Jia et al. BMC Psychiatry (2021) 21:485

https://doi.org/10.1186/512888-021-03495-6 B M C PsyCh Iatry

RESEARCH Open Access

A comparison of the Mini-Mental State ®
Examination (MMSE) with the Montreal
Cognitive Assessment (MoCA) for mild
cognitive impairment screening in Chinese
middle-aged and older population: a cross-
sectional study

Xiaofang Jia', Zhihong Wang', Feifei Huang', Chang Su', Wenwen Du', Hongru Jiang', Huijun Wang',
Jiagi Wang?, Fangjun Wang?, Weiwu Su*, Huifang Xiao®, Yanxin Wang® and Bing Zhang'~

Check for
updates

Abstract

Background: The Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment (MoCA) are the
most commonly used scales to detect mild cognitive impairment (MCl) in population-based epidemiologic studies.
However, their comparison on which is best suited to assess cognition is scarce in samples from multiple regions of
China.

Methods: We conducted a cross-sectional analysis of 4923 adults aged 255 years from the Community-based Cohort
Study on Nervous System Diseases. Objective cognition was assessed by Chinese versions of MMSE and MoCA, and
total score and subscores of cognitive domains were calculated for each. Education-specific cutoffs of total score were
used to diagnose MCl. Demographic and health-related characteristics were collected by questionnaires. Correlation
and agreement for MCl between MMSE and MoCA were analyzed; group differences in cognition were evaluated; and
multiple logistic regression model was used to clarify risk factors for MCl.
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Results: The overall MCl prevalence was 28.6% for MMSE and 36.2% for MoCA. MMSE had good correlation with
MoCA (Spearman correlation coefficient = 08374, p < 0.0001) and moderate agreement for detecting MCl with Kappa
value of 0.5973 (p < 0.0001). Ceiling effect for MCl was less frequent using MoCA versus MMSE according to the
distribution of total score. Percentage of relative standard deviation, the measure of inter-individual variance, for MoCA
(26.9%) was greater than for MMSE (19.0%) overall (p < 0.0001). Increasing age (MMSE: OR = 2.073 for 275 years; MoCA:
OR =1.869 for275 years), female (OR = 1.280 for MMSE; OR = 1.163 for MoCA), living in county town (OR = 1.386 and
1.862 for MMSE and MoCA, respectively) or village (OR = 2579 and 2.721 for MMSE and MoCA, respectively), smoking

(OR=1.373 and 1.288 for MMSE and MoCA, respectively), hypertension (MMSE: OR = 1.278; MoCA: OR = 1.208) and
depression (MMSE: OR = 1.465;, MoCA: OR = 1.350) were independently associated with greater likelihood of MCl
compared to corresponding reference group in both scales (all p < 0.05).

Conclusions: MoCA is a better measure of cognitive function due to lack of ceiling effect and with good detection of
cognitive heterogeneity. MCl prevalence is higher using MoCA compared to MMSE. Both tools identify concordantly
modifiable factors for MCl, which provide important evidence for establishing intervention measures.

Keywords: Mild cognitive impairment, MMSE, MoCA, Correlation, Agreement, Risk factors

Background

Dementia is a leading cause of disability in people older
than 65 years worldwide, including China, which induces
huge challenges for policy makers, healthcare profes-
sionals, and family members [1]. Considering no effect-
ive treatment for dementia, as well as brain pathology
which begins years before onset of objective cognitive
symptoms and may be irreversible by the time of diag-
nosis, many investigators have shifted their focus toward
delaying dementia in persons who are in preclinical
phases of the disease. Mild cognitive impairment (MCI),
referring to cognitive decline from a previous level of
functioning both subjectively and by objective evidence,
represents the preclinical, transitional stage between
healthy cognitive aging and dementia, and affects 10—
15% of the population over the age of 65 [2]. Although
20-30% of persons with MCI will revert to normal at
subsequent follow-up [3], there is a 5-10% annual rate
of progression to dementia in those with MCI, which is
much higher than the 1-2% incidence per year among
the general population [4]. Moreover, it has been sug-
gested that approximately 50% will progress to dementia
in 5years [3]. MCI represents what researchers and cli-
nicians regard as a “window” in which it may be possible
to intervene and delay development to dementia [2]. It is
thus imperative to screen for MCI and clarify potential
influencing factors for MCI in old population at risk in
large-scale study in efforts to improve cognitive func-
tioning and delay progression to dementia.

In addressing cognitive screening tools, the Mini-
Mental State Examination (MMSE) and the Montreal
Cognitive Assessment (MoCA) are the most commonly
used methods in cognitive impairment detection in both
clinical and research fields [5-8]. It was widely identified
that MoCA was superior to MMSE in the detection of
MCI as the MMSE had lower sensitivity among multiple

study settings [9-13]. Furthermore, the MoCA showed
differences in cognitive profile even in those performing
in the normal range on the MMSE and would appear to
be a useful brief tool to assess cognition in those with
MCI, particularly where the ceiling effect of the MMSE
is problematic [8, 14, 15]. Similar studies were carried
out in China, however, these studies were done in single
region with small sample size, thereby suffered from a
lack of representation and reliablity [16, 17] and studies
in particular to compare the MMSE and MoCA in the
detection of MCI among community-based samples are
rare. Therefore, studies in multiple regions are further
warranted to confirm the concordance between MMSE
and MoCA in the identification of MCI, which may yield
different and novel findings because of large sample size.

