Mini-Mental State Examination: Screening and Diagnosis
of Cognitive Decline, Using New Normative Data

Mini-Mental State Examination: Avaliacao dos Novos
Dados Normativos no Rastreio e Diagnéstico do Défice
Cognitivo
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ABSTRACT
Introduction: The Mini-Mental State Examination is the most commonly used cognitive screening test. In Portugal, the cut-off scores
are defined according to literacy groups, but different proposals have been recommended by more representative studies. We therefore
propose to confirm the influence of demographical variables, such as age and education, in the subject’'s performance; evaluating the
discriminant ability of the new normative data; and to further examine the diagnostic acuity of the validated cut-off scoring for mild
cognitive impairment and for the most prevalent types of dementia.
Material and Methods: Our study includes 1 441 educated subjects, divided into seven subgroups: Mild cognitive impairment,
Alzheimer’s disease, frontotemporal dementia, vascular dementia, dementia with Lewy bodies, community-controls and memory clinic-
controls.
Results: Altogether age and education explain 10.4% of the Mini-Mental State Examination results variance, with both variables
contributing significantly to the results’ prediction. The diagnostic acuity based on the most recent normative data was always higher
than the one obtained through the validation cut-off scoring, revealing an overall excellent specificity (superior to 90%) and different
sensitivity values: excellent for mild Alzheimer’s disease (91%), good for dementia with Lewy Bodies (78%) and low for mild cognitive
impairment (65%), frontotemporal dementia and vascular dementia (55%).
Discussion and Conclusions: The performance on the Mini-Mental State Examination is influenced by age and education, supporting
the use of normative data that consider those variables. With this approach, the Mini-Mental State Examination could be a sensitive
and specific instrument for the Alzheimer’s disease screening among all healthcare levels. Nevertheless, its diagnostic acuity is limited
in other conditions frequently seen in memory clinics, such as Mild Cognitive Impairment and other types of dementia.
Keywords: Alzheimer Disease; Cognition; Dementia; Mild Cognitive Impairment; Neuropsychological Tests.

RESUMO
Introdugao: O Mini-Mental State Examination é o teste de rastreio de défice cognitivo/deméncia mais difundido. No nosso pais tém-se
utilizado pontuagdes de corte definidas por grupos de literacia, mas existem novas propostas sustentadas por estudos mais repre-
sentativos. Propomo-nos confirmar a influéncia da idade e da escolaridade no desempenho, avaliar a capacidade discriminativa dos
novos dados normativos e testar a acuidade diagndstica das pontuagdes de corte validadas para o défice cognitivo ligeiro e para as
formas mais prevalentes de deméncia.
Material e Métodos: O estudo incluiu 1 441 participantes escolarizados, divididos em sete subgrupos: Défice cognitivo ligeiro, doenga
de Alzheimer, deméncia fronto-temporal, deméncia vascular, deméncia com corpos de Lewy, controlo-comunidade e controlo-clinica-
memoria.
Resultados: Em conjunto, idade e escolaridade explicam 10,4% da variancia dos resultados no Mini-Mental State Examination, com
ambas contribuindo significativamente para a predigéo dos resultados. A acuidade diagnostica com base nos dados normativos mais
recentes foi sempre superior a conseguida com as pontuacdes de corte de validacao, revelando uma especificidade excelente (supe-
rior a 90%) e uma sensibilidade também excelente para a doenga de Alzheimer ligeira (91%), boa para deméncia com corpos de Lewy
(78%), baixa para o défice cognitivo ligeiro (65%) e deméncia fronto-temporal e deméncia vascular (55%).
Discusséo e Conclusdes: O desempenho no Mini-Mental State Examination é influenciado pela idade e pela escolaridade, apoiando
a utilizagdo de dados normativos que considerem estas variaveis. Com esta abordagem, o Mini-Mental State Examination podera ser
um instrumento sensivel e especifico para o rastreio da doenga de Alzheimer em todos os niveis de cuidados de saude, mas a acui-
dade de diagnéstico é limitada noutras situagdes frequentes em consultas especializadas, como o défice cognitivo ligeiro ou outras
formas de deméncia.
Palavras-chave: Cognicao; Défice Cognitivo Ligeiro; Deméncia; Doenga de Alzheimer; Testes Neuropsicélogicos.
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INTRODUCTION

