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ABSTRACT

Background Substantial variations in the prevalence of
mild cognitive impairment (MCI) and its subtypes have
been reported, although mostly in geographically defined
developed countries and regions. Less is known about MCI
and its subtypes in rural areas of less developed central
China.

Aims The study aimed to compare the prevalence of MCI
and its subtypes in residents aged 65 years or older in
urban and rural areas of Hubei Province, China.

Methods Participants aged 65 years or older were
recruited between 2018 and 2019. Inperson structured
interviews and clinical and neuropsychological
assessments were performed at city health community
centres and township hospitals.

Results Among 2644 participants without dementia,
735 had MCI, resulting in a prevalence of 27.8% for total
MCI, 20.9% for amnestic MCI (aMCl) and 6.9% for non-
amnestic MCI (naMCl). The prevalence of MCI in urban
and rural areas was 20.2% and 44.1%, respectively. After
adjusting for demographic factors, the prevalence of total
MCI, aMCl and naMCl differed significantly between rural
and urban areas (adjusted odds ratio (OR) 2.10, 1.44

and 3.76, respectively). Subgroup analysis revealed an
association between rural socioeconomic and lifestyle
disadvantage and MCI and its subtypes.

Conclusions Our findings suggest that the prevalence of
MCI among urban residents in central China is consistent
with that in other metropolis areas, such as Shanghai, but
the prevalence in rural areas is twice that in urban areas.
Prospective studies and dementia prevention in China
should focus on rural areas.

INTRODUCTION

Mild cognitive impairment (MCI) is consid-
ered an intermediate condition between
healthy ageing and early dementia.' * Its prev-
alence differs widely across countries and
regions.” * It ranges from 4% to 19% among
people aged =65 years, depending on the
definition used.”® Given that more people
with MCI progress to dementia than cogni-
tively normal (CN) people do, prevention

appears to be crucial, and MCI may be the
best period for early intervention.' 7 Risk
factors, especially the modifiable ones, would
be the right targets for effective prevention
intervention, but they may differ among coun-
tries and regions, depending on genetics,
demographics, lifestyle and culture.® Further-
more, modified interventions may need to
accommodate different cultures and environ-
ments.” Thus, a complete understanding of
MCI prevalence, risk factors and complicated
progression in subnations will guide precise
prevention interventions.”*

Moreover, it is increasingly recognised that
MCI is heterogeneous but can be classified
into two main clinical functional subtypes,
amnestic MCI (aMCI) and non-amnestic MCI
(naMCI), depending on memory impair-
ment." Previous studies have demonstrated
that different MCI subtypes are attributed
to different dementia types.'” Individuals
with aMCI are at higher risk of Alzheimer’s
disease (AD) dementia,> with 10% to 20%
of them developing AD annually,'’ while
naMCI subtypes tend to progress to non-AD
dementia, such as vascular dementia.'”
Therefore, recognising the heterogeneity
and directing specific interventions to homo-
geneous subgroups are important, as these
could both improve diagnostic specificity and
avoid indiscriminate intervention.

China has the largest old population world-
wide.”” Although a few population-based
studies exist on MCI, aMCI and naMCI, these
were mostly performed in metropolises.
When studies were performed in both rural
and urban areas, MCI prevalence was higher
in rural than in urban areas.' However, there
are no reports on MCI functional subtypes in
older individuals from rural areas in central
China. Given the marked differences in
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demographic and socioeconomic characteristics, lifestyle
and medical resources across regions in China, it may be
valuable to explore the differences in MCI and its func-
tional subtypes and reveal the related factors in less devel-
oped central China.

This study aimed to estimate the prevalence of MCI,
including its functional subtypes (aMCI and naMCI),
among community-dwelling individuals aged =65 years in
central China with rural and urban samples and to analyse
the associated factors. We hypothesised that there would
be (1) urban-rural disparities in MCI and its functional
subtypes among community-dwelling older adults and (2)
differences between individuals with and without MCI/
MCI subtypes in terms of social relationship and lifestyle
behaviours.

