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Bidirectional relationships between cognition
and depressive symptoms and effects of
sociodemographic and lifestyle factors:
random-intercept, cross-lagged panel model
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Background

Existing panel studies on the relationships between cognition
and depressive symptoms did not systematically separate
between- and within-person components, with measurement
time lags that are too long for precise assessment of dynamic
within-person relationships.

Aims

To investigate the bidirectional relationships between cognition
and depressive symptoms and examine the effects of
sociodemographic characteristics and lifestyle factors via
random-intercept, cross-lagged panel modelling (RI-CLPM) in
middle-aged and older adults.

Method

The sample comprised 24 425 community-based residents aged
45 years or above, recruited via five waves of the China Health
and Retirement Longitudinal Study (2011-2020). Cognition was
evaluated using the Telephone Interview of Cognition Status, and
depressive symptoms were assessed by the ten-item Center for
Epidemiologic Studies Depression Scale. RI-CLPM included
sociodemographic and lifestyle factors as time-invariant

and -varying covariates. Subgroup analysis was conducted
across gender, age groups and urban/rural regions.

Results

RI-CLPM showed a superior fit to cross-lagged panel models.
Male, higher education, married, urban region, non-smoking,
currently working and participation in social activities were

linked with better cognition and fewer depressive symptoms.
Overall, cognition and depressive symptoms showed significant
and negative bidirectional cross-lagged effects over time.
Despite similar cross-lagged effects across gender, subgroup
analysis across urbanicity found that cross-lagged effects were
not significant in urban regions.

Conclusions

The present study provided nuanced results on negative
bidirectional relationships between cognition and depressive
symptoms in Chinese middle-aged and older adults. Our results
highlight the health disparities in cognitive and emotional health
across urbanicity and age groups.
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Cognition, which encompasses memory, attention and problem-
solving, plays an essential role for humans in maintaining
independent living. Depression is a common mental disorder,
with a 31.7% prevalence rate among older adults.! Poor cognitive
function and greater risks of depression have been found in old age,
and late-life cognitive decline was detected in middle age.? One
recent study found a negative association between cognition and
depressive symptoms in worldwide samples of middle-aged and
older adults.® Researchers have highlighted intertwined trajectories
of cognition and depressive symptoms in older adults.* The health
implications of both conditions warrant an in-depth investigation
of their interrelationships.

The mechanism behind the associations between cognitive
decline and depression has been summarised by Bennett and
Thomas.® Early-life depression is a risk factor for later cognitive
decline, through alteration of the threshold of manifesting cognitive
decline in the brain. Alternatively, cognitive decline could lead to
subsequent depressive symptoms via psychosocial dysfunction and
enhanced cognition could protect against depression.® Both
conditions share similar neurobiological changes, with common
risk factors such as physical inactivity, inflammation and vascular
issues.” Based on data from large-scale panel studies such as the
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Health and Retirement Study (HRS) and China Health and
Retirement Longitudinal Study (CHARLS), longitudinal studies
have found temporal bidirectional associations between cognition
and depressive symptoms.®-1

Random-intercept, cross-lagged panel model

Most of the existing studies were, however, based on latent class
trajectory models and cross-lagged panel models (CLPMs) that do
not explicitly decompose the effects into between- and within-
person components. The extended measurement time lags
(2-3 years) of HRS and CHARLS are too long for precise
assessment of dynamic within-person relationships. The traditional
CLPM has been shown to violate the key assumption regarding
stable person-level influences, which would conflate stable
between-person effects with dynamic within-person effects and
bias cross-lagged effect estimates.!! Random-intercept, cross-lagged
panel modelling (RI-CLPM) decomposes the observed variance
into stable between-person differences and temporal within-person
dynamics.!? This approach accounts for stable trait-like differences
between individuals and results in unbiased cross-lagged effects
that apply exclusively to within-person fluctuations.'* Although
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RI-CLPM has been applied to bidirectional relationships between
cognition and depressive symptoms in large European population-
based cohorts,'*!° this analytic approach remains underused in the
Chinese context, particularly among middle-aged adults.

Lifestyle and social determinants of cognition and
depressive symptoms

Existing literature has identified lifestyle factors associated with
cognition and depressive symptoms in later life. First, excessive
alcohol drinking and smoking have been linked with cognitive
decline and greater depressive symptoms.'® Second, self-rated
health and activities of daily living are associated with cognitive
function and depressed mood.” Recent longitudinal studies have
associated work status with cognitive factors and depressive
symptoms in working and ageing adults.!®!® Third, social
engagement and isolation have been linked with cognition and
depressive symptoms in older adults.?® Participation in social
activities facilitates mental stimulation and emotional support,
which protect against depression and cognitive decline. However,
existing research has not empirically examined the potential time-
varying effects of covariates on cognition and depressive symptoms
under the RI-CLPM framework.

