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Abstract.	 [Purpose]	To	verify	the	immediate	effects	of	exercise	therapy	on	cancer-related	fatigue	(CRF)	in	cancer	
patients.	[Subjects	and	Methods]	Eighteen	cancer	patients	who	performed	exercise	therapy	targeting	a	rating	of	4	
(somewhat	strong)	on	the	Borg	category-ratio	scale	(CR-10)	were	enrolled.	CRF	was	evaluated	using	the	Cancer	Fa-
tigue	Scale	(CFS).	CFS	was	evaluated	in	clinical	practice	immediately	before	and	after	exercise	therapy	on	the	1st	or	
2nd	day	of	physiotherapy	for	CRF	management.	CFS	scores	before	and	after	exercise	were	compared	to	determine	
how	CRF	changed	due	to	exercise	therapy.	[Results]	CFS	physical,	CFS	affective,	CFS	cognitive,	and	CFS	total	all	
decreased	following	exercise	therapy,	and	the	changes	in	CFS	physical	and	CFS	total	were	statistically	significant.	
The	effect	sizes	for	CFS	physical	and	CFS	total	were	“medium”,	and	for	CFS	affective	and	CFS	cognitive	“small.”	
[Conclusion]	These	findings	suggest	that	exercise	therapy	targeting	a	rating	of	4	(somewhat	strong)	on	the	CR-10	
can	immediately	reduce	CRF	in	cancer	patients.
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INTRODUCTION

The	symptoms	experienced	by	cancer	patients	are	affected	by	a	variety	of	factors	related	to	the	disease	itself	and	the	treat-
ments	used.	Cancer-related	fatigue	(CRF)	is	one	such	symptom.	According	to	the	National	Comprehensive	Cancer	Network	
(NCCN),	“Cancer-related	fatigue	is	a	distressing,	persistent,	subjective	sense	of	physical,	emotional,	and/or	cognitive	tired-
ness	or	exhaustion	related	to	cancer	or	cancer	treatment	that	is	not	proportional	to	recent	activity	and	interferes	with	usual	
functioning”1).	In	total,	70–100%	of	cancer	patients	are	said	to	experience	CRF2), and its presence can reduce their quality of 
life3),	making	managing	CRF	an	important	part	of	cancer	therapy.

In	 the	NCCN	Guidelines1),	 physical	 activity	 is	 a	 category-1	 intervention	 for	CRF	management	because	 “Based	upon	
high-level	evidence,	there	is	uniform	NCCN	consensus	that	the	intervention	is	appropriate”.	Several	studies	have	reported	
improved	CRF	as	a	result	of	exercise	interventions4–6). Segal et al.7) studied 24 bladder cancer patients receiving radiation 
therapy,	and	had	them	perform	an	aerobic	exercise	and	strength	training	intervention	for	24	weeks.	They	found	that	fatigue	
improved	more	in	the	intervention	group	than	in	the	non-intervention	group.	While	these	studies	showed	that	interventions	
are	effective	over	a	certain	time	period,	in	our	clinic,	we	have	observed	patients	who	have	experienced	a	reduction	in	fatigue	
immediately	 after	 an	 exercise	 intervention.	However,	 the	manner	 in	which	CRF	 changes	 immediately	 after	 an	 exercise	
intervention has not yet been described.
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With	the	above	in	mind,	the	objective	of	this	study	was	to	verify	the	immediate	effects	of	exercise	therapy	on	CRF	in	
cancer patients.

SUBJECTS AND METHODS

The	subjects	were	cancer	patients	hospitalized	at	the	Cancer	Center,	Department	of	Radiology,	Chemotherapy	Center,	or	
Department	of	Hematology	at	our	hospital	from	August	1,	2012	to	July	31,	2013.	Patients	were	included	if	they	underwent	
radiation	and/or	chemotherapy	for	cancer	and	performed	exercise	therapy	in	the	form	of	leg	strength	and	walking	training	
under	the	guidance	of	a	physical	therapist.	Patients	were	excluded	if	assessments	were	difficult	because	of	reduced	cognitive	
function,	if	they	had	difficulty	performing	exercise	therapy,	or	if	CRF	was	not	evaluated.

