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Objectives: To investigate the effects of age, period, and cohort on the trends 
of depression; and to examine the influence of these three temporal effects on 
residential disparities in depression.

Methods: Using data from the China Health and Retirement Longitudinal Study 
(CHARLS) during 2011 to 2020, involving 77,703 respondents aged 45  years 
old and above. The measurement of depressive symptoms was the score of 
10-question version of the Center for Epidemiologic Studies Depression Scale 
(CES-D 10). The hierarchical age-period-cohort cross-classified random effects 
models were conducted to examine trends in depressive symptoms related to 
age, period and cohort.

Results: CES-D scores increased with age and slightly decreased at older age. 
The cohort trends mostly increased except for a downward trend among those 
born in 1950s. As for the period effect, CES-D scores decreased gradually from 
2011 to 2013 followed by a upward trend. Rural residents were associated with 
higher level of depression than those live in urban area. These residence gaps 
in depression enlarged before the age of 80, and then narrowed. The urban–
rural disparities in CES-D scores gradually diminished across cohorts, while the 
corresponding period-based change in urban–rural gaps was not significant.

Conclusion: When age, period, cohort factors are considered, the age effects 
on depression dominated, and the period and cohort variations were relatively 
small. The residence disparities in depression reduced with successive cohorts, 
more attention should be  paid to the worsening depression condition of 
younger cohorts in urban areas.
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1 Introduction

Depression, a significant mental health concern, has attained global significance as a 
public health challenge. The Global Burden of Disease Study (GBD) 2019 reports that 
approximately 280 million individuals worldwide are affected by depression (1). Depression 
is expected to be the leading cause of the global burden of disease by 2030 (2). Middle-age and 
older adults appear to be more vulnerable to depressive disorders (3). Older people with 
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depression are at elevated risks for disabilities, chronic diseases and 
mortality, causing serious social and economic burdens (4–6). In 
China, more than 50.06 million people lived with depressive disorders 
in 2019, accounting for 17.8% of global cases (1). With the accelerated 
trend of population ageing in China (7), more attention to depression 
in later adulthood is urgently needed.

Understanding variations in late-life depression is becoming 
critically important, especially for the development of social security, 
health care delivery, and long-term care policies. Previous studies 
demonstrated that depression changes were related to three unique 
temporal factors: age, time period and cohort (8). First, as for the age 
effect, along with the biological and social ageing process, key 
predictors of depression such as social isolation and poor health are 
more prevalent in older age (9). Prior studies identified that depressive 
symptoms tend to increase as people age (10–12). Second, the period 
effect, referring to a range of environmental, social or economic 
factors during a particular period might result in depression 
variations. Growing economic uncertainty, public health emergencies, 
and health promotion programs may have effects on depressive 
symptoms (12, 13). Third, depression could be affected by cohort 
effects, reflecting the unique experiences or exposures throught the 
life course of distinct generations (14, 15). For example, previous 
studies demonstrated that prenatal exposure to the famines had 
proven to exert a long-lasting negative impact on mental health in 
later life (16–18).

Considering that age, period and cohort (APC) had distinct 
effects on depressive symptoms, numerous studies explored the time 
trends in depression (19–22), while few of them simultaneously 
adjusted for the age, period and cohort effects. However, failure to 
isolate APC trends may lead to substantial bias (23). Existing 
researches exploring APC trends in depression simultaneously mostly 
focused on Western countries with conflicting results. A Germany 
study identified a U-shaped cohort trend and a decreasing period 
trend on depression (11). Another study analyzed depression 
variations among older Canadians and demonstrated an declined 
trend in depressive symptoms with age, a non-linear increasing trend 
across successive birth cohorts and a non-significant fluctuated trend 
with period (24). To our knowledge, few studies simultaneously 
investigated the APC trends in depression among Chinese older 
population. A Chinese study focused on incidence trends of major 
depressive disorder using the GBD 2017 data, and reported a basically 
increasing trend in incidence of major depressive disorder (MDD) 
with age, a largely decline over time, and an inverted U-shaped pattern 
across cohorts (25). While this study employed estimated data and 
examined the impact of age on the incidence of MDD by 5-year age 
intervals (e.g., incidence of MDD for 60-64-year-old age group) rather 
than 1-year age intervals, thus the estimation of APC effects could 
be  further evaluated in much detail with population-based data. 
Meanwhile, China has undergone a tremendous societal transition 
and a remarkable economic expansion, Chinese population have been 
exposed to unique and powerful social forces (26). It is anticipated 
that these societal changes would have distinct impacts on the health 
of populations in different periods and birth cohorts, which may differ 
from what has been observed in western countries. However, large-
scales studies on the APC trends in depression among the Chinese 
population are scarce and are looking worthy of further investigation.