Additionally, to understand potential and modifiable
risk factors to cognitive complaint is to some extent cru-
cial for defense, treatment and intervention in the pre-
carious state of MCI, thereby may delay progression to
dementia. Researches to date have identified several fac-
tors, such as age, gender, educational and occupational
attainment, marriage, income, psychological well-being,
physical exercise, social engagement, diet and history of
chronic diseases [18-22], but some of these findings
were controversial, which might be attributable to varied
countries of study origin, and the heterogeneity in re-
search methods, including the age range included and
the use of different cognitive assessment methods and
diagnostic criteria. Especially education had strong influ-
ence on MMSE and MoCA performance [23, 24], and
the unpredictable effects of those with more education
performing poorer relative to those with less education
was observed [24]. It is also necessary to distinguish
whether there is disparity in potential factors for cogni-
tion when applying different cognitive screening tools to
the same population.
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Taken together, present study aims to determine the
correlation and agreement between MMSE and MoCA
in detecting MCI, and to test their differences in influen-
cing factors for MCI among Chinese middle-aged and
older population attending baseline survey of the
Community-based Cohort Study on Nervous System
Diseases in urban and rural areas of four provinces.
Findings in this study may yield profound implications
for the selection of cognitive measures and MCI
management.

Methods

Study population

Data in the present study were derived from the baseline
of the Community-based Cohort Study on Nervous Sys-
tem Diseases, an ongoing and longitudinal study estab-
lished in 2018-2019 by National Institute for Nutrition
and Health, Chinese Center for Disease Control and Pre-
vention, which focused on potential factors associated
with risks of three nervous diseases, including epilepsy
for subjects aged > 1vyear, and Alzheimer’s disease (AD)
and Parkinson’s disease in >55 year-old population [25].
Participants without such diagnosed diseases at enroll-
ment were recruited using a multistage stratified random
sampling approach in Hebei, Zhejiang, Shaanxi and
Hunan province, respectively. Two cities and two coun-
ties were randomly selected in each province. Urban and
suburban neighborhoods within the cities, and town-
ships and villages within the counties were selected ran-
domly. In each community, all members meeting the
inclusion and exclusion criteria of any of three nervous
diseases in a randomly selected household were inter-
viewed [25]. Protocol of this project was reviewed and
approved by Medical Ethics Committee of National In-
stitute for Nutrition and Health, Chinese Center for Dis-
ease Control and Prevention (No. 2017020, 6 November
2017). And written informed consent was obtained for
each participant.

Present study targeted at subjects recruited in the co-
hort of AD. The eligible samples for inclusion were (1)
55 years old and older, (2) resident population living in
the sampled community, (3) absent of clinically diag-
nosed AD, and (4) free of comorbid conditions that
could affect assessment, such as congenital or acquired
mental retardation, diagnosed MCI, and visual/hearing
abnormalities even after correction [25]. Subjects with
completed data of sociodemographic characteristics, dis-
ease history, cognitive examination, psychological evalu-
ation, and survey of basic abilities of daily living were
selected to participate in the present study. According to
the definition of MCI, we excluded subjects because of
their inability to perform basic activities of daily living
involving eating, dressing, bathing, toileting, grooming,
transferring bed or chair, walking across a room, and
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urinary or fecal continence (n =71). For participants lo-
cating in the part of <P; or > Pgg (P: percentile) of sleep
duration distribution in each age group, we used the
corresponding P; and Pgg to replace those of <P; or >
Pgg, respectively. Finally, a total of 4923 participants
were involved in the analysis.

Cognitive assessment

All participants underwent cognitive assessment using
Chinese version of the MMSE and the MoCA in present
study. Both instruments were valid and reliable among
Chinese by taking cultural and linguistical differences
into account [26, 27]. MMSE and MoCA were con-
ducted strictly face to face following the guidelines and
protocols by trained investigators and were completed
during 5-10 min and 10-15 min, respectively.

The MMSE is a 30-point questionnaire used exten-
sively in clinical and research settings to measure cogni-
tive impairment, including simple tasks in a number of
areas: the test of time and place, the repeating lists of
words, arithmetic such as serial subtractions of seven,
language use and comprehension, and basic motor skills
[7]. The MoCA is another 30-point test covering eight
cognitive domains, and details on the specific MoCA
items had been introduced by Nasreddine et al. [8]. The
cultural and linguistic modifications of MoCA Beijing
version we used from the original English version were
also concretely described [27].

Cognitive function of different domains were evaluated
according to items of each test [26]. Details on the com-
ponents and corresponding maximum scores for each
domain were shown in Table 1. The sum of included
item points was the subscore of cognitive domain. Dys-
function of cognitive domain was defined as any incor-
rect test of included items, and cutoffs were listed in
Table 1 [28].

