). Alcohol consumption was also assessed using the 
questions “How often did you consume alcohol in the past year” and “On average, how many days per week did you 
consume alcohol on average in the past year”. The final level of alcohol consumption was categorized as almost never, 
occasional, 1–2 days/week, 3–5 days/week, and daily.17 Regarding physical activity, it could be classified as occupational 
physical activity, transportation physical activity, leisure-time physical activity, and domestic physical activity. The sum 
of these four categories was used as the total daily physical activity and metabolic equivalents (METs) for assessing 
exercise intensity.17 In this study, we divided it into three groups based on their tertiles. Additionally, we investigated 
sleep snoring and the presence or absence of napping habits.

Finally, the health-related variables included BMI (thin if BMI <18.5 kg/m2, normal if BMI 18.5~23.9 kg/m2, 
overweight if BMI 24.0~27.9 kg/m2, obese if BMI ≥28.0 kg/m2) and a history of diseases such as hypertension, diabetes 
and other chronic diseases (stroke, asthma, coronary artery disease). Hypertension was diagnosed if three or more blood 
pressure measurements on different days showed a systolic blood pressure ≥140 mmHg and/or a diastolic blood pressure 
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≥90 mmHg, along with self-reported hypertension.24 Diabetes was diagnosed based on a questionnaire asking for 
a history of diabetes combined with biochemical indicators. It met one of the following criteria: fasting blood glucose 
≥7.0 mmol/L, self-reported history of diabetes, history of taking hypoglycaemic drugs, glycosylated hemoglobin 
≥6.5%.17

Statistical Analyses
Categorical variables were expressed as frequencies and percentages, while continuous variables were expressed as 
means and standard deviations. Chi-square test and univariate logistic analysis were conducted to identify statistically 
significant covariates, followed by multifactorial logistic regression models to analyze the association between sleep 
duration, insomnia and CDAS, respectively. The covariates were adjusted hierarchically and divided into three levels, 
that is to say, three models were constructed. In Model 1, no adjustments were made. In Model 2, we adjusted for basic 
demographic variables (ethnic, age, gender, occupation, household income, marital status, education level) and lifestyle- 
related variables that showed statistical significance in the univariate analysis. In Model 3, we further adjusted for health- 
related variables that demonstrated statistical significance in the univariate analysis based on Model 2. Additionally, 
a trend analysis was performed to examine the association between sleep disturbance and CDAS. Since gender and age 
are important confounders, stratified analyses were carried out by different genders and age groups. The young and 
middle-aged adults group consists of participants aged 30–64 years old, while the older adults group includes participants 
aged ≥65 years old based on the World Health Organization’s definition, which considers 65 years as the threshold for 
being considered elderly. The dose–response relationship between sleep duration and CDAS was modeled using 
restricted cubic splines (RCS) with four selected nodes for this study, also adjusted for the covariates included in 
Model 3. A hypothesis test of the non-linear relationship (p for nonlinear <0.05) was conducted. To validate the stability 
of the study, we performed sensitivity analyses by conducting multifactorial logistic regression after excluding partici-
pants with a history of sleeping pill use (649 participants were excluded). We considered that some participants who had 
taken sleeping pills in the past may have influenced the results of this study. All analyses were conducted using SPSS 
27.0, R4.1.3 and Excel 2009 software. A two-tailed test of p<0.05 was used.

Results
The characteristics of the research population are recorded in Table 1 and Table S1. The mean age of the study 
participants was 52.88 ± 10.42 years. Of the total participants 6988 (33.3%) were male and 13,960 (66.7%) were 
female. Han, Yi and Bai accounted for 45.7%, 26.6% and 27.7%, respectively. 63.8% of them had a junior high school 
education or below. 67.4% of participants were agricultural workers. 24.2% of participants slept <7 hours and 25.0% of 
participants slept >9 hours. 36.7% of participants had insomnia. In the total population, 2.8% (95% CI 2.6%~3.0%) 
individuals had CDAS.

