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Background: The objective of this study was
to compare the performance of the Mini-Mental
State Examination (MM SE) total score as well
asitem scores in separating 4 groups of elderly
(55-85 years of age) subjects—normal controls,
subjects with mild cognitive impairment (MCl),
subjects with mild Alzheimer’s disease, and sub-
jects with depression.

Method: The MM SE scores of 86 subjects
(25 normal elderly controls, 26 subjects with
MCI, 10 subjects with mild Alzheimer’s disease,
and 25 subjects with depression) were analyzed.
Statistically significant differences between
groups in both overall MM SE score and indi-
vidual item scores were documented. Receiver
operating characteristic curves were constructed
toyield further data.

Results: The overall MM SE scores of the mild
Alzheimer’s disease group were significantly be-
low those of subjectsin the control, MCI, and
depression groups (p < .001). The overal MM SE
scores of MCI subjects were significantly lower
than those of control subjects (p = .005) but not
different from those of subjects with depression.
Furthermore, individual item responses were not
significantly different between MCI subjects and
controls. The delayed recall item scores were sta-
tistically lower in the mild Alzheimer’s disease
group versus the other 3 groups but did not sepa-
rate the control, MCI, and depression groups from
each other.

Conclusion: The MM SE effectively separates
those with mild Alzheimer’s disease from the
other 3 groups and MCI from normal aging,
but it is relatively ineffective in separating
normal elderly individuals from those with
depression and individuals with MCI from those
with depression. Measures other than the MM SE
may need to be implemented to evaluate mental
status to more effectively separate MCI from
depression and depression from normal aging.
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I n light of the continuing rise in the population of el-

derly individuals in the United States and the threat
of impaired cognitive function to diminish one's quality
of life, accurate and effective screening for early recog-
nition and differentiation between normal age-related
cognitive decline, mild cognitive impairment (MCl), mild
Alzheimer’s disease, and other causes of cognitive de-
cline is desirable. The Mini-Mental State Examination
(MMSE)* is one of the most widely used tools imple-
mented by physiciansto evaluate a patient’s cognitive sta-
tus.2 Common use among physicians occurs because the
MMSE, in general, has fulfilled its original goa of pro-
viding a bedside screening test of cognitiveimpairment in
hospitalized patients.* Also contributing to its popularity
among physicians is the MM SE's feasibility in terms of
the time required to administer atest assessing a patient’s
degree of cognitive impairment, as opposed to longer
mental status tests or neuropsychological batteries that
may require a neuropsychologist or other trained experts
several hours to administer and evaluate scoring.

The MMSE correlates significantly with other cogni-
tive batteries such as the cognitive subscale of the Alzhei-
mer’s Disease Assessment Scale (ADAS) (astandard cog-
nitive outcome in Alzheimer’s disease drug trials), and an
equation to predict ADAS scores from the MM SE (and
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vice versa) has been published for patients with mild to
moderate Alzheimer’s disease.® Over the past 2 decades,
there have also been numerous studies examining the
clinical utility of the MMSE, and many attempts have
been made to improve its sensitivity and specificity.2**°
The MM SE was developed at atime when only patients
in more advanced stages of dementia were being eval-
uated, and thus the MMSE's usefulness in separating
normal aging from MCI and depression (a common dif-
ferential diagnosis dilemmain the elderly) was not origi-
nally well studied. Yet, while most clinicians do not uti-
lize the MMSE in the capacity of a diagnostic tool, the
MM SE remains the conventional choicefor theinitial as-
sessment of patients’ mental status by primary care physi-
cians and many specialists. Therefore, determination of
the MM SE's utility in screening for cognitive decline in
various clinical diagnostic states is needed.

The objective of this study was to compare the
ability of the MMSE total score, as well as item scores,
to separate 4 clinically important groups of elderly
subjects—normal elderly controls, subjects with MCI,
subjectswith mild Alzheimer’s disease, and subjects with
depression—in order to assess its use as a screening
tool for cognitive impairment in the elderly. The MM SE
scores, both overal and individual items, were expected
to be significantly different between the control and mild
Alzheimer’s disease and M CI groups, while comparisons
of control versus depression groups were not expected to
be significant.

