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Summary
What is already known about this topic?
Depression  among  older  adults  represents  a  critical
public  health  challenge  in  China.  While  previous
research  has  documented  spatial  heterogeneity  in  the
prevalence  of  depressive  symptoms  among  elderly
populations  across  China,  the  comprehensive
spatiotemporal  patterns  remain  inadequately
characterized.
What is added by this report?
This  study  provides  the  first  comprehensive  city-level
analysis  of  elderly  depressive  symptom  prevalence  in
China  from  2013  to  2020.  The  findings  reveal  a
substantial increase in average prevalence from 30.27%
[95%  confidence  interval  (CI):  24.53%,  36.02%]  in
2013 to 37.79% (95% CI: 31.01%, 44.56%) in 2020.
Higher  prevalence  rates  were  consistently  observed  in
cities across Southwest, Northwest, and Central China,
though without significant spatial clustering patterns.
What  are  the  implications  for  public  health
practice?
Enhanced  mental  health  interventions  and  preventive
strategies  targeting  elderly  populations  are  particularly
warranted  in  China’s  western  and  central  regions,
where the burden of depressive symptoms is highest.

 

ABSTRACT

Introduction:  Depression  among  older  adults  has
emerged  as  a  critical  public  health  concern  in  China.
While  previous  studies  have  demonstrated  spatial
heterogeneity in the prevalence of depressive symptoms
among  elderly  populations  across  China,  the
spatiotemporal evolution of this phenomenon remains
inadequately  explored.  This  study  aimed  to  estimate
city-level  prevalence  of  depressive  symptoms  among
elderly  Chinese  residents  from  2013  to  2020  and
analyze its spatial-temporal patterns.

Methods:  Data  were  obtained  from  the  China

Health  and  Retirement  Longitudinal  Study
(CHARLS)  surveys  conducted  in  2013,  2015,  2018,
and  2020.  The  study  employed  sandwich  estimation
methodology to calculate prevalence rates, while global
autocorrelation analysis  was utilized to evaluate spatial
patterns in the distribution of depressive symptoms.

Results:  The  average  prevalence  of  depressive
symptoms among Chinese older adults demonstrated a
consistent  increase  from  30.27%  [95%  confidence
interval  (CI):  24.53%,  36.02%]  in  2013  to  37.79%
(95%  CI:  31.01%,  44.56%)  in  2020.  Higher
prevalence  rates  were  observed  in  cities  across
Southwest,  Northwest,  and  Central  China,  although
no significant spatial aggregation was detected.

Conclusions:  The  prevalence  of  depressive
symptoms  among  older  adults  in  China  showed  a
substantial increase between 2013 and 2020. Enhanced
preventive  measures  and  interventions  are  particularly
needed  to  improve  mental  well-being  among  elderly
populations in China’s western and central regions. 

 

Depression  among  older  adults  has  emerged  as  a
critical  public  health  challenge  in  China  (1).  While
previous research has documented spatial disparities in
its  prevalence  (2),  a  comprehensive  understanding  of
its spatiotemporal patterns remains elusive. This study
aimed  to  estimate  city-level  prevalence  of  depressive
symptoms  among  elderly  individuals  across  China
from 2013 to 2020, incorporating key risk factors and
analyzing  spatial-temporal  trends.  The  study  results
reveal an increasing prevalence of depressive symptoms
among  older  adults  from 2013  to  2020.  Although  no
distinct  spatial  clustering  emerged,  cities  with  the
highest  prevalence  were  consistently  concentrated  in
Southwest, Northwest, and Central China, while those
with the lowest prevalence were predominantly located
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in  East  and  North  China*.  These  findings  underscore
the  need  for  enhanced  mental  health  initiatives
targeting  China’s  elderly  population,  particularly  in
high-prevalence regions.

