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Abstract

Introduction:  The  Rivermead  Behavioural  Memory  Test  (RBMT)  is  a  short,  ecologically  valid

memory  test  battery  that  can  provide  data  about  a  subject’s  memory  function  in  daily  life.  We

used RBMT  to  examine  daily  memory  function  in  patients  with  mild  cognitive  impairment  (MCI),

Alzheimer  disease  (AD),  and  in  healthy  controls.  We  also  evaluated  differences  between  the

memory  profiles  of  subjects  whose  MCI remained  stable  after  1  year  and  those  with  conversion

to AD.

Patients  and methods:  Sample  of  91  subjects  older  than  60  years:  30  controls,  27  MCI  subjects

and 34  AD  patients.  Subjects  were  assessed  using  MMSE  and  RBMT.

Results:  The  40  men  and  51  women  in the sample  had  a  mean  age  of  74.29  ±  6.71  and

5.87  ± 2.93  years  of  education.  For  the  total  profile,  screening  RBMT  scores  (P  <  .001)  and  total

MMSE scores  (P  <  .05),  control  subjects  scored  significantly  higher  than  those  with  MCI,  who

in turn  scored  higher  than  AD  patients.  In  all  subtests,  the control  group  (P  < .001)  and  MCI

group (P  <  .05)  were  distinguishable  from  the  AD  group.  Prospective,  retrospective,  and orien-

tation subtests  found  differences  between  the  MCI and  control  groups  (P  <  .05).  MCI  subjects

who progressed  to  AD  scored  lower  at  baseline  on the  total RBMT  and  MMSE,  and  on  name

recall, belongings  recall,  story  immediate  recall,  route  delayed  recall,  orientation  (P  <  .05),

face recognition,  story  delayed  recall,  and  messages  delayed  recall  sections  (P < .01).

Conclusions:  RBMT  is  an ecologically  valid  episodic  memory  test  that  can  be  used  to  differen-

tiate between  controls,  MCI  subjects,  and AD  subjects.  It  can  also  be used  to  detect  patients

with MCI  who  will experience  progression  to  AD.
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Evaluación  ecológica  en  el  deterioro  cognitivo  leve  y enfermedad  de  Alzheimer

mediante  el  Rivermead  Behavioural  Memory  Test

Resumen

Objetivos:  El Rivermead  Behavioural  Memory  Test  (RBMT)  es  una  batería  ecológica  breve  que

permite predecir  el funcionamiento  mnésico  del  sujeto  en  la  vida  diaria.  Evaluamos  mediante

el RBMT  el  funcionamiento  mnésico  en  la  vida  diaria,  de pacientes  con  deterioro  cognitivo  leve

(DCL),  enfermedad  de Alzheimer  (EA)  y  sujetos  sanos,  así  como  las  diferencias  entre  perfiles

mnésicos  de  los  sujetos  DCL  estables  al  año  y  los  que  progresarán  a  EA.

Pacientes  y  métodos:  Muestra  de 91  sujetos  con  60  o más  años,  30  controles,  27  DCL  y  34

pacientes  con  EA. Se  evalúa  a  los  sujetos  mediante  MMSE  y  RBMT.

Resultados:  Cuarenta  hombres  y  51  mujeres,  con  edad  y  escolaridad  media  de 74,29  ±  6,71

y 5,87  ± 2,93  años,  respectivamente.  En  las  puntuaciones  totales,  perfil  y  global  del RBMT

(p <  0,001)  y  del  MMSE  (p  <  0,05),  los  sujetos  control  puntúan  significativamente  más  alto  que

los DCL  y  estos  que  los EA.  En todos  los subtest,  los controles  (p  < 0,001)  y  DCL  (p  < 0,05)

se diferencian  de la  EA.  Subtest  prospectivos,  retrospectivos  y  de orientación  diferencian  al

grupo control  del  DCL  (p  <  0,05).  Los sujetos  DCL  que  progresan  a  EA  puntúan  más bajo  en  la

exploración inicial  en  las  puntuaciones  totales  del  RBMT,  MMSE  y  en  el  recuerdo  del nombre,

objeto personal,  recuerdo  inmediato  de la  historia,  recuerdo  diferido  del  recorrido  y  orientación

(p <  0,05),  reconocimiento  de dibujos,  recuerdo  diferido  de  la  historia  y  del  mensaje  (p  < 0,01).

Conclusiones:  RBMT  es  una  prueba  ecológica  de memoria  episódica  útil  para  diferenciar  entre

sí sujetos  controles/DCL/EA,  que  además  permite  detectar  a  los pacientes  con  DCL  que  progre-

san a  EA.

©  2012  Sociedad  Española  de  Neurología.  Publicado  por Elsevier  España,  S.L.  Todos  los derechos

reservados.

