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Abstract

Background

No consensus has been reached on whether depression decreases or increases with age in

later life. Majority of the evidence comes from Western societies, while little is known about

this relationship and its rural-urban disparities in the Chinese context.

Methods

Three waves of data from 15,501 Chinese adults aged 45–85 years from the China Health

and Retirement Longitudinal Study, Chinese sister study of Health and Retirement Study,

were used. Depression caseness was identified using the 10-item Center for Epidemiologic

Studies Depression Scale (score�12). Urbanisation levels were determined by combining

rural-urban residence and rural-urban Hukou (a household registration system). Odds ratios

and predicted probabilities of depression caseness were estimated using generalised linear

mixed models.

Results

For both men and women and across all ages, the crude predicted probability of depression

caseness was the highest in the rural group, followed by the semi-urban group, and the low-

est in the urban group. The probability was stable over age among urban men (around

0.05), but it increased at an accelerated rate with age among semi-urban men (0.25 at age

85, 95% confidence interval [CI]: 0.13–0.44) and rural men (0.29 at age 85, 95% CI: 0.22–

0.39). Among women the age pattern was similar between the urbanisation groups: the

probability increased with age, reached a peak at ages 75–80 (urban women: 0.16, 95% CI:

0.13–0.20; semi-urban women: 0.28, 95% CI: 0.20–0.39; rural women: 0.41, 95% CI: 0.36–

0.46), and decreased slightly afterwards. These differences were significantly attenuated

when socio-demographic characteristics and physical disability, but not when behaviour-

related factors, were controlled for.
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Conclusion

The age trajectories of later-life depression caseness varied by gender and urbanisation lev-

els, and were not U-shaped as in many Western societies. The increasing depression case-

ness with age and the large rural disadvantage were substantially driven by socio-

demographic characteristics and physical disability.

Introduction

Depression, China’s fourth leading cause of disability,[1] has been increasingly recognised as a seri-

ous public health concern in its older population.[2, 3] According to a recent meta-analysis of 32

studies, the prevalence of depressive symptoms was approximately 10% higher among rural older

Chinese aged 60 and over (29.2%) than among their urban counterparts (20.5%).[4] This rural-

urban disparity contradicts observations from Western societies or other eastern Asian countries

where no substantial rural-urban difference or even an urban disadvantage was found.[5]

Older age can bring both strengths and vulnerabilities to mental health. Several strengths

acquired over the life course could lead to decreasing level of depression in later life, such as

improved general skills and strategies to avoid and solve problems and to manage unpredict-

able life events, more harmonious social and psychological traits, and better regulation of

everyday emotion.[6–8] On the other hand, older age is also associated with declines in health,

in physiological flexibility to cope with stressors, in sense of control over life, and in size of

social network, which may jeopardise mental health.[6, 8]

No consensus has been reached on whether depression decreases or increases with age.[9, 10]

A recent meta-analysis of cross-sectional studies from China showed that the prevalence of

depressive symptoms increased from 22%, 25%, to 30% among Chinese adults aged 60–69, 70–

79, and 80 and older, respectively.[11] In a prospective study of Canadians aged 65 and beyond,

the probability of major depression was found to follow a U-shaped age trajectory with the nadir

at approximately age 80.[12] Two longitudinal studies of Americans aged 18 and over also

reported a U-shaped age pattern that the lowest level of depressive symptoms was found at

around age 50[13] and 60[14], respectively. On the contrary, a prospective study of Germans aged

54–85 indicated that depressive symptoms were stable until approximately age 70 and increased

for ages beyond.[15] Another prospective study of Americans aged 65 and older showed that,

when socio-demographic characteristics, social support, and health status were controlled for, the

linear age-related increase of depressive symptoms reversed and became decreasing with age.[16]

To our knowledge, no previous study has used longitudinal data to examine how depres-

sion changes with age in later life in the Chinese context, and how it differs for rural and urban

Chinese. Additionally, Li and colleagues[5] criticised that most previous studies from China

did not adjust for necessary covariates when examining the rural-urban disparities in late-life

depression. In this study we employed a large national representative sample of middle-aged

and older Chinese adults to investigate 1) how depression caseness changed with increasing

age; 2) the rural-urban difference in this age pattern of depression caseness; and 3) the contri-

butions of socio-demographic characteristics, behaviour-related factors, and physical disability

to the rural-urban difference.