Data  were  obtained  from  CHARLS,  a  nationally
representative  longitudinal  survey  of  Chinese
individuals aged 45 years and older. CHARLS employs
multistage  stratified  probability  proportional  to  size
(PPS)  sampling  to  ensure  sample  representativeness
(3).  This  study  used  data  from  surveys  conducted  in
2013,  2015,  2018,  and  2020.  Participants  were
selected  based  on  three  criteria:  1)  age  60  years  or
older,  2)  complete  responses  to  all  depression
assessment  questions,  and  3)  residence  in  cities  with
available  socioeconomic  status  data.  The  final  study
sample comprised 7,091 individuals from 122 cities in
2013, 8,173 individuals from 122 cities in 2015, 8,293
individuals  from  122  cities  in  2018,  and  8,310
individuals  from  121  cities  in  2020.  The  participant
selection flowchart (Supplementary Figure S1, available
at  https://weekly.chinacdc.cn/)  and  baseline
characteristics  (Supplementary  Table  S1,  available  at
https://weekly.chinacdc.cn/)  are  provided  in  the
Supplementary  Material  (available  at  https://weekly.
chinacdc.cn/).  Depressive  symptoms  were  assessed
using  the  10-item  version  of  the  Center  for
Epidemiologic  Studies  Depression  Scale  (CES-D-10),
with  scores  ranging  from  0  to  30;  scores  of  10  or
higher  indicated  depressive  symptoms  (4).  City-level
prevalence  calculations  were  performed  using  Stata
(version  14,  Stata  Corp  LLC,  College  Station,  TX,
USA).  Age  composition  comparisons  across  the  four
survey rounds were evaluated using Chi-square tests in
SPSS (version 24, IBM, Armonk, New York, USA).

The  sandwich  estimation  method  was  employed  to
estimate  prevalence  through  a  four-step  model
construction  process:  1)  obtaining  sample  layer  data
(collecting elderly depressive symptom prevalence data
from  CHARLS  surveys);  2)  acquiring  key  factors  for
the zoning layer; 3) partitioning the research area into
spatially  homogeneous  subareas  based  on  factor
homogeneity;  and 4)  dividing the  sample  layer  by  the
zoning layer to calculate sample mean and variance for
each  zone.  The  overlapping  and  tangent  city-level

reporting  and  zoning  layers  enabled  inference  of
zoning layer mean and variance for each reporting unit,
yielding  city-specific  estimates  (5).  The  national
average  prevalence  was  calculated  by  weighting  each
city’s prevalence by its elderly population.

Based on previous research (2,6–7), seven key factors
for  depression  were  incorporated  into  the  estimation
process:  sex,  education  level,  place  of  residence,
personal  income,  socioeconomic  status,  access  to
healthcare  facilities,  and  air  pollution.  Supplementary
Table  S2  (available  at  https://weekly.chinacdc.cn/)
details  the  selected  risk  factors  and  proxy  variables.
Missing  data  for  key  factors  were  imputed  using  the
“Fill Missing Values” tool in ArcGIS Pro (version 3.0,
Esri,  Redlands,  California,  USA).  Spatial  patterns  in
depressive  symptom  prevalence  were  assessed  through
global  autocorrelation  analysis  using  Global  Moran’s
Index  in  ArcGIS  Pro  (version  3.0,  Esri,  Redlands,
California, USA).

The  average  prevalence  of  depressive  symptoms
among older adults in China demonstrated a consistent
upward trend from 2013 to 2020. The prevalence rates
were  30.27%  [95%  confidence  interval  (CI):  24.53%,
36.02%],  33.17%  (95%  CI:  27.21%,  39.12%),
34.75%  (95%  CI:  28.20%,  41.31%),  and  37.79%
(95% CI: 31.01%, 44.56%) in 2013, 2015, 2018, and
2020, respectively. Between 2013 and 2020, 338 cities
(92.1%  of  cities  in  Chinese  mainland)  experienced
increases  in  prevalence,  with  increments  ranging  from
0.16%  to  29.35%.  Analysis  by  geographical  division
revealed that cities in Central China exhibited the most
substantial increases (Table 1).

