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ABSTRACT	
In	 todays	 popula&on	 stress	 and	 psychological	 diseases	 are	 on	 the	 rise.	 To	 support	mental	 health,	 exercises	 should	 be	
recommended	which	reduce	electrocor&cal	arousal	especially	within	the	prefrontal	cortex	(execu&ve	func&ons).	Because	a	
decrease	 of	 prefrontal	 brain	 cor&cal	 ac&vity	was	 revealed	 following	 running	 exercise	 in	 runners	 but	 not	 bicycling,	 arm-
cranking	or	isometric	strength	exercise	(Brümmer	et	al.	2011),	it	was	hypothesized	that	exercise	preference,	adapta&on	or	
running	characteris&cs	might	play	a	role	for	the	post-exercise	effect	on	brain	cor&cal	ac&vity.		

PURPOSE:	The	present	study	aimed	to	check	the	preference/adapta&on	hypothesis	by	tes&ng	a	group	of	triathletes,	who	
are	adapted	to	both	running	and	bicycling,	but	who	prefer	one	of	the	two	exercises.	A	group	of	hockey	players	running	but	
during	a	compe&&ve	match	will	confine	the	effect	of	running	characteris&cs.	 		

METHODS:	10	professional	triathletes	were	asked	to	perform	two	modes	of	triathlon	(bicycling	and	running),	each	at	their	
individual	self-chosen	intensity	under	field	condi&ons	(STUDY	TRIATHLETES).	24	professional	hockey	players	(n=12	ac&ve,	
n=12	passive)	were	tested	during	a	compe&&ve	match	(STUDY	HOCKEY).	Electroencephalography	(EEG)	was	recorded																				

	

under	rest	condi&ons	before	(PRE)	and	ader	(POST)	exercise.	Low-resolu&on	brain	electromagne&c	tomography	(LORETA)	
was	applied	to	localize	current	density	(μV2/mm4)	of	the	frontal,	parietal,	occipital	and	temporal	lobe.	

RESULTS:	 In	 triathletes,	brain	cor&cal	ac&vity	decreased	 following	 running	exercise	within	 the	 frontal	 (p<	 .001)	 lobe.	No	
differences	were	found	for	bicycling	exercise.	Comparing	the	trials	of	the	preferred	with	non-preferred	mode	revealed	no	
difference	 for	 all	 regions	 of	 interest	 (frontal	 p=	 .943,	 occipital	 p=	 .438,	 parietal	 p=	 .987,	 temporal	 p=	 .664).	 In	 hockey	
players,	no	 significant	differences	between	PRE	and	POST	brain	cor&cal	ac&vity	and	between	ac&ve	and	passive	players	
were	found.		

CONCLUSION:	 The	 triathlete	 study	 supports	 that	 the	 effect	 of	 exercise	 on	 brain	 cor&cal	 ac&vity	 is	 not	 dependent	 on	
adapta&on	but	running	itself.	The	exercise	preference	hypothesis	could	not	be	confirmed.	The	hockey	data	suggests	that	
steady	rather	than	interval	running	is	making	the	difference.	Steady	running	should	be	recommended	to	support	mental	
health.	Further	studies	are	required	for	verifica&on.		

INTRODUCTION	
The	prefrontal	lobe	of	the	brain	is	known	to	predominately	process	execu&ve	func&ons	(cogni&on,	aLen&on,	memory,	ac&on	and	emo&onal	regula&on).	Reduced	ac&va&on	(decreased	ac&vity)	within	this	area	is	assumed	to	reflect	decreased	arousal	
and	stress,	and	might	increase	mental	health.	In	our	popula&on,	interven&ons	to	reduce	stress	and	to	support	mental	health	are	highly	needed,	especially	in	regard	of	the	increasing	numbers	of	people	suffering	from	stress	symptoms	and	disorders.	
Previous	studies	support	the	no&on	that	the	relaxing	effect	of	exercise	on	brain	cor&cal	ac&vity	is	dependent	on	exercise	preference	or	adapta&on	(Brümmer	et	al.	2011,	Schneider	et	al.	2009).	Within	a	group	of	recrea&onal	runners,	running	exercise	
resulted	in	decreased	frontal	brain	ac&vity,	whereas	bicycling,	arm-cranking	and	isokine&c	strength	exercise	did	not.	Furthermore,	it	remains	unclear	whether	interval	running	has	the	same	effect	as	steady	running.	