Mini-Mental ~ State ~ Examination = (MMSE)' was
developed in the 70s for the identification of patients with
cognitive impairment in field studies.? It is currently the
most widespread brief cognitive test and with the widest
range of applications for mental status assessment, in
epidemiological and clinical studies as well as in clinical
practice, where it is used at all levels of healthcare, as a
screening tool for cognitive impairment and dementia, as in
longitudinal and outcome assessment.?3 A 23/24 score was
originally proposed as a universal cut-off score for cognitive
impairment/dementia.* This is still used in many countries,
even though a penalizing effect has been recognized in
elderly and in patients with lower levels of education with
a ceiling effect being observed in patients with higher
education.5” It is consensual in literature that MMSE
performance is greatly influenced by different demographic
variables, systematically regarding patient’s educational
level and, in some studies, patient’s age.®°

The first Portuguese studies of MMSE transcultural
adaptation, standardisation and validity were carried
out by Guerreiro et al. in the 90s™'? on a mostly urban
convenience sample and relevance of education in global
performance was confirmed. Based on this criteria, different
cut-off scores according to patient’s educational level were
defined (15 for illiterate patients, 22 for those with 1-11
years of schooling; 27 for >11 years). Morgado et al.'®
updated MMSE normative data for Portugal in 2009, based
on a robust community sample with patients aged over 50,
obtained from patients living in Lisbon region. In this study,
patient’s educational level was again identified as the major
predictive variable of the global MMSE score and a cut-off
score of 22 (5™ percentile) was proposed for those with 0-2
years of schooling, 24 for 3-6 years and 27 for above seven
years of schooling. Freitas et al."* recently developed a
similar study (community convenience sample) with a wider
age range (over 25 years of age) and based on a sample
that may be considered as representative of Portuguese
mainland population (stratified sampling considering the
major sociodemographic variables and with a distribution
similar to the Portuguese population). A significant number
of demographic and health variables were analysed
and patient's age and education were both found as
significant and globally explained 26% of the variance in
MMSE scores. According to these results, normative data
adjusted for both variables were proposed (Appendix 1 -
http://www.actamedicaportuguesa.com/revista/index.php/
amp/editor/downloadFile/6889/19736). At the same time,
the same group developed MMSE validity studies at a
tertiary-care centre, including major nosological groups
associated to cognitive impairment and dementia: mild
cognitive impairment (MCI) and Alzheimer’s disease (AD),"
frontotemporal dementia (FTD)'¢, vascular dementia (VD)
and dementia with Lewy bodies (DLB)."® A cut-off score of 29
was optimal for MCI, corresponding to 67% sensitivity, 72%
specificity and 69% diagnostic accuracy.' Interestingly, a
cut-off score of 26 was consistently found, even though with

different diagnostic accuracies for the different groups and
with optimal results for AD,® as shown in Appendix 2 (http://
www.actamedicaportuguesa.com/revista/index.php/amp/
editor/downloadFile/6889/19737).

Re-evaluation of new assessment/classification
proposals for other populations is crucial?® such as the
promotion of periodical analysis of cut-off scores, as cultural
evolution of populations may modify diagnostic accuracy.?'
As regards MMSE, the study by Morgado et al.?? is a clear
example of such an evolution: normative criteria changed
over a 20-year period of time, with higher cut-off scores for
each schooling group. This was very accurately described
by the authors as the ‘epoch effect’.

Our study aimed to contribute for a systematic and
dynamic assessment of MMSE:

1) Re-evaluation of age and education influence on
MMSE performance and discrimination ability;

2) Specific assessment of last proposal’s normative data
validity adjusted for those two variables (Freitas et al.)';

3) Testing diagnostic accuracy of cut-off scores
recommended for Portuguese population in validity
studies for MCI as well as for the most prevalent forms of
dementia,'>'® using new and more robust cut-off scores;

4) Based on these results, our study aimed to analyse
the contribution and limitations of MMSE for hierarchical
approach to cognitive impairment at different levels of
healthcare, from basic ‘cognitive decline’ screening to the
most specific nosological diagnosis.

