
ARTICLE IN PRESS
+Model

Rev Cient Soc Esp Enferm Neurol xxx (xxxx) 500205

www.elsevier.es/rcsedene

ORIGINAL ARTICLE

Effectiveness  of a dual-task training  program  for  fall

prevention  and executive  functions  in individuals  wirk

Parkinson’s disease: A quasi-experimental  study

Graciela Gallegos Vega ∗,  Nicole Fritz Silva, Claudio Fernandez Angulo,
Carolina Fuentes Ampuero

Universidad  de  Los  Lagos,  Departamento  de Salud,  Kinesiología,  Puerto  Montt,  Chile

Received  2  July  2025;  accepted  25  November  2025

KEYWORDS

Quality  of  life;
Physical  exercise;
Parkinson’s  disease;
Cognitive  training;
Rehabilitation

Abstract

Introduction:  Parkinson’s  disease  (PD)  is  a  progressive  neurodegenerative  disorder  that  affects
the dopaminergic  system,  causing  motor  symptoms  such  as  bradykinesia,  rigidity,  and  resting
tremors, as  well  as  cognitive  impairments  and  balance  disturbances.
Objective: To  evaluate  the clinical  effect  of  a  dual-task  training  program  on  executive  functions
and fall  prevention  in individuals  with  PD.
Methods:  This  was  a  quasi-experimental  study  with  non-random  sampling.  The  initial  sample
consisted  of  21  individuals  with  Parkinson’s  disease  in  Hoehn  and  Yahr stages  I---III,  all with  inde-
pendent gait.  Participants  with  moderate  or  severe  cognitive  impairment  (MoCA),  disabling
musculoskeletal  conditions,  or  other  neurological  disorders  were  excluded.  A 12-week  senso-
rimotor  training  program  was  implemented,  consisting  of  60-minute  sessions  held  once  per
week. Pre-  and  post-intervention  assessments  were  conducted  to  measure  changes  in  execu-
tive functions  and  fall  risk. Global  cognitive  function  was  assessed  using  the  Montreal  Cognitive
Assessment  (MoCA),  frontal  executive  function  with  the  Frontal  Assessment  Battery  (FAB),  and
functional mobility  and fall risk  using  the  Tinetti  scale  and the Timed  Up &  Go  (TUG)  test.

Data were  organized  in Excel  spreadsheets  and  analyzed  using  Python.  The  study  was
approved by  the  Scientific  Ethics  Committee  of  the University  de Los Lagos  (No.  045/2024,
08/12/2024).
Results:  Of  the  21  initial  participants,  17  completed  the  12-week  sensorimotor  program.  Sig-
nificant improvements  were  observed  in  gait  items,  increasing  from  10  to  11  points  (SD  =  2)
(p =  0.01),  and in  the  total  Tinetti  score,  which  increased  from  25  to  27  (p  = 0.02).  No significant
changes were  found  in global  cognitive  function  (MoCA)  ----  Pre:  18.82  (SD =  4.23)  and Post:  19.53
(SD =  4.19)  ---- nor  in  specific  executive  functions  ----  Pre:  13.41  (SD  =  3.13)  and  Post:  12.71  (SD
= 2.84)  (p  =  0.33).
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Conclusions:  No significant  differences  were  observed  between  pre-  and  post-intervention  mea-
surements  in  MoCA,  FAB,  the  balance  subscale  of  the  Tinetti  Test,  or  the  TUG.  However,  dual-task
training showed  potential  for  improving  gait  parameters  in individuals  with  PD.  Its  implemen-
tation in community  settings  could  expand  access  to  effective  and  sustainable  rehabilitation
interventions.
© 2025  Sociedad  Española de Enfermeŕıa Neurológica.  Published  by  Elsevier  España,  S.L.U.  All
rights are  reserved,  including  those  for  text  and  data  mining,  AI  training,  and  similar  technolo-
gies.
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Efectividad  de un  programa  de entrenamiento  dual  en  la  prevención  de caídas  y en

las  funciones  ejecutivas  en  personas  con  enfermedad  de  Parkinson:  estudio

