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Abstract

To investigate the role of the Montreal Cognitive Assessment (MoCA) (Beijing version) and its memory tasks on detecting
different mild cognitive impairment (MCI) subtypes including amnestic MCI (aMCI) and nonamnestic MCI (naMCI) in memory
clinics. A total of 121 patients with MCI and 53 healthy controls were included. Fifty-six aMCI-multiple domains (amMCI), 32
aMCl-single domain (asMCI), and 33 naMCI patients were diagnosed according to extensive cognitive tests. All participants
were administered by the Mini Mental State Examination (MMSE) and the MoCA. Patients with amMCI performed worse than
patients with asMCI, naMCI, and healthy controls on the MMSE and the MoCA (p <0.001). The area under the curve (AUC)
value for the MoCA when comparing the amMCI and control groups was 0.884 (p < 0.001), which was superior to that of the
MMSE. The AUC value decreased to 0.687 when applied to the naMCI and control groups (p = 0.007), which was still higher
than that of the Rey Auditory Verbal Learning Test (RAVLT) or the Rey-Osterrieth complex figure (ROCF). Delayed free recall
or category prompted recall in the MoCA had roles in differentiating asMCI and controls groups with AUC value of 0.717 (p =
0.002) and 0.691 (p = 0.005), respectively. The MoCA is a good screening tool for detecting different types of MCI and is suitable

for patients in outpatient clinics.
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Introduction

Dementia has become a significant health problem within the
light of the ever-increasing older population in China [1]. Mild
cognitive impairment (MCI) is an intermediate state between
dementia and normal cognitive aging, and could provide im-
portant information about the population at risk for developing
dementia [2]. Identification of MCI is thought to be crucial to
early intervention. The expanded concept of MCI distinguishes
four clinical subtypes: amnestic MCI-single domain (asMCI),
amnestic MCI-multiple domains (amMCI), nonamnestic MCI-
single domain (nasMCI), and nonamnestic MCI-multiple do-
mains (namMCI), which differ in etiology and outcome.
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Amnestic MCI (aMCI) is said to have a high likelihood of
progressing to Alzheimer’s disease (AD), especially amMCI.
Nonamnestic MCI (naMCI) is assumed to have a higher like-
lihood of progressing to a non-AD dementia [2-5].

The prevalence of MCI from the Mayo Clinic Study of
Aging is estimated at approximately 15% of the
nondemented population with a 2:1 ratio of aMCI to
naMCI [3]. The expanded Mayo Clinic criteria for MCI
have been used in most studies and require trained spe-
cialists and a battery of time-consuming, complicated cog-
nitive tests. The application of these tests is suitable for
memory clinics but too complex for general outpatient
clinics. A brief screening tool would therefore be a more
practical approach for clinicians. The Montreal Cognitive
Assessment (MoCA) was specifically developed as a
screening tool for MCI and has been shown to have high
sensitivity and specificity in various countries, including
China [6]. The purpose of the present study was to inves-
tigate the value of the MoCA in detecting and differenti-
ating different MCI subtypes, including aMCI and
naMCI, in memory clinics and the relationship between
the MoCA and other special memory tests.
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Methods
Subjects

One hundred seventy-four subjects were recruited from our
memory clinics between 2013 and 2015. All participants
underwent routine assessments, including standardized history
taking, physical and neurological examinations, necessary lab-
oratory tests, and a CT or MRI scan. One hundred twenty-one
of these patients (63 men and 58 women, mean age 73.67 +
7.72 years, age range 51 to 90 years) were diagnosed with MCI
and fulfilled the following criteria: (1) cognitive complaint,
preferably corroborated by an informant; (2) objective cogni-
tive impairment, quantified as a performance score greater than
1.5 SD below the appropriate mean on one cognitive test of any
domain; (3) normal general cognitive functioning (scores of the
Mini Mental State Examination (MMSE) [7] equal to or above
26); (4) essentially intact activities of daily living (ADL); and
(5) no dementia [8]. Subjects with a score less than 1.5 SD from
the mean on a learning measure or delayed recall on the Rey
Auditory Verbal Learning Test (RAVLT) [9] or the Rey-
Osterrieth complex figure (ROCF) [10] were classified as hav-
ing aMCI. Subjects with a score less than 1.5 SD from the mean
on at least one test of attention, executive function, language
facilities, and visuospatial capacity, but no memory impair-
ment, were classified as having naMCI. Subjects with aMCI
were subclassified as asMCI if they only had impairment in
memory and as amMCI if they also had impairments in non-
memory domains. Fifty-six amMCI, 32 asMCI, and 33 naMCI
patients were included in the study. The Clinical Dementia
Rating (CDR) Scale [11] was 0.5 in all MCI patients.