CRF	is	normally	evaluated	in	clinical	practice	immediately	before	and	after	exercise	therapy	on	the	1st	or	2nd	day	of	
physiotherapy	 for	CRF	management.	We	 retrospectively	 collected	 the	 results	 of	 these	CRF	 evaluations,	 as	well	 as	 data	
regarding	gender,	age,	body	mass	index,	performance	status	(PS),	type	of	cancer,	types	of	treatment,	and	the	Barthel	index	
(BI)	from	electronic	medical	records.	This	study	was	approved	by	our	university’s	ethics	committee	(No.	H-25–162).

CRF	was	 evaluated	using	 the	Cancer	Fatigue	Scale	 (CFS)8),	which	 is	 a	 self-administered	questionnaire	 developed	 to	
assess	 fatigue	due	 to	cancer.	The	CFS	 is	a	multidimensional	 scale	consisting	of	 three	subscales:	physical	 subscale	 (CFS	
physical),	affective	subscale	(CFS	affective),	and	cognitive	subscale	(CFS	cognitive).	The	reliability,	validity,	and	feasibility	
of	the	CFS	were	confirmed	by	a	previous	study9).	The	15	questions	included	in	the	CFS	are	rated	from	1–5	(1	no,	2	a	little,	
3	somewhat,	4	considerably,	5	very	much)	based	on	the	patient’s	current	condition.	These	scores	are	used	to	calculate	scores	
for	each	subscale,	as	well	as	a	total	scale	score	(CFS	total).	For	all	scales,	higher	scores	indicate	more	severe	fatigue.	The	
maximum	scores	are	28	points	for	CFS	physical,	16	points	for	CFS	affective,	16	points	for	CFS	cognitive,	and	60	points	for	
CFS	total.	Patients	whose	CFS	total	is	≥19	points	are	considered	to	have	severe	fatigue9). The physical therapist in charge 
of	each	case	handed	the	CFS	questionnaire	to	the	patient,	and	entered	the	score	into	the	patient’s	electronic	medical	record.

The	types	of	exercise	therapy	were	standing-sitting	training	to	strengthen	the	leg	muscles	and	walking	training	to	improve	
walking	ability.	For	both	exercises,	 intensity	was	 set	using	 the	Borg	category-ratio	 scale	 (CR-10),	which	 is	 a	 subjective	
marker	of	exercise	intensity10).	In	standing-sitting	training,	patients	were	asked	to	repeatedly	stand	up	and	sit	down	until	they	
felt	the	intensity	was	equivalent	to	a	rating	of	4	(somewhat	strong)	on	the	CR-10.	This	number	of	repetitions	was	considered	
as	one	set,	and	each	participant	performed	three	sets	in	total.	In	walking	training,	patients	were	asked	to	walk	continuously	
until	they	felt	intensity	equivalent	to	a	rating	of	4	(somewhat	strong)	on	the	CR-10.	Again,	this	number	of	repetitions	was	
considered	 as	 one	 set,	 and	 each	participant	 performed	 three	 sets	 in	 total.	The	 total	 duration	of	 the	 exercise	 session	was	
20–40	min,	including	standing-sitting	and	walking.

After	confirming	 the	normality	of	 the	data	with	 the	Shapiro-Wilk	 test,	 the	CFS	scores	before	and	after	exercise	were	
compared	using	a	paired	 t-test.	 IBM	SPSS	version	21.0	for	Windows	(IBM	Corp.,	Armonk,	NY,	USA)	was	used	for	 the	
analysis.	The	significance	level	was	set	at	5%.	G*Power	3.1.9.211)	was	used	to	calculate	Cohen’s	d-values	to	determine	the	
effect	sizes	in	the	paired	t-tests.	A	Cohen’s	d-value	of	0.20	was	considered	“small,”	0.50	was	considered	“medium,”	and	0.80	
was	considered	“large”12).