METHODS	
	
	
	
	
	
	
	
	
	
None	of	the	par&cipants	reported	any	psychological	or	physiological	problems	or	previous	head	injuries	or	was	taking	medica&on.	All	signed	a	wriLen	informed	consent.		
	
ResKng-EEG	 (Brain	Products	GmbH,	Munich,	Germany)	was	measured	 for	5	minutes	using	32	electrodes	or	 for	Hockey	using	16	electrodes	according	 to	 the	10:20	System	(Jasper,	1958).	Each	electrode	was	 referenced	 to	a	ground	 (AFz)	and	a	
reference	electrode	(FCz)	which	are	included	in	the	cap	design	mounted	in	the	triangle	of	FP1,	FP2	and	Fz.	Analysis	was	performed	using	the	Brain	Vision	Analyzer	Sodware	(Brain	Products).	The	data	was	filtered	(high-low-pass:	0.9	to	10Hz,	&me	
constant	0.177sec,	notch	filter	50Hz),	baseline	corrected	and	segmented	into	4sec	intervals	allowing	a	10%	overlap.	Independent	component	analysis	(ICA)	was	used	to	remove	eye	blink	ar&facts.	An	automa&c	ar&fact	rejec&on	was	applied	for	the	
detec&on	of	ar&facts.	Ac&vity	within	frontal,	temporal,	parietal	and	occipital	lobes		was	exported	using	low-resolu&on	electromagne&c	tomography	(LORETA)	(Pascual-Marqui	1994).	EEG	ac&vity	was	exported	as	logarithm	naturalis	of	current	density	
values	(LN(μV2)).		
	
For	 each	 study,	 differences	 of	 parametric	 variables	 between	 groups	 (Triathletes:	 bicycling	 vs.	 running;	Hockey:	 ac&ve	 vs.	 passive)	 and	measurement	&mes	 (pre,	 post	 (0,	 15,	 30))	were	 calculated	by	ANOVA	 for	 repeated	measures	 respec&vely	
(STATISTICA	7.1,	StatSod,	Tulsa,	USA).	Significance	threshold	was	p<	0.05.		Fisher	LSD	post-hoc	test	was	used	in	case	of	significance.	For	non-parametric	values	(RPE),	Wilcoxon	Test	and	Friedman´s	ANOVA	was	used.	

RESULTS	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

DISCUSSION	
There	was	no	difference	between	running	and	bicycling	exercise	for	HR,	RPE	and	exercise	&me,	whereas	LAC	and	exercise	distance	differed	within	the	group	of	triathletes	due	to	the	nature	of	the	sports	(Tab.	1).	Both	exercises	were	performed	at	
about	60%	of	the	individual	VO2max.	However,	con&nuous	running	other	than	bicycling	exercise	resulted	in	a	decreased	global	brain	ac&vity	post	exercise	in	the	group	of	triathletes	(Tab.	1	+	Fig.	1).	Frontal	lobe	ac&vity	was	significantly	lower	post	
running	exercise	compared	to	post	bicycling	exercise.	There	was	no	effect	of	exercise	preference	within	this	group	(Tab.	2).	Within	the	group	of	hockey	players	the	interval-like	running	exercise	during	a	compe&&ve	match	(group	ac&ve)	did	not	result	
in	significant	changes	of	EEG	ac&vity.	The	passive	control	group	did	also	show	no	significant	differences	(Tab.	3	+	Fig.	2).	
	
Study	limita&ons	are	the	unequal	distribu&on	of	exercise	preference	of	the	triathletes,	the	limited	number	of	par&cipants	as	well	as	the	difference	of	measurement	&mes	and	par&cipants	between	the	two	studies.	Further	studies	are	required	for	verifica&on.		
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Figure	1:		Results	TRIATHLETES		frontal	EEG	ac&vity	for	running	and	bicycling	exercise.		

