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Abstract
Background Although there are several cross-sectional and prospective studies on the relationship between sleep 
duration /insomnia symptoms and depression symptoms, the results of these studies are still not conclusive, and few 
studies have further analyzed the association between sleep duration and depressive symptoms in adults by gender 
and age. Thus, this study aimed to investigate the relationship between nocturnal sleep duration and insomnia 
symptoms with depression symptoms, and further examine whether the association was impacted by age and 
gender in a large-scale Han Chinese population in southwest China.

Methods A cross-sectional study was performed that included 44,900 participants from 18 districts in southwest 
China from September 2018 to January 2019. The study comprised 42,242 individuals in the final analysis. Depressive 
symptoms were investigated using the PHQ-2 questionnaires. Multivariate logistic regression analysis was performed 
to investigate the relationship between nocturnal sleep duration and insomnia symptoms with depression symptoms 
as well as the influence of age and gender.

Results After adjusting for multiple variables, those with nocturnal sleep duration < 7 h had a higher odds ratio for 
depression (OR:1.47, 95%CI 1.31–1.65) compared to participants whose nocturnal sleep duration was in the range of 
7-8 h. Notably, there is a higher association in those aged below 45 years (OR:1.91, 95%CI 1.52–2.41) and in female 
participants (OR:1.57, 95%CI 1.35–1.82). However, nocturnal sleep duration longer than 9 h was not associated with 
depression symptoms in either the whole population analysis or the subgroup analysis. Insomniacs had a higher odds 
ratio for depression(OR:1.87, 95%CI 1.84–2.36, respectively) compared to non-insomniacs. There is a higher association 
in those aged 45–60 years (OR:2.23, 95%CI 1.82–2.73) and in female participants (OR:2.17, 95%CI 1.84–2.56). Further 
subgroup analysis by age and gender at the same time showed the association between sleep deprivation and 
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Introduction
Depression is a common mental disorder and a major 
cause of disability. The 2017 Global Burden of Disease 
Report states that more than 264  million people suffer 
from depression globally [1]. Depression can seriously 
impair social function, increase psychosocial disability, 
and reduce the quality of life in individuals of all ages. The 
prevention and treatment of depression have become an 
important public health issue worldwide. Sleep, as a very 
important health-related factor, has recently attracted 
increasing attention from scholars. Studies showed that 
sleep duration has a significant impact on total mortality, 
cardiovascular disease, metabolic syndrome, and other 
common chronic diseases [2–4]. Insomnia is one of the 
most common sleep disorders in the world, and the main 
symptoms include having difficulty falling asleep at night, 
waking up during the night, or waking up too early [5, 
6]. Numerous studies have found that insomnia is linked 
with many detrimental health outcomes, such as rheu-
matoid arthritis, myocardial infarction, coronary heart 
disease, and stroke [7, 8]. Insomnia is also a significant 
risk factor for several mental disorders, especially depres-
sion and anxiety [7]. Although the association between 
sleep duration and insomnia with depressive symptoms 
has been examined, the results of these studies are still 
not conclusive.

Various studies have demonstrated that either shorter 
or longer sleep duration was associated with an increased 
risk of depressive symptoms [9–11]. However, some 
studies only concluded that insufficient sleep duration 
was associated with depression symptoms, and did not 
find an association between excessive sleep duration and 
depression [12, 13]. Therefore, the relationship between 
sleep duration and depressive symptoms needs further 
research to confirm.

Although there were several cross-sectional and pro-
spective studies on the relationship between insomnia 
symptoms and depression symptoms [7, 14–16], few 
studies have further analyzed the association between 
insomnia symptoms and depressive symptoms in adults 
by gender and age. Epidemiological studies have consis-
tently shown a higher prevalence of insomnia symptoms 
and short sleep duration among women compared to 
men [17], while the rate of short sleep duration increases 
with age [18]. Thus, we hypothesize that the relationship 

between sleep and depressive symptoms will also present 
vary across age and gender.

Based on the insights above, the present study aimed 
to investigate the relationship between nocturnal sleep 
duration and insomnia symptoms with depression symp-
toms, and further examine whether the association was 
impacted by age and gender in a large-scale Han Chinese 
population in southwest China.