Methods

Study design

We used longitudinal data from the nationally representative China Health and Retirement

Longitudinal Study (CHARLS)–a sister study of the U.S. Health and Retirement Study (HRS)–
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of Chinese community-dwelling adults aged 45 and older and their spouses.[17] The CHARLS

was approved by the Ethical Review Committee at Peking University, and all the participants

signed a written informed consent.[18] Participants were randomly drawn from households

from 450 villages/neighbourhoods of 150 counties, covering 28 provinces. The baseline survey

(Wave 1) was conducted in 2011/12, and two biannual follow-up surveys (Waves 2 & 4) were

carried out in 2013 and 2015, respectively. The response rate for Waves 1 was 80.5%,[17] and

the follow-up rate for Waves 2 and 4 was 85.8% and 82.3%, respectively. Comprehensive infor-

mation on socio-demographic characteristics, household, physical and mental health status,

functioning, and lifestyles were collected. Details of the CHARLS can be found elsewhere.[17]

We included 7,334 men and 8,167 women aged 45–85 at any given wave and for whom a

depression scale could be calculated (88% of the total sample).

Urbanisation

Whether the village/neighbourhood where the participants’ household was living in was rural

or urban was determined in accordance with the National Bureau of Statistics China. Given

China’s profound rural-urban segregation associated with the Hukou system (a household reg-

istration system),[19] combining the Hukou status and place of residence measured at Wave 1,

we derived three urbanisation groups: rural (rural Hukou holders living in rural areas), semi-

urban (rural Hukou holders living in urban areas), and urban (urban Hukou holders).

Depression caseness

At each wave, the 10-item Center for Epidemiologic Studies Depression Scale (CES-D-10) was

administrated to measure the frequency of depressive symptoms in the past week (rarely or

none, some days, occasionally, and most of the time coded as 0–3, reversed for positive items).

[20] The CES-D-10 questionnaire was validated previously in Chinese elderly.[21] We calcu-

lated the CES-D-10 score (0–30) among participants who responded to at least nine items.[20]

For those with one item missing its value was imputed by the mean of the participant’s non-

missing items. We defined depression caseness as a CES-D-10 score higher than a cut-off

threshold of 12. This has been validated to denote clinically significant depressive symptoms in

an older Chinese population.[22]

Socio-demographic factors

Four regions of residence (East, Northeast, Central, and West China) was grouped in line with

the National Bureau of Statistics China. Educational attainment (no formal education, pri-

mary, lower secondary, and upper secondary or higher education) was measured at Wave 1.

Number of household amenities (e.g., automobile, refrigerator, television, and mobile phone;

maximum 17 amenities), retirement status (yes/no), and marital status were measured at all

waves. Marital status was dichotomised into married and unmarried (separated, divorced,

widowed, and never married).

Behaviour-related factors

Behaviour-related factors were measured at all waves as well. Based on the beverage-specific

frequency of drinking beer, wine/rice wine, and liquor in the past year, we obtained the maxi-

mum frequency of drinking any beverage (men: no, <1/month, 1-3/month, 1-6/week, 1+/day;

women: no/year). Smoking status differed for men (never, former, and current) and women

(never/ever). Body mass index (BMI) was derived from objectively measured height (m) and

weight (kg), and further categorised using cut-off thresholds for Chinese population
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(underweight: <18.5, normal weight: 18.5–23.9, overweight: 24.0–27.9, obese:�28.0).[23] Fre-

quency (none, not regularly, almost every week, and almost daily) of engaging in various social

activities in the past month (e.g., interacting with friends, and going to community club) was

also assessed.

Physical disability

Physical disability was repeatedly assessed at all waves by the number of limitations in activities

of daily living (ADLs) including dressing, bathing or showing, eating, getting into or out of

bed, using toilet, and controlling urination and defecation.

Statistical analysis

The relationship between age and depression caseness was analysed using generalised linear

mixed models (GLMMs), which account for dependency of repeated observations within indi-

viduals and accommodate for binominal response.[24] Age and age squared were entered in

models to capture possibly curvilinear age trajectories. All the analyses were stratified by gen-

der as we found an interaction between age and gender (p<0.001). We used the random slope

model allowing the slope of age to vary by participants as it was favoured over the random

intercept model (women: p<0.01, men: p = 1.00). Evidence was found for period effects

(waves; p<0.001 for both genders) but not for cohort effects (birth years; women: p = 0.06,

men: p = 0.77), thus we kept period dummies in the final models. In addition, we tested for the

interactions between age and urbanisation (women: p = 0.46, men: p = 0.001), between age

squared and urbanisation (women: p = 0.47, men: p<0.01), and between age and period

(women: p<0.05, men: p = 0.60). These interactions were thus included in our final models,

and allowed the trajectories of depression caseness to have a different slope over age and a dif-

ferent age pattern for each urbanisation level.

