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Associations between modifiable
risk factors and cognitive function
in middle-aged and older Chinese
adults: joint modelling of
longitudinal and survival data

Qin Ran', Fang Yang", Qin Su?, Peng Li? and Yaoyue Hu'*

!School of Public Health, Chongging Medical University, Chongging, China, 2Max Planck Institute for
Demographic Research, Rostock, Germany

Background: Stronger associations between modifiable risk factors and
cognitive function have been found in younger than older adults. This age
pattern may be subject to mortality selection and non-ignorable missingness
caused by dropouts due to death, but this remains unclear.

Methods: Longitudinal data from 9,562 adults aged 50 and older from Waves
1-4 (2011-2018) of the China Health and Retirement Longitudinal Study were
used. Cognitive function was assessed repeatedly using a battery of cognitive
tests. Joint models of longitudinal and survival data were applied to examine
the associations of modifiable risk factors with cognitive function and mortality.

Results: Worse cognitive function score was associated with being female
(coefficient[] = —1.669, 95% confidence interval [Cl]: —1.830, —1.511, p <0.001),
low education ( =-2.672, 95%Cl: —2.813, —2.530, p <0.001), rural residence
(p =-1.204, 95%Cl: -1.329, —-1.074, p <0.001), stroke (p =-0451, 95%Cl:
—0.857, —0.051, p =0.030), probable depression (f =-1.084, 95%Cl: —1.226,
—0.941, p <0.001), and current smoking (f =-0.284, 95%Cl: —0.437, —0.133,
p <0.001); whereas dyslipidaemia (8 = 0415, 95% Cl: 0.207, 0.626, p <0.001),
heart disease (f = 0.513, 95% Cl: 0.328, 0.698, p <0.001), overweight (s = 0.365,
95% Cl: 0.224, 0.506, p <0.001) and obesity (8 =0.264, 95% Cl: 0.048, 0.473,
p =0.014) were associated with better cognitive function. These associations
changed less than 5% when the longitudinal and survival data were modelled
separately. An increase in cognitive function over age was associated with
reduced mortality risk (hazard ratio: 0418, 95%Cl: 0.333, 0.537, p <0.001). The
association between socioeconomic disadvantage and cognitive function was
more evident in women than in men, while the associations of socioeconomic
disadvantage and lifestyle with cognitive function increased with age.

Conclusion: Mortality selection and non-ignorable missingness caused
by dropouts due to death played a minor role in the associations between
modifiable risk factors and cognitive function in middle-aged and older Chinese
adults.
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modifiable risk factors, cognitive function, mortality, joint model, missing not at
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Introduction

As individuals age, cognitive impairment and dementia become
increasingly prevalent, reducing quality of life and elevating the risk
of disability and mortality (1). Utilizing data from the Health and
Retirement Study (HRS) in the United States, one study estimated the
prevalence of mild cognitive impairment (MCI) at 22% and dementia
at 10% among older adults (2). The prevalence of dementia was
comparable in Korea (9.2%) (3) and Japan (9.5%) (4). Although a
recent nationwide survey in China reported a lower prevalence of
MCI (15.5%) and dementia (6.0%) (5), these rates continue to rise in
China due to population aging (5), which will place a heavy burden
on the families and on the social and healthcare systems.

According to the Lancet Commission on Dementia Prevention,
Intervention, and Care, approximately 40% of worldwide dementias
are attributable to modifiable risk factors, updated from 9 in 2017 (i.e.,
less education, smoking, obesity, depression, physical inactivity, low
social contact, hypertension, hearing impairment, and diabetes) to
12 in 2020 (adding excessive alcohol consumption, traumatic brain
injury, and air pollution) (1, 6). Emerging evidence also points to
dyslipidaemia and cardiovascular disease (CVD) as risk factors and
the Mediterranean diet as a protective factor for cognitive impairment
and dementia (7, 8). A pooled cohort study showed that both
insufficient (<4 h/night) and excessive (>10h/night) sleep duration
increased the risk of cognitive decline (9). A cross-sectional study
from China with a large nationally representative sample of older
adults also identified 9 modifiable risk factors for MCI and dementia,
including rural residence, less education, being divorced/widowed or
living alone, smoking, hypertension, hyperlipidaemia, diabetes, heart
disease, and cerebrovascular disease (5). However, the role and
contribution of these modifiable risk factors to cognitive decline may
vary by sex, rural-urban residence, and age (10, 11). These disparities
may be more pronounced in China compared to other countries, due
to large differences in cognitive function, education, access to
resources, and lifestyle between men and women, age groups, and
rural and urban residents (12, 13).

A recent analysis of the UK Biobank data revealed that the
associations between most modifiable risk factors and dementia were
stronger in younger adults than in their older counterparts (14).
However, individuals with poor cognitive function or who experience
rapid cognitive decline are known to have a heightened risk of
mortality (15, 16). Therefore, it is possible that older adults with
unfavourable risk factors may have worse cognitive function or faster
cognitive decline, resulting in an increased mortality risk at a younger
age. This leaves those who survive have better cognitive function and
be more biologically resilient to adverse effects of the unfavourable
risk factors (i.e., mortality selection). Furthermore, it is not feasible to
follow up individuals after they have died (i.e., dropout due to death).
As the probability of missing data caused by dropout due to death
depends on the unobserved values of cognitive function, the data are
missing not at random (MNAR, i.e., non-ignorable missingness) (17).
The relationships between modifiable risk factors and cognitive
function at different ages thus may be biased by mortality selection
and dropouts due to death. This, to our knowledge, has not been
explicitly accounted for in previous studies.

It is crucial to accurately assess the associations between
modifiable risk factors and cognitive decline, as this provides
invaluable guidance for strategies to prevent cognitive impairment
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and dementia. Under MNAR, unbiased estimates of cognitive
trajectories could be obtained by modelling the trajectories
conditionally on the basis of non-random attrition (i.e., death) (17).
Our study therefore investigated (1) how sociodemographic
characteristics, lifestyle, and health conditions were associated with
trajectories of cognitive function in middle-aged and older Chinese
adults when the longitudinal and survival processes were jointly
modelled; and (2) how these associations differed by sex, rural-urban
residence, and age.