Introduction

The  recent  revision  of diagnostic  criteria  for Alzheimer  dis-
ease  (AD),  and  the new  definitions  of  the  preclinical  and
prodromal  phases,  recommends  the use  of episodic  mem-
ory  tests  in  cases  of mild  cognitive  impairment  (MCI),  since
this  is  the  most frequent  impairment  in patients  who  will
progress  to  AD  (MCI due  to  AD).  Evaluation  of  other  cognitive
functions  such as  language,  executive  functions,  attention,
and  visuospatial  functions,  together  with  the use  of  biomark-
ers,  will  help  physicians  provide earlier  and  more  efficient
diagnoses.1—6

Traditional  episodic  memory  tests  that  assess  immediate
recall,  delayed  recall,4 and  recognition,7 as well  as  recall
of  verbal  information8 or  pictures,9,10 are recommended
for  assessing  patients  with  MCI.  Alterations  in prospective
memory  (whether  isolated11 or  together  with  alterations  in
retrospective  memory12)  and  changes  in visuospatial  mem-
ory  have  also  been  suggested  as  cognitive  markers  of  MCI  due
to  AD.  A  recently  proposed  strategy  is to  combine  several
episodic  memory  tests  to  increase  discriminatory  potential8

and  identify  the  profile  associated  with  each MCI  subtype.13

In  the  same  way,  during the  neuropsychological  examination
for  MCI,  doctors  should  administer  tests  that  permit  long-
term  follow-up4 and do not  exhibit  a  practice  effect.14 Tests
should  also  reflect cognitive  performance  in daily  life.15 The
Rivermead  Behavioural  Memory  Test  (RBMT), a brief  test
battery  for episodic  memory,  meets  these  requirements.

The  RBMT is classified  as an  ecological  assessment.  These
tests  evaluate  cognitive  functions  using tasks  similar  to
those  in  daily  life,  demonstrate  high  levels  of ecological
validity,  and combine  the scientific  rigour  of  traditional

neuropsychological  tests  (standardised  administration  and
correction)  with  the observational  techniques  used  in
behavioural  psychology,  such as  simulating  situations  sim-
ilar  to  those  in  daily  life.  Unlike  traditional  tests,  RBMT
does  not follow  an established  memory  model  and  it does
not  focus  on  whether  the  individual  is able  to  complete  the
task.  Rather,  it analyses  how  the  individual  performs  the
task  and  how  memory  impairment  affects  the  individual’s
daily  functioning.  RBMT lets  us identify  aspects  that  may  be
subject  to  cognitive  intervention  and  that  reflect  changes
over  time  (the  test has  4 parallel  forms).  These  features
make  it ideal  for  use  in  rehabilitation  therapy.  The  test
can  be  administered  quickly  and  since  it involves  familiar
activities,  examinees  usually  do  not experience  frustra-
tion  reactions,  unlike  in traditional  tests.16 RBMT subtests
assess  prospective  memory,  retrospective  memory,  orien-
tation,  visuospatial  memory,  and  short-  and/or  long-term
memory.  They  also  include  immediate  and delayed  recall
and  recognition  tests,  as  well  as  recall  of  words  and images.
The  12  subtests  of  RBMT  are recalling  first  name  (item
1) and  second  name  (item  2) of  the person  in a  picture
20  minutes  after  it has  been  shown  to  the  examinee;  recall-
ing where  their  belongings  have  been hidden  (the  examinee
must  request  and  locate  the objects  when the examiner
utters  a sentence  established  25  minutes  previously)  (item
3);  remembering  to  ask  for  an  appointment  when  an  alarm
sounds  after 20  minutes  (item  4);  recognising  10  pictures
from  a set  of  20  previously  shown  to  the examinee  (item
5);  remembering  a  story  with  21  ideas  to  test  immediate
recall  (just  after  reading  it)  and  delayed  recall  (20  minutes
later)  (item  6);  recognising  5  faces  from  the 10  shown  previ-
ously  (item  7);  immediate  recall  (item  8)  and  delayed  recall
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(item  9)  of  the same  route;  immediate  and delayed  recall  of
a  message  (remembering  to  pick  up  an envelope  and  place  it
in  a  specific  place)  (item  10);  9  questions  to test  orientation
(item  11),  and  recalling  the  date (item  12).17

Previous  studies  with  RBMT  demonstrated  a good  cor-
relation  with  the traditional  episodic  memory  tests  that
are  typically  used  in  diagnosis.  Examples  include  the
revised  Wechsler  Memory  Scale,18 the  memory  subtest  of
the  Luria-Nebraska  neuropsychological  battery,19 and the
memory  scales  and  total  score  on  CAMCOG.20 RBMT also
discriminates  between  diseases  such  as  vascular  and  non-
vascular  dementia,21 AD, cognitive  impairment  associated
with  epilepsy,  and  brain  injury.18,19 Regarding  MCI,  previ-
ous  studies  from  Japan22 and  Brazil20 show  that  both  the
total  profile  score  and total  screening  score  can  be  used
to  differentiate  between  individuals  with  MCI,  AD,  and
healthy  controls.  This  supports  using  these  tests  for  diag-
nosing  MCI.20,22 Regarding  the profile  of  abnormal  subtest
results  indicative  of  MCI,  a test  set  has  been  proposed  to
distinguish  between  healthy  individuals,  those  with  MCI, and
those  with  AD.  This  set  includes  a prospective  memory  sub-
test  (appointment  recall,  immediate  and  delayed  recall  of  a
message,  and  remembering  hidden  belongings),11 free  recall
subtest  (delayed  recall  of a story  is  recommended  as  the
best  tool  for  distinguishing  individuals  with  MCI  from  con-
trols,  while  immediate  recall  of  a  story  is  the best  tool  for
identifying  subjects  with  MCI  due  to  AD),22 and  the prospec-
tive subtest  on  appointment  recall.  Added  to  the above  are
the  retrospective  subtests  for  story  and  route  free  recall
(immediate  and  delayed).20