RESULTS

Of	the	24	patients	who	met	the	inclusion	criteria,	two	were	excluded	because	they	did	not	take	part	in	exercise	therapy,	one	
because	CRF	was	difficult	to	assess	due	to	reduced	cognitive	function,	and	three	because	CRF	data	were	missing.	This	left	
18	subjects	with	data	suitable	for	analysis	(Fig. 1). Table 1	shows	the	characteristics	of	these	18	patients.	Before	the	exercise	
intervention,	CFS	physical	was	 10.9,	CFS	 affective	was	 8.1,	CFS	 cognitive	was	 4.8,	 and	CFS	 total	was	 23.7.	 Fourteen	
patients	were	considered	 to	have	severe	 fatigue.	After	 the	exercise	 intervention,	 scores	 for	CFS	physical,	CFS	affective,	
CFS	cognitive,	and	CFS	total	all	decreased,	and	the	differences	in	CFS	physical	and	CFS	total	were	statistically	significant	
(p=0.023,	p=0.006).	The	effect	 size	was	medium	for	CFS	physical	 (d=0.59)	and	CFS	 total	 (d=0.74),	 and	 small	 for	CFS	
affective	(d=0.05)	and	CFS	cognitive	(d=0.25)	(Table 2).	CFS	total	decreased	after	exercise	in	12	of	18	patients,	increased	
in four patients, and did not change in two patients. Table 3	compares	the	characteristics	of	the	groups	with	decreased	CFS	
total	(improved	group)	and	increased/unchanged	CFS	total	(non-improved	group).	Compared	to	patients	in	the	non-improved	
group,	those	in	the	improved	group	tended	to	be	older,	and	have	higher	PS	and	CFS	total	scores	and	lower	BI.

DISCUSSION

In	this	study,	we	retrospectively	investigated	the	immediate	effects	of	exercise	interventions	on	CRF	in	cancer	patients	
hospitalized	for	radiotherapy	and/or	chemotherapy.	Fourteen	(78%)	of	the	18	subjects	had	severe	fatigue.	Hosokawa	et	al.13) 
evaluated	cancer	patients	hospitalized	in	radiology	departments	using	CFS,	and	found	that	60.4%	had	severe	fatigue.	While	
the ratio of patients with severe fatigue was higher in the present study, all patients in our study were receiving radiotherapy 
or	chemotherapy,	while	14	patients	(29.8%)	in	the	previous	study	were	not	receiving	either	therapy.

Scores	for	CFS	physical,	CFS	affective,	CFS	cognitive,	and	CFS	total	all	decreased	after	exercise	therapy,	and	the	de-
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creases	in	CFS	physical	and	CFS	total	were	statistically	significant.	Furthermore,	the	effect	size	of	exercise	therapy	on	CFS	
physical	and	CFS	total	was	at	least	medium.	These	results	suggest	that	exercise	therapy	immediately	reduces	CRF	in	cancer	
patients undergoing treatment.

Several	studies	have	demonstrated	that	exercise	therapy	improves	CRF.	A	meta-analysis	by	Brown	et	al.14) concluded that 
exercise	therapy	was	effective	in	improving	CRF.	However,	the	studies	included	in	this	meta-analysis	described	the	long-term	
effects	of	exercise	therapy,	with	exercise	being	performed	for	a	mean	of	3.5	days	per	week	over	a	mean	of	11.5	weeks.	We	
were	unable	to	find	any	previous	studies	that	examined	the	immediate	effects	of	exercise	therapy	on	CRF.	The	novel	findings	
of	this	study	suggest	that	CRF	improves	immediately	after	exercise	therapy.

Previous	studies	have	used	different	exercise	intensities	for	cancer	patients.	The	studies	in	the	meta-analysis	published	
by	Brown	et	al.14)	employed	a	mean	exercise	intensity	of	4.5	METs	for	strength	training,	which	is	equivalent	to	moderate	
intensity	(60–80%	of	1	repetition	maximum,	1-RM),	and	a	mean	exercise	intensity	of	5.6	METs	for	aerobic	exercise	(40–60%	
maximal	oxygen	consumption).	Additionally,	the	American	College	of	Sports	Medicine	(ACSM)15)	recommends	40–60%	of	
1-RM	for	strength	training	and	40–60%	oxygen	uptake	reserve	or	heart	rate	reserve	for	aerobic	exercise	for	cancer	patients.	
In	the	present	study,	the	intensity	of	strength	training	and	aerobic	exercise	was	set	at	a	rating	of	4	(somewhat	strong)	on	the	
CR-10.	Pincivero	et	al.16)	reported	that	this	intensity	of	strength	training	is	equivalent	to	40%	of	1-RM,	which	is	lower	than	

Fig. 1.  Flowchart of subject enrollment.

