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THE	prevalence	of	mobility	disability	increases	with	age	
(1).	People	with	mobility	disabilities	are	less	likely	to	

remain	 in	 the	 community,	 have	 higher	 rates	 of	 morbidity	
and	mortality,	and	experience	poor	quality	of	life	(2).	Phys-
ical	 exercise,	 especially	walking,	 is	 recommended	 to	pre-
vent	mobility	disability	and	is	supported	by	a	large	body	of	
research	(3).	Despite	the	widely	reported	benefits	of	physi-
cal	exercise	in	both	scientific	and	popular	media,	participa-
tion	 is	 low	among	seniors	 (3,4).	Adherence	 is	 low	among	
those	starting	physical	exercise;	50%	of	individuals	joining	
exercise	programs	drop	out	in	the	first	3–6	months	(5).	Se-
niors	bear	a	large	burden	of	disability	and	diseases	amena-
ble	to	prevention	and	treatment	with	physical	exercise.	Yet,	
they	often	have	the	least	access	and	opportunity	for	physical	
exercise	(4).	Hence,	it	is	vital	to	explore	other	approaches	to	
improve	mobility.

“Attention	 and	 executive	 functions”	 are	 a	 set	 of	 higher	
cognitive	 processes	 that	 modulate	 behavior,	 allocate	 re-
sources	among	simultaneous	tasks	(divided	attention),	antic-

ipate	 outcomes,	 and	 adapt	 to	 changing	 situations	 (6).	
Attention	 and	 executive	 functions	 have	 important	 links	 to	
mobility	 (7–12).	 Impairments	 in	 attention	 and	 executive	
functions	 are	 associated	 with	 slow	 gait	 and	 falls	 in	 older	
adults	(7,8,10,12,13).	Pharmacological	interventions	target-
ing	attention	and	executive	functions	have	been	reported	to	
improve	gait	(14).	Cognitive	remediation	interventions	have	
been	shown	to	improve	attention	and	executive	functions	as	
well	as	memory	in	seniors	(15–17).	Despite	these	promising	
results,	cognitive	remediation	targeting	attention	and	execu-
tive	functions	as	a	strategy	to	improve	mobility	has	not	been	
explored.	Furthermore,	transfer	of	training	effects	following	
cognitive	 remediation	 to	 nontrained	 cognitive	 domains	 or	
distal	functions	like	mobility	have	not	been	established	(16).

To	 address	 this	 issue,	we	 conducted	 a	preliminary	 ran-
domized	single-blind	clinical	trial	to	test	the	potential	effect	
of	cognitive	remediation	focused	primarily	on	attention	and	
executive	 functions	 to	 improve	 gait	 in	 sedentary	 seniors		
using	 a	 widely	 available	 commercial	 computerized	 brain		
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Background.	 Attention	and	executive	functions	show	strong	associations	with	slow	gait	and	falls	in	seniors	and	have	
been	shown	to	be	amenable	to	cognitive	remediation.	However,	cognitive	remediation	as	a	strategy	to	improve	mobility	
has	not	been	investigated.

Methods.	 Using	a	randomized	single-blind	control	design,	24	sedentary	older	adults	(exercise	less	than	or	equal	to	
once	weekly	and	gait	velocity	<1	m/s)	were	randomly	assigned	to	an	8-week	computerized	cognitive	remediation	pro-
gram	or	wait-list.	Primary	outcome	was	change	in	gait	velocity	during	normal	pace	and	“walking	while	talking”	condi-
tions.	We	also	compared	the	proportion	of	improvers	(velocity	change	≥4	cm/s)	in	each	group.

Results.	 The	10	participants	who	completed	cognitive	remediation	improved	gait	velocity	from	baseline	during	nor-
mal	walking	(68.2	±	20.0	vs	76.5	±	17.9	cm/s,	p	=	.05)	and	walking	while	talking	(36.7	±	13.5	vs	56.7	±	20.4	cm/s,	p	=	
.002).	The	10	intervention	participants	improved	gait	velocity	over	the	8-week	intervention	both	during	normal	walking	
(change:	8.2	±	11.4–1.3	±	6.8	cm/s,	p	=	.10)	and	walking	while	talking	(change:	19.9	±	14.9–2.5	±	20.1	cm/s,	p	=	.05)	
compared	with	the	10	control	participants.	Six	intervention	participants	were	improvers	on	normal	pace	walking	com-
pared	with	three	controls	(odds	ratio	=	3.0,	95%	confidence	interval	=	0.5–19.6).	All	10	intervention	participants	im-
proved	on	walking	while	talking	compared	with	3	controls	(odds	ratio	=	3.5,	95%	confidence	interval	=	1.5–8.0).

Conclusions.	 The	findings	of	this	pilot	trial	are	promising	and	suggest	that	cognitive	remediation	may	improve	mobil-
ity	in	sedentary	seniors.	This	approach	should	be	validated	in	larger	scale	trials.

Key Words:  Cognitive	remediation—Gait	velocity—Attention.

Received March 29, 2010; Accepted June 8, 2010

Decision Editor: Luigi Ferrucci, MD, PhD

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/65A/12/1338/658897 by guest on 10 April 2024



 COGNITION GAIT 1339

fitness	program	(Mindfit;	CogniFit	Inc.,	Yokneam,	Israel)	(18).	
Our	main	outcome	was	 change	 in	gait	 velocity	 following	
the	intervention	during	normal	pace	walking	as	well	as	during	
a	more	attention	demanding	“walking	while	talking”	(WWT)	
task	(11,19).