METHODS

Study design and participants

A cross-sectional survey was conducted in Hubei Prov-
ince between 2018 and 2020, a less developed region
in central China based on annual per capita income in
2017. Sampling followed a tiered process. First, two urban
districts in Wuhan, a metropolis, and two rural townships
in the Dabie Mountains area were selected at random.
Second, 6 neighbourhoods within 2 urban districts and
14 villages within 2 rural townships were sampled at
random. Third, all residents aged 265 years within the
selected neighbourhoods and villages were identified
according to the health records archived at the health
centres and were invited to participate in the study. China
has been providing free annual health screening for resi-
dents aged 265 years since 2015. Potential participants
were excluded if they (1) were not traceable; (2) showed
mental retardation or severe schizophrenia on their
medical record; (3) had life-threatening illness; or (4)
had severe problems of hearing, vision or communication
and were not able to participate actively in the neuropsy-
chological assessments. Written informed consent was
obtained from each participant.

Sample size

We calculated the sample size according to the following
formula: n = Zf’Lgqu, where n is the sample size; p is the
expected prevalence rate; q=1-p; d is the allowable error
and a fraction of p, which is generally taken as 0.1p, 0.15p
or0.2p;and Z,_ , is the statistics of significance test, when
0=0.05, Z_, ,=1.96 and when 0=0.01, Z _ ,=2.58. Based
on published MCI prevalence rates ranging from 15% to
30% and the prevalence rate of MCI among old adults
in the Wuhan community, we determined p=27.91%. If
d=0.1p and the test level 0=0.05, n is about 1034 people.
Owing to the large sampling error of cluster sampling, it
was increased by 50% of the original basis; therefore, n
amounts to around 1551 people. Figure 1 shows the flow-
chart of subject recruitment. Among 3031 old residents,
147 were excluded owing to severe life-threatening illness

or other reasons, 71 were unable to complete the survey
owing to severe hearing, vision deficit or other reasons,
and 2813 eligible participants completed the full-length
survey.

Inperson interviews

To collect comprehensive health information, partici-
pants were interviewed face to face by trained research
assistants at city community health centres and township
hospitals. Demographics (age, sex, educational level
and residence area), social relationships (marital, living,
sibling, friend and neighbour status), lifestyle behaviours
(smoking, drinking, eating a healthy diet, physical and
cognitive activities), health conditions (insomnia and
constipation) and medical history (clinically diagnosed
hypertension and diabetes) were collected using a dedi-
cated form. Physical measures (height, weight and blood
pressure) were performed by nurses.

Definition of risk factors

Current smoking referred to smoking =1 cigarette/day
within the last 6 months, consistent with the definition
of the 2010 National Smoking Survey of Chinese adults."*
Drinking was defined as consuming >14 drinks/week
for men (7 drinks/week for women) for 21year and one
drink was defined as 14g of pure alcohol, which equates
to a 150mL glass of wine, a 350mL can of beer or two
shots of spirits.'” Having a healthy diet was defined by
eating fresh fish once a week.'® Physical activities were
estimated based on the recall of the frequency and
time spent on nine activities, such as walking, dancing,
jogging or playing sports in a typical week, according to
the guidelines for Chinese adults.'” Cognitive activities
were defined as activities like reading, writing, playing
chess/poker/mahjong or using an app for playing games
>3 times/week for 230 min/ activity.15 8 For self-reported
insomnia, participants were asked about ‘trouble falling
asleep’, ‘dreaming’, ‘sleep time <6h/day’, ‘early morning
awakening’, ‘daytime sleepiness’ and ‘dissatisfaction with
sleep’. For each positive response, if the characteristic has
been present for 24 weeks, it was defined as self-reported
insomnia.'’ Body mass index (BMI) was calculated as
weight divided by the square of height (kg/m*) and
BMI >24.0kg/m” was classified as overweight.*’ Hyper-
tension was self-reported known diagnosis and/or use of
antihypertensive medication within 2 weeks prior to the
study.”' Diabetes was self-reported diagnosis previously
determined by a healthcare professional or current use of
antidiabetic medications.”