Furthermore, existing studies have examined demographic
variables such as age, gender and urbanicity as potential moderators
in the association between cognition and depressive symptoms.
Cognition-depression relationships have been found to vary across
gender and living situation,'®*"?2 and recent studies have revealed
age differences and urban-rural disparities in depression and
cognitive functioning in both the Western and Chinese context.?>**
Given the potential moderating role of demographic factors, it is
essential to explicitly evaluate the moderating role of sociodemo-
graphic characteristics in the cognition-depression relationships
under the RI-CLPM framework. Such an examination on the
moderating role of sociodemographic characteristics could better
inform cognitive and mental health disparities and offer a nuanced
understanding of the interplay between cognition and depressive
symptoms in the Chinese context.

Current study

In view of the research gaps noted above, the present study had
three objectives. First, we aimed to examine the bidirectional
relationships between cognition and depressive symptoms via
RI-CLPM in middle-aged and older adults using updated 10-year
data from CHARLS. Second, we examined the effects of socio-
demographic characteristics and lifestyle factors on cognition and
depressive symptoms via time-invariant and -varying covariates at
between- and within-person levels, respectively. Third, we aimed to
examine the potential moderating role of gender, age group and
urbanicity on cross-lagged effects and the effects of time-invariant
covariates in RI-CLPM. The results of the subgroup analysis could
provide nuanced findings on group-specific patterns that inform
targeted interventions and public health policies for specific
sociodemographic subgroups.

Method

Study design and procedures

The present study sample originated from CHARLS,” which is a
population-based panel survey designed to better understand the
socioeconomic determinants and health consequences of ageing
among middle-aged and older adults in China. CHARLS recruited
nationally representative samples of middle-aged and older adults
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in five waves, from 2011 (wave 1) to 2020 (wave 5).2° The baseline
wave (wave 1) was conducted in 2011 using a multistage, stratified,
probability-proportionate-to-size sampling method. The baseline
survey invited 21 739 eligible adults aged 45 years or above from
450 villages or urban communities to participate in the study in
150 counties or districts across China. A total of 17 500 Chinese
middle-aged and older adults from around 10 000 households
voluntarily joined and completed the baseline survey, giving an
overall response rate of 80.5%.

Among the 19.5% rate of non-responders, 8.8% refused to
participate in the survey, 8.2% was due to interviewers’ non-contact
of sampled residents and 2.0% for other reasons such as health-
related issues. Efforts were made to follow up with participants in
subsequent waves to reduce attrition bias. CHARLS adopted a
multistage, stratified sampling method by urbanicity and region,
and the high response rate ensured that the recruited sample closely
resembled the demographic profile of the broader population of
middle-aged and older adults in China. These provided empirical
support to the representativeness of the sample.

Follow-up interviews were conducted to collect four subsequent
waves of data in 2013 (wave 2), 2015 (wave 3), 2018 (wave 4) and
2020 (wave 5) on the original and booster samples, for assessment
of temporal changes in participants over time. All participants
provided written informed consent, and trained researchers
conducted face-to-face assessment interviews using structured
questionnaires. The authors assert that all procedures contributing
to this work comply with the ethical standards of the relevant
national and institutional committees on human experimentation,
and with the Helsinki Declaration of 1975 as revised in 2013.
All procedures involving human subjects/patients were approved
by the Institutional Review Board at Peking University (no.
IRB00001052-11015). Written informed consent was obtained
from all participants in all five waves of CHARLS.

Participants

The present study utilised data from all five CHARLS waves by
merging the Harmonized CHARLS data-set in the first four waves
with those from wave 5. As shown in Supplementary Fig. 1
(available at https://doi.org/10.1192/bjo.2025.10074), in the com-
bined data-set (N = 25,783), 394 individuals were removed in wave
5 because of age <45 years and 964 because of missing responses to
cognition and depressive symptoms. The final sample comprised 24
425 individuals with a mean age of 64.5 years (s.d. = 10.8) at wave
5. Half (51.7%) of the respondents were female. Most participants
had less than lower secondary education levels (86.6%) and were
married (84.7%). Less than half of the sample reported lifetime
smoking (44.7%) and 43.3% resided in urban regions.

Measures

Cognition was assessed in CHARLS on five domains from the
modified Telephone Interview of Cognition Status (TICS) by
trained professional interviewers; TICS is a valid and comparable
alternative to the Mini-Mental State Examination for assessment of
global cognitive function.?® Orientation was measured by naming
the year, month, day of the month and day of the week (range 0-4).
Visuospatial construction was assessed by reproducing a figure of
two overlapping pentagons (range 0-1). The serial-7 test assessed
executive function and working memory by serial subtraction of
7 from 100 for five times (range 0-5). Ten random Chinese words
were read to the participants, who were then evaluated on the
number of correct words that were immediately recalled (range
0-10) and recalled again 4 minutes later (range 0-10). The five
components were summed to produce the total cognition score,
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Fig. 1 Graphical depiction of the random-intercept, cross-lagged panel model (RI-CLPM). C;;, observed score for cognition of individual i at wave
t; Dj, observed score of depressive symptoms of individual i at wave t; BC; and BD;, random intercepts for cognition and depressive symptoms,
respectively, at the between level; WC;; and WDy, within-person components of cognition and depressive symptoms, respectively, of individual
i at wave t, indicating that individual’s deviation from the expected score based on random intercepts; TIC, time-invariant covariates; TVC, time-
varying covariates; ¢, residual variance in between-person components. In RI-CLPM, the observed scores were decomposed into stable
between components and changing within components with fixed factor loadings of 1.

