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Background: Chronic	post‐surgical	pain	(CPSP)	is	a	serious	problem.	Clinical	and	psy‐
chological	variables	have	not	been	able	to	explain	all	observed	variance	in	prevalence	
and	 severity	of	CPSP.	The	 first	objective	 is	 to	determine	 the	association	between	
genetic	polymorphisms	and	the	prevalence	of	CPSP	after	hysterectomy.	The	second	
objective	is	to	analyze	if	the	implementation	of	genetic	polymorphisms	into	a	previ‐
ously	performed	clinical	and	psychological	predictor	analysis	on	the	development	of	
CPSP	after	hysterectomy	will	improve	its	discriminatory	power.
Methods: A	prospective	multicenter	cohort	study	was	performed	in	patients	under‐
going	hysterectomy	for	benign	indication.	Clinical	and	psychological	variables	were	
collected	by	questionnaires	in	the	week	before	surgery,	post‐operatively	up	to	day	
4,	3	and	12	months	after	hysterectomy.	Blood	was	collected	and	16	polymorphisms	
previously	suggested	to	be	correlated	to	CPSP	(COMT,	GCH1,	KCNS1,	CACNG2,	and	
OPRM1)	were	genotyped.	Logistic	regression	analyses	were	performed.
Results: Three	hundred	and	forty‐five	patients	were	available	for	the	genetic	anal‐
yses.	The	prevalence	of	CPSP	3	months	post‐operatively	was	10.5%	and	after	12	
months	7.9%.	The	polymorphism	rs4818	within	the	COMT	gene	was	associated	with	
the	 prevalence	 of	CPSP	 after	 3	months.	No	polymorphisms	were	 associated	with	
CPSP	after	12	months.	The	addition	of	rs4818	to	the	prediction	model	did	not	change	
its	discriminatory	power	significantly.
Conclusion: The	rs4818	polymorphism	within	the	COMT	gene	was	associated	with	
the	 prevalence	 of	 CPSP	 3	months	 after	 hysterectomy,	 but	 the	 implementation	 of	
rs4818	into	the	prediction	model	did	not	significantly	improve	the	chance	of	identify‐
ing	hysterectomy	patients	at	risk	for	CPSP.
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1  | INTRODUC TION

Chronic	 post‐surgical	 pain	 (CPSP)	 is	 a	 common	 problem	 affect‐
ing	 up	 to	 60%	 of	 surgical	 patients	 and	 is	 associated	with	 nega‐
tive	outcomes	such	as	a	reduced	quality	of	life	and	socioeconomic	
consequences.1‐6	 The	 prevalence	 of	 CPSP	 after	 hysterectomy	 is	
estimated	between	5%	and	32%,	but	prevalences	up	to	50%	have	
been	reported.7,8	However,	definitions	for	CPSP	are	highly	varia‐
ble	between	studies,	and	therefore	reported	prevalences	can	vary	
widely as well.

Demographic,	 clinical,	 and	 psychological	 risk	 factors	 for	 the	
development	 of	 CPSP	 have	 been	 well	 documented	 and	 include	
young	age,	procedure‐related	risk	factors,	preexisting	pain,	acute	
post‐operative	 pain,	 pain	 catastrophizing,	 surgical	 fear,	 and	 lack	
of	 optimism.1,2,9‐11	 Unfortunately,	 these	 factors	 have	 not	 been	
able	 to	 explain	 all	 the	 observed	 variance	 in	 the	 prevalence	 and	
severity	of	CPSP.	For	this	reason,	the	study	and	implementation	of	
these	polymorphisms	have	become	of	interest	to	further	improve	
prediction	models	 for	 CPSP.	Data	 from	 twin	 studies	 and	 human	
pedigrees	 have	 estimated	 that	 the	 heritability	 of	 chronic	 pain	
generally	ranges	from	30%	to	70%.12	Especially	polymorphisms	in	
genes	that	encode	for	proteins	involved	in	nerve	conduction	and	
transmission,	 opioid	 signaling,	 and	 inflammatory	 processes	 have	
been	suggested	to	play	an	 important	 role	 in	 the	development	of	
CPSP.13‐16	Identifying	these	genes	could	play	an	important	role	in	
finding	targets	for	treatment.

Multiple	studies	have	been	performed	that	describe	the	associa‐
tion	between	genetic	polymorphisms	and	the	prevalence	or	severity	of	
CPSP.13‐19	Based	on	a	systematic	review,	an	association	between	the	
prevalence	or	severity	of	CPSP	and	single‐nucleotide	polymorphisms	
(SNPs)	within	the	COMT	(catechol‐O‐methyl	transferase)	gene,	opioid	
receptor	genes,	potassium	channel	genes,	GCH1	(GTP	cyclohydrolase	
1)	 gene,	CACNG2	 (calcium	 channel	voltage	 gate‐dependent	 gamma	
subunit	 2)	 gene,	 CHRNA6	 (cholinergic	 receptor	 nicotinic	 alpha	 6)	
gene,	P2X7R	 (P2X	purinoceptor	7)	gene,	cytokine‐associated	genes,	
human	leukocyte	antigens,	DRD2	(dopamine	receptor	D2)	gene,	and	
ATXN1	(ataxin	1)	gene	was	suggested.20	Nevertheless,	most	of	these	
polymorphisms	were	researched	by	only	one	study,	with	 the	excep‐
tion	of	polymorphisms	within	the	COMT,	OPRM1,	GCH1,	and	KCNS1	
genes.18,21‐24	Furthermore,	 this	systematic	 review	revealed	that	sev‐
eral	 studies	 were	 of	 retrospective	 design,	 and	 most	 studies	 lacked	
statistical	power	and	had	only	performed	exploratory	statistical	anal‐
yses	without	correcting	for	multiple	testing	or	known	confounders.20 
Interestingly,	none	of	the	studies	used	in	the	systematic	review	incor‐
porated	genetic	polymorphisms	in	pre‐existing	prediction	models	for	
CPSP	 (ie,	based	on	demographic,	clinical,	and	psychological	 factors).	
As	a	result,	it	is	unknown	whether	the	inclusion	of	associated	genetic	
polymorphisms	will	improve	the	discriminatory	power	of	the	existing	
clinical	 and	psychological	prediction	models	 for	 the	development	of	
CPSP.	It	needs	no	further	explanation	that	the	latter	 is	of	significant	
clinical	importance.

