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Geographical variation in dementia prevalence across China: a
geospatial analysis
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Summary

Background Dementia poses great health and social challenges in China. Dementia prevalence may vary across
geographic areas, while comparable estimations on provincial level is lacking. This study aims to estimate dementia
prevalence by provinces across China, taking into account risk factors of individual level and potential spatial cor-
relation of provinces.

Methods In this study, 17,176 adults aged 50 years or older were included from the fourth wave of the
China Health and Retirement Longitudinal Study (CHARLS 2018), covering 28 provinces, autonomous regions
and municipalities. To improve provincial representativeness, we constructed provincial survey weights based
on China 7th census (2020). The prevalence of dementia and 95% Bayesian credible intervals (BCIs) were
estimated using a Bayesian conditional autoregressive (CAR) model with spatially varying coefficients of
covariates.

Findings The weighted prevalence of dementia at provincial level in China in 2018 ranged from 2.62% (95%BCI:
1.70%, 3.91%) to 13.53% (95%BCI: 8.82%, 20.93%). High dementia prevalence was concentrated in North China,
with a prominent high-high cluster, while provinces of low prevalence were concentrated on East and South China,
characterized by a low—low cluster. Ordered by the median estimation of prevalence, the top 10% of provinces,
include Xinjiang, Jilin, and Beijing. Meanwhile, Fujian, Zhejiang, and Guangdong rank among the last. The
association between dementia prevalence and drinking, smoking, social isolation, physical inactivity, hearing
impairment, hypertension, and diabetes exhibits provincial variation.

Interpretation Our study identifies a geospatial disparity in dementia prevalence and risk factor effects across China’s
provinces, with high-high and low-low clusters in some northern and southern provinces, respectively. The findings
emphasize the need for targeted strategies, such as addressing hypertension and hearing impairment, in specific
regions for more effective dementia prevention and treatment.

Funding National Science Foundation of China/the Economic and Social Research Council, UK Research and
Innovation joint call: Understanding and Addressing Health and Social Challenges for Ageing in the UK and China.
UK-China Health And Social Challenges Ageing Project (UKCHASCAP): present and future burden of dementia,
and policy responses (grant number 72061137003, ES/T014377/1).

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Dementia; Prevalence; Geographical analysis; China

*Corresponding author. Department of Medical Statistics and Epidemiology, School of Public Health, Sun Yat-sen University, No.74 Zhongshan 2nd
Road, Guangzhou, 510030, China.
**Corresponding author. Department of Medical Statistics and Epidemiology, School of Public Health, Sun Yat-sen University, No.74 Zhongshan 2nd
Road, Guangzhou, 510030, China.

E-mail addresses: liaojing5 @ mail.sysu.edu.cn (J. Liao), laiys3@mail.sysu.edu.cn (Y. Lai).
“Senior authors.
fContributed equally to this work and should be considered co-corresponding authors.

www.thelancet.com Vol 47 June, 2024

Check for
updates

oa

OPEN ACCESS

The Lancet Regional
Health - Western Pacific
2024;47: 101117
Published Online 13 June
2024
https://doi.org/10.
1016/j.lanwpc.2024.
101117


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:liaojing5@mail.sysu.edu.cn
mailto:laiys3@mail.sysu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lanwpc.2024.101117&domain=pdf
https://doi.org/10.1016/j.lanwpc.2024.101117
https://doi.org/10.1016/j.lanwpc.2024.101117
https://doi.org/10.1016/j.lanwpc.2024.101117
http://www.thelancet.com

Articles

Research in context

Evidence before this study

We systematically reviewed studies published between 1st
January 2020, and 31st December 2023 on geographical
variation on dementia prevalence in China, searching PubMed
Database using terms “China” or “Chinese”, “dementia”,
“geographical”, “variation”, and “province”, with no language
restrictions. We searched previous meta-analyses have
revealed a distinctive regional pattern, with higher prevalence
observed in the north and west, and comparatively lower
prevalence in the south and east. However, these findings
heavily relied on studies from single province, introducing
significant heterogeneity in research methods and dementia
diagnostic criteria. There are a few multicenter large-scale
studies on dementia prevalence in recent years, while their
focus remained at the regional level, neglecting nuanced
variations within regions. Moreover, previous studies did not
use geospatial models to account for the spatial correlation of
provinces when estimating dementia prevalence. Future study
employing a standardized approach and a consistent
dementia definition is needed to provide a more accurate and
detailed estimation on geospatial variation in dementia
prevalence across China.

