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Abstract

Background:Epidemiological studies ofmild cognitive impairment (MCI) and subtypes

ofMCI have rarely focused on rural residents in China.

Methods:This population-based study included5068participants (age≥60years)who

were living in rural communities. We defined MCI, amnestic MCI (aMCI), and non-

amnestic MCI (naMCI) following the Petersen’s criteria that integrated neuropsycho-

logical assessments with in-person clinical evaluations.

Results: The overall prevalence of MCI, aMCI, and naMCI was 26.48%, 22.30%, and

4.18%, respectively. The prevalence ofMCI increasedwith age. The adjusted odds ratio

(OR) ofMCIwas 0.71 (95% confidence interval [CI] 0.61 to 0.82) for primary school (vs.

illiteracy), 0.30 (0.24 to 0.39) for middle school or above, 1.35 (1.09 to 1.67) for being

farmers, 0.65 (0.54 to 0.78) for alcohol consumption, 1.43 (1.20 to 1.70) for stroke his-

tory, and 1.14 (0.95 to 1.36) for any apolipoprotein E (APOE) ε4 allele (vs ε3/ε3).
Conclusions:MCI affects over one-fourth of rural older adults in China. Overall MCI

was associated with demographic factors, non-alcohol consumption, and stroke, but

not with APOE genotype and cardiometabolic factors.
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1 INTRODUCTION

Mild cognitive impairment (MCI) is considered an intermediate stage

between normal aging and dementia. The concept of MCI has evolved

in the past 20 years to accommodate heterogeneity in etiologies and

prognostic outcomes by differentiating MCI into various subtypes.1

Amnestic MCI (aMCI), the most common subtype of MCI, involves

impairment in episodicmemory that ismore likely toprogress to typical

Alzheimer’s disease (AD),whereas non-amnesticMCI (naMCI) involves

impairment in cognitive domains other than memory that more often

evolves to atypical AD (eg, posterior cortical atrophy and logopenic

variant of primary progressive aphasia) and other types of demen-

tia (eg, vascular dementia, Lewy body dementia, and frontotemporal

dementia).2,3

Over the past two decades, several population-based studies have

reported the prevalence of MCI among older adults in China, with

the prevalence ranging from 5% to 28%.4 The wide range of MCI

prevalence is due partly to differences in demographic features of

the study populations, as well as the neuropsychological tests and

operational criteria used to define MCI.5 Most of the previous studies

have targeted urban populations with relatively high education or

high socioeconomic position, whereas data from rural populations

are sparse.6 Furthermore, most epidemiological studies in China have

used only brief cognitive screening tests to define MCI such as the

Mini-Mental State Examination (MMSE) and the Montreal Cognitive

Assessment (MoCA),7 and the standard neuropsychological test

battery has been rarely used to define MCI and subtypes of MCI. Thus

epidemiological data of MCI in China may not be comparable with

those from studies where the guidelines-based approaches have been

used in defining MCI and its subtypes. Indeed, both brief cognitive

screening instruments and comprehensive neuropsychological test

battery have been recommended in assessing and defining MCI by

the practice guidelines.8 In addition, current guidelines have recom-

mended that the diagnosis of MCI should be based ultimately on a

clinical evaluation of cognitive function and functional status and

not solely on a specific test score.8 Taken together, there remains a

knowledge gap with regard to epidemiology of MCI and main MCI

subtypes among Chinese older adults, especially among rural-dwelling

older adults, whereMCI and subtypes ofMCI are defined following the

internationally standard criteria.

In this community-based study of rural-dwelling Chinese older

adults, we defined MCI and MCI subtypes by using the stan-

dard approach that integrated neuropsychological evaluations with

the consensus clinical diagnosis. Our aims were to (1) determine

the prevalence of MCI, aMCI, and naMCI; and (2) examine the

cross-sectional associations of MCI and its subtypes with demo-

graphic features, lifestyle, clinical factors, and apolipoprotein E (APOE)

genotype.

RESEARCH INCONTEXT

1. Systematic Review: We searched PubMed for literature

reporting prevalence of mild cognitive impairment (MCI)

and subtypes. Most studies have targeted urban popu-

lations and used only brief cognitive screening tests to

define MCI. The practice guidelines-based approaches,

which require both neuropsychological assessment and

clinical evaluation, are rarely used in defining MCI and

subtypes.