with higher scores denoting better cognitive function (range 0-30).
A previous study has supported TICS as a valid assessment tool of
cognitive function in the Chinese population.?” Confirmatory factor
analysis found excellent model fits for the 1-factor cognition model
for all five waves (comparative fit index (CFI) 0.998-1.000, Tucker—
Lewis index (TLI)0.998-1.000, root mean square error of
approximation (RMSEA) 0.004-0.015, standardised root mean
square residual (SRMR) 0.002-0.005). The cognition score showed
acceptable reliability (w=0.69-0.76) across the five waves, with
adequate levels of test-retest and interrater reliability in older
adults.?®

CHARLS uses the ten-item Center for Epidemiologic Studies
Depression Scale (CESD-10) to measure the severity of depressive
symptoms of participants. A previous study demonstrated adequate
factorial validity and reliability of CESD-10 in a baseline CHARLS
sample.”” CESD-10 has shown good convergent validity with
other depression scales such as the Beck Depression Inventory
and Patient Health Questionnaire. The 10 items were answered on a
4-point Likert scale from 0 (‘rarely or none’) to 3 (‘most or all of the
time’). The total CESD-10 score has a theoretical range of
0-30, with higher scores denoting more depressive symptoms.
One recent study suggested a cut-off point of >10 for CESD-10
score in screening of depression cases.’® Confirmatory factor
analysis found satisfactory model fits for the 1-factor CESD-10
model for all five waves (CFI0.964-0.978, TLI0.952-0.971,
RMSEA 0.048-0.063, SRMR 0.030-0.034). CESD-10 showed good
reliability (w = 0.75-0.81) across the five waves.

The present study included a range of demographic variables,
socioeconomic status, family characteristics and lifestyle factors as
time-invariant and -varying covariates in the model. The time-
invariant covariates at baseline included three demographic
characteristics on age, gender (female and male) and education
level (less than lower secondary education, upper secondary
education and vocational training and tertiary education), two
socioeconomic status variables on total household per capita
consumption and rural region (versus urban region), two family
characteristics on marital status (married or not) and relationships
with parents on a 5-point scale (1, ‘poor’, to 5, ‘excellent’), and one
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lifestyle factor on lifetime smoking history (smoked or not).
The time-varying covariates assessed in each wave included work
status (currently working or not) and three time-varying covariates
on self-rated physical health on a 5-point scale (1, ‘very poor’, to 5,
‘very good’), frequency of alcohol drinking over the past 12 months
on a 10-point scale (0, ‘none’, to 9, ‘more than twice a day’) and
participation in social activities in the past month (yes or no).

Statistical analysis

The present study analysed the longitudinal relationships between
cognition and depressive symptoms via RI-CLPM. Both cognition
and depressive symptoms showed approximate normal distribu-
tions (skewness -0.46 to 0.98) with no floor or ceiling effects, and
these were modelled as continuous variables in the analysis. To
analyse the effects of the COVID-19 pandemic, measures on
cognition, depressive symptoms and the time-varying covariates in
wave 5 were compared with those in the previous four waves. We
specified traditional CLPM with first- and second-order autore-
gressive effects for comparison. In the first-order autoregressive
model (model 1), the measure at wave t was predicted by the most
recent measure at wave f- 1. In the second-order autoregressive
model (model 2), the measure at wave t was predicted by the two
most recent measures at waves t-1 and £ - 2.

RI-CLPM (model 3) was first estimated by the robust
maximum-likelihood estimator using structural equation model-
ling in Mplus 8.11 for Windows (Muthén & Muthén, Los Angeles,
California, USA; https://www.statmodel.com/). The large sample
size (N >10 000) and five panel waves ensured adequate statistical
power for conducting RI-CLPM in the present study. Missing data
on cognition, depressive symptoms and other study variables were
handled in the analysis using full-information maximum likelihood
under the missing-at-random assumption. Community identifica-
tion was specified as a cluster variable in all analyses, to account for
the nested sampling design and adjust standard errors. Statistical
significance was set at 0.05.