Methods

Eligibility and Study Design
A	 randomized	 single-blind	 controlled	 proof	 of	 concept	

clinical	trial	evaluated	the	efficacy	of	cognitive	remediation	
on	 improving	gait	 in	sedentary	seniors	using	a	 two-group	
design:	intervention	and	wait-list	control.	Potential	partici-
pants	 were	 identified	 through	 the	 Bronx	 county	 Board	 of	
Elections	 voter	 registration	 lists	 for	 adults	 aged	 70	 years	
and	older.	Potential	participants	were	sent	a	letter	explain-
ing	the	nature	and	purpose	of	the	study	followed	by	a	tele-
phone	 call	 by	 a	 research	 assistant	 a	 few	 days	 later.	After	
obtaining	verbal	consent,	a	brief	interview	to	identify	sed-
entary	participants	and	a	validated	cognitive	screen	to	ex-
clude	 dementia	 were	 administered	 (20).	 Individuals	 who	
met	our	study	criteria	on	the	telephone	interview	were	in-
vited	for	further	in-person	screening	at	our	research	center.

The	in-person	assessment	included	cognitive	(Mini-Mental	
State	Examination	(21);	MMSE)	and	gait	assessments	by	a	
research	 assistant	 as	 well	 as	 a	 clinical	 evaluation	 by	 the	
study	clinicians	to	assess	final	eligibility.	Inclusion	criteria	
were	aged	70	years	and	older,	ability	to	make	time	commit-
ment,	and	sedentary	(physically	inactive	or	exercises	once	
weekly	or	less	(22)).	From	among	individuals	meeting	the	
sedentary	criteria,	recruitment	was	further	restricted	to	those	
with	gait	velocity	<1.0	m/s.	This	cut	score	was	selected	be-
cause	it	has	been	shown	to	be	a	useful	threshold	for	future	
disability	(23,24)	and	would	identify	a	group	at	high	risk	for	
mobility	decline	 for	 this	proof	of	concept	 trial.	Exclusion	
criteria	included	presence	of	dementia	(telephone	Memory	
Impairment	Screen	score	≤5	(20),	MMSE	score	≤25,	or	de-
mentia	 diagnosed	 by	 study	 clinicians),	 inability	 to	 ambu-
late,	 hospitalized	 in	 past	 3	 months	 for	 severe	 illness	 or	
surgery,	major	neurological	or	psychiatric	illness	history,	or	
concurrent	enrollment	in	other	studies.

Eligible	participants	following	in-person	screening	were	
assigned	to	either	cognitive	remediation	or	wait-list	control	
using	a	fixed	randomization	scheme	with	assignment	based	
on	a	table	of	random	numbers.	The	study	protocol	was	ap-
proved	by	the	institutional	review	board.	Written	informed	
consent	was	obtained	from	all	study	participants.	Study	par-
ticipants	 did	 not	 receive	 any	 monetary	 compensation	 but	
were	provided	transportation	to	attend	all	sessions.

Cognitive remediation.—Only	2	out	of	12	participants	in	
the	 intervention	group	 reported	using	 a	 computer.	Hence,	
the	first	 training	 session	conducted	within	a	week	of	 ran-
domization	was	devoted	to	teaching	basic	computing	skills,	

such	as	how	to	use	a	mouse.	The	Mindfit	program	includes	
a	45-minute	baseline	cognitive	assessment	 that	allows	 the	
training	program	to	be	tailored	for	each	participant	based	on	
his	 or	 her	 individual	 cognitive	 strengths	 and	 weaknesses	
(18).	Normative	data	from	a	large	database	of	previous	us-
ers	define	the	initial	challenge	level	of	each	of	the	training	
tasks.	Each	training	session	included	a	mixture	of	21	visual,	
auditory,	and	cross-modality	tasks	aimed	at	training	atten-
tion	and	executive	functions	and	other	cognitive	processes.	
Each	scheduled	 training	consisted	of	 two	sessions	(15–20	
minutes	 each)	 that	 contained	 three	 different	 tasks	 each.	
Written	and	verbal	instructions	were	provided	by	the	pro-
gram	before	each	task.	The	tasks	were	then	demonstrated	on	
the	computer	screen.	Each	of	the	three	tasks	has	three	levels	
of	 difficulty—easy,	 moderate,	 and	 difficult.	 The	 level	 of	
challenge	was	further	readjusted	after	each	training	session	
according	 to	 the	 participant’s	 progress.	 The	 Mindfit	 pro-
gram	has	an	additional	“task	pool”	feature,	which	includes	
all	21	training	tasks.	We	utilized	the	task	pool	for	an	addi-
tional	 focused	 attention	 and	 executive	 functions	 training	
session	for	15–20	minutes	after	the	two	scheduled	training	
sessions	 were	 completed.	At	 the	 end	 of	 each	 task’s	 daily	
training,	participants	 could	examine	 their	performance	on	
graphs	 that	described	 their	progress.	Participants	 received	
remediation	 for	 45–60	 minutes	 three	 times	 weekly	 for		
8	 weeks	 (72	 total	 sessions)	 with	 at	 least	 a	 1-day	 interval		
between	 training	 days.	 There	 was	 a	 very	 high	 rate	 of		
participation;	participants	attended	99.2%	of	the	sessions.

