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ABSTRACT

Background and Purpose: The Mini Mental State Examination, 2nd edition: Expanded
version (MMSE-2: EV) involves an immediate recall (IR) of story memory (SM). A full version
of SM has been developed and standardized; it includes delayed recall (DR) and recognition
tests in addition to IR to increase its clinical utility as an independent story recall test. This
study was conducted to provide norms for the full version of SM in the Korean version of
MMSE-2: EV for clinical use.

Methods: A total 0f 1,168 participants (496 males and 672 females) were included in the
study. The ages ranged from 19 to 90 years, and the education level ranged from illiterate

to post-graduate. Regression analysis was used to evaluate the relative contributions of
demographic variables (age, education, and sex) on the SM measures.

Results: We stratified age into 11 groups, and categorized the education level into 6 groups.
It was found that the IR, DR, and recognition scores of SM were affected by age, education
level, and sex. We provided corrected means and standard deviations of the IR, DR, and
recognition scores of the SM for the demographic variables.

Conclusions: The results indicate the importance of considering demographic variables in
interpreting the full version of SM measures. The normative data we have provided in this study
should be useful in clinical and research settings for detecting the impairment in verbal memory.

Keywords: Mini Mental State Examination, 2nd Edition (MMSE-2); Story Memory;
Immediate Recall; Delayed Recall; Recognition; Normative Data

INTRODUCTION

The Korean version of Mini Mental State Examination, 2nd edition (K-MMSE-2)! was
standardized and published recently. The K-MMSE-2 provides 3 versions: Brief version,
standard version (K-MMSE-2: SV), and expanded version (K-MMSE-2: EV). The K-MMSE-2:
EV is an expanded version of K-MMSE-2: SV, with story memory (SM) and processing speed
(digit symbol coding) tests added to it.
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It is well known that the story recall test can detect subtle memory impairment at prodromal
stages of dementia as well as differentiate the degree of memory impairment.>* The original
MMSE-2: EV includes only an immediate recall (IR) trial of the SM test. However, it is difficult
to see the overall memory functioning by using IR alone or to assess the degree of memory
impairment that is seen in various types of encoding, storage, and retrieval problems.**
Therefore, when evaluating memory, it is necessary to assess all 3 tests of immediate recall,
delayed recall, and recognition to uncover the full nature of memory problems." Given

this necessity, the full version of SM in the K-MMSE-2: EV, including delayed recall (DR)

and recognition tests added to the IR test, was newly developed. The full version of SM has
already shown excellent reliability and validity, and has proven to be a reliable and valid
memory measure for clinical use.”?

To distinguish between cognitive problems caused by pathological changes and cognitive
decline caused by “normal” cognitive aging, we rely on normative data and compare a given
patient's performance to that of his “normal” peers.” The use of valid normative information
is also essential for detecting very early abnormal cognitive impairment.* Previous research
has suggested that memory performance is significantly affected by demographic variables,
most notably age, education, and sex. Generally, the story memory scores decrease in older
and relatively less-educated populations.”* Subsequent research has shown that healthy
females continue to exhibit better verbal memory than do males in normal aging.'®!
Therefore, it is very important to establish norms that cover a variety of demographic
variables, such as age, education level, and sex, so that we can accurately distinguish between
memory decline caused by normal aging and memory impairment caused by pathological
changes, such as dementia.

Our purpose in this study was to identify the demographic variables that affect SM in the
K-MMSE-2: EV with a large population dataset and to provide demographically corrected
norms for the full version of SM for use in clinical and community settings.

METHODS

Participants

The participants were randomly sampled from all metropolitan cities and provinces across
the country. Based on Christensen's health screening criteria,” we excluded individuals with
neurological or psychiatric history or suspected brain damage, those with chronic diseases
(e.g., hypertension, diabetes, hyperlipidemia) that affect cognitive function but are not
receiving treatment, and individuals with vision or hearing impairments that may affect

test performance from the study. We included 1,168 adults (496 males and 672 females) in
this study (Table 1). The ages ranged from 19 to 90 years (mean=64.20, standard deviation
[SD]=16.18), and the years of education ranged from illiterate to post-graduate (mean=10.26,
SD=5.98).