MATERIAL AND METHODS
Study design

Our group of participants included two convenience
samples with educated patients and controls, divided by
seven subgroups: (i) MCI; (ii) AD; (iii) FTD; (iv) VD; (v) DLB;
(vi) Community-Control and (vii) Memory Clinic-Control.
Patients were systematically recruited from Dementia
Outpatient Clinic at Centro Hospitalar e Universitario de
Coimbra (CHUC) and at a Memory Clinic also in Coimbra
(MC); the Community-Control group included normative
groups from different regions and from evaluation studies
of different tools (excluding MMSE evaluation study) using
primary healthcare services as recruitment site (Centros de
Saude, Unidades de Saude Familiar) as well as Day Clinics;
the Memory Clinic-Control group involved patients from
MC'’s database with a normal development for the age and
educational level based on a thorough neuropsychological
evaluation.

Participant Selection

1. Pathological Groups — Patients” assessment protocol,
at the MC as well as at Dementia Outpatient Clinic, included
patient’s clinical history and neurological examination, as well
as a comprehensive pool of neuropsychological, functional
and psychological characterisation involving tools described
in Appendix 3 (http://www.actamedicaportuguesa.com/
revista/index.php/amp/editor/downloadFile/6889/19738). It
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should be mentioned that MMSE was not considered for
diagnostic orientation or criteria. Laboratory and imaging
was carried out according to national and international
recommendations and aimed to rule out any reversible
dementia. Based on this investigation, a clinical diagnosis
was proposed: single or multiple-domain amnestic MCI*
or dementia.?* Inclusion criteria regarded patients with
MCI and Mild Dementia, based on global score of Clinical
Dementia Rating — CDR (Hughes et al., 1982; Garrett et
al., 2008; Santana et al., 2015) scale (stage 0.5/MCI and
1/mild dementia). Main forms of dementia were classified
based on international criteria for the diagnosis of probable:
AD?; FTD?; DBL?; VD.% Finally, exclusion criteria were
considered: (i) moderate/severe dementia (CDR 2= 2);
(i) patients with sensory decline affecting cognitive
assessment; (iii) patients with other medical or neurological
conditions with relevant cognitive impairment or unstable;
(iv) patients with doubtful classification or mixed pathology.

2. Control Groups — Community-Control group included
individuals recruited from different research projects
developed at the Central Region and in Alentejo by our
Group, with the following common inclusion criteria: (i)
Portuguese as native language and having attended
school in Portugal; (ii) absence of any motor, visual and
hearing impairments with a potential effect on MMSE
performance; (iii) normal performance in test battery for
MMSE assessment (see below); (iv) autonomy in activities
of daily living; (v) absence of any alcohol/drug abuse with
a potentially negative cognitive impact (including long-term
or high-dose benzodiazepine, tricyclic antidepressant and
neuroleptic addition); (vi) absence of any neurological,
psychiatric or medical/systemic pathology with a potentially
negative cognitive impact; (vii) without any significant
depressive symptoms, as described below.

Information underlying these inclusion criteria is obtained

from a structured interview including sociodemographic
data, current clinical history and consumption patterns.
Participants having been admitted upon this enquiry entered
the second phase of selection aimed to assess cognitively
healthy individuals (tools are shown in Appendix 3 - http://
www.actamedicaportuguesa.com/revista/index.php/amp/
editor/downloadFile/6889/19738).
Individuals CDR-classified as cognitive and functionally
healthy (global CDR score = 0) and with no severe
depression (score < 20) according to Geriatric Depression
Scale (GDS-30) (Yesavage et al., 1983; Barreto et al., 2008)
were considered as eligible.

Memory Clinic-Control group included individuals mostly
presenting with attention/memory subjective symptoms
and with normal thorough neuropsychological assessment
(Appendix 3). Individuals with severe depression (score <
20) according to GDS-30 were excluded from the study.