The sum of all item points produced total scores of
MMSE and MoCA, respectively, ranging from 0 to 30. A
higher score indicates better cognitive function. When
the education years of the participants were no more
than 12years, 1 point was added on their MoCA total
score (if <30) [8]. MCI was identified using education-
specific cutoff points of total scores of MMSE and
MoCA, respectively. MMSE <19 for illiterate individuals,
<22 for participants with elementary school education,
and <26 for those with middle school education and
above [29]. According to Chinese MoCA norms [27],
<13 for illiterate individuals, <19 for individuals with 1-
6 years of education, and < 24 for those with 7 or more
years of education.

Sociodemographic and health-related characteristics
Questionnaires were used to collect information on age,
gender, educational level, current employment status,



Jia et al. BMC Psychiatry (2021) 21:485

Table 1 Cognitive domains assessed by the MMSE and MoCA

Page 4 of 13

Domains MMSE MoCA
Items/maximum scores Cutoffs of dysfunction Items/maximum scores Cutoffs of dysfunction
Orientation Orientation to time and place/10  <9/10 Orientation to time and place/6 ~ <5/6
Executive function 3-step command test/3 <3/4 Trail-making test/1 <5/6
Reading command test/1 Digit span test/2
Verbal fluency/1
Abstraction test/2
Calculation Serial 7 substractions/5 <4/5 Serial 7 substractions/3 <2/3
Naming Naming (pencil, cellphone)/2 <1/2 Naming (lion, giraffe, camel)/3 <2/3
Repetition 1 short sentence/1 0/1 2 longer sentences/2 <1/2
Visuoconstructional skills  Copy intersecting pentagons/1 0/1 Copy cube/1 <3/4
Draw clock face/3
Registration Repeat 3 words/3 <2/3
Recall Recall 3 words/3 <2/3 Recall 5 words/5 <4/5
Writing Write a sentence/1 01
Attention Vigilance test for number ‘17/1 0/1

household income, residence area, current smoking, al-
cohol intake during last year, sleep duration covering
daytime napping and full-night sleep, and disease histor-
ies of hypertension, diabetes, stroke and myocardial in-
farction by trained investigators. Additionally, a self-
report assessment to identify depression in the elderly
was performed using the Geriatric Depression Scale
(GDS) 30-point version [30], and depression was defined
if GDS score > 11 [31]. All these parameters were further
grouped for data analysis (age: 55-64, 65-74 and =75
years; gender: male and female; educational level: below
elementary school, elementary school, middle school,
high school and above; monthly household income per
capital: <1000, 1000-3999, and =4000 Chinese yuan;
statuses of current employment, current smoking and al-
cohol intake last year: yes and no; residence area: urban,
suburban, county town, and village according to the ad-
ministrative divisions; sleep condition: yes and no
depend on if meeting age-specific sleep duration recom-
mendations [32]; disease history of hypertension, dia-
betes, stroke or myocardial infarction: yes and no; and
depression: yes and no).

Statistical analysis

Continuous variables were presented as mean + standard
deviation (SD) and median, P,5 and P,5 were also calcu-
lated in order to evaluate presence of ceiling/floor effect
in MMSE and MoCA tests, while categorical variables
were expressed as n (%). Because of the non-normal dis-
tribution, non-parametric Wilcoxon rank-sum test or
Kruskal-Wallis analysis was performed to test differences
in distribution of MMSE or MoCA total score by socio-
demographic and health-related factors. If the difference

was significant among three subgroups and above, mul-
tiple comparison was conducted by Student-Newman-
Keuls. The percentage for the relative standard deviation
(RSD%) [(SD/mean) x 100] was calculated to examine
inter-individual variance of the MMSE and MoCA total
scores in the whole population, assuming that greater
RSD% indicates better detection of cognitive heterogen-
eity of the sample [33]. The MMSE and MoCA RSD%
index obtained were further compared by means of Wil-
coxon signed-rank test. Prevalence of MCI by various
factors was compared by Chi square test and Cochran-
Armitage trend test if appropriate. And trends in pro-
portions of subjects with MMSE-identified cognitive
domain dysfunction across subscore strata of corre-
sponding MoCA cognitive domain were also analyzed by
Cochran-Armitage trend test. Scatter plot and Spearman
correlation coefficient were applied to explore the cor-
relation between MMSE and MoCA total scores. The
agreement between MMSE and MoCA to detect MCI
was obtained by Kappa value. Multiple logistic regres-
sion was employed, with MCI (yes vs. no) as dependent,
and age, gender, employment status, household income,
residence area, smoking, sleep condition, hypertension
history and depression as independent variables, to ex-
plore the potential association of sociodemographic and
health-related factors with MCI risk assessed by MMSE
and MoCA, respectively. Predictors were simultaneously
included in the regression model based on the signifi-
cance of differences in MCI prevalence by studied fac-
tors in present study, and the evident influence of
gender on MCI in previous studies [19, 34]. No collin-
earity between predictors was detected in both final
models (tolerance: 0.79-0.99 and VIF: 1.01-1.27 for
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MMSE; tolerance: 0.80-0.98 and VIF: 1.02-1.26 for
MoCA). A value of p<0.05 was considered significant.
Statistical analysis was carried out using SAS 9.4 (SAS
Inc., Cary, NC, USA).