The prevalence of CDAS was 3.0% in older adults and 2.9% in young and middle-aged adults (X2=0.117, p=0.733). 
The prevalence of CDAS was significantly higher in females than in males (3.5% vs 1.7%, X2=53.709, p<0.001). The 
prevalence of CDAS was different among residents with different educational level, annual household income, ethnic, 
occupation, marital status (p<0.05) (Table 2). In addition, univariate logistic regression showed that the factors associated 
with CDAS included alcohol consumption, smoking, METs, asthma, coronary heart disease, stroke, sleep duration and 
number of insomnia types (see Table S2).

The above significant variables were included in the multivariate logistic regression analysis model, and the results 
showed that sleep duration was an independent influencing factor of CDAS. We then sequentially adjusted for 
participants’ basic demographic variables, lifestyle-related variables, and health-related variables, and found that only 
too short sleep duration was associated with an increased risk of CDAS. The results in model 3 indicated that the 
likelihood of CDAS when sleeping <7 hr and >9 hr were higher by a factor of 0.635 (OR=1.635, 95% CI=1.335~2.004) 
and 0.182 (OR=1.182, 95% CI=0.946~1.478), respectively, compared to sleeping for 7~9 hr (Table 3). Results of 
association between sleep duration, insomnia and CDAS after adjusting for covariates in Model 3 is visually presented 
in Figure 2. After stratifying analysis for different genders, we only found that a significant correlation between sleeping 
<7 hr and CDAS appeared in women, and no correlation was found in men. After stratifying by age, we also found that 
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there was a significant correlation between sleeping <7 hr and CDAS only appeared in young and middle-aged adults. 
However, it has not been found in older adults (Table 3).

A significant non-linear ”U” shaped relationship between sleep duration and CDAS could be observed in Figure 3 
(p for nonlinearity <0.001) either with or without adjustment of covariates. A negative correlation between sleep duration 
and the likelihood of CADS was observed when sleep duration was <5.96 (hr/d). After stratifying analysis for different 
genders, the results of RCS with adjustment of covariates showed that there was the “U” shaped relationship between 
sleep duration and CDAS in female (p for nonlinearity <0.001), but not in male (p for nonlinearity=0.46), with a different 
inflection point (8.03 hr) (Figure S1). “U” shaped relationship between sleep duration and CDAS was observed among 
young and middle-aged adults (p for nonlinearity <0.001), but not in older adults (p for nonlinearity=0.11), by the RCS 
stratified by different ages, with a different inflection point (7.98 hr) (Figure S2).

The relationship between insomnia and CDAS is shown in Table 4. In the fully adjusted model 3, compared to 
participants without insomnia, participants with a higher number of insomnia types were more strongly associated with 
CDAS with ORs of 1.834 (95% CI: 1.381 ~2.437), 3.024 (95% CI: 2.405 ~ 3.801) and 5.113 (95% CI: 4.058 to 6.442). 
The association with developing CDAS increased with the number of insomnia types with multifactorial adjustment 
(p<0.001 for trend test). The visual presentation by model 3 is shown in Figure 2.

After stratifying analyses for different genders and different ages, we found that this positive trend association 
between insomnia and CDAS both appeared in women and men, as well as in older adults and young and middle-aged 
adults (see Table 4 for details).

Table 1 Description of Demographic Characteristics of the Study Population [n (%)]

Group Variables Male(n=6988) Female(n=13,960) All(n=20,948)

Age Young and middle-aged adults 5774(82.6) 11,932(85.5) 17,706(84.5)
Older adults 1214(17.4) 2028(14.5) 3242(15.5)

Ethnic Han 3393(48.6) 6175(44.2) 9568(45.7)

Yi 1876(26.8) 3693(26.5) 5569(26.6)
Bai 1719(24.6) 4092(29.3) 5811(27.7)

Educational level Nonformal schooling 750(10.7) 5262(37.7) 6012(28.7)