We first estimated the crude association between age and depression caseness and its rural-

urban difference (Model 1), and then adjusted for socio-demographic factors (Model 2), and

additionally for behavioural-related factors (Model 3) and physical disability (Model 4). Odds

ratios were presented, but marginal predicted probabilities were also extracted and plotted.

Inverse probability weights (IPWs) were calculated and applied to account for baseline non-

response (20%) and missing CES-D-10 score at Wave 1 (11%).[18] Missingness in covariates,

which mainly came from BMI due to the non-participation of anthropometric measurements

(21%), was coded as a separate category for each covariate. Missing CES-D-10 score at follow-

up was handled by GLMMs, a technique uses all available information of incomplete longitu-

dinal data and is valid under missing at random (missingness depends only on observed data).

[25] Sensitivity analyses were performed among participants with non-missing BMI at Wave

1, in which another set of IPWs additionally accounting for the non-participation of anthropo-

metric measurements at Wave 1 was generated and used. All statistical analyses were per-

formed separately for men and for women, using R package ‘lme4’ in RStudio version 1.0.143

(Rstudio, 2015, Boston).

Results

More than half of our sample were rural Hukou holders living in rural areas; whereas the share

of rural and urban Hukou holders living in urban areas was similar (Table 1). Depression case-

ness was more common among the less urbanised groups and among women. Urban men and

women also differed from their less urbanised counterparts that they received more education,

were retired, had more household amenities, and engaged in social activities more often.

Rural-urban disparities in age trajectories of depression in later life
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Table 1. Distribution of depression caseness, socio-demographic factor, behavioural-related factors, and physical disability at CHARLS Wave 1, by urbanisation

groups and gender.

Men (%) Women (%)

Rural Semi-rural Urban Rural Semi-rural Urban

Total number of participants 4176 1375 1783 4739 1701 1727

Total number of observations for all waves 10634 3380 4350 11988 4202 4091

Depression caseness

No 73.6 80.3 86.8 60.2 69.2 79.0

Yes 26.4 19.7 13.2 39.8 30.8 21.0

Socio-demographic factors

Region
East 30.1 41.3 28.9 29.7 37.6 28.4

Central 29.7 25.4 28.3 29.9 25.9 26.4

West 34.5 30.8 28.0 34.5 33.7 27.9

Northeast 5.7 2.5 14.8 5.9 2.9 17.3

Age
<55 34.0 41.0 29.7 39.6 43.0 38.7

55–64 39.1 37.2 37.4 36.5 35.2 34.7

65–74 19.7 17.0 23.3 17.2 15.5 19.2

�75 7.2 4.8 9.6 6.6 6.4 7.5

Marital status
Married 85.8 89.3 90.9 79.6 79.9 79.8

Unmarried 14.3 10.7 9.1 20.5 20.1 20.2

Education
No formal education 37.9 32.2 13.0 69.5 58.8 25.0

Primary 28.4 28.6 19.0 16.5 19.8 15.8

Lower secondary 24.7 28.5 27.8 11.2 16.5 28.3

Upper secondary or higher 8.7 10.5 39.8 2.7 4.7 30.6

Missing 0.3 0.2 0.5 0.1 0.2 0.4

Retired
No 85.6 78.2 50.9 77.3 66.4 37.7

Yes 14.1 21.2 48.4 22.5 33.0 61.5

Missing 0.3 0.7 0.7 0.2 0.6 0.8

Number of household amenities
0–2 30.4 18.8 11.8 29.3 18.9 12.5

3–4 37.2 30.3 29.1 37.4 30.5 29.4

5–6 23.6 30.7 32.1 23.6 29.8 30.6

�7 8.5 19.5 24.6 9.0 19.8 25.1

Missing 0.4 0.7 2.4 0.8 0.9 2.3

Behavioural-related factors

Social activities
No 53.0 53.1 40.8 52.2 54.5 44.0

Less often 16.1 13.9 13.6 13.9 11.9 10.7

Almost every week 12.2 12.8 15.7 10.2 10.2 12.5

Almost daily 18.7 20.1 29.9 23.6 23.4 33.0

Missing 0.1 0.2 0.1 0.1 0 0

Alcohol drinking frequency
No 43.9 42.6 46.4 87.9 88.8 89.0

Yes 9.5 9.0 9.0

(Continued)
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Additionally, more urban men were overweight and obese but less of them were current smok-

ers than semi-urban and rural men.

