
Neurología 37 (2022) 441—449

NEUROLOGÍA
www.elsevier.es/neurologia

ORIGINAL ARTICLE

Diagnostic performance  of brief cognitive  tests  in

cognitive impairment  screening�

C.  Carnero-Pardo a,∗,  I. Rego-Garcíab, M. Mené Llorente c,
M.  Alonso Ródenas c, R. Vílchez Carrillob

a FIDYAN  Neurocenter,  Granada,  Spain
b Servicio  de  Neurología,  Hospital  Universitario  Virgen  de las  Nieves,  Granada,  Spain
c Centro  de Salud  Casería  de Montijo,  Granada,  Spain

Received  1  February  2019;  accepted  6 May  2019
Available  online  30  April  2022

KEYWORDS
Screening;
Cognitive
impairment;
Diagnostic
performance;
Brief  cognitive  test;
Primary  care

Abstract

Introduction  and  objectives: This  study  aims  to  assess  and  compare  the  diagnostic  perfor-
mance of  brief  cognitive  tests  for  cognitive  impairment  (CI)  screening  recommended  by the
Spanish guidelines  for  the  integral  care  of  people  with  Alzheimer’s  disease  and  other  dementias.
Material  and methods: We performed  a  phase  iii  study  into  the  accuracy  of  diagnostic  tests,
including  patients  with  suspected  CI in a  primary  care  setting.  All  patients  completed  the
Mini—Mental  State  Examination  (MMSE),  the  Mini  Examen  Cognoscitivo  (MEC),  the  Short  Portable
Mental Status  Questionnaire  (SPMSQ),  the Memory  Impairment  Screen  (MIS),  the  Clock  Drawing
Test (CDT),  the  Eurotest,  the  Fototest,  and  the  Memory  Alteration  Test  (M@T).  CI  was  diag-
nosed independently  by  researchers  blinded  to  scores  on these  tests.  Diagnostic  performance
was  evaluated  by  calculating  the  area  under  the  receiver  operating  characteristic  curve  (AUC).
Results:  The  study  included  141  individuals  (86  with  CI).  The  Eurotest  and  M@T  (AUC  ± SE:
0.91 ±  0.02  and  0.90  ±  0.02,  respectively)  took  longer  to  administer  (mean  [SD]:  7.1  [1.8]  and
6.8 [2.2]  min,  respectively)  and  have  significantly  better  diagnostic  performance  compared  to
the MMSE,  MEC,  SPMSQ,  and  CDT,  but  not  compared  to  MIS  or  Fototest  (both  with  an  AUC  of
0.87 ±  0.03),  with  the  latter  taking  less  than  half  as long  to  administer  (2.8  [0.8]  min).  The  M@T
and MIS  only  evaluate  memory,  and  the latter  cannot  be  administered  to  illiterate  people.
Conclusion:  The  most  advisable  tests  for  CI  screening  in primary  care  are the Eurotest,  M@T,
and Fototest,  with  the  latter  being  the  most  efficient  as  it  takes  half  as  long  to  administer.
© 2019  Sociedad  Española  de  Neuroloǵıa.  Published  by  Elsevier  España,  S.L.U.  This  is an  open
access article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
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Utilidad  diagnóstica  de test  cognitivos  breves  en  el  cribado  de  deterioro  cognitivo