Results

Characteristics of study population

A total of 4923 subjects aged 55 years and more were in-
cluded in this study (Table 2), in which those aged 55—
64, 65—74 and =75 years accounted for 41.5, 40.7 and
17.8%, respectively. More than half of participants were
female (56.1%). Around 18.2% of subjects completed the
education of high school and above. The majority of par-
ticipants were unemployed (82.8%), which included re-
tired subjects. And the proportions of subjects with
moderate monthly household income per capital and
meeting the recommended age-specific sleep duration
were 61.2 and 68.0%, respectively. People who smoked
currently and drank alcohol last year accounted for 15.6
and 17.1%, respectively. The rates of people with re-
ported disease history of hypertension, diabetes, stroke
and myocardial infarction were 31.8, 9.7, 2.0 and 1.9%,
respectively. And 8.6% subjects had self-reported depres-
sion in this study.

Comparison of cognitive assessment between MMSE and
MoCA, and cognitive function by sociodemographic and
health-related factors

Average score of cognitive test using MMSE and MoCA
in total population was 25.5 + 4.9 and 22.6 + 6.1, respect-
ively (Table 2), and the MoCA RSD% (26.9%) was sig-
nificantly greater than that in MMSE (19.0%) (p<
0.0001). Scatter plot of Fig. 1 depicted the relationship
between MMSE and MoCA total scores, and Spearman
correlation coefficient was 0.8374 (p < 0.0001).

There were significant differences in the distribution
of both MMSE and MoCA total scores by age group,
gender, educational level, current employment status,
household income, residence area, alcohol intake,
sleep duration condition, history of hypertension, and
depression (all p <0.0001, Table 2). Multiple compari-
sons further indicated that total scores of either
MMSE or MoCA in subjects aged 55-64 years, those
with education of high school and above, and high
monthly household income per capital, and those liv-
ing in urban area, were likely to be the largest among
their corresponding subgroups (all p < 0.05). Percentile
analysis showed presence of ceiling effect (maximum
total score on the 75th percentile) for MMSE in sev-
eral subgroups of 55-64years, education of high
school and above, high level of monthly household in-
come, urban and suburban areas of residence, but for
MoCA only in subgroups with high monthly house-
hold income level and living in urban area.
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According to cutoffs of MCI screening by MMSE and
MoCA tests, prevalence of MCI in total population was
28.6 and 36.2%, respectively (Table 2). A total of 1158/
4923 (23.5%) subjects fell into MCI for both MMSE and
MoCA whereas 623/4923 (12.7%) who tested normal in
the MMSE actually tested positive for MCI using MoCA.
Of the total sample studied, 2891/4923 (58.7%) had nor-
mal scores for both tests (Table 3). The Kappa value in-
dicating agreement for diagnosis of MCI using MoCA
versus MMSE was 0.5973 (95% CI: 0.5737, 0.6209) with
p <0.0001.

Significant increased trends in MCI prevalence were
observed along with the ascending age groups in both
MMSE and MoCA settings (p <0.0001), in which a
higher proportion was observed in those 275 years
(41.4% for MMSE and 48.2% for MoCA), while opposite
trends were found in case of household income level
(p <0.0001) (Table 2). Prevalence of MCI detected by ei-
ther MMSE or MoCA was considerably higher in sub-
jects who were unemployed, currently smoked
cigarettes, and had inappropriate sleep duration, hyper-
tension history, or depression, compared to their re-
ferred groups (all p<0.05). In addition, significant
differences in MCI prevalence in setting of MMSE or
MoCA were observed among areas of residence. How-
ever, only significant differences in MCI prevalence by
educational level were found in MoCA test (p = 0.0004).

Subscores of cognitive domains assessed by MMSE and
MoCA

Based on the distribution of each cognitive domain sub-
score in total samples assessed by different items of
MMSE and MoCA (Table 4), the performance of execu-
tion, repetition and registration among 75% subjects
using MMSE met maximum scores, whereas executive
and recall dysfunctions were found in about 75% partici-
pants by MoCA test. The function of naming was per-
formed well in both scales. Present study further focused
on cognitive domains tested by both MMSE and MoCA,
and found significant increased trends in proportions of
subjects with cognitive dysfunction in terms of orienta-
tion, execution, calculation, naming, repetition, visuo-
construction and recall by MMSE across strata of the
corresponding cognitive domain score by MoCA (all p <
0.0001, Fig. 2).

Potential factors associated with MCI risk detected by
MMSE and MoCA

Sociodemographic and health-related factors associated
with MCI risk by multiple logistic regression model were
highly consistent between MMSE and MoCA scales
(Table 5). Especially, subjects aged =75years (OR=
2.073, 95% CL: 1.727, 2.489 for MMSE; OR = 1.869, 95%
CL: 1.570, 2.227 for MoCA) significantly increased the
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Table 2 Cognitive assessment by MMSE and MoCA by sociodemographic and health-related factors in study population

