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Purpose  Depression is one of the most common mental disorders and substantially decreases socioemotional well-being 
and health-related quality of life. Analyzing temporal patterns in depressive symptoms can reveal emerging risks that require 
attention and have implications for mental health promotion. The present study disentangled age, period, and cohort (APC) 
effects on trends in depressive symptoms and their gender disparities among China’s nationally representative samples of 
middle-aged and older adults.
Methods  Using four-wave data (2011, 2013, 2015, and 2018) from the China Health and Retirement Longitudinal Study (N 
= 65455), APC effects were quantified based on the hierarchical APC model. The 10-item Center for Epidemiologic Studies 
Depression Scale (CES-D-10) was used to measure depressive symptoms.
Results  Depressive symptoms increased during late life and stabilized after reaching an advanced age. After further adjust-
ing for individual characteristics, depressive symptoms exhibited a negative trend with advancing age. The mean levels of 
depressive symptoms remained stable during the study period. Depressive symptoms varied significantly across cohorts, with 
those born in 1949–1951 having the most severe depressive symptoms. Significant life-course and cohort variations existed 
in the gender gaps in depressive symptoms. Although women had higher mean scores on the CES-D-10 scale throughout 
the life course, the gender gaps in depressive symptoms gradually narrowed with age, as depressive symptoms decreased 
more rapidly among women. A widening trend in gender gaps in depressive symptoms was found among those born after 
the mid-1950s, mainly driven by a notable decline in depressive symptoms among men
Conclusions  The convergence of living conditions between genders in late life, as a result of traditional Chinese culture, 
may have narrowed the gender gap in depressive symptoms. However, given the widening gender disparities in depressive 
symptoms among younger cohorts, more attention should be paid to women’s mental health in the context of China’s rapid 
socioeconomic development.
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Introduction

Depression is a common mental disorder and a major global 
health issue, projected to be one of the leading causes of dis-
ability by 2030 [1]. The burden of depression is widespread 
and diverse, including reduced overall health status [2], 
decreased socioemotional well-being [3], and a higher risk 
for suicidal behavior [4]. Research has shown a spectrum of 
depressive symptoms progressing to diagnosed depressive 
disorders, marked by increasing symptom severity and psy-
chosocial impairment [5]. Depressive symptoms are more 
common than diagnosed depressive disorders but can still 
cause significant distress and functional impairment [6]. A 
recent nationally representative survey in China indicates 
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a high prevalence of depressive symptoms (24.1%) among 
adults over the age of 45, surpassing rates in European coun-
tries [7]. Furthermore, significant increases in depressive 
symptoms were observed over the past decade, especially 
among the non-elderly [8]. The above findings indicate that 
the dynamic epidemiological status of depressive symptoms 
in Chinese middle-aged and older people requires attention.

Understanding trends in health outcomes over time 
involves estimating age, period, and cohort (APC) effects 
[9]. Specifically, age effects refer to developmental changes 
associated with aging over the life course, while time-related 
trends across different periods or birth cohorts represent 
exogenous contextual changes in broader social conditions 
[10]. Although some age-period-cohort (APC) analyses have 
been conducted in China [11, 12], these studies focused on 
depressive disorders and did not fully consider individual 
characteristics. Other research used the multilevel model 
framework to assess the effect of age, birth cohort, and indi-
vidual characteristics in the trajectories of depressive symp-
toms [13, 14]. However, period effects were not controlled 
due to the limitations of the model. Therefore, it is neces-
sary to decompose trends in depressive symptoms by APC 
effects within an integrated analytical framework, while also 
exploring the potential impact of individual characteristics.

Meta-analyses consistently indicate that the prevalence 
and levels of depressive symptoms in middle-aged and older 
Chinese people have risen from the 1980s to the 2010s [15, 
16]. This phenomenon may be explained by the erosion of 
traditional culture and family values resulting from rapid 
industrialization and urbanization [17], which indicates 
a significant period effect. Cohort effects may also play a 
role, as younger cohorts express psychological stress more 
openly than older ones, influenced by changing emotional 
norms and reduced stigma around mental health [18, 19]. 
However, over the past ten years, a general downward trend 
in depressive symptoms was found in longitudinal studies 
[20, 21]. Researchers argued that improved economic condi-
tions and social welfare may have counteracted the effects 
of weakened family support contributing to the increasing 
tendency for depressive symptoms [22]. Beyond that, little 
is known whether there are other potential mechanisms in 
terms of period and/or cohort effects responsible for this 
different trend.

Considering age effects, physiological changes within the 
body may influence mental health and increase suscepti-
bility to depression. For instance, fluctuations in hormone 
levels could partially account for variations in depression 
rates across different age groups [23, 24]. In contrast to 
the positive association between age and depressive disor-
ders, whether age plays a role in depressive symptoms in 
late life is unclear [25, 26]. Inconsistent results were also 
found in China—while some cross-sectional studies show a 

positive association between age and depressive symptoms 
after controlling for confounders [27, 28], others report no 
association or even a negative one [7, 29]. These incon-
sistent findings may be due to differences in sample repre-
sentativeness, measurement methods, mortality rates, and 
most importantly, whether cohort effects were considered. 
As cohort effects may contribute more to the frequency of 
mental disorders in later life compared to earlier stages of 
life [30], the observed associations between age and depres-
sive symptoms without controlling for cohort effects pos-
sibly reflect cohort differences in status, not necessarily age 
changes in status [31].

