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Background: The Chinese version of the Mini-Mental State Examination

(MMSE-C) and the Beijing version of the Montreal Cognitive Assessment

(MoCA-BJ) are the most commonly used scales to screen for Alzheimer’s

disease (AD) among Chinese patients; however, their consistency varies

according to populations and languages. Equivalent conversion of MMSE-C

and MoCA-BJ scores is important for meta-analysis.

Materials and methods: MMSE-C and MoCA-BJ scoring were performed on

the enrolled patients with AD (n = 332). Consistency analysis of MMSE-C and

MoCA-BJ scores of patients in the conversion groups was performed. The

circle-arc method was used to convert the MMSE-C scores of the conversion

groups into MoCA-BJ scores, and the conversion formula was generated. The

MMSE-C data of the verification group was converted to MoCA-BJ according

to the formula, and the consistency analysis of the original MoCA-BJ of the

verification group and the converted MoCA-BJ was performed to verify the

conversion model.

Results: The results of the consistency analysis of MMSE-C and MoCA-

BJ in group A showed that the correlation coefficients of the total group,

high education years subgroup, medium education years subgroup, and low

education years subgroup were 0.905 (P < 0.001), 0.874 (P < 0.001), 0.949

(P < 0.001), and 0.874 (P < 0.001), respectively, with high consistency and

statistical significance. After applying the circle-arc method for equivalent
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conversion, the consistency analysis results of the original and the converted

MoCA-BJ of the patients in group B of the total group, high education

years subgroup, medium education years subgroup, and low education years

subgroup were 0.891 (P < 0.001), 0.894 (P < 0.001), 0.781 (P < 0.001), 0.909

(P < 0.001), respectively, with high consistency and statistical significance.

Conclusion: We established and validated a model of MMSE-C and MoCA-BJ

score conversion for Chinese patients with AD using the circle-arc method.

This model could be useful for multi-centers clinical trials and meta-analysis.

KEYWORDS

MMSE-C, MoCA-BJ, AD, circle-arc method, consistency analysis, conversion model

Introduction

Alzheimer’s disease (AD) is a neurodegenerative
disease characterized by progressive cognitive dysfunction
and abnormal mental behavior (Sperling et al., 2011).
Its two diagnostic neuropathological hallmarks are
numerous extracellular deposits of amyloid-β (Aβ) plaques
and neurofibrillary tangles (Braak and Braak, 1996).
Neuropsychological assessment is used to assist in the diagnosis
of AD and evaluate the efficacy of the treatment (Ashford et al.,
2006). Currently, there are various neurological assessment
scales in clinical practice (Tsoi et al., 2015); the Mini-Mental
State Examination (MMSE) (Folstein et al., 1975) and the
Montreal Cognitive Assessment (MoCA) (Nasreddine et al.,
2005) are the two most common ones.

The MMSE scale covers six aspects, including orientation
(time and place), registration, attention and calculation, recall,
language (naming, retelling, listening and understanding,
reading, and writing), and visual construction, with a total
score of 30 (Folstein et al., 1975). The MMSE score abnormal
interpretation criteria varies according to the educational levels
of the subjects (Tombaugh and McIntyre, 1992).

The MoCA scale involves eight cognitive domains,
including attention and concentration, executive function,
memory, language, visuospatial skills, abstract thinking,
computation, and orientation, with a total score of 30
(Nasreddine et al., 2005). The boundary value of the MoCA
scale is 26 points for normal and cognitive impairment. If the
duration of education of the subject is not more than 12◦years,
one point is added to the original score (Lee et al., 2008; Siciliano
et al., 2019).

The MMSE is greatly affected by age, socioeconomic status,
and education level (Crum et al., 1993), for example, it is not
sensitive enough for elderly subjects (> 75–80◦years), patients
with mild cognitive impairment, and subjects with a high
education level (Nys et al., 2005). Meanwhile, MoCA showed
a higher detection rate for mild cognitive impairment (MCI)
than MMSE and a lower detection rate for moderate and severe

dementia than MMSE (Roalf et al., 2012; Huang et al., 2018).
MoCA includes more heavily weighted visuospatial and
executive function measurements, which may reduce the impact
of the ceiling and learning effects (Kasten et al., 2010) but
increase the likelihood of the floor effect (Federico et al., 2018).
MoCA also has limitations, its data should stratified by age,
education, ethnically diverse, and population (Dong et al., 2013).
MoCA is less widely used as MMSE (Dong et al., 2013).