Tables 2 and 3 provide results on the association between age and depression caseness and

its rural-urban difference for men and women, respectively. The predicted probabilities of

depression caseness over age are plotted in Fig 1. Because of the interactions of age and age

squared with urbanisation levels, Fig 1 is a more straightforward way to present the rural-

urban difference in predicted probabilities in depression caseness over ages 45–85 with their

95% confidence intervals. For both genders and over all ages, the crude probability of depres-

sion caseness (Model 1) was the highest in the rural group, followed by the semi-urban group,

and the lowest in the urban group. Compared to men, the crude probability was much higher

and the rural-urban disparities were much more evident among women. The crude probability

was stable over age among urban men (probability 0.05–0.06). However the crude probability

increased at an accelerated rate with age from 0.09 at age 45 (95% confidence interval [CI]:

0.06–0.13) to 0.25 at age 85 (95% CI: 0.13–0.44) among semi-urban men, and from 0.12 (95%

CI: 0.10–0.15) to 0.29 (95% CI: 0.22–0.39) among rural men, respectively. Among women, the

age trajectories were similar between urbanisation groups: the crude probability increased

from age 45 (urban women: 0.09, 95% CI: 0.07–0.12; semi-urban women: 0.17, 95% CI: 0.13–

0.22; rural women: 0.24, 95% CI: 0.21–0.28), hit the peak at age 76 for urban women (0.16,

95% confidence interval [CI]: 0.13–0.20), age 82 for semi-urban women (0.28, 95% CI: 0.20–

0.39), and age 79 for rural women (0.41, 95% CI:0.36–0.46), and decreased slightly afterwards.

Results from Model 2 adjusting for socio-demographic factors showed that, for both gen-

ders, a higher risk of depression caseness was associated with living in Central, Northeast, and

Table 1. (Continued)

Men (%) Women (%)

Rural Semi-rural Urban Rural Semi-rural Urban

<1/month 10.5 11.2 10.8

1-3/month 6.4 6.3 6.0

1-6/week 9.3 9.2 10.3

1+/day 21.9 23.9 17.4

Missing 7.9 6.8 9.1 2.6 2.2 2.0

Smoking
Never 23.8 25.4 31.9 91.9 90.8 93.5

Former/current 8.2 9.2 6.5

Former 14.9 15.7 20.2

Current 61.3 58.9 48.0

Missing 0.1 0 0 0 0 0

BMI
<18.5 7.0 5.0 3.1 7.4 4.0 2.5

18.5–23.9 57.3 46.6 33.7 43.5 37.8 28.8

24.0–27.9 18.8 23.9 26.8 26.6 28.5 26.5

�28.0 5.3 8.4 9.0 10.9 14.6 12.9

Missing 11.6 16.3 27.5 11.7 15.1 29.2

ADL limitations

0 83.4 87.7 87.9 78.2 82.8 88.5

1 8.2 6.0 6.9 10.1 8.1 5.5

2+ 7.9 5.2 4.4 10.6 8.4 5.3

Missing 0.6 1.1 0.8 1.2 0.7 0.7

https://doi.org/10.1371/journal.pone.0215907.t001
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Table 2. Association between age and depression caseness and its rural-urban difference among men.

Model 1 Model 2 Model 3 Model 4

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

Age (centred at 45 years) 1.01 (0.98,1.04) 0.99 (0.96,1.02) 1.00 (0.97,1.03) 0.99 (0.96,1.01)

Age2 (centred at 45 years) 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00)

Urbanisation

Rural Ref Ref Ref Ref

Semi-urban 0.74 (0.47,1.16) 0.83 (0.54,1.28) 0.86 (0.55,1.32) 0.86 (0.56,1.31)

Urban 0.46 (0.29,0.73) 0.67 (0.43,1.06) 0.68 (0.43,1.06) 0.63 (0.41,0.99)

Region

East Ref Ref Ref

Central 1.64 (1.40,1.92) 1.61 (1.38,1.88) 1.48 (1.27,1.72)

Northeast 1.11 (0.85,1.43) 1.14 (0.88,1.73) 0.98 (0.76,1.26)

West 1.78 (1.53,2.07) 1.71 (1.47,1.99) 1.60 (1.38,1.86)

Education

No formal education Ref Ref Ref

Primary 0.80 (0.68,0.93) 0.81 (0.70,0.95) 0.86 (0.74,1.00)

Lower secondary 0.68 (0.57,0.80) 0.71 (0.60,0.84) 0.78 (0.66,0.91)

Upper secondary & higher 0.56 (0.45,0.70) 0.59 (0.47,0.73) 0.66 (0.53,0.81)

Missing 0.83 (0.32,2.18) 0.78 (0.31,2.01) 0.94 (0.38,2.34)

Retirement

No Ref Ref Ref

Yes 1.40 (1.21,1.61) 1.35 (1.17,1.55) 1.13 (0.98,1.30)