Fifty-three subjects were included as healthy controls
including 18 men and 35 women with a mean age of
70.19+9.72 years. The inclusion criteria for controls
were as follows: (1) normal cognitive functions verified
by informants, (2) scores of the MMSE equal to or above
26, (3) intact ADL, (4) a CDR of 0, and (5) scores of all
cognitive tests higher than 1.5 SD from the mean.
Exclusion criteria for the controls were severe medical
illness, neurological disorder, psychiatric disease, hearing
or eyesight loss, and obvious abnormalities on a cranial
CT or MRI such as stroke and obvious white matter
changes. Participants who were prescribed psychiatric
drugs were also excluded.

The objectives of the research were explained to partici-
pants and their families and written informed consent was
obtained. The research was approved by the Ethics
Committee of the China-Japan Friendship Hospital.

Cognitive assessments

The cognitive assessments were administered according to a
standard procedure by technicians and scored by a
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neuropsychologist. All of them knew nothing on the diagnosis
of the participants. The time required for test administration
was approximately 90 min.

The test battery included global cognitive screening,
attention/processing speed, executive function, memory
aptitude, language facilities, and visuospatial abilities.
The MMSE and the MoCA (Beijing version) were used
for global cognitive screening [6, 7]. The scores relative
to the memory tasks in the MMSE include immediate
recall (maximum = 3), delayed recall (maximum = 3), and
total recall (maximum = 6). The scores regarding memory
tasks in the MoCA were categorized as delayed free recall
(maximum = 5), category prompted recall (maximum =5),
and multiple choice recognition (maximum = 5).

Other cognitive tests assessed each cognitive domain to
diagnose MCI. The Digit Span Forward of the Wechsler
Adult Intelligence Test-Revised Chinese (WAIS-RC) version
[12], the Trail Making Test A [9], the Stroop Color Word Test
(modified version) Part A [9], and the Digit Symbol Subtest of
WAIS-RC [12] were used to assess processing speed/atten-
tion. Executive function was assessed using the Chinese
Version of Trail Making Test B [13] and the Stroop Color
Word Test (modified version) Part C [9]. The RAVLT included
the sum of trials 1 to 5 and delayed recall to detect verbal
memory [9]. Delayed recall (30 min) of the ROCF [10] was
also used to measure visual memory. The Semantic Category
Verbal Fluency Test (animal) [9] and the Boston Naming Test
as modified by Cheung et al. [14] assessed language ability.
Visuospatial skills were verified by the ROCF [10], the Block
Design of WAIS-RC [12], and the Clock Drawing Test (CDT)
[15], including the command and copy conditions, which
were scored by the Rouleau system. The raw scores were
achieved in all cognitive tests.

Statistical analysis

Statistical analyses were performed using SPSS, version
17.0 (SPSS Inc., USA). Data were expressed as the mean
+ SD unless otherwise specified. A one-way ANOVA was
applied for quantitative variables among the control, the
amMCI, the asMCI, and the naMCI groups, including the
demographic data, the results of the MMSE or the MoCA,
and the scores from memory evaluations in either test.
Post hoc analyses were Bonferroni corrected for multiple
comparisons. The Chi-square test was used to compare
the differences between the qualitative variables among
the four groups, such as the sex ratio. Receiver operating
characteristic (ROC) analysis was calculated to compare
the diagnostic performance of the control group with the
different MCI groups. The sensitivity and specificity of
every memory task or the total scores from the MMSE
or the MoCA were also assessed. The Pearson correlation
coefficient (r) was used to evaluate the correlations
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between the MMSE, the MoCA, and the memory tasks
from both and the scores from the memory tests. All sta-
tistical tests were two-tailed, and p <0.05 was used to
determine statistical significance.

Results

The demographic and clinical data of the patients with
amMCI, asMCI, and naMCI and the healthy controls are sum-
marized in Table 1. The healthy controls were younger than
the patients with amMCI (p =0.012). The educational years
were similar among the four groups. There were more males
in the asMCI group than in the other three groups (p = 0.020).