Mini-mental state examination (MMSE) and MoCA can
be affected by differences in culture and language (Larner,
2012; Verghese et al., 2012). The MMSE and MoCA have been
translated into local Chinese language. In China, the Chinese
version of the MMSE (MMSE-C) (Zhang, 2003) and the Beijing
version of the Montreal Cognitive Assessment (MoCA-BJ) (Yu
et al., 2012) are the two most widely used.

Given that both scales are widely used in clinical screening,
as well as in clinical trials and cohort studies, a rule to facilitate
conversions and comparison of data from different centers and
clinical trials would be essential (Wong et al., 2013; Helmi
et al., 2016). Therefore, the establishment of validity consistency
conversion of MMSE-C and MoCA-BJ is not only conducive
to the continuity of cognitive tracking in clinical settings but
also to the comparison and integration of cognitive data from
heterogeneous longitudinal studies.

Therefore, this study had the following aims: (1) to estimate
the level of agreement between MMSE-C and MoCA-BJ within
the total and different educational levels Chinese AD patients,
(2) to derive a conversion model for the two scales using the
circle-arc method, and (3) to validate the conversion model in a
small sample of patients with AD.

Materials and methods

Participants

We enrolled 322 patients who met the diagnostic criteria
of “clinically possible and probable AD” in the 2011 NIA-AA
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diagnostic guidelines, from January 1, 2016, to April 1, 2019,
at Xiangya Hospital of Central South University. Patients with
structural brain lesions (tumor or stroke), and patients with a
previous diagnosis of schizophrenia or bipolar disorder with
psychotic features were excluded. We included patients who
undertook both the MMSE-C and MoCA-BJ in the same session.
The study was approved by the Ethics Committee of Xiangya
Hospital of Central South University, and the subjects provided
informed consent.

Procedures

Patients with AD (n = 322) were randomly divided into
the conversion group A (n = 161) and the validation group B
(n = 161) and stratified according to their length of education.
The consistency of MMSE-C and MoCA-BJ was analyzed for
group A data, and the conversion formula was generated using
the Circular-arc method to obtain the MoCA-BJ score from
0 to 30 MMSE-C points. According to the conversion table

obtained above, the converted MoCA-BJ was obtained for
group B, and the consistency of the formula was verified by
comparing the converted MoCA-BJ with the original MoCA-
BJ in group B.

Equivalent conversion method

The circle-arc method (Livingston and Kim, 2009) is an
equivalent conversion method for grades and rating scales, and
the MoCA-BJ conversion of MMSE-C is more consistent than
the linear method. Therefore, this study applies this method to
the MoCA-BJ conversion of MMSE-C. According to the nadir
(x1, y1), zenith (x3, y3), and midpoint (x2, y2) (Figure 1) of a set
of data, the method applies the following formula for calculation
and conversion to obtain the converted data.

L(x) = y1 +
y3−y1
x3−x1

(x−x1)

y∗ = y−L(x)

FIGURE 1

Circle arc method of converted equating.
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(X−xc)2 + (Y−yc)2 = r2

Y∗ = yc +
√
r2−(X−xc)2 (This formula is used when Y∗ is

positive)
Y∗ = yc−

√
r2−(X−xc)2 (This formula is used when Y∗ is

negative)

xc =
(x32−x12)
2(x3−x1)

yc =
(x12)(x3−x2)−(x22 + (y2∗)2)(x3−x1)+ (x32)(x2−x1)

2[y2∗(x1−x3)]

r =
√

(xc−x1)2 + (yc)2

Statistical analysis

SPSS 19.0 software was used for data analysis. Categorical
variables are expressed in quantity (percentage) and analyzed
using the chi-square test. Continuous variables are expressed as
mean ± standard deviation or median (interquartile interval,
IQR), according to the situation, and analyzed by a t-test
or Mann–Whitney U test. Pearson or Spearman correlation
analysis was used to test the consistency, and statistical
significance was set at P < 0.05.