Missing 1.70 (0.94,3.05) 1.69 (0.95,3.01) 1.46 (0.81,2.62)

Marital status

Married Ref Ref Ref

Unmarried 1.54(1.29,1.84) 1.55 (1.30,1.84) 1.58 (1.34,1.87)

Household amenities

0–2 Ref Ref Ref

3–4 0.76 (0.65,0.88) 0.78 (0.67,0.90) 0.81 (0.70,0.94)

5–6 0.50 (0.42,0.59) 0.53 (0.45,0.62) 0.56 (0.48,0.66)

�7 0.36 (0.30,0.44) 0.39 (0.32,0.48) 0.43 (0.35,0.52)

Missing 0.70 (0.41,1.20) 0.70 (0.41,1.19) 0.68 (0.40,1.15)

Social activity

No Ref Ref

Less often 0.97 (0.84,1.12) 0.98 (0.85,1.13)

Almost every week 0.70 (0.59,0.83) 0.72 (0.61,0.85)

Almost daily 0.68 (0.59,0.79) 0.72 (0.63,0.83)

Missing 1.65 (0.28,9.71) 1.50 (0.26,8.65)

Alcohol drinking

No Ref Ref

<1/month 0.83 (0.69,0.99) 0.86 (0.72,1.03)

1-3/month 0.88 (0.72,1.07) 0.88 (0.72,1.08)

1-6/week 0.89 (0.74,1.07) 0.90 (0.75,1.08)

�1/day 0.68 (0.59,0.78) 0.72 (0.63,0.83)

Missing 0.66 (0.49,0.89) 0.66 (0.49,0.89)

Smoking

Never Ref Ref

Former 1.32 (1.11,1.57) 1.23 (1.03,1.46)

(Continued)
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West China vs. East China, being retired, being unmarried, and having less education and

fewer household amenities. These socio-demographic factors substantially attenuated the

rural-urban disparities in depression caseness over age (Fig 1, Model 2). Among rural and

urban men, the probability of depression caseness became decreasing with age, while it was

slightly U-shaped among semi-urban men. Among women, the age pattern was in an inversed

U-shape in all urbanisation groups with the peak age at around 60 (56 for semi-urban

women).

Further adjustment for behaviour-related factors (Model 3), among which, a lower risk of

depression caseness was associated with engaging in social activity more frequently for both

genders, drinking less than once per month or at least once a day among men, and being over-

weight and obese among men. A higher risk of depression caseness was associated former

and/or current smoking for both genders, alcohol drinking among women, and being under-

weight among men. The age pattern of depression caseness and its rural-urban difference

changed very slightly after further controlling for behavioural-related factors (Fig 1, Model 3).

Physical disability had a large effect on depression caseness (Model 4). Compared to no

ADL limitation, one limitation was associated with 2.75 (95% CI:2.32–3.26) and 2.20 (95% CI:

1.93–2.51) times higher odds of depression caseness among men and women, respectively.

The odds increased by four- to six-fold for having at least two limitations. The age trajectories

Table 2. (Continued)

Model 1 Model 2 Model 3 Model 4

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

Current 1.26 (1.08,1.47) 1.26 (1.08,1.46)

Missing 1.12 (0.90,1.40) 1.12 (0.90,1.39)

BMI

>15 &�18.5 1.45 (1.15,1.83) 1.41 (1.12,1.76)

>18.5 &�24 Ref Ref

>24 &�28 0.85 (0.74,0.98) 0.80 (0.69,0.92)

>28 0.77 (0.61,0.97) 0.70 (0.55,0.88)

Missing 1.05 (0.92,1.21) 1.00 (0.87,1.15)

Number of ADLs

0 Ref

1 2.75 (2.32,3.26)

2+ 6.44 (5.36,7.74)

Missing 0.42 (0.19,0.91)

Age × Urbanisation

Age × semi-urban 0.97 (0.91,1.03) 1.02 (0.96,1.09) 0.98 (0.92,1.04) 0.98 (0.93,1.04)

Age × urban 0.99 (0.94,1.05) 0.96 (0.90,1.02) 0.98 (0.93,1.04) 1.01 (0.96,1.07)

Age2 × semi-urban 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00)

Age2 × urban 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00)

Period

Wave 1 Ref Ref Ref Ref

Wave2 0.81 (0.65,1.01) 1.04 (0.80,1.37) 1.06 (0.84,1.35) 1.01 (0.80,1.29)

Wave3 0.89 (0.70,1.14) 1.13 (0.85,1.52) 1.15 (0.89,1.47) 1.12 (0.87,1.43)

Age × Period

Age×Wave2 0.99 (0.98,1.00) 0.98 (0.97,1.00) 0.98 (0.97,1.00) 0.99 (0.97,1.00)

Age×Wave3 0.99 (0.98,1.01) 0.99 (0.97,1.00) 0.99 (0.97,1.00) 0.99 (0.97,1.00)

OR: odds ratio; CI: confidence interval; Ref: reference category

https://doi.org/10.1371/journal.pone.0215907.t002
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Table 3. Association between age and depression caseness and its rural-urban difference among women.