cuasiexperimental

Resumen

Introducción:  La  enfermedad  de Parkinson  (EP)  es  una  enfermedad  neurodegenerativa  progre-
siva que  afecta  el  sistema  dopaminérgico,  provocando  síntomas  motores  como  bradicinesia,
rigidez  y  temblores  en  reposo,  además  de alteraciones  cognitivas  y  del  equilibrio.
Objetivo:  Evaluar  el  efecto  clínico  de  un programa  de entrenamiento  dual  sobre  las  funciones
ejecutivas  y  prevención  de caídas  en  personas  con  EP.
Método:  Estudio  cuasiexperimental  con  muestreo  no  aleatorio.  La  muestra  inicial  estuvo  com-
puesta por  21  personas  con  enfermedad  de  Parkinson  en  estadios  I---III  de Hoehn  y  Yahr,  con
marcha  independiente.  Se  excluyeron  participantes  con  deterioro  cognitivo  moderado  o  severo
(MoCA), enfermedades  musculoesqueléticas  incapacitantes  u  otros  trastornos  neurológicos.

Se implementó  un  programa  sensoriomotor  de 12  semanas,  con  sesiones  de 60  minutos  una  vez
por semana.  Se  realizaron  evaluaciones  pre  y  postintervención  para  medir  cambios  en  funciones
ejecutivas  y  riesgo  de caídas.  La  función  cognitiva  global  se  evaluó  con  la  Montreal  Cognitive
Assessment  (MoCA),  la  función  ejecutiva  frontal  con  la  Frontal  Assessment  Battery  (FAB),  y  la
movilidad  funcional  y  riesgo  de caídas  mediante  escala  de  Tinetti  y  Timed  Up &  Go (TUG).

Los datos fueron  organizados  en  planillas  Excel  y  analizados  con  Python.  El  estudio  fue
aprobado  por  el Comité  de  Ética  Científica  de  la  Universidad  de  Los  Lagos  (n.o 045/2024,
12/08/2024).
Resultados:  De los 21  participantes  iniciales,  17  completaron  el  programa  sensoriomotor  de
12 semanas.  Hubo  mejoras  significativas  en  ítems  de  marcha,  con  aumento  de 10  a  11  puntos
(DE = 2)  (p  = 0,01)  y  en  la  puntuación  total  de Tinetti,  de 25  a  27  (p  =  0,02).  No  se  encontraron
cambios significativos  en  función  cognitiva  global  (MoCA)  Pre:  18,82  (DE  =  4,23)  y  Post:  19.53
(DE = 4,19),  ni en  funciones  ejecutivas  específicas  Pre:  13,41  (DE  =  3,13)  y  Post:  12,71  (DE  = 2,84)
(p =  0,33).
Conclusiones:  No se  observaron  diferencias  significativas  entre  las  mediciones  pre  y  postinter-
vención  en  MoCA,  FAB,  la  subescala  de equilibrio  del Test  de  Tinetti  ni en  el TUG.  Sin embargo,
el entrenamiento  dual  mostró  potencial  para  optimizar  parámetros  de la  marcha  en  personas
con EP.  Su  implementación  en  contextos  comunitarios  podría  ampliar  el  acceso  a  intervenciones
de rehabilitación  eficaces  y  sostenibles.
©  2025  Sociedad  Española  de Enfermeŕıa  Neurológica.  Publicado  por  Elsevier  España,  S.L.U.  Se
reservan todos  los  derechos,  incluidos  los  de  mineŕıa  de  texto  y  datos,  entrenamiento  de  IA  y
tecnoloǵıas similares.

Introduction

Parkinson’s  disease  (PD) is  one  of  the  most common  neurode-
generative  diseases1 and  in Latin America,  Chile  stands  out
for  a  16.5%  increase  in deaths  attributed  to  this disease  and
a  19.9%  increase  in its  prevalence,2 highlighting  the need  to
advance  public  health  strategies.  PD is  characterised  by  the
progressive  loss  of  dopaminergic  neurons  in the substantia
nigra,  resulting  in motor  impairments  such  as  bradykinesia,

rigidity,  and  tremors  at rest,  as  well  as  non-motor  symp-
toms  including  cognitive  dysfunction  and balance  disorders.1

This  combination  of  symptoms  increases  the risk  of falls  and
impairs  quality  of  life,  making  it essential  to implement
integrated  interventions  that  address  motor  and  cognitive
deficits.3

