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Abstract

Poor sleep quality or short and long sleep duration are associated with many negative health

outcomes, such as diabetes, hypertension, and fatigue, which may directly or indirectly cor-

relate with poor mental health. Although, the association between sleep duration and qual-

ity, and depressive symptoms has been examined, the results of these studies were

inconsistent and evidence specifically on older women is lacking. Therefore, we designed a

cross-sectional study to evaluate the association between sleep duration and quality, and

depressive symptoms in a relatively large sample of older Chinese women. The data were

collected from 1,429 older women aged�60 years during bone-health examinations in

Shanghai. Information on sleep duration and quality were assessed using a self-reported

questionnaire. Depressive symptoms were assessed using the Zung self-rating depression

scale (SDS), and depressive symptoms were considered present for SDS scores� 45.

Logistic regression models were used to analyze the association between sleep and

depressive symptoms. After adjusting for all potential confounding factors, a J-shaped asso-

ciation was found between sleep duration and depressive symptoms. When a sleep duration

of 6–8 hours was set as a reference, the odds ratios and 95% confidential intervals of short

and long sleep duration were 1.31 (0.99, 1.73) and 2.10 (1.40, 3.16), respectively. More-

over, sleep quality was inversely associated with the prevalence of depressive symptoms

(p for trend = 0.040). When the SDS cut-off score defining depressive symptoms was

changed to 40 and 50, these associations were somewhat weakened, but the trend did not

change. This study replicated and extended prior research findings that sleep duration and

quality may influence mental health in older women.
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Introduction

Sleep plays an important role in maintaining the functions of the human body, such as the

maintenance of consciousness, cognitive functions, maintenance of biological rhythms, repair

and defense functions, and stress relief [1]. Poor sleep quality is associated with poor health

outcomes such as a higher prevalence of hypertension [2] and increased risk of mortality in

older populations [3]. On the other hand, many studies have also shown a U-shaped associa-

tion between sleep duration and health, with some asserting that a sleep duration of 7–8 hours

is associated with lower rates of mortality [4] and diabetes [5]. Additionally, some have shown

that the risks for stroke, asthma attacks, and cognitive impairment were lower in persons sleep-

ing 6–8 hours at night [6–8]. Sleep durations of less than 6 hours were also associated with an

increased prevalence of hypertension [9]. Based on these previous findings, 6–8 hours of sleep

could be considered beneficial to human health. However, in older adults, complaints about

sleep-related issue are common, of which many are physiological, such as an increased time to

fall asleep and decreased total sleep time, and are associated with the normal aging process.

Moreover, the incidence of primary sleep disorders is increased in the older adults. Therefore,

sleep conditions in older adults differ from those in the general population.

Meanwhile, depressive symptoms are a common mental disorder worldwide [10], and

affect peoples’ health, and are associated with cardiovascular diseases [11], diabetes [12], and

even mortality among older adults [13]. Thus, preventing or improving depressive symptoms

is important for human health. As sleep status is related with many diseases, we speculated

that it may also directly or indirectly influence mental health. Some studies have reported a

relationship between sleep duration and quality, and depressive symptoms. However, most of

these studies focused on a specific population, such as adolescents and young adults. To our

knowledge, very few studies have investigated the association of sleep duration and quality

with depressive symptoms in older people, especially in elderly Chinese.

The Chinese population accounts for approximately 20% of the total world population. In

China, one-third of the elderly aged 75 and older are living with depressive symptoms [14]. In

addition, in 2017 there were 240.9 million people aged� 60 years in China [15], and this num-

ber is increasing. As sleep states vary with age, it is crucial to examine the association between

sleep and depressive symptoms in older populations. Furthermore, the evidence suggests that

women have a higher risk of depressive symptoms than men [16, 17]. As it is especially neces-

sary to examine this association with depressive symptoms in women, we designed a cross-sec-

tional study to examine the association of sleep duration and quality with depressive

symptoms among older Chinese women. Based on previous studies, we hypothesized that, in

addition to the younger population, poor sleep quality or short and long sleep durations would

likely be associated with depressive symptoms in older women.

Materials and methods

Participants

The present study is a cross-sectional study of a population of older Chinese women. The data

were collected from a bone-health examination of women aged 60 years and older at the

health-management center in the Jiuhua Area, Shanghai, between April 2019 and May 2019.

Participants participated in the health examination voluntarily. An additional questionnaire

survey was performed after the examination with one-to-one support. Written consent was

obtained from the participants before the survey. The study was approved by the Ethics Com-

mittee of the Huaiyin Institute of Technology. We invited all participants who had undergone

the bone-health examination, of whom 1,510 agreed to participate. We excluded participants
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who were taking antidepressants, were receiving psychological therapy (n = 42), or who had

missing data in their questionnaire (n = 39). Therefore, the final population comprised 1,429

elderly women.