Urban–rural gaps in depression had attracted plenty of attention 
in the worldwide (27, 28). In developed countries, studies have 

revealed a higher prevalence of depressive symptoms among urban 
residents compared to their rural counterparts (29). While several 
studies conducted in China consistently demonstrated that rural 
residents exhibited higher levels of depressive symptoms than those 
residing in urban areas (30, 31), which probably results from the 
urban–rural disparities in socio-economic factors, health systems, 
social support and social participation for a long history (32, 33). 
Given that rapid urbanization process in China, the urban–rural 
disparities in depression may also change. However, few studies have 
examined the effects of age, period and cohort on residence differences 
in depression using comprehensive temporal models. Wu identified 
that the urban–rural disparities widen among younger Chinese older 
adults, and narrowed after the age of 80 (34). While this study did not 
identify time period and birth cohort trends. Further investigation is 
needed to explicate the impact of APC on the trends of urban–rural 
gaps in depressive symptoms.

This study therefore has two main objectives. Firstly, to investigate 
the effects of age, period, and cohort on the trends of depression; 
Secondly, to assess the influence of these three temporal effects on 
residential disparities in depression. We utilized data from the China 
Health and Retirement Longitudinal Study (CHARLS) and adopted 
hierarchical APC cross-classified random effects models (HAPC-
CCREM) to achieve these objectives.

2 Materials and methods

2.1 Data source

We used data from the CHARLS, which was a panel survey of 
Chinese residents aged 45 and above. The main goal of CHARLS is to 
provide a high quality nationally representative sample of Chinese 
residents’ information to serve the needs of scientific research on 
health, economic position, and quality of life as people age. More 
details about CHARLS data was introduced by Zhao previously (35). 
CHARLS used a stratified (by per capita GDP of urban districts and 
rural counties) multi-stage (county-level, neighborhood-level, 
household-level, and respondent-level) proportionate to population 
size (PPS) random sampling method to control the quality and 
representativeness of the samples (details about sampling design of the 
CHARLS were shown in https://charls.pku.edu.cn/en/About/Sample.
htm). The CHARLS National Baseline Survey was launched in 2011, 
covering more than 17,000 respondents from 150 counties and 450 
communities (villages) of 28 provinces (autonomous regions and 
municipalities) in China. Four follow-up surveys with replacements 
for deceased samples were conducted in 2013, 2015, 2018, and 2020. 
The survey encompassed a comprehensive collection of data, including 
demographics, income and assets, health status, cognitive abilities, 
family structure, healthcare utilization and costs, job status and 
history, insurance and biomarker. The CHARLS had been approved 
by Biomedical Ethics Review Committee of Peking University.

2.2 Study samples

The CHARLS contains both nationally representative cross-
sectional and longitudinal samples. Until now, CHARLS conducted 
about ten years including middle-aged and older Chinese people 
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across successive cohorts, which provided the possibility for 
exploring the effects of age, period, cohort on depression trends. 
Five-wave data (2011, 2013, 2015, 2018, and 2020) was used in our 
analysis. Firstly, 92,733 samples aged 45 and over were involved in 
our analysis. Then, 6 respondents older than 105 years old were 
excluded due to self-reported age after 105 years is not reliable 
(36). Finally, after exclusion of samples with missing values in the 
measures of depression, we obtained 77,703 respondents as the 
final sample size. Detailed description of the sample selection is 
shown in Supplementary Figure S1. In order to reduce the 
potential bias of excluding the missing data, we  performed 
multiple imputation on CES-D scores and results were not 
substantially different from the analyses without imputation 
(details were shown in Supplementary Tables S2, S3 and 
Supplementary Figures S2, S3).