In  this context,  dual-task  training,  which  combines
physical  exercises  with  cognitive  tasks,  has  emerged  as
a  promising  strategy  for  improving  executive  function
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and  reducing  the  risk  of  falls  in people  with  PD.4 Stud-
ies  conducted  in  controlled  clinical  settings  have shown
improvements  in  postural  stability,  gait  speed  and  vari-
ability,  coordination,  and balance,5,6 as  well  as  benefits  in
executive  processing,  working  memory,  and  attention.7

Recent  meta-analyses  confirm  that  dual-task  training
produces  significant  improvements  in  spatiotemporal  gait
parameters,  balance,  functional  mobility,  and  certain  cog-
nitive  domains  under  dual-task  conditions,  although  they
highlight  the  heterogeneity  of  protocols  and  the  need  for
standardisation.8---10

However,  most  of this research  has  been  conducted
under  experimental  conditions  that  minimise  the influ-
ence  of  external  factors,  with  samples  selected  using  strict
inclusion  criteria  to favour  homogeneity  and  control  of
variables.11 In these settings,  sessions  are usually  supervised
by health  professionals  in specialised  facilities  with  access
to  advanced  monitoring  equipment.12 While  this  design
has  been  fundamental  in establishing  the  effectiveness  of
dual-task  training,  its  applicability  in  community  settings  is
unclear.5,13

Transferring  these  interventions  to  community  settings
can  present  challenges,  including  variability  in imple-
mentation,  reduced  professional  supervision,  difficulties  in
adherence,  and  greater  heterogeneity  in the  PD population
in  terms  of  disease  severity  and  comorbidities.14---16 These
factors  can  affect  the  feasibility  and  outcomes  of  dual-task
training  outside  of  a clinical  setting.  However,  developing
effective  community  programmes  could  provide  accessible,
sustainable  alternatives  that  have the potential  to benefit  a
greater  number  of  patients.17

Consequently,  it is  necessary  to  evaluate  not  only the
clinical  effects  of dual-task  training  in less  controlled  set-
tings,  but  also  its  feasibility  and  adherence.18 The  present
study  aims  to  examine  the clinical  effect  of  a dual-task  train-
ing  programme  on executive  functions  and  fall prevention  in
people  with  PD  in a  community  setting.

Methods

Study  design

Pilot  study  with  a  quasi-experimental  design  and  pre-  and
post-intervention  assessments  (12  weeks).  This  project  was
reviewed  and  approved  by  the  accredited  scientific  ethics
committee  of  the  University  of  Los  Lagos  in Chile,  and  all
participants  signed  an informed  consent  form  prior  to  the
assessment.

Population and  sample

Participants  were  selected  non-randomly,  recruiting  21  peo-
ple  diagnosed  with  PD  and registered  at family  health
centres  in  the municipality.  They  were invited  to  partic-
ipate  in  May  2024.  The  inclusion  criteria  included  being
at  stage  I-III  on the Hoehn  & Yahr  scale,19 being  able  to
walk  independently  or  with  technical  aids  such  as  a cane or
walker,  absence  of  cognitive  impairment  or  mild  cognitive
impairment  according  to  the  Montreal  Cognitive  Assessment
(MoCA)  (score  ≥18  points,  with  <18  considered  moderate  or
severe  cognitive  impairment)  and not  undergoing  rehabili-

tation  treatment  at  the time  of  the  study.  Those with  other
neurological  diagnoses,  musculoskeletal  conditions  limiting
independent  movement,  or  language  disorders  preventing
them  from  responding  to  cognitive  questionnaires  were
excluded.  All  participants  were  undergoing  anti-Parkinson’s
treatment  with  levodopa,  with  no  changes  in medication
during  the 12-week  study  period,  thereby  reducing  the  pos-
sibility  of  bias  arising  from  pharmacological  adjustments
during  the intervention  period.

Due  to  the  exploratory  nature  of  the study,  no  prior  sam-
ple  size  calculation  was  performed,  and  all  eligible  subjects
were  included  during  the  study  period.  Each  participant
was  asked  to  complete  an initial questionnaire  collect-
ing  sociodemographic  data,  medical  history,  comorbidities,
medication  use,  and history  of  falls  in  the  last  6 and  12
months.

A  healthcare  professional  measured  each participant’s
vital  signs (heart rate,  blood  pressure,  respiratory  rate,  and
oxygen  saturation),  and  their  subjective  perception  of exer-
tion  was  recorded  using  the  Borg  scale,  with  scores  ranging
from  0  to  10.

