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ABSTRACT

Background and Purpose: The Korean-Mini Mental State Examination, 2nd edition
(K-MMSE~2) was recently released. This study aimed to determine whether the K-MMSE~2:
Standard Version (K-MMSE~2:SV) had the same test characteristics as the K-MMSE.
Methods: A total 0f 1,514 healthy community-based participants aged 19 to 90 years were
administered the K-MMSE~2:SV Blue Form along with the language items from the K-MMSE.
The item and test characteristics and test information for the K-MMSE~2:SV and K-MMSE
were compared using Item Response Theory analysis.

Results: [tem discriminations for the K-MMSE~2:SV and K-MMSE were above the moderate
range for all items except Recall. Most of the items on the K-MMSE~2:SV and K-MMSE had
item category difficulty in the very easy or easy range. The test information curve (TIC)
showed that the K-MMSE~2:SV and K-MMSE provide almost the same amount of information
(27.86 vs. 28.44), with both tests providing the most information at an ability level of -1.57.
The generalizability (G) coefficient for the K-MMSE~2:SV and K-MMSE was 0.99.
Conclusions: These results indicate that the K-MMSE~2:SV and K-MMSE are equally optimal
tests for screening for mild cognitive impairment and early dementia. Given that the amount
of test information provided by the two tests was almost identical, the shapes of the TICs
were very similar, and the G coefficient was close to 1, we can conclude that the K-MMSE and
K-MMSE~2:SV are equivalent tests.

Keywords: Neuropsychological Tests; Mini Mental State Examination; Screening;
Mild Cognitive Impairment; Dementia

INTRODUCTION

As the elderly population and the number of people with dementia increase, the need for
cognitive screening tests that can screen for dementia and reliably measure its severity
in a short time in community and clinical settings also increases.! The Mini-Mental State
Examination (MMSE)? is one of the leading brief screening tests for assessing cognitive
impairment. It has been widely used in a variety of areas related to dementia, including
clinical settings,*® epidemiological studies,”® and clinical trials.*'
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In 2010, 35 years after the MMSE was first published, a revised version, the Mini-Mental
State Examination, 2nd edition (MMSE~2)," was released. The newly developed MMSE~2
consists of 3 versions: a brief version (MMSE~2:BV), a standard version (MMSE~2:SV),

and an expanded version (MMSE~2:EV)." The authors of the MMSE~2 explained their
reasons for developing 3 versions. First, the MMSE~2:BV was developed for use in rapid
clinical assessment and for screening individuals in large population studies. Second, the
MMSE~2:SV was developed to maintain equivalence to the original MMSE while changing
some items to avoid standardized administration issues. Finally, a slightly longer version,
the MMSE~2:EV, was developed. It is more sensitive to subcortical dementia and age-related
changes. It is sufficiently difficult in that it does not have a ceiling effect.™

Recently, the Korean-Mini Mental State Examination, 2nd edition (K-MMSE~2) was
standardized and released.”? The K-MMSE~2 is also available in 3 standardized versions: a
brief version (K-MMSE~2:BV), a standard version (K-MMSE~2:SV), and an expanded version
(K-MMSE~2:EV). Of these, the K-MMSE~2:SV has received more attention than the other

2 newly developed versions because it will replace the Korean-MMSE (K-MMSE)," which
has been used in Korea for more than 20 years. Although the K-MMSE~2:SV maintains

the same structure and scoring system as the K-MMSE, some language items (naming and
comprehension) and the order of items have been changed to match the MMSE~2:SV. The
reliability and validity of each version of the K-MMSE~2 have been statistically verified by
researchers.'> However, psychometric similarities and differences between the K-MMSE and
the K-MMSE~2:SV have not yet been reported. As the K-MMSE has been used in Korea for
more than 20 years, it is necessary to clarify the relationship between the K-MMSE and the
K-MMSE~2:SV to ensure the continuity of data.