2.3 Variables

2.3.1 Depressive symptoms
The 10-question version of the Center for Epidemiologic Studies 

Depression Scale (CES-D 10) was used in CHARLS questionnaires to 
measure depressive symptoms of the respondents (details were shown 
in Supplementary Table S1). The CES-D 10 is a self-report scale 
designed by Radloff to assess the severity of depressive symptoms 
among the general population (37), which was demonstrated by 
numerous studies to have good reliability and validity in different 
cultures worldwide (38–40). The respondents were asked to report the 
frequency of 10 depressive symptoms in the past week on a four-point 
scale, including rarely (<1 day), some days (1–2 days), occasionally 
(3–4 days), and most of the time (5–7 days). For eight negative 
symptoms (such as felt lonely), these four options were assigned as 0, 
1, 2, and 3 in turn. For two positive symptoms (such as felt hopeful), 
the coded reversed as 3, 2, 1, and 0. The sum of the 10 items were 
CES-D scores in our research. It ranged from 0 to 30, with high value 
referring to serve depression (Chronbach’s alpha = 0.815) (41).

2.3.2 Age, period, and cohort
Age, in other words chronological age, was years since birth, 

ranging from 45 to 105  in our analyses. The age variable was 
transformed by subtracting the value from the grand mean and 
further being divided by ten for ease of interpretation of the intercept 
values (8). Period referring to the year in which the interview 
conducted, which included 2011, 2013, 2015, 2018 and 2020. The 
cohort classification was based on the year of birth of the participants. 
In order to ensure a sufficient sample size, individuals born before 
1938 or after 1969 were grouped separately (42). Subsequently, the 
remaining birth cohorts were grouped into three-year intervals. The 
cohort variable was treated as a continuous measure (43), with the 
oldest cohort coded 1 and the youngest cohort coded 12.

2.3.3 Covariates
Residence, the main stratification factor, indicated the 

respondents’ living region (urban or rural) at the survey. It was 
categorized based on the classification established by the National 
Bureau of Statistics of the People’s Republic of China. Specifically, a 
code of 0 denoted the household was in an urban area, while a code 
of 1 denoted the household was in a rural region.

Due to depressive symptoms were affected by many factors, 
we included several demographic characters, socioeconomic status 
(SES) and health status as covariates (9, 41). Demographic characters 
included sex (male, and female), co-residence (alone, and with others) 
and marital status (with spouse, and without spouse). Respondents 
who were married with spouse and cohabited were coded as “with 
spouse,” those divorced, widowed, and never married were coded as 
“without spouse.” SES included education level (illiterate, primary, 
secondary or above) and working status (not currently working, and 
currently working). Education level identified the highest level of 
education that the respondent completed. Working status indicated 
whether the respondent engaged in any work in the past year. 
Respondents’ health status was measured by activities of daily living 
(ADL) disability, which was the number of 6-item (bathing, dressing, 
eating, getting in/out of bed, using the toilet, and controlling 
urination) that participants cannot perform independently.

2.4 Statistical methods

We applied a descriptive statistics to summarize the depressive 
symptoms and other confounding factors for every wave. Thereafter, 
we fit hierarchical age-period-cohort cross-classified random effect 
regression models (HAPC-CCREM) to examine the age, period, and 
cohort effects on depression simultaneously (8). HAPC-CCREM used 
two-level model to estimate APC effects, where age was assumed to 
have fixed effect in the first level, and periods and cohorts were 
estimated as random effects in the second level (44). In order to solve 
the classical APC identification problem, the HAPC model used 
different temporal grouping for the age, period, and cohort 
components. On the one hand, birth cohorts were defined by 3-year 
intervals to break the linear dependence among three temporal 
dimensions. On the other hand, the nonlinear transformation method 
recommended applying a parametric nonlinear transformation (e.g., 
polynomials) to at least one of the APC dimensions in order to break 
their linear relationships. Coupled with prior researches highlighting 
the non-linear effect of age on mental health (44–46), we therefore 
conducted models of CES-D scores as a quadratic function of age.