Wait-list control.—Control	 participants	 were	 informed	
that	they	were	on	a	wait-list	for	participation	in	future	stud-
ies	at	our	center.	The	wait-list	controls	had	an	initial	health	
education	session	stressing	the	benefits	of	exercise.	All	pa-
tients,	regardless	of	treatment	group,	received	detailed	edu-
cational	materials,	in	the	form	of	a	booklet,	at	the	time	of	
enrollment,	 including	 information	 on	 activity	 level	 of	 30	
minutes	 (as	 tolerated)	 of	 moderate-intensity	 activity	 on	
most	days	of	the	week	consistent	with	national	guidelines	as	
well	as	a	 list	of	exercise	 facilities	 in	 their	 local	neighbor-
hoods	(3).	The	cognitive	remediation	intervention	was	not	
revealed	 to	 the	controls.	Wait-list	controls	were	contacted	
by	telephone	by	research	assistants	 to	maintain	adherence	
and	interest	in	this	trial	but	did	not	have	in-house	sessions.	
During	these	calls,	participants	were	asked	questions	to	de-
termine	if	they	were	exercising,	but	no	further	information	
was	obtained	due	to	concerns	that	more	detailed	questions	
about	 exercise	 would	 promote	 exercise	 behavior	 among		
patients	in	the	wait-list	group.

Outcome Measures
Assessments	 were	 undertaken	 at	 baseline	 and	 after	 the	

8-week	 intervention	 by	 a	 research	 assistant	 who	 did	 not		
participate	 in	 the	 interventions	 and	 was	 blinded	 to	 group	
assignment.

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/65A/12/1338/658897 by guest on 10 April 2024



VERGHESE ET AL.1340

Gait.—Gait	speed,	 the	primary	outcome,	was	measured	
using	a	computerized	walkway	(GAITRite)	 (25).	Gait	ve-
locity	has	been	compared	with	a	measure	of	vital	signs	in	
older	adults,	a	screening	measure	that	reflects	integration	of	
health,	disease,	fitness,	and	emotional	state	(24).	Gait	veloc-
ity	is	used	to	describe	recovery	(26)	and	to	establish	thresh-
olds	in	community-based	activities,	such	as	ability	to	cross	
a	street	(27).	Gait	velocity	is	associated	with	activity	levels	
(28),	functional	status	(29),	and	falls	(30).

Participants	were	asked	to	walk	on	the	mat	at	their	usual	
pace	for	two	trials	in	a	quiet	well-lit	hallway	wearing	com-
fortable	footwear	and	without	any	attached	monitors.	Start	
and	stop	points	were	marked	by	white	lines	on	the	floor	and	
included	3	feet	from	the	walkway	edge	for	initial	accelera-
tion	 and	 terminal	 deceleration.	 For	 the	 WWT	 condition,	
participants	were	asked	to	walk	the	same	course	for	two	tri-
als	while	 reciting	alternate	 letters	of	 the	alphabet.	Partici-
pants	were	given	practice	trials	as	required.	The	order	of	the	
initial	 letter	 on	WWT	 was	 randomly	 varied	 between	 “A”	
and	“B”	to	minimize	practice	effects	as	previously	described	
(19).	The	GAITRite	system	is	widely	used	in	clinical	and	
research	settings,	and	excellent	reliability	has	been	reported	
in	our	and	other	centers	(19).

Additional variables.—MMSE	 was	 readministered	 at	 the	
end	of	the	intervention	(21).	We	assessed	speed	of	processing	
in	millisecond	reaction	time	in	the	cognitive	remediation	group	
to	 assess	 “near	 transfer”	 of	 training	 effects	 to	 cognitive	 do-
mains	 related	 to	 the	 cognitive	 processes	 trained	 (16,31,32).	
Self-reported	presence	of	illnesses	(depression	or	anxiety,	dia-
betes,	heart	 failure,	hypertension,	angina,	myocardial	 infarc-
tion,	 strokes,	 Parkinson’s	 disease,	 chronic	 obstructive	 lung	
disease,	cancer,	tremors,	and	arthritis)	relevant	to	rehabilitation	
interventions	was	used	 to	calculate	a	summary	 illness	 index	
(total	12	points)	as	previously	described	(25).	All	participants	
were	asked	to	complete	a	physical	activity	questionnaire	that	
quantified	the	amount	of	moderate	or	vigorous	activity	in	mi-
nutes	per	week	completed	during	the	preceding	week.

Analysis
Descriptive	statistics	were	used	to	compare	demographic	

and	 other	 baseline	 characteristics	 within	 and	 between	 the	
two	 groups	 (33).	 Differences	 in	 mean	 pre-	 and	 posttreat-
ment	 gait	 velocity	 were	 tested	 simultaneously	 on	 normal	
walking	and	WWT	conditions	using	mixed	 linear	models	
(34).	All	models	were	adjusted	for	age	and	sex.	Postinter-
vention	changes	in	speed	of	processing	in	the	cognitive	re-
mediation	 group	 were	 also	 assessed	 with	 mixed	 linear	
models	(34).	We	have	reported	that	a	4-cm/s	change	in	gait	
velocity	 over	 1	 year	 is	 a	 small	 but	 clinically	 meaningful	
change	in	our	population	(35).	Hence,	we	studied	improvers	
defined	 using	 this	 cutscore	 with	 logistic	 regression	 (33).	
Given	the	pilot	nature	of	the	study	and	small	sample	size,	
intent-to-treat	analysis	was	not	done.	Furthermore,	although	

last	observation	carried	forward	is	used	to	deal	with	missing	
data	in	many	clinical	trials,	many	concerns	have	been	raised,	
including	ignoring	trends	in	data,	reducing	variability	arbi-
trarily,	and	overestimating	precision	of	parameter	estimates	
(36).	All	statistical	analyses	were	performed	using	SAS	9.1	
(SAS	Institute	Inc.,	Cary,	NC).