Variables

Following  the initial  assessment,  validated  tools were used
to  evaluate  cognitive  and  executive  function,  balance,  and
risk  of  falls.  The  MoCA  was  used  to assess  overall  cognitive
function  in domains  such  as  memory,  attention,  language,
abstraction,  and executive  functions.  A total  score  of  0---30
points  was  possible,  with  a score  ≥26  considered  to  indicate
normal,  18---25 to indicate  mild  cognitive  impairment,  and
<18  moderate  or  severe  impairment.20 The  Frontal Assess-
ment  Battery  (FAB)  assessed  frontal  executive  function  using
six  items: similarities,  fluency,  motor  planning,  interfer-
ence,  inhibitory  control,  and autonomy.  A  total  score  of  0---18
points  was  possible,  with  lower  scores  indicating  greater
impairment.21 Functional  mobility  and risk  of  falls  were
assessed  using  the Timed  Up & Go (TUG)  test, which involves
getting  up from  a chair,  walking  3 m, turning around,  walking
back  and  sitting  down  again.  Times  >13.5 s  indicate  a higher
risk  of  falls.22 Finally,  the Tinetti  test  assessed  balance  (0---16
points)  and  gait  (0---12 points),  with  a total  of 28  points.
Scores  <19  were  considered  to  indicate  a  high  risk  of  falls,
scores  19−23  moderate  risk, and  scores  ≥24  as  low  risk.23

These  tools  have  been  shown  to be valid  and  reliable  in pop-
ulations with  PD  and  older  adults,  which  facilitates  the  inter-
pretation  of  results.  The  assessments  were  repeated  at  the
end  of the intervention  to  analyse  changes  in  the variables  of
interest.  These  assessments  were  carried  out by  an  indepen-
dent  assessor,  who  was  not  the  professional  delivering  the
intervention.  However,  due  to  the pilot  nature of  the study,
there  was  no formal  blinding.  Post-assessments  were  carried
out  immediately  after  week  12  of  the programme  ended.

A  control  group was  not  considered  due  to the pro-
gression  of  PD  itself,  but  a  pre-intervention  baseline  was
established  to  evaluate  longitudinal  changes  in the  afore-
mentioned  variables.

Intervention

The  intervention  consisted  of  a standardised  therapeutic
programme  based on  the NM-FITT® protocol.24 This  pro-
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gramme  was  designed  to  improve  participants’  physical  and
cognitive  function.  The  programme  lasted  12  weeks.  One
session  per  week  was  defined  as  the optimal  frequency,
taking  into  account  logistical  feasibility,  resource  availabil-
ity,  and  the  need  to  avoid  physical  and  cognitive  overload
for  participants  in  this  community  setting.  The  intervention
was  delivered  by  a  physiotherapist/kinesiologist  who  had
received  specialised  training  in  neurorehabilitation.  Prior  to
the  start  of  the study,  they  reviewed  the  NM-FITT® protocol
manual  in  detail  and  received  direct  guidance  from  the local
health  team  to  resolve  operational  queries  and  standard-
ise procedures.  This  preparation  process  ensured  consistent
implementation  in line  with  the original  protocol  guidelines.
In  terms  of  adherence,  participants  attended  an  average  of
10  out  of  12  sessions.

The  protocol  combined  physical  exercises  with  cognitive
tasks  (sequences,  memory,  calculation,  abstraction)  using  a
progressive  3-phase  scheme:

1  Static  phase:  postural  control  in standing  position  with
variations  in  the  base  of support,  eyes  open/closed  and
simple  cognitive  tasks;

2  Dynamic  phase:  movements,  changes  of  direction  and  use
of  unstable  surfaces,  combined  with  memory  and  atten-
tion  tasks;

3 Functional  phase:  simulation  of  activities  of  daily  living
with  dual-tasking  and  variations  in  speed.

Cognitive  tasks  were  integrated  with  physical  exercises
simultaneously  in  each  phase  of  the  protocol,9 constitut-
ing  true  dual-task  training  designed  to  challenge  motor  and
cognitive  function  together.