Assessment of sleep

Sleep duration and quality were assessed using a self-reported questionnaire that included

sleep-related questions. Participants were asked to rate their difficulties in initiating and main-

taining sleep on a five-point scale: 1,< 1 day per month; 2, 1–3 days per month; 3, 4–7 days per
month; 4, 8–15 days per month; and 5,� 16 days per month. Subsequently, 1 and 2 were

defined as “good sleep,” 3 was defined as “common sleep quality,” and 4 and 5 were defined as

“poor sleep quality” [18]. Sleep duration was assessed by the question: “How many hours did

you usually sleep at night in the past month?” The response options were:< 6 hours, 6–8
hours, and> 8 hours.

Assessment of depressive symptoms

We assessed depressive symptoms using the Chinese version of the Zung self-rating depression

scale (SDS), a self-administered questionnaire designed to screen for the severity of the depres-

sive symptoms that consists of 20 items scored from 1 to 4 points depending on the frequency

of the listed problems [19]. The overall score is the sum of the scales corresponding to the 20

items, and ranges from 20 to 80. We used the cut-off value of 45 to define depressive symptoms

[20], and the cut-off values of 40 and 50 were used for sensitivity analysis [21]. These values are

widely used in epidemiological studies to diagnose depressive symptoms [20, 21]. Greater val-

ues indicate increased severity of depressive symptoms. The reliability and validity of the SDS

in Chinese populations have been demonstrated by a previous study [22].

Confounding factors

Body mass index (BMI) was calculated as weight (kg) divided by height (m) squared. Body

weight and height were measured before bone examinations and expressed in kilograms and

centimeters, respectively. Blood pressure was measured on the upper left arm with an automatic

device (KENTARO HBP-9021J, Japan). If the value of the first measurement was abnormal, a

second measurement was carried out. Hypertension was defined as systolic blood

pressure� 140 mmHg or diastolic blood pressure� 90 mmHg, or the use of an anti-hyperten-

sive drug [23]. Information on age, former occupation, smoking and drinking status, household

income, living condition, and educational level were obtained from the questionnaire survey.

Former occupation was divided into white-collar and blue-collar occupations. Tobacco smok-

ing was divided into smoker, former smoker, and non-smoker. Alcohol drinking was divided

into drinking every day, drinking occasionally, and non-drinker. Household income was

divided into three categories: low income� 50 000 Yuan, middle income 50 001–70 000 Yuan,

and high income> 70 000. Educational level was divided into< high school and� high school.

Physical activity was evaluated by frequency of physical exercise, where more than six days per

week was defined as “high physical activity,” one day to five days per week was defined as “mid-

dle physical activity,” and “never exercise” was defined as “low physical activity.”

Statistical analyses

The differences in variables between the depressive symptom categories were examined using

analysis of variance (ANOVA) for continuous variables or the chi-square test for categorical vari-

ables. A logistic regression analysis was performed to estimate crude odds ratios (ORs) and
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confidence intervals (CIs) for the association between sleep and depressive symptoms. A multiple

logistic regression analysis was performed to adjust for confounding factors. Depressive symp-

toms were used as the dependent variables, and sleep duration and quality were used as the inde-

pendent variables. The adjusted model used age, BMI, occupation, smoking and alcohol drinking

status, household income, living condition, educational level, hypertension, diabetes, and physical

activity as confounding factors. A p-value of less than 0.05 was considered statistically significant

for all analyses. All analyses were conducted using SPSS version 24.0 (SPSS, Inc., Chicago, IL).

Results

The detailed characteristics of all participants with or without depressive symptoms are shown

in Table 1. After excluding for participants who did not meet the criteria, a total of 1,429 par-

ticipants were included in the final analysis (mean age 69.2±7.09 years). The rate of depressive

symptoms was 24.6% for SDS� 45. The participants with depressive symptoms were more

likely to be older (p< 0.001), and have a higher BMI (p = 0.002). The proportion of blue-collar

workers, low household income, low educational level, and diabetes were higher in the depres-

sion category (p = 0.001, < 0.001, = 0.017, and = 0.008, respectively). Participants who were

non-smokers or who had a higher household income were more likely to have less depressive

symptoms (p< 0.001, and< 0.001, respectively).

We assessed the association between sleep duration and depressive symptoms in logistic

regression models, from which the odds ratios and 95% CIs of the crude and adjusted models

are shown in Table 2. No linear association was found between sleep duration and depressive

symptoms. However, compared with a sleep duration of 6–8 hours, the odds ratio and 95%

CIs of< 6 hours and > 8 hours sleep duration were 1.37 (1.06, 1.79) and 1.94 (1.33, 2.83),

respectively (p< 0.05 for both) in the crude model. In addition, this J-shaped association did

not change in Model 1. In the final adjusted model (Model 2), greater than 8 hours of sleep

was significantly associated with a higher prevalence of depressive symptoms.