2. Interpretations: In this community-based study of rural-

dwelling older adults, we defined MCI, amnestic MCI

(aMCI), and non-amnestic MCI (naMCI) via in-depth neu-

ropsychological assessments and clinical evaluations. We

found that MCI affected over one-fourth of older adults

and that over four-fifths of them were of the amnes-

tic type. MCI was associated with illiteracy, being farm-

ers, non-alcohol consumption, and stroke, but not with

apolipoprotein E (APOE) genotype.

3. Future directions: Future follow-up data will help deter-

mine the incidence and natural history of MCI and sub-

types, and clarify demographic, genetic, and modifiable

factors for progression from normal cognition through

MCI to dementia in rural Chinese older adults.

HIGHLIGHTS

1. Mild cognitive impairment (MCI) was defined via neu-

ropsychological and clinical assessments.

2. MCI affected over one-fourth of Chinese rural older

adults, and over four-fifths were amnestic type.

3. MCIwas correlatedwith demographic factors and stroke,

but not with apolipoprotein E (APOE) genotype.

2 METHODS

2.1 Study participants

This community-based cross-sectional study included baseline partici-

pants in the Multimodal Interventions to Delay Dementia and Disabil-

ity in Rural China (MIND-China) project,9,10 which is part of theWorld-

WideFinnishGeriatric InterventionStudy toPreventCognitive Impair-

ment and Disability (WW-FINGERS) Network.11 Figure 1 shows the

flowchart of the study participants. In brief, MIND-China targets all
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F IGURE 1 Flowchart of study participants. MIND-China, multimodal interventions to delay dementia and disability in Rural China;MCI, mild
cognitive impairment

registered residents (n = 7698) who were ≥60 years of age by the end

of 2017 andwere living in Yanlou Town, YangguCounty, western Shan-

dong Province, China. The Yanlou Town was a typical rural area, with

a population of ≈52 800 residents who were living in 52 villages that

were spread over 67 km2. Most adult residents in the town engaged

in agricultural work. In March to September 2018, the baseline exami-

nation for MIND-China was incorporated in the annual health check-

up at the Yanlou Town hospital provided by local government for all

residents who were ≥65 years of age, but we additionally invited res-

idents who were 60 to 64 years of age for the MIND-China project.

Of all the 7698 eligible participants, 1933 were dropouts due to death

prior to the examination (n= 128), refusal (n= 1200), being not reach-

able (n = 569), and severe mental illness (n = 36). Thus, a total num-

ber of 5765 residents (74.9% of all eligible) participated in the base-

line examination. Individuals who either refused to participate or were

not reachable (n = 1769) were older (mean age 71.38 vs 70.89 years,

P= .010) and more likely to be men (45.56% vs 42.81%, P= .041) than

those examined participants. For the present study, of the 5765 exam-

ined participants, we further excluded 307 persons who were diag-

nosed with prevalent dementia according to theDiagnostic and Statisti-

cal Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria and 390

who had missing or insufficient information for defining MCI, leaving

5068 participants for the analysis (Figure 1).

The MIND-China protocol was approved by the ethics committee

at Shandong Provincial Hospital affiliated with the Shandong Univer-

sity in Jinan, Shandong. Written informed consent was obtained from

all participants, or in the case of cognitively impaired persons, from a

proxy (usually a guardian or a family member). MIND-China was regis-

tered in the Chinese Clinical Trial Registry (ChiCTR, www.chictr.org.cn;

Registration no.: ChiCTR1800017758).

2.2 Data collection

Trained medical staff (eg, junior neurologists or senior postgraduate

students in the major of neurology from Shandong Provincial Hos-

pital) collected data through face-to-face interviews, clinical exami-

nations, neuropsychological testing, and laboratory tests (laboratory

technicians at local hospital), as reported previously.9,10 Sociodemo-

graphic, epidemiological, clinical, and neuropsychological data were

http://www.chictr.org.cn
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collected following a structured questionnaire. The questionnaire

included sociodemographic features (age, sex, education, and occu-

pation), lifestyle habits (eg, smoking and alcohol drinking), and medi-

cal history. Medical history included cardiometabolic risk factors and

related disorders (eg, hypertension, diabetes mellitus, hyperlipidemia,

ischemic heart disease, heart failure, atrial fibrillation, and stroke). The

neurological examination aimed to assess motor and sensory func-

tion, status of the cranial nerves, and reflexes. The 15-item Geriatric

Depression Scale (GDS-15) was used to assess the presence of depres-

sive symptoms.12

2.3 APOE genotyping

Peripheral blood samples were taken and then DNA was extracted.

