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Abstract

The Mini-Mental State Examination is perhaps the most frequently used instrument to determine
level of cognitive functioning. However, while it is cited in a wide range of research studies, it is
not necessarily the focus of study itself. The purpose of this study was to establish the ability of the
MMSE total score to predict the level of neurocognitive functioning of two samples of Hispanic pa-
tients with minor neurocognitive disorder in a battery of neuropsychological tests. Two samples
of patients, one obtained in 2009 and a second one in 2013 were grouped into high scoring and
low scoring in the MMSE. The results showed that the MMSE total score was predictive of the per-
formance of both samples in neuropsychological tests designed to assess attention, language,
non-verbal memory, and visual-constructional praxis. Scores in an auditory verbal memory task
was not predicted by the total score of the MMSE. It was concluded that the MMSE could serve as a
very adequate instrument to predict neurocognitive functioning in patients with memory com-
plaints. The consistency of findings between the two independent samples gave further credence
to this assertion.
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1. Introduction

The Mini-Mestal State Examination (MMSE; Folstein, Folstein, & McHugh, 1975; Folstein et al., 2001, 2002)
was proposed by its authors as a relatively quick measure of cognitive functioning. This is especially important
for patients whose endurance or perseverance are poor, given their condition. Among these are primarily the el-
derly and the patients that suffer from symptoms of dementia or cognitive impairment. This instrument was also
proposed as a standardized procedure that could be used more than once to assess cognitive decline.

The validity and reliability of the MMSE were initially reported by Fostein, Folstein and McHugh (1975) in
two samples of patients with dementia, depression with cognitive impairment, and depression. The value of 20
points as a cutoff score between patients and controls was established on the basis of the examination of 137 pa-
tients and 63 healthy controls.

The MMSE is made up of 11 items, which yield a total score of 30 points. The areas of cognitive functioning
assessed by this instrument are: orientation, memory, attention, language, and visual constructional praxis.

The MMSE is, perhaps, the instrument of its type of greater utilization in the field of brain-behavior assess-
ment. However, it has not been until recently that frequent bibliographical references about this instrument itself
in regards to dementia and other neurological disorders have been introduced. The MMSE is used frequently in
a description of the characteristics of participant samples in a wide range of research, but it is not always itself
the subject of study. Thus, a review of the literature that mentions the use of the MMSE reveals that the majority
of studies are not about the instrument itself.

The use of the MMSE s at present almost universal. The literature shows that it has been used in research
conducted in Sweden (Ronnlund et al., 2005; Dickerson et al., 2005), Holland (Spaan, Raaijmakers, & Jonker,
2005), France (Elbaz et al., 2005; Haubois et al., 2011; Bugnicourt et al., 2013), Argentina (Sarasola et al.,
2005), the United States (Daniels et al., 2012; Buckingham et al., 2013), Finland (Alhola et al., 2005; Wikman
& Summala, 2005), Canada (Alagiakrishnan et al., 2013), Italy (Caffarra et al., 2013), Australia (Faux et al.,
2010; Cameron et al., 2012), Norway (Fjertoft et al., 2011), Korea (Kim et al., 2010; Park et al., 2014), Belgium
(Adam et al., 2005), Brazil (Alencar et al., 2010), China (Malhotra et al., 2013; Tsemg, et al., 2013) and Japan
(Yajima et al., 2013), among others.

The MMSE has been used with a variety of patients suffering from a number of neurological and systemic
conditions. Among these are dementias, including Alzheimer's disease (Sarasola et al., 2005; Foldi et al., 2005;
Adam et al., 2005; O’Hara et al., 2005; Festa et al., 2005; Lipton et al., 2005; Bartzokis et al., 2006; Khachiyants
& Kim, 2012; Malhotra et al., 2013; Caffarra et al., 2013; Razlighi et al., 2014). Mild cognitive impairment has
also been traditionally a condition with which the MMSE has been frequently used (Boyle et al., 2005; Dicker-
son et al., 2005; Jack et al., 2005; Haubois et al., 2011; Cameron et al., 2012; Alagiakrishnan et al., 2013).

In 2013, with the advent of the fifth edition of the diagnostic and statistical manual of mental disorders (DSM-
5; American Psychiatric Association, 2013) what had been referred to previously as mild cognitive impairment
was raised to the level of a formal diagnosis with the name of minor neurocognitive disorder.