Results

Group Characteristics
From	a	referral	pool	of	45	individuals	screened	for	eligibil-

ity	on	our	telephone	interview,	we	recruited	24	people	who	met	
our	 pilot	 study	 criteria.	 Participant	 characteristics	 are	 docu-
mented	in	Table	1.	There	were	no	significant	differences	on	key	
demographic	 characteristics	 or	 gait	 velocity	 between	 the	 12	
intervention	(8	females	and	4	males)	and	12	wait-list	(7		
females	and	5	males)	participants	at	baseline.	The	cognitive	
test	scores	 in	both	groups	(Table	1)	confirmed	overall	 intact	
mental	status.	This	was	a	frail	sample	with	a	high	prevalence	of	
self-reported	walking	difficulty	and	slow	gait	velocity	in	both	
groups.	Two	intervention	participants	(one	required	abdominal	
surgery	and	another	developed	cardiac	failure)	and	two	control	
participants	(one	had	a	viral	 illness	and	one	refused	without	
giving	a	reason)	did	not	complete	the	8-week	postintervention	
visit.	By	the	end	of	the	study,	there	were	20	participants	(83.3%)	
remaining	from	the	initial	sample.	There	were	no	significant	
differences	in	age,	gender,	or	baseline	gait	velocity	between	the	
participants	 who	 dropped	 out	 and	 those	 who	 completed	 the	
study.	A	Consolidated	Standards	of	Reporting	Trials	flow	dia-
gram	of	the	progress	of	the	sample	through	the	phases	of	the	
study	and	reasons	for	exclusions	is	provided	in	Figure	1.

Primary Outcomes
Compared	with	baseline,	 the	10	participants	who	com-

pleted	the	8-week	cognitive	remediation	program	improved	
their	gait	velocity	during	normal	pace	walking	(68.2	±	20.0–
76.5	±	17.9	cm/s,	p	=	.05)	and	on	the	WWT	condition	(36.7	
±	13.5–56.7	±	20.4	cm/s,	p	=	.002).	On	the	other	hand,	the	
control	group	did	not	improve	gait	velocity	on	either	normal	

Table	1.	 Table	of	Baseline	Characteristics

Variables Intervention Control p	Value

N 12 12
Age	(y) 77.4	±	7.0 79.9	±	7.5 .41
Female,	n 8 7 .79
Education,	y 14.3	±	2.9 13.1	±	2.7 .28
Illness	index	score	(0–12) 2.2	±	1.0 1.7	±	0.9 .33
Self-reported	difficulty	walking,	n 9 8 .51
Fall	in	the	last	12	months,	n 3 2 .99
MMSE	scores	(0–30) 29.0	±	0.3 29.1	±	0.4 .87
MIS	scores	(0–8) 7.4	±	0.6 7.2	±	0.6 .51
Normal	pace	gait	velocity,	cm/s 69.2	±	18.7 74.7	±	18.6 .53
WWT	velocity,	cm/s 36.1	±	12.4 45.2	±	20.1 .29

Note:	All	values	are	means	±	SD	unless	otherwise	 stated.	MMSE	=	Mini-
Mental	State	Examination;	MIS	=	Memory	Impairment	Screen;	WWT	=	walking	
while	talking.
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  Excluded (n = 21) 
Not meeting inclusion criteria
(n = 8; 7 subjects had gait 
velocity > 1m/sec, 1 subject 
had MMSE <25). Refused to 
participate (n = 4) Other 
reasons (n = 9 unable to  
attend on specified date). 
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Figure	1.	 CONSORT	diagram	showing	the	flow	of	participants.
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Figure	2.	 Boxplots	of	change	in	gait	velocity	in	the	cognitive	remediation	
(CR)	and	control	groups	following	the	intervention.	Note	that	the	range	on	the	
y-axis	is	different	in	the	two	plots.	The	line	in	the	middle	of	the	box	represents	
the	median	value.	The	ends	of	the	box	represent	the	25th	and	75th	quartile	val-
ues.	The	bars	show	the	range	of	scores	and	circles	are	outliers.

walking	(76.2	±	17.9–77.4	±	21.3	cm/s,	p	=	0.57)	or	WWT	
(47.2	±	13.5–49.7	±	20.3	cm/s,	p	=	0.70)	after	8	weeks.

The	10	 intervention	participants	 improved	gait	velocity	
over	 the	8-week	 intervention	both	during	normal	walking	
(change:	8.2	±	11.4–1.3	±	6.8	cm/s,	p	=	.10)	as	well	as	dur-
ing	WWT	(change:	19.9	±	14.9–2.5	±	20.1	cm/s,	p	=	.05)	
compared	with	the	10	control	participants.	Figure	2	shows	
boxplots	of	change	in	gait	velocity	compared	with	baseline	
during	the	two	gait	conditions.	One	outlier	in	each	interven-
tion	group	had	changes	on	WWT	in	the	expected	direction	
as	shown	in	Figure	2.

Six	out	of	the	10	cognitive	remediation	participants	im-
proved	gait	velocity	4	cm/s	or	more	on	normal	walking	in		
8	 weeks	 compared	 with	 3	 out	 of	 10	 participants	 in	 the		
control	group	(odds	ratio	=	3.0,	95%	confidence	interval	=	
0.5–19.6).	All	10	cognitive	remediation	participants	showed	
a	4	cm/s	or	greater	 improvement	on	WWT	velocity	com-
pared	 with	 3	 out	 of	 10	 controls	 (odds	 ratio	 =	 3.5,	 95%		
confidence	interval	=	1.5–8.0).