[
r

Added value of this study
Our study estimated provincial dementia prevalence,
considering the distribution and impact of risk factors across

Introduction

Dementia poses great health and social challenges in
China.' It has been estimated that among the 51.6
million individuals living with dementia worldwide in
2019, over a quarter (13.1 million) are in China,’ the
burden of which is expected to escalate faster with the
ageing of the Chinese population.’

Dementia burden is likely to vary across China.
Previous meta-analyses*’ indicate a regional distribu-
tion pattern of dementia prevalence decreases from
northern, central and southern China and with a
particularly high estimate in western China. These es-
timations, however, were mainly based on studies con-
ducted in a single province, greatly affected by
heterogeneity in research methods and dementia diag-
nostic criteria.® Despite few multicentre large-scale
conducted in recent years, ' they only provided
regional level estimates, overlooking internal heteroge-
neity and neglecting the exploration of geographical
variation across provinces. Provincial dementia preva-
lence estimated with comparable research method and a
consistent definition is still lacking.

Geographical variations on dementia prevalence may
attribute to differences in established risk factors of
dementia.”” Different distributions of some risk factors
have been found, such that diabetes,”* hypertension'*
and obesity" tend to be more prevalent in north China

provinces. We employed Bayesian geospatial analyses
incorporating both random and fixed effects of covariates to
enhance the precision of our findings, and applied a prior
validated dementia case algorithm to a nationwide ageing
cohort, China Health and Retirement Longitudinal Study, with
provincial sampling weights constructed from the latest China
Population Census. We confirm the regional distribution
pattern of weighted dementia prevalence in previous
systematic reviews, with higher prevalence in the north and
west. Regarding the geospatial distribution pattern of
provincial dementia prevalence, the top 10% of provinces,
ordered by the median estimation of prevalence, include
Xinjiang, Jilin, and Beijing. Meanwhile, Fujian, Zhejiang, and
Guangdong rank among the last. Furthermore, provinces
exhibiting significantly high-high cluster dementia prevalence
are concentrated in North China, while provinces with low-
low cluster prevalence are clustered in East and South China.

Implications of all the available evidence

Our study provides estimation of provincial dementia
prevalence by accounting for the spatial autocorrelation, and
the distribution and effects of key established risk factors
across provinces. Our findings underscore a crucial imperative
for provinces in North China to intensify their focus on
dementia prevention and treatment strategies.

than in south, while lifestyle-related factors (i.e. smok-
ing and alcohol consumption) seem to be highest in
northeastern China.”® Less is known whether the
strength of the associations between these risk factors
and dementia prevalence would vary by provinces.
There were significant socioeconomic disparities in the
risk of dementia,” coupled with varying levels of so-
cioeconomic development among provinces, indicate
the possible existence of differences in dementia risk
factors at the provincial level. Therefore, accounting for
the provincial impact of risk factors on dementia and the
spatial correlation of provinces is necessary to estimate
provincial dementia prevalence.

To address the above-mentioned research gaps, we
aimed to estimate the provincial dementia prevalence
in China with a consistent dementia definition algo-
rithm, accounting for the key established risk factors
of individual level and potential spatial correlation of
provinces. Specifically, we systematically considered
the prevalence of the key risk factors and their effects
on dementia at provincial level, ultimately exploring
the spatial distribution of unmeasured factors’ effects.
Exploring provincial variations in dementia preva-
lence would assist policymakers and public health
managers in assessing the disease burden across
provinces and facilitates the allocation of medical
resources.
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Methods