Resumen

Introducción  y  objetivos:  Evaluar  y  comparar  la  utilidad  diagnóstica  (UD)  para  el  cribado  de
deterioro  cognitivo  (DC)  de los test  cognitivos  breves  (TCB)  recomendados  por  la  Guía  de  prác-
tica clínica  sobre  la  atención  integral  a  las  personas  con  enfermedad  de Alzheimer  y  otras
demencias.
Material  y métodos:  Estudio  de  fase  iii  de evaluación  de  pruebas  diagnósticas  en  el  que  se
ha incluido  en  Atención  Primaria  a  sujetos  con  sospecha  de DC.  A todos  se  les  ha  aplicado
Mini-Mental State  Examination  (Mini-Mental),  Mini  Examen  Cognoscitivo  (MEC),  Short  Portable
Mental Status  Questionnaire  (SPMSQ),  Memory  Impairment  Screen  (MIS),  test  del  reloj  (TdR),
Eurotest,  Fototest  y  test  de alteración  de memoria  (T@M).  El  diagnóstico  de  DC se  ha  realizado
de forma  independiente  y  cegada  con  respecto  a  los  resultados  de los TCB.  La  UD  se  ha evaluado
mediante  el  área  bajo  la  curva  ROC  (aROC).
Resultados:  Se han  incluido  141 sujetos  (86  con  DC).  El  Eurotest  y  el  T@M  (0.91  ±  0.02
[aROC ± ee]  y  0.90  ± 0.02  respectivamente),  los  instrumentos  que  requieren  más  tiempo
(7.1 ±  1.8  (media  ± de)  y  6.8 ±  2.2  minutos  respectivamente)  tienen  una UD  significativamente
superior a  la  del  Mini-Mental,  MEC,  SPMSQ  y  TdR,  pero  no  a  la  del MIS  y  Fototest  (0.87  ± 0.03
ambas) requiriendo  éste  último  menos  de la  mitad  del  tiempo  (2.8  ±  0.8  minutos).  T@M y  MIS
sólo evalúan  memoria  y  el último  no  es  aplicable  a  analfabetos.
Conclusiones:  Los instrumentos  más  recomendables  para  el  cribado  de DC en  Atención  Primaria
son Eurotest,  T@M  y  Fototest,  siendo  el  último  más eficiente  por  requerir  la  mitad  de tiempo.
© 2019  Sociedad  Española  de Neuroloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

Cognitive impairment (CI) in general, and Alzheimer disease in par-
ticular, pose considerable challenges for healthcare systems and
for society due to their high prevalence and associated costs.1 In
Spain, CI affects 14.5% to 19% of individuals older than 65 years,2—4

although many cases go undetected (over half, according to the
recent Gómez de Caso study4); despite this, there is broad consen-
sus that the current circumstances do not meet the minimum
required standard to recommend screening for CI in asymptomatic
individuals.5—9 However, most clinical practice guidelines agree on
the value of maintaining an appropriate level of vigilance in primary
care and performing screening with brief cognitive tests (BCT) if CI
is suspected,7,8 whether due to subjective complaints, complaints
from the patient’s caregiver or family members, or clinical suspicion
among healthcare professionals.

In Spain, these recommendations are reflected in the National
Health System’s (SNS, for its Spanish abbreviation) clinical practice
guidelines on the integral care of  patients with Alzheimer disease
and other dementias,10 promoted by  the Ministry of Health, Social
Services, and Equality (hereinafter, SNS guidelines), which recom-
mend the use of  BCTs in patients with suspected CI. Specifically, the
document recommends the normalised Spanish-language version of
the Mini—Mental State Examination (MMSE)11 or the Mini—Examen
Cognoscitivo (MEC)12 (grade of recommendation A); secondly (grade
of recommendation B), it  recommends such other instruments as the
Short Portable Mental State Questionnaire (SPMSQ),13 the Memory
Impairment Screen (MIS),14 the Seven-Minute Screen (7MS),15 the
clock-drawing test  (CDT),16 the Eurotest,17 the Fototest,18 and the
Memory Alteration Test (M@T).19 The SNS guidelines do not estab-
lish specific recommendations on cut-off points or corrections, and
recommend that instruments be selected according to the available
time, clinical experience, and the availability of normative data and
validation studies for the language and setting in which they will be

applied (good clinical practice criterion). However, the SNS guide-
lines do not mention certain other characteristics that may  also be
relevant when selecting a test; these include whether an  instrument
can be applied to illiterate individuals, whether it  evaluates one or
several cognitive domains, and the potential costs associated with
its use (Table 1).20

Few studies have evaluated and compared these instruments in
Spain,21—24 and no  study to date has used a single sample to compare
the diagnostic performance and effectiveness in everyday prac-
tice of the different BCTs recommended in the SNS guidelines. This
study aims to evaluate and compare the diagnostic performance and
effectiveness of  the different screening strategies recommended by
the SNS guidelines in a prospective cohort of  individuals attended
at primary care centres, with full, independent verification of  the
diagnosis.

