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The	aim	of	the	research	described	in	this	thesis	was	to	develop	performance-based	tests	of	
physical	 functioning	 in	patients	with	Ankylosing	Spondylitis	 (AS)	and	to	gain	more	 insight	
into	 the	 course	 and	 predictors	 of	 physical	 functioning	 in	 AS	 patients	 treated	 with	 tumour	
necrosis	factor	alfa	inhibitors	(TNFi).	In	this	final	chapter,	the	main	results	of	the	studies	will	
be	 summarised	 and	 discussed.	 Furthermore,	 suggestions	 for	 future	 research	 and	 clinical	
implications	will	be	given.

Development of performance-based tests of physical functioning

As	limitations	in	physical	functioning	are	an	important	feature	of	AS,	adequate	measurement	
of	 physical	 functioning	 is	 essential.	 Commonly,	 limitations	 in	 physical	 functioning	 are	
assessed	 with	 the	 self-reported	 BASFI	 questionnaire	 [1].	 However,	 questionnaires	 report	
what	a	patient	thinks	he/she	can	do,	which	can	be	an	overestimation	or	underestimation	of	
the	actual	level	of	functioning.	Hence,	there	is	an	unmet	need	for	a	new	outcome	parameter	
that	is	less	influenced	by	patient	perceptions.	Performance-based	measures	could	fulfil	this	
need.	These	tests	are	frequently	used	in	other	diseases	and	conditions	(e.g.,	the	elderly,	and	
those	with	chronic	low	back	pain,	respiratory	disease,	heart	failure,	and	osteoarthritis	[2-8]),	
to	measure	limitations	in	physical	functioning,	but	were	not	yet	available	in	AS.	We	therefore	
developed	eight	performance-based	measures	based	on	the	BASFI	questionnaire:	1.	climbing	
stairs,	2.	bending,	3.	reaching,	4.	putting	on	socks,	5.	rising	up	and	sitting	down	on	a	chair,	6.	
getting	up	from	the	floor,	7.	looking	over	the	shoulder,	and	8.	a	physically	demanding	activity	
(shuttle-walk	test)	(Appendix	 III).	These	tests	could	offer	a	valid	way	to	assess	changes	 in	
physical	 functioning	over	 time	and	evaluate	 the	 response	 to	 therapeutic	 interventions	 like	
TNFi	therapy.

The	 quality	 of	 an	 assessment	 tool	 like	 performance-based	 tests	 depends	 on	 its	
measurement	properties,	such	as	 reliability	 (the	degree	 to	which	 the	measurement	 is	 free	
from	measurement	error),	validity	(the	degree	to	which	an	instrument	measures	the	construct	
it	 purports	 to	 measure),	 and	 responsiveness	 (the	 ability	 of	 a	 measurement	 instrument	 to	
detect	change	over	time	in	the	construct	to	be	measured)	[9].	The	feasibility	of	a	test	is	also	an	
important	feature.	These	properties	are	(highly)	dependent	on	the	population	in	which	they	
are	examined.	Thus,	before	an	outcome	measure	 like	 the	performance-based	 tests	can	be	
used	in	research	or	clinical	practice,	it	is	important	to	evaluate	the	measurement	properties	
in	the	intended	patient	population	[9].

In	Chapter 2,	 the	 intra-rater	test-retest	reliability	and	measurement	error	–	both	important	
aspects	of	reliability	–	of	the	eight	performance-based	tests	are	reported.	Test-retest	reliability	
refers	to	the	extent	to	which	scores	are	the	same	over	time	for	patients	who	have	not	changed	
[9].	This	was	assessed	with	intraclass	correlation	coefficients	(ICC).	Measurement	error	refers	
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to	the	systematic	and	random	error	of	a	patient’s	score	that	is	not	attributable	to	true	changes	
in	 the	 construct	 to	 be	 measured	 [9].	 The	 random	 error	 was	 estimated	 by	 calculating	 the	
standard	error	of	measurement	(SEM)	and	minimal	detectable	difference	(MDD).	The	method	
of	limits	of	agreement	(LoA)	was	used	to	assess	the	systematic	error.