In the development of each model, CES-D scores were regressed 
on age in linear and squared terms and other confounding variables 
were included as needed. The coefficients of the cohort period, and 
residence were permitted to have random effects (44), thereby 
enabling a comprehensive exploration of the period-based and cohort-
based variations in the urban–rural disparities of depressive symptoms.

The model was specified in the following form:
Level-1 Model:
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where CES Dijk−  describes scores of CES-D for respondent i (for 
i = 1, 2, …, n jk) within period j (for j = 1, 2, …, 5) and cohort k (for 
k = 1, 2, …, 11); β0 jk is the intercept indicating the average CES-D 
score for the reference group at the mean age interviewed within a 
specific period j and cohort k; Age and Age2 denote age and 
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age-squared, respectively, where Age is centered around its grand 
mean (divided by 10);β1 and β2 denote the fixed coefficients for age; 
Res denotes residence;β3 jk  denotes the random coefficients for 
residence; X p  represents other individual-level variables, including 
interaction between age and residence, to explore how the urban–
rural disparity in depression varied with age and confounding factors. 
β p denotes fixed coefficients for covariates; P is the maximum number 
of covariates included; eijk  represents an individual-level random 
error term.

Level-2 Model:

 β γ0 0 0 0jk j ku v= + +

 β γ3 3 3 3jk j ku v= + +

β0 jk  denotes a random intercept, which specifies that the 
overall mean across from different periods and cohorts. γ0 
represents the overall mean or intercept; u j0  is the overall period 
effect, which is the average of the residual random coefficients for 
period j across all cohorts; v k0  is the overall cohort effect, which 
is the average of the residual random coefficients for cohort k 
across all periods. β3 jk  denotes the random coefficients for 
residence; γ3  represents the fixed effects of residence. To 
investigate whether urban–rural disparities in CES-D scores differ 
across periods or cohorts, we specify that coefficients have period 
effects (u j3 ), and cohort effects (v k3 ). In our analysis, the random 
variance components associated with the intercept and 
coefficients, which are attributed to specific periods and cohorts, 
are assumed to have multivariate normal distributions (44).

Utilizing a combination of two-level models, we formulated six 
distinct analyses to investigate the comprehensive impacts of age, 
period, and cohort on depression trends, as well as the change of 
urban–rural disparities in depression with age, period and cohort. 
Model 1 explored the net effects of APC on CES-D scores using age 
and age-squared as fixed effects and period and cohort as random 
effects. From Model 2 to Model 4, residence, interaction between age 
and residence, confounding variables were added successively to 
explore their potential effects on CES-D scores. In Model 5, the 
random effect of residence coefficient was added to explore the 
period-based and cohort-based trends of urban–rural disparities in 
CES-D scores. Model 6 added covariates on the basis of Model 5 to 
form a full model. Estimated CES-D scores were displayed in figures 
from selected models to illustrated the trends. Analyses were carried 
out utilizing SAS PROC MIXED (18). Bayesian Information Criterion 
(BIC) served as a metric to compare the fitness among models, the 
smaller BIC value indicating the better model fit (36). All analyses 
were weighted using individual sample weights, adjusted for 
non-response.

3 Results

3.1 Basic characteristics of samples

Table 1 showed the basic characteristics of samples from 2011 to 
2020. The total number of participants were 77,703, with an average 
age of 60.07 years old. Nearly 60% of the individuals live in rural area. 

Most of the respondents lived with others and married. Around 
one-fifth respondents were illiterate. The mean CES-D score for all 
participants was 8.25, with a range of 7.83 to 8.64 across the 
five surveys.