This	 study	 is	a	 subgroup	analysis	of	a	 large	multicenter	cohort	
study	 that	has	been	published	elsewhere.25	The	current	 subgroup	

analysis	has	two	objectives.	The	first	objective	is	to	determine	if	ge‐
netic	polymorphisms	 in	 the	COMT,	OPRM1,	GCH1,	CACNG2,	and	
KCNS1	genes	are	associated	with	the	prevalence	of	CPSP	after	hys‐
terectomy.	The	 second	objective	 is	 to	determine	 if	 the	 implemen‐
tation	of	these	genetic	polymorphisms	into	a	previously	performed	
clinical	and	psychological	predictor	analysis	for	CPSP	in	this	popula‐
tion	will	be	able	to	improve	its	discriminatory	power.	25

2  | METHODS

2.1 | Study population

The	 study	 was	 registered	 at	 the	 Dutch	 Trial	 Register	 under	 the	
number	 NTR2702	 (http://www.trial	regis	ter.nl/trial	reg/index.asp).	
An	elaborate	description	of	the	study	protocol	has	been	published	
elsewhere.25	 In	 short,	 a	multicenter	prospective	cohort	 study	was	
performed.	Patients	planned	to	undergo	hysterectomy	for	a	benign	
indication	were	included	in	one	of	four	hospitals	in	the	Netherlands:	
Maastricht	 University	 Medical	 Center+	 (MUMC+)	 Maastricht,	 the	
Catharina	 Hospital	 (CzE)	 Eindhoven,	 the	 Máxima	 Medical	 Center	
(MMC)	 Veldhoven,	 and	 the	 Orbis	 Medical	 Center	 (OMC)	 Sittard‐
Geleen.	Hysterectomy	patients	were	chosen	because	they	present	a	
homogenous	patient	group,	and	this	procedure	was	performed	fre‐
quently	in	the	participating	hospitals.	Inclusion	took	place	between	
September	 2010	 and	 January	 2014.	 Inclusion	 criteria	 were	 age	
between	18	and	65	years,	 good	command	of	 the	Dutch	 language,	
elective	surgery,	and	total	or	subtotal	hysterectomy	with	or	without	
oophorectomy,	and	all	types	of	surgical	approach.	Exclusion	criteria	
were	history	of	cancer,	illiteracy,	and	cognitive	impairment.	Patients	
who	reported	a	malignancy	or	underwent	another	surgical	procedure	
during	the	first	post‐operative	year	were	also	excluded.	Approval	of	
the	 local	Medical	 Ethical	 Committee	was	 obtained	 in	 all	 hospitals	
and	all	patients	gave	informed	consent	before	participation.

2.2 | Collection of pre‐operative variables and  
predictors

Patients	were	asked	to	fill	out	a	baseline	questionnaire	before	un‐
dergoing	 the	 hysterectomy.	 This	 questionnaire	 contained	 ques‐
tions	 about	 demographics,	 general	 health	 status	 and	 comorbidity,	

Editorial comments

Persisting	 pain	 after	 surgery	 has	 gained	 attention	 as	 a	
major	 pain	 problem.	 Several	 surgical	 and	 post‐operative	
factors	 have	 been	 shown	 to	 influence	 its	 development,	
but	the	link	between	genetics	and	persistent/chronic	post‐
surgical	 pain	 has	 not	 been	 completely	 elucidated.	 In	 this	
hysterectomy	study,	two	polymorphisms	within	the	COMT	
gene	were	found	to	be	associated	with	post‐operative	pain	
at	3	months	after	hysterectomy.

http://www.trialregister.nl/trialreg/index.asp
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pre‐operative	pain,	and	several	psychological	predictors.	Pre‐opera‐
tive	pain	was	measured	by	using	an	adapted	version	of	the	Brief	Pain	
Inventory,	which	determines	the	severity,	location,	duration,	and	in‐
tensity	of	pain	during	 the	 last	week.26	An	11‐item	Numeric	Rating	
Scale	(NRS;	where	0	=	no	pain,	and	10	=	worst	pain	imaginable)	was	
used	to	measure	pain	intensity.	Patients	were	asked	to	rate	pre‐op‐
erative	pain	related	to	the	indication	for	the	planned	hysterectomy	
(eg,	lower	abdominal	pain)	and	pain	not	related	to	the	indication	for	
the	planned	hysterectomy	separately.	The	Douleur	Neuropathique	
4	(DN4)	was	used	to	assess	the	neuropathic	character	of	the	pain.	
This	 instrument	originally	consists	of	10	items,	but	only	the	7	self‐
reported	 items	were	used	 (DN4‐interview).25,27	 In	agreement	with	
previous	literature,	a	score	of	≥3	was	defined	as	neuropathic	pain.27