METHOD

Subjects

There were 86 elderly subjects (Table 1) who partici-
pated in 2 different research studies that had been ap-
proved by an ethics committee. Subjects were recruited
from the community through advertisements for people
with memory problems or depression. All subjects gave
written consent. The dataused for the present study repre-
sent asubset of datathat was originally considered demo-
graphic information for the larger studies, which are on-
going long-term projects. The 86 elderly subjects were
chosen due to completeness of their data sets. They com-
prised the following 4 groups: 25 normal elderly control
subjects, 26 subjects with MCI, 10 subjects with early
Alzheimer’s disease, and 25 subjects with depression.
Subjects underwent clinical and neurologic evaluations,
computed tomographic or magnetic resonance imaging
(MRI) scans, and review of |aboratory data.

General inclusion criteria. Subjects (1) were 55 to 85
years old, (2) were fluent in English, and (3) had a mini-
mum of 8 years of formal education.

Exclusion criteria. Exclusion criteriawere (1) depres-
sion not controlled by medication (asindicated by scores
on the Beck Depression Inventory™ or Montgomery-
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Table 1. Demographics and Clinical Information for Elderly
Subjects in 4 Groups

Control MCI MildAD  Depression
Variable (N =25) (N =26) (N =10) (N =25)
Age, mean (SE),y  71.1(1.03) 76.0 (1.38)* 75.4(2.23) 69.0(1.05)
Sex, male/female, N 12/13 11/15 4/6 17/8
Race, N
White 18 22 8 24
African American 5 4 1 1
Other 2 0 1 0
Education, 16.0(0.53) 15.0 (0.51) 13.7(0.68) 14.2(0.52)
mean (SE), y
MM SE score, 28.4(0.25) 26.5(0.38) 22.8(0.72) 27.9(0.31)
mean (SE)
CDR score 0 0.5 1.0
BDI score, 55(0.90) 5.2 (0.73) 6.2(1.30)
mean (SE)
MADRS score, 25.0(0.86)
mean (SE)

éAge of MCI group was significantly older than that of both the
control and depression groups.

Abbreviations: AD = Alzheimer’s disease, BDI = Beck Depression
Inventory, CDR = Clinical Dementia Rating scale,
MADRS = Montgomery-Asberg Depression Rating Scale,
MCI = mild cognitive impairment, MMSE = Mini-Mental State
Examination.

Asberg Depression Rating Scale [MADRS],* as well as
an evaluation by a psychiatrist [PM.D.]), or other psychi-
atric illness (for the first 3 groups); (2) use within 24
hours of psychoactive medications known to significantly
affect memory (particularly anxiolytics and hypnotics);
(3) presence of a confounding central neurologic disease
(e.g., brain tumor, stroke, epilepsy); or (4) presence of a
substance abuse disorder or substance dependence.

Control group inclusion criteria. In addition to
meeting the exclusion criteria, the fulfillment of the fol-
lowing criteria was required for inclusion within the con-
trol group. Subjects (1) did not meet National Institute of
Neurological and Communicative Disorders and Stroke—
Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA)* criteria for clinical Alzheimer’s
disease or Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV)* criteria for de-
mentia, (2) had normal/near normal independent function,
(3) had no objective memory impairment demonstrated
by performance on a word learning list (the California
Verbal Learning Test-11 [CVLT-11]") and story or picture
recall tests (logical memory and visual reproduction
subtests from the Wechsler Memory Scale-lll (WMS-
111),'® (4) had a Clinical Dementia Rating scale (CDR)"
globa score of 0 (a rating based on cognitive and func-
tional abilities as reported by an informant and interview
of the subject), and (5) did not meet criteria for MCI (as
stated in the next section).