All	the	aforementioned	parameters	were	reported	for	both	the	performance	scores	(i.e.:	
time)	and	the	scores	for	exertion	and	pain	associated	with	executing	the	tests.	Patients	were	
examined	twice	by	the	same	observer,	with	a	1-week	interval.	During	this	short	period,	it	was	
assumed	that	the	disease	activity	remained	stable	and	the	level	of	physical	functioning	was	
unchanged.	The	observed	differences	would	therefore	be	attributable	to	measurement	error.	
The	 reliability	 of	 the	 performance	 score	 (ICC)	 was	 adequate	 to	 excellent	 for	 all	 tests	 and	
satisfactory	for	group	assessment	(research	context)	(i.e.,	all	ICC	>0.70).	For	the	evaluation	
of	individual	patients,	a	higher	level	of	reliability	of	the	performance	score	is	desirable	for	
some	 tests	 (i.e.,	 ‘bending’	 and	 ‘reaching’).	The	 reliability	 of	 the	 exertion	 and	 pain	 scores	
associated	with	the	execution	of	the	tests	also	showed	adequate	ICC,	with	the	exception	of	
the	test	for	‘looking	over	the	shoulder’.	The	ICC	for	exertion	and	pain	associated	with	this	
test	were	just	below	the	threshold	value	of	0.70.

The	ICC	of	the	performance	scores	were	comparable	with	the	ICC	values	reported	for	the	
reliability	of	the	BASFI	questionnaire.	There	was	no	systematic	difference	between	the	first	
and	 second	 measurement,	 with	 the	 exception	 of	 the	 performance	 score	 for	 the	 ‘bending’	
test.	The	MDD	ranged	between	10%-24%	of	 the	observed	score.	To	 increase	the	reliability	
and	decrease	 the	SEM	and	MDD,	 the	performance-based	 tests	should	consist	of	 repeated	
measurements.

Another	aspect	of	reliability	 is	the	 internal	consistency	(the	degree	of	the	 interrelatedness	
among	 the	 items	 [9])	 that	was	 reported	 in	Chapter 3.	 It	was	shown	 that	all	 tests	measure	
the	same	construct,	except	for	the	test	‘looking	over	the	shoulder’.	This	test	had	low	inter-
item	correlations	with	all	other	tests	(0.25-0.32),	which	was	confirmed	by	factor	analyses	and	
Cronbach’s	Alpha.	Therefore,	later	analyses	were	performed	separately	for	the	‘looking	over	
the	shoulder’	test	and	the	combination	of	the	remaining	seven	tests.

In	order	to	assess	the	validity	of	the	performance-based	tests,	cross-sectional	associations	
between	the	performance	tests	and	the	BASFI	questionnaire	were	examined	and	reported	in	
Chapters 2 and 3.	Strong	correlations	suggest	that	both	outcomes	are	measuring	the	same	
construct,	whereas	weak	correlations	suggest	a	small	overlap	between	 the	 two	methods,	
which	apparently	are	measuring	different	aspects	of	the	same	construct.	Patients	completed	
the	BASFI	questionnaire	and	executed	the	performance-based	tests	within	a	1-month	period.	
The	assessor	of	the	performance	tests	was	blinded	for	the	results	of	the	BASFI	questionnaire.	
The	univariable	associations	between	the	performance	scores	(measured	in	time)	and	BASFI	
were	moderate	to	weak.	This	was	seen	both	on	item	level	(e.g.,	the	test	for	‘stair	climbing’	
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with	the	corresponding	BASFI	question	for	‘stair	climbing’)	as	well	as	on	the	total	score	of	the	
performance	tests	with	the	total	BASFI	score.	Multivariable	analyses	showed	that	exertion	
and	 pain	 associated	 with	 the	 execution	 of	 the	 performance	 tests	 related	 stronger	 to	 the	
BASFI	questionnaire	 than	actual	performance	(i.e.,	 time).	The	weak	associations	between	
the	performance	tests	and	questionnaire	found	in	our	study	are	in	line	with	other	studies	[7,	
8,	10-15],	and	suggest	that	performance-based	tests	of	physical	functioning	and	the	BASFI	
questionnaire	do	not	measure	the	same	aspects	of	physical	functioning	in	patients	with	AS.	
Furthermore,	the	performance-based	test	showed	to	have	a	moderate	association	with	the	
BASMI	 and	 a	 weak	 association	 with	 the	 BASDAI	 questionnaire.	This	 suggests	 that	 actual	
physical	functioning	is	more	influenced	by	spinal	and	hip	mobility	(BASMI)	than	by	disease	
activity	(BASDAI).

In	Chapter 4	the	responsiveness	(the	ability	to	detect	change	over	time	in	the	construct	to	be	
measured)	was	assessed.	To	determine	whether	the	performance-based	tests	were	sensitive	
enough	to	detect	change	over	time,	the	tests	were	applied	to	a	group	of	AS	patients	eligible	
for	TNFi	therapy.	TNFi	therapy	is	known	to	be	a	very	effective	treatment	of	AS.	Patients	were	
examined	at	baseline	and	after	3	months	of	treatment.