Materials and methods
Study participants
This cross-sectional study was based on the China 
Multi-Ethnic Cohort(CMEC) Study. Detailed infor-
mation about the CMEC study design, survey meth-
ods and population have been described in a previous 
report [19]. The data utilized in the current study were 
obtained from the Sichuan Basin region, two (Chongq-
ing and Sichuan provinces) of the 5 regions included in 
the CMEC study. In brief, 44,900 Chinese Han partici-
pants aged 30–79 years were recruited and participated 
in the baseline survey from September 2018 to Febru-
ary 2019. This population-based survey was carried out 
in 18 districts/counties by a multistage, stratified cluster 
sampling from Chongqing (the district and county are of 
the same administrative level in Chongqing), and Sich-
uan provinces, including Yuzhong District, Jiulongpo 
District, Nanan District, Banan District, Changshou Dis-
trict, Jiangjin District, Hechuan District, Qijiang District, 
Dazu District, Tongnan District, Rongchang District, 
Wulong District, Fengdu County, Chenghua District, 
Qingbaijiang District, Wuhou District, Pidu District and 
Jianyang city. Electronic questionnaires and health exams 
were mainly applied to collect participant data, including 
demographic and socioeconomic details, health behav-
iors, disease history, mental health status, and insomnia 
symptoms. Participants were excluded if they had incom-
plete information (n = 2440), were taking antidepressants, 
or receiving psychological therapy(n = 218). Therefore, 
the final analysis comprised 42,242 individuals to evalu-
ate the association between sleep and depression symp-
toms. (Fig.  1). All the participants signed an informed 
consent form before data collection. This survey was 
approved by the ethics committee of Sichuan University 
(No. 78K2016038).

depression was highest among women aged below 45 years, while the association between insomnia and depression 
was the highest among men aged 45–59 years.

Conclusion Short nocturnal sleep duration and insomnia symptoms were positively associated with the risk of 
depressive symptoms among Chinese Han adults aged 30–79 in Southwest China, especially the middle-aged 
population and females should be more concerned.

Keywords Depressive symptoms, Nocturnal sleep duration, Insomnia, Chinese Han adults
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Data Collection and Laboratory Measurement
Questionnaire information was collected through face-
to-face interviews using a tablet with automatic record-
ing capabilities (CMES app). The entire interview is 
conducted by trained interviewers who are either medi-
cal staff at a local medical facility or medical students at a 
local university. The content of the questionnaire includes 
socioeconomic status (gender, age, marital status, educa-
tion, occupation, annual family income), lifestyle habits 
( alcohol drinking, smoking, physical activity), self-rated 
health status, pain rate, social capital, stressful life events, 
history of hypertension, history of diabetes, BMI(body 
mass index), night sleep duration, income, and psycho-
logical conditions.

Assessment of nocturnal sleep duration
Information on nocturnal sleep duration was collected 
in face-to-face interviews by trained interviewers. Noc-
turnal sleep duration was derived from the answer to 
the question, “How many hours did you usually sleep at 
night in the past month?” Self-reported nocturnal sleep 
duration was categorized into < 7, 7–8, and ≥ 9 h groups. 
Based on the recommendations of the National Sleep 
Foundation [20], the sleep duration of 7 to 8 h was used 
as the reference group.

Insomnia symptoms
CMEC includes the Sleep Quality Assessment Scale. 
Three symptoms of insomnia were measured in the Sleep 
Quality Index last month:1) Difficult to fall asleep at night 
(≥ 30 min) for 3 or more days a week; 2)Waking up pre-
maturely and having difficulty returning asleep 3 or more 
days per week; and 3) having to take medicine to help 
sleep more than one day a week. If participants answered 
“yes” to any of these three questions, we classified it as 
a symptom of insomnia. The cut-offs for insomnia were 
based on the criteria in the Diagnostic and Statistical 
Manual of Mental Disorders(DSM-V ) [21].