Primary school 2811(40.2) 5377(38.5) 8188(39.1)
Junior high school 2618(37.5) 2547(18.2) 5165(24.7)

Senior high school 568(8.1) 470(3.4) 1038(5.0)
College 128(1.8) 168(1.2) 296(1.4)

University and above 113(1.6) 136(1.0) 249(1.2)

Household income (¥) <12,000 1407(20.1) 2850(20.4) 4257(20.3)
12,000~ 1489(21.3) 3428(24.6) 4917(23.5)

20,000~ 2938(42.0) 5842(41.8) 8780(41.9)

60,000~ 660(9.4) 1059(7.6) 1719(8.2)
100,000~ 382(5.5) 645(4.6) 1027(4.9)

≥200,000 112(1.6) 136(1.0) 248(1.2)

Occupation Agricultural workers 4365(62.5) 9751(69.8) 14,116(67.4)
Non-agricultural workers 2191(31.4) 3892(27.9) 6083(29.0)

Unemployed/layoff 74(1.1) 64(0.5) 138(0.7)

Retirement 358(5.1) 253(1.8) 611(2.9)
Marital status Married 6467(92.5) 12,397(88.8) 18,864(90.1)

Divorced 135(1.9) 235(1.7) 370(1.8)

Widowed 265(3.8) 1320(9.5) 1585(7.6)
Not married 121(1.7) 8(0.1) 129(0.6)

CDASa Yes 117(1.7) 484(3.5) 601(2.9)

No 6871(98.3) 13,476(96.5) 20,347(97.1)

Abbreviation: aCDAS, comorbid depressive and anxiety symptoms.
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In a sensitivity analysis, after excluding those participants with a history of sleeping pills use, it was found that the 
association with CDAS was 1.596 times (OR=1.596, 95% CI=1.289, 1.975) and 1.171 times (OR=1.171, 95% CI=0.929, 
1.476) greater for those who slept <7 hr and >9 hr, respectively, compared to those who slept 7~9 hr. In addition, 
compared to those without insomnia, participants with different numbers of insomnia types had 1.865, 2.397 and 4.898 
times greater association with developing CDAS, respectively. The association with developing CDAS as a degree of 
insomnia increased (all p < 0.01). And these results were consistent with those of the main analyses, and the details can 
be seen (Table S3 and Table S4). After excluding those participants with a history of sleeping pills use, the results of RCS 
adjusted covariates still showed a “U” shaped relationship between sleep duration and CDAS with an inflection point at 
7.97 hr of sleep duration (p for nonlinearity <0.001), as detailed (Figure S3).

Discussion
Our study found that insomnia was independently and significantly associated with the prevalence of CDAS. This 
association was observed consistently across gender and age groups. Sleep duration exhibited a nonlinear relationship 
with the risk of CDAS. However, when stratified by gender and age, this association was only observed in women and 
young and middle-aged adults, not in men and older adults.

In this study, we found that the prevalence of CDAS was 2.8% (95% CI 2.6%~3.0%) individuals had CDAS. In 
addition, the prevalence of CDAS in men was lower than that in women in rural communities, which may be the reason 
why many previous studies only focused on females.8,9 No significant statistical differences were found between different 

Table 2 Comparison of Prevalence of CDAS Among Residents with Different Demographic Characteristics [n (%)]

Group Variables CDASa X2 p

Yes No

Age Young and middle-aged adults 505(2.9) 17,201(97.1) 0.117 0.733

Older adults 96(3.0) 3146(97.0)
Ethnic Han 251(2.6) 9317(97.4) 88.089 <0.001

Yi 253(4.5) 5316(95.5)

Bai 97(1.7) 5714(98.3)
Educational level Nonformal schooling 244(4.1) 5768(95.9) 56.531 <0.001

Primary school 223(2.7) 7965(97.3)

Junior high school 114(2.2) 5051(97.8)
Senior high school 18(1.7) 1020(98.3)

College 2(0.7) 294(99.3)

University and above 0(0.0) 249(100.0)
Household income (¥) <12,000 225(5.3) 4032(94.7) 131.858 <0.001