Improvement	 in	 performance-based	 physical	 functioning	 was	 defined	 as	 a	 20%	 intra-
individual	improvement	from	baseline.	This	method	is	commonly	used	in	rheumatology	and	
proposed	in	literature	[16].	The	Assessment	of	Spondyloarthritis	international	Society	(ASAS)	
also	adopted	an	intraindividual	change	in	terms	of	percentage	for	defining	improvement	as	
a	basic	principle	and	this	resulted	–	among	others	–	in	the	ASAS20%	improvement	criteria	
[17].	The	advantage	of	such	a	relative,	intraindividual	change	is	that	is	easier	to	interpret	in	
a	clinical	setting.

After	3	months	of	TNFi	treatment,	a	significant	improvement	in	performance-based	physical	
functioning	was	seen	(p <	0.0001)	and	63%	of	the	patients	were	defined	as	improvers	(i.e.,	
showed	 an	 improvement	 of	 ≥20%).	 Almost	 50%	 of	 the	 patients	 had	 an	 improvement	 in	
performance-based	functioning	and	were	classified	as	‘responders’	according	to	the	ASAS20	
criteria.	A	substantial	proportion	of	patients,	however,	improved	on	the	performance	tests	
but	were	not	responders	on	the	ASAS20.	Patients	thus	improved	in	performance	(e.g.,	could	
get	up	from	the	floor	more	quickly),	but	(still)	experienced	pain,	stiffness,	fatigue,	and/or	
unchanged	limitations	in	physical	functioning.	The	same	pattern	was	seen	when	improvers	
on	 the	 performance	 tests	 were	 compared	 to	 improvers	 on	 the	 BASFI	 questionnaire.	 Most	
patients	improved	on	both	outcomes,	but	a	substantial	portion	improved	on	the	performance-
based	tests	but	not	on	the	BASFI	questionnaire.

In	 the	 light	 of	 these	 results,	 the	 question	 arises:	 Is	 the	 chosen	 cut-off	 point	 of	 20%	 to	
define	improvement	correct?	This	can	be	divided	in	two	sub-questions:	

1.	 Does	it	refer	to	a	(minimal)	clinically	important	difference	(MCID)?
2.	 Does	it	exceed	the	measurement	error?
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As	to	the	first	question,	the	MCID	for	the	performance-based	tests	has	yet	to	be	determined.	
The	MCID	is	often	calculated	using	a	‘transition’	measure	or	anchor-based	method.	In	this	
method,	 patients	 are	 surveyed	 about	 their	 perception	 of	 change	 that	 has	 occurred	 as	 a	
result	of	treatment,	indicated	on	an	external	criterion,	or	anchor	(e.g.,	a	7-point	Likert	scale).	
Patients	thus	rate	their	perceived	change.	However,	this	method	is	also	patient-reported	and	
can	be	biased	by	estimates	of	the	prior	state	(response	shift	or	implicit	theory	of	change)	[18].	
We	therefore	did	not	consider	this	as	an	appropriate	anchor	for	an	(objective),	performance-
based	outcome	measure.

A	 definite	 reply	 to	 the	 second	 question	 is	 more	 challenging.	 However,	 it	 is	 unlikely	
that	 all	 observed	 changes	 were	 attributable	 to	 measurement	 error:	 the	 reliability	 of	 the	
measurements	was	high	and	the	SEM	was	relatively	small,	ranging	from	3.6%	-	8.7%	of	the	
observed	range.

Apart	from	being	reliable,	valid,	and	responsive,	an	outcome	measurement	should	also	be	
feasible	in	daily	clinical	practice,	and	redundant	testing	should	be	prevented	or	eliminated.	
In	Chapter 5,	therefore,	a	selection	of	tests	was	made.	All	tests	were	well	tolerated	by	the	
patients,	who	had	varying	limitations	in	physical	functioning.	The	performance	tests	were	
designed	in	such	a	way	that	patients	with	severe	disease	could	perform	them,	but	the	tests	
were	also	strenuous	enough	to	differentiate	highly	functional	patients.	Based	on	ICC,	SRM	
(standardized	 response	 mean),	 and	 the	 percentage	 of	 improvers	 after	 3	 months	 of	 TNFi	
therapy,	 the	 tests	 for	 ‘bending’,	 ‘putting	 on	 socks’,	 and	 ‘getting	 up	 from	 the	 floor’	 were	
selected.	 Patients	 were	 defined	 as	 improvers	 on	 the	 AS	 Performance-based	 Improvement	
criterion	(ASPI)	if	they	had	a	≥20%	improvement	on	one	or	more	of	the	three	selected	tests	
and	no	deterioration	of	≥20%	on	the	remaining	test(s).	A	point	in	favour	of	this	definition	of	
improvement	is	that	consistent	improvement	(or	absence	of	deterioration)	has	to	be	present	
in	 three	 separate	 tests	 simultaneously.	 Because	 multiple	 tests	 are	 taken	 into	 account,	 it	
gives	greater	confidence	in	the	idea	that	the	change	is	real	[17].