Study population

We used data from the wave 4 in 2018 of the China
Health and Retirement Longitudinal Study (CHARLS).
CHARLS is a nationally representative longitudinal
survey of Chinese aged 45 and older, whose sample was
obtained via multistage stratified probability propor-
tional to size (PPS) sampling. The CHARLS 2018
covered 28 provinces, municipalities and autonomous
regions, 150 counties/districts, 450 communities/vil-
lages, involving 19,816 individuals. Due to the high
prevalence of mid-life dementia-related risk factors
(such as diabetes and hypertension, etc), we included
individuals aged 50 and above in our analysis in line
with prior studies' and to maintain an adequate sample
size (n = 17,176). Variables with missing values are
hypertension, diabetes, depressive symptoms, hearing
impairment, smoking, drinking status, social isolation
and physical inactivity; and the proportions of partici-
pants with missing values for all these variables are less
than 1%. This study comprised 17,176 individuals aged
50 years old and above excluded the participants with all
covariates missing (Appendix A). The provinces and
municipalities in mainland China were categorized into
seven geographical divisions based on the seven
administrative geographical divisions: Northeast, North,
Central, East, South, Northwest and Southwest
(Appendix B). We followed the STROBE checklist for
data extraction (Appendix C).

Ethics statement

This work was based on CHARLS, which was originally
approved by the Ethical Review Committee of Peking
University in June 2008 (IRB00001052-11015), and all
participants signed informed consent at the time of
participation. All data in this study were aggregated at
areal level and did not contain any identifiable infor-
mation at the individual or household levels. So, there
are no specific ethical issues warranted.

Definition of dementia

Dementia was defined by an algorithmic case definition
based on coexistence of cognitive impairment (CI) and
functional impairment (FI), or a report of a doctor’s
diagnosis of dementia or memory-related disease by the
participant or caregiver, in line with prior IMPACT-
BAM studies.””” The algorithmic case definition con-
forms to Diagnostic and statistical manual of mental
disorders, Fifth Edition (DSM-5) and International Sta-
tistical Classification of Diseases and Related Health
Problems (ICD-10) criteria in that it hinges on non-
transient impairment in two or more cognitive do-
mains, and has been validated against clinical diagnosis
in COAST, a multisite cross-sectional survey.” If
impaired domains of cognitive function were two or
more, it was defined as CI. Common latent cognitive
domains (i.e. orientation, memory, executive function
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and language) were identified via confirmatory factor
analysis on cognitive tests of CHARLS and the Chinese
Longitudinal Healthy Longevity Survey (CLHLS).”
These cognitive tests are Telephone Interview of
Cognitive Status (TICS) in CHARLS and Chinese Mini-
Mental State Examination (C-MMSE) in CLHLS, which
are widely used in many studies and have been modified
to reduce literacy-related items.” Impairment in each
cognitive domain was defined as a factor score of 15
standard deviations or lower below the mean of the
population aged 50 years and above with the same level
of education.” Based on the Katz-scale,” FI is defined as
an inability to do one or more basic activities of daily
living (BADL) requiring some form of caregiving for
bathing, getting in or out of bed, changing clothes, us-
ing the toilet, cutting food and eating, controlling uri-
nation and bowel movements. If participants were
incapable to complete the CI and FI tests, a doctor’s
diagnosis of dementia or memory-related disease re-
ported by the participant or caregiver was used.

Demographic characteristics and key risk factors

We considered demographic characteristics, such as age
and sex in the later analysis. Consistent with the Lancet
Commission report,” 9 established dementia risk fac-
tors (less education, hypertension, diabetes, depressive
symptoms, hearing impairment, smoking status,
drinking status, social isolation and physical inactivity)
were included. If the highest level of education attained
by the respondent was below primary school, it was
classified as “less education”. Hypertension and dia-
betes were defined as having been diagnosed by a
medical professional. Depressive symptoms were
assessed using the 10-question version of the Center for
Epidemiological Studies Depression Scale (CES-D), with
scores >10 indicating depressive symptoms.*® Hearing
impairment was determined by participants self-
reporting a hearing problem. Smoking was categorized
as “never smoking”, “former smoking”, or “current
smoking”, based on participants’ smoking history and
current smoking behaviours (reference: never smoking).
Drinking was classified as “never drinking”, “drinking
less than or equal to once a week”, or “drinking more
than once a week” (reference: drinking less than or
equal to once per week), based on the frequency of
alcohol consumption in the past year. Social isolation
was defined as not participating in any social activities in
the past month or not at all. Physical inactivity was
defined as engaging in no vigorous, moderate, or mild
physical activity for at least 10 min per week. Details can
be found in Appendix D. Our analysis only included 9
out of 12 risk factors examined in the Lancet Commis-
sion” due to missing certain risk measures for obesity,
Traumatic Brain Injury (TBI) and air pollution in the
fourth wave of CHARLS. These 9 risk factors are at
individual level. Specifically, physical examination was
not conducted in this wave, thus height, weight
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measurements, blood pressure and fasting plasma
glucose (FPG) values of participants were absent. There
is no TBI-related question in CHARLS, indirect ques-
tions (e.g. do you feel head pain) as used in Chen
(2023)"> may nevertheless incur overestimation of TBI
risk. Furthermore, the cohort did not include indicators
related to air pollution at individual level, while
substituting the provincial average air quality for indi-
vidual exposures is not accurate.”