Our  study  aims  to  evaluate  differences  in episodic  mem-
ory  in patients  with  MCI  or  AD,  compared  to  a  control  group,
by  means  of this ecologically  valid  assessment  tool.  It also
assesses  the  utility  of  the different  subtests  with  the same
aim  and  also  to  determine  whether  differences  already  exist
at  baseline  in patients  with  MCI  who  progress  to  a  clinical
diagnosis  of  AD  after one  year  of  follow-up.

Subjects  and  methods

Prospective  study  of  91  individuals  aged  60  years  or  older,
consecutively  selected  during  a  6-month  period  from  the
patients  examined  in  the dementia  diagnostic  unit.  The
sample  includes  34  patients  diagnosed  with  probable  AD
according  to  criteria  established  by  the National  Institute
of  Neurological  and  Communicative  Disorders  and  Stroke
(AD  and  Related  Disorders  Association  [NINCDS-ADRDA]).23

Another  27 patients  presented  mild  cognitive  impairment
according  to  Petersen  et al.,24 and  there  were  also  30  con-
trols.

Of  the  92 patients  with  early  stage  AD  or  MCI  who
attended  that  unit  during the  specified  period,  75  met  the
inclusion  criteria  and  61  of them  agreed to  participate  in
the  study.  Volunteers  for  the  control  group  were  recruited
among  patients’  companions  aged 60  years  or  older  who
were  not  being  treated  by the unit  or  who  expressed  no
subjective  concerns  about  their  memory.  We  excluded  first-
degree  relatives.  Of  the  52  individuals  invited  to participate,
13  declined  and 19  did  not  meet  the criteria.  Exclusion  crite-
ria  for  all  groups  were  uncorrected  acute  vision  or  hearing
impairment;  personal  history  of  psychiatric,  neurological,  or

systemic  disease  associated  with  neuropsychological  impair-
ment;  history  of  alcohol  and/or  drug  abuse;  and  illiteracy.
Control  subjects,  according  to  the neurologist’s  medical
opinion,  do not  present  affective  symptoms  or  behavioural
or  cognitive  changes.  This  was  established  when  patients
were  interviewed  following  the  care  assessment  protocol.

Diagnosis  of  subjects  with  MCI  and  AD  was  performed  by
an  interdisciplinary  care  team  from  our  unit  that  included  a
neurologist,  a  neuropsychologist,  and  a  consultant  psychia-
trist.  Subjects  visited  our  unit  because  of cognitive  and/or
behavioural  complaints;  most  were  referred  by  their  pri-
mary  care doctors. Diagnostic  evaluation  included  a  general
neuropsychological  test,  neurological  evaluation,  blood  test
(thyroid-stimulating  hormone,  syphilis  serological  test,  folic
acid,  and  vitamin  B12)  and  structural  neuroimaging  study
(computed  tomography  or  magnetic  resonance  imaging  as
chosen  by  the lead  doctor).

Tests  administered  by  the  neurology  department  included
the  Mini  Mental  State  Examination  (MMSE)25;  Blessed
dementia  scale26;  abbreviated  neuropsychiatric  inventory27;
Tinetti  scale28;  Hachinski  ischaemic  scale29;  global  dete-
rioration  scale30;  IADL  scale  of Lawton  and Brody31;  and
the  second  version  of  the Rapid  Disability  Rating  Scale.32

The  general  neuropsychological  examination  included  the
MMSE  time  and  spatial  orientation  subtest25; the  15-item
version  of  the Boston  naming  test33 and the Boston  diagnos-
tic  aphasia  examination  subtest  for  auditory  comprehension
of  commands34; WAIS  forward  and backward  digit  span
and similarity  subtests35;  Poppelreuter’s  overlapping  figures
test36;  subtests  on  constructive  praxis  in  copying,  sym-
bolic  gesture,  imitation  of bilateral  postures,  and  animal
naming  by  category  from  the Barcelona  Test—Integrated
programme  for  neuropsychological  examination—(PIENB)37;
Rey  auditory  verbal  learning  test38;  lexical  fluency  test
of  words  beginning  with  ‘P’  in  one  minute39;  and the
Luria-Nebraska  battery  subtest  on  motor  functions  of the
hand to measure  the  dynamic  organisation  of the motor
act.36

Individuals  who  met  inclusion  criteria  and  signed  their
informed  consent  then  completed  the MMSE,25 Reisberg’s
Global  Deterioration  Scale,30 and  the 12  RBMT subtests
mentioned  previously.17 All tests  were  administered  in  a
controlled  environment  during  a single  45-minute  session.
Tests  were  scored  by  a neurologist  other  than  the one  who
performed  the diagnostic  evaluation.  MMSE25 and  RBMT17

were  administered  on  two  different  occasions,  at baseline
and  at 12  months.  For  the  RBMT,  we  used  Form  A (base-
line)  and Form  D  (12  months),  selected  at random.  From
the  direct  scores  obtained  in  the  12  subtests,  we  calculated
the  total  screening  score  (range,  0-24)  and  the  total  pro-
file  score  (range,  0-12).17 Control  subjects  were  also  tested
with  the Lawton  and  Brody  IADL  scale31 at the start  of  the
evaluation.