Assessment of depressive symptoms
Depressive symptoms were assessed using the PHQ-2 
questionnaire, which is a two-screen questionnaire based 
on the Diagnostic and Statistical Manual of Mental Dis-
orders Fourth Edition (DSM-IV) that assesses depressive 
symptoms over the past two weeks with the following 
two questions: (1) little interest or pleasure in doing.

things, and (2) feeling down, depressed, or hopeless 
(PHQ-2). For each item, the response options are “Not 
at all,” “Several days,” “More than half of the days, ” and 
“Nearly every day, ” corresponding to a score of 0, 1, 2, 
and 3. The total score of the PHQ-2 ranges from 0 to 6. A 
cutoff of 3 was adopted to identify depressive symptoms. 

Fig. 1 Data cleaning flowchart
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This ultrashort screening tool considerably enhances the 
efficiency of screening and monitoring depressive symp-
toms during intense primary care practices and large 
population-based epidemic surveys [22–24].

Confounding factors
Confounding factors include demographic and socioeco-
nomic information, lifestyle habits, health-related vari-
ables, social capital factors, and stressful life events.

Demographics encompassed gender, age, and registra-
tion (rural or urban). Socioeconomic status was deter-
mined by marital status (married or living with a partner 
or others ), educational level ( primary school or below, 
junior high school, high school or junior college and 
above), occupation(employed, retired, or unemployed), 
and yearly household income (< 12,000 yuan, 12,000–
19,999 yuan, 20,000–59,999 yuan, 60,000–99,999 yuan or 
≥ 100,000 yuan). Lifestyle habits contained alcohol drink-
ing status(never or hardly, occasionally, regularly ), smok-
ing status (never, smoking or quit smoking ), and physical 
activity level was estimated based on metabolic equiva-
lent (MET) with a dichotomized variable using 18.62 h/
day as the cutoff point according to the median(≤ 18.62 
or > 18.62).Health-related variables included body mass 
index (BMI) categories (< 24, 24–27.9 or ≥ 28  kg/m2), 
self-assessed health status (good moderate, bad), self-
reported physical pain or discomfort rating (ranging 
from 1 to 5; 1 = no pain or discomfort and 5 = severe pain 
or discomfort), history of hypertension(no or yes), his-
tory of diabetes(no or yes).

Social capital was measured using a validated Chinese 
version of Health-related Social Capital Measurement 
[25, 26]. The Family Social Capital Scale is divided into 
two categories: (1) “Experiential Family Support” and (2) 
“Consistently Obtaining Financial Support from Fam-
ily”. The Community and Social Social Capital Scale uses 
three items: (1) “Frequency of participation in commu-
nity organization activities in the previous year” and (2) 
“Activity supported by community organizations in the 
previous year”. (3) “You’ve been treated fairly by society”. 
The answer categories ranged from a scale of 1 (strongly 
disagree) to 5(strongly agree), with higher total scores, 
indicating stronger social capital. Stressful life events 
were assessed by following 10 stressful events during 
the past two years:1)divorce/separation; 2) loss of job/
retirement; 3) business failure or bankruptcy; (4) being 
violently attacked/raped; (5) serious family internal con-
tradictions and conflicts; (6) a serious injury or car acci-
dent; (7) serious illness or death of a spouse; (8) serious 
illness or death of other close family members; (9) seri-
ous natural disasters (e.g., drought or flood); (10) loss of 
the source of income/living in debt [27]. If a participant 
answered ‘yes’ to any of those 10 stressful events, we clas-
sified him/her as having stressful life events.

Statistical analysis
Statistical analyses were performed using the Statis-
tical Program for Social Sciences (SPSS)version 25.0 
(SPSS Inc., Chicago, IL, USA). All continuous data are 
described as mean ± standard deviation, and categorical 
data are summarized as percentages. One-way ANOVA 
was used to compare differences in continuous data, and 
chi-square tests were used to compare differences in cat-
egorical data. Logistic regression was applied to test the 
association between sleep and depression symptoms 
after adjustment for potential confounders, and the odds 
ratio (OR) and 95% confidence interval (CI) for the out-
come variable were calculated. The final model included 
eighteen covariates (gender, age, registration, marital, 
education level, occupation, annual family income, alco-
hol drinking status, smoking status, physical activity,self-
rated health status, pain rate, family social capital, 
community/society social capital, stressful life events, 
history of hypertension, history of diabetes, and BMI). 
We conducted additional stratified analyses to examine 
the modification effect of age(< 45, 45–59, and ≥ 60), 
and gender(male and female). All statistical tests were 
two-sided and a P value < 0.05 was considered statistically 
significant.