Studies in Western countries have found higher mean 
levels of depressive symptoms in more recent cohorts [32, 
33]. Similar findings were reported in China [13], although 
another study showed the opposite trend [14]. Recent 
cohorts in China may have been better protected against the 
risk of depressive symptoms with the development of soci-
ety over the past decade. These developments include the 
establishment and improvement of mental health services 
[34], the promulgation and implementation of mental health 
legislation [35], and the execution of scientific and techno-
logical projects [36] aimed at enhancing mental well-being. 
However, on the other hand, they might be more affected 
by adverse life events compared to those born earlier due to 
the dramatic sociocultural transformation [19]. Thus, cohort 
effects of depressive symptoms later in life need to be pre-
cisely, focusing on cohort variations among those born later.

The female excess in depressive symptoms has been 
documented in studies from different countries and popula-
tions [37–39]. The diathesis-stress model explains the inter-
action between gender and stressors in relation to mental 
health [40]. According to this mode, if either or both of the 
vulnerability [39, 41] and stressors [37, 38] are more preva-
lent in women, gender differences in depressive symptoms 
would result. However, age variations on gender disparities 
in depressive symptoms in later life show different patterns 
[42–44]. The gender stratification theory suggests that the 
cumulative effects of gendered socialization and the stabi-
lization of gender roles after retirement may be significant 
factors [45]. A recent analysis of repeated cross-sectional 
data from European countries found that the accumulation 
of disadvantages for women’s mental health surpassed the 
effects of age-related adoption of social positions, leading to 
growing gender gaps in depressive symptoms among older 
adults [42]. In contrast, longitudinal studies have found that 
these gender gaps level off or even converge in old age [43, 
44], which might be due to more negative changes in life-
style and social networks among older men, counteracting 
previous advantages in mental health.

In studies focused on Chinese populations, evidence sug-
gests that gender differences in depressive symptoms are less 
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apparent in later life [18, 46]. Researchers suggested that 
the China’s unique social-cultural background may be one 
possible explanation — both women and men are treated 
equally as role models and knowledgeable leaders as they 
enter old age [47], resulting in no obvious gender differ-
ences in socioeconomic status and stressful conditions. Con-
sidering cultural factors may have a unique impact on the 
mental health of Chinese older populations, more evidence 
is needed to determine if gender differences in depressive 
symptoms among older Chinese adults exhibit a divergent 
age pattern compared to Western countries. Additionally, 
the unclear cohort trends in depressive symptoms among 
younger Chinese generation raise the question of whether 
gender differences vary across birth cohorts.

To effectively prevent mental disorders and promote men-
tal health, it is crucial to gain a comprehensive understand-
ing of how depressive symptoms are evolving and differ-
ing between genders. Analyzing these trends necessitates 
addressing the potential confounding effects of age, period, 
and cohort [10]. However, current research on these issues in 
China is notably insufficient. To fill this gap, using nationally 
representative microdata, the present study intends to simul-
taneously disentangle APC effects on trends in depressive 
symptoms among middle-aged and older adults in China 
and further explore whether there are gender disparities in 
the APC effects.

Materials and methods

Data and study sample

The data used in this study is from the China Health and 
Retirement Longitudinal Study (CHARLS). CHARLS is 
a multiple-wave panel study that follows cohorts of com-
munity-dwelling people aged 45 and over every 2–3 years 
beginning in 2011. Successive waves were collected in 
2011, 2013, 2015, and 2018. The 2011 baseline survey 
conducted a stratified multi-stage probability-propor-
tional-to-size (PPS) random sampling method to obtain 
a nationally representative sample of Chinese residents 
aged 45 years or older in 450 villages/urban communi-
ties, 150 countries/districts, and 28 provinces. Specifically, 
150 county-level units were randomly selected with a PPS 
sampling technique from a sampling frame including all 
county-level units fell within 28 provinces (excluding 
Tibet). The sample was stratified by region, within the 
region by urban district and rural country, and by gross 
domestic product per capita. In each county-level unit, 3 
primary sampling units (villages in rural areas and neigh-
borhoods in urban areas) were randomly chosen, using PPS 
sampling [48]. The response rate was 80.5% in 2011 and 
remained at a high level in 2013, 2015, and 2018, which 

were 82.6%, 82.1%, and 83.8%, respectively. To maintain 
the sample’s age representation, refreshment samples from 
the baseline survey were added in the following waves. If 
the baseline respondents lived with someone aged between 
40 and 44 in the same household, he/she was reserved 
for a refresh sample. In 2013 (wave 2), respondents aged 
43–44 at baseline (with their spouses) were added from 
the refreshment sample. Using the same strategy, those 
who were aged 41–42 and 40 at baseline were added in 
2015 (wave 3) and 2018 (wave 4) as refreshment samples, 
respectively [49]. The survey provides information about 
the respondents’ physical, mental, and cognitive function-
ing and sociodemographic characteristics.

As shown in Fig. 1, the raw CAHRLS data set contains 
77,233 individuals (17,708, 18,612, 21,097, and 19,816 in 
2011, 2013, 2015, and 2018, respectively). After exclud-
ing those under 45 years old and observations with missing 
information on age/assessment of depressive symptoms/
survey weight, 65,455 observations were obtained as the 
study population (15,382, 15,733, 18,109, and 16,231 in 
2011, 2013, 2015, and 2018, respectively). Among 65,455 
observations, 18,567 individuals had missing values on 
covariates. To reduce the potential bias of missing values 
and maximize the utility of the available data, we imputed 
the missing values using the method of multiple imputations 
by chained equations [50].