Pearson	correlations	on	gait	velocity	before	and	after	the	
intervention	were	.86	for	the	normal	pace	and	.49	for	WWT	
conditions	(33).

Additional Measures
The	MMSE	scores	did	not	significantly	change	 (higher	

better)	 over	 the	 study	 period	 in	 the	 remediation	 (mean	

change	 from	 baseline:	 +0.6	 points)	 and	 control	 groups	
(−0.3points,	 p	 >	 .10).	 Speed	 of	 processing	 improved	 by	
1,662	ms	(95%	confidence	interval	=	155–3168	ms,	p	=	.03)	
following	cognitive	remediation.

Observations
No	adverse	 events	 related	 to	 the	 interventions	were	 re-

ported.	All	intervention	participants	reported	at	the	end	of	
the	study	that	they	enjoyed	participating	in	the	cognitive	re-
mediation	 program	 and	 gaining	 computer	 skills.	 None	 of	
the	participants	in	either	group	reported	an	increase	in	their	
physical	exercise	frequency	(from	once	weekly	or	less)	at	
the	end	of	8	weeks	or	joining	an	exercise	facility.	The	two	
intervention	participants	with	prior	computer	familiarity	re-
ported	 increasing	their	computer	use	 to	play	puzzles	after	
the	intervention,	and	another	participant	in	the	intervention	
group	proceeded	to	buy	a	personal	computer.

Discussion
The	findings	of	this	pilot	randomized	clinical	trial	show	

that	 a	 computerized	 cognitive	 remediation	 program	 im-
proved	gait	in	sedentary	seniors.	The	ready	adoption	of	this	
form	 of	 cognitive	 remediation	 by	 frail	 seniors	 who	 were	
mostly	computer	novices	was	encouraging.	Our	experience	
supports	 the	 feasibility	 of	 computerized	 remediation	 ap-
proaches	in	seniors	(17,37).	The	intervention	group	had	bet-
ter	 gait	 performance	 at	 the	 end	 of	 the	 8-week	 cognitive	
remediation	compared	with	their	baseline;	an	improvement	
was	 not	 observed	 in	 the	 controls.	 The	 postintervention	
change	 in	 normal	 pace	 gait	 velocity	 in	 the	 intervention	
group	compared	with	the	controls	was	not	significant	in	this	
small	sample	but	was	suggestive.	A	larger	effect	was	seen	
following	the	intervention	on	the	more	attention-demanding	
WWT	task	in	the	remediation	group	compared	with	control	
participants.
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The	improvement	in	speed	of	processing	in	the	cognitive	
remediation	participants	in	our	study	supports	near	transfer	
of	 training	effects	of	 the	computerized	cognitive	remedia-
tion	 program	 as	 shown	 in	 previous	 clinical	 trials	 (16,17).	
Speed	of	processing	has	been	shown	to	affect	other	cogni-
tive	abilities,	which	may	depend	on	it	as	a	core	resource	to	
process	information	(31,32).	To	our	knowledge,	this	is	the	
first	study	to	demonstrate	far	transfer	of	cognitive	remedia-
tion	effects	to	a	distal	untrained	domain,	such	as	mobility.	
Transfer	 of	 gains	 from	 trained	 domains	 to	 untrained	 do-
mains	has	been	demonstrated	in	some	but	not	all	cognitive	
remediation	trials	(16,17,37).	Though	none	of	these	previ-
ous	studies	have	assessed	mobility	outcomes,	some	reports	
suggest	 that	cognitive	remediation	may	 improve	everyday	
functioning	and	driving	behavior	(15,38,39).	The	cognitive	
remediation	targeting	attention	and	executive	functions	may	
have	translated	into	more	efficient	walking	patterns	during	
WWT	given	the	strong	association	between	this	cognitive	
process	and	WWT.	WWT	has	been	considered	an	ecologi-
cally	valid	task	reflecting	real	world	function	and	predicts	
risk	 of	 adverse	 outcomes,	 such	 as	 falls	 (40).	 Moreover,		
the	dual	task	processes	involved	in	WWT	are	amenable	to	
training	 (11,41,42).	 Although	 the	 WWT	 is	 an	 attention-	
demanding	 task	 (8),	 in	 this	 clinical	 trial,	 improvement		
was	demonstrated	on	WWT’s	motor	output	supporting	far	
transfer	of	cognitive	remediation	effects	to	distal	untrained	
mobility	processes.

A	 broad	 approach	 targeting	 multiple	 domains	 may	 be	
more	effective	than	targeting	single	or	limited	set	of	cogni-
tive	processes.	This	broad	approach	may	be	especially	rele-
vant	 to	gait	 that	engages	multiple	cognitive	processes	(8).	
Speed	of	processing	is	a	common	underlying	construct	for	
the	 cognitive	 processes	 targeted	 by	 remediation	 (16,31).	
Our	chosen	software	included	exercises	not	only	aimed	to	
improve	speed	of	processing	but	also	trained	on	other	tasks	
that	were	 relevant	 to	gait,	 such	as	divided	attention,	visu-
ospatial	skills,	and	executive	functions	(18).	It	is	likely	that	
other	computerized	or	noncomputerized	cognitive	remedia-
tion	 programs	 targeting	 attention	 and	 executive	 functions	
may	also	achieve	similar	mobility	benefits.	Due	to	our	small	
sample,	we	were	unable	 to	examine	the	 independent	dose	
effect	 of	 training	 on	 different	 cognitive	 domains	 on	 our		
outcomes	and	plan	to	do	so	in	future	larger	scale	studies.