Material and  methods

Design

We  conducted a phase III study for the evaluation of diagnostic
tests,25 with a paired design (all BCTs were administered to all
participants) and full verification (all participants, regardless of
BCT results, were studied according to the gold-standard diagnostic
procedure described in the Procedure section).

Setting

The sample was drawn from 4 healthcare centres in the Granada
Norte metropolitan district (Almanjáyar, Casería de Montijo, Car-
tuja, and Salvador Caballero). The diagnostic study was performed
at the cognitive and behavioural neurology unit at the neurology
department of Hospital Universitario Virgen de las Nieves.
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Table  1  Characteristics  of  the  brief  cognitive  tests  recommended  in the  Spanish  National  Health  System’s  clinical  practice  guidelines  on the  integral  care  of  patients  with
Alzheimer disease  and  other  dementias.

Time  Test  Applicable  to
illiterate
individuals

Multi-domain  Studies
in PC

Validated
for  CI

Normative
data

Associated
cost

<  5  min

CDT  No Yes  Yes  Yes  No  No
SPMSQ Yes  Yes  Yes  No  No  No
Fototest Yes  Yes  Yes  Yes  Yes  No
MIS No No  Yes  Yes  No  No

> 5  min
MMSE/MEC  No Yes  Yes  Yes  Yes  Yes
M@T Yes  No  Yes  Yes  No  No
Eurotest Yes  Yes  Yes  Yes  Yes  No

> 10  min  7MS  No Yes  No  No  Yes  Yes

7MS: Seven-Minute Screen; CDT: clock-drawing test;  CI:  cognitive impairment; M@T: Memory Alteration Test; MEC:  Mini—Examen Cognoscitivo; MIS: Memory Impairment Screen; MMSE:
Mini—Mental State Examination; PC: primary care; SPMSQ: Short Portable Mental State Questionnaire.
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Study  population

We recruited individuals with suspected CI  attended at healthcare
centres.

Inclusion  and  exclusion  criteria

Over a period of one year, we systematically included consecutive
patients attended at healthcare centres with suspected CI reported
by their primary care physician. Suspicion of CI  may be based on
subjective complaints of memory loss or cognitive alterations, sim-
ilar complaints reported by a family member or informant, or signs
or symptoms of  CI observed by the patient’s primary care physician.
We excluded individuals who did not consent to study inclusion, who
had previously participated in the study, or who had existing CI. We
applied no exclusion criteria based on age, sensory or motor deficits,
or any pre-existing condition, including neurological diseases.

Procedure

All selected participants were administered all  BCTs recommended
by the SNS guidelines, except the 7MS (MMSE, MEC, SPMSQ, MIS, CDT,
Eurotest, Fototest, and M@T), in one of  3 different orders. Orienta-
tion in time and space were tested once, and the corresponding
results were applied to the different instruments collecting this
information (MMSE, MEC, SPMSQ, and M@T). The MEC score was
derived: items specific to the MEC were administered after appli-
cation of the MMSE, and the results were recalculated for the 30-
and 35-item forms of the  MEC (MEC-30 and MEC-35, respectively).
The CDT was scored according to the system used for the 7MS.15 We
timed the administration of  the Eurotest, Fototest, CDT, M@T, and
MMSE (orientation items were not timed for the latter 2 tests).

