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Predictability of Various Serial Subtractions e

on Global Deterioration Scale According to
Education Level
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Department of Family Medicine, Kyung Hee University School of Medicine, Seoul, Korea

Background: The serial 100-7s subtraction, an item on the Mini-Mental State Examination (MMSE), is well known for being
difficult for uneducated people. Therefore, we investigated into alternative serial subtractions for serial 100-7s subtraction
in uneducated people.

Methods: One hundred sixty-nine subjects were enrolled by neurologic or neuropsychiatric out-patient clinics in 4
university medical centers. The subjects were divided into two groups: an uneducated group and an educated group
(at least primary schooling) by questionnaire. We investigated the correlation between incorrect number of serial
subtractions and Global Deterioration Scale (GDS) score in both groups and undertook receiver operating characteristic
(ROC) curve analysis. MMSE including serial 40-4s subtraction, serial 20-2s subtraction, and serial 10-1s subtraction
instead of serial 100-7s subtraction were arbitrally named MMSE4, MMSE2, and MMSEL.

Results: In the educated group, serial 100-7s subtraction showed the highest correlation with GDS score (correlation
coefficient, 0.465; P < 0.001). In the uneducated group, serial 40-4s subtraction showed the highest correlation with GDS
score (correlation coefficient, 0.608; P < 0.001), and serial 100-7s indicated the lowest correlation (correlation coefficient,
0.378; P =0.023). In ROC curve analysis for MMSE, MMSE4, MMSE2, and MMSE1 to assess the presence of dementia (GDS
score > 3) in uneducated subjects, the area under the curve (AUC) was 0.648, 0.770, 0.758, and 0.711, respectively, and in
educated subjects, AUC for MMSE, MMSE4, MMSE2, and MMSE1 was 0.729, 0.719, 0.716, and 0.714, respectively.

Conclusion: Out of MMSE items, serial 100-7s is adequate in the educated elderly, but may be less adequate in the
uneducated elderly. Serial 40-4s seems to be more appropriate for MMSE in the uneducated elderly.
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Dementia is defined by a disorder of the executive function of
the frontal lobe including memory, attention, language function,
spatial-temporal ability, or judgment, causing difficulty in daily
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life or social life. According to a regional epidemiological study

to other studies performed by the same diagnostic standards in
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dementia in Korea is that the prevalence rate is higher in females
than males—a trend which becomes more intensified in older
age. This is estimated to mostly result from the higher prevalence
of Alzheimer’s disease in elderly females. Also, it is known that less
educated people have a higher occurrence rate of dementia, and
this is considered to be one of the causes for the high prevalence
rate of dementia of Korean old people, who generally have a lower
education level compared to other countries.” On the survey
in 2008, the illiteracy rate was higher in females (2.7%) than in
males (0.5%), and the difference was greater with age, reaching
6.0% in the 60s and 20.2% in the 70s.”

Although the importance of early diagnosis is becoming
more and more emphasized with the rapid increase in prevalence
of dementia, it is not easy to diagnose. Actually, it is known that
the false-negative diagnosis rate of dementia reaches 35% to 90%
in primary medical institutions.” For the diagnosis of dementia,
an assessment on cognitive function should be performed by
questionnaire, mental status examination, and neuropsychological
test in order to understand the degree of degeneracy in cognitive
function. The Mini-Mental State Examination (MMSE) has
been the most widely used examination tool for dementia and
cognitive function since its first use in 1975.”

In a study on the normal criteria values of the Korean-
MMSE (K-MMSE) which is now widely used, K-MMSE scores
in the uneducated group and educated group (at least primary
schooling) showed a significant difference. However, there was
not a significant difference among participants in the highly
educated group (over primary schooling).” In various studies,
the limitations of the K-MMSE included influence of age
and education level, difficulty in discovering early decrease in
cognitive function, and inability of the illiterate persons to take
the test.”” Most of the uneducated people also found subtraction
to be difficult. Therefore, the K-MMSE allows adding a score of
2 at maximum to the item ‘serial subtraction from 100-7" when
the patient is uneducated or illiterate. On the other hand, the
MMSE-K, which was translated and modified by Yong-Cheol
Gwon, Jong-Han Park, and others in 1989, is allowing those who
cannot perform ‘serial subtraction from 100-7 to replace it by
pronouncing ‘sam-cheon-ri-gang-san’ in reverse order. However,
this ‘sam-cheon-ri-gang-san” has been modified from the ‘world’
in the MMSE by authors during translation” and some pointed
out that this is more difficult than ‘serial subtraction from 100-7’
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for uneducated or illiterate patients.s) However, until now, there
was no study which included other serial subtraction items to
replace this one for uneducated or illiterate patients in or out of
Korea. Therefore, this study was performed under the hypothesis
that ‘serial subtraction from 40-4,” ‘serial subtraction from 20-
2, ‘serial subtraction from 10-1,” and others may have better
correlation to the global deterioration scale, which shows the
severity of dementia, than ‘serial subtraction from 100-7" in the

K-MMSE for uneducated participants.