Statistical analysis

To estimate the provincial prevalence of dementia while
accounting for risk factors and potential spatial correlation
of provinces, we developed a Bayesian hierarchical
regression model” with spatial-specific random effects.”
We assumed outcome variable Yy, (where Yy = 1 if indi-
vidual k in province i suffered from dementia, otherwise
Yy = 0) to follow a Bernoulli distribution with parameter
7y, representing the probability of dementia of individual
k in province i Yy~Bernoulli(1, 7y), 1 = 1, ..., 28.

We modelled covariates with the logistic hierarchical
regression as logit(ry,) = a+ﬂX+ZkK=1ﬂOAikXik)+ui+vi.
Here, covariates X is a matrix of explanatory spatial
covariates and f is vector of fixed regression coefficients
which are constant across all provinces. fi(uyXy) is
random slope of the covariates, subject to the standard
normal distribution, representing the random effects of
covariates in different provinces. Particularly, we
assumed spatially structured random effects u; followed
a conditional autoregressive (CAR)* process as u;|u;z;~
N (“}y Wy, ‘:E‘) This represents the part of spatial
correlation among provinces. wy is the element of
spatial weights matrix of order 28+*28 (28 is the number
of provinces considered in this study). We set wj; = 1 if
province i and j are neighbouring, otherwise wy; = 0,
which is the most common and applicable setting in
CAR model.*' In addition, we conducted sensitivity
analysis using a spatial weights matrix based on centroid
distances of provinces, assuming that the effect di-
minishes with increasing centroid distance.”” Results
showed little impact of the spatial weight matrix selec-
tion on the findings, indicating the robustness of our
setting. And v;~ N(0, 62) is unstructured random effects
following the independent identically distribution (IID)
without spatial correlation. The sum of v; and u; is the
random effects of unmeasured factors on dementia.

Based on the above, we formulated following three
models. The model 1 does not conclude any covariates
but considers the spatial correlation of provinces. The
model 2 does not incorporate Zle J:(uy Xir), and model
3 extended this by additionally addressing the diverse
provincial effects of risk factors on dementia. We chose
the final model based on the deviance information cri-
terion (DIC) value and pD (the number of effective pa-
rameters in model).

To identify geographic clusters of low-or high-prev-
alence provinces, Moran’s test for global and local
spatial autocorrelation analyses were used. The global
indicator Moran’s I statistic” reflects the similarity of
attribute values of neighbouring spatial units in the
entire space. The closer the absolute value is to 1, the
closer the relationship between spatial units’ attributes.
The local Moran’s I statistic** is a local indicator used to
describe spatial relationships, where a positive value
indicates a positive correlation between the attribute
values of a spatial unit and its neighbouring units, while
a negative value indicates a negative correlation. We
identified provinces with high-high cluster, low-low
cluster, high-low cluster and low-high cluster. Among
them, the high-high and low-low clustering types
indicate that the level of prevalence of dementia pre-
sents a strong positive correlation and spatial cluster,
while the low-high and high-low clustering types indi-
cate a strong negative correlation and spatial
differentiation.