Independently of BCT results, all participants were referred
to the neurology consultation for comprehensive behavioural
(Spanish-language adaptation of  the Neuropsychological Inven-
tory questionnaire26), functional (Barthel index,27 Lawton-Brody
scale,28 and Pfeffer Functional Activities Questionnaire29), and neu-
ropsychological evaluation (orientation and attention/executive
function [digit span, similarities, semantic verbal fluency30], ver-
bal memory [CERAD word memory list31], language [Boston Naming
Test short form,32 semantic verbal fluency,30 and understanding of
instructions], and motor33 and visuoconstructive praxis [CERAD copy
task31]). This evaluation was conducted by independent profession-
als blinded to participants’ results in the BCTs; none of the BCTs
analysed in this study were included in the formal neuropsychologi-
cal evaluation. The maximum time between application of  BCTs and
evaluation at the neurology consultation was 2 weeks.

Reference  diagnosis

The gold-standard diagnosis was  independently established by 2
neurologists with experience in cognitive-behavioural neurology;
based on thorough clinical assessment and on  the results of  the cog-
nitive, behavioural, and functional evaluation, participants were
classified as having no CI, mild CI  (MCI), or dementia. Diagnoses of
MCI and dementia were based on the criteria of  the Spanish Society
of  Neurology’s Study Group for Behaviour and Dementia,34 which are
also included in the  SNS guidelines. These neurologists were blinded
to participants’ results in the BCTs. Disagreements were resolved by
consensus.

Data  analysis

Diagnostic performance was evaluated according to the area under
the receiver operating characteristic curve (AUC) for each BCT and
compared using deLong’s method for comparing AUCs from the
same sample.35 The threshold for statistical significance was set

Subjective complaints

70 (44.9%)

Caregiver 
complaints 
76 (48.7%)

PC professional 
suspicion
10 (6.4%)

PC consultation

156

Screening test

152

CB evaluation

145

DEM

47 (33.3%)

MCI

39 (27.7%)
nCI

55 (39.0%)

Gold standard Dx

141

3 unwilling to participate
1 not meeting selection 
criteria

3 incomplete assessments

4 lost to follow-up

2 incomplete evaluations

2 withdrawn consent

Figure  1 Participant  flow  chart.
CB:  cognitive/behavioural;  DEM:  dementia;  Dx:  diagnosis;  MCI:
mild cognitive  impairment;  nCI:  no cognitive  impairment;  PC:
primary care.

at P  ≤  .05. Effectiveness was calculated for discrimination between
CI  (MCI and dementia) and no cognitive impairment. Sensitivity and
specificity were calculated for the optimal cut-off point for each
instrument (the score with the highest proportion of  correct diag-
noses; if one or  more points presented the same proportion, we
opted for that with the highest Youden index value36) and for cut-off
points with the highest specificity and sensitivity ≥ 0.80. Statistical
analysis was performed using the SPSS (SPSS Inc.; Chicago, IL, USA)
and MedCalc 18.9 software.37

Formal  considerations

The study was approved by our hospital’s research ethics commit-
tee; all participants gave written informed consent. Study design
and drafting of  the report comply with the STARD recommendations
for studies evaluating diagnostic tests38 and with the recommenda-
tions of  the United States Food and Drug Administration for the
reporting of  studies evaluating diagnostic tests.36

Results

We  selected a total of 156 individuals (70 [44.9%] with subjective
cognitive complaints, 76 [48.7%] with complaints raised by care-
givers, and 10 [6.4%] with suspicion reported by the primary care
physician). Three did not consent to be included in the study; one
did not meet the selection criteria (previous diagnosis of CI); 4 did
not attend the neurology consultation; 2 withdrew consent during
the study period; 3  could not be evaluated due to sensory deficits
and sequelae of  previous strokes; and 2 were uncooperative in the
evaluation due to behavioural alterations (Fig. 1).