Spatial  analysis  revealed  a  weak  positive  spatial
autocorrelation  in  elderly  depressive  symptom
prevalence  across  China.  The  annual  global  spatial
autocorrelation analysis demonstrated a declining trend
in  Moran’s  I  from  0.105  in  2013  to  0.072  in  2020,
indicating  a  progressive  weakening  of  spatial
autocorrelation (Table 2). Despite this declining spatial
clustering,  cities  with  the  highest  prevalence  were
consistently  concentrated  in  Northwest,  Southwest,
and  Central  China,  while  those  with  the  lowest
prevalence  were  predominantly  located  in  East  and
North China (Figure 1). 
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* Cities  in  China  were  categorized  into  seven  divisions:  North  (Beijing  Municipality,  Tianjin  Municipality,  Hebei  Province,  Shanxi  Province,  and
Inner Mongolia Autonomous Region), East (Shanghai Municipality, Anhui Province, Fujian Province, Jiangsu Province, Jiangxi Province, Shandong
Province, and Zhejiang Province), Northeast (Heilongjiang Province, Jilin Province, and Liaoning Province), South (Guangdong Province, Guangxi
Zhuang Autonomous Region, and Hainan Province), Central (Henan Province, Hubei Province, and Hunan Province), Northwest (Gansu Province,
Ningxia  Hui  Autonomous  Region,  Qinghai  Province,  Shaanxi  Province,  and  Xinjiang  Uygur  Autonomous  Region),  and  Southwest  (Chongqing
Municipality, Guizhou Province, Sichuan Province, Xizang Autonomous Region, and Yunnan Province).
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DISCUSSION

This  study  employed  a  sandwich  estimation  model
to  evaluate  the  prevalence  of  depressive  symptoms
among elderly Chinese individuals, utilizing CHARLS
data while accounting for established risk factors. Chi-
square analysis revealed no significant differences in age
composition  across  the  four  survey  rounds  (P>0.05),
suggesting  that  the  estimated  prevalence  results  are
comparable and accurately reflect the disease burden of
elderly  depressive  symptoms.  The  findings
demonstrated  a  substantial  mental  health  burden
among  this  population,  with  average  prevalence
increasing  between  2013  and  2020.  Geographically,
the  prevalence  of  elderly  depressive  symptoms showed
consistent  variation  across  cities,  with  higher  rates
concentrated  in  Southwest,  Northwest,  and  Central
China.

The  study  results  indicate  a  progressive  increase  in

the  disease  burden  of  depressive  symptoms  among
elderly  individuals  in  China  from 2013  to  2020.  The
average prevalence reached 37.79% (95% CI: 31.01%,
44.56%) in 2020, nearly triple the global prevalence of
13.3%  (95% CI:  8.4%,  20.3%)  reported  in  previous
research  (8),  and  almost  quadruple  the  10.6%
prevalence  among  Chinese  adults  documented  in  the
“China  National  Mental  Health  Development  Report
(2021–2022)”  (2).  This  burden  is  likely  to  escalate
rapidly  with  China’s  aging  population.  Importantly,
depression  in  elderly  individuals  often  carries  more
severe  consequences,  with  affected  older  adults  facing
elevated  risks  of  disability,  mortality,  and  suicide  (8).
These  findings  underscore  the  urgent  need  for
enhanced  attention  to  older  adult  mental  health
through  targeted  policy  development  and  preventive
interventions.