Given	the	pilot	nature	of	this	clinical	trial,	a	number	of	
limitations	need	to	be	noted.	Though	we	used	a	simple	ran-
domization	procedure	and	there	were	no	group	differences	
at	 baseline	 in	 key	 variables,	 the	 mean	 gait	 velocity	 was		
nonsignificantly	 higher	 in	 the	 controls.	 Hence,	 our	 group	
comparisons	 may	 have	 underestimated	 change	 following	
intervention	because	of	better	gait	 in	controls.	We	plan	to	
follow	up	our	participants	to	assess	durability	of	observed	
effects.	 Conventional	 neuropsychological	 tests	 were	 not	
done	as	we	did	not	anticipate	significant	changes	over	the	
very	short	intervention	period	in	this	small	sample,	as	seen	
with	MMSE.	In	future	larger	scale	studies,	we	plan	to	in-

clude	 more	 sensitive	 cognitive	 measures	 to	 better	 under-
stand	 near	 transfer	 effects	 of	 cognitive	 remediation.	 The	
observed	 mobility	 effects	 may	 also	 be	 due	 to	 changes	 in	
mood,	self-efficacy,	or	motivation	that	were	not	measured.	
There	were	no	changes	in	reported	physical	activity	or	exer-
cise	levels	following	the	intervention	to	account	for	better	
gait.	Participants	were	provided	transportation	to	and	from	
the	intervention	sessions.	Nonetheless,	a	minor	effect	of	at-
tending	 intervention	 sessions	on	 increasing	 activity	 levels	
during	 the	 intervention	 period	 cannot	 be	 excluded.	 The	
number	of	 interactions	with	 study	personnel	was	not	bal-
anced	between	groups.	However,	a	previous	study	found	no	
improvement	 in	physical	 function	after	a	program	of	pre-
ventive	home	visits,	despite	repeated	contacts	between	par-
ticipants	 and	 research	 staff	 (43).	 More	 comprehensive	
documentation	of	activity	and	alternate	pathways	needs	to	
be	considered	in	future	studies.	It	would	also	be	important	
to	study	whether	there	is	an	additive	benefit	of	combining	
physical	and	cognitive	exercises	on	mobility.

Our	 results	 are	 promising	 but	 need	 to	 be	 followed	 up		
with	larger	scale	trials	to	establish	the	validity	of	cognitive	
approaches	to	treating	mobility	decline.	A	U.S.	Census	Bu-
reau	community	survey	in	2003	(44)	reported	that	35%	of	
adults	older	than	65	years	of	age	and	63%	of	adults	between	
ages	55	and	64	years	have	a	computer	at	home.	These	fig-
ures	are	likely	higher	today,	suggesting	a	huge	potential	au-
dience	 for	 computerized	 cognitive	 remediation	 programs.	
Based	on	our	preliminary	 results,	 to	detect	a	minimal	but	
clinically	meaningful	gait	velocity	difference	of	4	cm/s	be-
tween	groups	with	85%	power	would	require	a	sample	size	
of	400	sedentary	seniors	(200	per	group)	after	accounting	
for	attrition	(35).	Establishing	mobility	gains	with	cognitive	
remediation	 will	 introduce	 a	 new	 low-risk	 and	 accessible	
treatment	option	as	an	alternative	or	supplemental	strategy	
for	many	 seniors	who	do	not	 engage	 in	physical	 exercise	
due	 to	 physical,	 medical,	 motivational,	 or	 socioeconomic	
reasons	(5).

Funding

An	 intramural	 grant	 from	 the	 Albert	 Einstein	 College	 of	 Medicine,	
Bronx,	NY.	The	Albert	Einstein	College	of	Medicine	has	a	patent	applica-
tion	pending	for	this	cognitive	approach	to	improve	mobility.	The	cognitive	
remediation	program	for	this	 trial	was	provided	by	Cognifit,	Inc.,	Israel.	
Albert	Einstein	College	of	Medicine	and	Cognifit	had	no	role	in	the	design,	
execution,	data	analysis,	or	writing	of	the	study.

Acknowledgments

This	article	was	orally	presented	in	part	at	the	Third	International	Con-
gress	 on	 Gait	 and	 Mental	 Function,	Washington	 DC,	 USA,	 in	 February	
2010.

References
	 1.	 Fuller-Thomson	E,	Yu	B,	Nuru-Jeter	A,	Guralnik	JM,	Minkler	M.	Basic	

ADL	disability	and	functional	limitation	rates	among	older	Americans	
from	2000–2005:	the	end	of	the	decline?	J Gerontol A Biol Sci Med Sci.	
2009;64(12):1333–1336.

	 2.	 Newman	AB,	Haggerty	CL,	Kritchevsky	SB,	Nevitt	MC,	Simonsick	EM.	
Walking	performance	and	cardiovascular	response:	associations	with	age	

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/65A/12/1338/658897 by guest on 10 April 2024



 COGNITION GAIT 1343

and	 morbidity—the	 Health,	 Aging	 and	 Body	 Composition	 Study.	 J 
Gerontol A Biol Sci Med Sci.	2003;58(8):715–720.

	 3.	 Elsawy	B,	Higgins	KE.	Physical	activity	guidelines	for	older	adults.	
Am Fam Physician.	2010;81(1):55–59.

	 4.	 Singh	MA.	Exercise	comes	of	age:	rationale	and	recommendations	for	
a	geriatric	exercise	prescription.	J Gerontol A Med Sci.	2002;57(5):
M262–M282.