Methods
Study design

Data came from the China Health and Retirement Longitudinal
Study (CHARLS) with a nationally representative sample of
community-dwelling adults aged 45 and older. The details of the data
used in this study are available on the website,' and the data can
be accessed after registration and downloaded upon approval. The
baseline survey was conducted in 2011 (Wave 1), and comprehensive
information on socio-demographic characteristics, family, health
status and functioning, work, retirement, and healthcare was collected.
Three follow-up surveys were carried out in 2013 (Wave 2), 2015
(Wave 3), and 2018 (Wave 4), respectively. Both the survival status and
the time of death were recorded at Wave 2; yet only the survival status
was recorded at Waves 3-4. Details of CHARLS can be found
elsewhere (18). We included participants aged>50 at Wave 1 who
reported no memory problems at Wave 1, had at least one cognitive
assessment at Waves 1-4, and had no missing data on lifestyle, body
mass index (BMI), and health conditions at Wave 1 (N=9,562,
Supplementary Figure S1).

Cognitive function

Cognitive function, consisting of episodic memory and mental
status, was assessed at Waves 1-4. After the interviewer read out 10
unrelated words, participants were asked to recall as many words as
possible immediately (immediate recall) and approximately five
minutes later (delayed recall). One point was awarded for each
correctly recalled word. Episodic memory (scored 0-10) was
calculated as the average of the immediate word recall (0-10) and
delayed word recall (0-10). Mental status (scored 0-11) was captured
by time orientation, calculation, and visuospatial ability. Time
orientation (scored 0-5) was evaluated by asking participants to name
today’s date (month, day, year, and season) and the day of the week.
Calculation (scored 0-5) was assessed using the serial 7s test, which
required participants to subtract 7 from 100 up to five times.
Visuospatial ability (scored 0-1) was measured by whether
participants could re-draw two overlapping pentagons that had been
previously shown to them. Cognitive function (scored 0-21) was
calculated by summing the scores of episodic memory and mental
status, with a higher score indicating better cognitive function (19). In

1 https://charls.pku.edu.cn/en/
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our study, 791, 1,886, 2,792 and 4,524 participants had cognitive
function data missing at Wave 1-4, respectively.

Socio-demographic characteristics

Marital status (married/partnered or unmarried/divorced/
widowed), education (<secondary school or > secondary school), and
place of residence (rural or urban), were measured at Wave 1.
Following the analysis of UK Biobank data (14), education below
secondary school and living in rural areas were used to reflect
socioeconomic disadvantage, as attaining secondary or higher
education and urban residence were strongly correlated with better
opportunities, employment, access to resources, and the accumulation
of material over the life course for older Chinese adults. One point was
assigned for each indicator, and the risk score for socioeconomic
disadvantage was calculated as the sum of the two indicators
(scored 0-2).

Lifestyle

Smoking (never/former or current), alcohol drinking in the past
year (yes or no), and sleep duration were assessed at Wave 1.
Unfavourable sleep duration was defined as <6 or>10h/night for
participants aged 50-64 and <6 or >9h/night for those aged 65 and
above (14). The three lifestyle factors scored 0-3. Since CHARLS did
not assess participants’ diets and only measured physical activity in
half of the sample, we included BMI as a proxy which was categorized
into normal weight (<24.0 kg/m?), overweight (24.0-27.9 kg/m?), and
obesity (>28.0 kg/m?) using the cutoffs in the Chinese population (20).

Health conditions

Health conditions were measured at Wave 1, covering self-
reported doctor diagnoses of hypertension, dyslipidaemia,
diabetes, heart disease, and stroke, as well as probable depression
assessed using the 10-item Centre for Epidemiologic Studies
Depression Scale (CES-D-10) with a score>12 (21). Health
conditions therefore scored 0-6. Coding of variables and risk
scores is provided in Supplementary Table S1.

Statistical analyses

The associations between modifiable risk factors, cognitive
function, and mortality were analysed using the joint model, which
typically combines a linear mixed-effects (LME) model for the
longitudinal outcome (i.e., longitudinal sub-model) with a survival
model for the survival outcome (i.e., survival sub-model) in a single
statistical framework (22). The joint model enables the utilization of
the survival outcome to inform trajectories of the longitudinal
outcome on dropouts due to death, and vice versa, associate the
longitudinal outcome with survival (23). As a result, it corrects
trajectories of the longitudinal outcome for non-ignorable missingness
caused by dropouts due to death (17) and minimizes the mortality
selection bias (23, 24).
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We first modelled the trajectories of cognitive function using
LME model with age as the time scale (centred at 50). Several LME
models were compared including (1) random intercept; (2) random
intercept + random slope of age; and (3) random intercept +
random slopes of age and age squared. The second model was
selected as it had the best model fit (Supplementary Table S2). For
the survival outcome, since the exact date of death was unknown
(i.e., interval censored), we used the parametric survival model
with Weibull distribution (see Supplementary Figure S2;
Supplementary Table S3 for the selection of survival distribution)
and age as the time scale (25).

In the standard joint model, the two sub-models are connected via
the true and unobserved longitudinal outcome at each time point (i.e.,
“current value” association), which assumes that the hazard of death
at time ¢ is associated with cognitive function at time ¢ (22). There
could be other association structures, such as “current slope” (i.e., the
hazard of death at time ¢ is associated with the slope of the trajectory
of cognitive function at ), “current value and current slope,” and
“time-dependent slope” (i.e., the hazard of death at time ¢ is associated
with the change of the cognitive function between -1 and ¢, see
Supplementary Method) (26). We estimated joint models with these
association structures using the Bayesian approach with a Markov
Chain Monte Carlo (MCMC) estimation of 20,000 iterations and a
burn-in phase of 2000 iterations. Due to non-convergence, age was
further divided by 10. The “time-dependent slope” association
structure was selected because it had the smallest deviance information
criterion (DIC, Supplementary Table S4) and good trace plot and
Figure S3) (26).
Sociodemographic factors, lifestyle, and health conditions were

density estimation plot (Supplementary
entered into the joint model both as separate variables and as
continuous risk scores. The sample was further stratified by sex, place
of residence, and age to examine potential effect modifications. All
tests were 2-sided with an a-level of 0.05. Statistical analyses were
performed in R 4.2.0 (R Core Team, 2022) using the packages of

» «

“nlme,” “survival,” and “TMbayes2”.