Study instrument
MMSE is a classic paper-and-pencil test (one sheet),
with a simple and quick application (5-10 minutes) and

untimed execution. In a routine assessment (as well as
in our study aimed to assess the characteristics of the
instrument for a daily routine application), the Portuguese
version was used, as well as the application instructions
and scoring rules proposed by Guerreiro.? This is a 30-item
test (if the patient does not respond or responds incorrectly
— score 0, if the patient responds correctly — score 1)
organized in six cognitive domains: Orientation — 5 items
regarding orientation for time and five regarding orientation
for space; Retention — 3-word repetition (‘Pera, Gato, Bola’
— ‘pear, cat, ball’); Attention and calculation — subtraction
of 3, starting from the number 30 (up to five subtractions);
Delayed recall — the patient is asked to spontaneously
recall three learnt and retained unrelated words; Language
— including Naming two items (‘Lapis and Relégio’ — ‘Pencil
and Watch’), Repeating one sentence (‘O rato roeu a rolha’
— ‘The mouse chewed the cork’), three-step test of verbal
command Comprehension (Holding one sheet with the right
hand, fold it in half and put it in a place to be indicated),
test of written command Comprehension (‘Close you eyes’),
one of spontaneous Writing — writing one grammatically
correct sentence and making sense; Visuo-constructive
ability (drawing two intersecting pentagons). The test allows
for a maximum 30-point score and the higher the score, the
more MMSE performance.

Statistical Analysis

Statistical Package for the Social Sciences (version 20,
IBM SPSS, Chicago, IL) software was used for statistical
analysis. Descriptive statistics was used for characterisation
of our group of patients and for comparison between groups
and Student’s t-test was used for two independent samples.
ANOVA and post-hoc tests were used in group comparison.
Pearson’s correlation coefficient and multiple linear
regression (enter method) allowed for the investigation of the
relationship between MMSE scores and sociodemographic
variables. Sensitivity (proportion of patients with cognitive
impairment who test positive) and specificity (proportion of
patients without cognitive impairment who test negative)
were calculated for the analysis of diagnostic accuracy.

RESULTS

Our study involved 1,441 participants (60% - n = 864
female) with an average age of 69.75 + 9.83 [minimum
36; maximum 96 years old) and an average 6.90 + 4.50
[minimum 1; maximum 18] years of education. Seven
subgroups were included: (i) MCI (n = 500); (i) AD (n =
250); (iii) FTD (n = 112); (iv) VD (n = 130); (v) DLB (n =
59); (vi) Community-Control (n = 318) and (vii) Memory
Clinic-Control (n = 72). Data regarding sociodemographic
characteristics and MMSE performance are shown in Table
1.

Group comparison showed statistically significant
differences regarding participant’s age (F(6’1434)= 28.468, p <
0.001); Memory Clinic-Control subgroup had the youngest
average age and AD and DLB clinical subgroups had
the oldest, with no significant differences between them,
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according to post-hoc tests. The remaining subgroups did
not show statistically significant differences between them,
although significant differences were found between these
and the youngest subgroup, as well as between these and
the oldest subgroups.

As regards schooling, statistically significant differences
were also found between the groups (F ,,,, = 11.110, p <
0.001) even though, according to post-hoc tests, only the
Memory Clinic-Control subgroup showed a significantly
higher average years of education when compared to the
average educational level of the remaining subgroups,
which have shown no significant differences between them.

Group comparison regarding MMSE performance
showed a more heterogeneous difference pattern of
average total scores (Fg,,, = 218.471, p < 0.001). The
worst average performance was found in patients with AD,
followed by patients with DLB. These subgroups showed
significant differences between them and when compared
to the remaining subgroups. The patients with FTD and VD
showed similar performances, significantly higher to patients
with AD and DLB and significantly lower to the remaining
subgroups. MCI subgroup obtained significantly lower
average scores than control subgroups and significantly
higher than every other clinical subgroup. No significant
differences were found between control subgroups as
regards MMSE performance.

MMSE scores showed a significant positive correlation
with participant’s years of education (r = 0.24, p = 0.01)
and a significant negative correlation with the age (r = 0.25,
p = 0.01). The results of multiple linear regression (enter
method) showed that both variables significantly contributed
to MMSE score prediction (F, ,,,, = 83.086, p < 0.001; Age:
R =-0.220, t = -8.696, p < 0.001; Years of education: B =
0.202, t = 7.984, p < 0.001). Globally, age and years of
education explained 10.4% of variance in MMSE score and
elderly patients and with lower educational levels increased
the probability of having worst MMSE performance.