Bayesian regression analyses were implemented in
the R-INLA (Integrated Nested Laplace Approximation)
package.” The posterior distributions provide estimates
of the parameters and their uncertainty (Bayesian
credible interval, BCI), allowing for probabilistic infer-
ence. Other parameters and hyperparameters in the
model are assigned weak informative prior distribu-
tions: log(c?) ~ logGamma (1, 0.1), log(l/a/z,) ~ log
Gamma (1, 0.1), log(1/c%) ~ logGamma (1, 0.05),
log(1/6%) ~ logGamma (1, 0.05). The precision hyper-
parameter ¢? controls the amount of variability. We
used a stratified random forest method for multiple
imputation of missing covariates in the data, and con-
ducted sensitivity analyses to examine the robustness of
our findings without imputation. The random forest
method was employed for each of the missing covariates
as the dependent variable, while including independent
variables or predictors related to demographic charac-
teristics and key risk factors within the dataset.” The
imputation process iterated until reaching the
maximum number of iterations(default value of 5).”
These multiple imputed datasets were then pooled us-
ing Rubin’s rules,* which involve combining estimates
from each imputed dataset and adjusting standard er-
rors to account for variability between imputations.
Mean Squared Error (MSE) was calculated, which is
closer to 0, the more effective and accurate the impu-
tation method is. To obtain provincially representative
prevalence, we constructed provincial sampling weight
weight,, (m = 12, ..,171,76) based on nationally
representative sampling weight provided by CHARLS.*
The formula of the weight is weight, =
pweightyy * ind_weight,,, where pweight;y is provincial
post-stratification weight, ind_weight,, is the sampling
weight adjusting age, sex and individual non-response
corrections in CHARLS. Given CHARLS sampling
weight is age specific, our study sample remained
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representative of the targeted age group (50 years and
above) after excluding participants below age 50 (15%).
The provincial post-stratification weight* based on
population size by age group, sex, and type of residence
in the sample and 7th China census (2020) from each
province. The formula for calculating the provincial
and nyy; are the population of age group j (j = 1,2, ...,11),
the indicator for sex k (k = 1,2), and the residence I
(!=1,2)of province i (i= 1,2, ...,28) in the 7th census and
CHARLS 2018 data, respectively. N; and n; are the total
population of the province i in the 7th census and
CHARLS 2018 data respectively. We integrated the in-
dividual probability of dementia in the posterior sample
with the provincial sampling weight to derive provincial
dementia prevalence.”

All data management and regression analyses were
all based on the open-source R software.” (version
4.2.2).

post-stratification weight is as pweight;y = Ni

Role of the funding source
The funders had no role in the design, data collection,
data analysis and writing of this study.

Results

A total of 17,176 participants (51.69% women) aged 50
years or older were included in the analysis. We iden-
tified a total of 968 patients with dementia. Table 1

shows the demographic characteristics of the seven
geographic regions. The spatial distribution of the nine
risk factors can be found in the Appendix E. Compari-
son of the three models based on criteria (Appendix F),
with model 1 having the poorest overall fit but the lowest
complexity. Model 3, incorporating both fixed effects
and spatial non-stationarity, demonstrates the best ab-
solute fit despite a higher number of effective parame-
ters. Maps and graphs presented reflect the outcomes of
model 3 with minimal DIC.

The map displaying the estimated dementia preva-
lence corresponding to final model is shown in Fig. 1a.
In 2018, the prevalence across the 28 provinces ranged
from 2.62% (95%BCIL: 1.70%, 3.91%) to 13.53% (95%
BCI: 8.82%, 20.93%) (see Appendix G). Regarding the
geospatial distribution pattern of provincial dementia
prevalence, the top 10% of provinces, ordered by the
median estimation of prevalence, include Xinjiang, Jilin,
and Beijing. Meanwhile, Fujian, Zhejiang, and Guang-
dong rank among the last. Provinces with the highest
prevalence of dementia were predominantly situated in
Northwest, North, and Northeast China, while those
with the lowest prevalence were concentrated in East
and South China (Fig. 1a). Utilizing spatial autocorre-
lation analysis (local Moran analysis, P < 0.05), we
identified provinces exhibiting positive correlation and
spatial clustering (high-high cluster), as well as those
with negative correlation and spatial clustering (low-
high and high-low clusters). Regions with significantly
high-high cluster dementia prevalence were primarily