The association between sleep quality and depressive symptoms is shown in Table 3. Com-

pared to good sleep quality, normal and poor categories of sleep quality were significantly associ-

ated with a higher prevalence of depressive symptoms, showing a clear inverse linear trend in the

crude model (p for trend = 0.029). A similar association was observed in Model 1; the adjusted

ORs (95% CIs) for depressive symptoms across all categories of sleep quality were 1 for good

sleep quality, 1.06 (0.79, 1.44) for normal sleep quality, and 1.44 (0.99, 2.10) for poor sleep quality,

(p for trend = 0.071). In Model 2, this inverse association was unchanged (p for trend = 0.040).

The results of the sensitivity analysis using SDS cut-off of 40 and 50 points are shown in Fig

1. Sleep durations greater than 8 hours were significantly associated with a higher prevalence

of depressive symptoms for both SDS cut-off points, 40 and 50. On the other hand, although it

was not significant, there was an inverse association between sleep quality and the prevalence

of depressive symptoms at both SDS cut-off points, 40 and 50.

Discussion

In the present study, we investigated the association of sleep duration and quality with depres-

sive symptoms among older Chinese women. The results showed that sleep durations of less

than or equal to 8 hours and good sleep quality were associated with a lower prevalence of

depressive symptoms. Our study expands previous findings on the association of sleep and

depressive symptoms and suggests that sleep duration and quality may influence mental health

in older women.

To our knowledge, this is the first study to investigate the association between sleep dura-

tion and depressive symptoms in older Chinese women. Our present findings are consistent
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with studies verifying that short or long sleep durations are associated with a higher prevalence

of depressive symptoms among older populations. An American cohort study found that short

sleep duration was associated with a higher risk of depressive symptoms in 1,110 older adults

aged 65 years and older [24]. Another study showed that long sleep duration was associated

with a higher risk of depressive symptoms in 2,510 elderly American men aged 65 years and

older [25]. A Japanese longitudinal study also showed that long sleep duration was associated

with a higher risk of depressive symptoms in 4,997 elderly people aged 65 years and older [26].

In addition, a study in the Netherlands conducted with 5,019 persons aged 58–100 years found

that both short- and long-duration sleepers were more likely to have a depressive disorder

[27]. However, sex-stratified analyses were not performed in these studies. Thus, these results

only hold for the older population in general and for older men. Considering that older

women who have experienced menostasis have different sleep patterns and a different mental

Table 1. Participant characteristics according to depressive symptoms.

Non depressive symptoms Depressive symptoms p valuea

n = 1077 n = 352

Age (years) 68.6 (68.1, 69.0) 71.1 (70.4, 71.8) < 0.001

BMI (kg/m2) 24.1 (23.9, 24.3) 24.6 (24.3, 25.0) 0.002

Former occupation (n; %)

White collar 208 (19.3) 28 (8.0) < 0.001

Blue collar 869 (80.7) 324 (92.0)

Smoking (n; %)

Smoker and former smoker 17 (1.6) 14 (4.0) 0.011

Non-smoker 1060 (98.4) 338 (96.0)

Alcohol drinking (n; %)

� 1 time/week 65 (6.0) 22 (6.2) 0.898

Non-drinker 1012 (94.0) 330 (93.8)

Household Income (n; %)

Low 359 (33.3) 157 (44.6) < 0.001

Middle 349 (32.4) 88 (25.0)

High 369 (34.3) 107 (30.4)

Living along (n; %)

Yes 86 (8.0) 30 (8.5) 0.737

No 991 (92.0) 322 (91.5)

Educational level (n; %)

�High school 217 (20.1) 93 (26.4) 0.017

< High school 860 (79.9) 259 (73.6)

Hypertension (n; %)

Yes 63.4 (59.7) 195 (55.4) 0.170

No 434 (40.3) 157 (44.6)

Diabetes (n; %)

Yes 176 (16.3) 80 (22.7) 0.008

No 901 (83.7) 272 (77.3)

Physical activity (n; %)

Low 397 (36.9) 199 (56.5) < 0.001

Middle 141 (13.1) 65 (18.5)

High 539 (50.0) 88 (25.0)

a Obtained by using ANOVA for continuous variables and x2 test for variables of proportion.

https://doi.org/10.1371/journal.pone.0262331.t001
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status than men, this association merits investigation in elderly women. In fact, one American

study indicated that both short (< 5 hours) and long sleep (> 8 hours) duration were associ-

ated with increased odds of depressive symptoms in 952 women aged 70 years and older [28].

However, there are some differences, such as age, nationality, and assessment of depressive

symptoms, between that study and ours. Our study thus helps make up for the deficiency in

studies on women.