	 5.	 Dishman	RK.	Determinants	of	participation	 in	physical	 activity.	 In:		
C	Bouchard,	RJ	Shephard,	T	Stephens,	JR	Sutton	and	BD	McPherson	
(eds).	Exercise, Fitness, and Health: A Consensus of Current Knowl-
edge.	Champaign,	IL:	Human	Kinetics;	1990:75–101.

	 6.	 Posner	 MI,	 Petersen	 SE.	 The	 attention	 system	 of	 the	 human	 brain.	
Annu Rev Neurosci.	1990;13:25–42.

	 7.	 Holtzer	R,	Friedman	R,	Lipton	RB,	Katz	M,	Xue	X,	Verghese	J.	The	
relationship	between	 specific	cognitive	 functions	and	 falls	 in	 aging.	
Neuropsychology.	2007;21(5):540–548.

	 8.	 Holtzer	R,	Verghese	J,	Xue	X,	Lipton	RB.	Cognitive	processes	related	
to	gait	velocity:	results	from	the	Einstein	Aging	Study.	Neuropsychol-
ogy.	2006;20(2):215–223.

	 9.	 Atkinson	HH,	Rapp	SR,	Williamson	 JD,	 et	 al.	The	 relationship	be-
tween	cognitive	function	and	physical	performance	in	older	women:	
results	from	the	women’s	health	initiative	memory	study.	J Gerontol A 
Biol Sci Med Sci.	2010;	65(3):300–306.

	10.	 Hajjar	I,	Yang	F,	Sorond	F,	et	al.	A	novel	aging	phenotype	of	slow	gait,	
impaired	executive	function,	and	depressive	symptoms:	relationship	to	
blood	pressure	and	other	cardiovascular	risks.	J Gerontol A Biol Sci 
Med Sci.	2009;64(9):994–1001.

	11.	 Liu-Ambrose	T,	Katarynych	LA,	Ashe	MC,	Nagamatsu	LS,	Hsu	CL.	
Dual-task	 gait	 performance	 among	 community-dwelling	 senior	
women:	 the	 role	 of	 balance	 confidence	 and	 executive	 functions.	 J 
Gerontol A Biol Sci Med Sci.	2009;64(9):975–982.

	12.	 Herman	T,	Mirelman	A,	Giladi	N,	Schweiger	A,	Hausdorff	JM.	Exec-
utive	control	deficits	as	a	prodrome	to	falls	in	healthy	older	adults:	a	
prospective	study	linking	thinking,	walking,	and	falling.	J Gerontol A 
Biol Sci Med Sci.	2010;	10.1093/gerona/glq077.

	13.	 Inzitari	M,	Baldereschi	M,	Di	Carlo	A,	et	al.	Impaired	attention	predicts	
motor	performance	decline	in	older	community-dwellers	with	normal	
baseline	mobility:	results	from	the	Italian	Longitudinal	Study	on	Aging	
(ILSA).	J Gerontol A Biol Sci Med Sci.	2007;62(8):837–843.

	14.	 Ben-Itzhak	R,	Giladi	N,	Gruendlinger	L,	Hausdorff	JM.	Can	methylphe-
nidate	reduce	fall	risk	in	community-living	older	adults?	A	double-blind,	
single-dose	cross-over	study.	J Am Geriatr Soc.	2008;56(4):695–700.

	15.	 Willis	SL,	Tennstedt	SL,	Marsiske	M,	et	al.	Long-term	effects	of	cog-
nitive	training	on	everyday	functional	outcomes	in	older	adults.	JAMA.	
2006;296(23):2805–2814.

	16.	 Ball	 K,	 Edwards	 JD,	 Ross	 LA.	 The	 impact	 of	 speed	 of	 processing	
training	on	cognitive	and	everyday	 functions.	J Gerontol B Psychol 
Sci Soc Sci.	2007;62(Spec	No	1):19–31.

	17.	 Klusmann	V,	Evers	A,	Schwarzer	R,	et	al.	Complex	mental	and	physi-
cal	 activity	 in	 older	 women	 and	 cognitive	 performance:	 a	 6-month	
randomized	 controlled	 trial.	 J Gerontol A Biol Sci Med Sci.	
2010;65(6):680–688.

	18.	 Haimov	 I,	 Hanuka	 E,	 Horowitz	Y.	 Chronic	 insomnia	 and	 cognitive	
functioning	among	older	adults.	Behav Sleep Med.	2008;6(1):32–54.

	19.	 Verghese	 J,	 Kuslansky	 G,	 Holtzer	 R,	 et	 al.	 Walking	 while	 talking:		
effect	 of	 task	 prioritization	 in	 the	 elderly.	 Arch Phys Med Rehabil.	
2007;88(1):50–53.

	20.	 Lipton	RB,	Katz	MJ,	Kuslansky	G,	et	al.	Screening	for	dementia	by	
telephone	using	 the	memory	 impairment	 screen.	J Am Geriatr Soc.	
2003;51(10):1382–1390.

	21.	 Folstein	MF,	Folstein	SE,	McHugh	PR.	“Mini-mental	state”.	A	practi-
cal	method	for	grading	the	cognitive	state	of	patients	for	the	clinician.	
J Psychiatr Res.	1975;12(3):189–198.

	22.	 Verghese	J,	Lipton	RB,	Katz	MJ,	et	al.	Leisure	activities	and	the	risk	
of	dementia	in	the	elderly.	N Engl J Med.	2003;348(25):2508–2516.

	23.	 Guralnik	JM,	Ferrucci	L,	Pieper	CF,	et	al.	Lower	extremity	function	
and	subsequent	disability:	consistency	across	studies,	predictive	mod-
els,	 and	value	of	gait	 speed	alone	compared	with	 the	 short	physical	
performance	battery.	J Gerontol A Med Sci.	2000;55(4):M221–M231.