N (%) Score of cognitive assessment Positive
screening for MCI
MMSE p-value MoCA p-value MMSE MoCA
meant  Pso (Pys, meant  Psq (Pys, n (%) p-value n (%) p-value
SD P7s) sD P7s)
Age group (years) < 0.0001 < 0.0001 < 0.0001 < 0.0001
55-64 2042 265+ 4.1 28 (25,30 238 £55 25(20,29) 496 650
(41.5) (243) (31.8)
65-74 2004 255+47 27(23,29 225+£59 23(19,27) 550 708
(40.7) (27.5) (35.3)
75- 877 232+ 60 24(20,298) 200+ 68 21 (15, 25) 363 423
(17.8) (414) (48.2)
Gender < 0.0001 <0.0001 0.1478 0.5845
male 2162 260+ 43 27 (24,29 232+ 55 24(20,28) 596 773
(43.9) (27.6) (35.8)
female 2761 251 +52 27 (22,29 221 +65 23(18,28) 813 1008
(56.1) (29.5) (36.5)
Educational level <0.0001 < 0.0001 0.1124 0.0004
below elementary 1554 230+59 2419, 28) 194 +70 20 (14, 25) 521 545
school (31.6) (335) (35.1)
elementary school 1211 258 £43 27 (24,29 226 +£55 23(19,27) 228 340
(24.6) (18.8) (28.1)
middle school 1262 269 + 34 28 (25,29) 245+ 47 25(21,29 425 572
(25.6) (33.7) (45.3)
high school and 896 275+ 3.1 29 (26, 30) 255+40 26(23,29 235 324
above (18.2) (26.2) (36.2)
Current employment < 0.0001 <0.0001 0.0046 0.0009
yes 849 262 +44 28 (25,29) 236 +58 25(20,28) 209 265
(17.3) (24.6) (31.2)
no 4074 254 +49 27 (23,29 224+ 6.1 23(19 28) 1200 1516
(82.8) (29.5) (37.2)
Monthly household income per capital (Chinese yuan) <0.0001 <0.0001 <0.0001 <0.0001
<1000 1107 23.1+57 24 (20, 28) 193 £63 20 (15, 24) 458 534
(225) (41.4) (48.2)
1000-3999 3015 259 +45 27 (24,29 230+58 24(19,28) 831 1072
61.2) (27.6) (35.6)
4000- 801 276 £32 29 (27,30 258 +46 27 (23,30) 120 175
(16.3) (15.0) (21.9)
Residence area <0.0001 <0.0001 < 0.0001 < 0.0001
urban 1321 27.5+ 33 29 (26, 30) 257 +45 27 (23,30) 261 325
(26.8) (19.8) (24.6)
suburban 1095 26.7 + 34 29 (28, 30) 243 +47 25(21,28) 228 312
(22.2) (20.8) (28.5)
county town 1183 250+£53 27(23,29 215+ 60 22(18,26) 347 482
(24.0) (29.3) (40.7)
village 1324 230+£55 24(20,27) 191+ 64 19 (15, 24) 573 662
(26.9) (43.3) (50.0)
Current smoking 05812 0.3050 0.0261 0.0202
yes 770 257 42 27 (23,29 226+£55 23(19,27) 246 307
(15.6) (32.0) (39.9)
no 4153 255+ 50 27(23,29) 226 +62 23(19,28) 1163 1474
(84.4) (28.0) (35.5)

Alcohol intake <0.0001 < 0.0001 0.2011 0.6954
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Table 2 Cognitive assessment by MMSE and MoCA by sociodemographic and health-related factors in study population (Continued)

N (%) Score of cognitive assessment Positive
screening for MCI
MMSE p-value MoCA p-value MMSE MoCA
meant  Pso (Pys, meant  Psq (Pys, n (%) p-value n (%) p-value
SD P7s) SD P7s)
yes 843 264 +38 28(25,29) 236+ 5.1 24 (20, 28) 226 300
(17.1) (26.8) (35.6)
no 4080 253+50 27(23,29) 224+ 63 23(18,28) 1183 1481
(82.9) (29.0) (36.3)
Meeting sleep duration recommendation <0.0001 <0.0001 0.0049 0.0031
yes 3346 258 +438 27 (24,29 229+59 2419, 28) 916 1164
(68.0) (27.4) (34.8)
no 1577 250+ 49 26 (22,29 219+ 63 23(18,27) 493 617
(32.0) (31.3) (39.1)
Hypertension history < 0.0001 <0.0001 < 0.0001 < 0.0001
yes 1567 248 +54 26 (22,29) 216+ 65 22(18,27) 519 628
(31.8) (33.1) (40.1)
no 3356 259 +45 27 (24,29 230+ 58 24(19,28) 890 1153
(68.2) (26.5) (34.4)
Diabetes history 04925 0.5552 0.2211 02125
yes 477 (9.7) 255+ 47 27 (23,29 226 +58 23(19,27) 148 185
(31.0) (38.8)
no 4446 255+49 27(23,29) 226+ 6.1 23(19, 28) 1261 1596
(90.3) (284) (35.9)
Stroke history 0.6533 0.7690 0.7364 0.5581
yes 96 20) 256+45 27(23,29 229+58 24(19,28) 26 (27.1) 32(333)
no 4827 255+49 27(23,29 226+6.1 23(19, 28 1383 1749
(98.1) (28.7) (36.2)
Myocardial infarction history 0.6396 0.8370 04333 04272
yes 93 (1.9 25646 27 (23,29 229+ 54 24 (20, 26) 30 (323) 30 (323)
no 4830 255+49 27(23,29) 226+ 6.1 23(19 28) 1379 1751
(98.1) (28.6) (36.3)
Depression < 0.0001 <0.0001 0.0013 0.0293
yes 424 (86) 241 +57 26(21,29) 212+70 22(16,27) 150 174
(35.4) (41.0)
no 4499 256 +4.7 27 (23,29 227 +60 23(19 28) 1259 1607
(914) (28.0) (35.7)
Total® 4923 255+49 27(23,29) 226+ 6.1 23(19,28) 1409 1781
(100) (28.6) (36.2)