Results
General characteristics of the participants
Table  1 outlines the participants’ basic characteristics. 
The mean age of those with depression symptoms was 
older than that of participants without depressive symp-
toms. 54.3% of the total population were female; who had 
a higher prevalence of depression symptoms than their 
male counterparts. The education level of Residents with 
depression symptoms were generally lower than their 
peers without depression symptoms (49.4% vs. 68.6% for 
junior high school and above). Residents with depres-
sion symptoms had lower incomes than those without 
depression symptoms (63.7% vs. 78.1% for an annual 
family income ≥ 20,000 yuan). Smoking was reported 
more frequently by participants with depression symp-
toms, but Alcohol drinking was reported less frequently 
by those with depression symptoms (29.7% vs. 27.7% 
for smoking or,14.0% vs. 16.3% for drinking regularly). 
The depressed tended to have less Physical activity non-
depressed (46.8% vs.50.1% for physical activity higher 
than 18.62MET hour/day).

The depressed reported higher pain ratings and worse 
self-assessed health than the non-depressed (20.00% vs. 
3.67% for a pain rating ≥ 3; 31.9% vs. 5.2% for bad self-
assessed health). The mean scores for family social capital 
and community and.

society social capital was reported higher by partici-
pants with depression symptoms (5.78vs.4.64 for fam-
ily Sc, 9.07vs.8.08 for community and Society SC). 
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Variable Depressive symptoms P value
Total (n = 42,242) No(N = 40,525 ) Yes(N = 1717 )

Gender, n(%) <0.001

 Male 19,291(45.7%) 18,606 (45.9%) 685 (39.9%)

 Female 22,951(54.3%) 21,919 (54.1%) 1032 (60.1%)

Age(year)(SD) 51.3 ± 12.0 51.3 ± 12.0 54.6 ± 12.6 <0.001

Registration, n (%) <0.001

 Rural 17,098 (40.5%) 16,210 (40.0%) 888 (51.7%)

 Urban 25,144 (59.5%) 24,315 (60.0%) 829 (48.3%)

Marital, n (%) <0.001

 Married or cohabitation 37,581 (89.0%) 36,158 (89.2%) 1423 (82.9%)

 Others 4661 (11.0%) 4367 (10.8%) 294 (17.1%)

Education level, n (%) <0.001

 Primary or below 13,575 (32.1%) 12,707 (31.4%) 868 (50.6%)

 Junior high school 13,598 (32.2%) 13,137 (32.4%) 461 (26.8%)

 High school 7617 (18.0%) 7406 (18.3%) 211 (12.3%)

 Junior college and above 7452 (17.6%) 7275 (18.0%) 177 (10.3%)

Occupation, n (%) <0.001

 Employed 26,911 (63.7%) 25,913 (63.9%) 998 (58.1%)

 Retirement 6777 (16.0%) 6564 (16.2%) 213 (12.4%)

 Unemployed 8554 (20.2%) 8048 (19.9%) 506 (29.5%)

Annual family income, yuan (%) <0.001

 < 12,000 4322 (10.2%) 3943 (9.7%) 379 (22.1%)

 12,000–19,999 5175 (12.3%) 4931 (12.2%) 244 (14.2%)

 20,000–59,999 15,056 (35.6%) 14,421 (35.6%) 635 (37.0%)

 60,000–99,999 8877 (21.0%) 8627 (21.3%) 250 (14.6%)

 ≥ 100,000 8812 (20.9%) 8603 (21.2%) 209 (12.2%)

Alcohol drinking status, n (%) <0.001

 Never or hardly 19,761 (46.8%) 18,834 (46.5%) 927 (54.0%)