Figure 1 shows the graphical presentation of RI-CLPM, where C;;
and D;, denote the observed scores of cognition and depressive
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Table 1

Model Model specification

CLPM with first-order AR1 effects

CLPM with second-order AR2 effects

RI-CLPM

RI-CLPM + time-invariant and -varying covariates
Model 4 with time-invariant AR effects

Model 4 with constrained time-varying covariates effects
Model 4 with time-invariant CL effects

Model 4 with equal CL effects

Model 7 across gender

Model 7 across age group

Model 7 across urban/rural region

0NN A WN -

Nl

10
1

CLPM, cross-lagged panel model; RI-CLPM, random-intercepts CLPM; AR, autoregressive; CL, cross-lagged; x2 chi-square; CFI, comparative fit index; TLI, Tucker-Lewis index; RMSEA, root
mean square error of approximation; SRMR, standardised root mean square residual; BIC,

*P < 0.01.

x2 df. CFI TLI RMSEA SRMR BIC

8175.7* 24 0.875 0.770 0.118 0.112 1068443
1522.1* 18 0.977 0.943 0.058 0.037 1059647

700.5* 21 0.990 0.978 0.036 0.033 1058 550
3948.7* 245 0.955 0.940 0.025 0.029 2214720
4566.2* 251 0.947 0.932 0.027 0.031 2215379
4220.0* 277 0.952 0.943 0.024 0.031 2214747
3955.9* 251 0.955 0.941 0.025 0.029 2214675
3955.2* 252 0.955 0.942 0.025 0.029 2214 665
4492.9* 494 0.952 0.939 0.026 0.031 -
4378.8* 769 0.955 0.943 0.024 0.029 -
4368.7* 494 0.952 0.939 0.025 0.031 -

Bayesian information criterion.

Fit indices of CLPM and RI-CLPM for cognition and depressive symptoms in the entire sample and across demographic subgroups

symptoms of individual i at wave ¢, respectively. In RI-CLPM,
these were decomposed into ‘between’ and ‘within’ components.'?
The between components (BC; for cognition and BD; for
depressive symptoms) are the random intercepts that denote
stable individual differences. The within components (WC;, for
cognition and WD;, for depressive symptoms) indicate the
individual’s deviation from the expected score based on the
random intercepts. Among the within components, autoregressive
effects estimate the within-person carry-over effects for the same
variable (e.g. from WC;; to WCj,). Cross-lagged effects indicate
the spill-over effects of cognition into depressive symptoms (e.g.
from WC;; to WD;3) and vice versa (e.g. from WD, to WCs).
A negative cross-lagged effect indicates that a negative deviation
from an individual’s expected level of cognition will be followed
by a positive deviation in that individual’s expected level of
depressive symptoms at the next occasion.'?

Second, we included eight time-invariant covariates (female,
age, education level, marital status, rural region, lifetime smoking
history, household expenditure in 2011 and relationships with
parents) in RI-CLPM as predictors of the between components
(model 4).>! For the within part, we included four time-varying
covariates as predictors of the within components. Third, we
separately examined the equality of autoregressive effects (model
5), cross-lagged (cross-over) effects (model 7) and the effects of
time-varying covariates (model 6) across time in RI-CLPM. We
also tested for the equality of cross-lagged effects from cognition
to depressive symptoms and vice versa (model 8). Equality was
tested by comparing the models with unconstrained and
constrained effects. Goodness of fit of RI-CLPM was evaluated
using the following criteria: CFI and TLI > 0.95, and RMSEA and
SRMR < 0.06.32 Comparison between the constrained and
unconstrained models was performed via a scaled chi-square
difference test, and changes in Bayesian information criterion
(BIC) and fit indices (ACFI < —0.01 and ARMSEA > 0.01).
Models with lower BIC indicate a better model fit with greater
parsimony.

Finally, we conducted subgroup analysis across gender
(males versus females; model 9), age groups (middle-aged,
45-59 years; ‘young olds’, 60-74 years; and older adults >75
years; model 10) and region (rural versus urban; model 11) via
multiple-group RI-CLPM.*! This was done to examine potential
gender, age and regional differences in the effects of time-
invariant covariates. We conducted multiple-group RI-CLPM
based on a combination of region x gender and region x age
group to elucidate the contextual effect of urbanicity on the
bidirectional cross-lagged effects between cognition and depres-
sive symptoms. Sensitivity analysis was conducted on the main
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RI-CLPM model in the data-set with complete data cases to
check for robustness of the results.