Table 1.		Characteristics	of	the	study	subjects

Age	(yrs) 66.4 ± 16.6
Gender:	Male/Female 11/7
Body	mass	index	(kg/m2) 19.8	±	3.3
Performance	status	(grade) 2	(1–3)
Type	of	cancer:

hematopoietic	tumor/solid	tumor 10/8
Type	of	therapy:

radiation	therapy/chemotherapy 10/8
Barthel	index 85.2	±	15.5
Gender,	 Type	 of	 cancer,	 Type	 of	 therapy	 are	 expressed	 as	
numbers.
Age,	Body	mass	 index,	Barthel	 index	are	 expressed	 as	 the	
mean  ± standard deviation.
Performance	status	is	expressed	as	the	median	with	range.

Table 2.	Cancer	Fatigue	Scale	(CFS)	values	before	(pre)	and	
immediately	(post)	after	exercise

Pre Post
Mean  

difference	 
(95%	CI)

p-
value

Effect	
size

CFS	physical 10.9	±	4.9 8.3	±	4.9 2.6	(0.4–4.8) 0.023 0.59
CFS	affective 8.1	±	2.8 7.9 ± 3.2 0.1	(−1.1–1.3) 0.847 0.05
CFS	cognitive 4.8	±	3.1 4.1 ± 3.4 0.7	(−0.7–2.0) 0.306 0.25
CFS	total 23.7	±	8.5 20.3	±	8.7 3.4	(1.1–5.7) 0.006 0.74
Values	are	expressed	as	the	mean		±	standard	deviation.
Effect	size:	Cohen’s	d.

Table 3.	Differences	in	subject	characteristics	between	the	Can-
cer	Fatigue	Scale	(CFS)	total	improved	and	worsened/
unchanged groups

Improved 
group	(n=12)

Worsened/
unchanged 
group	(n=6)

Age	(yrs) 67.5	±	15.0 64.3	±	20.8
Gender:	Male/Female 8/4 3/3
Body	mass	index	(kg/m2) 20.9	±	3.5 17.8	±	1.5
Performance	status	(grade) 2	(1–3) 1	(1–2)
Type	of	cancer:

hematopoietic	tumor/solid	tumor 4/8 6/0
Type	of	therapy:

radiation	therapy/chemotherapy 4/8 6/0
Barthel	index 82.2	±	17.8 91.2 ± 7.1
CFS	total 25.8	±	7.5 21.5	±	10.8
Gender,	Type	of	cancer,	Type	of	therapy	are	expressed	as	num-
bers.
Age,	Body	mass	index,	Barthel	index,	CFS	total	are	expressed	as	
the mean  ± standard deviation.
Performance	 status	 is	 expressed	 the	median	 (minimum−maxi-
mum).
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the	intensity	of	strength	training	used	in	the	report	by	Brown	et	al.14)	but	still	within	the	ACSM’s	recommendations.	For	
aerobic	exercise,	since	we	did	not	perform	cardiopulmonary	stress	tests	or	other	exams,	it	is	difficult	to	compare	the	exercise	
intensity	with	that	in	previous	studies	or	that	recommended	by	the	ACSM.	However,	Uwajima	et	al.17) reported that a score 
of	13	on	the	Borg	scale,	which	corresponds	to	a	rating	of	4	(somewhat	strong)	on	the	CR-10,	is	equivalent	to	the	anaerobic	
threshold	(AT).	Furthermore,	Zamunér	et	al.18)	reported	that	a	rating	of	5	(strong)	on	the	CR-10	was	equivalent	to	the	AT,	
which	indicates	that	the	intensity	of	aerobic	exercise	in	the	present	study	was	close	to	the	AT-level	intensity	that	is	generally	
recommended.	Moreover,	when	we	compared	the	improved	and	non-improved	groups	after	exercise,	patients	in	the	improved	
group	had	more	severe	CRF,	greater	age,	and	lower	PS	and	BI.	These	findings	suggest	that	exercise	can	immediately	improve	
CRF	in	patients	whose	fatigue	is	more	severe,	who	are	older,	whose	general	condition	is	worse,	and	whose	daily	activities	
are more limited. The reason for this was not clear. However, it may be that patients with these characteristics are generally 
bedridden	for	longer,	and	benefit	more	from	exercise	in	terms	of	improved	mood.