Characteristic Overall Northeast North East South Central Northwest Southwest P value
(n = 17,176) (n = 2005) (n = 1475) (n = 5300) (n = 1460) (n = 2633) (n = 1294) (n = 3009)
Age, years (Mean + SD) 63.6 + 9.33 625 + 8.83 63.1 + 8.98 64.1 + 9.48 64.0 + 9.61 63.0 + 9.10 62.6 + 8.98 64.2 + 9.60 <0.001
Women 8860 (51.6%) 1060 (52.9%) 742 (50.3%) 2747 (51.8%) 771 (52.8%) 1339 (50.9%) 664 (51.3%) 1537 (51.1%) 0.65
Type of residence <0.001
Urban 6853 (39.9%) 1067 (53.2%) 460 (31.2%) 2174 (41.0%) 710 (48.6%) 975 (37.0%) 473 36.6%) 994 (33.0%)
Rural 10323 (60.1%) 938 (46.8%) 1015 (68.8%) 3126 (59.0%) 750 (51.4%) 1658 (63.0%) 821 (63.4%) 2015 (67.0%)
Less education 7236 (42.1%) 563 (28.1%) 421 (28.5%) 2556 (48.2%) 565 (38.7%) 943 (35.8%) 537 (415%) 1651 (54.9%)  <0.001
Smoking status <0.001
Never smoking 9675 (56.3%) 1021 (50.9%) 774 (52.5%) 3052 (57.6%) 859 (58.8%) 1534 (58.3%) 726 (56.1%) 1709 (56.8%)
Former smoking 2839 (16.5%) 372 (18.6%) 256 (17.4%) 927 (17.5%) 207 (14.2%) 427 (16.2%) 209 (16.2%) 441 (14.7%)
Current smoking 4662 (27.1%) 612 (30.5%) 445 (30.2%) 1321 (24.9%) 394 (27.0%) 672 (25.5%) 359 (27.7%) 859 (28.5%)
Drinking status <0.001
Never drinking 11,470 (66.8%) 1294 (64.5%) 995 (67.5%) 3416 (64.5%) 984 (67.4%) 1788 (67.9%) 943 (72.9%) 2050 (68.1%)
Drinking <1/week 2609 (15.2%) 315 (15.7%) 249 (16.9%) 731 (13.8%) 257 (17.6%) 404 (15.3%) 279 21.6%) 374 (12.4%)
Drinking >1/week 3097 (18.0%) 396 (19.8%) 231 (15.7%) 1153 (21.8%) 219 (15.0%) 441 (16.7%) 72 (5.6%) 585 (19.4%)
Hearing impairment 2707 (15.8%) 345 (17.2%) 237 (16.1%) 762 (14.4%) 176 (121%) 419 (15.9%) 198 (153%) 570 (18.9%) <0.001
Hypertension 7046 (41.0%) 924 (46.1%) 695 (47.1%) 2244 (423%) 450 (30.8%) 1015 (38.5%) 550 (425%) 1168 (38.8%)  <0.001
Diabetes 2364 (13.8%) 304 (15.2%) 248 (16.8%) 803 (15.2%) 150 (103%) 376 (14.3%) 171 (132%) 312 (10.4%) <0.001
Social isolation 9624 (56.0%) 1085 (54.1%) 730 (49.5%) 3036 (57.3%) 756 (51.8%) 1316 (50.0%) 828 (64.0%) 1873 (62.2%)  <0.001
Physical inactivity 1809 (10.5%) 213 (10.6%) 192 (13.0%) 680 (12.8%) 120 (8.2%) 238 (9.0%) 116 (9.0%) 250 (8.3%) <0.001
Depress symptoms 6449 (37.5%) 734 (36.6%) 566 (38.4%) 1686 (31.8%) 521 (35.7%) 979 (37.2%) 622 (481%) 1341 (44.6%)  <0.001
Dementia 968 (5.6%) 164 (8.2%) 103 (7.0%) 227 (4.3%) 59 (4.0%) 135 (5.1%) 99 (7.7%) 181 (6.0%) <0.001

Table 1: Characteristics of study participants in CHARLS 2018.
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Fig. 1: Model-based weighted prevalence maps of dementia across provinces. Estimated prevalence was based on the median of the posterior
estimated distribution in dementia prevalence (%) (a) and spatial autocorrelation analysis (b). Note: the provinces with only urban and rural

residence are Beijing, Shanghai, Tianjin and Qinghai respectively.

concentrated in North China, while areas with low—low
cluster were clustered in East and South China (Fig. 1b).