The aim of the present study is to determine the ability of the MMSE to predict neurocognitive functioning in
two samples of Hispanic patients who have complained to their primary care physicians of having memory dif-
ficulties in a battery of neuropsychological tests.

2. Methodology

2.1. Ethical Considerations

The study was approved by the Institutional Review Board of the Medical Care Consortium. Inc. (MCCI) as an
archival, cross-sectional, quasi-experimental research.

2.2. Participants

The study included two independent samples of Hispanic patients that had been referred to the Cognitive Health
Program of the Medical Care Consortium, Inc. (MCCI) for neuropsychological evaluation by their primary care
physicians for complaining of memory difficulties, and thus, given a diagnosis of minor neurocognitive disorder.
These patients were administered a battery of neuropsychological tests, including the MMSE. MCCI is a multi-
center health care provider that offers primary and specialized medical services in out-patient settings.

The data for the first group was gathered in 2009. This sample was made up of 100 otherwise healthy patients,
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who were referred consecutively to the Cognitive Health Program of MCCI for neuropsychological evaluation
by their primary care physicians for presenting memory complaints.

The 2009 sample was subsequently divided into two other groups, according to the scores obtained in the
MMSE. A total of 30 participants were included in the low score group (MMSELS). The mean value of the total
score of the MMSE for this group was 19.73, with a standard deviation of 2.57. Another 30 participants were in-
cluded in the high score group (MMSEHS). The average total score of the MMSE for this group was 28.73, with
a standard deviation of 0.73. A Student-t test of statistical significance showed that the difference between these
two means was significant (p < 0.000).

The data for the second group was gathered in 2013. This group also consisted of 100 otherwise healthy pa-
tients of Hispanic origin that were seen consecutively for the purpose of administering a neuropsychological test
battery, as referred by their primary care physicians. They were enrolled in the Cognitive Health Program of
MCCI, where they subsequently received cognitive rehabilitation services (Herrera Pino et al., 2013).

The sample of 100 participants was divided into two groups, according to their performance in the MMSE. Of
these, 30 participants were assigned to the low score group (MMSELS). The mean total score in the MMSE for
this group was 20. 38 (sd = 2.37). A group of 30 participants was designated as the high score sample (MMSEHS).
The mean value of the total score in the MMSE of this sample was 28.62 (sd = 0.70). A Student-t test of statis-
tical significance revealed that these two means differed significantly (p < 0.000).

3. Instruments and Procedures

All participants in this study, including the 2009 and 2013 samples, were administered the MMSE, together with
a battery of neuropsychological instruments configured in a process oriented eclectic paradigm. The neuropsy-
chological instruments included in this battery were the written (SDW); and oral (SDO) administrations of the
Symbol Digit Modalities Test (Smith, 1973, 1982, 2002), the Controlled Oral Word Association Test (COW,
Lezak, Howieson, & Loring, 2004; Spreen & Strauss, 1998), and the Boston Naming Test (BNT; Kaplan,
Goodglass, & Weintraub, 1983, 1996).

In addition to these, the administrations RAI (recall of the list in the first trial), RAV (recall of the list in the
fifth trial), and RAD (recall of the list with a 20-minute delay) of the Rey Auditory Verbal Learning Test
(Schmidt, 1996), the copy (ROC) and delayed (30 minutes) (ROM) administrations of the Rey Osterrieth Com-
plex Figure Test (Rey, 2003; Meyers & Meyers, 1995), and the Revised Benton Visual Retention Test (BVR,;
Benton, 1974, 2002; Sivan, 1992) were also included in the battery of instruments administered to all of the par-
ticipants of this research study. The neuropsychological tests were administered to all of the participants in this
study in Spanish, as this was their preferred language.

4. Data Analysis

The differences between the mean values obtained by the MMSELS group and the MMSEHS group in the 2009
and 2013 samples in the different neuropsychological instruments administered to them were analyzed by means
of the Student-t statistical procedure for independent means.

5. Results

As can be seen in Table 1, the demographics of the 2009 sample showed a significant difference in the mean
total scores of the MMSE, as well as in their level of education. No significant difference was found in regards
to the mean age value of both groups.

In Table 2, the differences between the mean values obtained by the MMSELS group and the MMSEHS
group of the 2009 sample can be seen. The MMSE was able to predict to differences in these means in all of the
measures taken, except two of them. In the RAI condition of administration of the Rey Auditory Verbal Learn-
ing Test, the patients had to recall as many words as they could from a list of 15 words presented to them aurally.
It is interesting to note that both groups, MMSELS and MMSEHS, performed poorly in this task.