Unlike the classical test theory (CTT), where item characteristics such as item difficulty and
discriminant power vary depending on characteristics of the test taker, the item response
theory (IRT) assumes that each item has immutable intrinsic characteristics. It analyzes
items through an item characteristic curve that reflects these characteristics. As a result, the
difficulty and discriminant power of items remain constant regardless of the characteristics
of the test taker, which is the main strength of IRT.*

Several previous studies have used IRT to analyze the MMSE. Some of them have been
designed to produce a single cut-off score for diagnosis rather than to characterize the
items," while others have used dichotomous IRT despite the fact that the MMSE contains
polytomous items, making results unreliable.’®*° In addition, to the best of the authors’
knowledge, studies using IRT to examine test characteristics of the MMSE~2 or determine
differences between the MMSE and the MMSE~2:SV have not been reported yet.

Therefore, the aim of this study was to analyze items and test characteristics of the K-MMSE
and K-MMSE~2:SV using polytomous IRT. We also examined how well the K-MMSE and
K-MMSE~2:SV worked as screening instruments using the test information curve (TIC).
Finally, we checked the equivalency of the K-MMSE~2:SV and the K-MMSE to see if the
K-MMSE~2:SV could be used as an equivalent to the K-MMSE despite changes in items.
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METHODS

Participants

Participants were 1,514 subjects randomly sampled from all metropolitan cities and provinces
across the country who participated in the K-MMSE~2 standardization study.” Based on
Christensen’s health screening criteria,* those with a history of neurological or psychiatric
disorders or suspected brain injury, those with untreated chronic diseases such as hypertension,
diabetes, and hyperlipidemia that might affect cognitive function, and those with visual or
hearing impairments that could affect test performance were excluded. Ages of participants
ranged from 19 to 90 years. Their education levels ranged from illiterate to post-graduate.

Measurements

Items of the K-MMSE and K-MMSE~2:SV were identical except for the naming and
comprehension items. Thus, all participants were administered the K-MMSE~2:SV blue form
along with the naming and comprehension items on the K-MMSE.

Statistical analysis

Paired t-test was used to compare K-MMSE and K-MMSE~2:SV scores. Item discriminations,
item category difficulties, TICs, and item information curves (IICs) for the K-MMSE

and K-MMSE~2:SV were analyzed using generalized partial credit model (GPCM) of the
polytomous IRT.? In the IRT, item discrimination refers to how well an item differentiates
between examinees’ abilities. In tests with polytomous items, such as those of MMSE and
MMSE-~2, item difficulty is assessed by item category difficulty. This indicates the level of
ability required to reach each response category. Item difficulty is expressed through the
difficulty parameter for each category. Ability level (&) represents the estimated ability
parameter of the examinee. The TIC shows how accurately a test measures across the entire
range of ability. IIC shows how well an item contributes to estimating ability along the ability
continuum. The TIC is derived by summing individual IICs.*** To determine the equivalence
of the K-MMSE and the K-MMSE~2:SV, the generalizability (G) coefficient was obtained using
the generalizability theory.!?2¢

Paired -test was performed using the R Statistical Software (version 4.3.1; R Foundation
for Statistical Computing, Vienna, Austria).” IRT analysis was conducted using the Itm R
package (version 1.2.0; R Foundation for Statistical Computing).?®

Ethics statement
The protocol of the present study was reviewed and approved by the Institutional Review
Board (IRB) of Hallym University (HIRB-2019-44).

RESULTS

Demographic characteristics and K-MMSE and K-MMSE~2:SV scores

The mean age of participants was 63.89+16.75 years (range, 19-90 years). There were 641
men and 873 women. The mean level of education was 10.21+5.71 years (range, 0-25 years)
(Table 1). K-MMSE and K-MMSE~2:SV scores are shown in Table 2. There was a significant
difference (=-9.02, p<0.001) between the Language score on the K-MMSE (7.31+1.04)

and the Language score on the K-MMSE~2:SV (7.48+1.06). As a result, the mean score
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Table 1. Distribution of participants by age and education

Education (yr)

Age (ym) 0 1-6 7-9 10-12 213 Total
19-29 0 0 0 24 78 102
30-39 (0] 0 0 7 25 32
40-49 0 0 5 52 81 138
50-59 1 24 31 79 100 235
60-69 15 77 60 73 87 312
70-79 87 128 60 73 88 436
80-90 70 82 22 41 44 259
Total 173 311 178 349 503 1,514

Table 2. item and total scores of the K-MMSE and K-MMSE~2:SV

Item K-MMSE K-MMSE~2:SV
Registration 2.93+0.33

Orientation to time 4.67+0.70

Orientation to place 4.91+0.31

Recall 1.99+1.00

Attention & calculation 3.86+1.43

Language 7.31+1.04 7.48+1.06
Drawing 0.86+0.35

Total score 26.54+3.47 26.71+3.48

K-MMSE: Korean-Mini Mental State Examination, K-MMSE~2:SV: Korean-Mini Mental State Examination, 2nd
edition: Standard Version.

of K-MMES~2:SV (26.71+3.48) was 0.17 points higher than K-MMSE (26.54+3.47). The
difference between the two was statistically significant (=-9.02, p<0.001).