Measurements of depressive symptoms

Depressive symptoms were measured using the 10-item Center 
for Epidemiologic Studies Depression Scale (CES-D-10) in 
CHARLS [28]. The ten items referred to the depressive feelings 
and behaviors of the respondents during the last week, including 
eight negatively oriented questions and two positive questions. 
Each question has four options: rarely or none of the time (< 1 
day), some or a little of the time (1–2 days), occasionally or a 
moderate amount of the time (3–4 days), and most or all of the 
time (5–7 days), which were counted as 0, 1, 2 and 3 scores 
respectively. So the total depressive score ranges from 0 to 30, 
with a higher score indicating more severe depressive symptoms 
[51]. The validity of the CES-D-10 has been examined among 
Chinses adults [52], and previous studies have shown this scale 
has good reliability and discrimination [53].

Independent variables

Two sets of variables were included in our analyses: indi-
vidual-level variables (i.e., level-1) and contextual vari-
ables (i.e., level-2). The key individual variable was age 
and gender. Other individual characteristics that are shown 
to be correlated with the risk of depressive symptoms were 
regarded as control variables, which were divided into three 
broad categories  —  socio-demographic characteristics, 
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socioeconomic status (SES), and health status. The period 
and birth cohort were regarded as contextual variables. Spe-
cifically, the period was determined by survey years from 
2011 to 2018 and generated as a four-category variable. The 
birth cohort was determined by three-year cohorts ranging 
from 1910 to 1973. To ensure an adequate sample size, 
the oldest cohort included twenty-one years (from 1910 to 
1930), and the youngest included four years (from 1970 to 
1973). As a result, respondents’ birth cohorts were divided 
into 15 groups. The operational definitions of all variables 
used in the analyses are included in Table S1 (see Appendix 
file).

Statistical analyses

Our analyses begin with a descriptive analysis of the study 
variables for each survey and then postulate the cross-classi-
fied random-effect modeling (CCREM) specification of the 
hierarchical APC models proposed by Yang and Land [54]. 
The CCREM is a two-level model — individual character-
istics are level-1 variables, and period and cohort are level-2 
variables. The level-1 model takes the following form:

(1)

cDepijk = �0jk + �1jkAgeijk + �2jkAge3ijk

+ �3jkGenderijk +
P
∑

p=4
�pjkXpjk + eijk

The raw data set

N = 77233

2011

n = 15382

2013

n = 15733

2015

n = 18109

2018

n = 16231

2799 missingness on

covariates

5499 missingness on

covariates

7636 missingness on

covariates

2633 missingness on

covariates

N = 46888

Study sample

N = 65455

Multiple imputations to

replace missing values

2011

n = 17708

2013

n = 18612

2015

n = 21097

2018

n = 19816

2011

n = 16931

2011

n = 17974

2011

n = 19719

2011

n = 19454

Excluding 297

observations aged below

45 years, and 65

missingness on age

Excluding 1280

observations aged below

45 years, and 98

missingness on age

Excluding 516

observations aged below

45 years, and 122

missingness on age

Excluding 602

observations aged below

45 years, and 175

missingness on age

Removing 1759

missingness on CES-D-10

and 1464 missingness on

survey weight

Removing 1372

missingness on CES-D-10

and 238 missingness on

survey weight

Removing 1926

missingness on CES-D-10

and 315 missingness on

survey weight

Removing 1549

missingness on CES-D-10

and 0 missingness on

survey weight

Fig. 1   Flowchart of the study sample selection
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where Depijk stands for the depressive score of the respond-
ent i (for i = 1,… , njk ) within period j (for j = 1,… , 4 ) and 
cohort k (for k = 1,… , 15 ). Ageijk represents age, consider-
ing the non-linear relationship between depressive symp-
toms and age among older adults, age-cubed ( Age3

ijk
 ) is also 

added in the model [26, 55]; Genderijk denotes gender vari-
able; X denotes the vector of other individual variables such 
as control variables; �1jk,… , �pjk are level-1 fixed effects and 
P is the maximum number of independent variables; �0jk is 
the intercept indicating the mean score on the CES-D-10 for 
the reference group at mean age who were nested in period 
j and cohort k , and eijk is the random individual effect. We 
can test the life course hypotheses about age variations in 
gender disparities in depressive symptoms by including the 
age-by-gender interaction term in X [56].

Level-2 random intercept and coefficient embedded in 
Eq. 1 may be expressed as follows:

Equation 2.1 is the model for the random intercept �0jk 
which specifies the overall mean depressive score ( �0 ) var-
ies by time (period effect, �0j ) or birth cohort (cohort effect, 
�0k ), �0j and �0k are estimated as level-2 residual random 
effects. To test whether gender disparities in depressive 
symptoms vary by period or cohort, Eq. 2.2 specifies that 
the coefficient of gender ( �3jk ) has cohort effects ( �3j ) or 
period effects ( �3k ), with �3 is the fixed sex effect on the 
overall mean score of CES-D-10 scale.