12,000~ 152(3.1) 4765(96.9)

20,000~ 171(2.0) 8603(98.0)
60,000~ 25(1.5) 1694(98.5)

100,000~ 16(1.6) 1011(98.4)

≥200,000 6(2.4) 242(97.6)
Occupation Agricultural workers 438(3.1) 13,678(96.9) 11.034 0.012

Non-agricultural workers 152(2.5) 5931(97.5)

Unemployed/layoff 2(1.4) 136(98.6)
Retirement 9(1.5) 602(98.5)

Gender Male 117(1.7) 6871(98.3) 53.709 <0.001

Female 484(3.5) 13,476(96.5)
Marital status Married 484(2.6) 18,380(97.4) 64.152 <0.001

Divorced 22(5.9) 348(94.1)
Widowed 90(5.7) 1495(94.3)

Not married 5(3.9) 124(96.1)

Abbreviation: aCDAS, comorbid depressive and anxiety symptoms.
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age groups and CDAS. Considering that the reason for this situation in this study may be that the study area is a relatively 
underdeveloped and remote area, where there is often a lack of education related to mental health and intentional failure 
to report due to feeling ashamed in older people.14,25,26

Table 3 Association Between Sleep Duration and Comorbid Depressive and Anxiety Symptoms (No-Stratified 
Analyses and Stratified Analyses)

Sleep Duration Total Case Model 1a Model 2b Model 3c

OR (95% CI) OR (95% CI) OR (95% CI)

Total
<7h 4813 250 2.547(2.115,3.067) 1.642(1.340,2.011) 1.635(1.335,2.004)

7~9h 10,443 213 ref ref ref
>9h 5091 138 1.329(1.070,1.651) 1.179(0.943,1.474) 1.182(0.946,1.478)

Male

<7h 3582 52 1.710(1.131,2.585) 1.074(0.680,1.698) 1.078(0.682,1.705)

7~9h 1652 41 ref ref ref
>9h 1637 24 1.010(0.620,1.644) 0.931(0.680,1.698) 0.929(0.561,1.540)

Female

<7h 6861 161 2.818(2.284,3.475) 1.838(1.463,2.310) 1.829(1.455,2.300)
7~9h 3161 209 ref ref ref

>9h 3454 114 1.407(1.103,1.794) 1.273(0.991,1.636) 1.276(0.993,1.640)

Young and middle-aged adults
<7h 9293 184 2.762(2.255,3.382) 1.701(1.365,2.120) 1.708(1.370,2.129)

7~9h 3749 205 ref ref ref
>9h 4159 116 1.409(1.113,1.782) 1.249(0.980,1.592) 1.292(1.014,1.647)

Older adults ref
<7h 1150 29 1.677(1.044,2.694) 1.326(0.789,2.227) 1.324(0.787,2.227)

7~9h 1064 45 ref ref ref
>9h 932 22 0.936(0.534,1.640) 0.910(0.510,1.626) 0.897(0.501,1.605)

Notes: aNo covariates adjustment was made. bAdjusted for ethnicity, age, gender, occupation, household income, marital status, education level, 
smoking status, alcohol consumption, metabolic equivalents, and the types number of Insomnia. cAdjusted for body mass index (BMI), asthma, coronary 
heart disease, and stroke on the basis of model 2.

Figure 2 The association between sleep duration, insomnia and CDAS after adjusting for covariates in Model 3. Model 3: Adjusted for ethnicity, age, gender, body mass 
index (BMI), previous occupation, household income, marital status, education level, smoking status, alcohol consumption, metabolic equivalents, asthma, coronary heart 
disease, stroke and Sleep duration/ The number of Insomnia types.
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First, in multivariate logistic analysis, when normal sleep duration (7–9 hr) was used as the reference group, only 
short sleep duration (<7 hr) was associated with CDAS and not found in the participants who have long sleep duration 
(>9 hr). The RCS showed a “U” curve relationship. In sleep duration less than 5.69 hr, the shorter the sleep duration, the 
more likely to have CDAS. The results of this study are still similar to some articles.27,28 Compared to grouping sleep 
duration, RCS analysis can utilize continuous data, bridge breakpoints and discontinuities in the data and provide smooth 
curve fitting. The results of RCS analysis precisely confirm this. A possible reason for the nonlinear relationship between 
sleep time and CDAS is that circadian rhythm disorder caused by insufficient sleep in the human body may lead to 
changes in hormone levels, which may contribute to the development of CDAS.