Item characteristics

Item discrimination and item category difficulty for K-MMSE and K-MMSE~2:SV were
analyzed with the GPCM. Results are shown in Table 3. Based on Seong’s criteria,*° of the
7 items on the K-MMSE and K-MMSE~2:SV, Registration, Orientation to time, Orientation
to place, and Attention & calculation all had moderate discrimination, Language had high
discrimination, and Drawing had very high discrimination. However, Recall had a low
discrimination (0.59 with K-MMSE and 0.56 with K-MMSE~2:8V).

Table 3. GPCM item parameter estimates of the K-MMSE and K-MMSE~2:SV

Transition location (Item category difficulty)

Iltems Item discrimination
Oto 1 1to2 2to 3 3to4 4to 5 5to 6 6to7 7to8
K-MMSE
Registration 1.07 -2.70 -2.61 -3.41
Orientation to time 0.92 -3.36 -2.57 -2.80 -2.31 -1.74
Orientation to place 1.04 -4.24 -3.43 -2.88
Recall 0.59 -1.49 -1.30 -0.05
Attention & calculation 1.03 -1.75 -1.42 -1.34 -0.58 -0.56
Language 1.37 -3.89 -2.98 -2.29 -1.62 -1.29 -0.60
Drawing 2.40 -1.31
K-MMSE~2:SV
Registration 1.08 -2.68 -2.58 —3.37
Orientation to time 0.93 -3.35 -92.53 -2.76 -2.29 -1.73
Orientation to place 1.05 -4.22 -3.39 -2.85
Recall 0.56 =1L,50 =1L.35 -0.08
Attention & calculation 1.06 -1.73 -1.41 -1.34 -0.58 -0.53
Language 1.48 -2.20 -1.72 -1.78 -1.34 -1.19
Drawing 2.52 -1.29

GPCM: generalized partial credit model, K-MMSE: Korean-Mini Mental State Examination, K-MMSE~2:SV: Korean-Mini Mental State Examination, 2nd edition:
Standard Version.
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Item category difficulty is not represented by a single number when there are multiple item
response categories, such as for items in MMSE. For the GPCM used in this analysis, the item
difficulty parameter was expressed as the transition location where response probabilities
intersect across one category to the next. Most items in K-MMSE and K-MMSE~2:SV had item
category difficulty ranging from very easy (<-2.0) to easy (-2.0 to —0.5) level (Table 3) except
for Recall. The item category difficulty for Recall in K-MMSE and K-MMSE~2:SV was easy for
scores ranging from O to 1 and from 1 to 2, respectively. However, it was medium (-0.5 to 0.5)
for scores ranging from 2 to 3.3

TICs

A TIC shows how accurately a test estimates ability over the entire range of ability levels (4).
That is, the higher the value of the information function, the more accurately the test estimates
the participant’s ability, which means a smaller standard error of the participant's ability
estimate.* Fig. 1 shows TICs for K-MMSE and K-MMSE~2:SV, both of which are positively
skewed. Total test information values of K-MMSE and K-MMSE~2:SV were 28.44 and 27.86,
respectively, showing a small difference of 0.58. Both tests were found to be the most
informative and discriminating well between participants’ abilities at an ability level of -1.57,
although the K-MMSE~2:SV had a slightly higher information value than the K-MMSE at that
ability level.

Table 4 shows values of the test information function of K-MMSE and K-MMSE~2:SV at
each ability level. At ability levels of -2.0 to -1.0, the K-MMSE~2:SV had higher values of test
information function than the K-MMSE. However, at other ability levels, the K-MMSE had
similar or slightly higher values than the K-MMSE~2:SV. At ability levels 1.0 and above, both
tests had very low values (<1.0) of test information function.