Neuropsychological tests

Neuropsychological assessments were performed by
junior neuropsychologists and trained medical graduate
students. A standardised neuropsychological battery
containing five domains was used: memory—Auditory
Verbal Learning Test*’; language—Boston Naming Test**
and Category Fluency (Animals) Test*’; attention—Trail
Making Test A” and Digit Span Forward”; executive
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3031 pcople aged =65 yca

rs screened for inclusion

A

147 excluded:

— 89 refused to participate

— 15 with life-threatening illness
— 26 moved to other areas

— 17 with other reasons

A

2884 people interviewed for data collection

71 excluded:

— 18 incomplete data

— 22 repeated data

— 25 hearing or vision deficit
— 6 with other reasons

Y

4

2813 participants completed all survey documents

|

l

169 with dementia

2644 non-dementia

! l

735 with MCI

| 1909 cognitively normal |

|

I

552 with aMCI

183 with naMCI

Figure 1
amnestic mild cognitive impairment.

function—Trail Making Test B* and Digit Span Back-
wards27; and visuospatial skills—Clock-Drawing Test.?®
Global cognition was evaluated using the Mini-Mental
State Examination'® and Montreal Cognitive Assessment-
Basic Scale.? Daily activities were assessed using the
Lawton and Brody Activities of Daily Living (ADL) Ques-
tionnaire.” The Clinical Dementia Rating (CDR) Scale™
was used to assess cognitive level. Mood was assessed with
the Chinese Geriatric Depression Scale.*

Diagnoses of MCI and MCI subtypes

The expert panel consisting of a board-certified neurologist
(RW) and a neuropsychologist (YJG) from two Third-class
hospitals and two experts with expertise in dementia (DL
and GC) from the Brain Science and Advanced Technology
Institute conducted the consensus diagnosis regarding the
presence or absence of dementia after reviewing the medical,
neurological and neuropsychological assessment data, as well
as other pertinent data, using the criteria of the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition.*®
Only those who were not diagnosed with dementia were
considered for a diagnosis of MCI. MCI was diagnosed based
on the Petersen’s criteria™: (1) concern of a cognitive change
by the participant, informant or clinician based on the infor-
mation obtained during the clinical interview, with CDR=0.5;
(2) objective impairment for any neuropsychological test
within a cognitive domain (ie, performance falling greater

Flowchart of the study. aMCI, amnestic mild cognitive impairment; MCI, mild cognitive impairment; naMCl, non-

than 1.5 standard deviation (SD) outside the age-adjusted
normative mean; and (3) essentially normal functional activ-
ities (determined from ADL evaluation). Participants with
MCI were then divided into two subtypes (aMCI or naMCI)
according to the cognitive impairment profile. Participants
with MCI'who performed poorly in the memory domain were
considered as having aMCI, whereas those who performed
poorly in other cognitive domains other than memory were
considered as having naMCL**

Statistical methods

All data were double-checked by two researchers and
screened for anomalies (eg, outliers, missing data and viola-
tions of statistical assumption) using descriptive and explor-
atory data analysis methods and then analysed using IBM
SPSS Statistics for Windows V.26. Continuous variables were
denoted as mean (SD) or median (interquartile range, IQR),
while categorical variables were expressed as absolute (n)
and relative frequency (%). Rural/urban subgroups were
compared in terms of basic demographic and other charac-
teristics using independent sample t test, Mann-Whitney U
test and y” test, as appropriate. The prevalences of MCI and
MCI subtypes were calculated and described with 95% CI
and analysed using % test for total, rural and urban partic-
ipants. Group comparisons of the prevalences of MCI and
MCI subtypes were analysed using multiple logistic regres-
sion analysis. Demographic variables (eg, sex, educational
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level and age) were also examined for possible associations
with cognitive outcome variables and, when significant, were
adjusted for in the multiple logistic regression model. Finally,
using demographic variables, lifestyle behaviours, social rela-
tionships and health status as independent variables, and
cognitive outcome as the dependent variable, multivariate
logistic regression analysis with the forward unconditional
selection method was performed to examine the potential
risk factors for each subtype. The CN population was used
as the reference group for all regression models. Odds ratios

(ORs) were calculated to identify significant independent
variables associated with the dependent variable (eg, MCI,
aMCI and naMCI). All p values were two-tailed, and the statis-
tical significance level was set at 0.05.