Studies of adolescents and adults have suggested that the risk of depressive symptoms

increases with poor sleep quality. A cross-sectional study found that sleep disturbance was a pre-

dictor of depressive symptoms in 1,500 female Chinese nurses [29]. Additionally, in another

Chinese study of 17,946 adolescents (14–18 years old), sleep difficulties were verified to be posi-

tively correlated with depressive and anxiety symptoms in both cross-sectional and longitudinal

samples [30]. A few studies have examined this association in the elderly population. They

found that sleep disturbance at baseline increased odds of depressive symptoms at follow-up a

few years later [28, 31]. On the other hand, one study found that good self-reported sleep quality

was related to low scores on the PHQ-9 (nine-item Patient Health Questionnaire) scores (β =

0.59, p< 0.001), in an older Chinese population (age� 60 years) [32]. Although the evaluation

Table 2. Adjusted associations between sleep duration and depressive symptoms among 1,429 older women.

Sleep duration (hours) p for trenda

< 6 6–8 > 8

n. 484 794 151

Depressive symptoms, n 131 169 52

Crude 1.37 (1.06, 1.79)b, c 1 1.94 (1.33, 2.83)c 0.766

Model 1d 1.32 (1.01, 1.72)c 1 2.11 (1.44, 3.11)c 0.413

Model 2e 1.31 (0.99, 1.73) 1 2.10 (1.40, 3.16)c 0.458

a Obtain using Multiple logistic regression analysis.
b Results are expressed as odds and 95% CIs (all such variables).
c Significantly different to the reference category (p < 0.05).
d Adjusted for age, BMI.
e Adjusted for age, BMI, educational level, former occupation, household income, living condition, smoking and

drinking habits, hypertension, diabetes, physical activity.

https://doi.org/10.1371/journal.pone.0262331.t002

Table 3. Adjusted associations between sleep quality and depressive symptoms among 1,429 older women.

Sleep quality p for trenda

Good Normal Poor

n. 374 819 236

Depressive symptoms, n 84 195 73

Crude 1 1.08 (0.81, 1.44)b 1.55 (1.07, 2.23)c 0.029

Model 1d 1 1.06 (0.79, 1.44) 1.44 (0.99, 2.10) 0.071

Model 2e 1 1.31 (0.92, 1.85) 1.68 (1.01, 2.79)c 0.040

a Obtain using Multiple logistic regression analysis.
b Results are expressed as odds and 95% CIs (all such variables).
c Significantly different to the first category (p < 0.05).
d Adjusted for age, BMI.
e Adjusted for age, BMI, educational level, former occupation, household income, living condition, smoking and

drinking habits, hypertension, diabetes, physical activity, sleep duration.

https://doi.org/10.1371/journal.pone.0262331.t003
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of sleep duration, quality, and depressive symptoms in our study differs from these previous

studies, our study is consistent with them, and further strengthens the evidence of an associa-

tion of sleep duration and quality with depressive symptoms in older Chinese women.

There are several potential explanations for the association between sleep status and depres-

sive symptoms. First, a major explanation is inflammation, a key factor strongly associated with

depression [33]. Studies have reported both short and long sleep durations and poor sleep qual-

ity to be associated with increased inflammatory cytokines such as CRP and IL6 [34–36]. Sec-

ond, good sleep quality could help increase levels of melatonin [37], a pleiotropic regulator

molecule that has been reported to alleviate depressive symptoms [38]. Third, in older adults,

poor sleep quality potentially induces more negative cognitions, emotions and activities, which

eventually results in a greater depressive symptom [39]. Fourth, a previous study suggested that

poor sleep contributes to a decline in physical functioning among older women [40], and recent

evidence suggests that sleep problems may increase the risk of chronic pain [41]. Furthermore,

these two factors may be associated with a high risk of depressive symptoms.

The strength of this study is that we used three cut-off points in the SDS score (from mild

to severe) to examine the association with sleep. On the other hand, there are also several limi-

tations to our study that must be considered. First, due to the nature of cross-sectional studies,

it is difficult to draw conclusions about causality from our results. Second, participants in this

Fig 1. Adjusted association between sleep duration, sleep quality and depressive symptoms in 1,429 older women.

Results was adjusted using age, BMI, educational level, former occupation, household income, living condition, smoking and

drinking habits, hypertension, diabetes, physical activity. Additionally, adjusted using sleep duration for sleep quality. �: p<0.05.

https://doi.org/10.1371/journal.pone.0262331.g001
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study were drawn from just one bone-health examination program in one area of Shanghai,

and individuals taking antidepressants or receiving psychological therapy were excluded.

Thus, as a selection bias existed, the present study sample may not be representative of the gen-

eral population. Further research is required to ascertain whether these associations are repli-

cated in other populations. Third, as data on confounding factors were limited, we cannot

exclude the possibility that depressive symptoms are affected by other factors correlated with

sleep. Fourth, sleep duration was categorized in the questionnaire as< 6, 6–8, and> 8 hours.

Thus, we cannot exclude the possibility that the results that would change were optimal sleep

duration to be set at either 6–7 or 7–8 hours. In addition, standardized scales to assess sleep

quality, such as the Pittsburgh Sleep Quality Index, could not be used in this study due to lim-

ited questionnaire space and survey time. Fifth, we collected data on sleep duration and quality

using a self-reported questionnaire. Real sleep conditions were not observed, which introduces

the possibility of recall bias.