Model 1 Model 2 Model 3 Model 4

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

Age (centred at 45 years) 1.05 (1.03,1.08) 1.03 (1.00,1.05) 1.03 (1.00,1.05) 1.02 (0.99,1.04)

Age2 (centred at 45 years) 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00)

Urbanisation

Rural Ref Ref Ref Ref

Semi-urban 0.66 (0.47,0.92) 0.77 (0.56,1.07) 0.76 (0.55,1.06) 0.78 (0.57,1.08)

Urban 0.31 (0.22,0.45) 0.50 (0.34,0.71) 0.48 (0.34,0.70) 0.52 (0.36,0.75)

Region

East Ref Ref Ref

Central 1.64 (1.45,1.86) 1.65 (1.45,1.87) 1.54 (1.36,1.74)

Northeast 1.39 (1.14,1.69) 1.34 (1.10,1.64) 1.27 (1.04,1.54)

West 1.98 (1.75,2.24) 1.95 (1.72,2.21) 1.80 (1.60,2.04)

Education

No formal education Ref Ref Ref

Primary 0.79 (0.69,0.90) 0.80 (0.69,0.93) 0.82 (0.72,0.94)

Lower secondary 0.69 (0.59,0.80) 0.69 (0.55,0.77) 0.74 (0.63,0.85)

Upper secondary & higher 0.47 (0.38,0.57) 0.48 (0.41,0.69) 0.50 (0.40,0.61)

Missing 0.40 (0.11,1.41) 0.40 (0.11,1.41) 0.47 (0.14,1.62)

Retirement

No Ref Ref Ref

Yes 1.29 (1.17,1.43) 1.32 (1.19,1.46) 1.18 (1.07,1.31)

Missing 1.39 (0.78,2.48) 1.39 (0.78,2.49) 1.22 (0.68,2.18)

Marital status

Married Ref Ref Ref

Unmarried 1.18 (1.04,1.34) 1.19 (1.05,1.35) 1.17 (1.04,1.32)

Household amenities

0–2 Ref Ref Ref

3–4 0.89 (0.79,1.01) 0.90 (0.79,1.02) 0.94 (0.83,1.06)

5–6 0.64 (0.56,0.74) 0.66 (0.58,0.75) 0.69 (0.60,0.79)

�7 0.51 (0.43,0.59) 0.52 (0.44,0.61) 0.56 (0.48,0.65)

Missing 0.51 (0.34,0.76) 0.50 (0.34,0.75) 0.52 (0.35,0.77)

Social activity

No Ref Ref

Less often 1.06 (0.94,1.21) 1.08 (0.95,1.22)

Almost every week 0.86 (0.74,0.99) 0.89 (0.77,1.03)

Almost daily 0.76 (0.69,0.85) 0.80 (0.72,0.89)

Missing 2.21 (0.38,12.99) 2.49 (0.41,15.23)

Alcohol drinking

No Ref Ref

Yes 1.16 (1.02,1.33) 1.13 (0.99,1.29)

Missing 1.33 (0.90,1.95) 1.33 (0.90,1.95)

Smoking

Never Ref Ref

Former/current 1.23 (1.03,1.48) 1.17 (0.98,1.40)

Missing 1.13 (0.76,1.67) 1.10 (0.74,1.62)

BMI

>15 &�18.5 1.16 (0.94,1.43) 1.16 (0.94,1.42)

(Continued)
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of depression caseness, after adjusting for all sets of factors, became more similar between men

and women and between urbanisation groups whereby the probability of depression caseness

decreased after approximately age 55 (Fig 1, Model 4).

As shown in Fig 1, the age trajectories of depression caseness were different for rural, semi-

urban, and urban women in all the models. Among men, the age trajectories of depression

caseness differed by urbanisation levels in Model 1. However, in Model 4 the age trajectories

were different between rural and urban men, but for semi-urban men the confident intervals

overlapped with the other groups.

Results of the sensitivity analyses among participants with non-missing BMI at Wave 1, in

general, were similar to those from the full sample (Table A, Table B, and Figure A in S1 File).

The main differences were that, the crude probability of depression caseness (Model 1)

increased more linearly with age for semi-urban and rural men; whereas the age pattern was in

inversely U-shaped in all models among urban women.