Results

In the total of 9,652 participants, 974 (10.2%) died during the
follow-up (Table 1). Majority of the participants were married/
partnered, had received primary school or lower education, and
were living in rural areas. The proportion of low education was
higher among older individuals, women, and rural residents. The
most prevalent health conditions were probable depression (28.8%)
and hypertension (26.2%). Smoking, alcohol drinking, and
overweight and obesity were more prevalent in men than in
women, while more than half of participants had an unfavourable
sleep duration.

The decline in cognitive function accelerated with age, which
was slightly more rapid in the joint model than in the LME model
(see Table 2 for f coefficients, which indicate how much cognitive
function changed with one unit increase in independent variables).
In the joint model, worse cognitive function was associated with
being female (: —1.669, 95% confidence interval [CI]: —1.830,
—1.511, p <0.001), low education (f =-2.672, 95%CI: —2.813,
—2.530, p <0.001), rural residence (f =—1.204, 95%CI: —1.329,
—1.074, p <0.001), stroke ( =—0.451, 95%CI: —0.857, —0.051,
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TABLE 1 Sample characteristics (N =9,562).

10.3389/fpubh.2024.1485556

Total Age (years) Sex Place of residence
(Nsirgglgz) 50-59 60-69 >70 Men Women Urban Rural
(N=4,456) (N=3444) (N=1662) (N=4713) (N=4,849) (N=3529) (N =6,033)

Death (%) 974 (10.2) 185 (4.2) 352(10.2) 437 (26.3) 619 (13.1) 355 (7.3) 335 (9.5) 639 (10.6)
Age (mean, SD) 62.2(7.9) 55.5(2.7) 64.4 (2.9) 75.4 (4.4) 62.3(7.8) 62.0 (8.0) 62.3 (8.0) 62.1(7.8)
Cognitive function (mean, SD)

Wave 1 10.9 (4.0) 11.6 (3.8) 11.0 (3.9) 8.9 (4.2) 11.9 (3.5) 9.9 (4.3) 12.1 (3.8) 10.2 (4.0)

Wave 2 11.6 (3.6) 12.0 (3.4) 11.6 (3.5) 10.0 (3.9) 122 (3.2) 10.9 (3.8) 12.6 (3.4) 11.0 (3.6)

Wave 3 10.2 (4.4) 11.0 (4.1) 10.1 (4.3) 7.7 (4.5) 11.3 (3.7) 9.0 (4.6) 11.4 (4.1) 9.5 (4.3)

Wave 4 10.6 (4.3) 11.0 (4.2) 10.5 (4.2) 8.6 (4.6) 114 (3.8) 9.8 (4.7) 11.9 (4.0) 9.9 (4.3)
Sex (%)

Men 4,713 (49.3) 2,123 (47.6) 1749 (50.8) 841 (50.6) 1,681 (47.6) 3,032 (50.3)

Women 4,849 (50.7) 2,333 (52.4) 1,695 (49.2) 821 (49.4) 1848 (52.4) 3,001 (49.7)
Marital status (%)

Married/partnered 8,199 (85.7) 4,147 (93.1) 2,957 (85.9) 1,094 (65.9) 4,238 (89.9) 3,961 (81.7) 3,026 (85.7) 5,173 (85.7)

Unmarried/divorced/

widowed 1,363 (14.3) 309 (6.9) 487 (14.1) 567 (34.1) 475 (10.1) 888 (18.3) 503 (14.3) 860 (14.3)
Socioeconomic disadvantage (%)

Low education 7,016 (73.4) 2,844 (63.8) 2,721 (79.0) 1,451 (87.3) 3,023 (64.1) 3,993 (82.3) 2,148 (60.9) 4,868 (80.7)

Rising in rural areas 6,033 (63.1) 2,820 (63.3) 2,210 (64.2) 1,003 (60.3) 3,032 (64.3) 3,001 (61.9)
Health conditions (%)

Hypertension 2,507 (26.2) 926 (20.8) 1,045 (30.3) 536 (32.3) 1,113 (23.6) 1,394 (28.7) 1,066 (30.2) 1,441 (23.9)

Diabetes 645 (6.7) 260 (5.8) 283 (8.2) 102 (6.1) 259 (5.5) 386 (8.0) 354 (10.0) 291 (4.8)

Dyslipidaemia 955 (10.0) 452 (10.1) 385(11.2) 118 (7.1) 402 (8.5) 553 (11.4) 498 (14.1) 457 (7.6)

Heart disease 1,248 (13.1) 446 (10.0) 508 (14.8) 294 (17.7) 530 (11.2) 718 (14.8) 606 (17.2) 642 (10.6)

Stroke 240 (2.5) 75 (1.7) 109 (3.2) 56 (3.4) 123 (2.6) 117 (2.4) 94 (2.7) 146 (2.4)

Probable depression® 2,752 (28.8) 1,192 (26.8) 1,038 (30.1) 522 (31.4) 1,042 (22.1) 1710 (35.3) 782 (22.2) 1970 (32.7)
Lifestyle (%)

Current smoking 3,059 (32.0) 1,467 (32.9) 1,119 (32.5) 473 (28.5) 2,730 (57.9) 329 (6.8) 1,008 (28.6) 2051 (34.0)

Current drink 3,135 (32.8) 1,560 (35.0) 1,114 (32.3) 461 (27.7) 2,570 (54.5) 565 (11.7) 1,106 (31.3) 2029 (33.6)

Unfavourable sleep

duration® 5,549 (58.0) 2,413 (54.2) 2046 (59.4) 1,090 (65.6) 2,605 (55.3) 2,944 (60.7) 1980 (56.1) 3,569 (59.2)
BMI (kg/m?, %)

<24.0 5,912 (61.8) 2,600 (58.3) 2,101 (61.0) 1,211 (72.9) 3,231 (68.6) 2,681 (55.3) 1840 (52.1) 4,072 (67.5)

24.0-27.9 2,657 (27.8) 1,334 (29.9) 991 (28.8) 332 (20.0) 1,153 (24.5) 1,504 (31.0) 1,186 (33.6) 1,471 (24.4)

>28.0 993 (10.4) 522 (11.7) 352(10.2) 119 (7.2) 329 (7.0) 664 (13.7) 503 (14.3) 490 (8.1)

SD: standard deviation; BMI: body mass index. Age, sex, marital status, socioeconomic disadvantage, health conditions, lifestyle and BMI were assessed at Wavel.