@ Percentage of relative standard deviation in total subjects was 19.0 and 26.9% in MMSE and MoCA, respectively, and significant differences (p < 0.0001) was

found between MMSE and MoCA

risk of MCI compared to the reference of 55-64 years.
The odds of MCI in females was 28.0% in MMSE and
16.3% in MoCA greater than that in males. Being
employed currently and living in a family with moderate
or high monthly household income per capital highly re-
duced risk of MCI in both scales relative to their re-
spective control group (all p <0.05). Current smoking
was identified as a risk factor with a 37.3 and 28.8%
higher odds of MCI by MMSE and MoCA, respectively,
compared to no smoking. A higher likelihood of MCI
was observed in subjects living in county town or village,

and those with hypertension history or self-reported de-
pression (all p < 0.05).

Discussion

MCI is a common condition in the elderly, characterized
by deterioration of memory, attention, and cognitive
function that is beyond what is expected based on age
and educational level, but without significant interfer-
ence with ability of daily activity [35]. Present study
found that MCI prevalence in Chinese population aged
>55 years from urban and rural areas of four provinces
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using MMSE and MoCA was 28.6 and 36.2%, respect-
ively, and MMSE had good correlation with MoCA
(Spearman correlation coefficient = 0.8374) and moder-
ate agreement for detecting MCI with Kappa value of
0.5973. Moreover, increasing age, female, living in
county town/village, smoking, hypertension and depres-
sion significantly increased the risk of MCI in both tests.
All findings indicated serious condition of cognitive im-
pairment along with progressive increase in the growth
rate of aging population in China and huge challenges
on the prevention and treatment of MCI to the society
and government.

The MMSE is the most widely used cognitive screen-
ing test by physicians and researchers for general cogni-
tive evaluation [2]. One problem with the MMSE is its
ceiling effect or limited dynamic performance range for
normal individuals, which increases the likelihood that
persons in predementia stages score within the normal
range [36]. Consistent with previous study [36], the ceil-
ing effect (28—30 points) for MCI was less using MoCA
(26.2%) versus MMSE (46.3%) in this study as clearly
depicted in Fig. 1 as well as the distributions of both test

Table 3 Agreement of MMSE and MoCA to detect MCl

MMSE MoCA

MCI, n (%) no MCI, n (%) Total
MCl, n (%) 1158 (23.5) 251 (5.1) 1409 (28.6)
no MCl, n (%) 623 (12.7) 2891 (58.7) 3514 (71.4)
Total 1781 (36.2) 3142 (63.8) 4923 (100.0)

scores in Table 2. The greater RSD% in MoCA (26.9%)
relative to that in MMSE (19.0%) further suggested
MoCA distributed samples across a broader score range
with less ceiling effect and had better detection of cogni-
tive heterogeneity of the sample [33]. On the other hand,
MoCA was developed by Nasreddine in 2005 as a brief
tool to screen subjects who present with cognitive com-
plaints and usually have normal MMSE scores [8]. Here,
12.7% of total subjects with a normal MMSE score actu-
ally tested positive for MCI according to MoCA’s ad-
justed cutoff points, partly reflecting higher sensitivity
for MCI in MoCA although no comparison with the
gold standard method was performed. This study further
focused on cognitive domain subtests by MMSE and
MoCA. The observed significantly increased likelihood
of incorrect MMSE executive, naming, repetition, visuo-
constructional, and recall tasks across decreasing scores
of MoCA corresponding tasks (Fig. 2), suggested the
higher sensitivity of the MoCA in detecting dysfunctions
of abovementioned cognitive domains, which may be re-
lated to more components of each domain in MoCA
[28]. Together, as indicated above, the MoCA is a better
measure to screen for cognitive impairment in middle-
aged and older Chinese living in communities relative to
MMSE as it lacks ceiling effect and shows better
sensitivity.