Several	 psychological	 predictors	 were	 included.	 Surgical	 fear	
was	measured	by	 the	8‐item	 surgical	 fear	 questionnaire,	 of	which	
four	 items	 measure	 short‐term	 aspects	 of	 surgical	 fear	 and	 four	
items	 measure	 long‐term	 aspects	 of	 fear.28	 The	 13‐item	 Pain	
Catastrophizing	 Scale	 (PCS)	 was	 used	 to	 measure	 pain	 catastro‐
phizing.29	 Optimism	 was	 assessed	 using	 the	 10‐item	 revised	 Life	
Orientation	 Test	 (LOT‐R).30	 Social	 support	 was	 measured	 by	 the	
19‐item	 Medical	 Outcomes	 Study—Social	 Support	 Survey	 (MOS‐
SSS),	and	by	asking	the	patient	for	the	number	of	close	friends	and	
relatives	available	for	support.31	Depression	was	assessed	with	the	
Center	 for	Epidemiological	 Studies—Depression	 (CES‐D)	question‐
naire.32	Psychological	well‐being	was	assessed	by	the	12‐item	Well‐
Being	Questionnaire	(W‐BQ12),	which	measures	positive	well‐being,	
energy,	and	negative	well‐being.33	Finally,	also	expected	pain	at	the	
fourth	post‐operative	day,	and	childhood	abuse	were	assessed.

2.3 | Collection of perioperative variables and  
predictors

Surgery‐related	and	anesthesia‐related	variables	were	collected	at	
the	time	of	the	procedure.	These	included	type	of	incision,	total	or	
subtotal	hysterectomy,	with	or	without	oophorectomy,	indication	for	
the	hysterectomy,	type	of	anesthesia,	post‐operative	analgesic	use,	
duration	of	the	surgery,	amount	of	blood	loss,	complications,	and	the	
amount	of	years	of	experience	of	the	attending	gynecologist.

Acute	post‐operative	pain	was	assessed	each	day	during	the	first	
four	post‐operative	days.	Patients	were	asked	to	rate	their	average	
and	highest	pain	at	rest	and	during	movement,	as	well	as	the	use	of	
any	analgesics.	At	the	fourth	post‐operative	day,	the	DN4‐interview	
was	used	to	assess	neuropathic	pain.

2.4 | Collection of outcomes measures

Questionnaires	 were	 used	 to	 measure	 pain	 severity	 at	 3	 and	
12	 months	 after	 hysterectomy.	 Patients	 were	 asked	 to	 rate	
hysterectomy‐related	 and	 non‐hysterectomy‐related	 pain	 sep‐
arately.	Predictor	 analysis	was	performed	with	 the	highest	hys‐
terectomy‐related	pain	during	the	last	week.	In	accordance	with	
previous	research,	an	NRS	>3	was	defined	as	moderate	to	severe	
pain.2,25,34,35

2.5 | Genotyping and quality control

Peripheral	 blood	 samples	 were	 obtained	 from	 the	 included	 pa‐
tients.	DNA	was	extracted	from	these	samples	at	the	Department	
of	Clinical	Genetics	 of	 the	Maastricht	University	Medical	Center+	
(Maastricht,	 the	Netherlands).	Genotyping	of	SNPs	within	 the	 fol‐
lowing	genes	was	performed	at	the	Institute	of	Human	Genetics	at	
the	UniKlinikum	(Bonn,	Germany)	using	the	Infinium	PsychArray	v1.2	
BeadChip	(Illumina	Inc.,	San	Diego,	CA,	USA)	and	a	customized	Iplex	
array:	COMT	(rs4633,	rs6269,	rs4818,	rs4680),	GCH1	(rs10483639,	
rs3783641,	rs8007267),	KCNS1	(rs13043825,	rs734784),	CACNG2	
(rs2284015,	 rs2284017,	 rs2284018,	 rs4820242,	 rs1883988),	 and	
OPRM1	(563649,	rs1799971).	These	genes	and	polymorphisms	were	
selected	because	they	have	previously	been	reported	to	be	 linked	
to	CPSP.20

Genotypes	were	called	using	BeadStudio	(Illumina	Inc.).	Quality	
control	 parameters	 included	 SNP	 callrate	 <95%,	 subject	 callrate	
<95%,	deviation	of	 the	Hardy‐Weinberg	equilibrium	 (P	<	1	×	10−6)	
and	 removal	 of	 rare	 variants	with	 a	minor	 allele	 frequency	<0.01.	
After	basic	quality	control,	heterozygosity	was	 tested	and	outliers	
(>3	 standard	 deviations)	were	 removed.	 Relatedness	 between	 the	
subjects	 was	 tested	 and	 one	 member	 of	 each	 pair	 was	 removed	
at	 random	 if	 relatedness	was	detected.	All	SNPs	with	A	<>	T	or	C	
<>	G	polymorphisms	were	removed	from	the	set.	After	these	con‐
trol	steps,	the	SNPs	were	pruned	to	remove	SNPs	in	LD(	r2	>	0.02).	
Principal	 components	 analysis	 was	 performed	 and	 the	 first	 two	
principal	components	were	analyzed.	The	ancestry	of	the	subjects	
was	 determined	 using	 HapMap,	 which	 showed	 that	 the	 outliers	
in	 the	 principal	 component	 analysis	 had	 a	 background	 other	 than	
Caucasian	and	were	therefore	removed	from	the	sample.

Genotype	imputation	was	performed	using	the	imputation	step‐
wise	approach	 implemented	 in	Minimac336	 and	Eagle	v2.337.	HRC	
r1.1	 2016	 panel	 was	 the	 reference	 panel,	 with	 population	 set	 to	
European.38	The	output	of	the	imputation	was	checked	with	the	Will	
Rayner	 tool.	 Afterward	 additional	 quality	 control	 was	 performed	
with	 genotype	 probability	 >0.9,	 quality	 threshold	 was	 set	 at	 0.5,	
INFO‐score	 >0.4	 and	minor	 allele	 frequency	 and	 genotyping	 rate	
was	checked	again.