METHODS

1. Study Subjects

The study was performed on patients over 50 years old who
had undergone MMSE, the Global Deterioration Scale (GDS),”
a questionnaire assessment, and general neuropsychiatric
examinations for memory disorders in the neurological
department and neuropsychiatric department of 4 university
medical centers in Seoul and Gyeonggi province. The GDS is
a tool used to assess not only cognitive function but also the
ability to maintain daily life, participation in adverse activities.
All participants in this study signed an informed consent form
and were given an explanation of the study objectives, and those
with severe auditory, visual, or speech disabilities were excluded
(Appendix 1). A total of 184 patients participated in the study
and the analysis was made on 169 subjects excluding 15 subjects
with insufficient data.

2. Study Methods

After a survey of general demographic information about
the patients, such as education level of the patient’s guardian, an
assessor had the patient perform the serial subtractions (5 times
of serial 100-7s subtractions, 5 times of serial 40-4s subtractions,
S times of serial 20-2s subtractions, and reverse-counting from 10
to 1) to write down the number of wrong answers. The assessor
also calculated the GDS score of the subject by general clinical
psychiatric assessment. The assessor was a clinical psychiatrist
or well-trained nurse. The GDS, the representative grade scale to
measure the severity of dementia, is a tool with proven reliability
and validity in Korea with the advantage of not being greatly
influenced by the education level of the patient."” The cognitive
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function was assessed from 1 (no cognitive disorder) to 7 (late-
phase severe cognitive disorder).

The existing MMSE takes the number of right answers
from S times of serial 100-7s subtraction. We defined the one
replaced by S times of serial 40-4s subtractions as MMSE4
and the one replaced by 5 times of serial 20-2s subtractions as
MMSE2. MMSEI was defined as the half of the total number
of right answers in reverse-counting from 10 to 1, as it has a total
score of 10. Permission to perform the study was obtained by the
institutional review board at Kyung Hee University Hospital. The

informants signed an informed consent as a proxy of the subjects.

3. Statistical Analysis

The difference between two groups was tested by independent
t-test and chi-square test. In order to find the relationship
between serial subtraction and GDS score, a Pearson’s correlation
coefficient was obtained. Also, receiver operating characteristic
(ROC) curve analysis was performed to compare the ability to
diagnose dementia with a score over 3 among MMSE, MMSE4,
MMSE2, MMSEI1, and GDS. The Stata SE ver. 10.0 (Stata Co.,

Table 1. Baseline characteristics of subjects according to education
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College Station, TX, USA) was used in data processing and all
significance levels were defined by P < 0.05.

RESULTS

1. Demographics of Study Subjects

Total subjects included 62 males (36.7%) and 107 females
(63.3%). Thirty-six of them were included in the uneducated
group and 133 in the educated group (at least primary schooling).
Ninety-one point-seven percent of the uneducated group were
females while 55.6% of educated group were females (P < 0.001).
The average age in the uneducated group was 76.6, and in the
educated group was 73.8, with a statistically significant difference
(P = 0.040). The average MMSE score in the uneducated group
was 16.8 and the score in the educated group was 21.3 (P < 0.001)
(Table 1). In all kinds of serial subtractions, the uneducated group
had a larger number of wrong answers (P < 0.001). On the other
hand, scores in MMSE, MMSE4, MMSE2, and MMSE1 which

were the sum of the right answers in serial subtractions were

Education
Variable P-value'
Uneducated (n = 36) Educated* (n=133)

Age (y) 76.6+7.4 73.8+7.4 0.040
Gender <0.001

Male 3(8.3) 59 (44.2)

Female 33(91.7) 74 (55.6)
Global deterioration scale score 3.97+1.30 3.46+1.15 0.022
Serial 7s subtraction from 100* 4.08 +1.46 224+191 <0.001
Serial 4s subtraction from 40* 3.36+2.11 1.32+1.90 <0.001
Serial 2s subtraction from 20 2.83+2.26 0.71+1.56 <0.001
Serial 1s subtraction from 10° 3.08+£4.03 0.93 +2.68 <0.001
MMSE score with 7s subtraction 16.8+6.0 21.3+5.7 <0.001
MMSE score with 4s subtraction 175+6.5 22.1+5.7 <0.001
MMSE score with 2s subtraction 18.1+6.7 22.7+5.6 <0.001
MMSE score with 1s subtraction' 19.3+6.3 229454 <0.001

Values are presented as mean + SD or number (%).
MMSE: Mini-Mental State Examination.