	24.	 Abellan	van	Kan	G,	Rolland	Y,	Andrieu	S,	et	al.	Gait	speed	at	usual	
pace	as	a	predictor	of	adverse	outcomes	in	community-dwelling	older	
people	an	International	Academy	on	Nutrition	and	Aging	(IANA)	task	
force.	J Nutr Health Aging.	2009;13(10):881–889.

	25.	 Verghese	J,	Wang	C,	Lipton	RB,	Holtzer	R,	Xue	X.	Quantitative	gait	
dysfunction	and	risk	of	cognitive	decline	and	dementia.	J Neurol Neu-
rosurg Psychiatry.	2007;78(9):929–935.

	26.	 Brach	JS,	FitzGerald	S,	Newman	AB,	et	al.	Physical	activity	and	func-
tional	status	in	community-dwelling	older	women:	a	14-year	prospec-
tive	study.	Arch Intern Med.	2003;163(21):2565–2571.

	27.	 Langlois	 JA,	 Keyl	 PM,	 Guralnik	 JM,	 Foley	 DJ,	 Marottoli	 RA,		
Wallace	RB.	Characteristics	of	older	pedestrians	who	have	difficulty	
crossing	the	street.	Am J Public Health.	1997;87(3):393–397.

	28.	 Newman	 AB,	 Simonsick	 EM,	 Naydeck	 BL,	 et	 al.	 Association	 of		
long-distance	corridor	walk	performance	with	mortality,	cardiovascu-
lar	disease,	mobility	limitation,	and	disability.	JAMA.	2006;295(17):
2018–2026.

	29.	 Brach	JS,	VanSwearingen	JM.	Physical	impairment	and	disability:	re-
lationship	to	performance	of	activities	of	daily	living	in	community-
dwelling	older	men.	Phys Ther.	2002;82(8):752–761.

	30.	 Verghese	J,	Holtzer	R,	Lipton	RB,	Wang	C.	Quantitative	gait	markers	
and	incident	fall	risk	in	older	adults.	J Gerontol A Biol Sci Med Sci.	
2009;64:896–901.

	31.	 Salthouse	TA,	Babcock	RL,	Shaw	RJ.	Effects	of	adult	age	on	struc-
tural	and	operational	capacities	 in	working	memory.	Psychol Aging.	
1991;6(1):118–127.

	32.	 Salthouse	TA.	Aging	and	measures	of	processing	speed.	Biol Psychol.	
2000;54(1–3):35–54.

	33.	 Altman	 DG.	 Practical Statistics for Medical Research,	 2nd	 ed.	
Boca	Raton,	FL:	Chapman	&	Hall/CRC;	2006.

	34.	 Laird	 NM,	Ware	 JH.	 Random-effects	 models	 for	 longitudinal	 data.	
Biometrics.	1982;38(4):963–974.

	35.	 Brach	JS,	Perera	S,	Studenski	S,	Katz	M,	Hall	C,	Verghese	J.	Mean-
ingful	 change	 in	 measures	 of	 gait	 variability	 in	 older	 adults.	 Gait 
Posture.	2010;31(2):175–179.

	36.	 Haukoos	 JS,	 Newgard	 CD.	 Advanced	 statistics:	 missing	 data	 in		
clinical	 research–part	1:	 an	 introduction	and	conceptual	 framework.	
Acad Emerg Med.	2007;14(7):662–668.

	37.	 Mahncke	 HW,	 Bronstone	 A,	 Merzenich	 MM.	 Brain	 plasticity	 and	
functional	losses	in	the	aged:	scientific	bases	for	a	novel	intervention.	
Prog Brain Res.	2006;157:81–109.

	38.	 Ball	K,	Berch	DB,	Helmers	KF,	et	al.	Effects	of	cognitive	training	in-
terventions	 with	 older	 adults:	 a	 randomized	 controlled	 trial.	 JAMA.	
2002;288(18):2271–2281.

	39.	 Roenker	DL,	Cissell	GM,	Ball	KK,	Wadley	VG,	Edwards	JD.	Speed-
of-processing	and	driving	simulator	training	result	in	improved	driv-
ing	performance.	Hum Factors.	2003;45(2):218–233.

	40.	 Verghese	 J,	Buschke	H,	Viola	L,	 et	 al.	Validity	of	divided	attention	
tasks	in	predicting	falls	in	older	individuals:	a	preliminary	study.	J Am 
Geriatr Soc.	2002;50(9):1572–1576.

	41.	 Brauer	SG,	Morris	ME.	Can	people	with	Parkinson’s	disease	improve	
dual	tasking	when	walking?	Gait Posture.	2010;31(2):229–233.

	42.	 Silsupadol	 P,	 Lugade	 V,	 Shumway-Cook	 A,	 et	 al.	 Training-related	
changes	in	dual-task	walking	performance	of	elderly	persons	with	bal-
ance	 impairment:	 a	 double-blind,	 randomized	 controlled	 trial.	 Gait 
Posture.	2009;29(4):634–639.

	43.	 Vetter	NJ,	Jones	DA,	Victor	CR.	Effect	of	health	visitors	working	with	
elderly	patients	in	general	practice:	a	randomised	controlled	trial.	Br 
Med J (Clin Res Ed).	1984;288(6414):369–372.

	44.	 U.S.	Census	Bureau.	http://www.census.gov/population/www/socdemo
/computer/2007.html.	Accessed	June	3,	2010.

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/65A/12/1338/658897 by guest on 10 April 2024