Discussion

In this study using a large nationally representative sample of middle-aged and older Chinese

adults, we found that, across all ages, rural men and women had the highest probability of

depression caseness, followed by the semi-urban ones, and the urban ones had the lowest

probability. The age trajectories of depression caseness differed between urbanisation groups

among men but were highly similar among women. The probability of depression caseness

did not change with age among urban men, however it increased more rapidly at older ages

Table 3. (Continued)

Model 1 Model 2 Model 3 Model 4

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

>18.5 &�24 Ref Ref

>24 &�28 0.99 (0.88,1.10) 0.95 (0.85,1.06)

>28 0.92 (0.79,1.07) 0.82 (0.71,0.96)

Missing 1.02 (0.91,1.16) 0.97 (0.86,1.10)

Number of ADLs

0 Ref

1 2.20 (1.93,2.51)

2+ 4.73 (4.07,5.49)

Missing 0.35 (0.19,0.62)

Age × Urbanisation

Age × semi-urban 0.99 (0.95,1.03) 0.99 (0.95,1.04) 1.00 (0.96,1.04) 1.00 (0.96,1.04)

Age × urban 1.02 (0.95,1.05) 1.02 (0.95,1.04) 1.03 (0.96,1.05) 1.01 (0.96,1.06)

Age2 × semi-urban 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00)

Age2 × urban 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00)

Period

Wave 1 Ref Ref Ref Ref

Wave2 0.87 (0.74,1.04) 1.04 (0.87,1.23) 1.04 (0.87,1.23) 1.02 (0.85,1.21)

Wave3 1.02 (0.84,1.23) 1.23 (1.02,1.49) 1.23 (1.02,1.49) 1.20 (0.99,1.46)

Age × Period

Age×Wave2 0.99 (0.98,1.00) 0.98 (0.97,0.99) 0.98 (0.97,0.99) 0.99 (0.98,1.00)

Age×Wave3 0.99 (0.98,1.00) 0.99 (0.98,1.00) 0.99 (0.98,1.00) 0.99 (0.97,1.00)

OR: odds ratio; CI: confidence interval; Ref: reference category

https://doi.org/10.1371/journal.pone.0215907.t003
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among semi-urban and rural men. Among women, the probability increased with age at a

decelerated rate with a peak at ages 75–80. After controlling for socio-demographic factors, the

probability became decreasing with age. The rural-urban disparities in the age trajectories of

depression caseness largely reduced when socio-demographic characteristics and physical dis-

ability were adjusted for, whereas behaviour-related factors only played a lesser role.

China has been urbanising rapidly with the proportion of urban population increasing

from 26% in 1990 to 59% in 2017. Moving to urban areas is viewed as a means of upward social

mobility in China: it is associated with better education, more economic resources, and more

opportunities, and also with a sense of cultural and psychological pre-eminence.[19] However,

the rural Hukou holders who migrate to cities are often a marginalised group in their urban

residence.[26] They face social stigma and discrimination in job opportunities and wages in

cities, as well as institutional exclusions from free education, social welfare, and health insur-

ance, which are tied with their rural Hukou.[27] Such social stigma and discrimination

towards them may form long-term social stress that undermines their mental health.[27, 28]

For working-age rural Hukou holders who stayed in rural areas, staying may not be their vol-

untary decision due to various reasons such as ill health of themselves and/or of their elderly

Fig 1. Rural-urban difference in age trajectories of the marginal predicted probability of depression caseness.

https://doi.org/10.1371/journal.pone.0215907.g001
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parents,[29] which can cause mental distress for them particularly when they compare them-

selves with those who migrate to cities. Rural elderly (e.g., aged 65 and over) are often empty-

nest elderly who are “left behind” by their adult children who migrated to cities. These “left-

behind” rural elderly have been shown to have more (severe) depressive symptoms than those

whose adult children did not migrate to cities.[30]

We speculate that the semi-urban elderly move into cities to live closer to their adult chil-

dren, in order to receive better care and support from the adult children, as well as to help tak-

ing care of the grandchildren. Their increased probability of depression may be a result of

narrowed social network and lack of extended social support, in addition to the discrimination

in their urban residence. However, social network and social support are different concepts

than the social interaction that we controlled for in our models. Social support has been

defined as all the available social resources that an individual perceives to have, from both for-

mal and informal helping relationships.[31] Social support arises from one’s social network,

which include close social ties such as the partner and other nuclear family members, as well as

from more distant and role-defined social ties such as friends and relatives.[31] Older adults

who moved to cities where their adult children live, may have lost their distant social ties and

possibly close social ties (e.g., when their partner did not move with them), leading to reduced

social support that could jeopardise mental health particularly during times of crisis.