2.6 | Statistical analysis

Patient	characteristics	and	mean	pain	scores	were	evaluated	using	
descriptive	statistics.	Before	performing	any	other	analyses,	missing	
data	were	 imputed	by	predictive	mean	matching.	This	method	 im‐
putes	values	within	the	range	of	observed	values	in	the	data	set,	and	
is	therefore	robust	to	non‐normal	distribution	of	variables.	The	num‐
ber	of	 imputations	was	set	to	5.	The	results	demonstrated	are	the	
pooled	results	based	on	these	five	data	sets.	In	order	to	reduce	the	
number	of	psychological	 predictors,	 a	 factor	 analysis	with	oblimin	
rotation	was	performed.	Principal	component	analyses	revealed	two	
factors,	which	were	 named	 surgery‐related	worries	 (based	 on	 the	
SFQ	and	PCS)	and	general	psychological	robustness	 (based	on	the	
LOT‐R,	CES‐D,	and	W‐BQ12).25
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The	association	between	the	genetic	polymorphisms	and	CPSP	
at	3	and	12	months	was	tested	by	univariate	logistic	regression	anal‐
yses.	An	additive	genetic	model	was	tested,	in	which	the	number	of	
minor	alleles	(0,	1,	or	2)	was	defined	as	the	candidate	predictor.	A	P 
value	of	<0.05	was	considered	statistically	significant.

In	order	 to	evaluate	 the	effect	of	addition	of	genetic	polymor‐
phisms	to	a	previously	performed	predictor	analysis	based	on	clin‐
ical	 and	psychological	 variables,	 analyses	were	 repeated	using	 the	
same data.25	 Separate	 analyses	were	 performed	 for	CPSP	 after	 3	
and	 12	months.	We	 first	 performed	 univariate	 logistic	 regression	
analyses	on	the	same	candidate	predictors	as	were	used	in	our	pre‐
vious	 publication	 (ie,	 participating	 hospital,	 age,	 type	 of	 anesthe‐
sia,	 type	 of	 incision,	 paid	 job,	 educational	 level,	 American	 Society	
of	 Anesthesiology	 (ASA)	 physical	 status,	 number	 of	 pregnancies,	
surgery‐related	worries,	 general	 psychological	 robustness,	 history	
of	sexual	abuse,	hysterectomy‐related	baseline	pain,	non‐hysterec‐
tomy‐related	baseline	pain,	neuropathic	pain	at	post‐operative	day	4,	
training	of	attending	gynecologist,	surgery‐related	infection	during	
the	first	three	post‐operative	months).	For	clinical	and	psychological	
predictors,	the	variable	was	only	included	in	the	multivariate	logistic	
regression	analysis	if	the	univariate	P	value	was	<0.1.	Before	includ‐
ing	any	of	the	genetic	predictors	in	the	regression	model,	correction	
for	multiple	testing	was	performed.	This	was	done	according	to	the	
method	described	by	Galwey	et	al.,	in	which	the	effective	number	of	
tests	is	used	instead	of	the	actual	number	of	tests.39,40 In our study 
the	 effective	 number	 of	 tests	was	 11,	which	means	 that	 the	 SNP	
was	only	included	in	the	regression	model	if	the	P	value	in	the	uni‐
variate	analysis	was	<0.0091	(0.1/11).	After	inclusion	of	all	predictor	
variables	 in	 the	 regression	model,	 a	backward	elimination	analysis	
was	performed	until	all	remaining	P	values	were	<0.5	for	clinical	and	
psychological	variables	or	<0.0045	(0.05/11)	for	genetic	variables.

For	the	variables	hospital,	age,	 type	of	anesthesia,	and	type	of	
incision,	a	forced	entry	method	was	used	in	our	previous	publication,	
but	because	 they	were	all	 nonsignificant,	we	did	not	use	a	 forced	
entry	in	this	analysis.	After	the	final	clinical	and	psychological	pre‐
diction	model	was	determined,	the	area	under	the	curve	(AUC)	was	
calculated	to	investigate	the	model’s	discriminatory	accuracy.	After	
that,	the	genetic	polymorphisms	that	were	statistically	significant	in	
univariate	 logistic	regression	analyses	were	added	to	the	multivar‐
iate	prediction	model,	after	which	a	backward	elimination	analysis	
was	performed	until	all	P	values	were	<0.05.	The	AUC	was	calculated	
for	this	final	prediction	model,	and	allows	for	determination	whether	
the	use	of	genetic	analysis	in	clinical	prediction	models	improves	the	
chance	of	identifying	patients	at	risk	for	CPSP	after	hysterectomy.

3  | RESULTS

3.1 | Flowchart and patient characteristics

Figure	 1	 demonstrates	 the	 flowchart	 of	 inclusion	 and	 follow‐up,	
which	 is	 an	 extension	 of	 the	 flowchart	 of	 our	 previous	 publica‐
tion.25	 Of	 the	 517	 patients	 that	 provided	 informed	 consent,	 428	
patients	 (82.8%)	provided	baseline	data	 and	 returned	at	 least	one	

of	the	follow‐up	questionnaires.	Of	these	patients,	3	patients	were	
excluded	because	no	blood	was	available	for	genotyping	and	80	pa‐
tients	were	excluded	because	of	insufficient	quality	of	the	isolated	
DNA,	leaving	345	patients	(80.6%)	with	useful	data	for	the	genetic	
analyses.	Of	these	345	patients,	332	patients	(96.2%)	returned	the	
3‐month	follow‐up	questionnaire,	and	305	patients	(91.9%)	returned	
the	12‐month	follow‐up	questionnaire.