*CES-D-10>12.
bSleep duration <6 or> 10 h/night for age 50-64, <6 or > 9 h/night for age > 65.

p =0.030), probable depression (f =—1.084, 95%CI: —1.226,
—0.941, p <0.001), and current smoking (f =—0.284, 95%CI:
—0.437, —0.133, p <0.001). These associations estimated in the
LME model were very similar to those in the joint model
(differences<1% but 2.8% for current smoking). In addition,
dyslipidaemia (f = 0.415, 95%CI: 0.207, 0.626, p <0.001), heart
disease (8 = 0.513, 95%CI: 0.328, 0.698, p <0.001), overweight
(f =0.365,95%CI: 0.224, 0.506, p <0.001), and obesity (f = 0.264,
95%CI: 0.048, 0.473, p =0.014) were associated with better
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cognitive function in the joint model, but these associations were
1.9-4.9% larger in the LME model except for heart disease. For the
survival process, in the joint model, diabetes, heart disease, stroke,
probable depression, and current smoking were associated with a
higher mortality risk. These associations were attenuated by
6.9-11.1% in the parametric survival model, except for stroke
(attenuation of 1.5%). The time-dependent slope showed that the
mortality risk was reduced by almost 60% (hazard ratio
[HR]=0.418, 95%CI: 0.333, 0.537, p <0.001) with one unit
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TABLE 2 Associations of modifiable risk factors with cognitive function and mortality.

Longitudinal process

Separate model

B/HR (95% Cl)

10.3389/fpubh.2024.1485556

Joint model

B/HR (95% ClI)

Age 0.045 (—0.161, 0.251) 0.668 0.072 (—0.121, 0.198) 0.471
Age squared —0.453 (—0.516, —0.390) <0.001%** —0.484 (—0.530, —0.425) <0.001#%#*
Women —1.665 (—1.827, —1.504) <0.001%** —1.669 (—1.830, —1.511) <0.001%#%#*
Unmarried/divorced/widowed —0.171 (—0.364, 0.021) 0.080 —0.129 (—0.316, 0.061) 0.185
Socioeconomic disadvantage
Low education —2.693 (—2.838, —2.548) <0.001%#** —2.672 (—2.813, —2.530) <0.001%##%*
Residing in rural areas —1.199 (-1.331, —1.068) <0.001%** —1.204 (—1.329, —1.074) <0.001%%#*
Health conditions
Hypertension 0.126 (—0.025, 0.277) 0.102 0.135 (—0.019, 0.286) 0.084
Diabetes 0.113 (=0.141, 0.367) 0.384 0.110 (—0.141, 0.358) 0.377
Dyslipidaemia 0.423 (0.208, 0.638) <0.001 %% 0.415 (0.207, 0.626) <0.001 %%
Heart disease 0.508 (0.316, 0.699) <0.001%** 0.513 (0.328, 0.698) <0.001%*%**
Stroke —0.451 (—0.860, —0.043) 0.030* —0.451 (—0.857, —0.051) 0.030*
Probable depression® —1.076 (—1.218, —0.935) <0.001%** —1.084 (—1.226, —0.941) <0.001%%**
Lifestyle
Current smoking —0.276 (—0.436, —0.117) <0.001%** —0.284 (—0.437, —0.133) <0.001%%#*
Current drink —0.049 (—0.196, 0.099) 0.516 —0.052 (—0.199, 0.092) 0.483
Unfavourable sleep duration® —0.120 (—0.245, 0.005) 0.059 —0.116 (—0.240, 0.004) 0.060
BMI (ref: <24.0kg/m?)
24.0-27.9kg/m’ 0.380 (0.236, 0.524) <0.001%** 0.365 (0.224, 0.506) <0.001#%#*
>28.0kg/m’ 0.277 (0.063, 0.490) 0.011* 0.264 (0.048, 0.473) 0.014*

Survival process
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Women 0.595 (0.507, 0.698) <0.001 %% 0.558 (0.448, 0.691) <0.001%%%
Unmarried/divorced/widowed 0.930 (0.798, 1.085) 0.355 0.855 (0.721, 1.011) 0.067
Socioeconomic disadvantage
Low education 0.980 (0.821, 1.169) 0.821 0.936 (0.786, 1.121) 0.469
Residing in rural area 1.136 (0.987, 1.307) 0.076 1.138 (0.992, 1.311) 0.065
Health conditions
Hypertension 1.112 (0.965, 1.282) 0.143 1.100 (0.955, 1.264) 0.188
Diabetes 1.524 (1.210, 1.920) <0.001%#%% 1.563 (1.223, 1.962) <0.001##%
Dyslipidaemia 1.032 (0.814, 1.308) 0.795 1.052 (0.826, 1.325) 0.675
Heart disease 1.236 (1.041, 1.467) 0.015* 1.258 (1.056, 1.492) 0.009%%
Stroke 1.406 (1.051, 1.880) 0.022% 1.400 (1.034, 1.867) 0.029%
Probable depression® 1.255 (1.091, 1.443) 0.001%* 1.281 (1.110, 1.473) <0.001 %
Lifestyle
Current smoking 1.249 (1.078, 1.448) 0.0037%% 1.280 (1.096, 1.493) 0.003 #*
Current drink 1.018 (0.881, 1.176) 0.809 1.002 (0.862, 1.160) 0.978
Unfavourable sleep duration® 0.883 (0.774, 1.008) 0.064 0.877 (0.768, 1.001) 0.051
BMI (ref: <24.0kg/m?)
24.0-27.9kg/m? 0.989 (0.841, 1.163) 0.889 1.023 (0.869, 1.198) 0.796
>28.0kg/m’ 1.023 (0.796, 1.316) 0.857 1.046 (0.808, 1.349) 0.722
(Continued)
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TABLE 2 (Continued)

Separate model

B/HR (95% CI)

10.3389/fpubh.2024.1485556

Joint model
B/HR (95% CI)

Time-dependent slope

0.418 (0.333, 0.537) <0.0017%#%*

*CES-D-10>12.
"Sleep duration <6 or > 10 h/night for age 50-64, <6 or > 9 h/night for age > 65.