Because previous studies mostly focus on the elderly and women, even though this study did not find significant 
differences in the prevalence rate of CDAS among different age groups in the univariate analysis, this study still stratified 
the age and gender and explored again. The results of the stratified analysis by gender and age group showed no 

Figure 3 Dose-response relationship between sleep duration and CDAS (Model 1 and Model 3). Model 1: no adjustment. Model 3: Adjusted for ethnicity, age, gender, body 
mass index (BMI), previous occupation, household income, marital status, education level, smoking status, alcohol consumption, metabolic equivalents, asthma, coronary 
heart disease, stroke and the number of Insomnia types. The OR is shown with the blue solid line, and 95% CIs are shown with the shaded area. The black horizontal short 
dashed line represents the reference line y=1.

Table 4 Association Between Insomnia and Comorbid Depressive and Anxiety Symptoms

The Number 
of Insomnia 
Types

Total Case Model 1a Model 2b Model 3c

OR (95% CI) p for  
Trend

OR (95% CI) p for  
Trend

OR (95% CI) p for  
Trend

Total
0 13,077 174 ref <0.001 ref <0.001 ref <0.001

1 2523 72 2.145(1.624,2.832) 1.842(1.387,2.446) 1.834(1.381,2.437)

2 3039 171 4.229(3.412,5.242) 3.038(2.417,3.819) 3.024(2.405,3.801)
3 1708 184 8.096(6.541,10.02) 5.161(4.098,6.500) 5.113(4.058,6.442)

Male

0 4841 53 ref <0.001 ref <0.001 ref <0.001
1 839 8 0.871(0.413,1.838) 0.845(0.395,1.806) 0.841(0.393,1.798)

2 800 27 3.083(1.928,4.929) 2.528(1.524,4.194) 2.479(1.489,4.126)

3 391 29 6.775(4.258,10.77) 5.327(3.176,8.932) 5.157(3.068,8.667)

(Continued)
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association between sleep duration and CDAS in men. Similarly, no association was found in the >65 years age group. 
This suggests that the association between sleep duration and CDAS may differ by gender and age. This finding is similar 
to that of another study of Chinese community residents.29 This may be caused by different sleep conditions, work 
schedule and hormonal secretion at different ages, and different social pressures and physiological structures at different 
genders.

This study also found an association between insomnia and CDAS and that insomnia may be a risk factor for CDAS. 
And as people who have more types of insomnia, the association with a higher likelihood of CDAS. Likewise, after 
stratified analysis by age and gender, a significant association was found between insomnia and CDAS, either by gender 
or by age group, and this finding was again consistent with the main analysis. The association between insomnia and 
CDAS may be linked to inflammation. Some researchers believe that sleep disorders may directly enhance emotional 
sensitivity to cytokines or increase levels of inflammatory cytokines such as C-reactive protein and interleukin-6 in the 
body. These inflammatory factors also enhance neural sensitivity, ultimately increasing the occurrence of depression or 
anxiety.30,31 Good sleep can help improve levels of melatonin, a multifunctional regulatory molecule that can alleviate 
anxiety symptoms.32

Considering that some participants with a history of taking sleeping pills may have influenced the results of this study, 
sensitivity analyses after excluding participants with a history of sleeping pills were conducted, and the results were 
found to be consistent with the main analysis and have good robustness.