A 1.5 standard deviation below the value proposed by

Table 1 - Subgroup characterisation

normative data regarding age/education, shown in Appendix
1 http://www.actamedicaportuguesa.com/revista/index.php/
amp/editor/downloadFile/6889/19736), was considered
as criteria for the analysis of sensitivity and specificity of
normative data for the Portuguese population.™ Results by
subgroups are shown in Table 2. The same analysis was
carried out considering cut-off scores proposed by validity
studies for the Portuguese population with MCI,"® AD,"
FTD,'®VD' and DLB,"i.e. by analysing cut-off scores shown
in Appendix 2 (http://www.actamedicaportuguesa.com/
revista/index.php/amp/editor/downloadFile/6889/19737): (i)
= 29 for the absence of any clinically significant cognitive
decline, (ii) < 29 for MCI and (iii) < 26 for the presence of
cognitive decline in patients with dementia related to AD,
FTD, VD or DLB (results shown in Table 3).

Our study aimed to analyse MMSE ability for the
differentiation between the three major nosological
categories — normal, MCl and Dementia group (including
AD, FTD, VD and DLB): distribution of participants of the
three groups by score intervals suggested by the cut-offs
of the clinical validity studies for the Portuguese population
(Appendix 2 - http://www.actamedicaportuguesa.com/
revista/index.php/amp/editor/downloadFile/6889/19737)
are shown in Table 4 and displayed in Fig. 1.

DISCUSSION

With progressive population ageing,**' cognitive decline
and dementia became as relevant pathologies of our time
and healthcare priorities.3 Therefore, MMSE as a screening
test for dementia became increasingly important and within
almost every international®*3 and Portuguese® guidelines
as well as within major diagnostic criteria.?”-?3% However,
MMSE was designed in the 70s and, through the test’s almost
half a century of existence, a new nosological category
emerged — ‘mild cognitive impairment’ -, currently accepted
as a pre-dementia stage.***° The emphasis on mild decline
required the use of sensitive screening tools and, within this
new context, limitations to MMSE have been pointed out:

Group n an::;e Age Educational level MMSE

MCl 500 65.2% (326) 69[-‘%5 _1952-]04 7?13 _11;13.]64 27[.11 éa _t3%]31
AS 250 58.8% (147) 74[-; 14_’1971-]69 6.([J17 _i14;.]04 21[_162 _123; ]38
= 12 47.3% (53) 67[f§ _1887.]73 6.([316 _1147.104 25[.11 g _t3iz).]78
" 0 1% 69 e " o0l
DLB 59 64.4% (38) 76{-; ?_18%;17 6.2[328 _1147_]73 23[_12: _133(‘). ]76
Community-Control 318 62.9% (200) 69'&% * ;21-84 6-{14 _11‘;-]60 28[-;3?] _t310-]31
Memory Clinic-Control 72 61.1% (44) 50-[;% f ;2].62 1 0.[16_i1 21.41 29[_2021 _1310_]34

Patient’s gender is shown as the percentage and frequency of female participants. Variables ‘Age’, ‘Educational Level’ and ‘MMSE’ are presented as mean + standard deviation and

range [minimum-maximum].
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Table 2 - Sensitivity and specificity of normative MMSE cut-off scores

Normative study (Freitas ef al, 2015)

’_>°| Group n e _—

S Sensitivity Specificity

= Mmcl 500 64.6% -

5 AD 250 91.2% -

S FTD 112 54.5% =
VD 130 54.6% -
DLB 59 78.0% -
Community-Control 318 - 96.5%
Memory Clinic-Control 72 -- 91.7%

Table 3 - Sensitivity and specificity of cut-off scores of validity studies of MMSE

Clinical validity studies
Group n

Sensitivity Specificity
MCI 500 31.8% -
AD 250 84.4% -
FTD 112 44.6% -
VD 130 44.7% -
DLB 59 67.8% -
Community-Control 318 - 68.9%
Memory Clinic-Control 72 - 76.4%

Table 4 - Score distribution according to cut-off scores of validity studies of MMSE for the Portuguese population