Results

Descriptive statistics

Around two-thirds (64-67%) of the sample were currently working
and half participated in social activities; 19.8-26.9% of the sample
reported drinking at least once per month, and they reported average
levels of self-rated health (mean2.98-3.11, s.d.=0.91-1.03).
Supplementary Table 1 shows the descriptive statistics of cognition
and depressive symptoms across the five waves. The proportion of
depression cases ranged from 31.4 to 37.5% across the five waves.
Strong and moderate bivariate autocorrelations were found among
cognition (r=0.60-0.75, P < 0.01) and depressive symptoms
(r=0.42-0.55, P < 0.01), respectively. Significant and negative
correlations (r=—0.19 to —0.29, P < 0.01) were found between
cognition and depressive symptoms. The results of attrition analysis
are presented in the Supplementary material. Compared with waves
1-4, the CHARLS sample at wave 5 showed significantly higher levels
of cognition and depressive symptoms (B = 0.30-0.74, s.e. = 0.06,
P < 0.01) but lower levels of self-rated health, drinking frequency
and likelihood of working (B=—0.032 to —0.042, s.e.=0.01,
P < 0.01). The wave 5 sample did not show significant difference in
regard to participation in social activities from previous waves
(B=—0.01, s.e. = 0.01, P = 0.26).

RI-CLPM

As shown in Table 1, CLPM with first-order autoregression effects
(model 1) provided a poor fit to the data, while the addition of
second-order autoregression effects led to improved model fit.
In comparison, RI-CLPM provided a good model fit (CFI and
TLI > 0.95, RMSEA and SRMR < 0.04), which was superior to
model 2 with a lower BIC. In model 3, the two random intercepts
were negatively and moderately correlated (r = —0.40, P < 0.01) on
the between part. For the within part, there were significant
and negative contemporaneous associations (r = —0.056 to —0.120,
s.e.=0.010-0.019, P < 0.01) between cognition and depressive
symptoms for each time point. Next, we added the time-invariant
and -varying covariates into RI-CLPM, and model 4 showed an
acceptable model fit. Scaled x* difference tests rejected the
assumptions of equal autoregressive effects (Ax*=601.3,
Adf.=6, P < 0.01) and equal time-varying covariates effects
(Ax*=284.2, Adf. =32, P < 0.01), but not equal cross-lagged
effects (Ax?=12.5, Adf. =6, P=0.052). Model 7 showed the
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Table 2 Effects of time-invariant covariates on cognition and depressive symptoms at between-person level in the entire sample and across gender

Entire sample (N = 24 425) Male subgroup (n = 11 806) Female subgroup (n=12619)
Covariates Cognition CESD-10 Cognition CESD-10 Cognition CESD-10

B (s.e.) B (s.e) B (s.e) B (s.e) B (s.e) B (s.e)
Female —1.643 (0.106)** 1.770 (0.087)** - - - -
Age —0.179 (0.004)**  —0.002 (0.004) —0.149 (0.005)** —0.002 (0.005) —0.205 (0.006)** —0.005 (0.005)
Education level 2.538 (0.096)** —0.847 (0.074)** 2.076 (0.090)** —0.746 (0.082)** 3.439 (0.155)** —1.084 (0.115)**
Married 0.961 (0.115)**  —1.340 (0.101)** 1.326 (0.167)** —1.395 (0.172)** 0.666 (0.147)** —1.334 (0.123)**
Rural region —1.756 (0.146)** 1.108 (0.135)** -1.078 (0.128)** 0.966 (0.137)** -2.321 (0.191)** 1.209 (0.157)**
Lifetime smoking —0.232 (0.098)* 0.527 (0.092)** —0.259 (0.109)* 0.378 (0.099)** —-0.208 (0.179) 0.817 (0.178)**
Household expenditure 1.548 (0.120)**  —0.557 (0.123)** 1.318 (0.131)** —0.473 (0.136)** 1.691 (0.159)** —0.623 (0.147)**
Relationships with parents 0.333 (0.038)** —0.362 (0.035)** 0.293 (0.048)** —0.349 (0.041)** 0.381 (0.054)** —0.383 (0.050)**

CESD-10, 10-item Center for Epidemiologic Studies Depression Scale; B, unstandardised coefficient.
Bold typeface denotes significant differences (P < 0.01) between male and female subgroups.
*P < 0.05, **P < 0.01.

Table 3 Effects of time-varying predictors on within-person cognition and depressive symptoms across five measurement waves

Cognition

Time 1 Time 2 Time 3 Time 4 Time 5
Predictors B (s.e.) B (s.e) B (s.e) B (s.e.) B (s.e.)
Work status 0.143 (0.112) 0.103 (0.082) 0.449 (0.076)** 0.526 (0.092)** 0.616 (0.077)**
Self-rated health 0.356 (0.049)** 0.205 (0.037)** 0.153 (0.031)** 0.222 (0.039)** 0.113 (0.036)**
Alcohol drinking 0.022 (0.016) 0.032 (0.013)* 0.005 (0.012) 0.031 (0.016) 0.001 (0.014)
Participation in social activities 0.787 (0.099)** 0.756 (0.072)** 0.705 (0.065)** 1.080 (0.078)** 0.593 (0.069)**