The risk factors with significant results of association
included never drinking, drinking over once per week,
former smoking, physical inactivity, social isolation,
hearing impairment, diabetes, and hypertension. These
effects showed a little variation across provinces, as
illustrated in Fig. 2, with additional details provided in
Appendix H. Compared to the status of “drinking less
than or equal to once a week,” never drinking exhibits a
protective effect against dementia. The highest effect is
observed in Fujian (0.61, 95% BCI: 0.41, 0.88), while the
lowest is in Heilongjiang (0.79, 95% BCI: 0.55, 1.10).
Provinces with a high-risk effect of “drinking more than
once a week” are concentrated in the north. Moving on
to smoking, in comparison to the status of “never
smoking,” the highest risk effect of the province for
“former smoking” is in Fujian (2.02, 95% BCI: 1.32,
2.94), and the lowest is in Yunnan (1.64, 95% BCI: 1.15,
2.30). Transitioning to lifestyle factors, the risk effect of
physical inactivity is significant in the south, ranging
from 1.35 (95% BCI: 1.04, 1.80) in Anhui to 1.52 (95%
BCI: 1.06, 2.12) in Guangdong. The highest risk effect
of social isolation is in Jilin (2.07, 95% BCI: 1.44, 2.87),
and the lowest is in Yunnan (1.71, 95% BCI: 1.26, 2.40).
Examining health conditions, the range of the risk effect
of diabetes is 1.43 (95% BCI: 0.89, 2.25) in Beijing to
1.89 (95% BCI: 1.17, 2.93) in Xinjiang. Hearing
impairment and hypertension display greater risk ef-
fects in the north than in the south, with ranges of 1.23
(95% BCI: 0.90, 1.75) in Jiangxi to 2.64 (95% BCI: 1.49,
5.00) in Tianjin and 1.40 (95% BCIL: 1.01, 2.04) in
Guangdong to 2.26 (95% BCI: 1.49, 3.69) in Hei-
longjiang, respectively. Regarding to the unmeasured
factors’ effects, the distribution of random effects is

shown in Fig. 3. The largest effects are observed in
Henan and Shaanxi, while the smallest effects are in
Zhejiang, Shandong, and Liaoning. Moreover, the box
diagram of covariates’ effects (Appendix H) serves as a
visual representation summarizing the provincial ef-
fects. Detailed results of the sensitivity analysis in
Appendix I show no statistical difference in model pa-
rameters before multiple imputation and main analysis,
indicating the robustness of our findings. And the MSE
of imputation was 0.13, which indicated the imputation
method was effective and accurate.

Discussion

We employing a Bayesian regression spatial model to
estimate provincial dementia prevalence in China, using
a consistent dementia definition algorithm, and
considering key established risk factors. Our findings
reveal that dementia prevalence varied across China’s
provinces in 2018. High prevalence was concentrated in
the provinces of North China, particularly marked by a
high-high cluster, while low prevalence was concen-
trated in East and South China, characterized by a low—
low cluster. Additionally, the association between
different risk factors and dementia prevalence existed
provincial variation.

Our study extends the current knowledge on pro-
vincial prevalence of dementia in China by a consistent
dementia definition, providing uncertainty estimation
and exploring the spatial clustering between provi-
dences. In line with previous systematic reviews,*” we
verified the regional pattern of higher dementia preva-
lence in the north and west, and lower prevalence in the
south and east. Furthermore, we overcame the defini-
tion and methodological discrepancies in prior studies
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Fig. 2: Province-specific regression coefficients of dementia risk factors.
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Fig. 3: Spatial distribution of random effects. The estimation was based on the median of the posterior distribution of risk in each province.

by employing a consistent and validated”' definition of
dementia to generated provincial-level rather than
reginal-level prevalence estimates. Advancing the evi-
dence from the China Alzheimer report (2022),” which
only provided point estimation of provincial dementia
prevalence, our estimation further provided Bayesian
credible interval to quantify the uncertainty of preva-
lence and considered the spatial correlation between
provinces. In addition, we examined the spatial clus-
tering of provincial dementia prevalence, revealing a
high-high clustering of dementia prevalence in three
northern provinces (Inner Mongolia, Tianjin, and
Gansu), while a low-low clustering in six southeast
provinces (Zhejiang, Fujian, Jiangxi, Guangdong,
Guangxi, and Hunan). This evidence has not been re-
ported previously, and suggests that these three north-
ern provinces with high-high clustering demand
prioritized control interventions for dementia.