The combined models in Eqs. 1 and 2 estimated linear 
CCREMs using SAS PROC GLIMMIX [57]. Bayesian 
Information Criterion (BIC) statistics were used to compare 
the goodness of fit between models. All analyses, including 
descriptive tables and regressions, are weighted using indi-
vidual sample weights adjusting for non-response.

Results

Characteristics of the study sample

The characteristics of the study sample by survey wave 
are given in Table 1. The depressive scores remained sta-
ble, ranging from 7.84 to 8.50 (P = 0.149). The mean age 
increased monotonically, from 59.11 in 2011 to 61.67 in 
2018 (P = 0.008). The distribution of sociodemographic 
variables did not change significantly between 2011 and 
2018. In each wave, the study sample had a larger propor-
tion of females, those who lived in the east region, lived 

(2.1)�0jk = �0 + �0j + �0k

(2.2)�3jk = �3 + �3j + �3k

in rural areas, and were married. SES, including educa-
tion level, expenditure per capita, and health insurance 
coverage increased significantly by survey wave, except 
for occupational status. Although the percentage of non-
working declined monotonically between 2011 and 2015 
(from 41.7% to 37.1%), a slight rebound was found in 2018 
(39.3%). Regarding health status, the proportion of those 
who were dependent in activities of daily living (14.2% to 
16.4%) and were dependent in instrumental activities of 
daily living (18.1% to 2.09%) fluctuated during the study 
period. A strong upward trend was found in the percentage 
of those who had more than one chronic disease (from 69.2% 
to 80.8% between 2011 and 2018).

Overall APC effects

The gross and net APC effects on depressive symptoms are 
shown in Table 2 (Model 1 and Model 2, respectively), and 
predicted depressive scores are displayed in Fig. 2 to illus-
trate the findings.

Model 1 shows a significant gross age effect ( �age = 
0.52, P < 0.001; �age3 = − 0.05, P = 0.003) net of period 
and cohort effects. Figure 2(A1) shows a curvilinear rela-
tionship between age and depressive symptoms. Predicted 
depressive scores increase from ages 45 to 80, but after 80, 
the scores stabilize and then begin to decline. As shown in 
Model 2, after controlling for all individual characteristics, 
age remains a significant predictor, but the direction of its 
association reverses ( �age = – 0.40, P < 0.001), indicating a 
decrease in depressive symptoms with increasing age. The 
coefficient of age-cubed remains unchanged ( �age3 = – 0.05, 
P = 0.002), reinforcing this trend. Figure 2(A2) illustrates 
this finding, showing a monotonic decrease in depressive 
symptoms as age increases, which is especially pronounced 
among the oldest old.

The estimates of random effects in terms of variance 
components in level 2 indicated no significant differences 
in the mean levels of depressive symptoms across peri-
ods. However, significant gross cohort effects were found 
(Model 1: � = 0.067, P = 0.023) after adjusting for age 
and period effects, and the net cohort effects remained 
significant when control variables were considered (Model 
2: � = 0.093, P = 0.019). As shown in Fig. 2(B1) and (B2), 
depressive scores were lower in 2013 and 2015, regardless 
of whether controlling for individual characteristics. The 
estimated gross cohort effects are shown in Fig. 2(C1). 
Those born in 1949–1951 had the most severe depressive 
symptoms. After that, depressive symptoms showed a 
fluctuating downward trend and a rapid decline was found 
among those born after 1967. For those born before 1949, 
there was a decline in depressive scores from the pre–1930 
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cohort to the 1934–1936 cohort, followed by an overall 
upward trend, and predicted net cohort effects from Model 
2 exhibit nearly the same trend (see Fig. 2(C2)). However, 
the cohort trends estimated from Model 2 are less fluctuat-
ing than that from Model 1.

What’s more, results from Model 2 show that all indi-
vidual characteristics are significantly associated with 
depressive symptoms and consistent with previous studies 
[58]. The smaller BIC statistics indicate a better model fit 
for Model 2 than Model 1 (417,943 vs. 431,931).

Table 1   Descriptive 
characteristics of the China 
Health and Retirement 
Longitudinal Study sample by 
wave

Values are n (%) unless otherwise noted, weighted percentages calculated using the sampling weights. The 
reported P value is for a χ2 test or One-Way ANOVA for significant differences in proportion or mean 
between years. PCE per capita expenditure; ADL activity of daily living; IADL instrumental activity of 
daily living

Characteristics 2011 2013 2015 2018 P value
n = 15,382 n = 15,733 n = 18,109 n = 16,231