Patients with amMCI performed worse than patients with
asMCI, naMCI, and the healthy controls on the MMSE, and
total and delayed recall in the MMSE (p < 0.001), but there
were no differences among the last three groups. Patients with
amMCI (20.90+3.29) had lower scores on the MoCA than
both the asMCI (24.76 +2.17) and naMCI patients (23.76 +
3.40), as well as the healthy controls (25.79 +2.25) (p <
0.001), while the scores from naMCI patients were lower than
those of the healthy controls (»p = 0.016). amMCI patients per-
formed worse than naMCI patients and healthy controls on
delayed free recall (p <0.001), while the asMCI group had
lower scores than the healthy controls (p = 0.005). The scores
on category prompted recall of amMCI patients were lower
than those of asMCI patients (p =0.006), naMCI patients
(p <0.001), and healthy controls (p < 0.001); the scores from
asMCI patients were lower than those of the healthy controls
(p=0.015). Regarding multiple choices recognition, patients
with amMCI performed worse in comparison to patients with
asMCI (p =0.009), patients with naMCI (p =0.017), and
healthy controls (p <0.001). Patients with naMCI performed
worse than the healthy controls in this task (p = 0.026).

The area under the curve (AUC) values for the total
scores on the MMSE and the MoCA when comparing the

amMCI group and the control group were 0.819 (Cl=
0.734-0.904) and 0.884 (CI=0.814-0.955) (p <0.001),
respectively. The AUC values for the scores on delayed
free recall and category prompted recall on the MoCA were
0.816 (CI=0.724-0.909) and 0.845 (CI=0.761-0.925)
(p <0.001), respectively. In the comparison of the asMCI
and control groups, the AUC values for the scores on de-
layed free recall and category prompted recall on the
MoCA were 0.717 (CI=0.601-0.833) (p =0.002) and
0.691 (CI1=0.569-0.814) (p =0.005), respectively, where-
as the AUC values for the MMSE decreased to 0.645 (p =
0.035). The MoCA had an inferior diagnostic role
(p>0.05). In the comparison of the naMCI and control
group, only total scores from the MoCA and multiple
choices recognition had a diagnostic role, and the AUC
values were 0.687 (CI=0.554-0.819) (p=0.007) and
0.680 (CI=0.549-0.811) (p =0.009), respectively. The
sum of trials 1 to 5, delayed recall of the RAVLT, and
delayed recall of the ROCF had better diagnostic roles
when comparing the amMCI or asMCI group and the con-
trol group. The AUC values of those decreased when com-
paring the naMCI group and the control group (Table 2).
1f<27,<24,<2, and <3 were selected as cutoff values for
the MMSE, the MoCA, delayed free recall, and category
prompted recall on the MoCA when comparing amMCI pa-
tients with healthy controls, the sensitivity was 74.0, 88.0,
83.3, and 85.4%, respectively, and the specificity was 77.0,
66.7, 66.0, and 66.0%. If <28, <2, and <3 were selected as
cutoff values for the MMSE, delayed free recall, and category
prompted recall on the MoCA, the sensitivity was 44.8, 55.2,
and 51.7%, respectively, and the specificity was still 77.0,
66.0, and 66.0%, respectively, when comparing asMCI pa-
tients with healthy controls. When <25 and <4 were selected
as cutoff values for the MoCA and multiple choices recogni-
tion on the MoCA, the sensitivity was 65.5 and 44.8%, re-
spectively, and the specificity was 56.3 and 89.6%, respective-
ly, in the comparison of naMCI patients with healthy controls.

Table 1 The demographic and cognitive data of the patients with amMCI, asMCI, and naMCI and the healthy controls

Items amMCI (n =56) asMCI (n=32) naMCI (n=33) Controls (n=53) F/X2 P

Age (years) 75.18+7.12 71.03+£8.23 73.67+7.73 70.19+9.12 3.849 0.012
Gender (female percentage %) 55.4 313 51.5 66.0 9.845 0.020
Education (years) 13.93+£3.22 13.97+£2.66 13.76 £3.22 14.10£2.36 0.099 >0.05
MMSE 25.86+2.34 27.76+1.38 27.69+2.17 28.48+1.35 15.250 <0.001
Total recall 4.06+1.02 497+1.05 5.14+1.09 5.13+1.10 10.339 <0.001
Immediate recall 2.96+0.20 3.00+0.00 2.90+0.31 3.00+0.00 2483 >0.05
Delayed recall 1.10£0.99 1.97+1.05 2.24+1.06 2.13£1.10 10.518 <0.001
MoCA 20.90+3.29 2476 £2.17 23.76 £3.40 25.79+2.25 25.057 <0.001
Delayed free recall 1.13+£1.58 1.93+1.44 2.72+1.56 3.13+£1.36 16.041 <0.001
Category prompted recall 1.96+1.56 3.10+1.32 3.52+1.27 4.00+£0.93 20.393 <0.001
Multiple choice recognition 3.60+1.63 4.52+0.79 4.45+0.74 4.89+0.38 12.385 <0.001
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Table 2 ROC analysis between the different MCI and control groups
Items aMCI vs normal amMCI vs normal asMCI vs normal naMCI vs normal
AUC P AUC )4 AUC P AUC P