Table 2 shows the  sociodemographic characteristics of  the final
sample of  141 participants (55 [39.0%] without CI, 39  [27.7%] with
MCI, and 47  [33.3%] with dementia); mean age (standard deviation;
range) was 72.0 years (11.5; 31-90), with a clear predominance of
women (73.0%) and individuals with low levels of  schooling (14.2%
of participants were illiterate and only half [49.6%] had completed
primary education or higher). The table also shows the results and
application times for the different BCTs administered, stratified
by cognitive diagnosis. As expected, the results show a consider-
able difference between groups in all cases, with poorer scores and
longer application times in individuals with CI.
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All participants (n =  141) completed the MMSE and MEC; 140
completed the Eurotest and SPMSQ; and 139 completed the
Fototest and M@T. Twenty-two participants (20 of  whom were
illiterate) were unable to complete the MIS; the CDT was  only
administered to 126 participants as 15 illiterate individuals were
unwilling to complete it.

Table 3 summarises the results for the  different instruments,
indicating the number of participants who completed each one,
application time, diagnostic performance (AUC), sensitivity and
specificity, and the proportion of  correct diagnoses for the selected
cut-off points.

Diagnostic performance was  compared for pairs of BCTs in the
subsamples of  participants who completed both (Table 4). The
results show that there was  no significant difference between diag-
nostic performance for the Eurotest and the M@T, but that both
performed significantly better than the MMSE, MEC-30, MEC-35, and
SPMSQ; the M@T also performed significantly better than the CDT,
with the result of the comparison between the Eurotest and the CDT
being on the verge of significance (P  = .08). However, the Eurotest
and M@T did not perform significantly better than the Fototest and
the MIS.

Fig. 2 shows the administration times for each of  the BCTs stud-
ied (except the SPMSQ and the MIS, for which administration was
not timed). No  significant difference was observed in application
times for the Eurotest and M@T (7.1 [1.8] vs 6.8 [2.2] minutes);
the Fototest (2.8 [0.8] minutes) and CDT (1.3 [0.7] minutes) were
clearly quicker to administer. The administration time for the MMSE
(5.5 [1.6] minutes) is underestimated, as we did not time the items
related to orientation in time and space; despite this, it  took sig-
nificantly longer to administer than the Fototest and CDT, needing
longer than 5 minutes. We would expect the MEC, which includes
more items than the MMSE, to take even longer.

Discussion

The results from this phase III study evaluating diagnostic tests,
following a prospective, paired methodology with full verification,
show that the Eurotest and M@T took the longest to apply (7.1 [1.8]
and 6.8 [2.2] minutes, respectively) and presented the best diag-
nostic performance (0.91 [0.02] and 0.90 [0.02], respectively), with
no significant difference between the 2; both tests correctly clas-
sified 84% of participants. Both instruments were developed and
validated in Spain, can be administered to illiterate individuals,
and are freely available.17,19 However, the M@T presents certain
limitations: no formal normative study has been conducted, and it
only evaluates memory, and therefore would not  be sensitive to CI
affecting other cognitive domains. The M@T presented very similar
diagnostic performance to that reported in a study of primary care
patients with memory complaints (AUC of 0.91), although the over-
all scores in our sample are lower, probably due to the low level of
education.39

The MMSE, MEC-30, and MEC-35, which are the most widely used
instruments and the most strongly recommended in the SNS guide-
lines, and which also presented application times longer than 5
minutes (at least 5.5 [1.6] minutes), displayed significantly poorer
diagnostic performance than the M@T and the Eurotest. The low
diagnostic yield for CI of  these tests, whose use is so universal
and generalised, is more a  rule than an exception, and has  been
reported in numerous Spanish and international studies.40—42 Our
results are consistent with those of previous studies by our research
group, showing a lower optimal cut-off point (22/23) than that
which is typically used.42 The poor diagnostic performance, long
application times, and other disadvantages (influence of  level of
education, etc), above all  the costs associated with the MMSE,
have led many authors to cease to consider it the instrument of
choice43; other authors even omit the test from their recommen-
dations.44

Table  2  Sociodemographic  characteristics  and scores  in the  brief  cognitive  tests  by  diagnostic  group.