Depressive symptoms

Predictors Time 1 Time 2 Time 3 Time 4 Time 5
Work status —0.385 (0.117)** —-0.123 (0.092) —0.268 (0.084)** 0.086 (0.090) 0.078 (0.096)
Self-rated health —2.191 (0.060)** —1.613 (0.047)** —1.656 (0.043)** —1.521 (0.046)** —1.509 (0.047)**
Alcohol drinking 0.018 (0.018) —0.003 (0.014) —-0.018 (0.013) —0.072 (0.015)** —0.093 (0.016)**
Participation in social activities —0.633 (0.111)** -0.387 (0.077)** —0.459 (0.075)** —0.222 (0.082)** —0.260 (0.082)**
B, unstandardised coefficient.
*P < 0.05, **P < 0.01.

lowest BIC as the most parsimonious representation of RI-CLPM  Autoregression and cross-lagged effects of cognition
with covariates; model 8 showed a BIC similar to that of model 7, and depressive symptoms

with equivalent model fit indices. This suggested comparable
cross-lagged effects from cognition to depressive symptoms and
from depressive symptoms to cognition.

Figure 2 shows the autoregression and cross-lagged effects in the
within part of model 7. Significant and positive autoregression
effects (autoregression 0.08-0.21, P < 0.01) were found for
depressive symptoms. The autoregressive effects for cognition
Effects of covariates were non-invariant across time, changing from being significantly
Table 2 shows the effects of time-invariant covariates on random  negative (autoregressive —0.07, P < 0.01) to significantly positive
intercepts in the between-person part of model 7. Age was (autoregressive 0.29, P < 0.01) in later waves. Controlling for time-
significantly and negatively associated with cognition but not with ~ varying covariates, cognition showed a significant and negative
depressive symptoms. Lower levels of cognition and higher levels of ~ cross-lagged effect (B=-0.027, s.e.=0.008, P < 0.01) on
depressive symptoms were found among female gender, lower depressive symptoms. Depressive symptoms showed a significant
education level, not married, living in rural region, lifetime smoking ~ and negative cross-lagged effect (B = —0.024, s.e. = 0.005, P < 0.01)
history, lower household expenditure and poorer relationships on cognition. For CLPM with second-order autoregression effects
with parents. (model 2), the corresponding cross-lagged effects were cross-
Table 3 shows the effects of time-varying covariates on cognition  laggedcog — crsp-10=—0.071, s.e.=0.004, P < 0.01 and cross-
and depressive symptoms in the within-person part of model 7. laggedcrsp.10 — cog = —0.038, s.e. = 0.004, P <0.01, respectively. In
Better self-rated health was associated with higher cognition model 7, the explained R* for the random intercepts of cognition
(B=0.11-0.36, P < 0.01) and fewer depressive symptoms and depressive symptoms was 41.7 and 15.8%, respectively. For the
(B=-151 to —2.19, P < 0.01) across the five waves. Similarly, = within part, the explained R? ranged from 2.1 to 14.0% for cognition
participation in social activities was associated with higher cognition ~ and from 14.6 to 17.7% for depressive symptoms.
(B=0.59-1.08, P < 0.01) and fewer depressive symptoms As shown in Table 4, male and female subgroups showed
(B=—0.22 to —0.63, P < 0.01) across the five waves. Work status  similar cross-lagged effects between cognition and depressive
was associated with higher cognition (B =0.45-0.62, P < 0.01) and  symptoms. The cross-lagged effects were, however, significant in
fewer depressive symptoms (B = —0.27 to —0.39, P < 0.01) in some  rural regions but not in urban regions. The cross-lagged effect of
waves. Alcohol drinking showed minimal associations with cognition ~ cognition on depressive symptoms was not significant in older
(B=0.001-0.032, P > 0.01) and fewer depressive symptoms adults aged 75 years or above. In subgroup analysis across region x
(B=-0.07 to —0.09, P < 0.01) in waves 4 and 5. gender, negative bidirectional cross-lagged effects were found
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Between

-0.213*

Within

Fig. 2 Autoregressive and cross-lagged effects in the within part of the random-intercept, cross-lagged panel model. BC; and BD;, random

intercepts for cognition and depressive symptoms, respectively, at the between level; WC;; and WDy, within-person components of cognition
and depressive symptoms, respectively, of individual i at wave t. Autoregressive effects are shown in orange, and cross-lagged effects in red

and blue; the correlation between random intercepts is shown in

black. For simplicity of presentation, the time-invariant and -varying

covariates and contemporaneous associations between cognition and depressive symptoms are not shown. *p < 0.05.

Table 4 Cross-lagged effects between coghniti

depressive symptoms across demographic subgroups

Demographic subgroups

Gender
Male/female
Region
Urban/rural
Age groups
Middle-aged (45-59 years)
Young old (60-74 years)
Older adults (>75 years)
Region x gender
Urban male (n = 4960)
Urban female (n =5511)
Rural male (n = 6735)
Rural female (n = 6989)
Region x age group
Urban middle-aged (n = 3980)
Urban young old (n = 4553)
Urban older adult (n = 1938)

Cognition; _ 1 — CES-D;

B (s.e.)

