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ABSTRACT

Background and Purpose: Two conversion scales between the Mini-Mental State Examination 
(MMSE) and the Montreal Cognitive Assessment (MoCA) have been validated for Korean 
patients with Parkinson's disease. The aim of the present study was to validate these conversion 
scales for all patients with cognitive impairments regardless of dementia subtype.
Methods: Medical records of 323 subjects who completed both MMSE and MoCA on the same 
day were retrospectively reviewed. Mean, median, and root mean squared error (RMSE) of the 
difference between true and equivalent MMSE scores were calculated. Intraclass correlation 
coefficients (ICCs) between true and equivalent MMSE scores were also calculated. The 
validity of MoCA-MMSE conversion scales was evaluated according to educational level (low 
educated: ≤6 years; high educated: ≥7 years) and subtypes of cognitive impairment.
Results: The difference between true and equivalent MMSE scores had a median value of 0, 
a mean value of 0.19 according to the van Steenoven scale, a mean value of 0.57 according to 
the Lawton scale, RMSE value of 2.2 according to the van Steenoven scale, and RMSE value 
of 0.42 according to the Lawton scale. Additionally, ICCs between true and equivalent MMSE 
scores were 0.92 and 0.90 on van Steenovan and Lawton conversion scales, respectively. 
These results were maintained in subgroup analyses.
Conclusions: Findings of the present study suggest that both van Steenovan and Lawton 
MoCA-MMSE conversion scales are applicable to transforming MoCA scores into MMSE scores 
in patients with cognitive impairments regardless of dementia subtype or educational level.

Keywords: Mini Mental State Examination; Montreal Cognitive Assessment;  
Cognitive Impairments; Dementia

INTRODUCTION

As dementia is becoming a major health issue worldwide, it has been increasingly important 
to develop and validate effective tools for assessing cognitive function in aging populations. 
Although several types of imaging technology and a variety of biomarkers have recently 
emerged, brief cognitive screening tests remain the most important component of a 
dementia diagnosis. The most widely used cognitive screening instrument is the Mini-
Mental State Examination (MMSE) which has been very well validated by previous studies.1-4 
However, MMSE is under copyright restrictions.5,6 In addition, it is unsuitable for detecting 
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mild cognitive impairment (MCI) in highly educated people.7 As a result, the Montreal 
Cognitive Assessment (MoCA)8 has been increasingly used to diagnose dementia, especially 
Parkinson's disease (PD) dementia.9,10 This tool was developed to screen for MCI including 
expanded assessments of executive and visuospatial functions.11

Transitioning MMSE score into MoCA score can be complicated because MoCA is generally 
more difficult than MMSE.12 Scores of these two measures have never been regarded as 
equivalent. Thus, a reliable conversion algorithm between these screening tests needs to 
be developed. Over the last few years, several studies have been performed to establish a 
MoCA-MMSE conversion scale.4,13-15 Two MoCA-MMSE conversion scales developed by van 
Steenoven et al.15 and Lawton et al.14 have reasonable validity. Recently, it has been shown 
that both of these MoCA-MMSE conversion scales are useful for transforming MoCA scores 
into converted MMSE scores in Korean patients with PD.16 However, patients with other 
subtypes of dementia were not assessed. Thus, the objective of the present study was to 
validate these 2 conversion scales for PD patients as well as patients with a wide variety of 
dementia subtypes.

METHODS

Patients
Medical records of patients who visited our hospital from October 2017 to September 2018 
due to cognitive complaints were retrospectively reviewed. We included all patients who 
completed the Korean version of the MMSE (K-MMSE) and the Korean version of the MoCA 
(K-MoCA) on the same day. Because the purpose of this study was to validate conversion 
scores for all patients, not merely those with PD, the present sample encompassed a wide 
range of cognitive disorders, including Alzheimer's disease (AD), vascular dementia (VD), 
MCI, and other dementia such as Parkinson related or frontotemporal lobe dementia. This 
study was approved by the Institutional Review Board of the Bundang Jesaeng General 
Hospital. Patient consent was obtained.

Neuropsychological assessments
MMSE and MoCA are simple and multidomain cognitive screening tools with scores ranging 
from 0 to 30. The MMSE includes items assessing time and place orientation (10 points), 
memorization and immediate recall (6 points), attention and concentration (5 points), 
oral and written language ability (8 points), and visuospatial function (1 point). The MoCA 
includes items assessing visuospatial and executive function (5 points), naming (3 points), 
memory (5 points), attention (6 points), abstraction (2 points), language (3 points), and 
orientation (6 points). In the present study, the K-MoCA was adjusted by adding 1 point to 
scores of patients with an education level ≤6 years.