APOE genotype was determined using the TaqMan single-nucleotide

polymorphism (SNP)method.APOE genotypewas divided into ε2/ε2 or
ε2/ε3, ε3/ε3 (reference), and any ε4 allele.

2.4 Neuropsychological assessments

Subjective cognitive decline was assessed using three questions of

memory problems the participants experienced in the past year, that is,

difficulty remembering, forgetting what had been planned, and worry

about memory decline. We also used the Clinical Dementia Rating

Scale (CDR)13 to assess participants’ cognitive alterations.Weused the

Chinese version ofMMSE to assess global cognitive function,14 and the

Chinese version of Activities of Daily Living Scale (ADLs) to evaluate

self-care and instrumental activities of daily living.15 We assessed four

specific cognitive domains: episodic memory (Auditory Verbal Learn-

ing Test [AVLT]-immediate recall, long-delayed free recall, and long-

delayed recognition),16 language (Verbal Fluency Test-categories of

animals, fruits, and vegetables),17 attention (Digit Span Test [DST] -

forward18 and Trail Making Test [TMT] A19), and executive function

(DST-backward18 and TMT B19). The raw test scores were standard-

ized into z scores using the age- and education-specific means and

standard deviations (SDs), derived from the study participants who

were free fromdementia. Because all cognitive domainswere assessed

using more than one test, we created the composite z score for each

of the cognitive domains by averaging the z scores of the tests for that

domain. Table S1 shows data of raw neuropsychological test scores

by age groups and education among participants who were free from

dementia.

2.5 Diagnosis of MCI, aMCI, and naMCI

All participants were divided into 10 groups according to both age

(60 to 64, 65 to 69, 70 to 74, 75 to 79, and ≥80 years) and educa-

tion (illiterate and non-illiterate). Then, among dementia-free partic-

ipants, persons with a cognitive z score ≥1.0 SD below mean scores

of the age- and education-specific groups in any of the four cognitive

domains were considered to have objective cognitive impairment.20,21

However, the final judgment about objective cognitive impairmentwas

based on both neuropsychological test scores and a consensus agree-

ment among neurologists specialized in clinical diagnosis, treatment,

and care of cognitive disorders (L.C., T.H., X.H., L.Y., Q.Z., and J.F.), while

taking into account participants’ education, occupation, visual or hear-

ing impairment, and other information.

We definedMCI and subtypes following the Petersen’s criteria that

were operationalized in the Mayo Clinic Study of Aging:21 (1) cogni-

tive concern by the subject (responses to the three questions of mem-

ory problems), informant or physician (CDR ≥0.5); (2) objective cogni-

tive impairment evidenced in at least one of the four cognitive domains

(from cognitive test battery); (3) essentially preserved function of daily

activities (from the ADLs); and (4) absence of dementia (DSM-IV cri-

teria). MCI was then categorized into aMCI if memory domain was

impaired or naMCI if there was no impairment in memory.

2.6 Statistical analysis

Characteristics of the study participants were compared using Mann-

Whitney U test for continuous variables and chi-square test for cat-

egorical variables. The crude prevalence of MCI and MCI subtypes

in the total sample and by sex was calculated, along with 95% con-

fidence intervals (CIs). Then, because the age- and sex-structures of

our study sample differed from those of the national population, which

might confound the crude prevalence rates, we used demographic data

of rural population from the Sixth China National Population Census

(2010) to standardize the overall prevalence rates ofMCI and subtypes

(directmethod). Furthermore, becausemany population-based studies

in the literature targeted people ≥65 years of age, to make our results

comparable with these studies, we also reported the overall and stan-

dardized prevalence rates of MCI and its subtypes among people ≥65

years of age. In addition, we conducted additional analysis by using a

cut-off cognitive z score≥1.5 SDbelow the age- and education-specific

mean scores to define objective cognitive impairment and evaluated

the impact of a different cut-off score of cognitive tests on prevalence

and correlates of MCI and subtypes of MCI. We used the bar graphs

to show the age- and sex-specific prevalence rates (95% CIs) of MCI,

aMCI, and naMCI. Finally, we used logistic regression models to exam-

ine the associations of MCI, aMCI, and naMCI with sociodemographic

features, lifestyles, clinical conditions, and APOE genotype. We con-

ducted this analysis in the total sample and by sex. SAS 9.4 software

(SAS Institute Inc., 2013, Cary, NC, USA) was used for all statistical

analyses.