Statistical  analysis  was  performed  using SPSS  software
version  12.0  for  Windows.  We  analysed  descriptive  statistics
for scores  obtained  by  each  group  on  every  test  and  per-
formed  intergroup  cross-sectional  comparisons  using  ANOVA
(for  parametric  data)  or  Mann-Whitney  test,  chi-square
test  or  Fisher’s  exact  test  for  dichotomous  variables  (non-
parametric  data).  Longitudinal  comparison  of  parametric
items  was  performed  with  the t-test;  the Wilcoxon  test
was  used  for  non-parametric  data,  and  the McNemar  test
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Table  1  Sociodemographic  characteristics  of  the  sample

Control  MCI  AD Total

Sex

Women 15  12  24  51  (56%)

Men 15  15  10  40  (44%)

Age 72.9  ±  6.18  73.77  ± 7.17  75.94 ± 6.61

Years of  schooling  6.13  ± 2.51  6.07  ± 3.38  5.47  ± 2.93

Personal medical  history

HBP  12  (26.6%)  11  (30.5%)  14  (28%)  37  (28.2%)

Diabetes 6  (13.3%)  2 (5.6%)  11  (22%)  19  (14.5%)

Hypercholesterolaemia  11  (24.4%)  8 (2.22%)  10  (20%)  29  (22.1%)

Depression 5  (11.1%)  6 (16.7%)  9  (18%)  20  (15.4%)

Family history

AD 3  (10%)  8 (29.6%)  3  (8.9%)  14  (15.4%)

Parkinsonism  1  (3.3%)  1 (3.7%)  1  (3%)  3  (3.30%)

Other types  of  dementia  0  (0%)  4 (14.8%)  5  (14.8%)  9  (9.9%)

for  dichotomous  variables.  Using  results  from the ROC
curve,  we  identified  the most suitable  cut-off  points  based
on  the  sensitivity  and specificity  of each  cut-off  point.
Comparisons  were  considered  statistically  significant  for
P  ≤  .05.

Results

The  sample  consists  of  40  men  and  51  women  distributed
in  3  groups  (control, MCI,  and AD),  with  a mean  age
of  74.29  ±  6.71  years  and  mean  years  of schooling  of
5.87  ±  2.93.  Table 1 lists patients’  sociodemographic  char-
acteristics.  There  are no  significant  differences  on  age,
schooling  years  or  sex  between  the  3 groups (P > .05).  How-
ever,  significant  intergroup  differences  can  be  found  for
the  MMSE  score  and  the  total  RBMT  profile  and  screening
scores  (P  < .001) (Table  2).  The  intergroup  comparison  shows
that  values  from  the  MCI  and  control  groups  are  signifi-
cantly  higher  than  in the AD  group  (P  > .001).  The  control
group  had  significantly  better  RBMT  profile  and  screening
scores,  as  well  as  a better  MMSE  (P  > .001  and  P  >  .05,  respec-
tively).

Table  2 also  shows  the  scores  each group  obtained  on
the  different  RBMT  subtests.  All  scores  show  significant
differences  between  groups  (P  <  .01).  In general,  both  the
control  group  and MCI  group  obtained  significantly  higher
scores  on  all  scales  than  the AD  group,  with  P  ≤  .0001 and
with  P < .05  for  appointment  recall  and  message  immedi-
ate  recall  in the  comparison  between  MCI  and  AD  groups.
A  comparison  between  the  control  and  MCI  groups  reveals
that  controls  obtain  significantly  higher  scores  with  P  ≤  .01
for  picture  recognition,  story  delayed  recall,  route  delayed
recall  and  orientation,  and  with  P  <  .05  for  scores  for  second
name  recall,  route  immediate  recall,  and message  immedi-
ate  recall.

When  comparing  scores  obtained  by  MCI  subjects  who
remained  stable  and those  who  progressed  to AD  in a year
(Table  3), we  observed  differences  in MMSE  scores  and  the
total  RBMT  profile  and  screening  scores  (P ≤  .01).  At  the
level  of  the different  subtests,  we  observe  significantly

lower  scores  (P < .05) in the MCI  group  that  progressed  to  AD
for  first  name  recall,  recall  of  belongings,  story  immediate
recall,  route  delayed  recall,  and  orientation,  with  P  < .01
for  picture  recognition,  story  delayed  recall,  and  message
delayed  recall.