Mild cognitive impairment group inclusion criteria.
In addition to the exclusion criteria, fulfillment of the fol-
lowing criteriawas required for inclusion within the MCI
group: (1) a recent history of symptomatic worsening in
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memory, which was supported by information from an in-
formant; (2) an objective memory impairment (at least 1
standard deviation below normal) as demonstrated by per-
formance on the CVLT-Il and/or logical memory and/or
visual reproduction tests from the WMS-III; (3) normal/
near normal performance on other cognitive tests; (4) a
CDR global score of 0.5 (questionable dementia) with a
memory score of at least 0.5; (5) failureto meet NINCDS-
ADRDA criteriafor clinical Alzheimer’s disease or DSM-
IV criteriafor dementia; and (6) absence of other factors
that may provide a better explanation for memory loss
(e.g., depression).

Mild Alzheimer’s disease group inclusion criteria. In
addition to the exclusion criteria, fulfillment of the fol-
lowing criteriawas required for inclusion within the early
Alzheimer’s disease group: (1) a history of progressive
cognitive worsening for at least 1 year, (2) a Hachinski
score®® of <4 (indicating an insignificant vascular com-
ponent to the memory loss), (3) a CDR global score of 1
with a memory score of at least 1 (mild Alzheimer’s dis-
ease), and (4) NINCDS-ADRDA criteria for probable
Alzheimer’s disease after full workup including neuro-
logic, imaging, and laboratory tests.

Depression group inclusion criteria. In addition to the
exclusion criteria, fulfillment of the following criteriawas
required for inclusion within the depression group: (1)
current major depressive disorder criteria of the DSM-1V,
(2) aminimum score of 21 on the MADRS,* (3) MRI and
neurologic examination not suggestive of other causes
of depression, and (4) absence of dementia by DSM-1V
criteria.

Materials

A standard MM SE form was administered to each of
the 86 elderly subjects comprising the 4 separate groups.
The MMSE was composed of 20 questions designed
to assess the patient's mental status in the following
5 categories"”: 10 orientation questions (year, season,
date, day, month, state, country, city, floor, and location),
1 memory item (delayed recall of apple, table, penny),
1 attention-concentration item (spelling “world” back-
ward), 6 language items (“watch-pencil” [naming], regis-
tration of 3words and “No ifs, ands, or buts’ [repetition],
3-step command [comprehension], “close your eyes’
[reading], and “write a sentence” [writing]), and 1 con-
structional item (copy overlapping pentagons).

Statistical Method

First-level (general linear model) analysis. For both
the overall MMSE scores and individual item scores, a
1-way analysis of covariance (ANCOVA) was conducted
on scores between groups (controls, MCI, mild Alzhei-
mer’s disease, and depression) with age, sex, and educa
tion used as covariates. To determine whether a statisti-
caly significant difference existed between the scores of
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the groups, an o of 0.05 was used to test the omnibus null
hypothesis.

Second-level (post hoc) analysis. The post hoc analysis
involved pairing groups for comparisons of statistically
significant data, indicated by the 1-way ANCOVA con-
ducted at the first-level analysis. Statistically significant
differences between scoring items of 2 groups were de-
termined via ANCOVA, applying a Bonferroni-corrected
a-coefficient of 0.0083 (to correct for multiple compari-
sons) to the following 6 between-group comparisons: con-
trol versus MCI, control versus mild Alzheimer’s disease,
control versus depression, MCl versus mild Alzheimer’s
disease, MCI versus depression, and mild Alzheimer’s dis-
ease versus depression.

The same between-group comparisons of data were
used to construct receiver operating characteristic (ROC)
curves. An ROC curve is a graphical representation of
the trade-off between the fal se-negative and fal se-positive
rates for every possible cutoff for atest. It allows usto es-
tablish the most appropriate threshold for a test, based on
how well it classifies subjects into the relevant groups.

The “cutoff” MMSE score for each group was deter-
mined from the ROC curves, following which, sensitivity
(the probability that a patient will be accurately classified
by the test), specificity (the probability that a nonpatient
will be accurately classified by the test), positive predic-
tive value (the probability that a subject classified as a pa-
tient by the test belongsin the patient group), and negative
predictive value (the probability that a subject classified as
a nonpatient by the test belongs in the nonpatient group)
were calculated. The area under the ROC curve (AUC)
was also calculated as a measure of efficacy of the test.