In	clinical	practice,	patients	with	severe	CRF	tend	to	avoid	exercise	therapy.	Such	behavior	can	increase	the	risk	of	disuse	
syndrome.	The	findings	of	the	present	study	suggest	that	exercise	therapy	targeting	a	rating	of	4	(somewhat	strong)	on	the	
CR-10	can	be	performed	without	aggravating	CRF.

One	limitation	of	this	study	is	the	lack	of	a	control	group,	which	made	it	impossible	to	demonstrate	the	true	effects	of	
exercise	therapy.	In	addition,	we	did	not	clarify	how	exercise	therapy	caused	the	immediate	decrease	in	CRF.	Moreover,	
we	did	not	consider	the	diurnal	variation	of	CRF	or	the	subjects’	physical	condition.	We	needed	to	select	the	time	of	CRF	
evaluation	(e.g.	morning,	afternoon,	and	time	of	best	or	worst	physical	condition).	Finally,	the	sample	size	of	this	study	was	
small, and subjects with various types of cancer were included. We believe that despite these limitations, the results of this 
study	are	still	clinically	significant.	In	the	future,	investigations	including	control	groups	will	be	necessary	to	identify	the	
factors	involved	in	immediate	reductions	in	CRF.

We	investigated	the	immediate	effects	of	exercise	therapy	on	CRF	in	hospitalized	cancer	patients	undergoing	radiotherapy	
and/or	chemotherapy.	The	results	showed	that	CFS	scores	decreased	immediately	after	exercise	therapy,	which	suggests	that	
exercise	therapy	targeting	a	rating	of	4	(somewhat	strong)	on	the	CR-10	may	produce	an	immediate	decrease	in	CRF.

REFERENCES

1)	 National	Comprehensive	Cancer	Network	(2016):	NCCN	Clinical	Practice	Guidelines	in	Oncology:	Cancer-Related	Fatigue	(Version	1).
2)	 Mock	V:	Fatigue	management:	evidence	and	guidelines	for	practice.	Cancer,	2001,	92:	1699–1707.	[Medline]  [CrossRef]
3)	 Curt	GA,	Breitbart	W,	Cella	D,	et	al.:	Impact	of	cancer-related	fatigue	on	the	lives	of	patients:	new	findings	from	the	Fatigue	Coalition.	Oncologist,	2000,	5:	

353–360.	[Medline]  [CrossRef]
4)	 Schneider	CM,	Hsieh	CC,	Sprod	LK,	et	al.:	Effects	of	supervised	exercise	training	on	cardiopulmonary	function	and	fatigue	in	breast	cancer	survivors	during	

and	after	treatment.	Cancer,	2007,	110:	918–925.	[Medline]  [CrossRef]
5)	 Mock	V,	Pickett	M,	Ropka	ME,	et	al.:	Fatigue	and	quality	of	life	outcomes	of	exercise	during	cancer	treatment.	Cancer	Pract,	2001,	9:	119–127.	[Medline]  

[CrossRef]
6)	 Monga	U,	Garber	SL,	Thornby	J,	et	al.:	Exercise	prevents	fatigue	and	improves	quality	of	life	in	prostate	cancer	patients	undergoing	radiotherapy.	Arch	Phys	

Med	Rehabil,	2007,	88:	1416–1422.	[Medline]  [CrossRef]
7)	 Segal	RJ,	Reid	RD,	Courneya	KS,	et	al.:	Randomized	controlled	trial	of	resistance	or	aerobic	exercise	in	men	receiving	radiation	therapy	for	prostate	cancer.	

J	Clin	Oncol,	2009,	27:	344–351.	[Medline]  [CrossRef]
8)	 Okuyama	T,	Akechi	T,	Kugaya	A,	et	al.:	Development	and	validation	of	the	cancer	fatigue	scale:	a	brief,	three-dimensional,	self-rating	scale	for	assessment	of	

fatigue	in	cancer	patients.	J	Pain	Symptom	Manage,	2000,	19:	5–14.	[Medline]  [CrossRef]
9)	 Nukui	Y:	Preoperative	and	postoperative	coping	in	mastectomy	therapy.	J	Jpn	Soc	Cancer	Nurs,	2001,	15:	17–27	(In	Japanese).
10)	 Borg	GA:	Psychophysical	bases	of	perceived	exertion.	Med	Sci	Sports	Exerc,	1982,	14:	377–381.	[Medline]  [CrossRef]
11)	 Faul	F,	Erdfelder	E,	Lang	AG,	et	al.:	G*Power	3:	a	flexible	statistical	power	analysis	program	for	the	social,	behavioral,	and	biomedical	sciences.	Behav	Res	