Lastly,	 the	 percentage	 of	 improvers	 on	 the	 full	 set	 of	 tests	 were	 compared	 to	 the	
percentage	 identified	 with	 the	 ASPI.	 The	 results	 showed	 that	 the	 ASPI	 criteria	 produced	
similar	information	in	comparison	with	the	full	set	of	tests.	The	percentage	improvers	on	the	
ASPI	was	67%	(compared	to	63%	for	the	full	set)	and	the	percentage	of	improvers	in	ASAS20	
non-responders	was	18%	(compared	to	16%	for	the	full	set).	The	selection	of	the	three	tests	
thus	generated	equivalent	information	to	that	of	the	full	set,	were	easy	to	administer,	and	
seemed	to	be	feasible	in	daily	clinical	practice.
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Disagreement between self-reported and performance-based assessments in AS
In	 this	 thesis	 we	 described	 limited	 agreement	 between	 the	 performance-based	 tests	 and	
patient-reported	 questionnaires	 of	 physical	 functioning.	 This	 observation	 is	 frequently	
described	in	literature	and	it	is	suggested	that	both	assessment	methods	measure	different	
aspects	of	 the	same	construct.	As	outlined	above,	self-reported	measures	refer	 to	what	a	
person	perceives	he/she	can	do,	which	acknowledges	the	perspective	and	prior	experiences	
of	the	patient	[19].	Performance-based	outcomes	measure	what	a	patient	actually	can	do	and	
are	free	of	bias	that	can	be	introduced	by	persons	making	implicit	judgments.	The	debate	
on	 clarifying	 the	 differences	 between	 both	 outcome	 measures	 is	 still	 ongoing.	 Numerous	
factors	have	been	claimed	to	contribute	to	the	moderate	associations	between	the	methods.	
Below	some	of	these	factors	are	outlined.

First,	to	complete	a	questionnaire,	patients	are	required	to	understand	the	question	and	
recall	the	relevant	behaviour	[18].	Cognitive	impairments,	culture,	language,	and	education	
may	influence	the	response	[10-12].	Moreover,	it	has	been	suggested	that	asking	a	patient	to	
recall	how	he/she	felt	last	week	is	mostly	influenced	by	the	most	severe	episode	of	symptoms	
experienced	just	prior	to	filling	in	the	questionnaire,	especially	in	disorders	that	may	fluctuate	
over	time,	like	arthritis	[18].	A	study	by	Berthelot	and	colleagues	indeed	showed	a	high	week-
to-week	variability	in	BASFI	and	BASDAI	scores	in	spondyloarthropathy	patients	[20].	In	the	
studies	described	in	this	thesis,	the	BASDAI	and	BASFI	were	only	assessed	before	and	after	
3	months	of	TNFi	therapy	and	it	is	therefore	not	possible	to	give	information	on	the	week-to-
week	variation	and	possible	influence	thereof	on	physical	functioning.

Factors	 related	 to	 the	 mental	 state	 of	 a	 patient	 (e.g.,	 depression,	 passive	 coping,	
helplessness,	and	fear	of	movement)	can	also	significantly	 influence	the	variability	 in	self-
reported	functioning	[7,	21]	or	influence	a	patient’s	score	on	a	performance	test.	With	chronic	
low-back	pain,	patients	who	reported	a	high	degree	of	fear	of	movement	or	(re)injury	showed	
more	fear	and	escape/avoidance	when	exposed	to	a	simple	movement	than	patients	with	a	low	
degree	of	fear	of	movement	or	(re)injury	[22].	Encouragement	by	the	assessor	can	positively	
affect	the	performance	of	a	patient	undergoing	a	performance	test	[23].	In	order	to	prevent	
bias	by	encouragement,	careful	standardisation	of	the	execution	of	the	test	is	needed.	In	the	
performance	 tests	 for	AS	 there	was	no	encouragement.	However,	neither	 type	of	outcome	
measure	 reflects	 adaptations	 made	 in	 everyday	 living,	 can	 distinguish	 unmotivated	 from	
incapable	patients,	or	accounts	for	personal	preferences	[24].

Another	factor	of	influence	on	the	association	between	self-report	and	performance-based	
assessments	might	relate	to	the	specific	phrasing	and	anchors	of	a	questionnaire.	In	the	BASFI	
questionnaire,	patients	are	asked	to	indicate	their	level	of	ability	(from	‘easy’	to	‘impossible’)	
to	perform	an	activity.	We	showed	that	patients	seem	to	include	pain	and	exertion	on	doing	
a	task	within	their	assessment.	They	might	take	this	into	account	subconsciously,	but	also	
consciously	 as	 part	 of	 the	 ‘ease’	 of	 doing	 a	 task.	 It	 would	 be	 interesting	 to	 examine	 how	
patients	interpreted	the	wording	of	the	anchors	of	the	BASFI	questionnaire.

