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No,	there	is	no	causal	link	between	action	video	games	and	
Alzheimer’s	disease.	But	here	is	what	you	need	to	know….		
	
Veronique	D.	Bohbot	and	Greg	L.	West	
	
	

Low	grey	matter	 in	the	hippocampus,	which	is	a	part	of	the	
brain	 important	 for	 learning	 and	 memory,	 is	 present	 in	
healthy	people.	Low	grey	matter	in	the	hippocampus	is	part	
of	the	normal	variability	found	at	all	ages.	However	there	are	
studies	that	indicate	that	low	amounts	of	grey	matter	in	the	
hippocampus	or	low	volume	of	the	hippocampus	is	indicative	
of	 something	 else.	 When	 patients	 with	 various	 disorders	
come	to	the	clinic	and	research	is	being	conducted,	it	is	often	
thought	that	the	symptoms	observed	are	the	result	of	their	
clinical	condition.	For	example,	 for	decades,	 it	was	believed	
that	 depression	 leads	 to	 atrophy	 of	 this	 precious	 brain	
structure,	 so	 vital	 to	 memory,	 the	 hippocampus,	 because	
depressed	patients	stopped	interacting	with	the	world,	they	
stopped	learning	and	remembering,	and	therefore,	this	part	
of	the	brain	shrunk	as	a	result.		
	
But	what	if	the	shrunk	hippocampus	was	present	before	the	
disease?	 How	 would	 that	 change	 our	 perspective?	 Well	 it	
changes	 everything.	 It	 changes	 everything	 because,	 to	
continue	with	our	example,	 if	patients	with	depression	had	
atrophy	in	the	hippocampus	before	the	depression	set	in,	but	
were	identical	in	all	other	aspects	to	non-depressed	people,	
it	tells	something	important.	What	it	tells	us,	is	that	low	grey	
matter	in	the	hippocampus	increases	the	risk	of	depression,	
relative	to	others	in	the	population	that	do	not	have	atrophy	
in	the	hippocampus.	We	are	not	sure	how	it	increases	this	risk	

of	depression	but	it	does.	Important	new	research	has	shown	
that	 low	grey	matter	 in	the	hippocampus	 is	a	risk	factor	for	
numerous	neurological	 and	psychiatric	 disorders.	 Since	 it	 is	
impossible	to	get	a	brain	scan	of	someone	before	the	onset	of	
their	 clinically	 diagnosed	 depression	 or	 other	 neurological	
and	 psychiatric	 disorder,	 scientists	 had	 to	 develop	 clever	
imaginative	ways	to	get	to	that	question.				
	
The	group	of	Dr.	Frodl,	at	Trinity	College	in	Dublin,	studied	this	
very	 question	 in	 healthy	 people	 who	 had	 first	 or	 second	
degree	relatives	with	depression.	First,	as	previously	reported	
by	 others,	 Frodl’s	 group	 showed	 that	 patients	 with	 major	
depression	 had	 significant	 atrophy	 of	 the	 hippocampus.	
However,	importantly,	he	also	showed	significant	atrophy	of	
the	hippocampus	in	healthy	individuals	with	a	family	history	
of	depression.	This	means	that	healthy	people	with	atrophy	
of	the	hippocampus	are	at	an	increased	risk	of	depression.		
	
Several	 other	 groups	 of	 scientists	 found	 clever	 ways	 to	
address	the	question	of	whether	atrophy	of	the	hippocampus	
was	 present	 before	 or	 after	 the	 onset	 of	 other	 mental	
illnesses.	 It	 was	 found	 for	 post-traumatic	 stress	 disorder	
(PTSD),	Schizophrenia,	and	Alzheimer’s	disease.		Dr.	Pitman,	
from	the	department	of	Psychiatry	at	Harvard	Medical	School,	
found	that	patients	with	PTSD	have	significant	atrophy	of	the	
very	 same	 part	 of	 the	 brain	 affected	 in	 depression,	 the	
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hippocampus.	However,	he	also	showed	that	atrophy	of	the	
hippocampus	was	present	before	the	PTSD	occurred.	The	way	
he	 tacked	 the	 question	was	 ingenious.	He	 studied	Vietnam	
combat	 veterans	 who	 suffered	 from	 PTSD,	 confirmed	 that	
severity	of	PTSD	was	negatively	correlated	to	atrophy	of	the	
hippocampus,	 i.e.	 the	greatest	 severity	was	associated	with	
the	smallest	volume	of	the	hippocampus.	He	then	sought	out	
war	veterans	who	had	monozygotic	 twins	and	studied	their	
hippocampus.	He	 found	no	difference	 in	 the	volume	of	 the	
hippocampus	 between	 the	 affected	 and	 the	 non-affected	
monozygotic	 sibling.	 In	 other	words,	 the	 twin	 brother	who	
was	not	exposed	to	combat	and	did	not	have	PTSD	also	had	
atrophy	in	the	hippocampus.	This	difficult	study	served	as	the	
first	 evidence	 that	 atrophy	 in	 the	 hippocampus	 of	 healthy	
individuals	is	a	risk	factor	for	PTSD.		
	