*Educated subjects are those who graduated at least primary school. 'By t-test or chi-square test. ‘Number of incorrect answers: 0 to 5.

SNumber of incorrect answers: 0 to 10. 'Half number of correct answers of serial 1s subtraction is included instead of 7s subtractions.
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higher in the educated group (P < 0.001) (Table 1).

2. Relationship between Global Deterioration
Scale Scores and Serial Subtractions by
Education Level

In the educated group, serial 100-7s subtraction showed
the highest correlation coefficient with GDS score (correlation
coefficient of 0.465, P < 0.001) without much difference with
the scores in serial 40-4s subtraction, serial 20-2s subtraction, and
serial 10-1s subtraction. In the uneducated group, serial 40-4s
subtraction showed the highest correlation coefficient with GDS
score (correlation coefficient of 0.608, P < 0.001) and serial 100-
7s subtraction had the lowest coefficient (correlation coefficient

0f0.378, P = 0.023) (Table 2).

3. Relationship between Global Deterioration
Scale Scores and Mini—Mental State
Examination Scores by Education Level
In the educated group, the MMSE score including serial

100-7s subtraction showed the highest correlation coefficient

with the GDS score (correlation coefficient, —0.623; P < 0.001)

without showing much difference with those in serial 40-4s

subtraction, serial 20-2s subtraction, and serial 10-1s subtraction.

Table 2. Correlation between GDS score and serial subtractions by

education

GDS score

No. of incorrect answers
Correlation coefficient P-value*

Educated’ (n=133)

Serial 7s subtraction from 100" 0.465 <0.001
Serial 4s subtraction from 40" 0.429 <0.001
Serial 2s subtraction from 20" 0.415 <0.001
Serial 1s subtraction from 10° 0.423 <0.001
Uneducated (n = 36)
Serial 7s subtraction from 100° 0.378 0.023
Serial 4s subtraction from 40" 0.608 <0.001
Serial 2s subtraction from 20" 0.573 <0.001
Serial 1s subtraction from 10° 0.470 0.004

GDS: Global Deterioration Scale.
*By t-test or chi-square test. 'Educated subjects are those who graduated
atleast primary school. “From 0 to 5. *From 0 to 10.
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In the uneducated group, the MMSE score including serial 40-
4s subtraction showed the highest correlation coefficient with
the GDS score (correlation coefficient, —0.546; P < 0.001),
and the score including serial 100-7s subtraction had the lowest
coefficient (correlation coefficient, —0.473; P = 0.023) (Table 3).

4. Receiver Operating Characteristic

Curve Analysis on Mini—Mental State

Examination for Diagnosis of Dementia

(Global Deterioration Scale Score over 3) by

Education Level

ROC curve analysis on the diagnosis of dementia patients
with GDS score over 3 was performed. The areas under the
curve (AUCs) on the MMSE including serial 100-7s subtraction,
MMSE4 including serial 40-4s subtraction, MMSE?2 including
serial 20-2s subtraction, and MMSE] including serial 10-1s
subtraction for the diagnosis of dementia were 0.648 (95%
confidence interval [CI], 0.382 to 0.915), 0.770 (95% CI, 0.559
t0 0.980), 0.758 (95% CI, 0.547 to 0.968), and 0.711 (9% CI,
0.479 to 0.943), respectively (Figure 1). In the educated group,

Table 3. Correlation between GDS score and MMSE by education

GDS score

No. of incorrect answers
Correlation coefficient P-value*

Educated' (n=133)

MMSE score with 7s subtraction —-0.623 <0.001
MMSE score with 4s subtraction’ -0.612 <0.001
MMSE score with 2s subtraction® —0.599 <0.001
MMSE score with 1s subtraction' -0.600 <0.001
Uneducated (n =36)
MMSE score with 7s subtraction -0.473 0.004
MMSE score with 4s subtraction* -0.546 0.001
MMSE score with 2s subtraction® -0.528 0.001
MMSE score with 1s subtraction —0.508 0.002

GDS: Global Deterioration Scale, MMSE: Mini-Mental State Examina-
tion.