Measurements

We administered the full version of the SM in the K-MMSE-2: EV in the following way. A
brief story composed of 4 sentences was verbally given to a subject, who was required to
immediately recall the story as much as he/she could (IR). Then, the subject was asked to
recall the story again 15 minutes later (DR). The IR and DR responses were assessed by
scoring O or 1 for 27 word-units, with a maximum score of 25. The recognition test consisted
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Table 1. The IR, DR, and recognition scores of Story Memory according to demographic variables

Variables Total IR DR Recognition
Age level (yrs)
19-39 94 (8.0) 15.83+4.22 14.90+4.63 12.94+1.54
40-44 31(2.7) 14.32+4.10 13.52+4.58 12.71+1.60
45-49 65 (5.6) 11.52+4.64 10.78+4.52 12.22+1.75
50-54 93 (8.0) 10.60+4.45 10.04+4.68 11.32£1.88
55-59 103 (8.8) 8.68+4.14 7.84+4.26 10.80+£1.90
60-64 130 (11.1) 8.74+4.34 7.38+4.38 11.12+1.85
65-69 127 (10.9) 7.26+4.24 6.21+4.72 10.32+2.10
70-74 152 (13.0) 6.70+4.07 5.17+4.42 10.30+2.09
75-79 179 (15.3) 6.33+4.06 4.59+4.38 9.80£2.32
80-84 127 (10.9) 5.15+3.08 3.19+3.12 9.71+1.95
85-90 67 (5.7) 3.78+2.87 2.292+9.73 8.96x2.11
Total 1,168 (100.0) 8.29+5.11 7.00+5.49 10.68+2.25
Education level (yrs)
Illiterate 89 (7.6) 3.43+2.48 1.82+2.46 8.15+2.03
0 (literate)-5 142 (12.2) 4.45+2.75 2.70+2.81 9.32+2.13
6-8 173 (14.8) 5.62+3.28 3.98+3.57 9.86+1.84
9-1 128 (11.0) 7.31£3.65 6.10+4.08 10.40+1.91
12-15 313 (26.8) 9.91+4.71 8.96+5.05 11.361.91
216 323 (27.6) 11.55£5.18 10.37+5.51 11.88+1.88
Sex
Males 496 (42.5) 8.49+5.07 713+5.41 10.80+2.13
Females 672 (57.5) 8.13+5.14 6.90+5.56 10.60+2.33

Data are shown as meanz+standard deviation or number (%).
IR: immediate recall, DR: delayed recall.

of 15 keyword items, and the subject answered either “yes” or “no” for each item. The
maximum recognition score was 15 (Appendix 1).

During the 15 minutes of delay, we gave the subjects the Judgment of Line Orientation,?
Visual Discrimination Test,* and Center for Epidemiological Studies-Depression scale,”
which did not affect the verbal memory performance, as filler tests. The subjects were not
informed that they would be given the DR and recognition trials later after IR.

Clinical psychologists, clinical psychology graduate students, and 3rd—4th grade
undergraduate psychology students, whom we (YK & MS) had trained, collected the data.
They visited the houses, welfare centers, or senior-citizen centers for older adults in the
community, and then administered the tests and scales.

Statistical analysis

Regression analysis with variance function® was used to evaluate the relative contributions of
demographic variables (age, education, and sex) to the IR, DR, and recognition scores of the
SM, respectively. Age was stratified into 11 age groups (19-39, 40-44, 45-49, 50-54, 55-59,
60-64, 65-69, 70-75, 7579, 80-84, 85-90) and years of education was categorized into 6
levels (illiterate, O [literate but no school education]-5, 6-8, 9-11, 12-15, and 16+ years). This
categorization of age and education has been used in the normative study of K-MMSE-2.!
Because we assumed that the difference in scores across age groups would appear gradually,
we coded each of the 11 age groups in order from O to 10 and treated them as a single
continuous variable in the regression analyses. Each level of education was also coded in
order from O to 5. However, we treated them as one categorical variable with 6 levels and did
not constrain the difference between the levels to be continuous.
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For each of the 3 SM measures, we investigated the effects of age, education, sex, and their
interactions as follows. First, we tested linear and quadratic effects of age group, mean
difference across levels of education, and the interaction effect of the two, and built an initial
model with significant effects. Then we tested the effect of age and education on the variance
by incorporating the variance function into the initial regression model. After constructing
the regression model for the mean and the variance in one model, we further investigated sex
difference and added it to the model. All regression analyses were conducted using the PROC
MIXED procedure in SAS 9.4.

Ethics statement
The study protocol was reviewed and approved by the Institutional Review Board (IRB) of
Hallym University (HIRB-2017-042).