 Occasionally 15,627 (37.0%) 15,077 (37.2%) 550 (32.0%)

 Regularly 6854 (16.2%) 6614 (16.3%) 240 (14.0%)

Smoking status, n(%) 0.078

 Never 29,739 (70.4%) 28,497 (70.3%) 1242 (72.3%)

 Smoking or quit smoking 12,503 (29.6%) 12,028 (29.7%) 475 (27.7%)

Physical activity (MET hour/day), n (%) <0.01

 ≤ 18.62 21,120(50%) 20,206(49.9%) 914(53.2%)

 > 18.62 21,120(50%) 20,319(50.1%) 803(46.8%)

Self-rated health status, n (%) <0.001

 Good 20,177 (47.8%) 19,890 (49.1%) 287 (16.7%)

 Moderate 19,418 (46.0%) 18,536 (45.7%) 882 (51.4%)

 Bad 2647 (6.27%) 2099 (5.2%) 548 (31.9%)

Pain rate: n (%) <0.001

 1 31,369 (74.3%) 30,642 (75.6%) 727 (42.3%)

 2 9041 (21.4%) 8395 (20.7%) 646 (37.6%)

 3 1285 (3.04%) 1104 (2.72%) 181 (10.5%)

 4 514 (1.22%) 369 (0.91%) 145 (8.44%)

 5 33 (0.08%) 15 (0.04%) 18 (1.05%)

Family social capital: mean (SD) 4.68 (2.49) 4.64 (2.47) 5.78 (2.64) <0.001

Community/Society social capital: mean (SD) 8.12 (2.32) 8.08 (2.30) 9.07 (2.50) <0.001

Stressful life events, n (%) <0.001

 No 29,927 (70.8%) 29,108 (71.8%) 819 (47.7%)

 Yes 12,315 (29.2%) 11,417 (28.2%) 898 (52.3%)

Hypertension, n (%) <0.001

 No 28,208 (66.8%) 27,153 (67.0%) 1055 (61.4%)

Table 1 Sociodemographic characteristics and selected characteristics by depressive symptoms
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Participants with depression symptoms reported a higher 
rate of stressful life events than participants with non-
depressive symptoms (52.3% vs.28.2%for having stress-
ful life events at least once). A higher share of depressed 
than non-depressed had a history of hypertension and 
diabetes (38.6%vs. 33.0% for hypertension; 16.0% vs. 
12.2% for diabetes). The depressed had a higher preva-
lence of obesity (15.7% vs. 13.8% for BMI ≥ 28  kg/m2). 
The depressed group had higher levels of insomnia symp-
toms and shorter nocturnal sleep duration (75.8% vs. 
44.3% for insomnia,51.7% vs. 29.2% for nocturnal sleep 
duration < 7 h).

Prevalence of depressive symptoms by age and sex
Figure  2 displays the prevalence of depressive symp-
toms, insomnia symptoms, nocturnal sleep time < 7 h and 
nocturnal sleep time ≥ 9  h. Overall, 4.1% of participants 
reported having depressive symptoms, which was 3.6% 
among men and 4.5% among women. The prevalence of 
depression increased with age in both men and women, 
and was higher in women than in men in all age groups. 
45.5% of participants had insomnia, with a higher per-
centage of females (48.3%) than males (42.3%) increas-
ing with age. 30.1% of participants slept < 7  h at night, 
with a higher percentage of men than women, increasing 
with age. 9.9% of participants slept ≥ 9 h at night, higher 
in males than females and highest in the age group ≥ 60 
years.

Association between nocturnal sleep duration and 
depression
Table 2; Fig. 3 display the association between nocturnal 
sleep duration and depression among all participants. In 

models 1 and 2, those with NSD < 7 h had a higher odds 
ratio for depression symptoms(OR:2.34, 95%CI 2.11–
2.60; OR:1.47, 95%CI 1.31–1.65, respectively) compared 
to participants with 7 h ≤ NSD < 9 h.