3 RESULTS

3.1 Characteristics of the study participants

The mean age of all participants was 70.17 years (SD 5.23), 56.45%

were women, 37.12% were illiterate, and 82.48% were farmers.
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TABLE 1 Characteristics of study participants in the total sample and by sex

Characteristicsa
Total sample

(n= 5068)

Men

(n= 2207)

Women

(n= 2861) P-value*

Age (years), mean (SD) 70.17 (5.23) 70.16 (5.16) 70.18 (5.28) .978

Age group (years), n (%) .067

60-64 499 (9.85) 213 (9.65) 286 (10.00)

65-69 2051 (40.47) 905 (41.01) 1146 (40.06)

70-74 1548 (30.54) 654 (29.63) 894 (31.25)

75-79 675 (13.32) 321 (14.54) 354 (12.37)

≥80 295 (5.82) 114 (5.17) 181 (6.33)

Educational level, n (%) <.001

Illiterate 1881 (37.12) 241 (10.92) 1640 (57.32)

Primary school 2238 (44.16) 1174 (53.19) 1064 (37.19)

Middle school and above 949 (18.73) 792 (35.89) 157 (5.49)

Occupation, n (%) <.001

Farmers 4161 (82.48) 1476 (66.88) 2685 (93.85)

Non-farmers 884 (17.52) 731 (33.12) 176 (6.15)

Smoking, n (%) <.001

Never or former smoking 3954 (78.05) 1127 (51.11) 2827 (98.81)

Current smoking 1112 (21.95) 1078 (48.89) 34 (1.19)

Alcohol consumption, n (%) <.001

Never or former drinking 3508 (69.78) 851 (39.22) 2657 (93.00)

Current consumption 1519 (30.22) 1319 (60.78) 200 (7.00)

Clinical conditions, n (%)

Hypertension 3360 (66.87) 1433 (65.40) 1927 (68.00) .053

Diabetes mellitus 717 (14.15) 248 (11.24) 469 (16.39) <.001

Hyperlipidemia 1216 (23.99) 362 (16.40) 854 (29.85) <.001

Ischemic heart disease 1056 (20.84) 378 (17.13) 678 (23.70) <.001

Heart failure 136 (2.68) 54 (2.45) 82 (2.87) .360

Atrial fibrillation 75 (1.48) 36 (1.63) 39 (1.37) .436

Stroke 751 (14.82) 341 (15.45) 410 (14.33) .266

APOE ε4 allele, n (%) 779 (15.87) 314 (14.69) 465 (16.78) .047

Subjective cognitive complaints, n (%) 4415 (87.12) 1827 (82.78) 2588 (90.46) <.001

GDS-15 score, mean (SD) 1.41 (2.14) 1.25 (1.91) 1.53 (2.29) <.001

Cognitive domains (z score), mean (SD)

Memory −0.02 (0.88) −0.02 (0.87) −0.03 (0.89) .686

Language −0.00 (0.80) 0.15 (0.79) −0.12 (0.79) <.001

Attention −0.04 (0.86) 0.30 (0.81) −0.31 (0.80) <.001

Executive function −0.10 (0.91) 0.32 (0.81) −0.42 (0.85) <.001

Abbreviations: APOE, apolipoprotein E; GDS-15, the 15-itemGeriatric Depression Scale; SD, standard deviation.
aInformationwasmissing in 23 for occupation, 2 for smoking, 41 for alcohol consumption, 43 for hypertension, 2 for heart failure, 10 for atrial fibrillation, and

159 for APOE genotype.
*P-value is for the test of differences betweenwomen andmen.

Compared to men, women were less educated, more likely to be farm-

ers, and had lower scores on domains of language, attention, and exec-

utive function, and a higherGDS-15 score (P< .01). In addition, 15.87%

of all participants carried the APOE ε4 allele (Table 1).