3.2 Overall age-period-cohort trends in 
CES-D scores

Table 2 showed the estimates of fixed effects of all individual-
level covariates and random-effect variance components. When 
period and cohort effects were taken into consideration, the age 
effect on CES-D scores was curvilinear (coef. For age = 0.585, 
p < 0.001; coef. For age2 = −0.103, p < 0.001). That is CES-D scores 
increased with age before 90 years old then slightly decreased 
(Figure 1A). Relative to the age effect, the period and cohort effect 
were relatively small. The cohort effects were more relevant to the 
explanation of changes in CES-D scores than period effects (coef. 
for period = 0.079, p = 0.086; coef. for cohort = 0.041, p = 0.042). As 
for cohort effects, CES-D scores increased in the older cohorts 
born before 1950, followed by a slight downward trend for those 
born between 1950 and 1959, while increased again thereafter 
(Figure  1B). In terms of period effects, the estimated CES-D 
scores decreased from 2011 to 2013, followed by a increasing 
trend (Figure 1C). Other covariates suggested that female and less 
educated people tended to have more depressive symptoms. Those 
lived with spouse had a relatively lower CES-D scores than 
counterparts who were not married. Physically healthier 
individuals had fewer depressive symptoms either.

3.3 Age-period-cohort trends of urban–
rural disparities in CES-D scores

Model 2 indicated that rural residence on average had significant 
higher CES-D scores relative to those live in urban area (coef. = 2.080, 
p < 0.001), when period and cohort effects were taken into account. 
For the interaction terms in Model 3 indicated that the urban–rural 
differentials in CES-D scores varied significantly as people get older 
(coef. for age = 0.303, p < 0.001; coef. for age2 = 0.145, p < 0.001). Urban 
residents experienced a continuous upward trend in CES-D scores 
with age. The CES-D scores of rural residents increased rapidly before 
80, and then decreased gradually with age. As a result, urban residents’ 
advantage on CES-D scores over rural counterpart widened and then 
narrowed (Figure 2A).

When major correlates of depression were held constant in Model 
4, the residence effects in CES-D scores still persisted but decreased in 
size, indicating that some of the effect of urban–rural gaps were 
mediated by covariates. The interaction effect of residence with age 
remained significant when confounding variables were controlled.

Model 5 demonstrated that there seemed to be significant cohort 
changes in levels of depression and urban–rural inequalities net of age 
effects, period changes, and other covariates. Figure 2B illustrated that 
the urban–rural disparities in CES-D scores gradually diminished 
across cohorts. Specifically, urban and rural residents experienced a 
similar upward trend in CES-D scores for those born before 1950. For 
those rural residents born after 1950, the CES-D scores decreased with 
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successive cohorts. While the estimated CES-D scores of urban 
residents were relatively stable for 1950s, then increased for those born 
between 1960 and 1968, which leading to a reduction in the urban–
rural gaps in the CES-D scores for those younger cohorts. The 
insignificant coefficients of period shown in level 2 indicated that the 
urban–rural disparities were constant during the last 10 years when 
age effects, cohort effects and other factors were controlled 
(Figure 2C).

4 Discussion

Using a large, nationally longitudinal dataset of middle-aged and 
older Chinese people, we  applied HAPC-CCREM to explore age, 
period, cohort trends of depressive symptoms, simultaneously. CES-D 
scores increased with age and slightly decelerated at older age. The 
cohort trends largely increased except for a downward among those 
born in 1950s. Rural residents were associated with higher CES-D 
scores than those live in urban area. These residence gaps in CES-D 

scores enlarged before the age of 80, and then gradually narrowed. The 
urban–rural disparities in CES-D scores diminished across cohorts, 
while the corresponding period-based change in urban–rural gaps 
was not significant.