In conclusion, the present study shows that sleep durations less than or equal to 8 hours

and good sleep quality may be associated with a lower prevalence of depressive symptoms

among older Chinese women. Considering that sleep duration less than 6 hours is not recom-

mended, maintaining a 6–8-hour sleep duration may be optimal to mental health. Our find-

ings further strengthen the evidence on the association between sleep and mental health and

provide important evidence for woman’s mental health and implications for the field of pre-

ventive medicine and health education. Prospective studies or randomized trials are required

to confirm these findings and clarify their causality.

Acknowledgments

We greatly appreciate the comments and suggestions made by the Associate Editor of the jour-

nal and the two anonymous reviewers. Our study was significantly improved by those com-

ments and suggestions. We thank all participants for filling in the questionnaires and

supporters for the possibility to perform the study.

Author Contributions

Conceptualization: Yongxiang Wang.

Data curation: Yufei Cui, Jiameng Ma.

Formal analysis: Luyao Zhang, Yufei Cui.

Investigation: Luyao Zhang, Yongxiang Wang, Haiyun Sang.

Methodology: Liang Ding, Luyao Zhang, Yufei Cui, Qiang Gong, Jiameng Ma.

Supervision: Liang Ding, Yongxiang Wang.

Validation: Liang Ding, Yufei Cui, Qiang Gong, Jiameng Ma, Haiyun Sang.

Writing – original draft: Liang Ding, Luyao Zhang.

Writing – review & editing: Liang Ding, Luyao Zhang, Yufei Cui, Qiang Gong, Jiameng Ma,

Yongxiang Wang, Haiyun Sang.

References
1. Dinges DF, Douglas SD, Hamarman S, Zaugg L, Kapoor S. Sleep deprivation and human immune func-

tion. Advances in neuroimmunology. 1995; 5(2):97–110. https://doi.org/10.1016/0960-5428(95)00002-j

PMID: 7496616.

PLOS ONE Sleep and depressive symptoms in older Chinese women

PLOS ONE | https://doi.org/10.1371/journal.pone.0262331 March 15, 2022 8 / 10

https://doi.org/10.1016/0960-5428(95)00002-j
http://www.ncbi.nlm.nih.gov/pubmed/7496616
https://doi.org/10.1371/journal.pone.0262331


2. Wu W, Wang W, Gu Y, Xie Y, Liu X, Chen X, et al. Sleep quality, sleep duration, and their association

with hypertension prevalence among low-income oldest-old in a rural area of China: A population-

based study. Journal of psychosomatic research. 2019; 127:109848. https://doi.org/10.1016/j.

jpsychores.2019.109848 PMID: 31670193.

3. Kojima M, Wakai K, Kawamura T, Tamakoshi A, Aoki R, Lin Y, et al. Sleep patterns and total mortality:

a 12-year follow-up study in Japan. Journal of epidemiology / Japan Epidemiological Association. 2000;

10(2):87–93. https://doi.org/10.2188/jea.10.87 PMID: 10778032.

4. Hublin C, Partinen M, Koskenvuo M, Kaprio J. Sleep and mortality: a population-based 22-year follow-

up study. Sleep. 2007; 30(10):1245–53. https://doi.org/10.1093/sleep/30.10.1245 PMID: 17969458.

5. Gottlieb DJ, Punjabi NM, Newman AB, Resnick HE, Redline S, Baldwin CM, et al. Association of sleep

time with diabetes mellitus and impaired glucose tolerance. Archives of internal medicine. 2005; 165

(8):863–7. https://doi.org/10.1001/archinte.165.8.863 PMID: 15851636.

6. Qureshi AI, Giles WH, Croft JB, Bliwise DL. Habitual sleep patterns and risk for stroke and coronary

heart disease: a 10-year follow-up from NHANES I. Neurology. 1997; 48(4):904–11. https://doi.org/10.

1212/wnl.48.4.904 PMID: 9109875.

7. Luyster FS, Shi X, Baniak LM, Morris JL, Chasens ER. Associations of sleep duration with patient-

reported outcomes and healthcare use in U.S. adults with asthma. Annals of allergy, asthma & immu-

nology: official publication of the American College of Allergy, Asthma, & Immunology. 2020. https://doi.

org/10.1016/j.anai.2020.04.035 PMID: 32389780.

8. Ding G, Li J, Lian Z. Both short and long sleep durations are associated with cognitive impairment

among community-dwelling Chinese older adults. Medicine. 2020; 99(13):e19667. https://doi.org/10.

1097/MD.0000000000019667 PMID: 32221096.

9. Guan Y, Zhang M, Zhang X, Zhao Z, Huang Z, Li C, et al. Association between sleep duration and

hypertension of migrant workers in China: a national cross-sectional surveillance study. BMJ open.