RESULTS

Demographic profiles for each of the 4 groups are
shown in Table 1. Sex and education were not signifi-
cantly different between the 4 groups. The mean age of
the MCI group was greater than that of the control
and depression groups, F=2.153, df =1, p=.007, and
F=1.330, df = 1, p =.001, respectively. Asaconservative
measure in the data analyses, all 3 factors (age, education,
sex) were applied as covariates when conducting the
ANCOVA.

The results of overall MMSE score between-group
comparisons are shown in Table 2. The overall MMSE
scores of the mild Alzheimer’s disease group were signifi-
cantly lower than those of the other 3 groups, and the total
MMSE score of the MCI group was significantly lower
than that of the control group. The MMSE scores of the
depression subjects were not significantly different than
those of control or MCI subjects.

The between-group comparisons of individual MM SE
item scores following the second-level analysis are dis-
played in Table 2. Items proving to be significantly dif-
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Table 2. Between-Group Comparisons of MMSE Overall Score and Individual Items (p values)*

Control vs Control vs Control vs MCI vs MCI vs Mild AD vs

Measure MCI Mild AD Depression Mild AD Depression  Depression
Overall score .005° <.001° 636 <.001° .038 <.001°
Orientation

Year LG 014 LG .010 e .054

Season 114 372 .260 .003° 311 .260

Date .239 <.001° 351 011 .036 <.001°

Day of week 117 <.001° ..C .007° .030 <.001°

City 490 141 .057 .079 .369 392

Floor of building 014 404 <.001P4 .845 <.001P4 .002°

Name of place AT4 .023 c .023 736 041
Delayed recall

0 Correct .381 <.001° L .002° .886 .001°€

1 Correct .039 121 293 944 .034 .024

2 Correct .864 .303 011 .094 .050 .006°

3 Correct .036 022 .049 382 812 761

Total correct .017 <.001° .260 .023 392 .005°

@Post hoc analysis of statistically significant comparisons by analysis of covariance. Age, sex, and education

were covariates.

bStatistically significant difference (a-coefficient = 0.0083).
“No incorrect responses were given by subjects of either group in the comparison.

dMore correct responses from depression group.

“More mild AD subjects with zero correctly recalled.

Abbreviations: AD = Alzheimer’s disease, MCI = mild cognitive impairment, MM SE = Mini-Mental State

Examination.

ferent between the groups following first-level analysis
came only from the categories of orientation and memory.
Second-level post hoc analyses were then conducted.
There were no significant differences between individual
item scores of the MMSE in the control group and the
MCI group, despite a significant difference in tota
MM SE scores between the 2 groups. The item scores for
the MCI group also demonstrated little difference from
those of the depression group. However, the subjects of
the MCI group incorrectly answered the floor item signifi-
cantly more frequently than did those of the depression
group (F = 29.305, df =1, p <.001).

The results from ANCOVA showed many areas of sig-
nificant difference between the mild Alzheimer’s disease
subjects and the subjects of the other 3 groups. The most
notable items in which the mild Alzheimer’s disease sub-
jects had significant deficits compared with the other
3 groupswere date, day of theweek, and delayed recall. In
terms of the delayed recall item, mild Alzheimer’s disease
subjects recalled zero out of the 3 words (apple, table,
penny) significantly more often than did any one of the
other 3 groups, while the total number of words recalled
correctly by subjects of the mild Alzheimer’'s disease
group was significantly fewer than that of either the con-
trol subjects or depression subjects (see Table 2). In terms
of delineating between items of particular importance on
the MM SE when evaluating groups of elderly individuals
with cognitive decline, incorrect responsesto certain indi-
vidual items (date, day of the week, delayed recall) were
correlated to subjects with mild Alzheimer’s disease. The
floor item discriminates depression from both MCI and
controls (see Table 2). There do not, however, appear to be
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any individual items on the MM SE that alone discern be-
tween all 4 groups.