These findings of the distinct effects of age, period and cohort 
on depression trends among Chinese middle-aged and older 
adults indicated the importance to test APC effects simultaneously 
in studies of health changes. In consistent with prior studies (21, 
44), our findings indicated depressive symptoms increased with 
age at a decreasing growth rate. Specifically, age-based depression 
level demonstrated a upward trend before the age of 90, then 
followed by a slight downward trend. The age effects were strong 
and independent of period and cohort effects. With age, people 
are exposed to more risk factors related to depression, including 
physiological and social factors. Regarding physiological aspects, 
older people are more likely to suffer from physical illnesses and 
disability, resulting in an increased risk of depression (31, 47). 
Social factors such as retirement and widowhood often separated 
older adults from mainstream society and social network, leading 

TABLE 1 Basic characteristics of samples in five surveys.

Variables ALL 
(N =  77,703)

2011 
(N =  14,413)

2013 
(N =  14,922)

2015 
(N =  16,818)

2018 
(N =  15,675)

2020 
(N =  15,875)

Age 60.07 ± 9.43 58.91 ± 9.50 59.29 ± 9.33 59.41 ± 9.52 60.54 ± 9.29 62.09 ± 9.15

Sex

  Male 37,894 (48.8) 6,951 (48.2) 7,296 (48.9) 8,357 (49.7) 7,678 (49.0) 7,612 (47.9)

  Female 39,809 (51.2) 7,462 (51.8) 7,626 (51.1) 8,461 (50.3) 7,997 (51.0) 8,263 (52.1)

Residence

  Urban 31,256 (40.2) 5,799 (40.2) 5,977 (40.1) 6,740 (40.1) 6,382 (40.7) 6,358 (40.1)

  Rural 46,447 (59.8) 8,614 (59.8) 8,945 (59.9) 10,078 (59.9) 9,293 (59.3) 9,517 (59.9)

Co-residence

  Alone 4,750 (6.1) 838 (5.8) 665 (4.5) 770 (4.6) 1,237 (7.9) 1,240 (7.8)

  With others 72,953 (93.9) 13,575 (94.2) 14,257 (95.5) 16,048 (95.4) 14,438 (92.1) 14,635 (92.2)

Marital status

  With spouse 68,063 (87.6) 12,625 (87.6) 13,192 (88.4) 14,822 (88.1) 13,730 (87.6) 13,694 (86.3)

  Without spouse 9,640 (12.4) 1788 (12.4) 1730 (11.6) 1996 (11.9) 1945 (12.4) 2,181 (13.7)

Education

  Illiterate 17,537 (22.6) 3,839 (26.6) 3,583 (24.0) 3,758 (22.3) 3,144 (20.1) 3,213 (20.2)

primary 34,019 (43.8) 5,706 (39.6) 6,042 (40.5) 7,599 (45.2) 7,325 (46.7) 7,347 (46.3)

  Secondary or 

above
26,144 (33.6) 4,868 (33.8) 5,297 (35.5) 5,458 (32.5) 5,206 (33.2) 5,315 (33.5)

  Missing^ 3 (<0.1) – – 3 (<0.1) – –

Working status

  Not currently 

working
25,712 (33.4) 5,281 (37.2) 4,789 (32.6) 5,336 (32.3) 5,159 (33.0) 5,147 (32.4)

  Currently 

working
51,218 (66.6) 8,911 (62.8) 9,907 (67.4) 11,176 (67.7) 10,497 (67.0) 10,727 (67.6)

  Missing 773 (1.0) 221 (1.5) 226 (1.5) 306 (1.8) 19 (0.1) 1 (<0.1)

ADL limitations 0.34 ± 0.91 0.33 ± 0.95 0.29 ± 0.83 0.35 ± 0.92 0.32 ± 0.89 0.39 ± 0.97

CES-D score 8.25 ± 6.32 8.44 ± 6.37 7.83 ± 5.78 7.92 ± 6.39 8.43 ± 6.49 8.64 ± 6.46

CES-D, the center for epidemiologic studies depression scale. ADL, activities of daily living.
Data are presented as mean ± standard deviation or n (%). ^ Missing data were excluded from other percentage calculation.
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TABLE 2 Hierarchical age-period-cohort cross-classified random-effects model estimates of CES-D scores.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Coefficient SE Coefficient SE Coefficient SE Coefficient SE Coefficient SE Coefficient SE