Moreover,	 it	 has	 been	 suggested	 that	 time	 alone	 may	 be	 inadequate	 to	 represent	 the	
concept	of	physical	function	[14,	15].	The	performance	of	a	task,	with	elapsed	time	serving	
as	a	surrogate	for	the	amount	of	difficulty,	might	not	cover	the	breadth	of	domains	perceived	
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as	 relevant	 by	 the	 patient.	 It	 has	 been	 suggested	 that	 a	 composite	 score	 based	 on	 time,	
pain,	and	exertion	might	be	a	better	approach	[15].	In	a	clinical	setting,	the	use	of	all	scores	
(i.e.,	 time,	pain	or	exertion)	might	be	 the	preferred	approach,	because	a	change	 in	any	of	
the	 parameters	 could	 be	 relevant	 in	 the	 evaluation	 of	 therapies.	 However,	 in	 a	 research	
setting	it	is	important	to	only	measure	the	intended	concept	(i.e.,	actual	physical	function)	
free	from	any	bias	caused	by	other	parameters	(i.e.,	pain	and	exertion).	Furthermore,	pain	
and	 exertion	 experienced	 during	 performance	 are,	 just	 like	 the	 BASFI	 questionnaire,	 self-
reported	measures.	A	composite	score	partly	based	on	self-report	is	thus	deemed	to	suffer	
from	the	same	disadvantages:	the	risk	of	under-	or	overestimation.	Using	a	composite	score	
would,	therefore,	undermine	the	principal	reason	why	the	performance-based	measures	for	
AS	based	on	time	were	developed.

The	disconcordance	between	the	outcome	measures	can	also	be	influenced	by	AS-specific	
factors	that	are	more	strongly	related	to	(improvement	on)	the	performance	tests	on	the	one	
hand,	and	on	the	other	hand,	the	BASFI	questionnaire	and	ASAS20	response.	Based	on	our	
findings,	we	hypothesise	that	performance-based	physical	functioning	is	more	strongly	based	
on	structural	damage,	and	self-reported	physical	functioning	on	pain	and	fatigue.	We	did	find	
a	moderate	association	between	spinal	mobility	(BASMI)	and	the	performance-based	tests.	
Although	spinal	mobility	and	structural	damage	cannot	be	used	interchangeably	[25],	there	
is	some	interrelatedness	[26].	It	would	be	particularly	interesting	to	look	at	hip	involvement,	
because	hip	involvement	is	known	to	be	of	great	influence	on	physical	functioning	and	too	
often	be	affected	in	AS	patients	[27].	This	view	is	strengthened	by	hip	mobility	seeming	to	be	
of	vital	importance	in	all	three	selected	ASPI	tests.

Pain	and	fatigue	could	be	important	factors	influencing	self-reported	physical	functioning	
in	AS	patients.	Fatigue	is	one	of	the	predominant	symptoms	of	AS	patients.	AS	patients	are	
more	fatigued	than	healthy	people	[28]	and	fatigue	is	mostly	associated	with	pain,	but	also	
with	disease	activity	and	(self-reported)	physical	functioning	[29].	We	also	found	the	BASFI	
questionnaire	to	be	more	strongly	related	to	exertion	and	pain	associated	with	executing	the	
performance	tests.

The	model	for	health	outcomes	in	AS	by	Machado	et	al.	[30]	describes	that	(self-reported)	
physical	function	is	determined	by	both	disease	activity	(i.e.,	pain,	fatigue,	etc.)	and	spinal	
mobility.	Spinal	mobility	impairment,	in	turn,	is	determined	by	irreversible	spinal	damage	and	
by	reversible	spinal	inflammation,	with	spinal	mobility	impairment	being	more	influenced	by	
spinal	inflammation	in	early	disease,	and	by	structural	damage	in	later	disease	[30-31].	The	
information	 on	 structural	 damage,	 radiographic	 progression,	 hip	 involvement,	 and	 fatigue	
was	not	available	in	our	studies	and	this	relations	needs	to	be	evaluated	in	future.