We did not find a U-shaped age pattern of depression caseness,[13, 14] nor a linear increase

with age,[12, 16] as previously reported in studies from Western societies. The age patterns

were rather diverse among middle-aged and older Chinese. The accelerated increase in depres-

sion caseness with age among semi-urban and rural male elderly, which was very different

from their urban and female counterparts, may be owing to greater difficulties and struggles

for them to be “left-behind” in rural areas or to move to cities. Despite the huge rural-urban

disparities in the level of mental health, the highly similar age trajectories between urbanisation

groups among women, even after controlling for a number of covariates, suggests that the

observed age patterns are relatively general in nature. These common age patterns could be

driven by often experienced gender inequalities in education, employment, and income, and

in division of family work, which have existed and still exist in China.[32, 33] The less educa-

tion older Chinese women obtained compared to older men has been demonstrated to play a

major role in the gender gap in self-rated health and cognition at older ages.[34, 35] The gen-

der difference in the level of mental health could also be attributable to the reporting bias that

women are more open to report negative feelings and symptoms associated with depression,

whereas men are less likely to do so.[36]

The decreasing probability of depression caseness with age which only emerged after con-

trolling for socio-demographic factors indicates that–rather than late-life depression being

mainly driven by ill health and multi-morbidity[12]–it may be more related to socioeconomic

position, region of residence, and marital status for middle-aged and older Chinese. The

behaviour-related factors did not contribute to the age pattern of depression caseness nor the

rural-urban difference in the age pattern, once we had taken socio-demographic factors

already into account. This could be due to the relatively small rural-urban difference in the

behaviour-related factors in our sample, or the difference is highly correlated with the socio-

demographic factors. The protective effect of overweight and obesity for mental health we

found was the opposite with a meta-analysis of studies from high-income Western countries

[37] but in line with a study from Shanghai[38], which may be explained by the higher preva-

lence of overweight and obesity among urban Chinese because of more Westernised food and

lack of physically demanding exercise.

Physical disability is a major risk factor of depression among middle-aged and older Chi-

nese, particularly among rural and semi-urban elderly likely owing to the lack of social and
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health care provided by the state and the less resources they and their adult children have. The

situation could be worse for empty-nest rural elderly who are “left behind” by their adult chil-

dren–the main caregiver of their ill elderly parents in the Chinese culture. This interpretation

may be partially supported by the fact that the suicide rate among Chinese rural elderly is 3–5

times higher than their urban counterparts.[39]

Our study has several strengths and limitations. This is the first study that, to our knowl-

edge, used repeatedly measured data from a large nationally representative sample of middle-

aged and older Chinese adults to examine the age trajectories of depression, its rural-urban dif-

ference, and the effects of various possible drivers. Our findings were based on a prospective

cohort study of community-dwelling middle-aged and older Chinese adults. Although those

who were living in residential homes or nursing homes were not specifically included in

CHARLS, this is unlikely to affect our findings because it remains largely socially unacceptable

to send the elderly to residential or nursing homes.[40] Our study extended previous cross-sec-

tional studies using CHARLS data to assess the association of depressive symptoms by Hukou
status[5, 41] or place of residence[42, 43]. We confirmed the importance of combining Hukou
status and place of residence to better reflect urbanisation levels in Chinese population in rela-

tion to mental health. The depression caseness identified in our study was based on a self-

reported questionnaire rather than from doctor diagnosis. Clinically diagnosed depression is

substantially lower in China than in Western countries due to the social stigma attached to

mental illness in the Chinese culture, and often the Chinese tend to deny depression or claim

symptoms to be related to somatic conditions.[44] As a result, it is possible that depressive

symptoms assessed by CES-D-10 questionnaire may capture the mental health of the Chinese

population better than clinical examinations. It is nevertheless possible that we omitted certain

determinants of depression among middle-aged and older Chinese, for example, psychological

factors (e.g., stress), living arrangement (e.g., co-residence with adult children), and informal

care giving (e.g., provision of care to the grandchildren) or care receipt. Although GLMMs

provide unbiased estimates under missing at random, there could be some unobserved mecha-

nisms of dropout and non-response to CES-D-10 questionnaire that bias our findings.

To sum up, older Chinese adults who are rural Hukou holder, older, retired, unmarried,

physically disabled, have lower education and less physical wealth should be targeted to reduce

the disease burden of depression in China’s middle-aged and older population. Our findings

also underline the importance of providing better mental health care in rural China where lack

of mental health professionals and care facilities is pressing.[45]
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