—0.032 (0.010)**/-0.024 (0.012)*

—0.012 (0.014)/-0.034 (0.010)**

CES-D; _ 4 — cognition

B (s.e)

—0.028 (0.008)**/-0.022 (0.007)**

—0.017 (0.009)/—0.027 (0.006)**

Rural middle-aged (n = 5113)
Rural young old (n = 6037)
Rural older adult (n =2574)

*P < 0.05, **P < 0.01.

-0.031 (0.013)* -0.020 (0.009)*
—0.024 (0.011)* —0.029 (0.007)**
—-0.014 (0.019) -0.027 (0.012)*
—0.001 (0.016) -0.013 (0.014)
—0.020 (0.027) -0.017 (0.012)
—0.046 (0.014)** —0.035 (0.009)**
—0.024 (0.014) -0.023 (0.008)**
—0.006 (0.020) -0.023 (0.015)
—0.023 (0.019) —0.019 (0.012)
0.031 (0.032) —0.012 (0.022)
—0.045 (0.016)** -0.020 (0.011)
—0.025 (0.014) —0.036 (0.008)**
—0.037 (0.025) -0.032 (0.014)*

t, wave; B, unstandardised coefficient; CES-D, 10-item Center for Epidemiologic Studies Depression Scale.

between cognition and depressive symptoms in rural males. Across
region X age group, there was a significant and negative cross-
lagged effect from cognition to depressive symptoms in rural
middle-aged adults and a significant and negative cross-lagged
effect from depressive symptoms to cognition in rural young olds
and older adults.

RI-CLPM with covariates across demographic
subgroups

Satisfactory model fit was obtained for RI-CLPM with covariates
across gender, age group and rural region (models 8-10). The
effects of time-invariant covariates on cognition and depressive
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symptoms across gender, region and age group are shown in
Table 2 and Supplementary Tables 2 and 3, respectively. Across
gender, the effects of age, education level and rural region on
cognition were significantly (P < 0.01) stronger in females than in
males. Across regions, the effects of education level on cognition
and depressive symptoms were significantly stronger (P < 0.01) in
rural regions than urban regions. The negative effect of age on
cognition was strongest in older adults, followed by middle-aged
adults and young olds. The effect of age on depressive symptoms
was significant and positive in middle-aged adults but significant
and negative in older adults. Supplementary Tables 4-7 display the
effects of time-varying covariates on cognition and depressive
symptoms across gender and regions. Most of the effects were
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consistent across gender and regions, except for greater protective
effects of work status on cognition and depressive symptoms in
males than females, and greater protective effects of work status on
cognition in rural regions compared with urban.

Discussion

Main findings

Using RI-CLPM, the present study evaluated the bidirectional
relationships between cognition and depressive symptoms and the
effects of sociodemographic and lifestyle factors in a large and
representative sample of Chinese middle-aged and older adults over
a 10-year period. RI-CLPM modelled long-term, trait-like stability
as random intercepts and provided a well-fitting and systematic
representation of the dynamical relationships of between- and
within-person levels.*! After controlling for between-person
variation and the effects of time-varying covariates, the present
study found significant and negative bidirectional relationships
between cognition and depressive symptoms at the within-person
level. In addition, the present study elucidated the factors associated
with cognition and depressive symptoms at between- and within-
person levels. Our results highlight health disparities in cognitive
and emotional health across gender, age group and urbanicity.

This study found a better model fit for RI-CLPM than for
traditional CLPM. This is in line with the findings of the existing
literature, in which second-order lagged relations were required to
obtain an acceptable fit in CLPM. Our results corroborate dynamic
relationships between cognition and depressive symptoms over a
10-year period, where cognitive decline predicts increased depres-
sive symptoms in the next wave. This could, in turn, lead to further
declines in cognitive abilities and result in vicious cycles in
subsequent waves. The present cross-lagged effects estimated using
RI-CLPM showed values similar to those estimated in recent
studies,'* and were considerably lower (34.2-60.6%) than the
corresponding estimates with CLPM. Because CLPM does not
separate between-person from within-person variances, previous
CLPM studies could have overestimated the cross-lagged effects
between cognition and depressive symptoms. Cognition showed
greater between-person variance in the random intercept than the
within-person components. The greater proportion of between-
person variances plausibly explains the greater discrepancy for the
estimates of cross-lagged effect from cognition to depressive
symptoms between CLPM and RI-CLPM.

Our study found consistent and positive associations between
smoking and depressive symptoms across gender, regions and age
groups. In the present sample, age was significantly linked with
greater and fewer depressive symptoms in middle-aged and older
adults, respectively. The quadratic relationship between age and
depressive symptoms indicated different sources of mental health
stressors (such as work or retirement stress) for different age
groups. We found a negative effect of smoking on cognition in
males and older adults, which is in line with the existing literature
on the detrimental effects of smoking.” Alcohol drinking did not
show any adverse effects on cognition and depressive symptoms at
the within-person level in this study. We found consistent
associations between participation in social activities and better
cognition and fewer depressive symptoms across the five waves.
This agrees with recent findings on the protective role of social
engagement in cognition and depression.?’ Future research should
elucidate the role for different types and frequency of social
participation in improving cognitive functions and emotional
well-being.