Table	2:	Results	TRIATLETHES	frontal	EEG	ac&vity	for	the	preferred	vs.	non-preferred	exercise	of	group	
(F	(3,54)=	0.19391,	p=	0.90).	

Figure	2:		
Results	frontal	EEG	ac&vity	for	
the	ac&ve	vs.	passive	group	of	

hockey	players	for	the	
measurement	&mes	(pre,	

post).		Table	1:	Results	of	 the	exercise	 interven&ons	 (bike,	 run)	of	 group	TRIATHLETES	 for	 the	parameters	heart	
rate	 (HR),	 lactate	 concentra&on	 (LAC),	 ra&ngs	 of	 perceived	 exhaus&on	 (RPE),	 exercise	 distance	 and	&me,	
and	EEG	ac&vity	within	the	frontal,	temporal,	parietal	and	occipital	lobe.		

*pre	
*pre	

*pre	

*run	 *run	 *run	

PARAMETER' TIME' UNIT'
TRIATHLETES'
Bicycling'

TRIATHLETES'
Running'

HR PRE [bpm] 59.80 ± 7.41 60.00 ± 7.80 *15 
HR POST0 [bpm] 119.40 ± 5.82 *pre,15,30, run 124.30 ± 17.03 *pre,15,30, bike 
HR POST15 [bpm] 68.00 ± 11.04 68.90 ± 8.67 
HR POST30 [bpm] 65.10 ± 9.31 64.30 ± 8.74 
LAC  PRE [mmol/l] 1.17 ± 0.20 *15,30 1.18 ± 0.16 
LAC  POST0 [mmol/l] 1.38 ± 0.31 *15,30 1.55 ± 0.18 
LAC  POST15 [mmol/l] 1.05 ± 0.11 *run 1.10 ± 0.35 *bike 
LAC  POST30 [mmol/l] 0.91 ± 0.10 *run 0.93 ± 0.26 *bike 
RPE    12.00 ± 1.56 12.20 ± 1.03 
distance  [km] 43.24 ± 13.40 *run 7.60 ± 2.71 *bike 
time   [min] 88.12 ± 24.10 36.01 ± 12.57 
EEG frontal PRE [µV2] !6.26%± 0.34% !6.12%± 0.54 *0,15,30%

% POST0 [µV2] !6.38%± 0.48*run% !6.81%± 0.41 *bike pre %

% POST15 [µV2] !6.42%± 0.50*run% !6.70%± 0.36 *bike pre%

% POST30 [µV2] !6.38%± 0.50*run% !6.80%± 0.49 *bike pre%

EEG temporal PRE [µV2] !5.59%± 0.28% !5.41%± 0.46 *bike pre%

% POST0 [µV2] !5.78%± 0.49% !6.13%± 0.53%
% POST15 [µV2] !5.78%± 0.53% !6.02%± 0.53%
% POST30 [µV2] !5.71%± 0.55% !6.04%± 0.58%
EEG parietal PRE [µV2] !6.17%± 0.28% !5.41%± 0.46 *0.15.30%

% POST0 [µV2] !6.38%± 0.53% !6.34%± 0.54%
% POST15 [µV2] !6.04%± 0.56% !6.27%± 0.52%
% POST30 [µV2] !6.00%± 0.59% !6.33%± 0.58%
EEG occipital PRE [µV2] !5.45%± 0.34% !5.65%± 0.50 *0.15.30%

% POST0 [µV2] !5.64%± 0.50% !5.86%± 0.52%
% POST15 [µV2] !5.59%± 0.50% !5.82%± 0.62%
% POST30 [µV2] !5.46%± 0.55% !5.79%± 0.69%

!
!
!

Table	3:		
Results	of	groups	hockey	
(ac&ve,	passive)	for	the	

parameters	heart	rate	(HR),	
and	EEG	ac&vity.		