In the RAD condition of administration of the same instrument, the scores did not differ significantly either.
This task required the patients to recall the list of 15 words that had been presented previously five times after a
20-minute delay. Once again, both groups performed poorly in this task.
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Table 1. Demographics by group (2009) sample.

Groups by MMSE score
MMSELS MMSEHS
N = 30 N = 30 Student t
19.7333 28.7333 «
MMSE (2.57218) (0.78492) ~18.330
74.0667 71.8333
Age (5.81279) (9.88584) 1.067
Education 6.1667 10.0667 _3335™
(Years) (4.51880) (4.54049) :

MMSELS = Mini Mental Status Exam Low Scoring; MMSEHS = Mini Mental Status Exam High Scoring; () Standard Deviation “p < 0.000; “p <
0.001.

Table 2. Means and standard deviations in neuropsychological tests by group (2009 sample).

P Groups by MMSE Score
Tests Mo MVISERS Student t
50 .43520) (0:40708) 8470
SDW @ 15504) (675700) 7864
cow (5.64068) (0.5215) 6471
BNT (@ 73088) (a.43007) 6759
RAI (5632383333) (3303090007) ~2.163
RAV (26..270676838) (2?'559656573) ~4.501°
RAD (23?'558323838) (35.213080;)0) ~2.210
ROC (8.65021) (5.52937) -5.364
ROM (3%875393031) (5?&?6%6173) ~4.031°
BVR (11.201373231) (13.;554666579) ~7.050°

MMSELS = Mini Mental Status Exam Low Scoring; MMSEHS = Mini Mental Status Exam Low Scoring; SDO = Symbol Digit Modalities Oral;
SDW = Symbol Digit Modalities Written; COW = Controlled Oral Word Association; BNT = Boston Naming Test; RAI = Rey Auditory Verbal
Learning (1); RAV = Rey Auditory Verbal Learning (V); RAD = Rey Auditory Verbal Learning (D); ROC = Rey Osterrieth Complex Figure Copy;
ROM = Rey Osterrieth Complex Figure Memory; BVR = Benton Visual Retention; ( ) Standard Deviation; “p < 0.000.

Table 3 shows the demographic values for both the MMSELS and the MMSEHS groups in the 2013 sample.
Just as it was the case with the 2009 sample, these groups differed significantly in their MMSE mean total
scores, as well as in their level of education. However, no significant differences were noted in age.

An inspection of Table 4 reveals that the differences between the mean values obtained by the MMSELS
group and the MMSEHS group of the 2013 sample in the different neuropsychological instruments included in
the battery administered to all study participants were statistically significant, except for the RAI condition of
administration of the Rey Auditory Verbal Learning Test. Once again, the participants of both groups performed
poorly in this task.

6. Discussion

The results obtained in the present study clearly contribute to lend further credence to the use of the MMSE in the
process of assessing the cognitive status of patients with minor neurocognitive disorder. This instrument was
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Table 3. Demographics by group (2013 sample).

Groups by MMSE Score
MMSELS MMSEHS
N = 30 N = 30 Student t
20.382 28.625 .
MMSE (2.3743) (0.7048) ~20.921
69.56 73.40
Age (9.204) (7.045) 1975
Education 5.735 11.450 5716
(years) (4.2591) (4.3083) '

MMSELS = Mini Mental Status Exam Low Scoring; MMSEHS = Mini Mental Status Exam High Scoring; () Standard Deviation; “p < 0.000.

Table 4. Means and standard deviations in neuropsychological tests by group (2013 sample).

P Groups by MMSE score
Tests MUSELS M Student t
Sbo (1103.'2312241) (1300.6107253) ~7.153°
SbwW (é.légig) (5.53;2;2) ~6.228°
cow (#15.(1)%2) (g.sigig) ~6.377
BNT é%ﬁj?) (g.zé%g) ~6.770°
RAI (13?2167‘12177) (féze()zos) ~1.675

RAV (25'2550907) (17. %3967755) ~5.037
RAD (23?'2756751) (26.'302%05) ~4.182°
ROC (5.19222) (g.géiﬁg) ~5.186°
ROM (46.21820298) (é?éiég) ~3.163"
BVR (11.'7954711) (13. .7982857) ~4.793°