RESULTS

Demographic and descriptive statistics of the participants are shown in Table 1. For all SM
measures, the average score was higher in the younger groups than in the older ones. For the
IR and DR scores, the SD was generally higher in the younger groups than in the older ones,
but the differences and patterns were not as clear as the mean. For the recognition score, the
SD appears to be lower in the younger groups than in the older ones. Again, the difference was
not as clear as the mean. People with higher levels of education had higher average scores than
did those with lower levels of education. For the IR and DR scores, the SD of those with higher
education levels was greater than those with lower levels of education. The difference in the
SD of the recognition score across educational levels was neither systematic nor clear. Male's
scores, which did not take into account other variables, such as age and education level, were
higher on average than were those of females, although the difference was pretty small.

For each of the 3 SM measures, a significant negative linear effect of age group was found (IR,
b=-0.29, t=-2.81, p=0.005; DR, b=-0.31, =-2.68, p=0.008; recognition, b=-0.18, t=-6.95,
p<0.001), but no quadratic effect was significant. We also found that the first age group

had a higher mean deviating from the predicted linear decrease across the age groups (IR,
b=2.83, £=5.50, p<0.001; DR, b=1.89, =2.96, p=0.003; recognition, b=0.59, t=2.63, p=0.009).
The effect of education level was significant for all SM measures (IR, Fg1455=217.08, p<0.001;
DR, F115=140.47, p<0.001; recognition, F;11,,=955.74, p<0.001). We also found a significant
interaction effect of age group and education level on the IR score (b=-0.09, =-3.10,
p=0.002) and DR score (b=-0.12, t=-3.52, p<0.001). For simplicity of the interaction pattern,
we treated both age group and education level as continuous variables in this effect. We
found no significant interaction of age group and education level on the recognition score.
Significant sex differences on the average were found only in the group with 12 to 15 years

of education (IR, b=1.25, t=3.27, p=0.001; DR, b=1.06, =2.25, p=0.025; recognition, b=0.43,
=2.11, p=0.035) and the group with 16 years or more (IR, #=1.37, t=3.11, p=0.002; DR, b=1.41,
=2.77, p=0.006; recognition, b=0.46, t=2.31, p=0.021). For the variance function, we found a
negative effect of age group and a positive effect of education level for the IR score (y%=100.0,
p<0.001) and the DR score (x%=87.7, p<0.001) and found a positive effect of age group for the
recognition score (¥%=10.6, p=0.001).

Based on the above findings, we developed a normative model of the mean and the
variance of each of the SM measures, predicted by age group, education level, sex, and
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their interactions. The demographically corrected norms are calculated by a model-based
procedure explained above. We observed that statistically significant sex differences were
found only in groups with an education level of “12-15 years” and “16 years or more,” and the
scores of females were higher than those of males. Therefore, for groups with an education
level of “12-15 years” and “16 years or more,” the norms for males and females were obtained

separately. The norms of the IR, DR, and recognition scores of SM according to demographic

variables are shown in Tables 2—4, respectively.

Table 2. Corrected mean and standard deviations according to age, education level, and sex of immediate recall of the Story Memory

Age level Education level (yrs)

(yrs) Illiterate 0 (literate)-5 6-8 9-11 12-15 >16

Sex Total Total Total Total Males Females Males Females
19-39 8.45+2.65 10.16+3.24 11.54+3.62 13.44+4.28 14.19+4.29 15.44+4.29 16.60+4.64 17.97+4.64
40-44 5.33£2.59 6.95+3.17 8.24+3.54 10.05+4.19 10.72+4.20 11.97+4.20 13.04+4.54 14.41+£4.54
45-49 5.05+2.54 6.58+3.11 7.78+3.47 9.50+4.1 10.08+4.12 11.33+4.12 12.32+4.45 13.69+4.45
50-54 4.76+2.49 6.20+3.05 7.32+3.40 8.95+4.02 9.44+4.03 10.69+4.03 11.59+4.36 12.96+4.36
55-59 4.47+2.44 5.83+2.99 6.86+3.34 8.40+3.94 8.80+3.95 10.05+3.95 10.86+4.27 12.24+4.27
60-64 4.19+2.39 5.45+2.93 6.40+3.27 7.85+3.86 8.17+3.87 9.42+3.87 10.14+£4.19 11.51+4.19
65-69 3.90+2.34 5.08+2.87 5.93+3.20 7.30+3.79 7.53+3.80 8.78+3.80 9.41+4.10 10.79+4.10
70-74 3.61x2.30 4.70+2.81 5.47+3.14 6.75+3.71 6.89+3.72 8.14+3.72 8.69+4.02 10.06+4.02
75-79 3.32+2.25 4.33+2.75 5.01+3.08 6.20+3.64 6.25+3.64 7.50+3.64 7.96+3.94 9.34+3.94
80-84 3.04£2.21 3.96+2.70 4.55+3.01 5.65+3.56 5.62+3.57 6.86+3.57 7.24+3.86 8.61+3.86
85-90 2.75+2.16 3.58+2.64 4.08+2.95 5.10+3.49 4.98+3.50 6.23+3.50 6.51+3.78 7.88+3.78
Table 3. Corrected mean and standard deviation according to age, education level, and sex of delayed recall of the Story Memory