2019; 9(11):e031126. https://doi.org/10.1136/bmjopen-2019-031126 PMID: 31784437.

10. Whiteford HA, Degenhardt L, Rehm J, Baxter AJ, Ferrari AJ, Erskine HE, et al. Global burden of dis-

ease attributable to mental and substance use disorders: findings from the Global Burden of Disease

Study 2010. Lancet. 2013; 382(9904):1575–86. https://doi.org/10.1016/S0140-6736(13)61611-6

PMID: 23993280.

11. Correll CU, Solmi M, Veronese N, Bortolato B, Rosson S, Santonastaso P, et al. Prevalence, incidence

and mortality from cardiovascular disease in patients with pooled and specific severe mental illness: a

large-scale meta-analysis of 3,211,768 patients and 113,383,368 controls. World Psychiatry. 2017; 16

(2):163–80. https://doi.org/10.1002/wps.20420 PMID: 28498599.

12. Vancampfort D, Correll CU, Galling B, Probst M, De Hert M, Ward PB, et al. Diabetes mellitus in people with

schizophrenia, bipolar disorder and major depressive disorder: a systematic review and large scale meta-

analysis. World Psychiatry. 2016; 15(2):166–74. https://doi.org/10.1002/wps.20309 PMID: 27265707.

13. Schulz R, Drayer RA, Rollman BL. Depression as a risk factor for non-suicide mortality in the elderly. Bio-

logical psychiatry. 2002; 52(3):205–25. https://doi.org/10.1016/s0006-3223(02)01423-3 PMID: 12182927.

14. Qin X, Wang S, Hsieh C. The prevalence of depression and depressive symptoms among adults in

China: estimation based on a National Household Survey. China Econ Rev. 2018; 51:271–82.

15. National Bureau of Statistics. China statistical Yearbook 2018. Beijing: China Statistics Press. 2018.

16. WHO. Depression and other common mental disorders: Global health estimates. 2017.

17. Schreiber DR, Dautovich ND. Depressive symptoms and weight in midlife women: the role of stress eat-

ing and menopause status. Menopause. 2017; 24(10):1190–9. https://doi.org/10.1097/GME.

0000000000000897 PMID: 28697039.

18. Chen Y, Cui Y, Chen S, Wu Z. Relationship between sleep and muscle strength among Chinese univer-

sity students: a cross-sectional study. Journal of musculoskeletal & neuronal interactions. 2017; 17

(4):327–33. PMID: 29199194.

19. Zung WW. A Self-Rating Depression Scale. Archives of general psychiatry. 1965; 12:63–70. https://doi.

org/10.1001/archpsyc.1965.01720310065008 PMID: 14221692.

20. Cui Y, Huang C, Momma H, Ren Z, Sugiyama S, Guan L, et al. Consumption of low-fat dairy, but not

whole-fat dairy, is inversely associated with depressive symptoms in Japanese adults. Soc Psychiatry

Psychiatr Epidemiol. 2017; 52(7):847–53. https://doi.org/10.1007/s00127-016-1333-1 PMID: 28070597.

21. Zhu Z, Cui Y, Gong Q, Huang C, Guo F, Li W, et al. Frequency of breakfast consumption is inversely

associated with the risk of depressive symptoms among Chinese university students: A cross-sec-

tional study. PLoS One. 2019; 14(8):e0222014. https://doi.org/10.1371/journal.pone.0222014

PMID: 31469883.

22. Wang X. Mental health assessment scale manual. Chin Mental Health J Suppl. 1999:194–5 (in

Chinese).