*By Pearson’s correlation test. "Educated subjects are those who
graduated at least primary school. ‘Number of correct answers of
serial 4s subtraction is included instead of 7s subtractions. "Number
of correct answers of serial 2s subtraction is included instead of 7s
subtractions. "Half number of correct answers of serial 1s subtraction
isincluded instead of 7s subtractions.
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Figure 1. Receiver operating characteristic (ROC) curve for Mini-
Mental State Examination (MMSE), MMSE4, MMSE2, MMSEI to
assess the presence of dementia (Global Deterioration Scale [GDS]
score > 3) in uneducated subjects (n = 36). Area under the curve
for MMSE, MMSE4, MMSE2, and MMSEI was 0.648, 0.770, 0.758,
and 0.711. MMSE4 on the right column means MMSE score with
serial 4s subtraction; MMSE on the right column means MMSE
score with serial 7s subtraction; MMSE2 on the right column
means MMSE score with serial 2s subtraction; MMSE1 on the right

column means MMSE score with serial 1s subtraction.

the AUCs on the MMSE, MMSE4, MMSE2, and MMSEI for
the diagnosis of dementia were 0.729 (95% CI, 0.609 to 0.850),
0.719 (95% CI, 0.595 to 0.842), 0.716 (95% CI, 0.592 to 0.840),
and 0.714, respectively (Figure 2).

DISCUSSION

Low education level is one of the well-known risk factors for
dementia." Tlliteracy in particular is relatively high compared to
western countries, so more attention is needed when examining
for and diagnosing dimentia. In Korea, the K-MMSE (MMSE-K)
and Korean version of the revised Hasegawa Dementia Scale
are the most widely used examinations for the diagnosis of
dementia.” These two examinations both include ‘serial 100-7s
subtraction,” which leaves the constant questions on these two
examination methods from the limitation of accurate assessment
of uneducated old people.”’ It has also been revealed in a study
performed on old African-American people that ‘serial 100-7s
subtraction’ is more difficult than ‘pronouncing a word of a few

syllables over the left’ and that education level is a very important
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Figure 2. Receiver operating characteristic (ROC) curve for Mini-
Mental State Examination (MMSE), MMSE4, MMSE2, MMSEI1 to
assess the presence of dementia (Global Deterioration Scale [GDS]
score > 3) in educated subjects (n = 133). Area under the curve for
MMSE, MMSE4, MMSEZ2, and MMSEI was 0.729, 0.719, 0.716,
and 0.714. MMSE4 on the right column means MMSE score with
serial 4s subtraction; MMSE on the right column means MMSE
score with serial 7s subtraction; MMSE2 on the right column
means MMSE score with serial 2s subtraction; MMSE1 on the right

column means MMSE score with serial 1s subtraction.

factor in determining MMSE.”?

In this study, we tried to investigate whether ‘serial 100-7s
subtraction’ is appropriate as an assessment item on the MMSE
for uneducated old people (the uneducated group). As a result,
though serial 100-7s subtraction presented the highest correlation
coefficient to the GDS score in the educated group, serial 40-4s
subtraction showed the highest correlation to the GDS score in
the uneducated group, while serial 100-7s subtraction showed the
lowest correlation. Therefore, ‘serial 100-7s subtraction” should
be considered for replacement with ‘serial 40-4s subtraction’
when MMSE assessment is made for the uneducated group.

This study has a few limitations. First, the number of subjects
in the uneducated group was relatively small (n = 36). However,
in spite of this limitation, ‘serial 100-7s subtraction’ showed
no significant correlation to the GDS score in the uneducated
group. Therefore, it can be said that ‘serial 100-7s subtraction’ is
no better an assessment item than any other serial subtractions
for the uneducated group. Second, there is another method to
assess the severity of dementia other than GDS, which is clinical
dementia rating (CDR). Thus a correlation analysis with CDR is
also needed. Third, it is hard to completely eliminate the variance
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among different assessors since this study was based on patient
assessments performed in 4 different medical centers. However,
the differences are not expected to be great since neuropsychiatric
experts or skilled nurses performed the examinations in all 4
hospitals.