10 —— K-MMSE~2:SV
—— K-MMSE
------ Max. information at K-MMSE~2:SV
I 2 T N Max. information at K-MMSE

Total information (K-MMSE~2:SV) = 27.86
Total information (K-MMSE) = 28.44

S 81
©
£
o
E 41
2 4 6=-1.57
04
T T T T T
-4 -2 0 2 4
Ability ()

Fig. 1. Test information curves of the K-MMSE and K-MMSE~2:SV.
K-MMSE: Korean-Mini Mental State Examination, K-MMSE~2:SV: Korean-Mini Mental State Examination, 2nd
edition: Standard Version.
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Table 4. Values of the test information function at each ability level (6)

Ability level (0) K-MMSE K-MMSE~2:SV
-4.0 3.08 2.26
-3.5 4.68 3.65
-3.0 6.35 5.40
-2.5 7.02 6.76
-2.0 7.14 8.45
-1.5 7.40 9.42
-1.0 6.35 7.02
-0.5 4.17 4.06
0.0 2.42 2.17
0.5 1.37 1.17
1.0 0.78 0.66
1.5 0.46 0.39
2.0 0.28 0.24
2.5 0.18 0.16
3.0 0.11 0.10
3.5 0.08 0.07
4.0 0.05 0.05

K-MMSE: Korean-Mini Mental State Examination, K-MMSE~2:SV: Korean-Mini Mental State Examination, 2nd
edition: Standard Version.

liCs

Fig. 2 shows IICs for 7 items in the K-MMSE~2:SV and the Language item in the K-MMSE.
The IIC shows how well and precisely each item measures the cognitive function it is
intended to measure at various levels of ability.

The IICs for all items except Recall were positively skewed. Registration, Orientation to time,
and Orientation to place provided the most information with ability levels between -3 and
slightly below -2, while Attention & calculation, Language, and Drawing provided the most
information with ability levels between slightly above -2 and -1. However, the IIC for Recall
had very low kurtosis, indicating that there was no difference in the amount of information
provided across the ability range.

Peak information of the Language in the K-MMSE~2:SV was higher than that in the K-MMSE.
The difference was even more pronounced between ability levels -2 and -1, which was

why the test information of K-MMSE~2:SV was slightly higher than that of K-MMSE at that
interval as shown in Fig. 1.

G coefficient

K-MMSE~2:SV has most contents of the K-MMSE, although a few items are modified.

To assess the equivalence of these 2 tests using the generalizability theory, we calculated

the G coefficient for the K-MMSE~2:SV and K-MMSE. The G coefficient was 6*(S)/
[0*(S)+0%(E)]=11.81/[11.81+0.13]=0.99, where 6*(S) was the variance component for
participants and o*(E) was the variance component for errors, showing a very high degree of
equivalence between K-MMSE~2:SV and K-MMSE.
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Fig. 2. IICs for the K-MMSE~2:SV and IIC for Language in the K-MMSE.
1IC: item information curve, K-MMSE: Korean-Mini Mental State Examination, K-MMSE~2:SV: Korean-Mini Mental State Examination, 2nd edition: Standard Version.
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DISCUSSION

This study applied a generalized partial-score model of the multi-category item response
theory to compare item and test characteristics of K-MMSE and K-MMSE~2:SV and to
determine whether the K-MMSE~2:SV could be used as an equivalent test to the K-MMSE.

The mean score for the K-MMSE~2:SV was slightly higher than that for the K-MMSE. This
was due to the fact that modified language items of the K-MMSE~2:SV were slightly easier
than original language items of the K-MMSE.

Based on item parameter estimation results, both K-MMSE and K-MMSE~2:SV had

very similar discrimination and item categorical difficulty (Table 3). All 6 items of the
K-MMSE and K-MMSE~2:SV, with the exception of Recall, showed moderate to high item
discrimination. Only Recall had a low item discrimination, meaning that the probability