Statistical analyses
First, the correlation between MMSE score and MoCA score was analyzed by Pearson 
correlation coefficient. To convert MoCA scores to MMSE scores, the same equipercentile 
method described by van Steenoven et al.15 and Lawton et al.14 (Table 1) was used. This method 
matches scores on MMSE and MoCA tests according to percentile ranks following a long-linear 
smoothing of distribution. We calculated the mean, standard deviation, median, interquartile 
range (IQR), and root mean squared error (RMSE) based on the difference between real and 
equivalent MMSE scores. Smaller mean, median, and RMSE values were indicative of a more 
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accurate MoCA-MMSE conversion. Additionally, intraclass correlation coefficient (ICC) and 
confidence interval (CI) between real and equivalent MMSE scores were evaluated.

RESULTS

Demographic and clinical characteristics
The present study included 323 patients (199 females, 124 males) with a mean age of 
72.91±1.35 years and mean MMSE and MoCA scores of 21.92±5.92 and 15.75±7.05, 
respectively. These participants were divided into two groups based on educational level; low 
educated (≤6 years, n=153, mean age: 76.89±7.65 years) and high educated (≥7 years, n=170, 
mean age: 69.26±13.29 years). Mean scores on K-MMSE and K-MoCA in the low educated 
group were 19.12±5.43 and 11.81±5.82, respectively, whereas those in the high educated group 
were 24.5±5.15 and 19.35±6.01, respectively. Based on subtypes of cognitive impairments, 
about half of patients had MCI (49.2%), with more MCI patients in the high educated group 
(65.9%) than those in the low educated group (30.7%). On the contrary, both AD and VD 
were more prevalent in the low educated group than in the high educated group (47.1% vs. 
24.1% and 19.0% vs. 7.1%, respectively). The number of patients with AD was 113 (35.0%) 
and that of patients with VD was 41 (12.7%). Detailed demographic characteristics of each 
group are presented in Table 2.
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Table 1. Conversion from MoCA to MMSE score by van Steenoven et al.15 and Lawton et al.14

Adjusted K-MoCA score Equivalent MMSE score Equivalent MMSE score
1 6 1
2 9 2
3 11 4
4 12 10
5 13 13
6 14 14
7 15 15
8 15 16
9 16 17

10 17 18
11 18 18
12 18 19
13 19 20
14 20 20
15 21 21
16 22 22
17 22 22
18 23 23
19 24 24
20 25 24
21 26 25
22 26 26
23 27 26
24 28 27
25 28 28
26 29 28
27 29 29
28 30 29
29 30 30
30 30 30

MoCA scores were adjusted by adding 1 point in patients with 6 or fewer years of education.
MoCA: Montreal Cognitive Assessment, MMSE: Mini-Mental State Examination, K-MoCA: Korean version of the 
Montreal Cognitive Assessment.



Validation of the MoCA-MMSE conversion scale
MoCA scores were highly and positively correlated with MMSE scores in all patients (r=0.922; 
p<0.001). This trend maintained in both high educated group (r=0.910; p<0.001) and low 
educated group (r=0.897; p<0.001) (Fig. 1). Table 3 shows validation results of MoCA-MMSE 
conversions. Using the van Steenoven conversion scale, the mean difference between 
real and equivalent MMSE scores was 0.19 and the median difference was 0 (IQR: −1, 2). 
Similarly, using the Lawton conversion scale, the mean of difference was 0.57 and the median 
difference was 0 (IQR: −1, 2). In subgroup analysis according to education level, using the 
Lawton conversion scale, mean differences for high educated group and low educated 
group were 0.26 and 0.84, respectively, and median values were 0 (IQR: −2, 2) and 1 (IQR: 
−1, 2), respectively. In terms of subgroups of cognitive impairment, the mean difference was 
0.49 in AD, 0.39 in VD, and 0.47 in MCI using the van Steenoven conversion scale. Median 
differences were 0 (IQR: −2, 1), −1 (IQR: −2, 1.5), 1 (IQR: 0, 2), respectively. Using the Lawton 
conversion scale, mean differences, median differences, and RMSEs were very similar to 
results using the Steenoven conversion scale. ICCs between true and equivalent MMSE scores 
were 0.92 (95% CI, 0.90–0.93) using the van Steenonven conversion scale and 0.9 (95% CI, 
0.88–0.92) using the Lawton conversion scale. In sub-analysis based on educational level, the 
van Steenoven conversion scale had an ICC of 0.89 (95% CI, 0.85–0.92) for the low educated 
group and an ICC of 0.91 (95% CI, 0.88–0.93) for the high educated group. Similarly, the 
Lawton conversion scale had an ICC of 0.87 (95% CI, 0.82–0.90) for the low educated group 
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Table 2. Demographics and clinical characteristics of study subjects
Characteristics Low educated (≤6 yr, n=153) High educated (≥7 yr, n=170) Total patients (n=323)
Age (yr) 76.89±7.65 69.26±13.29 72.91±11.35
Sex (M:F) 38:115 86:84 124:199
Education years 3.53±2.54 12.19±2.81 8.04±5.07
K-MMSE 19.12±5.43 24.5±5.15 21.92±5.92
K-MoCA 11.81±5.82 19.35±6.01 15.75±7.05
BDI score 6.88±4.49 5.49±4.52 6.16±4.55
Subtype