Total  CI  (MCI  +  DEM)  nCI  MCI DEM

No.  participants  141  86  55  39  47
Sex (women)  103  (73.0%)  59  (68.6%)  44  (80.0%)  23  (59.0%)  36  (76.6%)
Age (years)  72.0  (11.5)  77.1  (7.5)  64.6  (12.2)  74.3  (7.3)  68.4  (11.6)
Education level

Illiterate  20  (14.2%)  19  (22.1%)  1  (1.8%)  5 (12.8%)  14  (29.8%)
Incomplete  primary  education  51  (36.2%)  35  (40.7%)  16  (29.1%)  16  (41.0%)  19  (40.4%)
Completed  primary  education  69  (49.6%)  32  (37.2%)  38  (69.1%)  18  (50.0%)  14  (29.8%)

MMSE (n  = 141)  19.9  (5.7)  17.3  (5.3)  24.1  (3.2)  21.5  (3.7)  13.7  (3.7)
Time (min)a 5.5  (1.6)  5.9  (1.5)  4.8  (1.4)  5.8 (1.7)  6.0  (1.4)

MEC (n  =  141) 25.4  (7.2)  22.1  (7.2)  30.6  (2.9)  27.4  (4.8)  17.8  (5.9)
Eurotest (n  =  140)  20.2  (10.3)  14.7  (9.2)  28.6  (4.4)  22.3  (6.0)  8.3  (6.1)

Time (min) 7.1  (1.8)  7.7  (1.5)  6.2  (1.9)  7.7 (1.7)  7.8  (1.3)
M@T (n  =  139)  29.0  (12.5)  22.3  (11.0)  39.3  (6.0)  30.9  (8.3)  15.2  (7.2)

Time (min)a 6.8  (2.2)  7.6  (2.0)  5.6  (1.9)  6.7 (1.9)  8.4  (1.9)
Fototest (n  =  139)  29.1  (7.7)  25.4  (6.8)  34.7  (5.0)  30.0  (4.6)  21.4  (5.8)

Time (min)  2.8  (0.8)  2.9  (0.8)  2.5  (0.7)  2.5 (0.5)  3.3  (0.9)
CDT (n  =  126)  4.4  (2.6)  3.1  (2.6)  6.2  (1.4)  4.7 (2.2)  1.6  (2.0)

Time (min)  1.3  (0.7)  1.5  (0.7)  1.0  (0.6)  1.3 (0.6)  1.6  (0.8)
SPMSQ (n  = 140)  2.6  (2.6)  3.8  (2.7)  0.6  (0.9)  1.8 (1.6)  5.6  (2.1)
MIS (n  =  119)  4.2  (2.9)  2.6  (2.5)  6.3  (1.8)  4.0 (2.5)  1.0  (1.4)

Data are expressed either as absolute frequency (%) or as mean (standard deviation).
CDT: clock-drawing test; CI: cognitive impairment; DEM: dementia; M@T: Memory Alteration Test; MCI: mild cognitive impairment; MEC:
Mini—Examen Cognoscitivo; MIS: Memory Impairment Screen; MMSE: Mini—Mental State Examination; nCI: no cognitive impairment;
SPMSQ: Short Portable Mental State Questionnaire.

a Orientation items were not timed.
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Table  3  Diagnostic  performance  and  effectiveness  of  the  brief  cognitive  tests.