MMSELS = Mini Mental Status Exam Low Scoring; MMSEHS = Mini Mental Status Exam Low Scoring; SDO = Symbol Digit Modalities Oral;
SDW = Symbol Digit Modalities Written; COW = Controlled Oral Word Association; BNT = Boston Naming Test; RAI = Rey Auditory Verbal
Learning (I); RAV = Rey Auditory Verbal Learning (V); RAD = Rey Auditory Verbal Learning (D); ROC = Rey Osterrieth Complex Figure Copy;
ROM = Rey Osterrieth Complex Figure Memory; BVR = Benton Visual Retention; ( ) Standard Deviation; “p < 0.000; ~p < 0.002.

shown to be capable of predicting the performance of patients with minor neurocognitive disorder in a number of
different neuropsychological instruments. In addition to this, the present study fulfills one of the most important
premises in scientific research. The scientific method is based on the notion that it facilitates the replication of
previous findings, in order to make knowledge stronger. Two totally independent samples of patients were used in
this investigation, one sample studied in 2009 and a second sample in 2013.

An inspection of the results obtained by both samples, not only in the MMSE, but also in the neuropsychologi-
cal instruments included in the battery used in the assessment of all participants, reveals more than acceptable
level of consistency. In both samples, the MMSE was able to predict the performance of the participants of the
study in a variety of higher cerebral functions assessed by the different instruments included in the battery used.
This included the attentional and incidental memory processes assessed by both conditions of administration, oral
and written, of the Symbol Digit Modalities Test, as well as the working memory and sustained attention abilities
assessed by the Revised Benton Visual Retention Test.

The MMSE was also shown to be capable to predict in both samples of patients the language skills assessed
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by the Controlled Oral Word Association Test, as well as the naming function of language assessed by the Bos-
ton Naming Test. Visual constructional praxis and incidental visual memory assessed by the Rey Osterrieth
Complex Figure Test were also among the higher cerebral functions predicted by the scores in the MMSE.

In the 2009 sample, the MMSE was not predictive of the auditory verbal learning memory functions assessed
by the RAI and RAD conditions of administration of the Rey Auditory Verbal Learning Test, nor was it predic-
tive of the values obtained in the RAI by both MMSELS and MMSRHS groups in the 2013 sample. A plausible
explanation of these findings is that the patients included in this study may well have suffered from what, until
2013, was referred to as amnestic mild cognitive impairment.

7. Conclusions and Recommendations

The findings of this study support the use of the MMSE in the assessment process of patients with what has been
previously known as mild cognitive impairment, and currently referred to as minor neurocognitive disorder. It
should be noted, however, that any screening instrument, such as the MMSE runs the risk of producing a false
negative finding. In the case of the MMSE, in particular, the literature shows that normative samples usually
have a very tight distribution, reflected in very small values for the standard deviation. On the other hand, pa-
thological samples have traditionally shown a much greater dispersion, as reflected in higher values for the
standard deviation (Herrera Pino et al., 2007).

This is exactly the case of the scores obtained in the MMSE by both the 2009 and 2013 samples assessed in
this study. In the 2009 sample, the mean value of the total score of the MMSE for the high-scoring group was
28.73, with a standard deviation of 0.78. The mean value in a total score of the MMSE for the high-scoring
group in the 2013 sample was 28.62, with a standard deviation of 0.70. The standard deviation as a measure of
dispersion did not even reach a value of one point in either of the samples.

In contrast to this, the mean MMSE total score for the low-scoring group of the 2009 sample was 19.73, with
a corresponding standard deviation of 2.57. The mean MMSE total score value for the low-scoring group of the
2013 sample was 20.38, and the standard deviation was 2.37. It is interesting to note that in the review of the li-
terature pertaining to the MMSE conducted by Herrera Pino et al. (2007), this type of finding was consistent
across studies conducted even in different countries.

These findings mean that, whereas, the more cognitively intact samples do not vary greatly from their meas-
ure of central tendency, pathological or clinical samples may include individuals that even though they may
have a relatively high score in the MMSE, they may still suffer from a significant degree of cognitive impair-
ment, or even conditions such as dementia. A positive finding in the MMSE may well be taken as a solid basis
for formulating diagnostic impression, but a negative finding needs to be further validated by the use of a more
formal assessment procedure, such as a neuropsychological evaluation.

It is also recommended that the study be conducted with community living elderly individuals without any
cognitive impairment or neurological condition. This will allow a better generalization of results to the popula-
tion at large.
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