3.2 Prevalence of MCI and MCI subtypes

Ofall 5068participantswhowere≥60years of age,MCIwasdefined in

1342 persons, including 1130 with aMCI and 212 with naMCI, and the



CONG ET AL. 61

TABLE 2 Crude and standardized prevalence (per 100 population) of mild cognitive impairment and subtypes in the total sample and by sex

Crude prevalence (95%CI),

per 100 population

Standardized prevalence (95%CI)a,

per 100 population

MCI or subtypes No. of cases Age≥60 years Age≥65 years Age≥60 years Age≥65 years

Total sample (n= 5068)

MCI 1342 26.48 (25.27-27.69) 27.25 (25.96-28.54) 25.60 (24.40-26.81) 28.77 (27.46-30.09)

aMCI 1130 22.30 (21.15-23.44) 23.05 (21.83-24.27) 21.60 (20.46-22.73) 24.75 (23.50-26.00)

naMCI 212 4.18 (3.63-4.73) 4.20 (3.62-4.78) 4.01 (3.47-4.55) 4.03 (3.46-4.60)

Women (n= 2861)

MCI 884 30.90 (29.21-32.59) 32.00 (30.20-33.80) 30.28 (28.60-31.96) 34.55 (32.71-36.38)

aMCI 730 25.52 (23.92-27.11) 26.49 (24.78-28.19) 25.17 (23.58-26.76) 29.01 (27.26-30.77)

naMCI 154 5.38 (4.56-6.21) 5.51 (4.63-6.40) 5.11 (4.31-5.92) 5.53 (4.65-6.42)

Men (n= 2207)

MCI 458 20.75 (19.06-22.44) 21.11 (19.32-22.90) 20.78 (19.08-22.47) 22.56 (20.72-24.39)

aMCI 400 18.12 (16.52-19.73) 18.61 (16.90-20.31) 17.91 (16.31-19.51) 20.15 (18.39-21.91)

naMCI 58 2.63 (1.96-3.30) 2.51 (1.82-3.19) 2.87 (2.17-3.56) 2.40 (1.73-3.07)

Abbreviations: aMCI, amnestic mild cognitive impairment; CI, confidence interval; MCI, mild cognitive impairment; naMCI, non-amnestic mild cognitive

impairment.

crude prevalence was 26.48% for overall MCI, 22.30% for aMCI, and

4.18% for naMCI (Table 2). The crude prevalence rates among people

≥65 years of age were 27.25% for MCI, 23.05% for aMCI, and 4.20%

for naMCI. Amnestic MCI accounted for 84.20% of all participants

with MCI. Compared with men, women had higher crude prevalence

rates of MCI (30.90% vs 20.75%, P < .001), aMCI (25.52% vs 18.12%,

P< .001), and naMCI (5.38% vs 2.63%, P< .001). Using the 2010China

National Census data (rural population) as standard population, the

age- and sex-standardized prevalence rates of MCI, aMCI, and naMCI

decreased slightly among older adults age ≥60 years, but MCI and

aMCI increased slightly among those age ≥65 years (Table 2). In addi-

tion, among peoplewhowere age≥70 years (n=2518), the prevalence

rates of overall MCI, aMCI, and naMCI were 29.19% (95% CI 27.41%

to 30.97%), 25.06% (23.37% to 26.75%), and 4.13% (3.35% to 4.91%),

respectively.

The prevalence of MCI increased with age, from 19.44% in peo-

ple aged 60 to 64 years to 40.00% in those aged ≥80 years, and the

prevalence ratewas higher in women than inmen across all age groups

(Figure 2). The age- and sex-specific prevalence patterns of aMCI were

similar to those of overall MCI, but the age-specific trends and sex dif-

ferences in prevalence of naMCI were less pronounced (Figure 2).

3.3 Correlates of MCI and MCI subtypes

After controlling for age, education, clinical conditions, andAPOE geno-

type, there was no significant sex difference in the prevalence of over-

all MCI, aMCI, and naMCI (Figure 3). High educational attainment was

significantly associated with a low likelihood ofMCI, aMCI, and naMCI

(P for trend < .001). Being a farmer was significantly associated with

an increased likelihood of MCI, aMCI, and naMCI. Alcohol consump-

tionwas associatedwith a reduced likelihood ofMCI and aMCI, but not

with naMCI.Hypertension and stroke historywere significantly associ-

ated with an increased likelihood of naMCI, but not aMCI. None of dia-

betes, hyperlipidemia, ischemic heart disease, heart failure, atrial fibril-

lation, andAPOE ε4 allelewas significantly associatedwith overallMCI,

aMCI, or naMCI (Figure 3). We also examined the correlates of MCI,

aMCI, and naMCI in men and women separately. Overall, there were

no significant sex differences in factors associated with MCI and sub-

types, except that being a farmer was significantly associated with an

increased likelihoodofMCI, aMCI, andnaMCI inmen, butnot inwomen

(Figure S1).