Depressive score (0–30) 0.149
 Mean (SD) 8.41 (6.33) 7.84 (5.78) 7.90 (6.37) 8.50 (6.46)
Age, years (45–108) 0.008
 Mean (SD) 59.11 (9.60) 59.62 (9.52) 59.92 (9.71) 61.67 (9.47)
Gender 0.103
 Male 7329 (47.2) 7538 (48.4) 8815 (49.1) 7735 (48.8)
 Female 8053 (52.8) 8195 (51.6) 9294 (50.9) 8496 (51.2)
Region 0.267
 West region 4992 (30.3) 5157 (30.4) 5928 (30.2) 5368 (30.9)
 Central region 5031 (30.4) 5086 (30.1) 5817 (30.1) 5343 (31.3)
 East region 5359 (39.3) 5490 (39.5) 6364 (39.6) 5520 (37.8)
Hukou status 0.416
 Rural 9188 (51.1) 9569 (52.0) 10,945 (50.6) 10,041 (51.0)
 Urban 6194 (48.9) 6164 (48.0) 7164 (49.4) 6190 (49.0)
Marital status 0.270
 Married 13,468 (86.1) 13,786 (86.5) 15,799 (86.7) 14,013 (85.7)
 Not married 1914 (13.9) 1947 (13.5) 2310 (13.3) 2218 (14.3)
Education  < 0.001
 No formal education 4259 (26.0) 4042 (23.6) 4431 (21.8) 3806 (20.7)
 < Middle school 6043 (37.9) 6350 (38.9) 8032 (43.7) 7349 (44.6)
 ≥ Middle school 5080 (36.1) 5341 (37.6) 5646 (34.4) 5076 (34.7)
Log PCE (0–14.22)  < . 0001
 Mean (SD) 8.58 (0.92) 8.86 (0.91) 8.99 (0.96) 9.15 (0.98)
Occupation  < 0.001
Nonworking 5796 (41.7) 5286 (37.3) 6085 (37.1) 5606 (39.3)
Agricultural job 5946 (32.7) 6389 (34.9) 6456 (30.0) 6081 (31.5)
Nonagricultural job 3640 (25.6) 4058 (27.8) 5568 (32.9) 4544 (29.2)
Health insurance  < 0.001
 Yes 14,371 (92.8) 15,161 (95.9) 16,747 (92.5) 15,756 (97.1)
 No 1011 (7.2) 572 (4.1) 1362 (7.5) 475 (2.9)
ADL  < 0.001
 Dependent 2361 (14.2) 2444 (14.5) 3236 (16.4) 2726 (15.3)
 Independent 13,021 (85.8) 13,289 (85.5) 14,873 (83.6) 13,505 (84.7)
IADL  < 0.001
 Dependent 3250 (20.0) 3066 (18.1) 3803 (19.8) 3668 (20.9)
 Independent 12,132 (80.0) 12,667 (81.9) 14,873 (80.2) 12,563 (79.1)
Chronic diseases  < 0.001
 Have at least one 10,660 (69.2) 11,475 (72.5) 14,481 (79.9) 13,131 (80.8)
 No 4722 (30.8) 4258 (27.5) 3628 (20.1) 3100 (19.2)
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Age variation in gender on depressive symptoms

Figure 3(A1) shows that gender differences in depressive 
symptoms remain stable throughout middle and old age, as 
the interaction effect between and age and gender is not sig-
nificant ( �age×female = 0.04, P = 0.460) in Model 3, which only 
considers period and cohort effects. However, after adjusting 
for all individual characteristics in Model 4, a significant 
interaction effect emerges ( �age×female = − 0.15, P < 0.001). 
This indicates that although women have higher mean scores 
on the CES-D-10 scale ( �female = 1.07, P < 0.001) through-
out the life course, the gender gap in depressive symptoms 
gradually narrows with age. Specifically, depressive symp-
toms decrease more rapidly among women in late life, as 
illustrated in Fig. 3(A2).

Cohort variation in gender on depressive symptoms

Model 5 in Table 3 estimates the cohort variations (in terms 
of variance components) in gender disparities in depressive 
symptoms, controlling for age and period effects. Model 6 
further controls for individual-level characteristics. The pre-
sent study did not explore the gender disparities in depres-
sive symptoms over time, as no significant overall period 
effects were found. Model 5 presents significant cohort 
variations in gender disparities net of age and period effects 
( �female = 0.102, P = 0.044). In Model 6, after adjusting for 
individual-level variables, the cohort effects between gen-
ders remain significant ( �female = 0.104, P = 0.039). Based 
on Model 6 estimates, Fig. 4 shows that gender disparities 
increased from the pre–1930 birth cohort to the 1937–1939 
cohort and then stabilized until the 1952–1954 cohort. After 
a rapid decline for birth cohorts between 1952–1954 and 
1955–1957, the gender disparities in depressive symptoms 
widened dramatically for those born after the mid–1950s.

Table 2   Estimates from linear 
Cross-classified Random-effects 
Models of depressive symptoms 
(N = 65,455)

Sampling weights were used in the model. Random effect coefficients are omitted in the interest of space, 
which can be found in Table S5 in Additional file.*** indicates P < 0.001, ** indicates P < 0.01, * indicates 
P < 0.05. ADL activity of daily living; IADL instrumental activity of daily living; BIC Bayesian Informa-
tion Criterion

Fixed effects Model 1 Model 2 Model 3 Model 4
β (SE) β (SE) β (SE) β (SE)