Although we analyzed whether serial subtractions have
significant correlation to the GDS scores in the uneducated group
and educated group (at least primary schooling), we didn’t compare
this between these two groups. This is because the sample sizes in
these two groups were largely different and the hypothesis of this
study was that ‘serial 100-7s subtraction would not be appropriate
for the uneducated group as an assessment method for dementia.

In conclusion, ‘serial 100-7s subtraction’ used in the assessment
for dementia is considered to be appropriate for the educated group
(at least primary schooling); however, it is not appropriate for the
uneducated group. Instead, other serial subtractions such as the

‘serial 40-4s subtraction’ are recommended.
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Appendix 1. Global Deterioration Scale

No. Level Clinical characteristic
1 No cognitive Clinically normal. No claim of subjective memory disorder. No memory disorder is observed in clinical
disorder consultation.

2 Verymild cognitive  Time of amnesia. Claim of subjective memory disorders as follows: 1) Forgetting where he/she left objects, 2)
disorder Forgetting the names of persons or objects he/she has known for since long before. No objective proof of
memory disorder in clinical consultation. No problem in social life or workplace. The patient shows

appropriate interests in his/her symptoms.

3 Mild cognitive The earliest stage with clear disorder. However, objective memory disorder is found out only by detailed
disorder consultation by skillful clinician. It may be difficult to remember the name of newly introduced person. The
contents of books can be remembered less than before. Sometimes it is noticed by surroundings that words
or names are not recalled easily. It could have happened that valuables are put unexpected places or lost.
The patient might have been lost in a strange place. Decrease of concentration can be observed in clinical
examination. Performance in occupations or social life is decreased. Colleagues may feel the decrease of
performance of the patient. Patient may deny these facts. Mild or moderate anxiety can be accompanied.
Anxiety can be increased when faced with social demand which can be resolved in the present state.

4 Moderate cognitive  Late stage of confusion. Obvious cognitive disorder is diagnosed upon detailed clinical consultation.
disorder Disorders are clearly present in the following areas: 1) Patients do not remember the recent events in his/
her life and current news. 2) Patient may forget his/her own important history. 3) Disorder in concentration
is observed in serial subtraction (For example, 100-7, 93-7...). 4) Patient has difficulties in going out alone
and money management.
However, there is no disorder in the following areas: 1) Orientation about time or person. 2) Distinguishing
strangers and well-known people. 3) Using familiar roads and streets.
Complicated tasks can’t be performed efficiently and precisely anymore. Patient tries to deny his/her
ignorance. He/she tries to avoid challenges with less sensitive emotions.

5 Early severe Early-phase dementia. Hard to maintain life without other’s help. Do not remember important things about
cognitive disorder his/her present daily life (For example, it is hard to remember home address, phone number, names of
close relatives such as grandson or school he/she graduated from.). Often disoriented about time (date, day,
season, etc.) or location. Educated person may not be able to make serial subtraction such as 40-4 or 20-2.
Patients in this stage mostly remember major information about him/her or others. They remember their
names and mostly the names of their wives/husbands and daughters/sons. Do not need help in using toilet
or eating. However, they may have problems in choosing proper cloths or wearing them (For example,
wearing shoes left and right opposite).

6 Severe cognitive Intermediate-phase dementia. Patient forgets the name of his/her wife/husband whom he/she mostly
disorder depend on. Do not mostly remember recent events or experiences. Some of the old events might be
remembered but very superficial. Generally do not know surrounding situations, year, or season. May have
difficulty in counting ‘1-10’ or ‘10-1". Substantial amount of help is required in daily life (For example, need
of bedpan for urines and feces). Also, help is needed when going out. However, sometimes they go to the
familiar places by themselves. Day and night rhythms are broken often. However, they remember their
names mostly always. The can distinguish strangers from well-known people. Change in personality and
emotion with severe up-and-downs. 1) Delusionary acts (For example, believing that their spouses are
unfaithful, talking to nothing as if there is someone around or talking to him/herself in the mirror). 2)
Obsessive symptoms (For example, repeating the motion of simply sweeping the floor). 3) Anxiety,
restlessness, and violent acts which were not present before. 4) Abulia, loss of volition which comes from
the disability to think enough to decide voluntary actions.

7 Latesevere Late-phase dementia. Loss of all sorts of linguistic ability. Make only strange sounds which are hard to be
cognitive disorder understood without words. Help is needed in using toilets and eating with urinary incontinence.
Fundamental motor ability is lost (For example, walking). Brain seems to order nothing to body to do

anything. General cortical or local neurological signs and symptoms are often observed.
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