Each  exercise  was  designed  to provoke  automatic  and
reflex  muscle  destabilisation,  thereby  challenging  postural
control  in  various  conditions.25 The  intensity  and  complexity
of  the  exercises  were  adjusted  according  to  individual  tol-
erance  and  disease  stage (Hoehn  & Yahr  I---III). The  complete
protocol,  including  examples  of  exercises,  progressions  and
adaptations,  is  described  in the freely  available  manual
‘‘Entrenando  en  casa  en  tiempos  de  COVID-19’’  (Training
at home  during  the  COVID-19  pandemic),24 which  ensures
its  replicability  in different  clinical  and  community  settings.
Previous  studies  have shown  that  this  strategy  can  positively
affect  walking  speed  and  step  symmetry,  as  well  as  reducing
freezing  episodes  in people  with  PD.4,25

Statistical  analysis

The  collected  data  were  organised  in  Excel® spreadsheets
and  processed  using  the  Python  programming  language  for
statistical  analysis.  The  normal  distribution  of  the data
was  verified  using the  Shapiro-Wilk  test. For  variables  that
followed  a normal  distribution,  descriptive  analyses  were
performed  using  the mean  and standard  deviation.  For  data
that  did  not  follow  a  normal  distribution,  associated  with
the  Tinetti  test,  the median  and  interquartile  range  (IQR)
were  used.  It should  be  noted that  the  Wilcoxon  signed-rank
test  evaluates  the  distribution  of  the  ranks  of  paired differ-
ences,  so  it  can  detect  statistical  significance  even  when the
medians  appear  unchanged.

To  compare  pre-  and  post-intervention  assessments,  a
t-test  for  paired  data  was  used,  with  a  significance  level
of  p ≤  .05, to  determine  significant  differences  between
assessments.  Where  the data  did not follow  a normal  dis-
tribution,  the  Wilcoxon  signed-rank  test was  used,  with  the
same  significance  level.  Additionally,  for  each  main  com-
parison,  95%  confidence  intervals  (95%  CI) of  the differences
were  calculated  to  provide  a  measure  of  precision  and  effect
size  beyond  the  p-value.  Furthermore,  to  enrich  the  data
analysis,  the population  was  subdivided  by  sex  and  age.
Due  to  the  low number  of participants,  the non-parametric
Mann-Whitney  U test  was  used  to  analyse  whether  the effect
of  the intervention  differed  between  subgroups:  sex  (women
vs.  men) and  age range  (≤65  vs.  >65  years).

Sample  size  and  statistical  power

Due  to  the exploratory  and  pilot  nature  of  the study,
the  sample  size  was  determined  by  the available  popu-
lation  in the community.  A post  hoc power  analysis  was
performed,  considering  pre-post  comparisons  with  �  = .05
(two-sided).  With  17  participants,  the statistical  power  to
detect  an effect  size  of  dz =  .61 was  80%.  For moderate
effects  (dz =  .40)  a sample  size  of  approximately  50  partici-
pants  would  be necessary  to  achieve  the same  power,  which
informs  the planning  of  future  confirmatory  studies.

Ethical  aspects

This  study  was  approved  by  the  Scientific  Ethics  Committee
of  the  University  of  Los  Lagos  (approval  number:  045/2024,
date:  12/08/2024).  All  participants  signed  an informed  con-
sent  form  prior  to  their  inclusion  in the study.  The  ethical
principles  of the  Declaration  of Helsinki  and  current  national
regulations  for  research  involving  human  subjects  were
respected.

Results

A  total  of 21 participants  with  PD  were evaluated  in the ini-
tial  stage.  Of  these,  13  were  men  (61.9%)  and 8  were women
(38.1%).  The  mean  age of  the population  was  63.09 ±  9.68
years.  The  characteristics  of  the  study  population  are  shown
in detail  in  Table  1.

Of  the  population  evaluated,  95.5%  reported  having
another  chronic  disease  in  addition  to  PD.  Chronic  low back
pain  appeared  to be the  most prevalent  condition,  affecting
63.6%  of  the population.  Of  the participants,  59%  had  had
one  or  more  falls  over the past  year.  When  the time  win-
dow  was  reduced  to the last  6 months,  36% of participants
reported  having  fallen  during  that  period.

Four  of  the initial 21  participants  dropped  out  of  the
programme  for  personal  reasons  unrelated  to  the training,
mainly  due  to  difficulties  travelling  to  the  training  location.
This  left 17  participants  for  the  pre-  and post-intervention
analysis.