PLOS ONE Sleep and depressive symptoms in older Chinese women

PLOS ONE | https://doi.org/10.1371/journal.pone.0262331 March 15, 2022 9 / 10

https://doi.org/10.1016/j.jpsychores.2019.109848
https://doi.org/10.1016/j.jpsychores.2019.109848
http://www.ncbi.nlm.nih.gov/pubmed/31670193
https://doi.org/10.2188/jea.10.87
http://www.ncbi.nlm.nih.gov/pubmed/10778032
https://doi.org/10.1093/sleep/30.10.1245
http://www.ncbi.nlm.nih.gov/pubmed/17969458
https://doi.org/10.1001/archinte.165.8.863
http://www.ncbi.nlm.nih.gov/pubmed/15851636
https://doi.org/10.1212/wnl.48.4.904
https://doi.org/10.1212/wnl.48.4.904
http://www.ncbi.nlm.nih.gov/pubmed/9109875
https://doi.org/10.1016/j.anai.2020.04.035
https://doi.org/10.1016/j.anai.2020.04.035
http://www.ncbi.nlm.nih.gov/pubmed/32389780
https://doi.org/10.1097/MD.0000000000019667
https://doi.org/10.1097/MD.0000000000019667
http://www.ncbi.nlm.nih.gov/pubmed/32221096
https://doi.org/10.1136/bmjopen-2019-031126
http://www.ncbi.nlm.nih.gov/pubmed/31784437
https://doi.org/10.1016/S0140-6736(13)61611-6
http://www.ncbi.nlm.nih.gov/pubmed/23993280
https://doi.org/10.1002/wps.20420
http://www.ncbi.nlm.nih.gov/pubmed/28498599
https://doi.org/10.1002/wps.20309
http://www.ncbi.nlm.nih.gov/pubmed/27265707
https://doi.org/10.1016/s0006-3223(02)01423-3
http://www.ncbi.nlm.nih.gov/pubmed/12182927
https://doi.org/10.1097/GME.0000000000000897
https://doi.org/10.1097/GME.0000000000000897
http://www.ncbi.nlm.nih.gov/pubmed/28697039
http://www.ncbi.nlm.nih.gov/pubmed/29199194
https://doi.org/10.1001/archpsyc.1965.01720310065008
https://doi.org/10.1001/archpsyc.1965.01720310065008
http://www.ncbi.nlm.nih.gov/pubmed/14221692
https://doi.org/10.1007/s00127-016-1333-1
http://www.ncbi.nlm.nih.gov/pubmed/28070597
https://doi.org/10.1371/journal.pone.0222014
http://www.ncbi.nlm.nih.gov/pubmed/31469883
https://doi.org/10.1371/journal.pone.0262331


23. Chaturvedi S. The Seventh Report of the Joint National Committee on Prevention, Detection, Evalua-

tion, and Treatment of High Blood Pressure (JNC 7): is it really practical? Natl Med J India. 2004; 17

(4):227. PMID: 15372777.

24. Lippman S, Gardener H, Rundek T, Seixas A, Elkind MSV, Sacco RL, et al. Short sleep is associated

with more depressive symptoms in a multi-ethnic cohort of older adults. Sleep medicine. 2017; 40:58–

62. https://doi.org/10.1016/j.sleep.2017.09.019 PMID: 29221780.

25. Paudel M, Taylor BC, Ancoli-Israel S, Blackwell T, Maglione JE, Stone K, et al. Sleep Disturbances and

Risk of Depression in Older Men. Sleep. 2013; 36(7):1033–40. https://doi.org/10.5665/sleep.2804

PMID: 23814340.

26. Yokoyama E, Kaneita Y, Saito Y, Uchiyama M, Matsuzaki Y, Tamaki T, et al. Association between

depression and insomnia subtypes: a longitudinal study on the elderly in Japan. Sleep. 2010; 33

(12):1693–702. https://doi.org/10.1093/sleep/33.12.1693 PMID: 21120150.

27. Van den Berg JF, Luijendijk HJ, Tulen JH, Hofman A, Neven AK, Tiemeier H. Sleep in depression and

anxiety disorders: a population-based study of elderly persons. The Journal of clinical psychiatry. 2009;

70(8):1105–13. https://doi.org/10.4088/JCP.08m04448 PMID: 19607762.

28. Maglione JE, Ancoli-Israel S, Peters KW, Paudel ML, Yaffe K, Ensrud KE, et al. Subjective and objec-

tive sleep disturbance and longitudinal risk of depression in a cohort of older women. Sleep. 2014; 37

(7):1179–87. https://doi.org/10.5665/sleep.3834 PMID: 25061246.

29. Ding J, Gehrman PR, Liu S, Yang F, Ma R, Jia Y, et al. Recovery Experience as the Mediating Factor in

the Relationship Between Sleep Disturbance and Depressive Symptoms Among Female Nurses in Chi-

nese Public Hospitals: A Structural Equation Modeling Analysis. Psychology research and behavior

management. 2020; 13:303–11. https://doi.org/10.2147/PRBM.S243864 PMID: 32273783.

30. Zhang WJ, Yan C, Shum D, Deng CP. Responses to academic stress mediate the association between

sleep difficulties and depressive/anxiety symptoms in Chinese adolescents. Journal of affective disor-

ders. 2020; 263:89–98. https://doi.org/10.1016/j.jad.2019.11.157 PMID: 31818801.

31. Livingston G, Blizard B, Mann A. Does sleep disturbance predict depression in elderly people? A study

in inner London. The British journal of general practice: the journal of the Royal College of General Prac-

titioners. 1993; 43(376):445–8. PMID: 8292414.

32. Liu JH, Ma QH, Sun HP, Xu Y, Pan CW. Depressive symptom as a mediator of the influence of self-

reported sleep quality on falls: a mediation analysis. Aging & mental health. 2020:1–6. https://doi.org/

10.1080/13607863.2020.1711860 PMID: 31920106.

33. Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK, et al. A meta-analysis of cytokines in

major depression. Biological psychiatry. 2010; 67(5):446–57. https://doi.org/10.1016/j.biopsych.2009.

09.033 PMID: 20015486.

34. Lee YC, Son DH, Kwon YJ. U-Shaped Association between Sleep Duration, C-Reactive Protein, and

Uric Acid in Korean Women. International journal of environmental research and public health. 2020; 17

(8). https://doi.org/10.3390/ijerph17082657 PMID: 32294936.