Methods,	2007,	39:	175–191.	[Medline]  [CrossRef]
12)	 Cohen	J:	A	power	primer.	Psychol	Bull,	1992,	112:	155–159.	[Medline]  [CrossRef]
13)	 Hosokawa	M,	Ono	T,	Kiyohara	H,	et	al.:	The	relationship	between	result	of	evaluation	and	factors	affecting	the	feeling	of	fatigue	in	cancer	patients.	Ann	

Gunma	Health	Sci,	2004,	24:	17–22	(In	Japanese).
14)	 Brown	JC,	Huedo-Medina	TB,	Pescatello	LS,	et	al.:	Efficacy	of	exercise	interventions	in	modulating	cancer-related	fatigue	among	adult	cancer	survivors:	a	

meta-analysis.	Cancer	Epidemiol	Biomarkers	Prev,	2011,	20:	123–133.	[Medline]  [CrossRef]
15)	 American	College	of	Sports	Medicine:	ACSM’s	guidelines	for	exercise	testing	and	prescription,	8th	ed.	Philadelphia:	Lippincott	Williams	&	Wilkins,	2009.
16)	 Pincivero	DM,	Coelho	AJ,	Campy	RM:	Perceived	exertion	and	maximal	quadriceps	femoris	muscle	strength	during	dynamic	knee	extension	exercise	in	young	

adult	males	and	females.	Eur	J	Appl	Physiol,	2003,	89:	150–156.	[Medline]  [CrossRef]
17)	 Uwajima	K,	Saito	M,	Shitahara	A,	et	al.:	Studies	on	semi-quantitative	evaluation	of	subjective	symptoms	during	exercise	(in	Japanese).	Jpn	J	Clin	Physiol,	

1988,	18:	111–115.
18)	 Zamunér	AR,	Moreno	MA,	Camargo	TM,	et	al.:	Assessment	of	subjective	perceived	exertion	at	the	anaerobic	threshold	with	the	Borg	CR-10	scale.	J	Sports	

Sci	Med,	2011,	10:	130–136.	[Medline]

http://www.ncbi.nlm.nih.gov/pubmed/11598890?dopt=Abstract
http://dx.doi.org/10.1002/1097-0142(20010915)92:6+<1699::AID-CNCR1500>3.0.CO;2-9
http://www.ncbi.nlm.nih.gov/pubmed/11040270?dopt=Abstract
http://dx.doi.org/10.1634/theoncologist.5-5-353
http://www.ncbi.nlm.nih.gov/pubmed/17582616?dopt=Abstract
http://dx.doi.org/10.1002/cncr.22862
http://www.ncbi.nlm.nih.gov/pubmed/11879296?dopt=Abstract
http://dx.doi.org/10.1046/j.1523-5394.2001.009003119.x
http://www.ncbi.nlm.nih.gov/pubmed/17964881?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2007.08.110
http://www.ncbi.nlm.nih.gov/pubmed/19064985?dopt=Abstract
http://dx.doi.org/10.1200/JCO.2007.15.4963
http://www.ncbi.nlm.nih.gov/pubmed/10687321?dopt=Abstract
http://dx.doi.org/10.1016/S0885-3924(99)00138-4
http://www.ncbi.nlm.nih.gov/pubmed/7154893?dopt=Abstract
http://dx.doi.org/10.1249/00005768-198205000-00012
http://www.ncbi.nlm.nih.gov/pubmed/17695343?dopt=Abstract
http://dx.doi.org/10.3758/BF03193146
http://www.ncbi.nlm.nih.gov/pubmed/19565683?dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.112.1.155
http://www.ncbi.nlm.nih.gov/pubmed/21051654?dopt=Abstract
http://dx.doi.org/10.1158/1055-9965.EPI-10-0988
http://www.ncbi.nlm.nih.gov/pubmed/12665978?dopt=Abstract
http://dx.doi.org/10.1007/s00421-002-0768-0
http://www.ncbi.nlm.nih.gov/pubmed/24149305?dopt=Abstract