Further subgroup analysis was performed separately 
for the age and gender of the recruits. As shown in the 
Table  2, the associations between short sleep duration 
(nocturnal sleep < 7 h )and depression symptoms showed 
significantly positive statistically in all three age groups 
and both males and females. Notably, there is a higher 
association in those aged less than 45 years(OR:1.91, 
95%CI 1.52–2.41) and in female participants (OR:1.57, 
95%CI 1.35–1.82). Moreover, we conducted stratifica-
tion analysis by age and gender at the same time. Figure 3 
shows that the association between short sleep duration 
and depression was highest among women aged less than 
45 years, while the association was not statistically signif-
icant among men aged 45–59 years.

However, nocturnal sleep duration longer than 9 h was 
not associated with depression symptoms in either the 
whole population analysis or the subgroup analysis.

Association between insomnia and depression
Table 2; Fig. 3 display the association between insomnia 
and depression among all study participants. In models 1 
and 2, the people with insomnia symptoms had a higher 
odds ratio for depression symptoms(OR:3.45, 95%CI 
3.08–3.87; OR:1.87, 95%CI 1.84–2.36, respectively) com-
pared to the one with no insomnia symptoms. Further 
subgroup analysis was performed separately for the age 
of recruitment and gender. As shown in the Table 2, the 
associations between insomnia symptoms and depres-
sion symptoms were significantly positive statistically in 

Variable Depressive symptoms P value
Total (n = 42,242) No(N = 40,525 ) Yes(N = 1717 )

 yes 14,034 (33.2%) 13,372 (33.0%) 662 (38.6%)

Diabetes, n (%) <0.001

 No 37,017 (87.6%) 35,575 (87.8%) 1442 (84.0%)

 yes 5225 (12.4%) 4950 (12.2%) 275 (16.0%)

BMI (kg/m2): mean (SD) <0.05

 < 23.9 19,568(46.4%) 18,764(46.4%) 804(46.9%)

 24-27.9 16,754(39.7%) 16,113(39.8%) 641(37.4%)

 ≥ 28 5854(13.9%) 5585(13.8%) 269(15.7%)

Insomnia, n(%) <0.001

 No 23,006 (54.5%) 22,591 (55.7%) 415 (24.2%)

 yes 19,236 (45.5%) 17,934 (44.3%) 1302 (75.8%)

Night sleep duration, h(%) <0.001

 < 7 h 12,719 (30.1%) 11,832 (29.2%) 887 (51.7%)

 7–9 25,328 (60.0%) 24,635 (60.8%) 693 (40.4%)

 ≥ 9 4195 (9.93%) 4058 (10.0%) 137 (7.98%)
Continuous data were described as mean ± standard deviations, and statistical significance was assessed by the one-way analysis of variance.

Categorical data were summarized as percentages (%), and statistical significance was assessed by chi-square test.

Table 1 (continued) 
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all three age groups and both males and females. Nota-
bly, there is a stronger association in those aged 45–60 
years(OR:2.23, 95%CI 1.82–2.73) and in female partici-
pants (OR:2.17, 95%CI 1.84–2.56). Moreover, we con-
ducted stratification analysis by age and gender at the 
same time. Figure 3 shows that the association between 
insomnia symptoms and depression symptoms in men 
aged 45–59 years was the highest.

Discussion
In this large population-based study of adults aged 30–79 
years in the Sichuan Basin, 4.1% of participants reported 
having depressive symptoms. By Comparing the preva-
lence of 6.4–38.7% of depressive symptoms with a few 
previous studies [9, 18, 28], the total prevalence in our 
study was low. The low prevalence could be underesti-
mated because of the lack of mental health literacy and 
stigma-induced conscious non-disclosure reporting in 
the low-middle developing areas. In our study, we found 

Fig. 2 (A)Prevalence of depressive symptoms by age and sex
(B ~ D) Distribution of nocturnal sleep duration and insomnia by age and sex
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that nocturnal sleep duration and insomnia were asso-
ciated with depressive symptoms among adults aged 
30–79 years. After adjusting for demographic and socio-
economic information, health behavior, health-related 
variables, and social capital factors, those who reported 

“nocturnal sleep < 7 hours” and “had insomnia symptoms 
” had 47% and 87% increased risk of depression symp-
toms compared with “7 hours ≤ nocturnal sleep < 9hours” 
and “non-insomniacs”. However, Nocturnal sleep of 
9 hours or longer was not associated with depression 

Fig. 3 Odds ratio(OR) and 95% CI for depressive symptoms to binary categories (Males vs. Females) in three different age groups. (A)Results of nocturnal 
sleep duration < 7 h. (B)Results of nocturnal sleep duration ≥ 9 h. (C)Results of insomnia
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symptoms in either the whole population analysis or the 
subgroup analysis.