TRIATHLETES	
10	male	professional	(Bundesliga)	triathletes	par&cipated	(age:	23.11±2.61	years;	height:	183.00±7.05	cm;	weight:	71.75±5.87	kg;	VO2max	running:	
58.69±3.75	 mL·min-1·kg-1;	 VO2max	 bicycling:	 58.21±7.09	 mL·min-1·kg-1,	 >16.6	 training	 hours/week).	 An	 incremental	 bicycle	 exercise	 test	 was	
performed	in	advance	in	order	to	obtain	the	individual	VO2max	and	to	rate	the	performed	exercise	intensity.	EEG,	heart	rate	(HR),	capillary	blood	
lactate	 concentra&on	 (LAC)	was	measured	 pre	 exercise,	 post0,	 post15,	 and	 post30.	 Ra&ngs	 of	 perceived	 exhaus&on	 (RPE)	was	 requested	 ader	
exercise.	Exercise	distance	and	Kme	was	assessed	using	Garmin	Forerunner	310XT	(Garmin,	Schayausen,	Switzerland).	7	triathletes	preferred	to	
run,	3	preferred	to	cycle.	

HOCKEY	
24	 male	 professional	 (Bundesliga,	 >5	 training	 hours/week)	 hockey	 players	 (age:	 23.5±7.5	
years;	 height:	 184.10cm;	 weight:	 76.88	 kg)	 were	 divided	 into	 an	 ac&ve	 (par&cipa&ng	 in	
compe&&on,	n=12)	 and	passive	 group	 (watching	 the	 compe&&on,	n=12).	EEG	was	 recorded	
pre	 and	 approximately	 60min	 post	 exercise.	 Mean	 heart	 rate	 (HR)	 was	 calculated	 from	
recordings	 during	 the	 match	 using	 a	 team	 heart	 rate	 monitoring	 system	 (acentas	 GmbH,	
Hörgertshausen,	Germany).	

HOCKEY	TRIATHLETES	

PARAMETER' TIME' UNIT'
TRIATHLETES'
nonApreferred'

TRIATHLETES'
preferred'

EEG frontal% PRE% [µV2]% !6.16%± 0.49% !6.23%± 0.40%
% POST0% [µV2]% !6.59%± 0.59% !6.60%± 0.59%
% POST15% [µV2]% !6.59%± 0.41% !6.53%± 0.50%
% POST30% [µV2]% !6.60%± 0.56% !6.58%± 0.51%

!

PARAMETER	 TIME	 UNIT	
HOCKEY		
active	

HOCKEY		
passive	

HR Mean during match [bpm] 151.00 ± 14.05 *passiv 87.10 ± 13.65 *active 

EEG frontal	 PRE	 [µV2]	 -8.10	± 0.44	 -7.62	± 0.35	
	 POST	 [µV2]	 -7.88	± 0.64	 -7.75	± 0.44	
EEG temporal	 PRE	 [µV2]	 -6.52	± 0.72	 -6.28	± 0.35	
	 POST	 [µV2]	 -6.36	± 0.68	 -6.09	± 0.66	
EEG parietal	 PRE	 [µV2]	 -7.36	± 0.63	 -6.84	± 0.28	
	 POST	 [µV2]	 -7.08	± 0.59	 -6.94	± 0.52	
EEG occipital	 PRE	 [µV2]	 -7.03	± 0.70	 -6.62	± 0.40	
	 POST	 [µV2]	 -6.81	± 0.63	 -6.48	± 0.66	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

CONCLUSION	
The	triathlete	study	supports	that	the	effect	of	exercise	on	brain	corKcal	acKvity	is	not	dependent	on	adaptaKon	or	exercise	preference.	The	hockey	data	suggests	that	steady	rather	than	interval	running	is	making	the	difference.	Steady	running	
exercise	seems	to	make	the	difference	for	the	effect	on	brain	corKcal	acKvity	and	was	again	proven	to	result	in	a	deacKvaKon	(relaxaKon)	especially	within	the	prefrontal	cortex.	Because	of	the	prefrontal	cortex	is	known	to	host	brain	regions	
with	execuKve	funcKons,	steady	running	should	be	recommended	to	support	mental	health.		