Intercept 7.77*** (0.16) 9.08*** (0.29) 6.75*** (0.16) 9.10*** (0.30)
Age 0.52*** (0.08) − 0.40*** (0.09) 0.57*** (0.08) − 0.33*** (0.09)
Age3 − 0.05** (0.02) − 0.05** (0.01) − 0.06*** (0.02) − 0.04** (0.02)
Female / 1.07*** (0.05) 1.97*** (0.05) 1.07*** (0.05)
Age × Female / / 0.04 (0.05) − 0.15** (0.04)
Region (Ref: Central region)
 West region / 0.49*** (0.06) / 0.49*** (0.06)
 East region / − 0.74*** (0.05) / − 0.74*** (0.05)
Urban / − 0.95*** (0.05) / − 0.95*** (0.05)
Married / − 1.12*** (0.07) / − 1.15*** (0.02)
Education (Ref: < Middle school)
 No formal education / 0.17** (0.06) / 0.19** (0.06)
 ≥ Middle school / − 0.81*** (0.05) / − 0.81*** (0.05)
Log PCE / − 0.15*** (0.02) / − 0.15*** (0.02)
Occupation (Ref: Nonworking)
 Agricultural job / − 0.24*** (0.06) / − 0.24 (0.06)
 Nonagricultural job / − 0.73*** (0.06) / − 0.71*** (0.06)
Health insurance / − 0.62*** (0.10) / − 0.63*** (0.10)
ADL dependent / 2.82*** (0.07) / 2.82*** (0.07)
IADL dependent / 3.08*** (0.06) / 3.08*** (0.06)
Chronic disease / 1.49*** (0.05) / 1.49*** (0.05)
Random effects σ (SE) σ (SE) σ (SE) σ (SE)
(Variance components)
Period effect (intercept) 0.083 (0.070) 0.097 (0.081) 0.079 (0.066) 0.097 (0.081)
Cohort effect (intercept) 0.067* (0.033) 0.093* (0.045) 0.074* (0.036) 0.098* (0.047)
Model fit (BIC) 431,931 417,943 430,212 417,936
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Sensitivity analyses

We conducted some robustness checks. First, we used list 
deletion for missingness on covariates to obtain a com-
pletely observed sample (N = 46,888). Then we ran all of 
the above models using complete cases. Comparing esti-
mated results in Tables 2, 3 with Table S2 in Additional 
file and visualized results in Figs. 2, 3 with Figures S1–S3 

in Additional file, we found no meaningful differences. 
Although the variance components of the cohort effect 
were smaller in models using complete cases, indicat-
ing smaller overall cohort variations and cohort effects 
between genders, the general pattern exhibited consistency 
(Fig. 4 vs. Figure S3 in Additional file). So our results 
were not biased by imputed values.
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Fig. 2   Age, period, and cohort effects on depressive symptoms. Figures in the left and right panels are plotted based on predicted depressive 
scores from Model 1 and Model 2, respectively
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Second, we set age as a categorical variable for the 
5-year-old group (aged 75 and over as the open-end age 
group) and reran the models. Table S3 and Figures S4-S6 in 
Additional file show that these additional analyses did not 
yield substantively different results, so the reported findings 
were confirmed again.

Third, considering the nonsignificant and nearly linear 
period trend, we further explored the necessity to include 
period effects in the analyses. Therefore, we constructed a 
new model based on Model 2 but excluding period effects. 
Table S4 in Additional file shows that, without control-
ling for period effects, the absolute value of �age decreased 
apparently (from 0.40 to 0.27, decreased by 32.5%), and the 
variance component of cohort effect increased (from 0.093 
to 0.119, increased by 28.0%), which suggesting a weaker 
linear age effect and increased cohort variations. Moreover, 
the bigger BIC suggests an unimproved model fit (418,920 
vs. 417,943). The above results illustrate that period effects 
should be controlled in the current study; otherwise, biased 
estimates of age and cohort effects may be generated.

Discussion

Based on four waves of panel data spanning seven years 
from a nationally representative community sample of peo-
ple aged 45 and over, this study disentangles the confound-
ing effects of APC and explores the trends in gender differ-
ences in depressive symptoms with age and across cohorts. 
While gross age effects suggest that depressive symptoms 
increase with age and then stabilize, adjusting for individ-
ual characteristics reveals that age trajectories turn nega-
tive. Although no significant period effects were found, the 
cohort effects indicate that depressive symptoms followed 
a U-shaped pattern, with the 1949–1951 cohort having the 

highest depressive scores. Significant life-course and cohort 
variations exist in the gender gaps in depressive symptoms. 
Women exhibit higher levels of depressive symptoms than 
men. After controlling for period effects, cohort effects, and 
individual characteristics, gender disparities decrease with 
age. However, a pronounced widening trend in gender dis-
parities is observed among those born after the mid-1950s.

Is being older depressing? In the present study, the 
gross age effects indicate no more frequent depressive 
symptoms among the oldest age, which aligns with some 
longitudinal studies in China [13, 14]. The following fac-
tors may explain the findings. Firstly, sample bias may 
obscure the effect of aging. Specifically, both depression 
and its risks may reduce survival, thus selective mortal-
ity might tend to remove those with elevated depressive 
symptoms, which is more pronounced among the oldest 
old [59]. Moreover, The magnitude of depressive symp-
toms may be underestimated because older institutional 
residents, who typically exhibit significantly higher levels 
of depressive symptoms compared to their community-
dwelling counterparts [60], were excluded from the sur-
vey. The second factor may be item bias. Older adults are 
more likely to attribute somatic depressive symptoms to 
physical illness rather than to depressed mood [61]. The 
CES-D-10 used in the CHARLS predominantly focuses 
on “depressed mood” and “negative mood” factors [53]. 
Therefore, we argue that the scale’s lack of assessment 
of somatic symptoms may lead to an underestimation of 
depressive symptoms in the older population. Finally, life 
satisfaction, a significant predictor of depressive symp-
toms in middle-aged and older adults [7, 62], has been 
shown to remain relatively stable from late adulthood to 
old age [63–65]. For Chinese older adults, cultural aspects 
(e.g., “Zhi Zu Chang Le” — knowing satisfaction leads to 
constant happiness) may lead to a greater likelihood of 
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Fig. 3   Predicted age variations in gender disparities in depressive symptoms Subfigure A1 and subfigure A2 are plotted based on predicted 
depressive scores from Model 3 and Model 4, respectively
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positive self-feelings of current life [63], but whether the 
above mechanisms are also present in other populations 
requires additional new evidence in the future.