Test  n  Time  (min)  AUC  Optimal  cut-off  point  Cut-off  point  with  sensitivity  ≥ 0.80

COP  Sensitivity  Specificity  PCD  COP  Sensitivity  Specificity  PCD

MMSE  141  5.5  (1.6)a 0.85  (0.03)  20/21  0.71  0.87  0.77  22/23  0.80  0.65  0.75
MEC-35 141  >5.5  (1.6)  0.85  (0.03)  27/28  0.70  0.87  0.77  30/31  0.85  0.62  0.76
MEC-30 141  >5.5  (1.6)  0.85  (0.03)  25/26  0.81  0.78  0.79  25/26  0.81  0.78  0.79
Eurotest  140  7.1  (1.8)  0.91  (0.02)  24/25  0.82  0.89  0.84  24/25  0.82  0.89  0.84
M@T 139  6.8  (2.2)a 0.90  (0.02)  32/33  0.81  0.89  0.84  32/33  0.81  0.89  0.84
SPMSQ 140  -  0.86  (0.03) 1/2  0.74  0.85  0.78  0/1  0.88  0.54  0.75
Fototest 139  2.8  (0.8) 0.87  (0.03) 30/31  0.76  0.80  0.78  32/33  0.84  0.69  0.77
CDT 126  1.3  (0.7) 0.83  (0.03) 4/5  0.64  0.91  0.76  6/7  0.86  0.59  0.75
MIS 119  -  0.87  (0.03)  5/6 0.82  0.81  0.81  5/6  0.82  0.81  0.81

AUC: area under the receiver operating characteristic curve; CDT: clock-drawing test; COP: cut-off point; M@T: Memory Alteration Test;
MEC: Mini—Examen Cognoscitivo; MIS: Memory Impairment Screen; MMSE: Mini—Mental State Examination; n: number of participants;
PCD: proportion of correct diagnoses; SPMSQ: Short Portable Mental State Questionnaire.

a Orientation items were not timed.

Table  4  Diagnostic  performance  of  the brief  cognitive  tests.

CDT  MEC-35  MEC-30  MMSE  SPMSQ  Fototest  MIS  M@T Eurotest

CDT  -  ns (126)  ns  (126)  ns (126)  ns  (126)  ns (126)  ns (117)  .03 (125)  .08  (126)
MEC-35 - ns  (141)  ns (141)  ns  (140)  ns (139)  ns (119)  .02 (139)  .02  (140)
MEC-30 -  ns (141)  ns  (140)  ns (139)  ns (119)  .03 (139)  .04  (140)
MMSE - ns  (140)  ns (139)  ns (119)  .03 (139)  .03  (140)
SPMSQ -  ns (139)  ns (119)  .05 (139)  .05  (139)
Fototest - ns (119)  ns (138)  ns  (138)
MIS -  ns (118)  ns  (118)
M@T - ns  (138)
Eurotest  -

CDT: clock-drawing test; M@T: Memory Alteration Test; MEC: Mini—Examen Cognoscitivo; MIS: Memory Impairment Screen; MMSE:
Mini—Mental State Examination; ns: not significant; SPMSQ: Short Portable Mental State  Questionnaire.
For each comparison, we provide the P-value in the deLong test and the number of participants included.

The SPMSQ also presents significantly poorer diagnostic per-
formance; however, the  application time for this instrument (not
measured in  this study) is considerably shorter. While the SPMSQ is
widely used to screen for dementia in Spain,13 its diagnostic perfor-
mance in screening for CI has  not previously been evaluated. Our
results show a clear floor effect, with even scores of 0 having a
sensitivity of 0.88; this would imply that 12% of individuals with CI
present perfect execution (no errors), and therefore will never be
detected by this instrument. Another limitation of the SPMSQ is that
for 3 of the 10 items (telephone number, date of  birth, and mother’s
maiden name), scoring requires reference to information that is
often difficult to access or verify, particularly for older individuals
attending the consultation alone.