RESULTS

Characteristics of study participants

Table 1 details the selected characteristics of the study
participants. About half of the participants (50.1%)

Table 1 Participant characteristics by residential areas
Characteristics Total, n (%) Urban, n (%) Rural, n (%) A P value
Number of participants 2644 1805 (68.2) 839 (31.8)
Demographics
Female 1325 (50.1) 965 (53.5) 360 (42.9) 25.52 <0.001
Age (years)*, median (IQR) 70 (67-75) 70 (67-75) 70 (67-74) 717546.53 0.030
Age groups
60-69 1230 (46.5) 837 (46.4) 393 (46.8) 16.15 <0.001
70-79 1128 (42.7) 744 (41.2) 384 (45.8)
>80 286 (10.8) 224 (12.4) 62 (7.4)
Education (years)*, median (IQR) 9 (5-12) 1(9-15) 2 (0-6) 143464.51 <0.001
Education (years) groups
<6 940 (35.6) 243 (13.5) 697 (83.1) 1229.32 <0.001
6-12 1166 (44.1) 1031 (57.1) 135 (16.1)
>12 538 (20.3) 531 (29.4) 7 (0.8)
BMI level (n=2458)
Underweight (<18.5) 136 (5.5) 71 (4.1) 65 (9.2) 32.14 <0.001
Normal (18.5-23.9) 1234 (50.2) 868 (49.6) 366 (51.7)
Overweight (24.0-27.9) 855 (34.8) 629 (35.9) 226 (31.9)
Obesity (>28.0) 233 (9.5) 182 (10.4) 51(7.2)
Marital status
Unmarried 581 (22.0) 276 (15.3) 305 (36.4) 148.19 <0.001
Social connections
Living alone 383 (14.5) 147 (8.1) 236 (28.1) 184.67 <0.001
Having at least one sibling alive 1818 (68.8) 1371 (76.0) 447 (53.3) 137.13 <0.001
Having close friends 1703 (64.4) 1370 (75.9) 333 (39.7) 327.61 <0.001
Lifestyle behaviours
Smoking (yes) 793 (30.0) 467 (25.9) 326 (38.9) 45.98 <0.001
Drinking (yes) 655 (24.8) 362 (20.1) 293 (34.9) 67.93 <0.001
Fresh fish consumption (yes) 2190 (82.8) 1644 (91.1) 546 (65.1) 272.30 <0.001
Physical activities (yes) 2129 (80.5) 1587 (87.9) 542 (64.6) 198.63 <0.001
Cognitive activities (yes) 1777 (67.2) 1471 (81.5) 306 (36.5) 526.84 <0.001
Comorbidities
Insomnia (yes) 1372 (51.9) 868 (48.1) 504 (60.1) 32.94 <0.001
Overweight and obesity (yes)t 1088 (44.3) 811 (46.3) 277 (39.1) 10.65 0.001
Hypertension (yes) 1618 (61.2) 1096 (60.7) 522 (62.2) 0.54 0.462
Diabetes (yes) 449 (17.0) 354 (19.6) 95 (11.3) 27.92 <0.001

*Continuous variables (eg, age and education).

TPercentage of overweight and obesity (yes) on the total of BMI level (n=2458).
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Table 2 Prevalences (95% CI) of MCI and MCI subtypes in total, urban and rural participants

MCI aMClI naMCI
Prevalence

n Prevalence (95% Cl)% n Prevalence (95% Cl)% n (95% Cl)%
Total 735 27.8 (26.1 to 29.5) 552 20.9 (19.3 to 22.4) 183 6.9 (6.0 to 7.9)
Urban 365 20.2 (18.4 to 22.1) 276 15.3 (13.6 to 17.0) 89 4.9 (3.9 t0 5.9)
Rural 370 44.1 (40.7 to 47.5) 276 32.9 (29.7 to 36.1) 94 11.2 (9.1 to 13.3)
x° 162.73 107.47 34.99
P value <0.001 <0.001 <0.001

aMCI, amnestic mild cognitive impairment; MCI, mild cognitive impairment; naMCI, non-amnestic mild cognitive impairment.

were women, 839 (31.8%) were from remote rural areas,
and the participants had an average of 9 (5-12) years of
education. The average age was 70 (67-75) years, and
1230 (46.5%) were aged 60-69 years and 1128 (42.7%)
were aged 70-79 years. Rural and urban participants
differed in most surveyed categories, including sex, age,
educational level, diet pattern, fish consumption, cogni-
tive activity, physical activity, social network, marital status,
smoking, drinking, living arrangements, obesity, diabetes
and insomnia. However, there was no significant differ-
ence in the prevalence of hypertension between urban
and rural samples.