of a correct response to Recall did not vary significantly according to participant’s ability
level. This is an interesting and unexpected finding, because clinicians often consider Recall
score to be the most important measure for cognitive screening among items in the MMSE.
However, previous studies on normal people have shown that most errors on the MMSE
occur in Recall, Attention & calculation, and Orientation to time, with recall showing the
largest error.®* This means that people with dementia or mild cognitive impairment as well
as normal people have a harder time scoring high on Recall.
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In terms of item difficulty estimation, most items of the K-MMSE and K-MMSE~2:SV were
easy or very easy items except Recall. In this study, especially when analyzing the K-MMSE and
K-MMSE~2:SV using the GPCM, we were able to obtain richer information because we were
able to estimate the difficulty of partial scores, which could not be estimated using classical
test theory, i.e., we were able to compare the difficulty of scoring a 1 to the difficulty of scoring
a higher score. As expected, for most items, the item category difficulty increased as the score
increased. However, for Registration, the item category difficulty showed an opposite trend,
with a score of 3 being easier to achieve than a score of 1 or 2. This result is likely due to the
fact that Registration is an easy item. Most participants scored a 3 for Registration.

The test information function analysis showed that total amounts of information provided
by the K-MMSE and K-MMSE~2:SV were almost the same (28.44 vs. 27.86) and that both

tests provided maximum information at the same ability level (£/=-1.57), meaning that both
tests provided the most information for discriminating the ability of a participant with an
ability level of -1.57, i.e., mild cognitive impairment. A closer look at the test information
function values presented in Table 4 along with the TICs showed that for ability levels -2.0

to -1.0, the K-MMSE~2:SV was more informative than the K-MMSE. For ability levels 2.5
and below, the K-MMSE was slightly more informative than the K-MMSE~2:SV. For ability
levels 1.0 and above, both tests provided very little information without showing a significant
difference. These results suggest that neither the K-MMSE nor the K-MMSE~2:SV is sensitive
for detecting cognitive decline or change in people with above-average cognitive ability. Many
studies have already reported that the ceiling effect of the MMSE limits its use in people with
higher cognitive abilities.”***¢ Based on the above results, we also expect that K-MMSE is
slightly better than K-MMSE~2:SV in detecting people with very low cognitive ability (ability
level -2.5 or lower). However, since the information gap between the 2 tests is not large
enough to know if this is a significant difference, further studies in clinical settings with
people with dementia at ability level -2.5 or lower are needed to confirm this difference in
real-world practice.

The only differences between the K-MMSE and K-MMSE~2:SV were language items, namely
naming and comprehension. In the K-MMSE, naming items were “pen” and “watch” which
were asked after showing real objects to the examinee, whereas in the K-MMSE~2:SV blue
form, they were replaced with “eye” and “ear,” with the examiner pointing to his or her

own body parts and asking the examinee.""? In the K-MMSE comprehension, three-step
verbal commands were used: “Turn the paper over, fold it in half, and give it to me.” In the
K-MMSE-~2, it was replaced with an item that showed three shapes and asked the examinee to
point to them in order as directed.”? Item discrimination for Language in the K-MMSE~2:SV
was slightly higher than that in the K-MMSE (1.48 vs. 1.37). Item category difficulty for
Language was also slightly easier in the K-MMSE~2:SV than in the K-MMSE (Table 3),
which likely contributed to the higher information value in the screening. Comparing the
IICs for Language in the K-MMSE and K-MMSE~2:SV as shown in Fig. 2, we could see that
both tests provided the most information at the ability range from -2 to -1. The amount of
information was higher in the K-MMSE~2:SV than in the K-MMSE, which could also explain
why the K-MMSE~2:SV had higher test information values at those ability ranges than the
K-MMSE. Therefore, if the examiner’s goal is to screen out participants with mild cognitive
impairment, more information can be obtained using the K-MMSE~2:SV.

Finally, the G coefficient for K-MMSE and K-MMSE~2:SV was very high at 0.99. This proves
that the they are equivalent tests. This is the same as the G coefficient for the original MMSE
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and MMSE~2:SV." These results mean that we can directly compare previously collected
K-MMSE scores with newly collected K-MMSE~2:SV scores in longitudinal data.

In summary, the new K-MMSE~2:SV was found to be somewhat more informative than the
K-MMSE for screening for mild cognitive impairment or early dementia due to changed
language items. Nevertheless, given that the amount of test information provided by the 2
tests was almost identical, with shapes of their TICs being very similar and the G coefficient
being very high, it can be concluded that the K-MMSE and K-MMSE~2:SV are equivalent tests.
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