Fixed effects

Intercept 7.977*** 0.144 6.937*** 0.145 6.870*** 0.147 6.670*** 0.195 6.896*** 0.139 6.677*** 0.186

Age 0.585*** 0.060 0.581*** 0.049 0.430*** 0.057 −0.091 0.071 0.507*** 0.071 −0.077 0.077

Age2 −0.103*** 0.031 −0.094*** 0.029 −0.018 0.035 −0.090** 0.035 −0.061* 0.031 −0.093* 0.038

Residence (urban = 0) 2.080*** 0.045 2.205*** 0.058 1.535*** 0.058 2.116*** 0.139 1.522*** 0.115

Age* Residence 0.303*** 0.051 0.144*** 0.049 0.115 0.075

Age2 * Residence −0.145*** 0.041 −0.151*** 0.039 −0.130*** 0.049

Sex (male = 0) 1.457*** 0.045 1.454*** 0.045

Education (illiterate = 0)

  Primary −0.500*** 0.061 −0.504*** 0.061

  Secondary or above −1.616*** 0.066 −1.622*** 0.066

Marital status (with 

spouse = 0)
1.280*** 0.079 1.280*** 0.079

Co-residence (alone = 0) −0.064 0.105 −0.067 0.105

Working status (no = 0) −0.036 0.050 −0.036 0.050

ADL limitations 2.072*** 0.025 2.072*** 0.025

Variance components

Period

  Intercept 0.079 0.058 0.086 0.062 0.086 0.063 0.076 0.056 0.060 0.046 0.051 0.040

  Residence 0.037 0.034 0.026 0.025

Cohort

  Intercept 0.041* 0.024 0.023 0.015 0.025 0.016 0.053* 0.029 0.062* 0.033 0.071* 0.039

  Residence 0.116* 0.059 0.041 0.028

Model fit

  BIC 493220.2 491077.6 491050.2 470347.0 491027.4 470327.2

CES-D, the center for epidemiologic studies depression scale. SE, standard error. ADL, activities of daily living. BIC, Bayesian Information Criterion. * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001.
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people in later adulthood to be more vulnerable to depressive 
symptoms (48). Similarly, an American study used more than 
30 years of depressive symptom assessments from the Baltimore 
Longitudinal Study of Aging and observed that the CES-D scores 
increased at the older adulthood (49). While the slight decreasing 
trends of depressive symptoms at advanced age we found may 
partly be  explained by selective survival effect (44). Those 
nonagenarians and centenarians who could survive to advanced 

ages suffering possible hardships in early life stage were likely to 
be more robust and more optimistic towards life (50).

Regarding cohort effects, the level of depression increased in 
the older cohorts born before 1950, followed by a downward trend 
for those born between 1950 and 1959, while increased again 
among the younger cohorts. These cohort trends in depression 
might indicate the potential impacts of societal shifts and 
individual life experiences on depression (21, 51). The increasing 

FIGURE 1

Overall age, period, and cohort effects on CES-D scores. (A) Age. (B) Cohort. (C) Period.
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FIGURE 2

Predicted age, period, and cohort trends in the urban–rural disparity in CES-D scores. (A) Age. (B) Cohort. (C) Period.

trend of depression observed among older cohorts before 1950 
may due to the long-lasting damage affected by the social and 
political disturbances, such as the War of Resistance (1931–1945) 
and the Chinese Civil War (1927–1949). Researches demonstrated 
that early life adversity would have profound effects on mental 
health during the whole life (52, 53). The highest CES-D scores 
were shown in the 1948–1950 cohort, who experienced war and 