Baseline	 patient	 characteristics	 are	 displayed	 in	 Table	 1	 and	
perioperative	data	are	shown	in	Table	2.	All	patients	included	were	
females	of	European	descent.	The	average	age	at	the	time	of	hyster‐
ectomy	was	46.9	years	(SD	7.2).	The	most	frequently	performed	pro‐
cedure	was	vaginal	hysterectomy	(65.8%),	and	the	most	frequently	
performed	 anesthetic	 technique	 was	 general	 anesthesia	 (88.4%).	
Most	patients	were	ASA	physical	class	 I	 (54.8%)	or	 II	 (40.3%).	The	
prevalence	of	moderate	to	severe	pre‐operative	pain	(NRS	>	3)	was	
rather	 high;	 49.3%	 reported	 pain	 related	 to	 the	 indication	 for	 the	
planned	hysterectomy	and	34.2%	reported	pain	not	related	to	the	
planned	 hysterectomy.	 Pain	 at	 the	 fourth	 post‐operative	 day	was	
also	common;	37.5%	of	patients	scored	an	NRS	>3,	and	20.8%	of	all	
patients	scored	≥3	at	the	DN4‐interview.

3.2 | Genetic polymorphisms and CPSP

Three	months	 after	 hysterectomy,	 35	 of	 332	 patients	 (10.5%)	 ex‐
perienced	moderate	to	severe	hysterectomy‐related	pain	(NRS	>	3).	
Twelve	months	after	hysterectomy,	the	prevalence	decreased	to	24	
of	305	patients	(7.9%).	A	more	elaborate	description	of	the	different	
aspects	of	the	reported	pain	(eg,	location,	onset,	intermittence,	pain	
interference,	etc.)	and	analgesic	treatment	is	presented	elsewhere.25

Table	3	shows	the	 location,	minor	alleles,	and	minor	allelic	fre‐
quencies	 of	 all	 included	 SNPs.	 Almost	 all	 SNPs	 followed	 Hardy‐
Weinberg	 equilibrium,	 with	 the	 exception	 of	 rs2284018.	 This	 is	
probably	caused	by	the	fact	that	the	genotype	TT	was	not	present	in	
our	population.	Therefore,	the	results	of	polymorphism	rs2284018	
need	to	be	 interpreted	with	caution.	Table	4	demonstrates	the	re‐
sults	 of	 the	 univariate	 regression	 analyses	 without	 correction	 for	
multiple	testing.	CPSP	3	months	after	hysterectomy	was	statistically	
significantly	associated	with	the	minor	allele	of	rs4818	(OR	[95%CI]	
1.99	[1.19‐3.33],	P	value	0.009),	and	rs6269	(1.97	[1.18‐3.28],	P value 
0.01)	within	the	COMT	gene.	After	correction	for	multiple	testing,	
only	 rs4818	was	 eligible	 for	 inclusion	 in	 the	 prediction	model	 for	
CPSP.	All	other	tested	SNPs,	within	the	GCH1,	CACNG,	KCNS1,	and	
OPRM1	genes,	were	not	significantly	associated	with	the	presence	
of	moderate	to	severe	hysterectomy‐related	pain	3	months	after	the	
surgery.	No	association	was	found	between	the	included	SNPs	and	
the	severity	of	pain	12	months	after	hysterectomy.

3.3 | Discriminatory power of prediction models

Because	no	SNPs	were	significantly	associated	with	CPSP	12	months	
after	hysterectomy	in	the	univariate	logistic	regression	analyses,	we	
will	only	describe	the	prediction	model	for	CPSP	3	months	after	hys‐
terectomy.	 The	 following	 demographic,	 clinical,	 and	 psychosocial	
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F I G U R E  1  Flowchart	of	patient	inclusion
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variables	were	not	associated	with	CPSP	at	3	months	in	the	univari‐
ate	analyses	and	were	therefore	not	used	in	the	clinical	prediction	
model:	 participating	 hospital,	 type	 of	 anesthesia,	 type	 of	 incision,	
educational	level,	ASA	physical	status,	general	psychological	robust‐
ness,	history	of	sexual	abuse,	and	training	of	attending	gynecologist.

The	 results	 of	 the	 logistic	 regression	 analysis	 for	 CPSP	 after	
3	 months	 are	 shown	 in	 Table	 5.	 After	 performing	 the	 backward	

elimination	 analysis,	 the	 following	 variables	 were	 included	 in	 the	
clinical	prediction	model:	employment	status,	pre‐operative	hyster‐
ectomy‐related	pain,	neuropathic	pain	at	the	fourth	post‐operative	
day,	 and	 self‐reported	 infection	 during	 the	 first	 3	 post‐operative	
months.	The	area	under	the	receiver	operating	characteristic	curve	
(AUC)	for	this	clinical	model	was	0.78.

In	 step	 2,	 COMT	 rs4818	 was	 added	 to	 the	 model.	 Rs4818	
remained	 significant	 in	 the	 model,	 with	 an	 odds	 ratio	 of	 2.50	
(1.36‐4.60).	The	addition	of	this	variable	increased	the	AUC	of	the	
prediction	model	from	0.78	(95%	CI	0.69‐0.86)	to	0.82	(0.74‐0.91),	
but	this	was	not	statistically	significant.

4  | DISCUSSION

The	 first	 objective	 of	 this	 study	 was	 to	 determine	 if	 genetic	
polymorphisms	 in	 the	 COMT,	 OPRM1,	 GCH1,	 CACNG2,	 and	
KCNS1	 genes	 are	 associated	with	 the	 prevalence	 of	 CPSP	 after	

TA B L E  1  Baseline	patient	characteristics

Baseline sample 
(n = 345)

Center

Maastricht	UMC+ 116	(33.6%)

CzE 106	(30.7%)

MMC 87	(25.2%)

OMC 36	(10.4%)

Age	(mean,	SD) 46.9	(7.2)

Employment

Paid	job 252	(73.3%)

No	paid	job 92	(26.7%)

Educational level

No/lower 51	(14.8%)

Intermediate 214	(62.2%)

University/higher 79	(23.0%)

ASA	physical	class

I 189	(54.8%)

II 139	(40.3%)

III 5	(1.4%)