Results

Patients’ characteristics

A total of 322 patients with AD were included in this study.
Group A of the total group included 161 patients, their mean
age was 69.69± 11.12◦years, and 68 (42.2%) of them were men.
The mean MMSE-C and MoCA-BJ scores were 12.11 ± 6.82
(range, 2–28) and 8.2 ± 5.34 (range, 0–25), respectively. Group
B of the total group included 161 patients; the mean age was
70.01 ± 11.21◦years and 55 (34.2%) of them were men. The
mean MMSE-C and MoCA-BJ scores were 12.27 ± 6.91 (range,
1–27) and 7.91 ± 5.30 (range, 0–22), respectively. Depending
on the level of education, the participants were classified into
three subgroups: low education years subgroup (6 or fewer years
of education, n = 66, group A = 33, group B = 33), medium
education years subgroup (7–9◦years of education, n = 48, group
A = 24, group B = 24), and high education years subgroup (10
or more years of education, n = 84, group A = 42, group B = 42).
The demographic and scale data according to the four groups
are presented in Table 1. There were no statistically significant
differences in age, sex, MMSE-C, or MoCA-BJ between groups
A and B. T
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TABLE 2 Conversion parameter of circle-arc method.

parameters A group of
total group

A group of high
education subgroup

A group of medium
education subgroup

A group of low
education subgroup

(x1, y1) (2,1) (2,1) (2.0) (3,1)

(x2, y2) (12,8) (16,10) (16,10) (9,5)

(x3, y3) (28,25) (27,20) (23,16) (25,15)

(xc , yc) (15, 34.75) (14.5,46.13) (14,−279.88) (14,−263.91)

R 37.09895 47.79476 280.1321 264.1382

TABLE 3 Mini-mental state examination (MMSE-C) and converted montreal cognitive assessment (MoCA-BJ) of group.

MMSE-C Converted MoCA-BJ
of A group of total

group

Converted MoCA-BJ
of A group of high
education subgroup

Converted MoCA-BJ
of A group of medium
education subgroup

Converted MoCA-BJ
of A group of low

education subgroup

0 0 0 0 0

1 0 0 0 0

2 1 1 1 0

3 2 2 2 1

4 2 2 2 2

5 3 3 3 2

6 3 3 4 3

7 4 4 4 4

8 5 4 5 4

9 6 5 6 5

10 6 6 6 6

11 7 6 7 6

12 8 7 8 7

13 9 8 8 7

14 10 8 9 8

15 11 9 9 9

16 12 10 10 9

17 13 11 11 10

18 14 12 11 11

19 15 12 12 11

20 16 13 12 12

21 17 14 13 13

22 18 15 14 13

23 19 16 14 14

24 20 17 15 14

25 21 18 15 15

26 22 19 16 16

27 24 20 17 16

28 25 21 17 17

29 26 22 18 17

30 28 23 18 18

Applying the circle-arc method for
equivalent conversion

Based on the data nadir (x1, y1), zenith (x3, y3),
and midpoint (x2, y2) of group A of every subgroup

(Table 2), we used the circle-arc formula to calculate the
relevant parameters such as xc, yc, and r. The MMSE-C
scale in group B was then substituted into the formula
to get converted MoCA-BJ of group B. The same flow
passes were applied in each subgroup, and the MMSE-C
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FIGURE 2

Mini-mental state examination, montreal cognitive assessment, converted MoCA-BJ distribution scatter plot of groups. (A–C) The MMSE-C,
MoCA-BJ, and converted MoCA-BJ distribution scatter plot of tatol group, (D–F) the MMSE-C, MoCA-BJ, and converted MoCA-BJ distribution
scatter plot of high education subgroup, (G-I) the MMSE-C, MoCA-BJ, and converted MoCA-BJ distribution scatter plot of medium education
subgroup, (J-L) the MMSE-C, MoCA-BJ, and converted MoCA-BJ distribution scatter plot of low education subgroup.
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scale and converted MoCA-BJ of group B were shown in
Table 3.

The distribution of mini-mental state
examination and original montreal
cognitive assessment of group A,
converted and original montreal
cognitive assessment of group B, and
converted montreal cognitive
assessment and original mini-mental
state examination of group B

The original MoCA-BJ and MMSE-C of group A of the
total group were approximately linearly distributed, indicating
good consistency (Figure 2A). The converted and the original
MoCA-BJ in group B of the total group were approximately
linear (Figure 2B). The distribution of the converted MoCA-
BJ and MMSE-C scores in group B of the total group
were also approximately linear (Figure 2C). The original
MoCA-BJ and MMSE-C in group A of each subgroup were
approximately linearly distributed, indicating good consistency
(Figures 2D,G,J). The converted and original MoCA-BJ
in group B of each subgroup were approximately linear
(Figures 2E,H,K, respectively). The converted MoCA-BJ and
MMSE-C in group B of each subgroup were approximately
linear (Figures 2F,I,L, respectively).