In  the follow-up  study,  MCI  subjects  who  remained  sta-
ble after  12  months  obtained  a score of  26.14  ±  3.27  on
the  MMSE,  a  total  RBMT profile  score  of  12.91  ±  5.44,
and  a  total  RBMT screening  score  of  5.91  ±  2.51.  On  the
other  hand,  the  score for  the MCI  group  that  converted
in  one  year is 21.00  ± 4.74  on  the MMSE,  3.20  ± 3.35  on
the  total  RBMT  profile,  and  2.20  ±  1.48  on  the total  RBMT
screening.  Comparing  both  MMSE  and  RBMT  evaluations
between  the  2  groups  reveals  no  significant  differences,
not  even  on the  subtests.  Total  RBMT  scores  for  the 31
subjects  with  AD  who  underwent  both  evaluations  are
2.48  ±  2.87  in  the profile  score  and 0.87  ±  1.23  in the
screening  score  at  baseline,  and  1.39  ±  2.03  in the  profile
score  and 0.74  ±  0.93  in  the screening  score  at follow-
up  (three patients  from this group had  been  lost to the
study  at the time  of the second  evaluation).  MMSE  score
at  baseline  is  25.00  ±  3.17  compared  to  23.74  ±  4.97  at  12
months.  Differences  between  the 2  MMSE  assessments  and
the  2  total  RBMT  profile  scores  are  significant  (P  <  .05).
Regarding  RBMT subtests,  only  scores  for  recall  of belong-
ings  (mean  1.39  ±  1.41  at baseline  and  0.91  ±  1.11  at
follow-up)  and picture  recognition  (mean  6.16  ±  2.76  at
baseline  and  4.64  ±  3.02  at follow-up)  show significant  dif-
ferences  between  the  two  evaluations  in the  AD  group
(P < .05).

According  to  the results  obtained  in ROC  curve  analysis
(Table 4), the best  cut-off  point for  distinguishing  between
control  subjects  and  AD  patients  using  the total  RBMT  score
is  9.5,  with  a sensitivity  of  93.3%  and specificity  of  94.1%;  for
the  total  RBMT  screening,  the  cut-off  point  is  4.5,  also  with
a  sensitivity  of  93.3%  and  specificity  of  94.1%.  The  cut-off
point  for  distinguishing  control  subjects  from  MCI  subjects
was  11.5  on  the total  RBMT  profile  score, with  a sensitivity  of
67.6%  and  specificity  of  69.5%.  For the total  RBMT  screening
score,  it  was  5.5  with  a sensitivity  of 69.0%  and specificity
of  64.3%.



Ecological  assessment  of mild  cognitive  impairment  and Alzheimer  disease  343

Table  2  MMSE  and RBMT  results  and  comparison  between  groups

Control

(n  = 30)

MCI

(n  =  27)

AD  (n  =  34) Between

groups

Control

vs  MCI

MCI  vs

AD

Control

vs  AD

MMSE  29.0  ±  1.29  27.40  ±  2.39  23.32  ± 2.43  .000  .017  .000  .000

Total RBMT  profile  score  14.4  ±  3.22  9.92  ±  5.03  2.62  ± 3.15  .000  .000  .000  .000

Total RBMT  screening  score  6.63  ±  1.92  4.48  ±  2.59  0.94  ± 1.39  .000  .000  .000  .000

Direct score  on  RBMT  subtest

1. Name  recall  1.7  ±  0.59  1.41  ±  0.79  0.59  ± 0.70  .000  NS  .000  .000

2. Second  name  recall  1.63  ±  0.72  1.33  ±  0.67  0.41  ± 0.61  .000  .040  .000  .000

3. Recall  of  personal  belonging 3.23  ±  0.82 2.59  ±  1.30  1.29  ± 1.38  .000  NS  .001  .000

4. Appointment  recall 0.66  ±  0.92 0.41  ±  0.75 0.05  ± 0.23  .006  NS  .044  .001

5. Recognition  of pictures 9.90  ±  3.05 8.26  ±  2.77 5.94  ± 2.83 .000 .000  .000  .000

6. Story  immediate  recall  3.55  ±  1.92  2.94  ±  2.45  1.04  ± 0.89  .000  NS  .000  .000

6. Story  delayed  recall  3.08  ±  1.81  1.72  ±  1.77  0.13  ± 0.61  .000  .002  .000  .000

7. Face  recognition 4.60  ±  0.97  4.22  ±  1.33  2.88  ± 1.66  .000  NS  .001  .000

8. Route  immediate  recall 4.06  ±  0.98  3.11  ±  1.50  1.73  ± 1.48  .000  .012  .001  .000

9. Route  delayed  recall 3.90  ±  1.29  2.85  ±  1.59  0.85  ± 1.21  .000  .010  .000  .000

10. Message  immediate  recall 2.63  ±  0.81 2.29  ±  0.82  1.82  ± 0.97  .000  .035  .044  .000

10. Message  delayed  recall 2.66  ±  0.71  2.18  ±  1.18  0.32  ± 0.84  .000  NS  .000  .000

11. Orientation 8.73  ±  0.45 7.81  ±  1.49  5.55  ± 1.96  .000  .004  .000  .000

12. Date 0.93  ±  0.25 0.74  ±  0.45 0.15  ± 0.36  .000  NS  .000  .000

NS, not statistically significant.

Discussion

The  aim  of  our  study  was  to  determine  if the RBMT  ecolog-
ical  assessment  could  be  useful in  distinguishing  between
healthy  subjects,  those  with  MCI,  and those  with  AD,  and to
evaluate  whether  it could  contribute  to  early  detection  of
AD.