Pre‐operative	pain

Hysterectomy‐related	pain	(highest	NRS	>	3) 170	(49.3%)

Non‐hysterectomy‐related	pain	(highest	
NRS	>	3)

118	(34.2%)

History	of	sexual	abuse

No 272	(79.5%)

Yes 70	(20.5%)

Number	of	pregnancies	(mean,	SD) 2.5	(1.2)

Indication	for	hysterectomy	(more	than	one	
possible)

Leiomyoma 105	(30.4%)

Prolapse 64	(18.6%)

Menorrhagia/metrorrhagia 170	(49.3%)

Dysmenorrhoea 22	(6.4%)

Endometriosis/adenomyosis 18	(5.2%)

Abdominal	pain 18	(5.2%)

Cervial	dysplasia 20	(5.8%)

Other 19	(5.5%)

Abbreviations:	ASA,	American	Society	of	Anesthesiologist;	Maastricht	
UMC+,	Maastricht	University	Medical	Center+;	CzE,	Catharina	Hospital	
Eindhoven;	MMC,	Máxima	Medical	Center	Veldhoven;	OMC,	Orbis	
Medical	Center	Sittard‐Geleen;	NRS,	Numeric	Rating	Scale;	SD,	
Standard	Deviation.

TA B L E  2  Perioperative	data

Baseline sample 
(n = 345)

Anesthesia	type

General 296	(85.8%)

Spinal 40	(11.6%)

General	&	epidural 9	(2.6%)

Hysterectomy	procedure

Total	hysterectomy 328	(95.1%)

Subtotal	hysterectomy 14	(4.1%)

Oophorectomy

No 317	(93%)

Unilateral	oophorectomy 10	(2.9%)

Bilateral	oophorectomy 14	(4.1%)

Incision	type

Total	laparoscopic 65	(18.8%)

Vaginal‐	or	laparoscopic‐assisted	vaginal 227	(65.8%)

Abdominal	incision 53	(15.4%)

Years	of	training	of	gynecologist	(mean,	SD) 14.2	(9.9)

Pain	at	rest	at	PACU	(1	hour	after	
hysterectomy)

NRS	0‐3 168	(54.5%)

NRS	4‐10 140	(45.5%)

Pain	at	post‐operative	day	4	(highest	NRS	last	
24	hours)

NRS	0‐3 188	(62.5%)

NRS	4‐10 113	(37.5%)

DN4	at	day	4

0‐2 228	(79.2%)

≥3 60	(20.8%)

Abbreviations:	PACU,	Post‐Anesthesia	Care	Unit;	NRS,	Numeric	Rating	
Scale;	SD,	Standard	Deviation;	DN4,	Douleur	Neuropathique	4.
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hysterectomy.	 This	 study	 shows	 that	 the	 rs4818	 polymorphism	
within	the	COMT	gene	is	associated	with	the	presence	of	moder‐
ate	to	severe	chronic	post‐surgical	pain,	3	months	after	hysterec‐
tomy.	The	COMT	gene	encodes	for	the	enzyme	catechol‐O‐methyl	
transferase,	which	is	essential	in	the	breakdown	of	catecholamines.	
Polymorphisms	within	this	gene	can	cause	altered	COMT	enzyme	

activity.41,42	The	COMT	gene	has	been	studied	extensively	in	re‐
lation	 to	 several	 pain	 syndromes.	 Associations	 have	 been	 found	
for	experimental	pain,	for	nonsurgical	chronic	pain,	for	acute	post‐
operative	pain	and	for	CPSP.43‐48	In	line	with	our	findings,	Rut	et	
al.	 reported	 a	 relationship	 between	 increasing	 severity	 of	 CPSP	
after	 lumbar	 discectomy	 and	 the	minor	 allele	 (G)	 of	 rs4818,	 the	

Gene SNP Chromosome Major/minor allele MAF HWE P* 

COMT rs4633 22 T/C 0.44 0.01

rs6269 22 A/G 0.36 0.01

rs4818 22 C/G 0.36 0.04

rs4680 22 A/G 0.44 0.01

GCH1 rs10483639 14 G/C 0.18 0.49

rs3783641 14 T/A 0.18 0.02

rs8007267 14 C/T 0.17 0.01

KCNS1 rs13043825 20 C/T 0.28 0.21

rs734784 20 T/C 0.45 0.58

CACNG rs2284015 22 C/G 0.27 0.76

rs2284017 22 C/T 0.47 0.32

rs2284018 22 C/T 0.22 <0.001

rs4820242 22 A/G 0.37 0.48

rs1883988 22 G/A 0.28 0.95

OPRM1 rs563649 6 C/T 0.10 0.52

rs1799971 6 A/G 0.14 0.06

Abbreviations:	SNP,	Single‐Nucleotide	Polymorphism;	MAF,	Minor	Allelic	Frequency;	HWE,	Hardy‐
Weinberg	equilibrium.
*P	value	HWE:	cut‐off	point	of	0.003	(0.05/16).	