3.4 Additional analyses

To evaluate the impact of using a different cut-off of cognitive test

scores to define objective cognitive impairment on prevalence of MCI,

aMCI, and naMCI, we used the cut-off cognitive z score ≥1.5 SD below

the age- and education-specific mean scores to define objective cogni-

tive impairment. The overall prevalence and the age- and sex-specific

prevalence data were reported in Table S2 and Figure S2. In brief,

the crude prevalence of MCI, aMCI, and naMCI among people age

≥60 years was 15.15% (95% CI 14.17% to 16.14%), 12.53% (11.62%

to 13.44%), and 2.62% (2.18% to 3.06%), respectively (Table S2). The

crude prevalence of MCI and subtypes was higher in women than in

men. In addition, the prevalence of MCI increased with advancing age;

from12.63% inpeople aged60 to64years to18.31% in thoseaged≥80

years and was higher in women than in men across all age groups. The

age- and sex-specific prevalencepatternsof aMCIwere similar to those

of MCI, but the age-specific trends and sex differences in the preva-

lence of naMCI were less pronounced (Figure S2). Finally, we exam-

ined various factors associatedwithMCI and subtypes in the total sam-

ple and by sex, as shown in Figure S3. Overall, the results of factors
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F IGURE 2 Age- and sex-specific prevalence (per 100 population) and 95% confidence intervals of mild cognitive impairment (MCI) (A),
amnesticMCI (B), and non-amnesticMCI (C)

associated with MCI and subtypes were similar to those reported in

Figure 3 and Figure S1 when the cut-off cognitive z score ≥1.0 SD

below the age- and education-specific mean scores was used to define

objective cognitive impairment (Figure S3).

4 DISCUSSION

To the best of our knowledge, this report is the largest single-center

study to examine the prevalence ofMCI andmain subtypes ofMCI that

targets older adults living in the rural communities inChina.Weapplied

the same definition and similar operational approaches as used in the

MayoClinic Study of Aging to definingMCI, aMCI, and naMCI, inwhich

comprehensive neuropsychological assessments were integrated with

a consensus agreement of clinical diagnosis. Our data showed thatMCI

affected over one-fourth of the rural-dwelling adults age ≥60 years

in our research communities, and that aMCI accounted for over four-

fifths of all people with MCI. Older age, low education, and being a

farmer were associated with an increased likelihood of MCI and sub-

types ofMCI.Of themodifiable ormanageable lifestyle and clinical fac-

tors, alcohol consumption was associated with a reduced likelihood of

MCI and aMCI, whereas hypertension and stroke history were associ-

ated with naMCI but not with aMCI. Notably, APOE genotype was not

associated with overall MCI and subtypes ofMCI.

Previous studies have shown that the prevalence of MCI among

older adults ranges from 10% to 74%, depending on the demographic

features of the study population (eg, age and sex) and the criteria

used to define MCI.22 Different cut-off values of cognitive test scores

for defining objective cognitive impairment in the definition of MCI

greatly affect prevalence of MCI.23 Using a more stringent cut-off

value of cognitive test scores would result in a lower prevalence of

MCI. For instance, the Leipzig Longitudinal Study of the Aged (LEILA

75+) fromGermany showed that the prevalence ofMCIwas decreased

by over 50% when the cut-off of cognitive test scores changed from

1.0 SD (prevalence, 19%) to 1.5 SD (prevalence, 9%).24 Similarly, in

our study, the prevalence of overall MCI was decreased by over 40%
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F IGURE 3 Odds ratios (95% confidence intervals) of mild cognitive impairment (MCI) (A), amnesticMCI (aMCI) (B), and non-amnesticMCI
(naMCI) associated with various factors (C). Odds ratios (95% confidence intervals) forMCI were derived from binary logistic regressionmodels
(sample size, n= 4974a); Odds ratios (95% confidence intervals) for aMCI and naMCI were derived frommultinomial logistic regressionmodels, in
which participants withoutMCI (n= 3659) were considered as reference group in themodeling. Models were adjusted, whenever appropriate, for
age, sex, education, medical history, and apolipoprotein E (APOE) genotype. aOf the 5068 participants, 94 were excluded in the analysis due to
missing information, including 41 for alcohol consumption, 43 for hypertension, one for heart failure, and 9 for atrial fibrillation. In addition,
information wasmissing in 159 persons for APOE genotype and in 23 persons for occupation, and a dummy variable for each of themwas created
in the analysis to represent those withmissing value. CI, confidence interval; APOE, apolipoprotein E