Our  results  show that the RBMT  distinguishes  between
controls,  subjects  with  MCI,  and  subjects  with  AD. Total
scores  (profile  and screening)  obtained  by  individuals  with
MCI  are  higher  than  those  of  AD  subjects  and  lower  than

those of  control  subjects.  These  findings  coincide  with
results  from  Kazui et al. and  Yassuda  et  al. Regarding  RBMT
subtests,  AD  subjects  had significantly  lower  scores  on  all
RBMT subtests  than  MCI  and  control  subjects,  as  in the study
by  Yassuda  et  al.  In  contrast,  results  from  Kazui  et  al. show
that  most  subtest  scores  do not distinguish  between  patients
with  MCI  or  AD. Yassuda  et al.  propose  subtests  for  free
recall  (story  and route)  and  prospective  memory  (appoint-
ment  recall),  while  Kazui et  al.  propose  using  delayed  recall
subtests  that  do not  include  prospective  memory  to  identify
subjects  with  MCI.20,22 Our  study  also  proposes  using  free

Table  3  Results  on MMSE  and  RBMT  from  MCI patients  who  remain  stable  vs  patients  who  progress  to  AD

MCIn  (n  = 22)  MCIad  (n  =  5)  P

MMSE  28.09  ±  1.54  24.40  ±  3.29  .005

Total RBMT  profile  score  11.32  ±  4.22  3.80  ±  3.63  .003

Total RBMT  screening  score  5.14  ±  2.32  1.60  ±  1.67  .005

Direct score  on  RBMT  subtest

1. Name  recall  1.59  ±  0.67  0.60  ±  0.89  .040

2. Second  name  recall  1.45  ±  0.60  0.80  ±  0.84  NS

3. Recall  of  a  belonging 2.91  ±  1.02  1.20  ±  1.64  .040

4. Appointment  recall 0.50  ±  0.80 0.00  ±  0.00  NS

5. Recognition  of pictures 9.00  ±  1.69  5.00  ±  4.30  .010

6. Story  immediate  recall  3.36  ±  2.46  1.10  ±  1.39  .019

6. Story  delayed  recall  2.11  ±  1.75  0.00  ±  0.00  .003

7. Face  recognition  4.55  ±  0.86  2.80  ±  2.17  NS

8. Route  immediate  recall  3.27  ±  1.49  2.40  ±  1.52  NS

9. Route  delayed  recall  3.18  ±  1.50  1.40  ±  1.14  .023

10. Message  immediate  recall  2.45  ±  0.67  1.60  ±  1.14  NS

10. Message  delayed  recall  2.45  ±  1.06  1.00  ±  1.00  .010

11. Orientation  8.18  ±  1.10  6.20  ±  2.05  .019

12. Date  0.77  ±  0.43  0.60  ±  0.55  NS

MCIad, MCI subjects who progress to AD; MCIn, subjects who do not progress to AD; NS, not  significant.
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Table  4  Cut-off  points  of  total  RBMT  profile  and screening

scores between  control,  MCI  and  AS  groups

Cut-off  point Sensitivity  Specificity

Total  RBMT  profile  score

Control × AD  9.5 93.3%  94.1%

Control × MCI  11.5  67.6%  69.6%

Total RBMT  screening  score

Control  × AD  4.5 93.3%  94.1%

Control × MCI  5.5 69.0%  64.3%

and  delayed  recall,  immediate  recall,  and  recognition  sub-
tests  to distinguish  between  controls,  patients  with  MCI,  and
patients  with AD; it  also  proposes  a prospective  and  retro-
spective  memory  subtest,  as  do  Yassuda  et  al. and Martins
and  Damasceno.12,20 These  subtests  are last  name  recall,  pic-
ture  recognition,  story  delayed  recall,  route  immediate  and
delayed  recall,  message  immediate  recall,  and  orientation.

Results  coincide  with  those  obtained  by  studies  of  MCI
using  traditional  episodic  memory  tests.  Such  studies  recom-
mend  using  immediate  and delayed  recall  tests,  recognition
tests,  word  and  picture  recall,  and visual and  spatial  mem-
ory  tests,  in  addition  to  using  different  memory  tests  in  the
evaluation.7,13,15 Regarding  cut-off  points,  data  on  the sensi-
tivity  and  specificity  of  total  profile  and  screening  scores  in
our  study,  as  in the  study  by  Yassuda  et al.,20 show  these cut-
off  points  to  be  highly  accurate  for  identifying  AD subjects
and  moderately  accurate  for  identifying  MCI  subjects.

One  original  aspect  of  our  study,  compared  to  other
contributions  using  the RBMT,  is  that  we  compare  scores
obtained  by  MCI  patients  who  maintain  that  diagnosis  for
a  year  to  scores  from  patients  who  progress  to  AD. RBMT
distinguishes  subjects  diagnosed  with  MCI  who  remain sta-
ble  from  those  who  progress  to  AD; the latter’s  total
profile  and  screening  scores  at  baseline  are  significantly
poorer.  RMBT  also  lets  us identify  the memory  profile  of
patients  whose  MCI  is  due  to  AD  in the  baseline  examina-
tion.  The  following  tests  are recommended  for  use  in  routine
MCI  screenings:  belongings  recall,  message  delayed  recall
(prospective  memory),  and  name  recall,  picture  recogni-
tion,  story  immediate  and delayed  recall,  route  delayed
recall,  and  orientation  (retrospective  memory).