Prevalence of MCI and MCI subtypes by residential areas
Table 2 shows that the prevalences of MCI, aMCI and
naMCI were 27.8%, 20.9% and 6.9%, respectively.
The prevalences of MCI (44.1% vs 20.2%, % =162.73,
p<0.001), aMCI (32.9% vs 15.3%, X2=107.47, p<0.001)
and naMCI (11.2% vs 4.9%, X2:34.99, p<0.001) in rural
areas were more than twice that in urban areas. After
controlling for demographic confounders, the differ-
ence in the prevalence of MCI between rural and urban
areas remained, with an adjusted OR of 2.10 (95% CI:
1.62 to 2.72, X2=31.76, p<0.001). Similarly, differences in
the prevalence of aMCI (OR=1.44, 95% CI: 1.09 to 1.91,
X2=6.60, p=0.01) and naMCI (OR=3.76, 95% CI: 2.33 to
5.79, X2=31.30, p<0.001) remained significant.

Factors associated with MCI, aMCI and naMCI by residential
area

Multivariable logistic ~regression analysis revealed
different factors independently associated with MCI or
MCI subtypes (table 3). For all participants, older age
was significantly associated with greater odds of MCI and
its functional subtypes, whereas high educational level
was only associated with developing aMCI. Having close
friends and performing cognitive activities were protec-
tive factors against all MCls. Insomnia and no fresh fish
consumption were risk factors for both MCI and aMCI.
Being female was a risk factor, but overweight was a
protective factor for naMCI.

For urban and rural areas, the risk factors were incon-
sistently associated with MCI, aMCI and naMCI. For
example, in urban areas, being male, older age, no fresh
fish consumption, cognitive inactivity and insomnia were

identified as risk factors for MCI and aMCI. In rural areas,
both cognitive activities and overweight were protective
factors against MCI and MCI subtypes. Having close
friends was a protective factor for MCI (OR=0.60, 95% CI:
0.42 to 0.87, p<0.05) and aMCI (OR=0.60, 95% CI: 0.40
to 0.91, p<0.05), as well as having fresh fish consump-
tion (MCL: OR=0.17, 95%CI: 0.12 to 0.25, p<0.001;
aMCI: OR=0.12, 95% CI: 0.08 to 0.17, p<0.001), whereas
insomnia (OR=1.59, 95% CI: 1.06 to 2.39, p<0.001) only
increased the risk of aMCI in rural areas. Women had a
higher risk of progressing to MCI (OR=1.64, 95% CI: 1.15
to 2.35, p<0.05) and naMCI (OR=2.60, 95% CI: 1.51 to
4.48, p<0.001), but sex (OR=1.24, 95% CI: 0.82 to 1.87,
p>0.05) was not associated with aMCI in rural areas.
Hypertension, diabetes, drinking and smoking habits and
physical activities were neither associated with MCI nor
any of its subtypes. These results adhered to the compar-
ison between urban and rural areas.

DISCUSSION

Main findings

The current study reports the prevalences of MCI and
its functional subtypes in multi-regional rural and urban
communities of individuals aged 265 years in Hubei Prov-
ince in central China; this is the first such report in the
English literature to date. Our findings suggest that the
prevalence of MCI among urban residents in central
China was consistent with that in other metropolises in
China, such as Shanghai, but the prevalence in rural
areas was twice that in urban areas in our study, which
resulted in an overall higher MCI prevalence (27.8%)
than the Shanghai Aging Study (SAS) (20.1%)* and
other Chinese findings in 2018 (14.71%).” Interest-
ingly, the prevalence of aMCI in urban areas was higher
than that in SAS but that of naMCI was lower. However,
the prevalences of aMCI and naMCI in rural areas were
much higher than that in urban areas, with OR=1.44and
OR=3.76, respectively. In our study, aMCI was the most
predominant subtype of MCI in total, urban and rural
populations, congruent with other studies.* ** Consid-
ering the correlation between MCI subtypes and the
progression of dementia types,” '’ ' as well as the high
vulnerability of rural older adults with MCI to developing
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various dementia types, future dementia prevention
strategies should identify naMCI and non-AD dementia
in rural areas and pay attention to early-stage memory
changes in older individuals.