Controls MCI Dementia

LSS (n = 390) (n = 498) (n = 548)
[29 - 30] 274 (70.3%) 175 (35.0%) 56 (10.2%)
[26 - 28] 106 (27.2%) 214 (43.0%) 128 (23.4%)
<26 10 (2.5%) 109 (22.0%) 364 (66.4%)

30— " AAAAAAAAAAAAMAMAAAAAAAAAAAL

28

26

(XYY Y) e —

o 24— o
Q
8 [ X ] SEEEEEEEEEEEEEEER AAAAAAAAAAAAAAAANAAAAAAAAAAAAAAAL
L
g 22* (] ENEEEEEEEEN
=

20* EEEEN AAAAAAAAAAAAAAAARAAAAAAAAAAAAAALY

1 8* AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAY

16* AAAAAAAAAAAAAAL

14 ‘ \ \

Controls DLB Dementia
Figure 1 - Distribution of clinical groups
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(i) low level of complexity regarding memory and language
tasks leading to lower sensitivity for MCI and false negatives
in patients with high education levels; (ii) the lack of tasks
for the assessment of executive function, with an impact on
the sensitivity for the identification of frequent pathologies,
such as FTD or VD.'84145 Paradoxically, longitudinal studies
of MCl/prodromal AD showed that MMSE adds to predicting
cognitive decline and the progression to dementia when
associated to biological markers such as magnetic
resonance imaging*® or biological CSF (cerebrospinal fluid)
markers.*” In addition, this instrument is still being used as
an almost universal severity or staging criteria for patient
inclusion in clinical trials.“® The actuality of this study in
Portugal is explained by the proposal of more demanding
cut-off scores, according to the studies by Morgado et al.™®
and by Freitas et al.™ It should be mentioned that illiterate
patients were already not included by the authors in the
latter study, an option that was also based on its reduced
representativeness in current society. Therefore, as our
validity analysis is specifically referred to these cut-off
scores, illiterate patients were also not included in the study
and the results obtained will not be applicable to illiterate
patients. However, apart from illiterate patients, we aimed
to obtain groups of healthy individuals and patients that
were representative of Portuguese healthcare reality, from
community to specific memory outpatient clinics. Therefore,
community control group involved patients having attended
family doctors for cognitive characterisation or diagnostic
assessment, while the second control group involved
patients attending outpatient Memory clinics where
neurologists deal with the same diagnostic challenges. Most
patients presented with subjective attention and memory
complaints even though a thorough neuropsychological
assessment, adjusted for patient's age and education
level showed normal MMSE performance and therefore
may be considered as cognitive controls for the specific
aim of validity as a screening test. In fact, no significant
differences were found when comparing average MMSE
scores with those obtained in the community group, even
though the differences regarding patient’s origin, age and
educational level were not controlled in the performance
analysis. Group distribution found in our study showed
the same proportionality as found in a tertiary healthcare
centre, with a preponderance of patients with mild cognitive
impairment (MCI) and an indication for clinical assessment
in specialist clinics, according to current guidelines.®3
Sociodemographic characteristics (age and gender) and
proportionality found in dementia groups were also in line
with prevalence studies; AD was the most represented,
followed by VD, FTD and finally by DLB. In terms of MMSE
performance, MCI subgroup obtained significantly lower
average scores when compared to control subgroups
and significantly higher to all the remaining dementia
subgroups, showing that MMSE is able to differentiate
these three major nosological categories (control-MCI-
dementia). AD group showed the worst performance among
the different dementia subgroups, followed by DLB and the

highest average score was found both in FTD and VD.