Reductions	 in	 the	 volume	 of	 the	 hippocampus	 have	 been	
reported	 in	patients	with	Schizophrenia	by	the	group	of	Dr.	
Gur,	 Schizophrenia	 Research	 Centre,	 University	 of	
Pennsylvania.	 However,	 in	 another	 study,	 the	 group	 of	 Dr.	
Dazzan	from	the	Department	of	Psychosis	studies,	Section	on	
early	psychosis,	King’s	College	London,	showed	reductions	in	
the	volume	of	the	medial	temporal	lobes	and	frontal	cortex	in	
heathy	 young	 adults	who	 had	 been	 identified	 as	 having	 an	
ultra	high	risk	of	having	a	first	psychotic	episode,	which	has	
the	 potential	 of	 eventually	 developing	 into	 Schizophrenia.	
Amongst	 other	 areas,	 these	 patients	 had	 subtle	 structural	
abnormalities	in	the	parahippocampal	cortex,	a	region	that	is	
anatomically	 connected	 to	 its	 neighbor,	 the	 hippocampus.	
The	reduction	in	volume	in	regions	of	the	brain	that	connect	
to	the	hippocampus	predates	the	onset	of	Schizophrenia,	and	
therefore	poses	as	a	risk	factor.		
	
How	 does	 this	 relate	 to	 Alzheimer’s	 disease?	 Well	 you	
guessed	it,	similar	studies	have	shown	that	 low	grey	matter	
volume	 in	 the	 hippocampus,	 and	 neighboring	 entorhinal	
cortex,	are	risk	factors	for	Alzheimer’s	disease.	The	group	of	
Dr.	 Apostolova,	 Department	 of	 Neurology,	 University	 of	
California,	 Los	 Angeles,	 has	 followed	 patients	 with	 Mild	
Cognitive	 Impairment	 (MCI)	 for	 five	 years	 in	 order	 to	
investigate	MRI	risk	factors	in	those	who	would	later	develop	
Alzheimer’s	 disease.	 About	 50%	 of	 patients	 with	MCI	 later	
develop	Alzheimer’s	disease.	In	her	study,	she	found	that	the	
MCI	 patients	 who	 later	 developed	 Alzheimer’s	 disease	 had	
atrophy	of	the	hippocampus	at	baseline,	when	they	were	still	
relatively	healthy,	with	only	 subjective	memory	complaints.	
Similar	 results	 were	 found	 by	 Dr.	 Albert,	 Department	 of	
Neurology,	Johns	Hopkins	University.	In	her	studies,	atrophy	
of	 the	 neighboring	 entorhinal	 cortex	 predicted	 ensuing	
Alzheimer’s	disease	in	MCI	patients.	
	
Even	in	healthy	aging,	cognitive	deficits	have	been	associated	

with	a	reduction	in	grey	matter	of	the	hippocampus.	So,	we	
can	 summarize	 that	 having	 low	 grey	 matter	 in	 the	
hippocampus	is	not	a	good	thing.	Not	only	does	it	 lead	to	a	
reduction	 in	episodic	memories,	memories	of	events	 in	our	
life,	 but	 it	 places	 us	 at	 risk	 for	 several	 neurological	 and	
psychiatric	disorders.	So	how	does	this	relate	to	action	video	
games?		
	