chaos at birth, and the Great Chinese Famine (1959–1961) in 
childhood. At their youth, they may lose opportunities to receive 
education further during the Cultural Revolution (1966–1976). 
These historical events they suffered through the lifespan might 
be risk factors for depression (25). After the establishment of the 
People’s Republic of China in 1949, a downward trend for those 
born between 1950 and 1959 were shown. The decreasing trend 
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in depression among 1950s cohorts was in line with another 
Chinese study, which identified the incidence of major depressive 
disorder began to decline from those born after 1950 (25). Unlike 
the older cohorts, their childhood was in a relative peaceful 
condition. Meanwhile, the Anti-illiteracy Movements and mass 
public health campaigns were launched since the 1950s, which 
might play an important role in the improvement in mental health 
(43, 51). The increasing trend in depression among younger 
cohorts were consistent with prior studies (11, 24, 25). The 
possible reason may be that the younger cohorts might be exposed 
to increasing depression risks (11, 22). The growing economic 
uncertainly, accelerated pace of modern life, along with 
increasingly stress might result in a higher possibility of anxiety, 
disappointment, and distress, which may increase the levels of 
depression among younger cohorts (54, 55). Moreover, the rise of 
individualistic and consumer culture emphasizing extrinsic values 
(like money and fame) might also lend some explanation for the 
observed mostly rising trends in depression (54). The period 
effects on overall depression net of age and cohort effects were 
insignificant, indicating the depression variations mainly 
explained by age and cohort effects from 2011 to 2020. While this 
result is different from some previous studies, in which significant 
decreasing or increasing trends in depressive symptoms over time 
period were found, especially among older adults (11, 56). 
Therefore, further observation of period-based trend on 
depression in a longer period may detect a more accurate picture.

We identified that urban–rural gaps in depression enlarged 
with age and then narrowed after 80, which was similar with the 
findings from Wu et al. (34). They used data from the China Family 
Panel Studies from 2016 to 2020, and also found that residence 
gaps in CES-D scores widen among younger samples, then 
narrowed among older samples. The increasing disparities in 
depression among younger samples was mainly due to a faster 
increase in depression among rural residents. The possible reason 
maybe that for these middle-aged and ‘young old’(younger than 
80 years old), the urban residents could get better health services, 
retirement welfare, and various forms of support form their 
children and society than those in rural area (21). Meanwhile, 
some studies suggested that rural older adults in China had server 
disabilities and worse health status than urban older adults (57, 
58), which were identified as risk factors of depression (47). The 
narrowed urban–rural disparities in depression on advanced age 
might be  explained by the selective survival effect. Due to the 
urban–rural gaps in development level, those individuals who 
could survive to advanced age suffering possible hardships in rural 
area were likely to be more robust than peers live in urban area (36, 
59). Those weaker individuals in rural with worse living conditions 
and health services could rarely reach old ages. Regarding cohort 
effects, a narrowing trend on urban–rural gaps in depression was 
detected. However, this trend was partly due to the upward trends 
in depressive symptoms of urban residents among younger cohorts, 
and partly due to the downward trends in depression among rural 
residents. Therefore, more attention should be given to younger 
cohorts in urban area to prevent or postpone the onset of 
depression and to ensure they obtain adequate care.

The present study has some limitations. Firstly, due to the 
limitations of the data, the earliest and latest birth cohorts may not 
fully represent the age distribution, which may bias the estimation for 

age and cohort trends. Future studies encompassing a longer period 
may be  able to provide a more precise and comprehensive 
understanding of the age span of depressive changes. Secondly, 
we  focused on basic effects of APC and individual variables on 
depression. Effects from social network, lifestyles, and life events could 
be further explored. Thirdly, CES-D was a self-reported retrospective 
indicator of depression, which may be susceptible to cognitive biases 
(21). Future studies could use clinician-administered scales to explore 
the APC effects on depression further.

In conclusion, this study provides an overview of age, period and 
cohort trends on depression and examine these three temporal effects 
on urban–rural residence disparities in depression among middle-
aged and older Chinese adults. Given the observed stronger age effects 
on depression, coupled with the increasing depression trend among 
younger cohorts, the rapid ageing of the Chinese population will 
inevitably lead to an increase in the number of older adults with 
depression. In addition, the increase in depressive symptoms among 
urban younger cohorts also requires policy attention. Intervention 
issues should be taken to prevent or postpone the onset of depression.
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