After adjusting for individual-level characteristics, the 
declining curve of net age effects may suggest the “age 
as maturity perspective” [66]. Specifically, controlling for 
life course patterns of social and economic status and for 
progressively decline in physical function with age, the age 
trajectory of depressive symptoms shows a monotonically 
decline. The more ordered lives, more compatible relation-
ships, and more work and life experiences that come with 
age may shift the quality of emotions among older adults 
from negative (depression) to positive (agitation) [67]. A 
longitudinal study based on a population of older Ameri-
cans similarly found the above pattern, but linear model 

specifications resulted in a non-significant net age effect 
[33]. The present study detected more and significant age 
effects by using nonlinear terms for age. In summary, the 
balance between maturity and decline forms the basis of 
gains and losses over the social life cycle, with the gradual 
decline in physical function offsetting the gains in mental 
well-being from greater maturity.

Considering period and cohort effects, although no signif-
icant period effects were found in this study, the net period 
effect suggested a decreasing trend in depressive symptoms 
between 2011 and 2015 (see Fig. 2(B2)), aligning with pre-
vious studies using the same datasets [20, 21]. However, 
regardless of whether individual characteristics were con-
trolled for, levels of depressive symptoms rebounded in 
2018, approaching the levels observed in 2011. We specu-
late that the higher SES levels in the 2018 sample compared 
to 2011, combined with significantly poorer overall health 
status, may have resulted in similar gross and net period 
effects between the two survey waves (see Table 1). Overall, 
the U-shaped trend in depressive symptom levels observed 
between 2010 and 2018 was similarly confirmed in another 
Chinese population survey [8]. The increasing trend in 
depressive symptoms found among those born before 1949 
may reflect the negative impact of war and social unrest dur-
ing their early life, as early exposure to these adversities 
increases the risk of mental disorders in later life [68]. The 
highest levels of depressive symptoms in the 1949–1951 
cohort may reflect the “cumulative effect” of depression 
risks across their lifespan [69, 70], such as the Great Fam-
ine of 1959–1961 in childhood, the Cultural Revolution of 
1966–1976 in youth, and the Financial Crisis of 1998 and 
2008 in adulthood. The decrease in depressive symptoms 

Table 3   Estimates from linear Cross-classified Random-effects Mod-
els of depressive symptoms: gender cohort effects (N = 65,455)

Sampling weights were used in the model. fixed and random effect 
coefficients are omitted in the interest of space, which can be found 
in Table  S6 in Additional file. *** indicates P < 0.001, ** indicates 
P < 0.01, * indicates P < 0.05. BIC Bayesian Information Criterion

Fixed effects Model 5 Model 6
β (SE) β (SE)

Intercept 6.76*** (0.16) 9.10*** (0.29)
Age 0.57*** (0.08) − 0.32*** (0.09)
Age3 − 0.05** (0.02) − 0.04* (0.02)
Female 1.92*** (0.10) 1.02*** (0.10)
Age × Female 0.04 (0.08) − 0.17* (0.07)
Region (Ref: Central region)
 West region / 0.48*** (0.06)
 East region / − 0.74*** (0.05)
Urban / − 0.94*** (0.05)
Married / − 1.16*** (0.07)
Education (Ref: < Middle school)
 No formal education / 0.19** (0.06)
 ≥ Middle school / − 0.82*** (0.05)
Log PCE / − 0.15*** (0.02)
Occupation (Ref: Nonworking)
 Agricultural job / − 0.24*** (0.06)
 Nonagricultural job / − 0.71*** (0.06)
Health insurance / − 0.63*** (0.10)
ADL dependent / 2.82*** (0.07)
IADL dependent / 3.08*** (0.06)
Chronic disease / 1.48*** (0.05)
Random effects (Variance compo-

nents)
σ (SE) σ (SE)

Period effect 0.079 (0.066) 0.097 (0.081)
Cohort effect
 Intercept 0.064* (0.037) 0.093* (0.047)
 Gender effect (female) 0.102* (0.060) 0.104* (0.059)
Model fit (BIC) 430,186 417,907
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Fig. 4   Predicted cohort variations in gender disparities in depres-
sive symptoms The solid lines are random cohort effects by gender 
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mials of birth cohorts
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across successive cohorts born after 1960 may benefit from 
rapid economic expansion, improved health services, and 
enhanced living conditions. However, the downward trend 
was less evident among those born before the 1970s, which 
may have been affected by the Cultural Revolution [71].