In	our	study,	we	found	that	action	video	game	players	use	the	
response	 strategy	 significantly	more	 than	 non-action	 video	
game	players.	Instead,	the	non-action	video	game	players	use	
a	 spatial	memory	 strategy,	previously	 shown	 to	 rely	on	 the	
hippocampus.	 Using	 a	 spatial	 strategy	 entails	 building	
complex	 relationships	 between	 environmental	 landmarks	
when	one	navigates	in	an	environment.	Instead,	the	response	
strategy	entails	remembering	a	series	of	actions	from	a	given	
stimulus,	e.g.	turn	right	at	the	light.	These	two	strategies	were	
well	described	in	1978	by	recent	Nobel	Laureate	John	O’Keefe	
and	co-author	Lynn	Nadel,	and	they	hypothesized	that	only	
the	spatial	strategy	would	rely	on	the	hippocampus.		
	
Our	 group	 has	 published	 four	 papers,	 and	we	 have	 several	
others	in	the	pipeline,	showing	that	response	strategy	users,	
as	the	dominant	strategy	used	by	healthy	young	adults	who	
play	action	video	games,	have	 lower	 fMRI	activity	and	grey	
matter	 in	 the	 hippocampus	 than	 spatial	 memory	 strategy	
users.	Furthermore,	response	strategy	users	have	lower	grey	
matter	in	the	hippocampus	across	the	life	span,	from	healthy	
young	 adults	 to	 healthy	 older	 adults.	 Instead,	 our	 studies	
show	 that	 response	 strategy	 users	 have	 increased	 fMRI	
activity	 and	 grey	matter	 in	 the	 part	 of	 the	 brain	 called	 the	
caudate	nucleus,	which	is	part	of	the	striatum.	The	striatum	
form	several	structures	of	the	brain	known	to	be	involved	in	
development	of	habits	and	addiction.	So	at	this	point,	being	a	
response	 strategy	 user	 is	 highly	 likely	 to	 be	 associated	 to	
lower	activity	and	grey	matter	in	the	hippocampus	in	action	
video	 game	 players.	 That	 link	 still	 needs	 to	 be	 established.	
However,	there	is	already	plenty	of	evidence	in	support	of	this	
fact	because	video	game	players	 in	 the	 studies	of	Dr.	Kuhn	
from	 the	 Max	 Planck	 Institute	 in	 Berlin,	 have	 more	 grey	
matter	 in	the	striatum,	which	 includes	the	caudate	nucleus.	
Studies	 from	 Erickson’s	 laboratory,	 in	 the	 department	 of	
Psychology,	 University	 of	 Pittsburgh,	 show	 that	 increased	
grey	matter	 in	 the	striatum	predict	skill	acquisition	 in	video	
game	 players.	 Finally,	 Dr.	 Kuhn’s	 studies	 also	 showed	 that	
certain	 action	 video	 games	 are	 associated	 with	 less	 grey	
matter	in	an	area	of	the	brain	anatomically	connected	to	the	
hippocampus,	 it’s	neighbor,	 the	entorhinal	cortex.	 It	 should	
also	be	noted	 that	Dr.	Kuhn’s	group	also	published	positive	
effects	 on	 the	 hippocampus	 and	 enthorhinal	 cortex	
associated	with	playing	logic/puzzle	and	platform	games	(e.g.,	
Super	Mario	64).		



	
3	

	
We	 need	 to	 talk	 about	 the	 link	 between	 video	 games	 and	
mental	illness	now.	It	will	take	a	few	decades	before	scientific	
research	 proves	 the	 link	 between	 action	 video	 games	 and	
mental	 illness.	 By	 then,	 it	 will	 be	 too	 late	 for	 an	 entire	
generation	 of	 gamers	 to	 modify	 their	 lifestyle.	 So	 in	 the	
meantime,	 if	 you	 enjoy	 action	 video	 games,	 play	 them	 in	
moderation.	Try	to	stimulate	your	hippocampus	as	much	as	
you	can,	on	a	daily	bases.	When	gaming,	try	to	build	cognitive	
maps	 of	 the	 environment,	 including	 the	 relationships	
between	landmarks,	in	such	a	way	that	you	would	be	able	to	
draw	an	overhead	map	of	 the	area.	Choose	games	that	are	
favorable	to	activity	in	the	hippocampus	such	as	puzzle,	logic	
and	platform	games.		
	
See	 our	 free	 public	 information	 website	
www.vebosolutions.com	 for	 more	 information	 on	 the	 four	
pillars	 to	 a	 healthy	 cognition	 associated	 with	 a	 healthy	
hippocampus.		
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