Regarding  longitudinal  follow-up,  RBMT,  like  the MMSE,
reveals  the  progression  of memory  loss  in  AD  in a  one-year
period,  both  for  the total  profile  score  on  the belongings  sub-
test  and  the  picture  recognition  subtest.  In both  groups  with
MCI,  we  observe  no  significant  differences  between  scores.
This  highlights  the necessity  for  evaluating  other  cognitive
functions  during  short-term  follow-up  of MCI  patients,  as
stated  by  Summers  and  Saunders.6

RBMT  combines  the  standard  administration  and  correc-
tion  procedures  of  traditional  neurospychological  tests  of
episodic  memory  with  greater  ecological  validity.  The  test
allows  us to  predict  behaviour  since  it simulates  daily  life
situations,  which  in turn  favours  the patient’s  cooperation
and  decreases  frustration.  It also  lets  us  identify  compen-
satory  strategies  and  aids  that  may  benefit  the  patient
and  design  neuropsychological  rehabilitation  programmes  to
stimulate  and  promote  independence  in activities  of  daily
living  as long  as  the disease  permits.  Since the  RBMT’s

results  resemble  those  of  traditional  tests  and it  meets  the
requirements  proposed  in the  new  AD  criteria,1—4 experts
recommend  using  it in daily  clinical  practice.  We  should  not
forget  that one  of the  main  limitations  of  traditional  tests  is
the  low generalisability  of  their  results.16 Furthermore,  doc-
tors  need  to  perform  evaluations  in short  periods  of  time  and
obtain  the  most  information  possible  to  increase  not  only
efficacy  but  diagnostic  efficiency.  These  considerations  lead
us  to  promote  the use  of  this test, which  is  also  helpful  in
planning  subsequent  treatment  and  providing  guidance  to
families  on how  to  care  for  patients.  Nevertheless,  a  nor-
mative  study  of this  test  must  be  carried  out  in the  Spanish
population.

Conflicts  of  interest

The  authors  have no  conflicts  of interest  to  declare.

References

1. Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft S, Fagan
AM, et  al. Toward defining the preclinical stages of  Alzheimer’s
disease: recommendations from the National Institute on Aging-
Alzheimer’s Association workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimers Dement. 2011;7:280—92.

2. Jack Jr CR, Albert MS, Knopman DS, McKhann GM, Sperling
RA, Carrillo MC, et  al.  Introduction to the recommendations
from the National Institute on Aging-Alzheimer’s Association
workgroups on diagnostic guidelines for Alzheimer’s disease.
Alzheimers Dement. 2011;7:257—62.

3. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack Jr CR,
Kawas CH, et  al. The diagnosis of  dementia due to Alzheimer’s
disease: recommendations from the National Institute on Aging-
Alzheimer’s Association workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimers Dement. 2011;7:263—9.

4. Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox
NC, et al. The diagnosis of mild cognitive impairment due
to Alzheimer’s disease: recommendations from the National
Institute on Aging-Alzheimer’s Association workgroups on diag-
nostic guidelines for Alzheimer’s disease. Alzheimers Dement.
2011;7:270—9.

5. Cui Y, Liu B, Luo S, Zhen X, Fan M,  Liu T, et al. Identification of
conversion from mild cognitive impairment to Alzheimer’s dis-
ease using multivariate predictors. PLoS ONE. 2011;6:e21896,
http://dx.doi.org/10.1371/journal.pone.0021896.

6. Summers M, Saunders N. Neuropsychological measures predict
decline to Alzheimer’s dementia from mild cognitive impair-
ment. Neuropsychology. 2012;26:498—508.

7. Ally B. Using pictures and words to understand recognition
memory deterioration in amnestic mild cognitive impairment
and Alzheimer’s disease: a review. Curr Neurol Neurosci Rep.
2012;12:687—94.

8. Chapman R, Mapstone M, McCrary J,  Gardner M, Porsteinsson
A, Sandoval T, et  al. Predicting conversion from mild cognitive
impairment to Alzheimer’s disease using neuropsychological
tests and multivariate methods. J  Clin Exp Neuropsychol.
2011;33:187—99.

9. Embree L,  Budson A, Ally B. Memorial familiarity remains intact
for pictures but not for words in patients. Neuropsychologia.
2012;50:2333—40.

10. Ally B, Gold C, Budson A. The picture superiority effect in
patients with Alzheimer’s disease and mild cognitive impair-
ment. Neuropsychologia. 2009;47:595—8.

http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0005
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0010
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0015
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0020
dx.doi.org/10.1371/journal.pone.0021896
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0030
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0035
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0040
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0045
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050
http://refhub.elsevier.com/S2173-5808(14)00083-2/sbref0050


Ecological  assessment  of mild  cognitive  impairment  and Alzheimer  disease  345

11. Huppert FA, Beardsall L.  Prospective memory impairment as
an early indicator of  dementia. J Clin Exp Neuropsychol.
1993;15:805—21.