The CDT, which presented the shortest application time (1.3
[0.7] minutes), had the poorest diagnostic performance (0.83
[1.03]), a significantly lower value; it also presents the disadvantage
that it requires a certain level of  graphomotor skill that individ-
uals who are illiterate or have a low level of  education may not
possess; this would explain why 15  participants (10.6%), most of
whom were illiterate, were unwilling to complete the test. These
results confirm the previous recommendation that the CDT is not
an appropriate BCT for individuals without a minimum level of
education.45 However, the M@T and the Eurotest presented no sig-
nificant differences in diagnostic performance when compared to
the Fototest and the MIS (0.87 [0.02] for both tests), which are
far quicker to administer (2.8 [0.8] minutes for the Fototest). This
confirms the results of  previous studies22,23 suggesting that these
instruments are more efficient on account of  their similar diag-
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FototestMMSEM@TEurotest
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Figure  2 Time  taken  in  minutes  to  complete  each  brief  cog-
nitive test.
MMSE:  Mini—Mental  State  Examination;  M@T:  Memory  Alteration
Test; CDT:  clock-drawing  test.

nostic performance and shorter administration time. Despite this,
the MIS presents several limitations: no normative study has been
performed, it only evaluates memory, and it  is not applicable to
illiterate individuals. Therefore, the test cannot be administered
to a considerable percentage of  Spanish adults (14.2% in our sam-
ple).

The AUC was  selected as a measure of diagnostic performance
because it enables evaluation of  an instrument’s global discrim-
inative capacity for all possible scores, and enables comparison
of different instruments in  a single sample,46,47 independently of
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the prevalence of the diagnosis and the sociodemographic char-
acteristics of the sample (age, schooling, etc) and, therefore,
independently of  the representativeness of  the sample. We also
opted to study diagnostic performance for CI rather than for demen-
tia only, as we deem this approach to be more pragmatic from a
clinical perspective. For healthcare professionals in general, and
primary care physicians in particular, it is beneficial to focus more
on diagnosing CI, as targeting dementia exclusively would prevent
us from identifying patients with CI with no functional impact, who
may be eligible for preventive, corrective, or palliative measures
to delay or even prevent progression to dementia.20

The main limitation of this study is the fact that the BCTs
were applied consecutively, which may have introduced bias related
to tiredness or fatigue, despite the short application times of
these instruments; to partially mitigate this effect, the scales were
administered in 3 different orders and we confirmed that results for
the different BCTs showed no association with the  serial position in
which they were administered (data not shown). Another limita-
tion is that the 7MS, also recommended in the SNS guidelines, was
not included in the evaluation. However, this test48 is a complex
instrument, both in terms of  administration and scoring; despite
its name, it  takes longer than 10  minutes to administer; it  cannot
be administered to illiterate individuals; and it is not free of cost.
Therefore, we do not consider this instrument to be appropriate for
use at primary care centres.20

The main strength of  our study is its design. On the one hand,
the prospective, consecutive, systematic recruitment of partici-
pants; the use of a one-year recruitment period; the near absence
of exclusion criteria; and the low drop-out rate mean that our sam-
ple accurately reflects the issue of  diagnosing CI in clinical practice
in this healthcare setting, conferring naturalistic and pragmatic
value to the study. On the other, the fact that all participants were
assessed with all BCTs, the fact that all  participants were adminis-
tered the gold-standard diagnostic protocol independently of  their
results in the BCTs, and the independent, blinded evaluation of
the instruments studied and the  gold-standard assessment ensure
that we controlled for the main biases affecting studies evaluating
diagnostic tests.25,49

In conclusion, there is no perfect, ideal BCT for use in pri-
mary care, and these professionals must be familiar with the use
of various instruments; the  selection of a specific test to use in
a particular case should be based on the clinical circumstances
(time available), patient characteristics (level of  schooling, sensory
deficits, etc), available data (normative data, specific validation for
diagnosis of CI), and the healthcare professional’s preferences and
experience.20 Based on our findings and the desirable characteris-
tics summarised in Table 1, we recommend the Eurotest, T@M, and
Fototest for use in primary care, with the latter being the most
efficient as it takes less than half as long to administer.
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