In examining the age effect and its gender differentia-
tion, results suggest that gender disparities in depressive 
symptoms remain stable with age when considering only 
period and cohort effects. This aligns with meta-analyses of 
data from over 90 nations, showing similar trends in gender 
gaps during adulthood [72]. After controlling for individual 
characteristics, the gender gaps decrease slowly with age. 
This finding suggests that the long Chinese tradition of hon-
oring older family members may lead to a convergence of 
life conditions for women and men in old age, thus attenu-
ating the effect of gender stratification in earlier life stages 
[46]. Moreover, the overall reduction in gender differences 
in depressive symptoms after controlling for individual 
characteristics suggests that women’s greater exposure to 
social and material disadvantages and poor health over the 
life course leads to higher levels of depressive symptoms, 
which supports the differential exposure hypothesis [39]. 
However, which exposure factors play a major role in gender 
gaps, and what are the mechanisms behind the unexplained 
parts of the differences? More focused longitudinal studies 
are needed in the future.

Recent studies in China and high-income countries have 
shown that gender gaps in depressive symptoms are narrow-
ing among younger cohorts [14, 73, 74]. However, our study 
found the opposite pattern—gender disparities have widened 
among those born after 1955, primarily due to a decrease in 
depressive symptoms among men. A longitudinal study of 
U.S. adults similarly found that gender differences in depres-
sive symptoms widened across cohorts born in 1925–1964, 
due to steeper increases in mean CES-D-10 scores among 
women [75]. Authors suggested that women born around the 
1940s experienced unanticipated social pressures related to 
balancing work and family, marital dissolution, and financial 
constraints, reducing their perceived well-being. The appli-
cability of the above mechanisms to Chinese women should 
be treated with caution due to differences between the two 
countries. The U.S. study only considered the linear form of 
the cohort effect, thus missing the pattern of rapid decline 
in depressive symptoms for men in the most recent cohort, 
as found in our study. Considering that the overall cohort 
effect showed a decreasing trend in the younger cohort 
(Fig. 2(C2)), we speculate that although social moderni-
zation and rising living standards from economic reforms 
benefited many, the distinctly gendered nature of family 
and social roles may have prevented women from equally 
enjoying these positive effects [76]. Future research may 
need to further explain cohort variations in gender gaps in 
depressive symptoms from a macro perspective, considering 

factors like macro-level gender equality and relative gen-
dered social position [42, 73].

A weakness of this study is that we used data that only 
covered an observation window of seven years, which is 
difficult to provide a whole picture of recent period effects. 
Future studies drawing on longer periods would be required 
to detect a more accurate representation of the differences 
in depressive symptoms by period. Furthermore, we can-
not examine exogenous factors that may explain overall and 
gender-specific cohort patterns due to the lack of macro-
level data before the founding of the People’s Republic of 
China. Further research should focus on the relationships 
between macroeconomic variables, cohort characteristics, 
and cohort changes in depression [10]. Finally, given the 
significance of mental health issues among younger adults, 
understanding the prevalence and determinants of depressive 
symptoms in this demographic is crucial for informing tar-
geted interventions and policies. Without data on individu-
als under 45 years of age, our study may not fully capture 
the nuances of depressive symptomatology across the adult 
lifespan. Future research endeavors should consider utilizing 
datasets that encompass a broader age range or conduct-
ing dedicated studies targeting this demographic to provide 
a more comprehensive understanding of trends in depres-
sive symptoms in China. Nevertheless, in the absence of 
APC analyses of trends in depressive symptoms based on 
individual-level data in China, this study offers significant 
insights into the age and cohort effects of depressive symp-
toms among middle-aged and older adults, as well as their 
gender differences. These findings will aid in understand-
ing the specific impact of individual factors on depressive 
symptoms in later life and the influence of major historical 
events and social developments on the mental well-being of 
different generations.

Conclusion

Our findings provide more comprehensive evidence of life 
course and birth cohort changes in depressive symptoms 
and its gender disparities among middle-aged and older 
Chinese. Results suggest no more frequent depressive 
symptoms among the oldest age net of period and cohort 
effects, which may be caused by methodological biases or 
a reflection of a long and healthy living among the oldest 
old in China. Depressive symptoms did not show a sig-
nificant trend during the study period. The social chaos 
during the founding of new China resulted in significantly 
higher levels of depressive symptoms in those born then. 
As socioeconomic development progressed, symptoms 
decreased, especially for those born after 1960. Significant 
age and cohort variations in gender disparities in depres-
sive symptoms were detected. Gender gaps narrowed with 
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age after adjusting for period effects, cohort effects, and 
individual-level variables. The most noteworthy finding is 
that a widening trend in gender gaps in depressive symp-
toms was found among those born after the mid-1950s, 
mainly driven by a notable decline in depressive symptoms 
among men. In the context of an overall stable level of 
depressive symptoms over time, we should be aware of 
the widening gender disparities in mental health among 
younger cohorts.

This study’s findings have several important policy 
implications. Firstly, the significant gender disparities in 
depressive symptoms in terms of age and cohort effects 
suggest the need for gender-specific mental health inter-
ventions. Policies should be designed to address the unique 
stressors that women face in their life course. Moreover, 
for younger cohorts among women, policies should addi-
tionally consider the societal pressures and changing roles 
due to macro-level gender equality movements. Secondly, 
the results indicate that different cohorts have varying lev-
els of depressive symptoms due to their respective life 
experiences. This supports the implementation of policies 
aimed at providing additional support to those exposed to 
war and social adversities early in their lives. Finally, the 
monotonically decreasing trend in age effects after control-
ling for individual characteristics suggests the necessity of 
alleviating the negative impact of deteriorating socioeco-
nomic status and physical functioning on mental health 
well-being in old age by enhancing older people’s com-
munity, economic and social involvement.
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