MMSE 0.750 <0.001 0.819 <0.001 0.645 0.035 0.584 >0.05
Total recall 0.669 0.002 0.745 <0.001 0.551 >0.05 0.501 >0.05
Delayed recall 0.666 0.002 0.740 <0.001 0.551 >0.05 0.477 >0.05
MoCA 0.785 <0.001 0.884 <0.001 0.631 >0.05 0.687 0.007
Delayed free recall 0.777 <0.001 0.816 <0.001 0.717 0.002 0.568 >0.05
Category prompted recall 0.785 <0.001 0.845 <0.001 0.691 0.005 0.602 >0.05
Multiple choice recognition 0.690 <0.001 0.728 <0.001 0.631 >0.05 0.680 0.009
Sum of trials 1 to 5 of the RAVLT 0.876 <0.001 0917 <0.001 0.814 <0.001 0.649 0.030
Delayed recall of the RAVLT 0.911 <0.001 0.923 <0.001 0.892 <0.001 0.617 >0.05
Delayed recall of the ROCF 0.870 <0.001 0918 <0.001 0.794 <0.001 0.641 0.040

After controlling for age and education, the scores of the
MoCA showed a positive relationship with the sum of trials 1
to 5 of the RAVLT (r=0.407, p =0.007) and delayed recall of
the ROCF (r=0.407, p = 0.007). Delayed free recall, category
prompted recall, and multiple choices recognition had positive
correlations with the sum of trials 1 to 5 (»=0.580, 0.497,
0.404; p<0.001, 0.001, 0.007, respectively), delayed recall
of the RAVLT (»=0.496, 0.500, 0.374; p=0.001, 0.001,
0.013, respectively), and delayed recall of the ROCF (=
0.512, 0.612, 0.508; p<0.001, p <0.001, p=0.001, respec-
tively) in the amMCI group. In the asMCI group, positive
correlations were found between delayed recall of the
RAVLT and the scores from the MoCA, delayed free recall,
category prompted recall, and multiple choices recognition
(r=0.539, 0.495, 0.449, 0.478; p=0.004, 0.009, 0.019,
0.012, respectively). In patients with naMCI, delayed recall
of the RAVLT was positively correlated with the scores from
the MoCA (r=0.464, p=0.015) and multiple choices recog-
nition (»=0.551, p=0.003).

Discussion

The present study investigated the role of the MoCA
(Beijing version) and memory tasks on detecting different
MCIT subtypes, including aMCI and naMClI, in our mem-
ory clinics. Our findings suggest that the MoCA is a use-
ful screening tool for amMCI patients because the AUC
value was 0.884. The test was still effective for patients
with naMCI, who were included despite an AUC value of
0.687. The memory tasks, especially delayed free recall
on the MoCA, were better methods for amMCI and
asMCI patients; however, the AUC values decreased from
0.816 to 0.717. The scores of the RAVLT were clearly
correlated with the total scores and memory tasks of the
MoCA in different MCI subgroups. Although the
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correlation coefficients were not high, they still reflected
the relationship between the MoCA and episodic memory.

The MoCA is growing in popularity as a brief cognitive
screening measure that is freely available with multiple edi-
tions in various languages. The original MoCA reported a
sensitivity of 100% and specificity of 87% in detecting mild
Alzheimer’s disease (AD) using a cutoff score of 26 [6]. It
reported a sensitivity of 90% in detecting MCI. The cutoff
scores varied from 13/14 to 25/26 in the following studies
[16-19], which is mainly attributed to the effects of age, edu-
cation, and culture. The difference between amMCI and
asMCI could be another important factor for the diagnostic
role of the MoCA, although most studies have focused on
patients with aMCI. The total scores of the MoCA could ef-
fectively discriminate amMCI patients from healthy controls
when 24/25 was selected as the cutoff score in our study. The
MoCA was ineffective in differentiating between asMCI pa-
tients and healthy controls.