Spatial analysis revealed weak spatial autocorrelation
in  the  prevalence  of  depressive  symptoms  among
Chinese  older  adults,  with  this  correlation  declining
throughout the study period, particularly in 2020. This
reduction in spatial  clustering may partially reflect the
broader impact of decreased social  engagement during
the  coronavirus  disease  2019  (COVID-19)  pandemic
(9).  Geographically,  cities  reporting  high  prevalence
were  predominantly  located  in  Southwest,  Northwest,
and  Central  China,  specifically  in  Gansu,  Qinghai,
Sichuan,  and  Hubei  provinces.  Conversely,  lower
prevalence rates were observed in Zhejiang and Jiangsu
provinces.  This  pattern  likely  reflects  regional
disparities  in  socioeconomic  status  and  healthcare
accessibility, with the enhanced economic development

 

TABLE 1. Average  prevalence  of  depressive  symptoms  among  older  adults  in  different  geographical  divisions  in  China,
2013–2020.

Geographical divisions
Average prevalence of elderly depressive symptoms (%, 95% CI)

2013 2015 2018 2020

North 27.47 (21.69, 33.24) 29.28 (23.64, 34.92) 32.61 (26.23, 39.00) 33.20 (26.56, 39.83)

East 28.69 (23.09, 34.28) 31.30 (25.53, 37.06) 29.57 (23.09, 36.05) 34.69 (27.91, 41.47)

Northeast 27.30 (21.61, 32.98) 31.36 (25.65, 37.06) 34.89 (28.48, 41.31) 36.96 (30.29, 43.64)

South 31.05 (25.27, 36.84) 34.30 (28.22, 40.38) 37.20 (30.39, 44.01) 37.82 (30.75, 44.88)

Central 31.45 (25.64, 37.25) 34.30 (28.18, 40.42) 36.75 (30.13, 43.37) 40.92 (34.01, 47.83)

Northwest 35.15 (29.16, 41.15) 36.16 (30.22, 42.11) 37.76 (31.19, 44.32) 41.95 (35.14, 48.76)

Southwest 33.54 (27.67, 39.41) 37.77 (31.47, 44.07) 42.63 (35.72, 49.54) 43.69 (36.76, 50.62)
Note:  The  average  prevalence  of  elderly  depressive  symptoms  in  each  geographical  division  was  calculated  by  weighting  each  city’s
prevalence  by  its  elderly  population.  Cities  in  the  Chinese  mainland  were  categorized  into  seven  divisions:  North  (Beijing  Municipality,
Tianjin  Municipality,  Hebei  Province,  Shanxi  Province,  and  Inner  Mongolia  Autonomous  Region),  East  (Shanghai  Municipality,  Anhui
Province,  Fujian  Province,  Jiangsu  Province,  Jiangxi  Province,  Shandong  Province,  and  Zhejiang  Province),  Northeast  (Heilongjiang
Province,  Jilin  Province,  and  Liaoning  Province),  South  (Guangdong  Province,  Guangxi  Zhuang  Autonomous  Region,  and  Hainan
Province), Central (Henan Province, Hubei Province, and Hunan Province), Northwest (Gansu Province, Ningxia Hui Autonomous Region,
Qinghai Province, Shaanxi Province, and Xinjiang Uygur Autonomous Region), and Southwest (Chongqing Municipality, Guizhou Province,
Sichuan Province, Xizang Autonomous Region, and Yunnan Province).
Abbreviation: CI=confidence interval.
 

TABLE 2. Global  autocorrelation  analysis  of  elderly
depressive symptom prevalence in China, 2013–2020.

Year Moran’s I Z score P

2013 0.105 10.459 <0.01

2015 0.108 10.632 <0.01

2018 0.104 10.323 <0.01

2020 0.072 7.199 <0.01
Note: If Moran’s I is not equal to 0 and Z is greater than or equal to
1.96  or  less  than  or  equal  to  –1.96,  the  distribution  of  cases
indicates spatial correlation. If Moran’s I is close to 0 and Z values
lie  between  –1.96  and  1.96,  the  cases  are  randomly  distributed,
showing no spatial autocorrelation.
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and  healthcare  infrastructure  in  Zhejiang  and  Jiangsu
provinces  potentially  contributing  to  lower  prevalence
rates (10).