We delved into the provincial variations in dementia
risk factors to estimate prevalence. The advantages of the
model included considering spatially varying coefficients
of different risk factors across provinces and highlighting
the spatial patterns of these effects.”” By considering the
diverse effects of risk factors in different provinces, more

accurate estimations of provincial dementia prevalence is
possible. However, caution is warranted in interpreting
the provincial effects of modifiable risk factors since the
values showed a little difference across provinces but
exhibited a certain spatial trend. The geographical varia-
tion in dementia prevalence might be partially explained
by the relatively higher risk impacts of hypertension and
hearing impairment in north China compared to the
south as revealed by our analysis. We found that former
smoking was a significant risk factor, while current
smoking was not, which might be explained by health
selection bias, as former smokers may have quit smoking
due to health problems.” And protective effect of never
drinking exhibits north-south differences. Due to the cold
weather, alcohol drinking was common in the provinces
of northern China.'® Therefore, the varying impact of risk
factors across provinces might be confounded by the
other spatial-level factors. Besides, other unmeasured
spatial-level risk factors of dementia as represented
spatial random effects, also turned to show higher impact
across central and northern regions. For instance,
geographical differences in environmental factors(e.g. air
populltion,” exposure to sunshine and Vitamin D
intake), regional lifestyle (such as dietary pattern,”

www.thelancet.com Vol 47 June, 2024


http://www.thelancet.com

Articles

behavioural habits*), climate (e.g. cold weather and low
humidity in north etc.) and accessibility to health ser-
vices® may all contribute to disparity in the identified
dementia prevalence across China. Moreover, internal
migration after retirement across provinces may also
contribute to geospatial disparity in dementia prevalence.
Previous studies suggested that the predominant internal
migration patterns stem from the Central or Western
provinces towards the Eastern China,” and as migrants
tended to have better health status compared to non-
migrants,”* this may potentially contribute to decreased
dementia prevalence of inflow provinces and increased
prevalence of outflow provinces. We didn’t identify any
inter-provincial migrants among our study sample, while
excluding these rural-to-urban migrants within province
(13%) did not change the geospatial pattern of dementia
identified in our main analysis. Future study could use
data with rich information on inter-provincial migration
to further explore this issue. Provinces with high risk
should be paid more attention through the strategies
including prevention and treatment of dementia. Tar-
geted dementia prevention strategies could include con-
trolling hypertension by reducing salt intake,”” treating
hearing impairment by using hearing aids,”” and con-
trolling smoking and drinking by reducing tobacco use’
and alcohol consumption.” There is a need to prioritize
the development of related health facilities in northern
and western China for the prevention and treatment of
dementia.

The results of our study must be interpreted in the
context of several limitations. First, the prevalence inter-
val estimates for Beijing, Tianjin, Shanghai, and Xinjiang
exhibit wide ranges owing to small sample sizes, and
participants from these provinces are exclusively from
rural or urban areas, necessitating cautious interpreta-
tion. Nonetheless, we constructed provincial survey
weights to enhance provincial result representation,
potentially providing additional insights into provincial
variations in dementia prevalence. Our study was
confined to the provinces in the sample, and estimating
dementia prevalence in other unsampled provinces re-
quires further exploration. Second, majority of the risk
factors examined in our study were self-reported, which
may incur reporting bias particularly among participants
with cognitive impairment.”* Nevertheless, our findings
on the association between risk factors and dementia are
consistent with many other population-based dementia
studies,” " which also relied on self-reported data for risk
factor assessment. Future research could incorporate
objective measures for dementia risk factors, such as
accelerator to quantify physical activity level, to enhance
assessment reliability. Finally, the current study mainly
examined the cross-sectional spatial distribution of pro-
vincial dementia prevalence in China, while its spatio-
temporal variation is yet explored. Subsequent research
can utilize data from multiple waves of CHARLS to
investigate changes in geographical distribution of

www.thelancet.com Vol 47 June, 2024

dementia prevalence over time, alongside time-changing
impacts of dementia risk factors.

In conclusion, our study reveals a geospatial disparity
in the prevalence of dementia and effects of risk factors
among China’s provinces. The prevalence of dementia
in some provinces of northern and southern China
showed high-high and low-low cluster, respectively.
This study contributes evidence towards a comprehen-
sion of provincial dementia prevalence and risk factors
in China. These findings provide new reference basis
dementia prevention and treatment strategies tailored to
specific provinces within China.
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