TA B L E  3  Description	of	included	
polymorphisms	within	our	patient	
population

Gene SNP

CPSP at 3 months (n = 332)
CPSP at 12 months 
(n = 305)

OR (95% CI) P OR (95% CI) P

COMT rs4633 1.59	(0.95‐2.66) 0.08 1.09	(0.59‐2.02) 0.78

rs6269 1.97	(1.19‐3.26) 0.01 1.22	(0.67‐2.24) 0.52

rs4818 1.99	(1.19‐3.33) 0.009 1.35	(0.73‐2.48) 0.34

rs4680 1.58	(0.94‐2.65) 0.08 1.20	(0.65‐2.22) 0.57

GCH1 rs10483639 1.11	(0.61‐2.03) 0.74 1.11	(0.54‐2.31) 0.77

rs3783641 1.04	(0.57‐1.90) 0.90 1.13	(0.56‐2.30) 0.73

rs8007267 1.34	(0.76‐2.36) 0.32 1.08	(0.52‐2.26) 0.84

KCNS1 rs13043825 0.86	(0.48‐1.53) 0.61 0.91	(0.46‐1.77) 0.77

rs734784 0.77	(0.47‐1.29) 0.32 0.85	(0.47‐1.55) 0.60

CACNG rs2284015 0.86	(0.49‐1.14) 0.61 0.80	(0.40‐1.58) 0.51

rs2284017 1.15	(0.90‐1.47) 0.57 0.89	(0.50‐1.60) 0.70

rs2284018 0.75	(0.36‐1.56) 0.45 0.77	(0.32‐1.84) 0.56

rs4820242 1.35	(0.81‐2.26) 0.25 1.19	(0.65‐2.18) 0.57

rs1883988 0.83	(0.47‐1.47) 0.53 0.75	(0.38‐1.49) 0.41

OPRM1 rs563649 1.40	(0.63‐3.12) 0.41 0.37	(0.09‐1.62) 0.19

rs1799971 1.25	(0.60‐2.60) 0.56 0.54	(0.18‐1.62) 0.27

Abbreviations:	SNP,	Single‐Nucleotide	Polymorphism;	OR,	Odds	ratio.	Bold	indicates	significant	 
P values.

TA B L E  4  Association	between	
included	polymorphisms	and	chronic	post‐
surgical	pain	(CPSP)	at	3	and	12	months	
after	hysterectomy
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minor	allele	(G)	of	rs4680,	and	homozygosity	for	the	minor	allele	
(T)	of	rs4633.18	On	the	other	hand,	in	contrast	to	our	findings,	Rut	
and	colleagues	also	described	an	association	between	less	severe	
CPSP	and	the	minor	allele	 (G)	of	rs6269.	Patients	with	the	minor	
allele	 of	 rs6269	 have	 been	 reported	 to	 experience	more	 severe	
pre‐operative	pain	in	their	study.18	Two	studies	that	investigated	
pain	 in	the	acute	post‐operative	phase,	demonstrated	a	relation‐
ship	between	increased	pain	severity	and	the	presence	of	one	or	
two	minor	 alleles	of	 rs4818	 in	patients	 after	 third	molar	 extrac‐
tion	or	surgery	for	breast	cancer.23,45	An	association	between	pain	
sensitivity	in	an	experimental	setting	and	several	polymorphisms	
within	 the	COMT	gene	 in	women	with	 temperomandibular	 joint	
disorder	has	been	reported,	as	patients	with	the	major	allele	(A)	of	
and	the	major	allele	(C)	of	rs4818	are	more	sensitive	to	pain.43	An	
association	between	 several	COMT	polymorphisms	 and	pain‐re‐
lated	functional	impairment	6	months	after	inguinal	hernia	surgery	

has	been	described,	as	the	presence	of	one	or	more	minor	alleles	
of	rs4633	and	rs6269	were	associated	with	a	protective	effect.49

In	 sum,	many	 studies	 reported	 associations	 between	 pain	 and	
polymorphisms	within	the	COMT	gene.	However,	the	allele	respon‐
sible	for	an	increase	in	pain	sensitivity	or	severity	is	not	identical	in	
all	 studies.	Polymorphisms	associated	with	 increased	pain	severity	
in	 some	 studies	were	 associated	with	 a	 protective	 effect	 in	 other	
publications.18,23,43,45,48	Differences	in	types	of	pain	(eg,	post‐opera‐
tive	pain	vs	experimental	pain	and	functional	impairment)	might	be	a	
possible	explanation	for	these	variations.	Future	studies	are	needed	
to	further	analyze	the	relation	between	types	of	pain,	pain	sensitiv‐
ity	or	severity,	and	polymorphisms	in	the	COMT	gene.	Obviously,	it	
is	very	 important	to	know	the	allele	responsible	 for	an	 increase	 in	
pain	severity	before	these	COMT	polymorphisms	can	be	included	in	
general	pain	prediction	models.

In	 this	 study,	 we	 were	 unable	 to	 demonstrate	 an	 association	
between	 the	 prevalence	 of	 CPSP	 after	 hysterectomy	 and	 poly‐
morphisms	within	the	GCH1,	KCNS1,	CACNG,	and	OPRM1	genes.	
Associations	 between	 CPSP	 and	 these	 polymorphism	 have	 been	
found	in	previous	publications.13,15,16,19,20,24	It	is	very	likely	that	our	
present	study	lacks	statistical	power	to	find	an	association	between	
these	polymorphisms	and	 the	presence	of	CPSP	3	and	12	months	
after	 hysterectomy.	 Future	 studies,	 in	 larger	 patient	 cohorts,	 are	
necessary	 to	 determine	 whether	 an	 association	 between	 these	
genes	and	CPSP	exists.