It	would	also	be	worth	knowing	if	there	is	a	stronger	association	between	improvers	on	the	
performance	tests	and	the	activity	level	of	patients.	It	has	been	shown	that	TNFi	therapy	has	
a	positive	effect	on	the	activity	level	of	patients.	After	TNFi	therapy,	patients	train	more	often,	
and	at	a	higher	intensity,	which	could	lead	to	a	greater	improvement	in	performance-based	
physical	 functioning	 [32].	The	 role	 of	 physical	 activity	 in	 relation	 to	 performance-based	 or	
self-reported	physical	functioning	needs	to	be	further	clarified,	however.
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Finally,	 it	 would	 be	 interesting	 if	 improvement	 on	 performance-based	 (and	 self-reported)	
physical	functioning	could	be	predicted	by	certain	patient	characteristics	such	as	age,	gender,	
disease	duration,	BASFI	score,	etcetera.	However,	 in	our	relatively	small	study	population,	
we	 could	 not	 ascribe	 the	 improvers	 after	 TNFi	 therapy	 with	 any	 specific	 characteristics.	
Age,	 disease	 duration,	 and	 gender	 were	 not	 found	 to	 be	 associated	 with	 improvement	 in	
performance-based	physical	functioning.	Although,	the	non-improvers	in	performance-based	
physical	function	did	show	slightly	lower	baseline	values	for	performance,	only	this	difference	
did	not	reach	statistical	significance.	However,	it	could	be	that	patients	without	performance-
based	 improvement	experienced	a	milder	 impact	on	physical	 function	and	could	 therefore	
have	had	less	chance	for	improvement.	Maybe	in	future	research,	using	larger	populations,	
positive	predictors	of	physical	improvement	could	be	described.

Prediction of physical functioning in Ankylosing Spondylitis patients

Currently,	 only	 limited	 information	 is	 available	 on	 the	 long-term	 course,	 outcome,	 and	
predictors	of	limitations	in	physical	functioning	in	AS	patients	receiving	TNFi	therapy	in	daily	
clinical	practice.	More	insight	into	this	could	aid	the	selection	of	patients	or	give	direction	to	
additional	treatment	options.

In	Chapter 6	the	3-year	course,	outcome,	and	predictors	of	self-reported	physical	functioning	
(BASFI)	were	studied	in	an	observational	cohort	of	AS	patients	eligible	for	TNFi	treatment.	
Results	showed	that	physical	functioning	gradually	improved	up	to	6	months	of	TNFi	treatment	
and	stabilised	thereafter.

According	to	the	ASAS/EULAR	recommendations,	the	time	of	evaluation	of	the	efficacy	of	
TNFi	 treatment	 should	 be	 between	 6	 and	 12	 weeks	 [33],	 but,	 in	 view	 of	 the	 results	 of	 the	
present	 thesis,	 a	 better	 period	 to	 evaluate	 efficacy	 would	 be	 after	 6	 months.	 In	 clinical	
practice	this	evaluation	is	often	taking	place	after	6	months,	and	therefore	an	adaptation	of	
the	guidelines	may	be	necessary	in	future.

Furthermore,	 we	 found	 that	 lower	 baseline	 BASFI-	 and	 BASMI-scores,	 absence	 of	
comorbidity,	 younger	 age,	 and	 lower	 body	 mass	 index	 (BMI)	 were	 predictors	 of	 a	 more	
favourable	outcome	and	course	of	physical	functioning	after	3	years	of	TNFi	therapy.	This	is	in	
line	with	previous	studies.	Also	Durcan	et	al.	showed	that	overweight	AS	patients	have	more	
limitations	in	physical	functioning	[34],	but	the	negative	influence	of	higher	BMI	on	physical	
functioning	 has	 not	 previously	 been	 described	 in	 long-term	 observational	 TNFi	 cohorts.	
Moreover,	the	clinical	response	to	TNFi	could	be	negatively	inluenced	by	high	BMI	due	to	a	
higher	TNF	alpha	level	in	the	blood	produced	by	fatty	tissues.	Higher	doses	of	TNFi	might	thus	
be	neccesary	in	overweight	AS	patients	[35].

In	clinical	practice	it	is	of	paramount	importance	to	prevent	(further)	functional	decline.	Up-
to-date	knowledge	of	risk	factors	for	functional	decline	is	therefore	needed.	Despite	the	fact	
that	it	remains	difficult	to	predict	the	course	and	outcome	of	the	disease,	the	data	described	
in	Chapter	6	of	this	thesis	can	be	helpful	to	stimulate	patients	to	adopt	an	active	lifestyle	and/
or	weight	reduction.
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Suggestions for future research

The	 performance-based	 tests	 described	 in	 this	 thesis	 seem	 to	 be	 a	 promising	 outcome	
measure	 in	 the	 assessment	 of	 physical	 functioning	 in	 AS	 patients.	 However,	 reliability,	
validity,	and	responsiveness	were	assessed	 in	a	single,	 relatively	small	population	and	 in	
an	observational	study.	This	influences,	for	instance,	the	measurement	error	and	limits	the	
generalizability.	In	addition,	we	do	not	know	whether	the	observed	change	remained	stable	
over	time	and	whether	patients	not	receiving	TNFi	therapy	might	also	have	changed.	To	make	
these	tests	useful	in	future,	we	need	to	replicate	these	results	in	a	larger,	placebo-controlled	
trial	with	a	longer	follow-up	duration.