The  results  of this research  study  provide  a detailed
assessment  of cognitive  and  physical  function  in PD  patients
before  and after an intervention,  using  standardised  tools
such  as  MOCA,  FAB,  TUG,  and  the Tinetti  test,  both  in terms
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Table  1  General  characteristics  of  the  study  population.

Subjects  Age  (years)  Sex  (F/M)  Marital  status  N  of  years
since  PD
diagnosis

Hoehn  and
Yahr stage

N  of  falls

Last  6 m  Last  12  m

S1  74  F  Single  1 2 2  1
S2 64  F  Married  8 1 1  0
S3 61  M  Married  15  3 2  1
S4 59  M  Single  8 3 12  6
S5 69  M  Married  7 2 0  0
S6 63  F  Divorced  1 1 1  0
S7 75  M  Widowed  6 2 0  0
S8 73  M  Married  10  2 0  0
S9 43  M  Married  5 2 0  0
S10 62  M  Divorced  6 1 4  1
S11 46  M  Single  3 3 4  2
S12 72  M  Widowed  3 3 10  6
S13 65  F  Married  1 2 3  1
S14 54  M  Married  8 3 0  0
S15 56  M  Married  7 2 0  0
S16 63  F  Married  15  2 0  0
S17 73  M  Married  1 1 0  0
S18 62  M  Married  0 2 4  3
S19 49  F  Single  3 3 1  0
S20 65  M  Married  4 3 0  0
S21 81  F  Widowed  2 3 1  0

PD: Parkinson’s disease; F: female; M: male; N: number.

Table  2  Changes  pre-  and post-intervention.

Pre-intervention  Post-intervention  Difference  (95%  CI) p-value

MOCA,  mean  (SD)  18.82  (4.23)  19.53  (4.19)  +.71  (---2.82  to  +1.40)  .49
FAB, mean  (SD)  13.41  (3.13)  12.71  (2.84)  ---.70  (---.79  to  +2.20)  .33
TUG, mean  (SD)  10.72  (3.42)  11.73  (3.0)  +1.01  (---3.14  to  +1.12)  .33
Tinetti-gait median  [IQR]  10  [9---11]  11  [10---12]  +1.00  (---2.50  to  .00)  .01
Tinetti-balance,  median  [IQR]  15  [14---16]  16  [15---16]  +1.00  (---3.50  to  +.00)  .12
Tinetti-total,  median  [IQR]  25  [23---27]  27  [25---28]  +2.00  (---4.49  to  .00)  .024

95% CI: 95% confidence interval; FAB: Frontal Assessment Battery; MOCA: Montreal Cognitive Assessment; TUG: Timed Up & Go.
Values are expressed as mean ± SD for normally distributed variables (MOCA, FAB, and TUG), and median [IQR] for non-normally distributed
variables (Tinetti).

of  gait  and  balance.  The  comparison  between  pre- and  post-
intervention  measurements  is  detailed  in Table  2.

In  the  MOCA,  which  assesses  overall  cognitive  function,
no  significant  differences  were  observed  between  pre-  and
post-intervention  measurements  (p  = .49),  with  a  mean  dif-
ference  of  +.71  points  (95% CI:  −2.82  to  +1.40)  (Table 2). No
differences  were identified  when  analysed  by  sex (p =  .77)
or  age  (p  =  .21).  Taken  together,  these  results  suggest  that
the  intervention  did not produce  relevant  changes  in the
participants’  overall  cognitive  function (Fig.  1).

In  the  FAB,  which  specifically  assesses  executive  func-
tions,  no  significant  differences  were  observed  between  the
pre-  and  post-intervention  measurements  (p  = .33),  with  a
mean  difference  of ---.70  points  (95%  CI: ---.79 to  +2.20)
(Table  2).  No  differences  were  found when analysed  by
sex  (p  = .69)  or  age (p  =  .62).  These  findings  suggest  that

the  intervention  did not  produce  significant  changes  in the
participants’  executive  function,  regardless  of  sex or  age
(Fig.  2).

In  the TUG test, which  assesses  functional  mobility
and  risk  of falls,  no  significant  differences  were observed
between  pre-  and  post-intervention  measurements  (p  =  .33),
with  a  mean  difference  of  +1.01  s (95% CI: ---3.14 to +1.12)
(Table  2). Similarly,  analyses  by  sex (p  =  .19)  and  age group
(p  =  .31)  also  showed  no  significant  differences.  These  find-
ings  suggest  that  the intervention  had  no  clear  impact  on
functional  mobility,  regardless  of  sex or  age  (Fig.  3).