There are five Chinese versions of the MoCA, but the
Beijing version is the most widely used version in mainland
China [16]. A study investigated the use of the MoCA
(Beijing version) in 8411 community residents of five regions
on mainland China and found high sensitivity (83.8%) and
specificity (82.5%) in the MoCA for the detection of MCI
when the AUC value was 0.899 [16]. Another community-
based study of the MoCA reported modest sensitivity (68.7%)
and specificity (63.9%) (AUC, 0.71) in Beijing when the op-
timal cutoff score was 22 [20]. Among older people in rural
areas, the MoCA showed modest accuracy (AUC, 0.72) in
detecting aMClI, especially in people with limited educational
backgrounds [21]. Another hospital-based study of the MoCA
found that the AUC value was 0.930 with 92% sensitivity and
85% specificity for screening aMCI [22]. The former two
studies defined MCI according to the CDR, and the latter
studies defined aMCI on the AVLT or the memory portion
of the Alzheimer’s Disease Assessment Scale-cognitive
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(ADAS-cog) subscale, potentially resulting in different exper-
imental outcomes. According to the Mayo Clinic Study of
Aging, there are different incidence rates for cognitive (neu-
ropsychological tests) and functional (CDR =0.5) definitions
of MCI, which were 95 and 55 per 1000 person-years, respec-
tively [23]. The ratio between amMCI and asMCI also
showed variable results except for the diagnostic criteria.
Furthermore, the prevalence of asMCI (6.4 and 4.48%) was
higher than that of amMCI (3.7 and 2.09%) in Beijing and
Tianjin community-based studies [24, 25].

For the MMSE, some studies reported that the MoCA is
superior to the MMSE in differentiating MCI patients from
healthy controls (the AUC values were 0.899:0.842,
0.928:0.741) [16, 22], whereas other studies found that the
diagnostic accuracy was similar between the MoCA and the
MMSE (the AUC values were 0.71:0.70, 0.72:0.74) [20, 21].
The MoCA (0.884, 0.717) was superior to the MMSE (0.819,
0.645) in detecting amMCI or asMCI with better AUC value
in the present study, although no significant difference was
achieved, which may contribute to smaller samples. The
MoCA was a good discriminator for naMCI, whereas the
MMSE was not useful.

naMClI is another common MCI subtype with a prevalence
of 5.6 or 7.0% according to the Beijing Ageing Brain
Rejuvenation Initiative and the Shanghai Aging Study [24,
26]. The present study demonstrated that the MoCA had a
diagnostic role in detecting naMCI because many non-
memory tasks were included. The accuracy was lower than
that of differentiating amMCI patients from controls but better
than that of memory tests such as the RAVLT or the ROCF,
although naMCI patients also experienced impairment of ep-
isodic memory [27].

The subtasks of the MoCA have important roles for
cognitive screening, besides the total scores from the
MoCA. A Brazilian study showed that word repetition,
inverse digits, serial 7, phrases, verbal fluency, abstraction,
and word recall could appropriately discriminate between
MCI patients and controls [28]. Another study reported
that serial subtraction, delayed recall, and orientation tasks
were the best individual items for distinguishing between
cognitively impaired subjects and control subjects [29].
These short versions of the MoCA had similar diagnostic
accuracy as the standard version. Delayed recall was
shown to be the most difficult item and the best index to
differentiate MCI patients from the healthy controls in
many studies [28-30]. Even the MoCA-Memory Index
Score at the time of diagnosis could predict the risk of
conversion to AD in a short follow-up period [31].
Delayed free recall or category prompted recall in the
MoCA was a good discriminator for amMCI patients, al-
though the accuracy was lower compared to the accuracy
from using the total scores of the MoCA. Furthermore,
these could differentiate asMCI patients from the healthy

controls with modest accuracy. Multiple choices recogni-
tion had some roles on detecting naMCI patients, but with
low sensitivity.

The present study has some limitations. First, the par-
ticipants were selected from our memory clinics and not
from the community, which may lead to bias. Second, the
findings must be interpreted with caution because of the
small size of our sample, especially for asMCI and
naMCI. naMCI was not divided into nasMCI and
namMCI for the same reason. Third, the selected healthy
controls had cognitive preservation with a CDR of 0,
which may not necessarily be representative of health.

In conclusion, the total score of the MoCA was a better
discriminator for amMCI and had a modest accuracy in dif-
ferentiating naMCI patients from healthy controls that was
better than the MMSE. Delayed free recall or category
prompted recall was effective in detecting amMCI and
asMCI. All of these contributed to the relationship between
the MoCA and episodic memory. Thus, the MoCA and its
memory tasks are good tools for detecting MCI and are suit-
able for patients in outpatient clinics. Further studies should be
performed in a larger community-based population to deter-
mine its usefulness.
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