This study found a high strength correlation between
MoCA and MMSE scores with a Spearman correlation
coefficient of 0.8374. This positive relationship was
highly close to that reported by the original MoCA
norms study in older Chinese [27], which obtained good
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Table 4 Subscores of different cognitive domains by MMSE and MoCA in total subjects

Domains MMSE MoCA
Items/maximum scores mean+SD  Psg Items/maximum scores mean+SD P
(P25, P75) (P25, P75)
Orientation Orientation to time and place/10 94+ 14 10 (9,10)  Orientation to time and place/6 55+ 1.1 6 (5,6)
Executive function 3-step command test/3 36+09 44, 4) Trail-making test/1 3.7+17 42,5
Reading command test/1 Digit span test/2
Verbal fluency/1
Abstraction test/2
Calculation Serial 7 substractions/5 37+17 5(2,5) Serial 7 substractions/3 24+09 3(2,3)
Naming Naming (pencil, watch)/2 19403 22,2 Naming (lion, giraffe, camel)/3 27+07 3(3,3)
Repetition 1 short sentence/1 09+03 10,1 2 longer sentences/2 12+08 10,2
Visuoconstructional skills  Copy intersecting pentagons/1 06+05 10,1 Copy cube/1 26+14 3(2,4)
Draw clock face/3
Registration Repeat 3 words/3 27+0.7 33,3 na na
Recall Recall 3 words/3 23+10 3(23) Recall 5 words/5 30+17 3(2,5)
Writing Write a sentence/1 05+05 10,1 na na
Attention na na Vigilance test for number ‘1’/1 06+05 1(0,1)

na not available

correlation between both tools with Spearman correl-
ation coefficient of 0.83. Both consistently demonstrated
adequate level of concurrent validity between MoCA
Beijing version and the Chinese version of MMSE for
community dwellers. Significant positive correlation be-
tween total scores of MoCA and MMSE was also found
in the assessment of cognitive deficit associated with
chronic diseases [37, 38]. The MoCA and MMSE had a
Kappa value of 0.5973, indicating moderate agreement
[39]. And the agreement disparity could attribute to the
difference in the functions of the instruments them-
selves, in which MoCA was developed in particular for
MCI screening [8] whereas MMSE was originally
invented as a tool to detect and monitor the develop-
ment of dementia [7, 39].

Changes in criteria and differences in populations
studied and methodology have produced a wide range of
prevalence estimates for MCI. Previous study applied
uniform diagnostic criteria to harmonize data from USA,
Europe, Asia and Australia, in which MCI prevalence
ranged from 5 to 36.7%, and more reliably estimate MCI
prevalence, as a result, a reduced MCI prevalence (2.1-
20.7%) was produced when using MMSE score of 24—27
to define MCI [40]. Present study found that prevalence
of MCI in Chinese aged 55 years and older was 28.6 and
36.2% overall using education-specific cutoffs of MMSE
and MoCA, respectively. Studies in mainland China over
the past 5years that used different diagnostic criteria
showed MCI prevalence ranging from 12.6 to 34.1% in
old population [22, 41-44], and all these studies were
conducted in single region, conversely our study covered

urban and rural areas in four provinces. Representa-
tively, Jia et al. (2014) reported that prevalence of MCI
was 20.8% for individuals aged 65 years and above across
multiple regions in China [45]. His group (2020) recently
conducted a large national study across different socio-
economic and geographic regions in 12 provinces and
municipalities in China and found that the overall MCI
prevalence was estimated at 15.5% in people aged 60
years or older, representing 38.77 million people nation-
wide [46]. We also paid attention to the prevalence of
MCI by demographic and health-related factors. Similar
to the large-scale study [46], the prevalence of MCI in-
creased with older age, and the higher prevalence of
MCI was correlated with rural residence, smoking and
hypertension in both MMSE and MoCA instruments in
present study (Table 2). Educational level was believed
to be the strongest noncognitive factor affecting cogni-
tive test score [27]. Consistently, less education pro-
foundly correlated with poorer performance of the
MMSE and MoCA, showing a significant increased trend
of MMSE/MoCA score with high education in this
study. The results supported the findings of better per-
formance on MoCA for those with 6years and more
education compared to those with less than 6 years edu-
cation [23]. Oppositely, in the study by Ng et al. [24],
education influenced MoCA’s test performance in un-
predictable manner, those with more education per-
formed poorer relative to those with less education,
which was likely to attribute to tests of MoCA domains
of naming, attention, language, abstraction, and orienta-
tion. Unexpectedly, people with higher educational level
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(middle school/high school and above) had a greater
prevalence of MCI detected by MoCA. Educational level
is one of indicators of cognitive reserve, which influences
the manifestation of symptoms of cognitive impairment
[47]. People with low education theoretically display a
steeper cognitive decline early in the process of aging
compared to those with high level of education. Our
conflicting findings might indicate that confounders
such as the passion for cognitive activity and strong
district-level social network may buffer the relationship
between low education and cognitive impairment [48].
This raises the need for further study to test MCI by

education. We also found other factors associated with
MCI, such as household income, employment status,
sleep duration and depression. Overall, the high level of
variability in reported MCI prevalence worldwide or na-
tionwide may be associated with ethnic and/or regional
differences, and the heterogeneity in research methods,
including the use of different diagnostic criteria, and the
focus of samples with different characteristics, such as
age brackets, gender and educational attainment [1].
Anyhow, these findings suggested that MCI is becoming
increasingly prevalent all over the world along with the
changes in lifestyle and lifespan of human beings, and
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Predictors MCI by MMSE

MCI by MoCA

Coefficient B Adjusted OR (95% Cl) p-value

Coefficient § Adjusted OR (95% Cl) p-value

Age group (years)