In  the  Tinetti  test,  which assesses  gait  and  balance,
significant  improvements  were  observed  only  in  the  gait
subscale.  The  score  increased  after  the intervention  with
a  mean  difference  of  +1.00  points  (95%  CI:  −2.50  to .00;
p  =  .01)  (Table  2). When analysing  the results  by sex  (p  = .54)
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Figure  1  Cognitive  changes  by  sex  and  age sub-analysis.

Figure  2  Changes  in  frontal  assessment  by  sex  and  age  sub-analysis.

Figure  3 Changes  in mobility  by  sex  and  age sub-analysis.

and  age  (p  = .44),  no  significant  differences  were  found,  sug-
gesting  that  the improvement  in  gait  was  consistent  across
the  different  groups.

No  significant  differences  were  observed  between  pre-
and  post-intervention  measurements  on  the Tinetti  test  bal-
ance  subscale  (p = .12),  with  a mean  difference  of  +1.00
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point  (95%  CI:  ---3.50  to  .00)  (Table  2).  Similarly,  analyses
by  sex  (p  =  .36)  and age (p  =  .79)  also  showed  no  significant
differences,  indicating  that the intervention  had  no  clear
effect  on  the  participants’  balance.

Finally,  in  the  total  score  of  the Tinetti  test, which
integrates  gait  and  balance,  a  significant  improvement  was
observed  after  the  intervention  (p  =  .024),  with  a  mean  dif-
ference  of  +2.00  points  (95%  CI:  ---4.49  to  .00) (Table 2). This
result  indicates  an overall  positive  effect  of  the interven-
tion  on  participants’  functionality.  However,  when analysed
by  sex  (p  =  .80)  and age  (p  = .84),  no  significant  differences
were  found,  suggesting  that  the improvement  was  consistent
across  the  different  subgroups.

Discussion

The  results  of  this  study  suggest  that  the  intervention
had  no  significant  impact  on  cognitive  function,  as  there
were  no  statistically  significant  changes  in the  Montreal
Cognitive  Assessment  (MOCA)  and  the  Frontal Assessment
Battery  (FAB).  Similarly,  no  significant  differences  were
observed  in  physical  performance  measures  related  to  bal-
ance,  specifically  in the balance  subscale  of  the  Tinetti
or  in  the  Timed  Up  and Go (TUG) test.  In  contrast,  sig-
nificant  improvements  were  detected  in the  Tinetti  test’s
gait  subscale  (p  =  .01)  and in  the total  scale  score  (p =  .02),
suggesting  that  the  intervention  effectively  enhanced  the
participants’  walking  ability  and  motor  function  in general.
These  effects  were  independent  of  age and  sex,  indicating
a  homogeneous  impact  on  the study  population.  However,
the  balance  subscale  of  the Tinetti  test  did  not show  a  sig-
nificant  improvement,  showing  only  a  slight  trend  towards
an  increase  (median  of 15---16  points;  p =  .12),  consistent
with  the  reported  results.  Furthermore,  the statistical  sig-
nificance  observed  in  the  gait  subscale  using  the  Wilcoxon
test  reflects  changes  in the  distribution  of scores  rather  than
in  the  median,  which  justifies  the  presentation  of  the results
as  median  and  interquartile  range  (IQR).  The  magnitude  of
the  improvement  in gait  (an  increase  in the median  from  10
to  11  points)  is  clinically  relevant,  reflecting  an increase  in
agility  and  motor  control,  key  factors  in fall prevention.

This  finding  is  consistent  with  previous  studies  demon-
strating  the  effectiveness  of  physical  rehabilitation  pro-
grammes  in  enhancing  motor  performance  in individuals
with  chronic  diseases.9,10,26,27 In  terms  of  cognition,  the
absence  of  significant  changes  is  consistent  with  research
indicating  that  interventions  with  low-intensity  or  insuf-
ficiently  specific  cognitive  components  may  not produce
measurable  improvements  in standardised  tests.  The  lit-
erature  also  suggests  that more  intensive  interventions
combining  physical  exercise  and  cognitive  stimulation  tend
to  be  more  effective in producing  overall  improvements  in
functionality  and  cognition  in patients  with  neurodegenera-
tive  diseases.28,29