Between-group comparisons of total MMSE scores
were used to construct ROC curves (Figure 1), which per-
mitted data analysis (Table 3) viathose ROC curves. The
ROC curves showing the largest AUC and accuracy val-
ues (among other values as well) are those comparing any
one of the groups of nondemented states to the mild Alz-
heimer’s disease group as the positive state. However, the
values calculated from the ROC curves comparing the
control, MCI, and depression groups with each other are
markedly lower than those with the mild Alzheimer’s dis-
ease group as the positive state.

DISCUSSION

The results of this study demonstrate that the MM SE
can dill play an effective role in the primary care
physician’s cognitive screening of the elderly. Out of the 4
groups studied, our results show that the MM SE appears
best suited to identify cognitive impairments caused by
mild Alzheimer’s disease. Both the total score and incor-
rect responses for the individual date, day of the week,
and delayed recall items could be useful to the primary
care physician in detecting cognitive changes associated
with mild Alzheimer’s disease. The MMSE total score
may differentiate between normal age-associated memory
symptoms and MCI (apossible prodromal state of Alzhei-
mer’s disease) and also separate MCI from mild Alzhei-
mer’s disease.”®

While we have shown that incorrect responses for the
items date, day of the week, and delayed recall can indi-
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Figure 1. ROC Curves for Overall MMSE Scores
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Abbreviations: AD = Alzheimer’s disease, MCI = mild cognitive impairment, MM SE = Mini-Mental State Examination, ROC = receiver operating

characteristic.

cate mild Alzheimer’s disease, the other items individu-
ally showed little sensitivity or specificity, consistent with
severa other studies.®*° Depression, an important differ-
ential diagnosis in the elderly population, was not well
separated from normal elderly controls or MCI by the
MMSE. Other studies have shown that detecting cognitive
impairment due to depression requires more complex
tasks involving executive function or speed.” Due to the
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overlap in cutoff scores on the MM SE that separated con-
trols from MCI (= 27) and from depression (= 28) sub-
jects, caution should be exercised when patients' overall
score falls in this range. This finding also demonstrates
that additional specific testing of mood isimportant for an
elderly person with suspected cognitive decline.

Because this was a pilot study with a relatively small
sample size, the findings need to be interpreted cautiously
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Table 3. Overall MMSE Score ROC Curve Statistical Results

Control vs Control vs Control vs MCI vs Depression vs Depression vs
Result MCI2 MildAD®  Depression®  Mild AD” MCI2 Mild ADP
Cutoff score <27 <24 <28 <24 <27 <24
AUC 0.785 0.978 0.574 0.888 0.715 0.962
Sensitivity, % 57 75 52 80 58 80
Specificity, % 72 100 56 85 60 96
PPV, % 69 100 39 50 71 89
NPV, % 88 93 29 90 88 92
Accuracy, % 75 94 36 72 7 91

&M CI was the positive state used in the comparison.

PMild AD was the positive state used in the comparison.
‘Depression was the positive state used in the comparison.

Abbreviations: AD = Alzheimer’s disease, AUC = area under curve, MCI = mild cognitive impairment,
MMSE = Mini-Mental State Examination, NPV = negative predictive value, PPV = positive predictive value,

ROC = receiver operating characteristic.

and may not yet be generalizable. The MM SE item scores
were not originally developed to discriminate diagnostic
groups, but we examined them here to investigate whether
they could provide clinical value. Overall, our analyses
were intended to further assist physicians in utilizing the
strengths of the MM SE as a cognitive screening tool and,
at the same time, emphasize its weaknesses.

The MM SE appears to be useful as a good first step in
the evaluation of cognitive status and maintainsitsorigina
purpose in detecting cognitive decline over time. The util-
ity of the MM SE extends to effectively recognizing mild
Alzheimer’sdisease and, in the absence of depression, dis-
criminates between MCI and normal aging. The MMSE is
therefore capable of providing useful information neces-
sary for physicians to pursue early treatment and/or refer-
ral of patients displaying early signs of cognitive decline.
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