Age level Education level (yrs)

(yrs) Illiterate 0 (literate)-5 6-8 9-11 12-15 216

Sex Total Total Total Total Males Females Males Females
19-39 6.22+2.74 7.94+3.18 9.63+3.93 12.01+4.53 13.16+4.44 14.22+4.44 15.39+4.96 16.81+4.96
40-44 4.02+2.69 5.62+3.12 7.19+3.85 9.46+4.44 10.49+4.36 11.55+4.36 12.61+£4.87 14.02+4.87
45-49 3.70+2.64 5.19+3.06 6.64+3.78 8.80+4.36 9.71+4.28 10.78+4.28 11.72+4.78 13.13+4.78
50-54 3.39+£2.59 4.76+3.00 6.10+3.71 8.14+4.28 8.94+4.20 10.00+4.20 10.83+4.69 12.24+4.69
55-59 3.08+2.54 4.33+2.95 5.56+3.65 7.48+4.20 8.16+4.13 9.23+4.13 9.94+4.60 11.35+4.60
60-64 2.76+2.49 3.90+2.89 5.01+3.58 6.82+4.13 7.39+4.05 8.45+4.05 9.04+4.52 10.46+4.52
65-69 2.45+92.45 3.47+2.84 4.47+3.51 6.16+4.05 6.61+3.98 7.68+3.98 8.15+4.43 9.57+4.43
70-74 2.14+2.40 3.04+2.79 3.92+3.45 5.50+3.98 5.83+3.90 6.90+3.90 7.26+4.35 8.67+4.35
75-79 1.82+2.36 2.62+2.74 3.38+3.38 4.84+3.90 5.06+3.83 6.12+3.83 6.37+4.27 7.78+4.27
80-84 1.51£2.32 2.19+2.69 2.83+3.32 4.18+3.83 4.28+3.76 5.35+3.76 5.48+4.19 6.89+4.19
85-90 1.20+2.27 1.76+2.64 2.29+3.26 3.52+3.76 3.51£3.69 4.57+3.69 4.59+4.12 6.00+4.12
Table 4. Corrected mean and standard deviation according to age, education level, and sex of recognition of the Story Memory

Age level Education level (yrs)

(yrs) Illiterate 0 (literate)-5 6-8 9-11 12-15 >16

Sex Total Total Total Total Males Females Males Females
19-39 10.22£1.60 11.32£1.60 11.72+1.60 12.07+1.60 12.37+1.60 12.80+1.60 13.02£1.60 13.48+1.60
40-44 9.46+1.64 10.55+1.64 10.95+1.64 11.30£1.64 11.60+1.64 12.03+1.64 12.25+1.64 12.71+1.64
45-49 9.27+1.68 10.37+1.68 10.76+1.68 1.11+£1.68 11.42+1.68 11.85+1.68 12.07+1.68 12.53+1.68
50-54 9.09+1.73 10.19+1.73 10.58+1.73 10.93+1.73 11.24+1.73 11.66+1.73 11.88+1.73 12.35£1.73
55-59 8.91+1.77 10.00+1.77 10.40+1.77 10.75+1.77 11.05+1.77 11.48+1.77 11.70£1.77 12.16+1.77
60-64 8.72+1.81 9.82+1.81 10.22+1.81 10.57+1.81 10.87+1.81 11.30+£1.81 11.52+1.81 11.98+1.81
65-69 8.54+1.86 9.64+1.86 10.03+1.86 10.38+1.86 10.69+1.86 11.11£1.86 11.34+1.86 11.80+1.86
70-74 8.36%1.90 9.46+1.90 9.85+1.90 10.20£1.90 10.51£1.90 10.93£1.90 11.15+1.90 11.61£1.90
75-79 8.18+1.95 9.27+1.95 9.67+1.95 10.02+1.95 10.32+1.95 10.75+1.95 10.97+1.95 11.43+1.95
80-84 7.99+2.00 9.09+2.00 9.48+2.00 9.83+2.00 10.14+2.00 10.57+2.00 10.79+2.00 11.25+2.00
85-90 7.81+2.05 8.91+£2.05 9.30+2.05 9.65+2.05 9.96+2.05 10.38+2.05 10.61+2.05 11.07+2.05
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DISCUSSION

The results showed the significant effects of age, education level, and sex on the full version
of SM in the K-MMSE-2: EV. The fact that story memory is affected by demographic variables
has already been reported in previous studies. The story memory score declined in older and
less-educated populations.”***® For the normative data used in this study, simple regression
revealed that age explained 37.1%, 39.8%, and 21.2% of the variance in the IR, DR, and
recognition of SM, respectively, whereas education level explained 32.0%, 32.3%, and 26.5%,
respectively. Therefore, these results indicated that stratified norms according to age and
education level are needed.