Secondly,	 we	 need	 to	 establish	 whether	 these	 tests	 are	 sensitive	 enough	 to	 measure	
changes	after	non-pharmacological	interventions.	The	two	main	components	of	AS	treatment	
are	 medicine	 and	 (supervised)	 exercise	 therapy.	 We	 now	 have	 an	 alternative	 outcome	 to	
assess	 physical	 functioning	 after	 TNFi	 therapy,	 but	 not	 yet	 after	 interventions	 where	 the	
treatment	 of	 limitations	 in	 physical	 functioning	 is	 the	 specific	 and	 main	 goal.	 It	 would	
therefore	be	worthwhile	to	assess	the	reliability	and	responsiveness	of	these	performance-
based	tests	in,	for	example,	a	physiotherapy	setting.

Thirdly,	 the	 selection	 of	 tests	 (i.e.,	 ASPI)	 should	 be	 assessed	 in	 clinical	 practice	 and	 in	
a	 broader	 spectrum	 of	 patients	 (e.g.,	 in	 patients	 with	 nr-axial	 SpA).	This	 information	 will	
improve	 the	 quality	 and	 feasibility	 of	 the	 performance-based	 tests,	 which	 in	 turn	 will	
enhance	the	evaluation	of	treatment	effects	of	various	interventions	on	physical	functioning	
in	AS	patients.

Lastly,	it	would	be	interesting	to	examine	whether	performance-based	tests	are	sensitive	
enough	to	identify	early	declines	in	a	high-functioning	AS	population.	It	has	been	suggested	
that	 performance-based	 measures	 could	 identify	 information	 that	 might	 be	 predictive	 of	
early	 problems	 in	 physical	 functioning	 (i.e.,	 what	 has	 been	 called	 ‘preclinical	 disability’),	
before	they	are	identified	by	self-report	[14,	36].	Patients	with	AS	should	be	diagnosed	and	
effectively	 treated	 as	 early	 as	 possible	 and	 preferably	 before	 any	 limitations	 in	 physical	
functioning	 or	 structural	 damage	 have	 occurred	 [37].	 Identifying	 early	 decline	 is	 thus	
important,	and	 interventions	 to	prevent	 functional	decline	should	 therefore	start	as	early	
as	 possible.	 Patients	 with	 a	 longer	 disease	 duration	 may	 adapt	 to	 a	 certain	 amount	 of	
decline	in	function	[13]	or	deny	problems	[38].	Additionally,	the	baseline	level	of	the	BASFI	
questionnaire	is	an	important	predictor	of	an	unfavourable	course	and	outcome	of	physical	
functioning	after	3	years	of	TNFi	therapy.	Intervening	at	an	early	stage	and	preserving	the	
level	 of	 physical	 functioning	 or	 preventing	 co-morbidities	 may	 even	 turn	 out	 to	 be	 more	
effective	and	less	costly	in	the	long	run,	but	this	remains	to	be	investigated.

Recently,	the	ASAS	has	endorsed	this	project,	and	we	hope	that	future	collaboration	with	
other	research	centres	will	enable	to	achieve	the	aforementioned	research	objectives.
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Implications for clinical practice

The	work	described	in	this	thesis	supports	the	use	of	performance-based	measures	as	an	
outcome	measure	for	the	assessment	of	physical	functioning	in	patients	with	AS.	This	is	a	step	
forward	towards	a	feasible	and	alternative	assessment	method.	We	want	to	propagate	these	
tests	as	a	different	approach	to	the	assessment	of	physical	functioning	in	AS,	not	as	a	better	
assessment	method.	The	methods	are	complementary,	not	opposing.	The	choice	of	which	
outcome	parameter	to	use	depends	on	time,	money,	context	(research	or	clinical	practice),	
intended	construct	(the	performance	tests	provide	information	about	what	a	patient	can	do	
and	the	BASFI	questionnaire	provides	 information	about	what	a	patient	perceives	he/she	
can	do),	and	purpose	of	measurement	(discriminative,	predictive,	or	evaluative).	Generally,	
for	a	comprehensive	assessment	a	blend	of	both	types	of	measurement	is	desirable,	because	
each	measure	provides	unique	and	useful	information	complementary	to	the	other.