B: model coefficient; HR: hazard ratio; CI: confidence interval; BMI: body mass index; ref: reference category. *p <0.05, ** p<0.01, *** p <0.001.

increase in cognitive function over one unit increase over age (i.e.,
10 years).

When the sample was stratified by sex, the effects of modifiable
risk factors on cognitive function were greater in women than in
men, except for marital status and smoking (Table 3). Similarly,
larger associations were observed in urban than in rural residents,
except for dyslipidaemia and heart disease (Table 3). Stratifying the
sample by age group, the associations of being female, low
education, rural residence, heart disease, and overweight with
cognitive function increased with age (Table 4). Only in the oldest
age group was worse cognitive function associated with
hypertension and current smoking, whereas better cognitive
function associated with dyslipidaemia and obesity was observed
only in younger age groups. Although the protective effect of the
time-dependent slope on mortality was marginally larger in urban
than in rural residents, it was much stronger in women and in the
oldest age group.

Figure 1 depicts the associations of the risk scores of socioeconomic
disadvantage, lifestyle, and health conditions with cognitive function by
sex and age in the joint model (Supplementary Table S5). There were no
sex differences in the associations of lifestyle and health conditions with
cognitive function, but the adverse effect of socioeconomic disadvantage
was much greater in women than in men. Furthermore, the effects of
socioeconomic disadvantage and lifestyle on cognitive function were
more pronounced at older ages.

Discussion

In this study of 9,562 Chinese adults aged 50 and over with 7 years
of follow-up, socioeconomic disadvantage, lifestyle, and health
conditions were associated with trajectories of cognitive function.
Joint modelling of the longitudinal and survival processes produced
minor changes in these associations compared to when modelling
separately. The detrimental effect of socioeconomic disadvantage on
cognitive function differed substantially by sex. An age pattern was
found in the associations between socioeconomic disadvantage,
lifestyle, and cognitive function, but not for health conditions
including hypertension, dyslipidaemia, diabetes, heart disease, stroke,
and probable depression.

Consistent with a prior study from China (5), we found that lower
education and rural residence were associated with worse cognitive
function. Longer education may enhance cognitive reserve, providing a
buffer against dementia-related brain pathology (27). Inadequate
healthcare, less infrastructure, and higher rates of comorbidity in rural
China may exacerbate rural-urban disparities in cognitive function, as
well as in the associations between modifiable risk factors and cognitive
function (11). In our subgroup analysis, women and older age groups
showed stronger associations between socioeconomic disadvantage and
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cognitive function. These findings mainly relate to their lower levels of
education. Numerous previous studies on health inequality and the
social determinants of health have consistently confirmed that
socioeconomic status (SES) — mainly reflected by education, occupation,
and income - has profound impacts on health throughout the lifespan
(28, 29). Building on these findings, researchers have developed and
tested theories of how education influences cognitive function via
occupation, income, access to resources, and material accumulation (30,
31). A population-based cohort study of 7,357 Americans aged 45 and
older showed that occupational complexity mediated 11-22% of the
protective effect of education on cognitive function (32). Moreover,
another large-scale survey of adults aged 50 and older reported the
mediating role of income on the relationship between education and
cognitive function (30).

In contrast to earlier studies (1, 9), we failed to observe any
associations between alcohol drinking, unfavourable sleep duration,
and cognitive function. This could be attributed to the oversimplified
categorization of non-drinkers and drinkers, as well as the possibly
inappropriate definition of unfavourable sleep duration for the
Chinese population, which was adopted from a UK study (14).
Consistent with our study, a cross-sectional study of 4,631 Chinese
adults aged 60 and older also found an association between higher
BMI and reduced MCI incidence (12). Overweight and obesity in
later life may lead to increased secretion of leptin hormone from
adipose tissue, which could reduce deposition of amyloid-f (Ap) in
the brain, thereby lower the risk of cognitive impairment and AD
(33). Furthermore, the observed protective effect of obesity on
cognitive function may be related to the robust link between
elevated BMI and increased hippocampal volumes, as larger
hippocampal volumes are often associated with better cognitive
function (34). When the sample was stratified by sex and age, the
impact of smoking was only evident in men and those aged 70 and
older, which may be due to the sexed pattern of smoking and the
time required for smoking as an accumulated exposure to affect
cognitive function (35). In addition, unfavourable sleep duration
only exhibited an adverse effect on cognitive function in individuals
aged 50-59. This could be linked to the activation of low-level
systemic inflammation - an important mechanism for cognitive
decline — which may affect younger individuals more than older
ones (8, 36). The omission of nap time in calculating total sleep
duration in our study may overlook the compensatory effects of
napping on nighttime sleep.

The associations between stroke, probable depression, and
cognitive function were robust across sexes, age groups, and rural-
urban residences. The biological mechanisms that connect stroke to
cognitive decline encompass AD-related pathologies triggered or
accelerated by stroke, brain injuries exacerbated by pre-stroke
neurodegeneration, and vascular-related comorbidities (e.g.,
hypertension and atrial fibrillation) (37). Whereas for depression,
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TABLE 3 Associations of risk factors with cognitive function and survival by sex and residence in the joint models.