12. Martins S, Damasceno B. Prospective and retrospective
memory in mild Alzheimer’s disease. Arq Neuropsiquiatr.
2008;66:318—22.

13. Libon D, Bondi M, Price C, Lamar M, Eppig J, Wambach M,  et  al.
Verbal serial list learning in mild cognitive impairment: a profile
analysis of interference, forgetting and errors. J Int Neuropsy-
chol Soc. 2011;17:905—14.

14. Bläsi S, Zehnder A, Berres M,  Taylor K,  Spiegel R,  Monsch A.
Norms for change in episodic memory as prerequisite for the
diagnosis of  mild cognitive impairment (MCI). Neuropsychology.
2009;23:189—200.

15. Irish M, Lawlor B, Coen R, O’Mara S. Everyday episodic memory
in amnestic mild cognitive impairment: a preliminary investiga-
tion. BMC Neurosci. 2011;12:80—92.

16. Wilson B, Herbert C, Shiel A. Behavioural approaches in
neuropsychological rehabilitation. Optimising rehabilitation
procedures. New York: Psychology Press; 2003.

17. Wilson B, Cockburn J, Baddeley A. Rivermead behavioural mem-
ory test. Bury St Edmunds: Thames Valley Company; 1991.

18. Perez M, Godoy J. Comparison between a  traditional memory
test and a behavioral memory battery in Spanish patients. J  Clin
Exp Neuropsychol. 1998;20:496—502.

19. Makatura T, Lam C, Leahy B, Castillo M,  Kalpakjian C. Standard-
ized memory tests and the appraisal of everyday memory. Brain
Inj. 1999;13:355—67.

20. Yassuda M, Flaks M,  Viola L,  Pereira F, Memória C, Nunes P, et  al.
Psychometric characteristics of the Rivermead Behavioural
Memory Test RBMT as an  early instrument for dementia
and mild cognitive impairment in Brasil. Int Psychogeriatr.
2010;22:1003—11.

21. Glass J. Differential subtest scores on the Rivermead
Behavioural Memory Test RBMT in an elderly population with
diagnosis of vascular or nonvascular dementia. Appl Neuropsy-
chol. 1998;5:57—64.

22. Kazui H, Matsuda A, Hirono N, Mori E, Miyoshi N,  Ogino A,
et al. Everyday memory impairment of  patients with mild
cognitive impairment. Dement Geriatr Cogn Disor. 2005;19:
331—7.

23. McKhann G, Drachman D, Folstein M,  Katzman R, Price D, Stad-
lan EM. Clinical diagnosis of  Alzheimer’s disease: report of  the
NINCDS-ADRDA Work Group under the auspices of Department of
Health and Human Services Task Force on Alzheimer’s Disease.
Neurology. 1984;34:939—44.

24. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kok-
men E. Mild  cognitive impairment clinical characterization and
outcome. Arch Neurol. 1999;56:303—8.

25. Folstein M,  Folstein S, McHugh P. Minimental state. J Psychiatr
Res. 1975;12:189—98.

26. Blessed G,  Tomlinson B, Roth M. The association between
quantitative measures of  dementia and of senile change in
the cerebral grey matter of elderly subjects. Br J  Psychiatry.
1968;114:797—811.

27. Cummings J, Mega M,  Gray K, Rosenberg-Thompson S, Carusi
D, Gornbein J. The Neuropsychiatric Inventory: comprehen-
sive assessment of psychopathology in dementia. Neurology.
1994;44:2308—14.

28. Tinetti M. Performance-oriented assessment of  mobility prob-
lems in elderly patients. J Am Geriatr Soc. 1986;34:119—26.

29. Hachinski V,  Lassen N, Marshall J.  Multi-infarct dementia.
A cause of mental deterioration in the elderly. Lancet.
1974;ii:207—10.

30. Reisberg B, Ferris S,  De  Leon M,  Crook T. The global deterio-
ration scale for assessment of  primary degenerative dementia.
Am J Psychiatry. 1982;139:1136—9.

31. Lawton M, Brody E. Assessment of  older people: self maintain-
ing and instrumental activities of daily living. Gerontologist.
1969;9:179—86.

32. Linn MW, Linn BS. The rapid disability rating scale. Part 2. J Am
Geriatr Soc. 1982;139:1136—9.

33. Kaplan E, Goodglass H, Weintraub S. Test de vocabulario de
Boston. Madrid: Ed. Médica Panamericana; 1996.

34. Goodglass H., S  Kaplan E. Evaluación de la afasia y trastornos
relacionados. Spanish adaptation by García-Albea J,  Sánchez M,
del Viso S. Madrid: Ed. Médica Panamericana; 1996.

35. Wechsler DWAIS. Test de inteligencia de Wechsler para adultos.
Madrid: Ed. TEA; 1995.

36. Christensen A. El diagnóstico neuropsicológico de Luria. Madrid:
Visor Libros; 1987.

37. Peña-Casanova J. Programa integrado de exploración
neuropsicológica-Test Barcelona. Barcelona: Ed. Masson;
1990.

38. Rey A. L’examen clinique en psychologie. París: Presses Univer-
sitaires de France; 1958.
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