Several  limitations  warrant  consideration.  First,  the
reliance  on  self-reported  depressive  symptoms  may
have  introduced  reporting  bias,  potentially  excluding
individuals  with  severe  symptoms  or  low  educational
attainment  who  did  not  complete  all  assessment
questions.  Therefore,  caution  is  necessary  when
extrapolating  and  interpreting  these  results.  Second,
while  our  estimation  incorporated  seven  key  risk
factors,  data  limitations  prevented  the  inclusion  of
other  potential  confounders  that  might  influence
depressive  symptom prevalence.  Finally,  although  this
study  thoroughly  examined  the  spatiotemporal
distribution  of  elderly  depressive  symptom  prevalence
in  China,  it  did  not  explore  the  underlying

mechanisms  driving  these  patterns,  presenting  an
important avenue for future research.

In  conclusion,  this  study  demonstrates  that  the
prevalence of depressive symptoms among older adults
in China was not only high but increased substantially
from 2013 to 2020. While no strong spatial clustering
was  detected,  significant  geographic  variation  exists,
with  consistently  higher  prevalence  rates  in  the
southwestern, northwestern, and central regions. These
results  emphasize  the  critical  need  to  investigate  the
underlying causes  of  elevated prevalence in these areas
and  develop  targeted,  evidence-based  strategies  for
prevention and intervention. 
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SUPPLEMENTARY MATERIAL
 

Rationale for Using the Sandwich Estimation Method
The sandwich estimation method was  selected because  the  population’s  stratified heterogeneity  exceeded its  spatial

autocorrelation.  Unlike  traditional  spatial  interpolation  methods  such  as  Kriging  estimation  or  hierarchical  Bayesian
modeling,  the  sandwich  method  demonstrates  superior  performance  when  analyzing  spatially  heterogeneous  data,
making it particularly suitable for estimating elderly depressive symptom prevalence in this study. 

Impact Assessment of Key Factors on Depressive Symptom Prevalence
The geographical detector, an established spatial statistical model, was employed to evaluate the impact of seven

key factors on depressive symptom prevalence among Chinese older adults. The model’s q-statistic quantified each
factor’s effect on prevalence variation using the following mathematical Formula (1−3):

q =  − SSW/SST
SSW =

L

∑
h=

Nhσ

h , SST = Nσ

where h = 1, 2, …, L represents the number of layers for risk factor X; N denotes the total sample size; σ² indicates
the variance of Y (elderly depressive symptom prevalence) across the study area; layer h comprises Nh units; and σh

²

represents Y’s local variance in layer h. SSW denotes the within sum of squares, while SST represents the total sum
of squares. The q-statistic ranges from 0 to 1, with higher values indicating stronger factor effects on Y. Individual q-
statistics represent independent explanatory power and are non-additive.

Supplementary  Table  S3  presents  the  explanatory  power  of  the  seven  key  factors.  Socioeconomic  status  and
personal  income  emerged  as  the  primary  determinants,  consistent  with  previous  research  (4)  demonstrating  a
socioeconomic  gradient  in  mental  health.  Healthcare  facility  access  showed  substantial  influence  on  elderly
depressive  symptom prevalence.  These  findings,  particularly  considering  the  disparities  in  economic  development
and  healthcare  infrastructure  between  western  China  and  other  regions  (5–6),  help  explain  the  observed  spatial
distribution  patterns.  Education  level  and  residential  location  demonstrated  significant  yet  temporally  variable
effects. Sex and air pollution exhibited comparatively minor influences on prevalence. 