10.3389/fpubh

.2024.1485556

Men Women Urban Rural
B/HR (95% Cl) p  PB/HR(95% CI) B/HR (95% Cl) B/HR (95%
Cl)
Longitudinal process
—0.126 (—0.396, —0.141 (—0.455,
Age 0.171 (=0.099, 0.425) 0.257 0.418 0.272 (0.005, 0.537) 0.045* 0.275
0.171) 0.100)
—0.462 (—0.544, —0.476 (—0.558, —0.482 (—0.566, —0.457 (—0.532,
Age squared <0.001%** <0.001%** <0.0017%#%** <0.0017##*
—0.375) —0.405) —0.393) —0.360)
—0.902 (—1.139, —2.172 (—2.383,
Women <0.001%*** <0.001%***
—0.664) —1.962)
Unmarried/ —0.482 (—0.756, 0.118 (—0.144, —0.198 (—0.498, —0.160 (—0.407,
<0.001%** 0.375 0.185 0.211
divorced/widowed —0.208) 0.387) —0.098) 0.088)
Socioeconomic disadvantage
—2.027 (=2.191, —3.686 (—3.936, —2.855 (—3.048, —2.451 (—2.652,
Low education <0.001%** <0.001%** <0.001*** <0.001%***
—1.863) —3.433) —2.662) —2.250)
Residing in —0.790 (—0.957, —1.440 (—1.638,
<0.001%** <0.001%**
rural areas —0.628) —1.245)
Health conditions
0.163 (—0.049, 0.071 (—0.128,
Hypertension 0.138 (—0.060, 0.336) 0.170 0.136 0.237 (0.017, 0.463) 0.034* 0.479
0.380) 0.263)
0.066 (—0.287, 0.100 (—0.225, 0.077 (—0.299,
Diabetes 0.119 (—0.229, 0.466) 0.504 0.696 0.543 0.694
0.403) 0.421) 0.448)
Dyslipidaemia 0.356 (0.063, 0.640) 0.017* 0.441 (0.138, 0.739) 0.003%* 0.325 (0.047, 0.607) 0.022%* 0.471 (0.162, 0.779) 0.004%**
Heart disease 0.370 (0.106, 0.635) 0.007%* 0.574 (0.302, 0.843) <0.001%** 0.371 (0.112, 0.637) 0.006%** 0.587 (0.332, 0.847) <0.001#***
—0.109 (—0.634, —0.885 (—1.497, —0.667 (—1.260, —0.366 (—0.890,
Stroke 0.679 0.004%* 0.031%* 0.171
0.409) —0.258) —0.060) 0.150)
Probable —1.038 (—1.230, —1.069 (—1.265, —1.267 (—1.499, —0.986 (—1.138,
<0.001%** <0.001%** <0.001*** <0.001#***
depression® —0.840) —0.872) —1.038) —0.798)
Lifestyle
Current —0.422 (—0.583, 0.226 (—0.133, —0.371 (=0.607, —0.292 (—0.490,
<0.001 % 0.225 0.003%* 0.005%*
smoking —0.262) 0.587) —0.129) —0.088)
—0.048 (—0.338, 0.138 (—0.085, —0.147 (—0.334,
Current drink 0.002 (—0.154, 0.163) 0.985 0.756 0.225 0.126
0.235) 0.359) 0.041)
Unfavourable —0.071 (=0.221, —0.136 (—0.323, —0.150 (—0.336, —0.080 (—0.241,
0.359 0.143 0.120 0.326
sleep duration® 0.084) 0.051) 0.038) 0.077)
BMI (ref: <24.0kg/m?)
24.0-27.9kg/m’ 0.242 (0.051, 0.428) 0.013%* 0.550 (0.347, 0.757) <0.001%** 0.495 (0.285, 0.705) <0.001#%#* 0.301 (0.113, 0.489) 0.001 **
0.289 (—0.001, 0.249 (—0.040, 0.274 (—0.023,
>28.0kg/m?* 0.270 (—0.038, 0.580) 0.085 0.051 0.093 0.070
0.576) 0.534) 0.568)
‘Women 0.504 (0.349, 0.732) <0.001#%#* 0.574 (0.448, 0.742) <0.001#%#*
Unmarried/
0.869 (0.653, 1.152) 0.349 0.815 (0.596, 1.101) 0.189 0.900 (0.656, 1.230) 0.515 0.832 (0.678, 1.017) 0.072
divorced/widowed
Socioeconomic disadvantage
Low education 0.987 (0.798, 1.230) 0.915 0.715 (0.478, 1.088) 0.110 0.909 (0.700, 1.178) 0.470 0.914 (0.710, 1.184) 0.493
Residing in
1.073 (0.898, 1.283) 0.445 1.296 (1.028, 1.644) 0.026*
rural areas
(Continued)
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TABLE 3 (Continued)

10.3389/fpubh.2024.1485556

Men Women Urban Rural
B/HR (95% Cl) B/HR (95% Cl) B/HR (95% Cl) B/HR (95%
Cl)
Health conditions
Hypertension 1.168 (0.978, 1.392) 0.094 1.001 (0.795, 1.263) 0.999 1.136 (0.894, 1.438) 0.298 1.075 (0.899, 1.281) 0.423
Diabetes 1.186 (0.848, 1.628) 0.306 2.125 (1.500, 2.965) | <0.001%* 1.313 (0.925, 1.833) 0.126 1.964 (1.408, 2.700) <0.001***
Dyslipidaemia 1.001 (0.725, 1.359) 0.986 1.096 (0.753, 1.579) 0.621 1.097 (0.776, 1.523) 0.581 1.001 (0.705, 1.388) 0.979
Heart disease 1.183 (0.937, 1.481) 0.153 1.378 (1.034, 1.801) 0.031%* 1.148 (0.867, 1.508) 0.317 1.389 (1.102, 1.742) 0.554
Stroke 1.240 (0.842, 1.776) 0.262 1.709 (1.005, 2.757) 0.048%* 1.727 (1.075, 2.696) 0.025% 1.238 (0.824, 1.797) 0.293
Probable 1.208 (1.002, 1.452) 0.047* 1.387 (1.111, 1.736) 0.004%* 1.541 (1.186, 1.983) <0.001#*#* 1.170 (0.991, 1.390) 0.066
depression®
Lifestyle
Current 1.210 (1.029, 1.418) 0.022% | 1513(1.065,2.088) | 0.019* 1.359 (1.039, 1.763) 0.025% 1.238 (1.022, 1.497) 0.026%
smoking
Current drink 0.965 (0.822, 1.130) 0.662 1.168 (0.841, 1.602) 0.335 1.041 (0.800, 1.346) 0.759 0.988 (0.828, 1.189) 0.895
Unfavourable 0.930 (0.791, 1.101) 0.390 0.792 (0.633, 0.989) 0.039%* 0.770 (0.613, 0.965) 0.025* 0.937 (0.796, 1.108) 0.442
sleep duration®
BMI (ref: <24.0kg/m?)
24.0-27.9kg/m’ 1.019 (0.817, 1.255) 0.851 1.026 (0.785, 1.323) 0.836 0.964 (0.740, 1.249) 0.784 1.034 (0.834, 1.278) 0.746
>28.0kg/m* 1.252 (0.880, 1.738) 0.202 0.896 (0.607, 1.288) 0.576 0.980 (0.665, 1.426) 0.926 1.048 (0.734, 1.467) 0.779
Time-dependent 0.562 (0.452, 0.706) <0.001%** | 0.221 (0.134, 0.350) | <0.001%** 0.354 (0.242, 0.500) <0.001%##* | 0.411 (0.293, 0.571) <0.001#%#*
slope

*CES-D-10>12.
"Sleep duration <6 or > 10 h/night for age 50-64, <6 or > 9h/night for age > 65.