AD 72 (47.1) 41 (24.1) 113 (35.0)
VD 29 (19.0) 12 (7.1) 41 (12.7)
Other dementia 5 (3.3) 5 (3.0) 10 (3.1)
MCI 47 (30.7) 112 (65.9) 159 (49.2)

Data are presented as means±standard deviations or number (%).
K-MMSE: Korean version of the Mini-Mental Status Examination, K-MoCA: Korean version of the Montreal Cognitive 
Assessment, BDI: Beck Depression Inventory, AD: Alzheimer's disease, VD: vascular dementia, MCI: mild cognitive 
impairment.
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Fig. 1. Scatterplots of MMSE and MoCA scores in all patients (A), low educated group (B), and high educated group (C). 
MMSE: Mini-Mental State Examination, MoCA: Montreal Cognitive Assessment.



and an ICC of 0.89 (95% CI, 0.85–0.92) for the high educated group. In terms of cognitive 
impairment subtypes, the van Steenoven conversion scale had an ICC of 0.85 (95% CI, 
0.79–0.89) for AD, 0.82 (95% CI, 0.88–0.93) for VD, and 0.86 (95% CI, 0.81–0.90) for MCI. 
Similarly, the Lawton conversion scale had an ICC of 0.80 (95% CI, 0.72–0.86) for AD, 0.80 
(95% CI, 0.67–0.89) for VD, and 0.77 (95% CI, 0.70–0.83) for MCI.

DISCUSSION

The present study retrospectively evaluated data to validate MoCA-MMSE conversion 
scales developed by van Steenoven et al.15 and Lawton et al.14 for all patients with cognitive 
impairments. Mean and median differences between real and equivalent MMSE scores were 
close to 0 for both conversion scales. Both scales had good correlations between true and 
equivalent MMSE scores. Thus, van Steenoven and Lawton conversion scales both exhibited 
good validity for transformation of MoCA scores into equivalent MMSE scores for all 
dementia patients regardless of subtype of cognitive impairment.

The MMSE is a tool most widely used to evaluate multiple cognitive domains for identifying 
cognitive dysfunction. However, the accuracy of the MMSE has been questioned due to 
its poor sensitivity in terms of identifying mild cognitive dysfunction in highly educated 
patients. In addition, it does not reflect decreasing levels of attention, executive function, 
or visuospatial function. Several studies have reported that MoCA can assess all cognitive 
domains and that it is sensitive to cognitive abnormalities in patients with MCI or dementia.9 
In particular, PD patients with dementia exhibit impaired attention and executive function. 
As a result, the MoCA has been officially adopted as a screening instrument for cognitive 
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Table 3. Validation of MoCA-MMSE conversion
Difference between MMSE and equivalent MMSE By van Steenoven et al.15 By Lawton et al.14

Total (n=323)
Mean (SD) 0.19 (2.19) 0.57 (2.56)
Median (IQR) 0 (−1, 2) 0 (−1, 2)
RMSE 2.2 2.62

Low educated (≤6 yr, n=153)
Mean (SD) 0.06 (2.32) 0.26 (2.78)
Median (IQR) 0 (−2, 1) 0 (−2, 2)
RMSE 2.31 2.79

High educated (≥7 yr, n=170)
Mean (SD) 0.40 (2.06) 0.84 (2.30)
Median (IQR) 0 (−1, 2) 1 (−1, 2)
RMSE 2.09 2.45

AD (n=113)
Mean (SD) 0.49 (2.22) 0.22 (2.94)
Median (IQR) 0 (−2, 1) 0 (−2, 1)
RMSE 2.27 2.51