 

Total participants

2013: N=18,629; 2015: N=21,113; 2018: N=19,830; 2020: N=19,395

Study Participants

2013: N=7,091; 2015: N=8,173; 2018: N=8,293; 2020: N=8,310

Aged <60 years or Missed

2013: N=9,711; 2015: N=11,137

2018: N=8,776; 2020: N=8,741

Missing Socioeconomic Status Data*

2013: N=56; 2015: N=61

2018: N=58; 2020: N=55

2013: N=1,771; 2015: N=1,748

2018: N=2,703; 2020: N=2,289

Missing CESD-10 Data

SUPPLEMENTARY FIGURE S1. Selection flowchart for study participants in CHARLS, 2013–2020.
Abbreviation: CHARLS=China Health and Retirement Longitudinal Study.
*  Participants  from  Chaohu  were  excluded  due  to  unavailable  socioeconomic  status  and  air  pollution  data  resulting  from
administrative division adjustment.
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SUPPLEMENTARY TABLE S1. Characteristics of the study participants in CHARLS (2013–2020).

Variable Subgroup
Number of subjects (%)

2013 2015 2018 2020

Total number of study participants 7,091 (100) 8,173 (100) 8,293 (100) 8,310 (100)

Sex Male 3,667 (51.71) 4,177 (51.11) 4,269 (51.48) 4,173 (50.22)

Female 3,424 (48.29) 3,996 (48.89) 4,024 (48.52) 4,137 (49.78)

Place of residence Urban 2,869 (40.46) 3,272 (40.03) 3,408 (41.09) 3,384 (40.72)

Rural 4,222 (59.54) 4,901 (59.97) 4,885 (58.91) 4,926 (59.28)

Age (years) 60–69 4,714 (66.48) 5,433 (66.47) 5,346 (64.46) 5,497 (66.15)

70–79 1,948 (27.47) 2,274 (27.83) 2,439 (29.41) 2,376 (28.59)

80–89 412 (5.81) 442 (5.41) 494 (5.96) 426 (5.13)

≥90 17 (0.24) 24 (0.29) 14 (0.17) 11 (0.13)

Abbreviation: CHARLS=China Health and Retirement Longitudinal Study.

 

SUPPLEMENTARY TABLE S2. Key risk factors and proxy variables for estimating elderly depressive symptom prevalence
in China, 2013–2020.

Risk factors Proxy variables Data sources

Sex The sex ratio of each city
The 6th National Population Census (for year 2013 and
2015) and the 7th National Population Census (for year

2018 and 2020)
Education level The cities’ college student enrollment rate

The China City Statistical Yearbook (2013, 2015, 2018,
2020)

Place of residence The cities’ urbanization rate

Personal income The cities’ per capita disposable income of urban residents
Access to healthcare
facilities

The number of doctors and hospital beds per 10,000
individuals of each city

Socioeconomic status The cities’ GDP per capita The National Bureau of Statistics of China (2013, 2015,
2018, 2020)

Air pollution The annual average concentrations of PM2.5 and O3 at the
city level

China High Air Pollutants (CHAP) (2013, 2015, 2018,
2020)

Note: All data from minority autonomous prefectures were obtained from the local statistical yearbooks or the Statistical Bulletins of National
Economic and Social Development.

 

SUPPLEMENTARY  TABLE S3. Explanatory  power  of  risk  factors  on  elderly  depressive  symptom  prevalence  in  China,
2013–2020.

Risk factors Proxy variables
Q statistic

2013 2015 2018 2020

Sex The sex ratio of each city 0.05 0.04 0.04 0.05

Education level The cities’ college student enrollment rate 0.04 0.20 0.21 0.12

Place of residence The cities’ urbanization rate 0.16 0.14 0.16 0.25

Personal income The cities’ per capita disposable income of urban residents 0.23 0.28 0.30 0.18

Access to healthcare facilities
The number of doctors per 10,000 individuals of each city 0.21 0.26 0.28 0.10

The number of hospital beds per 10,000 individuals of each city 0.19 0.17 0.17 0.06

Socioeconomic status The cities’ GDP per capita 0.31 0.37 0.37 0.18

Air pollution
The annual average concentrations of O3 at the city level 0.10 0.08 0.05 0.02

The annual average concentrations of PM2.5 at the city level 0.06 0.03 0.02 0.02
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