Our normative data also showed significant sex differences at the level of education over 12
years. Female's scores were higher than male's in all of the IR, DR, and recognition tests of
SM. Sex differences in verbal memory performance have been reported in many studies, and
females have been reported to perform better than males.'®2"*3° However, few studies have
reported sex differences in verbal memory that differ according to educational level, perhaps
because the subjects of most previous studies had a relatively high level of education, with an
average of 12 years or more.?>?*° Therefore, the results of this study, in which no differences
between males and females in verbal memory were found at a low educational level, are very
interesting in showing the interaction effect between sex differences and educational level.

Several other story recall tests have already been developed and used in Korea. One is the
Logical Memory (LM) subtest included in the Korean version of the Wechsler Memory
Scale, 4th edition (K-WMS-IV).* The LM provides the normative data according to the age
(50-90 years) and education level (0-21 years).* It consists of 2 story recall tests with a 15-
to 30-minute delay between IR and DR, which can be burdensome for elderly subjects. In
contrast, the SM in K-MMSE-2: EV includes only one story recall test and a 15-minute delay,
so it is relatively simpler and easier to administer to the elderly and for them to do than

is the LM of the K-WMS-IV. Another story recall test is a subtest included in the Literacy
Independent Cognitive Assessment (LICA).** However, the LICA provides norms for only
the age of 60 and older. Although it also provides normative data according to the level of
education, the education level is limited, because it is standardized for the illiterate and low-
educated elderly. The newly developed SM provides the norms for IR, DR, and recognition
derived from large-scale normative data, covering young adults to the elderly, a full range of
education levels, and both males and females. The examiner can easily calculate the z-score,
that is used to find out if there is a memory impairment, from the mean and SD scores
corrected for demographic variables presented in Tables 2—4.

In conclusion, compared to other existing story recall tests, the full version of SM in the
K-MMSE-2: EV has the advantage that it is short in administration time and provides a wide

range of norms that can cover the entire adult population. We expect the full version of SM to
be widely used in clinical fields and communities to assess verbal memory.
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Appendix 1. Recognition test sheet of the Story Memory in the Korean-Mini Mental State Examination, 2nd edition: Expanded version (K-MMSE-2: EV)

Story Memory (K-MMSE-2: EV): Recognition

ASFRE AN SHERE &2 oloprlof tishAl AES EdiAEUTE Z%0] ojop]9] yigat BtoH
of,) ETd ol Tl BES] FHAIL]

e e Ha
1 | £2U32l O|F0| FaAULIN? off OtLIR o 1
2 | Zotx| o|2o| Ct=o[QIL|7f? ol ofL|Q 0 1
3 | ZOtXIZt 3AI2E S RARSLINN? ol OtLIR o 1
4 | ZOtX|I7t QoMM FQIZO| EES EFELIM ol oL 0 1
5 | FAZTS AN HotX|E Fed| CHASLIMN? ol oL o 1
6 | X232l J15E0| YOIXIE HOH CHIALITN of |ofte | 0 i
7 | RQUZQ| FIFE0| F FHO|M HOIX|E FH2d CHIELIMN? ol oL o 1
8 | FUZZ ZOtXPt GYAMM FE AMIE SIFSLIIN? ol OtLIR o 1
9 | FUFL HOHXIE 3Ftod{ HLHX|E HERSLIINR ol oL 0o 1
10 | FQAUZ2 HTXIE ARSI LERFASLITN? ol OfL|2 0 1
N | FAS2 ARE UL 2ESIASLIN ol OtL|2 0o 1
12 | FUF2 ZOHXIE HQUOM HAMGLIIF? ofl oL o 1
13 | ZoMXl= 2% ol UAESLIIN? ol oL o 1
14 | Z0IX|= ol Qlof YUSLIM? ol OfL|2 o 1
15 | ZOtXl= Xt UJELIIN? ol otL|2 o 1
£ 3 /15
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