Consistency statistical analysis of
mini-mental state examination and
montreal cognitive assessment of
group A and converted montreal
cognitive assessment and original
montreal cognitive assessment of
group B

Consistency analysis of MMSE-C and MoCA-BJ in group A
of the total group showed that the correlation coefficient was
0.905 (P < 0.001) (Table 4). After equivalent conversion by the
circle-arc method, the consistency analysis of the original and
the converted MoCA-BJ in group B of the total group showed
that the correlation coefficient was 0.891 (P < 0.001) (Table 4).
The consistency analysis of MMSE-C and MoCA-BJ in group A
of each subgroups were 0.874 (P < 0.001), 0.949 (P < 0.001),
and 0.874 (P < 0.001) (Table 4), respectively. After equivalent
conversion by the circle-arc method, consistency analysis of
the original and the converted MoCA-BJ in group B of each
subgroups showed that the correlation coefficients were 0.894
(P < 0.001), 0.781 (P < 0.001), and 0.909 (P < 0.001) (Table 4),
respectively. T
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Discussion

In this study, Chinese patients with AD were selected for
consistency analysis of MMSE-C and MoCA-BJ scores, and
the correlation coefficient was 0.905 (P < 0.001), which was
consistent with previous findings (Cao et al., 2012; Lam et al.,
2013; Chen et al., 2016). In the subgroup stratified by education
background, the consistency analysis of the two scales was also
statistically significant. This result suggests that the two Chinese
versions of the scales are highly correlated and could undergo
equivalent conversion.

In this study, MoCA-BJ and MMSE-C were transformed
by the circle-arc method and a transformation model was
verified. Most previous studies have used the equal percentile
equivalence method or the linear equivalence method to convert
the MMSE-C and MoCA-BJ scores. For example, the equivalent
percentile equivalency method was used in patients with AD
(Roalf et al., 2017), all-cause dementia (Bergeron et al., 2017),
and Parkinson’s disease (Van Steenoven et al., 2014) to explore
the consistency of MoCA-BJ conversion into MMSE-C, and the
conclusions were inconsistent. Therefore, later studies have used
the equal percentile equivalency method plus linear smoothing
to convert MMSE and MoCA in PD and the control group
(Lawton et al., 2016), and the results show that the original and
the converted MMSE have good consistency, but that makes
the calculations harder. The circle-arc method uses the two
endpoints and one middle point of the data to obtain the
conversion of two kinds of data based on not establishing the
computational linear model. The method can be used in small
samples (Livingston and Kim, 2009) and can be requires simple
calculations. The equivalent design of the arc method can be
applied to cases where the available sample of the tester is not
enough for equivalent conversion by the traditional method
(Sooyeon and Livingston, 2009). The main advantage of the
equivalent percentile equivalency method is its accuracy in the
upper and lower tail of the score distribution (Sooyeon and
Livingston, 2009), which helps avoid the difficulty in equivalent
conversion caused by the estimated score probability in the
innumerable data area of the scoring scale. In the process
of equivalent conversion, the circle-arc method is simple:
it involves adding the smoothing model to the equivalent
percentile equivalency method.

In this study, a small sample was used to verify the MMSE-
C and MoCA-BJ transformation models established by the arc
method above. In B group of the total group, the converted
MoCA-BJ had a high consistency with the original MoCA-BJ.
In addition, subgroup analysis was conducted based on the
years of education. No matter if one was in the high years of
education, medium years of education, or low years of education
subgroups, the converted MoCA-BJ had a high consistency with
the original MoCA-BJ in group B, which was consistent with the
relevant research results (Van Steenoven et al., 2014; Chen et al.,
2016; Helmi et al., 2016; Lawton et al., 2016).

This study had some limitations. First, it was a single-center
study and has not been validated in other centers. Second,
the conversion of MMSE-C to MOCA-BJ was only performed
in patients with AD, and further validation in other patients
is required. Although there was stratification according to
educational background, the study did not test whether there
were differences in conversion between different educational
backgrounds. Therefore, the next step is to expand the sample
size to verify this transformation.

Conclusion

This study found that the MMSE-C and MoCA-BJ have
higher consistency in Chinese patients with AD. We established
and validated a model of MMSE-C and MoCA-BJ score
conversion for Chinese patients with AD using the circle-arc
method. The transformation model can allow multiple centers
and clinical trials to apply the equivalent conversion of MMSE-C
scores to MoCA-BJ scores and further apply it to meta-analysis.
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