Based	 on	 the	 results	 in	 this	 thesis,	 the	 use	 of	 performance-based	 tests	 (i.e.,	 ASPI)	 is	
recommended	for	both	research	and	clinical	practice	for	the	evaluation	of	treatment.	In	order	
to	provide	a	comprehensive	assessment	of	physical	functioning	in	AS	patients,	the	use	of	
the	ASPI	alongside	the	BASFI	questionnaire	is	recommended.	In	the	evaluation	of	response	
to	TNFi	therapy	the	performance	tests	can	also	be	compared	with	the	ASDAS	(AS	disease	
activity	 index).	 The	 ASDAS	 combines	 objective	 information	 (CRP	 or	 ESR)	 with	 four	 self-
reported	questions	regarding	AS-specific	symptoms	to	define	disease	activity.	By	combining	
the	ASDAS	with	performance-based	physical	functioning	(i.e.,	the	ASPI),	almost	all	relevant	
domains	targeted	by	TNFi	therapy	will	be	fully	covered	and	evaluated	efficiently.

Rheumatologists,	 being	 the	 experts	 who	 coordinate	 the	 treatment	 of	 AS	 patients,	 who	
make	the	decision	on	starting	pharmacological	and/or	non-pharmacological	treatment,	and	
who	monitor	the	patient	(disease),	should	use	the	ASPI.	Their	decisions	are	based	on	and	
tailored	according	to	manifestations,	symptoms,	prognostic	indicators,	and	clinical	status.	
It	 is	 therefore	 important	 to	have	adequate	 information	on	all	 relevant	domains,	 including	
physical	function.	To	diagnose	and	evaluate	this	domain	swiftly	and	comprehensively,	the	
performance-based	tests	(ASPI)	can	be	of	added	value.

Physical therapists should	also	use	 the	ASPI,	because	 the	physical	 functioning	domain	
is	their	main	scope	and	field	of	application.	During	therapy,	physical	therapists	constantly	
evaluate	what	a	person	can	or	cannot	do.	In	the	ASAS	core-set	for	physical	therapy,	however,	
only	 outcome	 measures	 assessing	 what	 a	 patient	 perceives	 he/she	 can	 do	 are	 included.	
Performance-based	test	of	functioning	can	therefore	be	a	valuable	asset.	In	the	physiotherapy	
setting	it	might	be	good	to	also	use	a	simple	test	for	the	assessment	of	cardiorespiratory	
fitness	in	addition	to	the	ASPI.	AS	patients	have	lower	cardiorespiratory	fitness	levels,	lower	
lung	function	and	a	decrease	in	exercise	tolerance	[39-41].	These	disorders	are	commonly	
part	of	limitations	in	physical	functioning,	and	consequently	treatment	will	be	aimed	at	this.	
Assessment	 of	 cardiorespiratory	 fitness	 in	 addition	 to	 the	 ASPI	 is	 therefore	 proposed	 for	
physiotherapy	setting.



115general discussion

7

Finally,	 to	 increase	 the	 feasibility	of	 the	performance-based	test	 for	clinical	practice,	 three	
tests	were	selected	(i.e.,	ASPI).	The	execution	of	the	tests	appears	possible	within	15	minutes	
and	can	be	easily	executed	under	supervision	by,	for	instance,	a	research	nurse	or	physical	
therapist.	The	 feasibility	 in	national	and	 international	context	should	always	be	a	 focus	of	
attention	to	warrant	good	dissemination	and	implementation	of	the	ASPI.

Conclusions and recommendations

•	 	Performance-based	tests	of	physical	functioning	in	AS	appear	to	be	reliable,	valid,	
and	responsive.

•	 	The	BASFI	questionnaire	and	performance-based	tests	measure	different,	aspects	of	
the	physical	functioning	domain.	This	suggests	both	methods	to	be	complementary	
rather	than	overlapping.	Both	add	to	the	understanding	of	physical	functioning	in		
AS	patients.

•	 	After	3	months	of	TNFi	treatment,	63%	of	the	patients	showed	a	significant	
improvement	of	≥20%	in	performance-based	physical	function	(i.e.,	time).

•	 	A	selection	of	three	tests	is	sufficient	to	measure	limitations	in	performance-based	
physical	functioning	in	patients	receiving	TNFi	therapy.

•	 	The	level	of	physical	functioning	at	the	start	of	TNFi	therapy	is	an	important	predictor	
of	a	favourable	outcome	after	3	years	of	treatment.

•	 	In	research	and	clinical	practice,	performance-based	physical	functioning	should	be	
assessed	alongside	self-reports	of	function	and	disease	activity.

•	 	More	research	is	necessary	in	order	to	improve	the	quality,	responsiveness,	and	
feasibility	of	the	performance-based	tests	in	different	treatment	settings	and	after	
longer	periods	of	time.
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