B: model coefficient; HR: hazard ratio; CI: confidence interval; BMI: body mass index; ref: reference category. *p <0.05, ** p<0.01, *** p <0.001.

it involved white matter hyperintensities, decreased hippocampal
volume, reduction of prefrontal cortical thickness, and elevated
levels of p-amyloid (38). Nevertheless, contradicting previous
findings (5, 8), we found older Chinese adults with heart disease
and dyslipidaemia had better cognitive function. Elevated
cholesterol levels may be indicative of better nutritional status and
general health, particularly in later life (39). Moreover, individuals
with dyslipidemia and heart disease may be on long-term statins
and antihypertensive medications, which have been shown to
be effective in preventing cognitive impairment (40) and dementia
(8). Our findings could also be attributed to the simultaneous
inclusion of hypertension, obesity, dyslipidemia, diabetes, heart
disease, and stroke in the model, which were correlated with each
other and thus may distort the relationship between specific health
conditions and cognitive function.

The marked sex difference in how the socioeconomic
disadvantage risk score affected cognitive function, as observed
in our study compared to the UK Biobank study (14), suggests
greater health inequalities for women than men in China as
opposed to the UK (41). In addition, we found that the effects of
socioeconomic disadvantage and lifestyle risk scores increased
with age, contrary to the findings from the UK Biobank study
(14). This discrepancy may be ascribed to differences in outcome
measures—our study centred on cognitive function, while the
other study relied on dementia diagnoses extracted from
electronic health records, potentially leading to a downward bias
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in dementia incidence estimation (42). Cognitive deterioration
progresses along a continuum from normal cognition to subjective
cognitive decline, MCI, and ultimately to dementia. The lack of
data on dementia from Waves 1-3 in CHARLS, with the exception
of Wave 4, has constrained us to investigate the relationships
between modifiable risk factors and dementia. Furthermore, the
observed age trends in the UK Biobank study may partially reflect
fundamental differences between early- and late-onset dementia,
which is less of a concern for our study. Most importantly, our
study accounted for mortality selection and non-ignorable
missingness caused by dropouts due to death by jointly modelling
the longitudinal and survival processes, which the UK Biobank
study failed to. Jointly modelling the longitudinal and survival
processes enabled us to obtain more efficient and precise estimates
of the relationships between the risk scores and trajectories of
cognitive function while mitigating bias (43). In our joint models,
the associations between modifiable risk factors and cognitive
function only changed by less than 5%, suggesting that mortality
selection and dropouts due to death might play a negligible role
in the Chinese population. This could also be attributed to the
same assumptions shared by the separate and joint models, and to
the lack of severe censoring of cognitive function due to deaths in
our study, as only 10.2% of the participants died during the
follow-up period (44).

Consistent with prior research (16, 45), our study showed that the
change in cognitive function with age, rather than the initial levels of
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TABLE 4 Associations of risk factors with cognitive function and survival by age group in the joint models.

Longitudinal process

50-59years

B/HR (95% ClI)

60-69 years

B/HR (95% Cl)

10.3389/fpubh.2024.1485556

>70years

B/HR (95% Cl)

Age 0.460 (0.018, 0.886) 0.034% —0.643 (—1.264, —0.096) 0.022% —2.853 (=3.409, —2.197) | <0.001%%*
Age squared —1.088 (~1.333, —0.830) | <0.001%** |  —1.004 (—1.357, —0.627) <0.001%##% —0.189 (—0.501, 0.176) 0.351
Women —1.061 (—1.298, —0.829) | <0.001%** |  —1.774 (—2.033, —1.514) <0.001%#%% —2.589 (=2.956, —2.219) | <0.001%%*
Unmarried/divorced/widowed —0.361 (—0.697, —0.025) 0.034* —0.271 (—0.571, 0.026) 0.074 0.131 (=0.210, 0.475) 0.445
Socioeconomic disadvantage
Low education —2.726 (2911, -2.543) = <0.001%%% | —2.969 (~3.240, —2.696) <0.001 %% —3.174 (=3.651, —=2.701) | <0.001%%%
Residing in rural areas —1.141 (=1.321,-0.959) = <0.001#** | —1.079 (~1.303, —0.860) <0.001 %% —1.315 (—1.646, —0.983) | <0.001%%*
Health conditions
Hypertension 0.130 (—0.095, 0.352) 0.261 0.114 (—0.125, 0.356) 0.352 —0.348 (—0.683, —0.004) 0.047%
Diabetes —0.073 (—0.434, 0.295) 0.698 0.222 (—0.153, 0.600) 0.246 0.022 (—0.632, 0.677) 0.952
Dyslipidaemia 0.414 (0.122, 0.708) 0.0047%% 0.416 (0.067, 0.757) 0.019% 0.603 (—0.018, 1.221) 0.056
Heart disease 0.430 (0.146, 0.720) 0.003%* 0.200 (—0.104, 0.501) 0.202 0.710 (0.285, 1.142) 0.001%%
Stroke —0.588 (—1.251, 0.074) 0.082 —0.302 (=0.913, 0.308) 0.329 —0.815 (=1.677, 0.052) 0.064
Probable depression® —1.152 (=1.346, —0.954) | <0.001*** |  —0.952 (—1.183,—0.719) <0.001%*% —1.234 (=1.575,-0.895) | <0.001%%*
Lifestyle
Current smoking —0.079 (=0.302, 0.148) 0.492 —0.094 (=0.359, 0.162) 0.477 —0.711 (=1.085, —0.335) | <0.001%%*
Current drink 0.036 (—0.168, 0.239) 0.725 0.062 (—0.179, 0.312) 0.629 —0.180 (~0.548, 0.182) 0.348
Unfavourable sleep duration”® —0.188 (—0.356, —0.018) 0.027% —0.096 (—0.309, 0.109) 0.366 —0.094 (—0.420, 0.236) 0.574
BMI (ref: <24.0kg/m?)
24.0-27.9 kg/m? 0.244 (0.055, 0.432) 0.012% 0.607 (0.367, 0.849) <0.001%#%% 0.536 (0.130, 0.928) 0.009%%
>28.0 kg/m’ 0.369 (0.086, 0.646) 0.010%* 0.273 (—0.084, 0.633) 0.137 0.195 (—0.408, 0.802) 0.530