65-74 0.0916 1.096 (0.944, 1.273) 0.2295 0.0840 1.088 (0.947, 1.249) 0.2343

75- 0.7291 2073 (1.727, 2.489) <0.0001 06256 1.869 (1.570, 2.227) <0.0001
Gender (females) 0.2472 1.280 (1.106, 1.485) 0.0010  0.1508 3 (1.014, 1.334) 0.0308
Current employment (yes) —-0.3203 0.726 (0.600, 0.876) 0.0009 —0.3386 3 (0.597, 0.849) 0.0002
Monthly household income per capital (Chinese yuan)

1000-3999 -0.3387 0.713 (0.608, 0.835) <0.0001 -0.2035 0.816 (0.700, 0.950) 0.0089

4000- —0.8954 0408 (0.316, 0.526) <0.0001 -0.6360 0.529 (0420, 0.666) < 0.0001

Residence area

suburban -0.0109 0.989 (0.805, 1.214) 09172 0.1602 4 (0974, 1414) 0.0917

county town 0.3262 1.386 (1.132, 1.697) 00016 06217 1.862 (1.546, 2.244) < 0.0001

village 0.9476 2579 (2.125, 3.136) <0.0001 1.0012 2721 (2.266, 3.273) <0.0001
Current smoking (yes) 03169 1373 (1.128, 1.669) 0.0015 0.2535 1.288 (1.072, 1.548) 0.0068
Meeting sleep duration recommendation (yes) 0.0031 1.003 (0.871, 1.156) 0.9658 —0.0480 0.953 (0.835, 1.089) 0.4785
Hypertension history (yes) 0.2452 1.278 (1.113, 1.466) 0.0005  0.1893 1.208 (1.061, 1.376) 0.0044
Depression (yes) 0.3821 1465 (1.167, 1.836) 0.0009  0.3000 1.350 (1.085, 1.676) 0.0068

“Multiple logistic regression model estimated the risk of MCl associated with potentially independent factors. The reference groups for comparison were 55 <
age < 64 years, males, no job currently, monthly per capital income < 1000 Chinese yuan, urban area of residence, no smoking currently, not meeting sleep
duration recommendation, no history of hypertension, and no depression, respectively

the clarification of risk factors for MCI would inform
specific control measures as many risk factors are
modifiable.

MCI is thought to be a transitional stage between be-
ing cognitively unimpaired and dementia, consensus has
been reached to focus primary intervention on this
population to halt dementia progression. With the in-
creasing attention being paid to MCI, studies have been
conducted in recent years in a variety of research set-
tings to understand its influencing factors. We con-
ducted systematic assessment of risk factors for MCI, to
some extent, including demographic factors, lifestyle,
psychological factors and cardiovascular risk factors.
Compare to each reference group, increasing age (275
years), female gender, living in less urbanized areas
(county town or village), current smoking, hypertension
and depression considerably increased the odds of MCI
detected by both MMSE and MoCA after adjustment for
covariates, as reported in previous studies [19, 22, 46, 49,
50]. Among these factors, there is no consensus on the
question whether depression is the consequence or the
cause for cognitive impairment in older people, but the
association between depression and MCI may result in a
faster progression of cognitive decline [51]. In contrast,
current employment and higher monthly household in-
come per capital (1000-3999 and > 4000 Chinese yuan)
were significantly associated with lower risk of MCI,
relative to unemployment and less than 1000 Chinese
yuan of monthly income in present study, respectively,

which was similar to previous findings also conducted in
Chinese population [19, 22]. And the protective role of
employment was attributed to increased reserve and the
ability to tolerate higher levels of neuropathology
thereby maintained their cognitive functioning [2], on
the other hand, employment status would get access to
higher social engagement, which was beneficial for MCI
prevention [2, 19].

There were several limitations in this study. First, the
Chinese version of MMSE and MoCA scales and accord-
ingly education-specific cutoffs of MCI were used in this
study, which partly affected international comparison of
prevalence rate and influencing factors of MCI. Second,
due to limited data, we cannot analyze the impact of
dietary intakes and genetic factors on cognitive impair-
ment in this population. Additionally, a gold standard
was not employed to detect MCI, as a result, this study
failed to compare the sensitivity and specificity between
MMSE and MoCA. Finally, false positive and false nega-
tive existed in MCI screening.

Conclusions

The findings of this study showed that MMSE and
MoCA had good correlation and moderate agreement
for detecting MCI in Chinese population aged 55 years
and above. But MoCA had less ceiling effect for MCI
and better detection of cognitive heterogeneity of the
sample. High overall MCI prevalence was observed in
both screenings, and residence of county town and
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village, current smoking, hypertension and depression
were identified as modifiable risk factors for MCI except
for increasing age, female gender. The cognitive function
of the elderly will experience inevitable deterioration in
China with the rapidly increasing aging population in
near future, which poses a huge challenge for public
health system and medical nursing system in China.
Taken together, these findings indicate severe status of
MCI in Chinese old population and provide important
evidence for the establishment of specific intervention
measures. Increasing public awareness of MCI and de-
mentia, controlling MCI risk factors to delay dementia
onset and boosting the implement of established strat-
egies by authorities would effectively reduce the preva-
lence of MCI and dementia in China.
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