Subgroup analysis across sociodemographic characteristics
revealed interesting findings in the present study. The gender
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difference in cognition favouring males over females is consistent
with existing findings.** Subgroup analysis across gender found
significantly stronger effects of age, education level and rural region
on cognition in females than in males. Among Chinese older adults,
females had lower education levels and social status than males,
particularly in rural regions.>* Subgroup analysis across age groups
showed that gender differences in cognition gradually diminished
across birth cohorts. One recent RI-CLPM study found significant
cross-lagged effects from cognition to depressive symptoms only
in older adults."* In contrast, the present study found a decreasing
trend in cross-lagged.os — crsp-10 effect across age groups, which
was not significant among older adults.

Limitations

In terms of limitations, the present study did not include other
potential mediators such as diet and nutrition, physical activity
and sleep quality. Further studies could elucidate environmental
factors such as air quality, urbanisation and residential greenness
that could contribute to cognition. Second, CHARLS included
only single-item measures of lifestyle and social factors, which
could potentially have biased regression coefficients of the
covariates. Future studies could consider the use of multiple-
item scales or latent factors to account for measurement errors.
Third, the present study focused on the overall cognitive function
but did not differentiate separate domains of cognition, such as
memory, executive function, language and attention. Further
research could aim for a deeper investigation of the relationships
between specific cognitive domains and depressive symptoms, and
other modifiable factors at the symptom level, using network
analysis.

Fourth, the present analysis relied on the missing-at-random
assumption for missing data. Cognition decline and subsequent
mortality would be associated with greater item missingness and
non-response rate at follow-up, which implies that missing data
were missing not at random. The present results are subject to
potential attrition bias and mortality bias. Fifth, the latest CHARLS
wave 5 data were collected during the pandemic in summer 2020.
The social distancing measures associated with the pandemic could
have prolonged impacts on the psychosocial well-being of the
respondents, and their effects on cognition might not have
manifested within 6 months. Follow-up assessments are needed
to gauge the long-term effects of social isolation on cognition in
older adults in a post-pandemic context. Sixth, the present study
was mostly based on self-reported measures and was subject to
common method bias. Previous studies have found significant
associations between depressive symptoms and type 2 diabetes,®
and associations between cognitive function and biological
ageing.® Further studies should investigate the relationships
between psychocognitive measures and biomarkers.

Study implications

The present results have clinical implications for the development
of interventions. In the present study, participants living in rural
regions showed worse cognition and greater depressive symptoms
than those living in urban regions, and such differences persisted
after controlling for individual characteristics, including education
level and contextual-level household socioeconomic status. These
are in agreement with findings on neighbourhood context and
cognition among American older adults.>> The negative effect of
age on cognition was stronger in middle-aged adults than in young
olds. Cognition showed a significant and negative cross-lagged
effect on depressive symptoms in middle-aged adults in the rural,
but not urban, context; this indicates stronger comorbidity between
cognitive decline and emotional distress in the rural context. One
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CHARLS study found greater impacts of neighbourhood environ-
ment on cognition in rural regions than in urban’® Further
research should aim to elucidate the contextual difference in
linkages between cognition and depressive symptoms.

In the rural context, establishment of primary mental health
care screening could enable early identification of early cognitive
decline to prevent subsequent mental distress in middle-aged
adults. The provision of psychosocial interventions in relieving
psychological distress could possibly delay the associated cognitive
decline in young olds and older adults. Depression should be an
intervention element as well as an outcome of cognitive stimulation
activities. Sharkey and Elwert®” have linked exposure to neighbour-
hood poverty across two consecutive generations to reduction in
children’s cognitive function, and the effects of neighbourhood
environment on cognition extended across generations.
One 10-year longitudinal study found that education level
mitigated the influence of depressive symptoms on cognition in
older adults.® More resources should be allocated to rural regions
to promote overall educational attainment to reduce health
disparities. Public health initiatives should strive for maintenance
of emotional health and cognitive function as key factors that
contribute to healthy ageing. Long-term cognitive function assess-
ments in large-scale depression-reduction programmes can verify
their impact on mitigating cognitive decline.

Using a large representative sample of Chinese middle-aged
and older adults, the present study contributes to a better
understanding of bidirectional relationships between cognition
and depressive symptoms and associated factors. The present RI-
CLPM provided nuanced results on negative bidirectional relation-
ships between cognition and depressive symptoms in Chinese
middle-aged and older adults. Our results have clinical implications
in highlighting the health disparities in cognitive and emotional
health across urbanicity and age groups.
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