VD (n=41)
Mean (SD) 0.39 (2.44) 0.31 (3.17)
Median (IQR) −1 (−2, 1.5) 0 (−2, 3)
RMSE 2.43 3.15

MCI (n=159)
Mean (SD) 0.47 (1.8) 0.54 (1.64)
Median (IQR) 1 (0, 2) 1 (0, 2)
RMSE 2.04 2.15

MoCA: Montreal Cognitive Assessment, MMSE: Mini-Mental State Examination, SD: standard deviation,  
IQR: interquartile range, RMSE: root mean squared error, MCI: mild cognitive impairment.



impairments in PD.1 Due to its high sensitivity to MCI, lack of copyright issues, and free 
accessibility, MoCA is a more useful tool than MMSE for screening cognitive dysfunction not 
only in PD patients, but also in patients with other subtypes of dementia.1

Direct conversion of MoCA score to MMSE score would be helpful given the large quantity 
of clinical data collected using MMSE. MoCA-MMSE conversion scales for AD and MCI 
were investigated from 2013 to 2015.4,12,17 MoCA-MMSE conversion scales for PD were later 
established by van Steenoven et al.15 and Lawton et al.14 MMSE-equivalent MoCA scores in 
these two studies were similar, regardless of subtype of dementia. It has been reported that 
a score of 26 on the MMSE, the cut-off value for MCI, is equivalent to a score of 22 on the 
MoCA for PD-related dementia14,15 and a score of 20 on the MoCA for AD-related dementia.4,12 
A MMSE score of 20 is approximately equivalent to a MoCA score of 13–15 and a MMSE 
score of 10 is approximately equivalent to a MoCA score of 3–4 in all papers.4,12,14,15 A recent 
study by Kim et al.16 has validated these conversion tables in Korean patients with PD and 
suggested that Both van Steenoven and Lawton MoCA-MMSE conversion tables are useful 
for transforming MoCA scores into converted MMSE scores regardless of educational level. 
However, it is virtually impossible for primary clinicians to classify dementia subtype at a 
patient's first visit. Therefore, MoCA-MMSE conversion scales for all subtypes of dementia 
are necessary. MoCA-MMSE conversions scales previously validated in Korean patients with 
PD might be also applicable to patients with other subtypes of dementia. Thus, the present 
study evaluated conversion scales developed by van Steenoven et al.15 and Lawton et al.14 
previously validated in Korean patients.

Previously published data from MMSE and MoCA were obtained from well-educated subjects 
because educational level might influence scores on both screening tests. Some studies 
have shown that MMSE and MoCA can be useful for screening cognitive impairment in less 
educated patients.18 In study on Koreans by Kim et al.,16 approximately 30% of patients had 
6 or fewer years of education. Although conversion scales have satisfactory validity in highly 
educated and less educated patients, it is also necessary to confirm validity in patients with 
low levels of education. In our study, approximately half of patients had 6 or fewer years of 
education. This group had higher mean age, greater proportion of females, and lower MMSE 
and MoCA scores than expected. However, mean, median, and RMSE values for the group 
with low level of education were similar to those for all patients. In addition, ICCs between 
true and equivalent MMSE score for the low educated group were reasonably similar to those 
for the high educated group. These results showed that MoCA-MMSE conversion scales 
exhibited adequate validity even in low educated patients. Thus, both conversion scales were 
useful regardless of educational level.

This study has several limitations that should be considered. The sample was collected from a 
single center with relatively small (n=323) subjects. In addition, this study had a retrospective 
design. Moreover, patients with lower MoCA scores required more validation because 
previous studies of conversion scales were performed with narrow distributions of MoCA 
scores. Finally, subjects in this study were heterogenous because all patients with cognitive 
impairments were enrolled regardless of dementia subtype. Some studies have reported that 
the MMSE-MoCA relationship differs somewhat according to dementia subtype.12 Therefore, 
large studies including all dementia subtypes and detailed analyses according to dementia 
subtype are needed in the future. However, the aim of the present study was to document 
the validity of MoCA-MMSE conversion scales in all patients with cognitive impairments 
drawn from a primary clinic center. Therefore, this study might suggest that MoCA-MMSE 
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conversion scales could be widely used in all patients regardless of education level or subtype 
of cognitive impairment.

In conclusion, this study showed that both van Steenoven et al.15 and Lawton et al.14 
conversion scales were useful for transforming MoCA scores into equivalent MMSE scores 
for patients with PD as well as for those with cognitive impairments. Moreover, these scales 
can be applied to individuals with low levels of education. These results will be helpful for 
applying MoCA scores to those with general dementia.
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