As MMSE is not considered for severity staging, we may

reach the conclusion that this ranking of performances is a

first evidence that MMSE has a better construct (memory,

language and visuo-constructive ability) for detecting typical
impairment in AD and DLB and is less sensitive to situations

with frontal dysfunction such as in FTD and VD. #4951
As regards the influence of sociodemographic variables

on global MMSE performance, age and educational level

have a role in score prediction and with a similar weight, as
shown by the beta value. The value of 10.4 was lower than
those found for other screening tests, namely for MoCA, with

a 49% global prediction for these variables, a 42% weight

for educational level and 7% for patient’s age.? Age was

confirmed as a significant and relevant variable in MMSE
scores and supports the adequacy of the latest normative
results obtained by Freitas et al.'* with patient’s age and
education-adjusted cut-off scores. The assessment of these

normative scores per nosological group (shown in Table 2)

showed the excellent specificity of MMSE (over 90%), i.e.

it has the ability of identifying a great proportion of patients

without cognitive impairment and generating not too many
false positives.®® As regards sensitivity, tendencies found in
other studies were globally confirmed, as follows:

An excellent sensitivity for mild AD (91%) and with a value
even more satisfactory than what has been described in
other studies®?;

A moderate to satisfactory sensitivity (78%) for DLB, similar
to the sensitivity suggested in the study by Ala et al.%;

A low pooled sensitivity (64.6%) for MCI, leading to the
conclusion that the test is unsuitable for screening
milder cognitive decline® '%;

Low sensitivities for FTD and VD (55%), also showing that
this test is unsuitable for these pathologies, probably due
to the fact that frontal dysfunction, which is predominant,
is not assessed by MMSE. 64145
Our study also aimed to test diagnostic accuracy of cut-

off scores proposed by the validity study for MCI and for

the more prevalent forms of dementia. When comparing
the current results of sensitivity and specificity (shown in

Table 3) with those initially found (Appendix 2 - http://www.

actamedicaportuguesa.com/revista/index.php/amp/editor/

downloadFile/6889/19737), a global reduction may be
observed in terms of sensitivity as in terms of specificity,
except regarding sensitivity for AD, for which similar values
were found (84 vs. 85%). Comparison between the results
based in normative data and those found in validity studies

(shown in Table 2 and 3, respectively) showed exactly the

same tendency, with a significant reduction of specificity

from ‘excellent’ to ‘good/reasonable’ and an approximately

7% loss of sensitivity for AD, approximately 50% for MCI

(reduced from 65 to 32%) and at least 10% for the remaining

dementia groups. The type of diagnostic errors when using

validity data are well shown in Table 4 and Fig. 1 and a 30%

false positive percentage may be found in the control group,

a 34% false negative in dementia group and most cases

would have been classified as MCI; a 34% false negative
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rate was found in the dementia group and most patients
would also have been classified as MCIl. MCI group was
also the most penalized group, with a 57% error rate, mostly
false negatives. We may therefore reach the conclusion
that individual classification exclusively based on validity
data regardless of patient’'s age and education is extremely
unreliable and the use of normative data established
according with these variables is preferred.

Considering the information obtained in our study, an
assessment protocol may be proposed, in which MMSE-
based approach may be complemented with other screening
tools or more specific neuropsychological tests, carried out
according to the levels of accuracy and expertise required
for healthcare services. Therefore, in a primary care setting,
we propose MMSE as a first-line screening tool, due
to an easy and quick application and the already largely
widespread knowledge among physicians dealing with
geriatric patients. Considering MMSE specificity regarding
the use of normative data, patients diagnosed with cognitive
decline may be safely diagnosed with cognitive impairment/
dementia and referred for specific Memory outpatient
clinics for more specific nosological approach to diagnosis
and therapy. This diagnostic hypothesis may be even
more supported with MMSE score below 26 — suggestive
of dementia, as indicated by validity studies. In patients
considered as normal according to normative data, AD will
be very unlikely and DLB may also be safely excluded, as
MMSE'’s sensitivity is satisfactory for these two situations.
However, as it has a highly limited diagnostic accuracy
for MCI, FTD and VD, a more sensitive screening tool is
recommended for the assessment of this ‘normal’ group,
selected from studies allowing for the identification of tools
with better discriminatory ability. In Neurology outpatient
clinics, with a high prevalence of patients with MCI and
other forms of non-Alzheimer dementia, MMSE should not
be used as screening test, in favour of other more sensitive
tools and with a wider construct. Even so, MMSE should
remain as first-line screening test for illiterate patients and
may complementarily be used as a severity staging tool as
well as in longitudinal assessment over the entire course of
the disease.

Our study has some limitations that should be
mentioned. As already described, our analysis did not
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