This study found a marked difference in several factors
associated with MCI and its subtypes between rural and
urban areas. Being female was a risk factor for naMCI
and MCI in rural areas and a protective factor against
aMCI and MCI in urban areas. To explain this discrep-
ancy, we further performed the analysis of characteristic
variables stratified by sex and area (online supplemental
table S1). The samples were divided into four groups: (1)
urban—-male, (2) urban—female, (3) rural-male and (4)
rural-female. In rural areas, older women had the lowest
educational level, higher prevalence rate of hypertension
and obesity and lower proportion of fish consumption.
On the other hand, compared with men, older urban
women had a relatively high level of education (median:
9 years, IQR 9-12), healthy lifestyles (less smoking and
drinking and more physical activities) and better health
conditions (lower ratio of hypertension, diabetes and
obesity) (online supplemental table S1). As women have a
longer life expectancy than men,” ™ rural-dwelling older
women should be considered a priority for the preven-
tion of dementia and MCIL

Having close friends mainly protected against aMCI
and affected MCI in rural areas, whereas its effect was
only evident against naMCI in urban areas (table 3). In
China, especially in rural areas, older people are seldom
re-employed after retirement but participate in commu-
nity groups; however, they face obstacles in obtaining
ideal care from their families, since the children increas-
ingly move to cities for better education and work oppor-
tunities.”*" In this study, the number of older individuals
without a spouse was higher in rural than in urban areas
(36.4% vs 15.3%); having contact with friends is a crit-
ical aspect of social relationships, which is accepted as a
protective factor for cognition.” Further studies should
clarify the content of social relationships in this respect.

Being overweight was a protective factor against MCI
and MCI subtypes in rural areas, but not in urban areas,
in this study. Controversies on the associations between
BMI and the risk of cognitive impairment still persist.*’
Some studies found that high BMI in late life protects
against dementia,”’ but increases the risk of aMCI and
naMCI in older adults.** Therefore, watching nutri-
tion and managing weight in older individuals in rural
areas are necessary; however, the further studies should
confirm whether appropriate overweight can help reduce
the risk of progression of MCI to dementia.

Limitations

This study had several limitations. First, this was a cross-
sectional rather than a longitudinal study, and some find-
ings should be interpreted with caution. Some factors
may be associated with survival rather than the devel-
opment of the disease. Second, the factors of lifestyle
behaviours and social relationships were self-reported,

which may be affected by recall bias and deviate from the
actual situation. Third, the study explored the relation-
ship between the associated factors and the prevalence of
MCI (including aMCI and naMCI) using singular focus,
without considering simultaneously the combined influ-
ences of several factors that tend to co-occur (eg, increased
physical activity but poor diet or the combination of phys-
ical exercise with cognitive stimulation may occur). None-
theless, the findings of our study provide a firm basis
for future studies. More longitudinal, population-based
cohort studies and randomised clinical trials on the effec-
tiveness of specific interventions addressing modifiable
risk factors are needed in the future.

Implications

We found that the prevalence of MCI in rural areas is twice
that in urban areas, although in urban areas the preva-
lence was close to those reported in a previous epidemi-
ology study in more developed cities, such as Shanghai.™
As basic medical services are relatively less established
and disease diagnosis is delayed in rural areas, our study
suggests that the focus of appropriate programmes on
dementia prevention and treatment should be shifted to
rural populations. In addition, Hubei is an economically
underdeveloped area in central China, and our samples
had relatively lower educational levels. Almost a third
of recruited participants in this study had no access to
secondary education. Therefore, special attention should
be paid to memory changes among low educational level
population.
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