when the cut-off of cognitive test score changed from 1.0 SD (preva-

lence, 26.48%) to 1.5 SD (prevalence, 15.15%). In addition, the Rot-

terdam Study (age ≥55 years) showed that the overall prevalence of

MCI was 10% when objective cognitive impairment was defined using

a cognitive score≥1.5 SDbelow the age- and education-adjustedmean

scores of the study population.25 This is comparable to the prevalence

ofMCI in our study sample (age≥60 years) (15.2%)when the same cut-

off of cognitive test score is used to define objective cognitive impair-

ment. However, among people age ≥70 years, the overall MCI preva-

lence was ≈80% higher in our study sample compared with that of

the Mayo Clinic Study of Aging (29.2% vs 16.0%), driven primarily by

a higher prevalence of aMCI (25.1% vs 11.1%), whereas the preva-

lence of naMCI was comparable (4.1% vs 4.9%). The distinct demo-

graphic features of the study populations (eg, Han Chinese in a typi-

cal rural area vs Caucasian in an urban region; 81.3% had no schooling

or only primary school vs 92.8% had education ≥9 years) and differ-

ences in certainmethodological issues (eg, use of different neurocogni-

tive instruments; the age- and education-adjusted vs only age-adjusted

mean cognitive scores) might partly contribute to the higher preva-

lence ofMCI and aMCI in our sample than that of theMayoClinic Study

of Aging.2,6,21,26,27 Finally, the LEILA75+ study found that MCI had

the highest accuracy (balanced sensitivity and specificity) for predict-

ing the development of dementia when MCI was defined using 1.0 SD,

comparedwith use of 1.5 SD and 2.0 SD cut-off scores.28 This suggests

that the cut-off≥1.0 SDbelow themean cognitive test scores for defin-

ing objective cognitive impairment (or plus clinical assessments) may
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achieve a good balance between reliability and sensitivity to detect

MCI.28

The Mayo Clinic Study of Aging suggested a 54% increased likeli-

hood of MCI in men than women, independent of demographic fea-

tures, clinical factors, and APOE genotype.21 This is contradictory to

many other population-based studies, which show that the prevalence

of MCI is either higher in women than men20,29 or no differences by

sex.30 Our study showed that the crude prevalence of MCI and sub-

types appeared to be higher in women than in men across all age

groups. In rural China, women were more likely than men to be illit-

erate and to engage in agricultural work. After controlling for demo-

graphic factors and medical history, overall MCI and subtypes were

not associated with sex, suggesting that the sex differences in crude

prevalence of MCI were attributed to differences in socioeconomic

status (eg, education and occupation) and health conditions between

women and men. Indeed, our study showed that an increased educa-

tional attainment was linearly associated with a decreased likelihood

of MCI, whereas being a farmer was associated with a greater likeli-

hood of MCI. It has been suggested that higher education and occupa-

tional complexity are associated with better cognitive function, possi-

bly through greater cognitive reserve.31

Cardiovascular risk factors and related vascular disorders play apiv-

otal role in cognitive decline and dementia.32 We found an associa-

tion between stroke history and overall MCI that was driven primarily

by its association with naMCI. naMCI has more vascular components

than aMCI33 and might represent prodromal stage of vascular demen-

tia or other types of dementia (eg, Lewy body dementia and Parkinson

disease dementia).3 Stroke is a strong risk factor for vascular cogni-

tive impairment and dementia.34 Neuroimaging studies suggested that

stroke injury could be linkedwith cognitive impairment (eg, impairment

in memory and executive function) by causing extensive white matter

lesions, triggering neurodegenerative process via disrupting amyloid

clearance, and interacting with coexisting Alzheimer pathology.34,35 In

addition, we found that hypertension was associated specifically with

naMCI. This is in line with the fact that chronic hypertension is asso-

ciated with vascular brain injury, which could contribute to vascular

cognitive impairment.36,37 Previous studies have shown that atrial fib-

rillation is associated with cognitive impairment and dementia in the

general elderly population, even among people without a history of

stroke.38,39 Our data did show that atrial fibrillation was associated

with an elevated likelihood of MCI and its subtypes, and the lack of

statistical significance is likely due to limited power (overall prevalence

of atrial fibrillation was 1.48%). Future follow-up data from our cohort

may help clarify the potential causal relationship of cardiovascular risk

factors and related disorderswithMCI, subtypes ofMCI, and dementia

in rural elderly populations.

