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Abstract	
The	management	of	cancer	patients	increasingly	includes	Health-related	Quality	of	Life	(HRQoL)	as	a	
crucial	endpoint.	Physical,	psychological,	lifestyle,	and	social	aspects	expressed	via	responses	to	HRQoL	
questionnaires	 offer	 valuable	 insights	 for	 patient	 care.	 However,	 a	 still	 unexplored	 field	 is	 the	
identification	 and	 understanding	 of	 causal	 relationships	 among	 the	 questions	 involved.	 This	 study	
evaluates	the	capability	of	detecting	cause-effect	relationships	in	this	context,	applying	causal	structure-
learning	algorithms	to	simulated	data.	Different	data	configurations	are	examined,	encompassing	the	
number	of	hypothetical	questions	in	an	HRQoL	questionnaire,	the	quantity	of	cause-effect	relationships,	
and	the	number	of	participants	involved.	Exploring	this	issue	holds	potential	significance	in	shaping	the	
design	and/or	selection	of	HRQoL	questionnaires,	accounting	for	limitations	in	sample	size	and	intuition	
regarding	 the	 underlying	 causal	 structure.	 Uncovering	 cause-effect	 relationships	 can	 contribute	 to	
enhanced	management	and	improved	HRQoL	for	cancer	patients.	
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1. Introduction

Ηealth-related	quality	of	 life	 (HRQoL)	 is	emerging	as	an	important	aspect	in	managing	cancer	
patients.	Physical,	psychological,	lifestyle	and	social	parameters	may	provide	guidance	on	how	to	
manage	 the	 individual	 patient.	 Several	HRQoL	 questionnaires	 are	 available	 (e.g.	 [1],	 [2])	 that	
assess	 the	patients’	quality	of	 life.	An	 issue	 that	has	not	yet	been	 investigated	is	to	detect	and	
assess	 the	 causal	 relationships	 among	 the	 corresponding	 questions.	 Unveiling	 the	 underlying	
cause-effect	relationships	and	building	on	this	knowledge	may	aid	to	improve	the	management,	
and	the	HRQoL	of	cancer	patients.	For	example,	assuming	that	worrying	for	health	issues	in	the	
future	 is	 the	 cause,	 and	 feeling	 depressed	 is	 the	 effect,	 alleviating	 these	 worries	 (e.g.,	 by	
informing/educating	patients)	could	result	in	helping	the	patients	to	feel	less	depressed.	
This	 study	 assessed	 the	 ability	 to	 detect	 cause-effect	 relationships	within	 this	 context,	 by	

employing	 two	 causal	 structure-learning	 algorithms,	 based	 on	 simulated	 data.	 To	 this	 end,	
different	data	setups	were	considered,	involving	the	number	of	hypothetical	questions	within	an	
HRQoL	questionnaire,	the	number	of	cause-effect	relationships,	and	the	number	of	participants.	
This	study	may	be	beneficial	when	considering	causal	discovery	in	HRQoL	questionnaire	related	
research,	by	providing	valuable	insights	regarding	the	selection	and/or	the	design	of	an	HRQoL	
questionnaire	 related	 to	 sample	 size	 limitations,	 questionnaire	 size	 and	 the	 importance	 of	
scientific	intuition	related	to	the	underlying	causal	structure.		
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2. Method

Questions	 within	 HRQoL	 questionnaires	 typically	 contain	 3	 to	 5	 answers	 that	 represent	
increasing	health	burden	related	to	 the	question	at	hand.	Six	different	directed	acyclic	graphs	
(DAGs)	were	considered,	based	on	which	random	data	were	generated.	The	DAGs	differed	in	the	
number	of	 questions/nodes	 involved	(5	 to	19),	and	 the	number	of	direct	 relationships/edges	
among	them	(5	to	17).	For	each	DAG,	the	parameters	were	custom	fitted	and	1000	samples	were	
generated	 for	 different	 numbers	 n	 of	 simulated	 participants.	 For	 each	 sample,	 two	 different	
constraint-based	 structure	 learning	algorithms	were	used	 to	 estimate	 the	 completed	partially	
DAG,	 namely	 PC-Stable	 [3],	 a	 modern	 implementation	 of	 the	 standard	 PC	 algorithm,	 and	
Interleaved	Incremental	Association	[4].	Two	metrics	were	used	to	evaluate	the	algorithms,	the	
structural	Hamming	distance	(SHD)	between	the	true	and	the	estimated	DAG,	and	a	relative	SHD,	
defined	as	the	SHD	divided	by	the	number	of	the	true	DAG	edges.	The	mean	value	of	these	metrics	
was	computed	across	the	1000	samples,	for	each	DAG	and	each	n.	

3. Results	and	Discussion

The	algorithms	exhibited	similar	performance	and	were	both	inefficient	for	n<200.	On	the	other	
hand,	larger	values	of	n	(≥500),	and,	even	better	n≥1,000,	resulted	in	a	satisfactory	performance	
in	both	cases.	Moreover,	as	expected,	the	algorithms	performed	better	for	simpler	DAGs.	
We	are	now	in	the	process	of	deploying	semantic	technologies	for	representing	the	responses	

to	 the	 HRQoL	 questionnaires	 (e.g.,	 based	 on	 the	 works	 presented	 in	 ([5],	 [6]),	 but,	 more	
importantly,	the	detected	cause-effect	relationships	among	the	questions.	Having	the	results	in	
the	form	of	an	RDF	semantic	knowledge	graph	will	facilitate	interoperability	with	potential	third-
party	stakeholders	towards	developing	extensions	of	mutual	interest	across	research	studies	and	
healthcare	 institutions.	 Moreover,	 capitalizing	 on	 those	 semantic	 artefacts	 will	 contribute	 to	
knowledge	 discovery	 from	 HRQoL	 data	 within	 the	 context	 of	 developing	 decision	 support	
systems	that	leverage	semantic	technologies	in	the	context	of	cancer	patient	management.	
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