The  lack  of  effects  on  cognitive  function  suggests  that,
although  the  programme  was  designed  as  a  ’dual’  training
programme,  the cognitive  component  may  have  been  insuf-
ficient  or  not  specific  enough  to  induce  measurable  changes.
Similarly,  the  duration  and  intensity  of  the programme  (one
session  per  week  for  12  weeks)  may  not  have  been  sufficient
to  generate  cognitive  adaptations  in individuals  with  chronic

comorbidities.30 In  contrast,  the  improvement  observed  in
gait  can  be attributed  to  the fact that  the physical  com-
ponent  of the programme  was  adequate  to  stimulate  this
domain,  generating  clinically  relevant  increases  in  motor
control.

A  critical  limitation  of  the  study  is  the  absence  of  a
control  group,  which  restricts  the  ability  to  attribute  the
observed  changes  exclusively  to  the  intervention.  While  the
pilot  nature  of  the  study  and  the ethical  and  logistical  condi-
tions  of  the community  setting  made  implementing  a control
group  difficult,  the literature  has  highlighted  the importance
of  controlled  clinical  trials  in  isolating  the effects  of  physical
and  cognitive  interventions  on motor  function  and  fall  risk  in
PD.13,16 The  small  sample  size  and lack  of  an a priori  calcula-
tion  also  restrict  the generalisation  of  the results.  While  the
post  hoc analysis  suggests  the  ability  to  detect  moderate-
to-high  effects  (dz≈.61),  confirmatory  studies  with  larger
sample  sizes  are  needed  to  for  a more  accurate  assessment
of  the  changes  observed.  Furthermore,  the lack  of  longitudi-
nal  follow-up  means  that  the  sustainability  of improvements
in  motor  function  cannot  be  determined,  highlighting  the
need  to  incorporate  3---6  month  measurements  in future
studies.13,18 Likewise,  potentially  influential  variables  such
as  previous  physical  activity  level,  sleep  quality,  mood,  or
the  use  of  medication  other  than  levodopa,  which  may  affect
motor  and cognitive  performance,  were  not  collected.28---30

The  absence  of  these data  limits  the detailed  interpretation
of the results.

The  positive  results  regarding  walking  suggest  that
interventions  with  well-targeted  physical  components  can
improve  relevant  aspects  of motor  function  in populations
with  chronic  diseases,  which could  help  to  prevent  falls.
However,  these findings  should  be interpreted  with  cau-
tion  due  to  the  aforementioned  methodological  limitations.
Future  studies  should  incorporate  control  groups,  for exam-
ple,  conventional  physical  activity  interventions  without
a  dual  component,  to  more  rigorously  evaluate  the dif-
ferential  efficacy  of  dual  training  in  this population.12,17

It is  also  recommended  to  increase  the frequency  and
intensity  of  the sessions,  given  that  previous  research  has
shown  that more  intensive  protocols  (2---3 sessions  per  week)
with  a progressive  increase  in  physical  and  cognitive  load
are  associated  with  more  pronounced  improvements,  espe-
cially  in  cognitive  domains.26,27 Similarly,  the  cognitive  and
physical  components  should  be integrated  more  robustly
and  additional  variables  be included  that  allow  for  better
characterisation  of the sample  and  a more  accurate  under-
standing  of  the  observed  effects.

Conclusion

The  dual-task  training  programme  produced  significant
improvements  in gait  parameters,  without evidence  of
changes  in cognitive  function  or  balance  measures,  sug-
gesting  that  it could  be a  complementary  intervention  in
community  settings for  people  with  PD. However,  since  the
incidence  of  falls  was  not  directly  recorded  during  the  3-
month follow-up  period,  the  reported  risk  reduction  is  based
on  indirect  indicators  and  cannot  be  confirmed  by  the  occur-
rence  of  actual  falls.
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In terms  of  cognitive  function,  no  significant  changes
were  observed  in participants,  suggesting  that  the  effects
of  these  programmes  on  cognition  were limited  under  the
study  conditions.

It  is recommended  that  future  research  incorporate  more
intensive  and  multidisciplinary  intervention  programmes
that  integrate  specific  physical  and cognitive  components
to  more  accurately  examine  their  combined  effects  on
functionality  and cognition.  Increasing  the  sample  size
and  conducting  longitudinal  follow-ups  is  also  necessary  to
determine  the stability  and magnitude  of  long-term  effects.
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