The relationship between alcohol consumption and cognitive

impairment is complicated, depending on amount of consumption and

quantitative approaches of alcohol consumption.40 A meta-analysis

indicated that light-to-moderate alcohol intake was associated with a

reduced risk of dementia and cognitive decline in older adults.41 How-

ever, a categorical meta-analysis found no association of alcohol con-

sumptionwithMCI risk,whereas thedose-responsemeta-analysis sug-

gested a linear relationship between amount of alcohol intake and risk

of MCI.42 The relationship of alcohol intake with MCI subtypes has

been rarely reported. We found that regular alcohol consumption was

associated with a reduced likelihood of MCI and aMCI, but not with

naMCI. The temporal relationship of alcohol consumption with MCI

and subtypes of MCI can be further explored when longitudinal data

fromMIND-China become available.

The frequency of carrying APOE ε4 allele varies among different

ethnic populations. The proportion of carrying the APOE ε4 allele in

our dementia-free participants was ≈16%, which is within the range

of 5% to 18% reported among Asian populations,43 but is much lower

than that in populations from Northern Europe (≈25%), Central Africa

(≈40%), Oceania (≈37%), and Australia (≈26%).44 A meta-analysis of

18 case-control studies (14 studies were from China) showed that the

APOE ε4 allele was associated withMCI.45 However, population-based

studies have yielded mixed results with regard to the association of

MCI with APOE genotype. For instance, data from the Mayo Clinic

Study of Aging,21 the Framingham Heart Study,46 the Cardiovascular

Health Study Cognition Study,47 and an epidemiological study of MCI

in Greece,48 showed a higher prevalence of MCI among carriers than

non-carriers of the APOE ε4 allele. By contrast, the Multiethnic Com-

munity study (Caribbean Hispanic, Black, and non-Hispanic White of

European ancestry)49 and the Shanghai Aging Study23 showed no con-

vincing evidence for the association of MCI with the APOE ε4 allele.

Indeed, evidence supporting the association of APOE ε4 allele with

MCI and dementia in Chinese older adults has been mostly from the

case-control studies,45 in which the results might be affected by biases

such as selection bias, information bias, or selective survival bias. Taken

together, the association between APOE genotype andMCImight vary

across ethnic groups. The relation of APOE genotype with MCI among

Chinese population deserves further investigation.

The major strength of our study refers to the large community-

based sample of rural older adults in China and comprehensive cog-

nitive assessments. Thus we were able to define MCI and subtypes

following the definition and operational approaches that integrated

objective measures of neurocognitive function with the consensus

from careful clinical evaluations.21 However, our study also has limita-

tions. First, we used the neuropsychological test scores from our study

participants who were free of dementia as normative data to define

objective cognitive impairment, due to lack of normative data that fit-

ted our study population. Second, the relationships of MCI and sub-

types of MCI with various factors should be interpreted in the context

of cross-sectional design of this study, in which the observed associa-

tions are subject to selective survival bias and are potentially affected

by reverse causality, and thus cannot be interpreted as any causal

effect. In addition, people who refused or were not reachable were

slightly older and more likely to be men than those examined partici-

pants, which might underestimate the prevalence of MCI. Finally, our

study participants were recruited from a rural region in western Shan-

dong province, and we did not recruit participants from urban popula-

tions. This should be kept in mind when generalizing our research find-

ings to different study populations or settings.

Our study showed that MCI defined through neuropsychological

assessment and clinical diagnosis affected over one-fourth of rural-

dwellingChinese adults≥60years of age. Furthermore, over four-fifths
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of people with MCI were classified as having aMCI, a subtype that has

the great potential to progress to typical Alzheimer’s dementia. Finally,

MCI was correlated with older age, low education, being a farmer, and

stroke, but not with APOE genotypes. Future follow-up data will con-

tribute to the better understanding of the epidemiology and natural

history of MCI and subtypes of MCI among rural-dwelling older adults

in China.
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