The study showed that nocturnal sleep duration and 
insomnia were associated with depressive symptoms 
among adults aged 30–79 years. After adjusting for 
demographic and socioeconomic information, health 
behavior, health-related variables, and social capital fac-
tors, those who reported“nocturnal sleep < 7 hours” and 
“had insomnia symptoms” had 47% and 87% higher risks 
of depression symptoms compared with“7  h ≤ noctur-
nal sleep < 9  h” and “non-insomniacs”. Furthermore, the 
effect of this association was higher in women. However, 
Nocturnal sleep of 9 h or longer was not associated with 
depression symptoms in either the whole population 
analysis or the subgroup analysis.

Our findings on the association between nocturnal 
sleep duration and depressive symptoms are consistent 
with some, but not all previous studies. The shorter or 
reduced duration of sleep has been shown to be a pre-
dictive factor for depression in some longitudinal or 
prospective studies [29]. A recent meta-analysis [30] 
including seven prospective studies indicated an associa-
tion between short sleep duration and the risk of depres-
sion, with a risk ratio of 1.31 compared with normal sleep 
duration. Most studies on long sleep duration found no 
significant association between long sleep duration and 
depression [31–33], which were similar to the results of 
our study, while a meta-analysis suggested that longer 
sleep duration predicted an increased risk of depression 
[5]. Furthermore, some cross-sectional studies found that 
shorter (≤ 6 h ) or longer (≥ 9 h ) sleep duration was asso-
ciated with an increased risk of depressive symptoms [9, 
18, 34] and these also didn’t find significant associations 
between long sleep duration and depression symptoms 
[28, 35]. Potential reasons for the conflicting results could 
be that: (1) the potential confounders adjusted for were 
different in each study ; (2) the definition of sleep dura-
tion is inconsistent ; (3) the age group of participants var-
ied from study to study;(4)the percentage of participants 
with long sleep duration.

Compared with previous studies, our study conducted 
a more detailed relationship analysis of nocturnal sleep 
time and depressive symptoms in different age and gen-
der groups. We found that those with nocturnal sleep 
duration of fewer than 7  h with aged<45 years old had 
a 91% increased risk of depression (P<0.01) compared 
to participants with 7  h ≤ nocturnal sleep < 9  h, and 
the strength of association was stronger than those age 
45–59 (OR = 1.44) and aged ≥ 60 (OR = 1.29) groups. Fur-
ther analysis showed that this relationship was most sig-
nificant in females aged<45(OR = 2.03).

In the present study, insomnia symptoms were com-
parable to those used in the Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM-V) [21]. Among 

individuals without apparent physical and mental dis-
orders, the proportion reporting at least one insom-
nia symptom in the present study (45.5%) was generally 
higher than that reported in the US population [36] as 
well as the estimates in some other regions of China [27]. 
Although previous studies indicated that about one-third 
of adults (30-36%) report at least one nocturnal insom-
nia symptom [37], validating the prevalence of insomnia 
symptoms in the Sichuan Basin is at a high level. Fur-
thermore, our results are in agreement with the previous 
findings [33, 38] that women had more insomnia symp-
toms than men.

The results of previous studies on the association 
between insomnia symptoms and depression symptoms 
are consistent with our study. A few prospective studies, 
including the US-based HUNT study of 24,715 people, 
reported that insomnia is a predictive factor of long-term 
risk of mental diseases [7]. A meta-analysis including 
34 prospective studies identified a positive relationship 
between insomnia symptoms and depression symptoms, 
the pooled RR was 2.27 [15]. A cross-sectional study of 
older women over 60 in Shanghai showed that poor sleep 
quality increases the risk of normal depression symptoms 
[14]. A co-twin control study showed that depressive 
symptoms were associated with several objectively mea-
sured indices of sleep disturbance [16].