Survival process
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Women 0.437 (0.263, 0.729) 0.002#%* 0.435 (0.310, 0.608) <0.001 %% 0.445 (0.134, 0.793) 0.001%%
Unmarried/divorced/widowed 2.325(1.479, 3.544) <0.001 %% 0.879 (0.620, 1.216) 0.453 0.848 (0.494, 1.246) 0.399
Socioeconomic disadvantage
Low education 0.825 (0.597, 1.136) 0.240 1.636 (1.229, 2.208) <0.001 %% 1.457 (0.848, 3.612) 0.195
Residing in rural areas 0.969 (0.720, 1.323) 0.819 0.887 (0.704, 1.109) 0.295 1.432 (1.033, 2.811) 0.047
Health conditions
Hypertension 1.490 (1.033, 2.122) 0.033* 1.301 (1.029, 1.640) 0030%* 1.160 (0.797, 1.937) 0.403
Diabetes 1.430 (0.777, 2.504) 0.225 1.831 (1.297, 2.541) 0.001%% 1.747 (0.875, 6.504) 0.124
Dyslipidaemia 0.909 (0.543, 1.490) 0.727 0.814 (0.564, 1.149) 0.265 0.928 (0.336, 2.057) 0.885
Heart disease 1.163 (0.710, 1.824) 0.529 1.313 (0.980, 1.753) 0.066 2.362 (1.360, 9.289) <0001
Stroke 1.103 (0.390, 2.686) 0.800 2.387 (1.561, 3.526) <0.001 % 1.053 (0.417, 3.157) 0.926
Probable depression® 1.268 (0.914, 1.756) 0.158 1.261 (0.991, 1.588) 0.058 1.391 (0.977, 2.778) 0.068
Lifestyle
Current smoking 1.486 (1.024, 2.193) 0.035% 1.031 (0.798, 1.334) 0.820 1.364 (0.928, 2.822) 0.129
Current drink 0.772 (0.549, 1.094) 0.144 1.101 (0.868, 1.402) 0.444 0.856 (0.522, 1.300) 0.392
Unfavourable sleep duration® 1.015 (0.755, 1.363) 0.921 0.953 (0.769, 1.188) 0.658 0.737 (0.350, 1.039) 0.096
BMI (ref: <24.0kg/m?)
24.0-27.9 kg/m? 0.718 (0.494, 1.022) 0.066 0.969 (0.747, 1.251) 0.909 0.933 (0.519, 1.466) 0.775
>28.0 kg/m’ 0.886 (0.517, 1.452) 0.665 0.987 (0.670, 1.430) 0.961 0.534 (0.158, 1.153) 0.112
(Continued)
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TABLE 4 (Continued)

50-59years 60-69 years >70years

B/HR (95% Cl) p B/HR (95% CI) B/HR (95% CI) p

Time-dependent slope 0.688 (0.544, 0.879) ‘ 0.002%* ‘ 0.716 (0.612, 0.832) <0.00] %3 0.034 (0.001, 0.349) ‘ <0.001

*CES-D-10>12.
"Sleep duration <6 or > 10 h/night for age 50-64, <6 or > 9 h/night for age > 65.
B: model coefficient; HR: hazard ratio; CI: confidence interval; BMI: body mass index; ref: reference category. *p <0.05, ** p<0.01, *** p <0.001.
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FIGURE 1
Associations of risk scores for socioeconomic disadvantage, lifestyle, and health conditions with cognitive function.

Frontiers in Public Health 10 frontiersin.org


https://doi.org/10.3389/fpubh.2024.1485556
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Ran et al.

cognitive function, was associated with a reduced risk of mortality. A
cohort study from China reported a stronger association between
cognitive impairment and mortality among individuals aged 65 and
above compared to those under 65 (46), but a study from the UK
demonstrated the opposite (15). We found that the magnitude of the
cognition-mortality association rose with age, which could be partly
attributed to the less prevalent cognitive decline in younger-old adults
that may hold greater clinical significance, be more indicative of
underlying brain disease of any etiology, and be more closely linked
with underlying diseases that elevate mortality risk (16, 45). However,
it has been well-recognized that dropouts due to death may also play
an important role, as we are not only unable to continue following
individuals who have died, but it is also possible that at advanced ages,
the survivors may successfully adapt to mild cognitive deficits (47).
This could explain the age pattern we observed after factoring in
dropouts due to death.

We acknowledge that our study has several strengths and
limitations. Utilizing longitudinal data from CHARLS with a
nationally representative sample maximized the generalization of
our findings to the middle-aged and older population of China.
To our knowledge, this is the first study to jointly model
trajectories of cognitive function and mortality when examining
the associations between modifiable risk factors and cognitive
function, which enabled us to account for mortality selection and
non-ignorable missingness caused by dropouts due to death (23).
We estimated the joint models using the Bayesian approach with
MCMC posterior simulations, which has been demonstrated to
outperform the frequentist approach based on maximum
likelihood in terms of bias, flexibility, and coverage (24, 48).
However, generalizing our findings to other populations should
be done with caution due to possibly large differences in the
distributions of cognitive function, modifiable risk factors, and
covariates, as well as their associations with mortality. It is
possible that socioeconomic characteristics and lifestyle can
influence cognitive function and mortality through triggering
hypertension, dyslipidaemia, and CVD (49). Future research is
needed to examine these mediating effects while taking mortality
selection (e.g., mortality due to CVD) into consideration.

Conclusion

Mortality selection and non-ignorable missingness caused by
dropouts due to death played a minor role in the associations
between modifiable risk factors and cognitive function in middle-
aged and older Chinese adults. The large sex difference and the age
trend underscore that, to maintain good cognitive function and
prevent cognitive impairment and dementia, it is necessary to
address socioeconomic inequalities between sexes and target
individuals at older ages with socioeconomic disadvantage and an
unfavourable lifestyle.
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