This study showed that sleep has a correlation with CDAS. Furthermore, both experiencing insomnia symptoms and 
having insufficient sleep duration can have unfavorable effects on individuals’ psychological well-being. Therefore, 
interventions targeting the population’s sleep conditions may contribute to maintaining their mental health.

The strengths of this study were the large sample of community adults and the data was obtained from the CMEC, 
which was a multi-ethnic cohort design and had good representativeness and strict quality control. Exploration of the 
more damaging CDAS, rather than focusing on a single anxiety or depression. The statistical methodology is richer, with 
varying degrees of adjustment for confounding factors. Stratified analysis was conducted for different ages and genders. 
Sensitivity analyses were also conducted using participants excluding a history of sleeping pills to verify the stability of 
the results, and dose–response relationships were conducted using restricted cubic splines. On the other hand, there are 

Table 4 (Continued). 

The Number 
of Insomnia 
Types

Total Case Model 1a Model 2b Model 3c

OR (95% CI) p for  
Trend

OR (95% CI) p for  
Trend

OR (95% CI) p for  
Trend

Female
0 8236 121 ref <0.001 ref <0.001 ref <0.001

1 1684 64 2.587(1.902,3.518) 2.232(1.630,3.055) 2.222(1.622,3.042)

2 2239 144 4.378(3.422,5.600) 3.246(2.501,4.214) 3.237(2.493,4.203)
3 1317 155 8.011(6.272,10.23) 5.321(4.093,6.917) 5.269(4.051,6.853)

Non-elderly

0 11,275 148 ref <0.001 ref <0.001 ref <0.001
1 2104 60 2.173(1.604,2.943) 1.863(1.367,2.540) 1.854(1.360,2.528)

2 2444 140 4.364(3.449,5.521) 3.138(2.444,4.029) 3.137(2.443,4.028)

3 1378 157 8.680(6.887,10.94) 5.625(4.379,7.226) 5.644(4.392,7.253)
Elderly

0 1802 26 ref <0.001 ref <0.001 ref <0.001

1 419 12 1.985(0.993,3.966) 1.679(0.822,3.431) 1.653(0.809,3.379)
2 595 31 3.611(2.127,6.131) 2.405(1.354,4.270) 2.445(1.377,4.342)

3 330 27 5.671(3.268,9.840) 3.219(1.768,5.864) 3.188(1.746,5.823)

Notes: aNo adjustment was made. bAdjusted for ethnicity, age, gender, body mass index (BMI), previous occupation, household income, marital status, education level, 
smoking status, alcohol consumption, Metabolic equivalents, and Sleep duration. cAdjusted for asthma, coronary heart disease, and stroke on the basis of model 2.
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also some shortcomings in our study. Firstly, due to the specific nature of the PHQ-2 and GAD-2, they cannot be used to 
diagnose anxiety and depression, but only to screen anxiety and depression symptoms. Secondly, there may also be 
confounding factors that were not accounted for in this study, such as: the dietary habits of certain refreshing drinks such 
as coffee, cola, sleep latency and other important sleep-related information. They might have some impact on the 
outcome. Thirdly, this study is a cross-sectional study, which cannot establish causal relationships but can only provide 
etiological clues. Finally, sleep duration is only self-reported by participants, but self-reported sleep duration has been 
shown to be a reliable predictor of mortality and other health outcomes.29 In the future, we will further refine the 
aforementioned shortcomings and aim to validate them through cohort studies that can provide stronger evidence of 
causality. Additionally, there is a need for further research into the underlying biological mechanisms linking sleep and 
anxiety and depressive symptoms.

Conclusion
The prevalence of CDAS was higher in women than in men. After adjusting for covariates, there is a nonlinear 
relationship between sleep duration and CDAS. When the sleep duration was less than 5.96 (hr/d), a negative correlation 
between sleep duration and the likelihood of CADS was observed. As more types of insomnia increased, the association 
with a higher prevalence of CDAS in the population increased. A significant correlation between sleep duration and 
CDAS appeared in women and young and middle-aged adults, but not in men and older adults.
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