In our study, we found that those in the 45–59 age 
group with insomnia symptoms had the highest risk 
of depression symptoms(OR = 2.23), and the risk of 
women(OR = 2.17) was higher than men(OR = 1.33). Fur-
ther analysis showed that this relationship was most sig-
nificant in males aged 45–59(OR = 2.53).

There are several possible explanations for the link 
between sleep states and depressive symptoms. First, 
short sleep duration can lead to daytime physical exhaus-
tion, resulting in daytime sleepiness and lethargy, altered 
circadian rhythms, and increased risk of depression 
symptoms [39]. Second, inflammation is a key factor 
strongly associated with depression. The study reported 
that short sleep duration and insomnia symptoms were 
associated with increases in inflammatory cytokines 
such as CRP and IL6 [40, 41]. Third, good sleep helps 
boost levels of melatonin [42], a molecule that regulates 
pleiotropic effects that reduce symptoms of depression 
[43]. Our findings showed the association in females was 
stronger compared with males, which was consistent with 
the previous study [28]. In our study, both the prevalence 
of depression and the association between sleep dura-
tion, insomnia symptoms and depression symptoms were 
higher in females than in males. This may be due to the 
contribution of sleep duration in women to the onset of 
depression in the synergistic effect of sex hormones (e.g., 
estrogen). In addition, females are more likely to experi-
ence depression in the context of hormonal fluctuations, 
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during adolescence, pre menstruation, postpartum, and 
the transition to perimenopause [38]. Notably, in con-
trast to the previous literature, which focused more on 
older adults, the 30–45 age group and 45–59 age group 
in our study showed a stronger association between sleep 
and depression. It may be due to the reason of young and 
middle-aged people have greater life and financial pres-
sures. Therefore, more evidence studies on the mecha-
nism of different strength relationships between sleep 
and depressive symptoms in young and middle-aged peo-
ple are needed.

The strengths of this study were the large sample size 
and included many potential confounding factors, such 
as demographic, socioeconomic information, lifestyles, 
self-rated health status, pain rate, family social capital, 
community/society social capital, stressful life events, 
history of hypertension, and history of diabetes. In addi-
tion, our study was more comprehensive because we per-
formed a stratified analysis to examine differences in the 
relationship between sleep and depressive symptoms by 
age and gender. However, this study has some limitations. 
First, the study was cross-sectional, so it was impossible 
to infer causality. Second, the study population was vol-
untary, and individuals with major depressive symptoms 
were less likely to complete the study, which may be 
another reason for the low prevalence. Third, we used the 
PHQ-2 to measure depressive symptoms. The scale was 
suitable for use in community epidemiological studies, 
and its reliability and validity were demonstrated in this 
population-friendly study, without clinical knowledge. 
However, symptoms of depression can be overestimated 
or underestimated. Participants with positive screen-
ing results should be assessed using clinical diagnostic 
tools or interviewed directly with a clinical psychologist 
to determine if they met the criteria for major depressive 
symptoms.

Conclusion
In summary, nocturnal sleep duration and insom-
nia symptoms were positively associated with the risk 
of depressive symptoms in Chinese adults of Sichuan 
Basin. In three age groups, short-sleep individuals had 
an increased risk of depression symptoms compared 
to those with moderate sleep duration, and the same 
trend was also found in insomniacs compared to non-
insomniac, with the strongest associations in the < 45 
years age group and 45–59 age group, respectively. In 
addition, short sleep duration and insomnia were risk 
factors for depressive symptoms for males and females, 
and the strength of association in females was stronger 
compared with males. Moreover, the association between 
short sleep duration and depression symptoms was high-
est among women aged less than 45 years, and the asso-
ciation between insomnia symptoms and depression 

symptoms was the highest among men aged 45–59 years. 
Our result indicated that short sleep duration and insom-
nia symptoms are likely signals of depressive symptoms, 
especially in the middle-aged population and females, 
which should be more concerned.
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