35. Patel SR, Zhu X, Storfer-Isser A, Mehra R, Jenny NS, Tracy R, et al. Sleep duration and biomarkers of

inflammation. Sleep. 2009; 32(2):200–4. https://doi.org/10.1093/sleep/32.2.200 PMID: 19238807.

36. Kim S, Yoon H. Volunteering, Subjective Sleep Quality, and Chronic Inflammation: A 5-Year Follow-Up

of the National Social Life, Health, and Aging Project. Research on aging. 2020:164027520922624.

https://doi.org/10.1177/0164027520922624 PMID: 32383394.

37. Yasar NF, Badak B, Canik A, Bas SS, Uslu S, Oner S, et al. Effects of Sleep Quality on Melatonin Levels

and Inflammatory Response after Major Abdominal Surgery in an Intensive Care Unit. Molecules. 2017;

22(9). https://doi.org/10.3390/molecules22091537 PMID: 28895895.

38. Satyanarayanan SK, Su H, Lin YW, Su KP. Circadian Rhythm and Melatonin in the Treatment of

Depression. Current pharmaceutical design. 2018; 24(22):2549–55. https://doi.org/10.2174/

1381612824666180803112304 PMID: 30073921.

39. Zhi TF, Sun XM, Li SJ, Wang QS, Cai J, Li LZ, et al. Associations of sleep duration and sleep quality

with life satisfaction in elderly Chinese: The mediating role of depression. Arch Gerontol Geriatr. 2016;

65:211–7. https://doi.org/10.1016/j.archger.2016.03.023 PMID: 27100684.

40. Goldman SE, Stone KL, Ancoli-Israel S, Blackwell T, Ewing SK, Boudreau R, et al. Poor sleep is associ-

ated with poorer physical performance and greater functional limitations in older women. Sleep. 2007;

30(10):1317–24. https://doi.org/10.1093/sleep/30.10.1317 PMID: 17969465.

41. Finan PH, Goodin BR, Smith MT. The association of sleep and pain: an update and a path forward. J

Pain. 2013; 14(12):1539–52. https://doi.org/10.1016/j.jpain.2013.08.007 PMID: 24290442.

PLOS ONE Sleep and depressive symptoms in older Chinese women

PLOS ONE | https://doi.org/10.1371/journal.pone.0262331 March 15, 2022 10 / 10

http://www.ncbi.nlm.nih.gov/pubmed/15372777
https://doi.org/10.1016/j.sleep.2017.09.019
http://www.ncbi.nlm.nih.gov/pubmed/29221780
https://doi.org/10.5665/sleep.2804
http://www.ncbi.nlm.nih.gov/pubmed/23814340
https://doi.org/10.1093/sleep/33.12.1693
http://www.ncbi.nlm.nih.gov/pubmed/21120150
https://doi.org/10.4088/JCP.08m04448
http://www.ncbi.nlm.nih.gov/pubmed/19607762
https://doi.org/10.5665/sleep.3834
http://www.ncbi.nlm.nih.gov/pubmed/25061246
https://doi.org/10.2147/PRBM.S243864
http://www.ncbi.nlm.nih.gov/pubmed/32273783
https://doi.org/10.1016/j.jad.2019.11.157
http://www.ncbi.nlm.nih.gov/pubmed/31818801
http://www.ncbi.nlm.nih.gov/pubmed/8292414
https://doi.org/10.1080/13607863.2020.1711860
https://doi.org/10.1080/13607863.2020.1711860
http://www.ncbi.nlm.nih.gov/pubmed/31920106
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.1016/j.biopsych.2009.09.033
http://www.ncbi.nlm.nih.gov/pubmed/20015486
https://doi.org/10.3390/ijerph17082657
http://www.ncbi.nlm.nih.gov/pubmed/32294936
https://doi.org/10.1093/sleep/32.2.200
http://www.ncbi.nlm.nih.gov/pubmed/19238807
https://doi.org/10.1177/0164027520922624
http://www.ncbi.nlm.nih.gov/pubmed/32383394
https://doi.org/10.3390/molecules22091537
http://www.ncbi.nlm.nih.gov/pubmed/28895895
https://doi.org/10.2174/1381612824666180803112304
https://doi.org/10.2174/1381612824666180803112304
http://www.ncbi.nlm.nih.gov/pubmed/30073921
https://doi.org/10.1016/j.archger.2016.03.023
http://www.ncbi.nlm.nih.gov/pubmed/27100684
https://doi.org/10.1093/sleep/30.10.1317
http://www.ncbi.nlm.nih.gov/pubmed/17969465
https://doi.org/10.1016/j.jpain.2013.08.007
http://www.ncbi.nlm.nih.gov/pubmed/24290442
https://doi.org/10.1371/journal.pone.0262331