The	second	objective	of	our	study	was	to	determine	if	the	addi‐
tion	of	genetic	polymorphisms	to	the	pre‐existing	clinical	and	psy‐
chological	prediction	model	for	CPSP	after	hysterectomy	would	be	
able	to	 improve	the	discriminatory	power	of	the	model.	Our	study	
demonstrates,	 for	 the	 first	 time,	 that	 the	 addition	 of	 polymor‐
phisms	within	the	COMT	gene	to	the	pre‐existing	prediction	model	
improved	 the	discriminatory	power	of	 the	model	 from	“fair”	 (AUC	
0.7‐0.8)	to	“good”	(AUC	0.8‐0.9).	Even	though	the	difference	in	AUC	
between	a	clinical	prediction	model	and	a	prediction	model	with	ad‐
ditional	genetic	factors	was	not	statistically	significant,	we	did	show	
a	trend	toward	improvement,	and	even	small	improvements	in	pre‐
diction	value	can	be	of	clinical	relevance	in	personalizing	risk	profiles	
and	tailoring	preventative	strategies.49	Although	many	studies	have	
found	associations	between	polymorphisms	in	several	genes	and	the	
prevalence	and	severity	of	CPSP,20	until	now	the	additional	value	of	
using	genetic	polymorphisms	 in	predicting	CPSP	has	not	been	de‐
scribed.	The	additional	value	of	using	polymorphisms	in	pain‐related	
functional	impairment	after	inguinal	hernia	repair	has	been	reported,	
but	pain‐related	functional	impairment	is	a	different	outcome	than	
CPSP.49	Nevertheless,	comparable	findings	between	the	two	studies	
suggest	that	COMT	polymorphisms	play	an	important	role	in	medi‐
ating	pain	processes	during	the	chronic	post‐operative	period.20,49 
Future	studies	will	be	needed	to	determine	whether	polymorphisms	
within	other	genes	might	be	able	to	even	further	improve	clinical	and	
psychological	prediction	models.

Many	studies	have	shown	that	psychological	predictors,	such	as	
pain	catastrophizing,	surgical	fear,	and	lack	of	optimism	are	associ‐
ated	with	the	prevalence	and	severity	of	CPSP,	but	we	were	not	able	

TA B L E  5  Prediction	model	for	CPSP	3	months	after	
hysterectomy,	based	on	demographic,	clinical,	psychological,	and	
genetic	factors

Independent variable OR (95% CI) P value AUC

Step 1 0.78

Age

Per	year NS N/A

Employment

Paid	job	vs	no	paid	job 0.39	(0.17‐0.91) 0.03

Pregnancies

Per	number NS N/A

Surgery‐related	worries

Per	point	(range	
−1.68‐2.60)

NS N/A

Pre‐operative	hysterectomy‐
related	pain

Per	point	on	NRS	(rang	
0‐10)

1.18	(1.04‐1.35) 0.01

Pre‐operative	non‐hysterec‐
tomy‐related	pain

Per	point	on	NRS	(rang	
0‐10)

NS N/A

DN4‐interview	at	post‐op‐
erative day 4

≥3	vs	0‐2 4.65	(1.77‐12.18) 0.002

Self‐reported	infection	first	3	
post‐operative	months

Yes vs no 6.81	(2.66‐17.45) <0.001

Step 2 0.82

rs4818	(COMT	gene)

Per	number	of	minor	
alleles

2.50	(1.36‐4.60) 0.003

Abbreviation:	NRS,	Numeric	Rating	Scale;	DN4,	Douleur	Neuropathique	
4;	OR,	Odds	Ratio;	CI,	Confidence	Interval;	AUC,	Area	Under	the	Curve;	
NS,	Not	significant.
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to	confirm	these	 findings	 in	 the	present	study.2,9,50	For	 this	 study,	
the	considerable	number	of	psychological	predictors	was	reduced	to	
two	variables	(ie,	general	psychological	robustness	and	surgery‐re‐
lated	worries)	based	on	a	factor	analysis.25	Combining	multiple	psy‐
chological	predictors	into	a	single	variable	might	explain	why	we	did	
not	find	a	significant	association	between	psychological	robustness	
and	CPSP.	On	the	other	hand,	lack	of	statistical	power	might	also	be	
a	 reason	 for	 the	absence	of	 an	association	between	psychological	
predictors	 and	CPSP.	However,	 there	was	 to	be	 enough	power	 to	
detect	an	association	between	genetic	polymorphisms	and	CPSP.	It	
is	worth	mentioning	that	we	did	find	a	statistically	significant	asso‐
ciation	between	CPSP	and	surgery‐related	worries	 in	our	previous	
publication.	 Differences	 in	 statistically	 significant	 risk	 factors	 be‐
tween	our	original	and	 the	current	 risk	model	were	also	observed	
for	employment	status	and	pain	not	related	to	the	planned	hyster‐
ectomy.	Several	explanations	are	available	 for	 these	differences	 in	
risk	models.	First	of	all,	a	different	statistical	approach	was	used.	In	
our	original	study,	a	mixed	model	analysis	was	performed,	because	
this	approach	was	very	 robust	 for	missing	data,	but	 the	downside	
of	this	approach	was	the	fact	that	the	time	point	after	surgery	(ie,	3	
or	12	months	after	surgery)	was	included	as	one	of	the	variables.	In	
our	current	risk	model,	we	preferred	to	present	separate	results	for	
3	and	12	months	after	surgery	in	order	to	be	able	to	present	the	in‐
fluence	of	genetic	factors	at	these	different	time	points.	Therefore,	
a	separate	logistic	regression	analysis	was	performed	for	both	time	
points;	robustness	for	missing	data	was	assured	using	multiple	 im‐
putation.	We	 hypothesize	 that	 these	 differences	 in	 statistical	 ap‐
proach,	in	combination	with	the	loss	to	follow‐up	of	70	patients	(due	
to	insufficient	quality	of	the	genetic	material)	and	the	resulting	loss	
of	statistical	power,	has	led	to	the	mentioned	differences	in	both	risk	
models.	We	believe	that	larger	patient	cohorts	will	lead	to	more	sta‐
ble	and	robust	risk	models.	Future	studies	are	therefore	needed	to	
determine	the	role	of	simultaneous	use	of	psychological	and	genetic	
variables	for	the	prediction	of	CPSP.

Important	strengths	of	our	study	are	both	its	prospective	longi‐
tudinal	design,	as	well	as	the	homogeneity	of	the	patient	sample.	All	
patients	were	of	female	gender,	the	same	ethnicity,	and	underwent	
the	same	surgery	for	benign	indication.	However,	our	study	also	has	
limitations.	First	of	all,	the	sample	size	was	relatively	small	for	genetic	
research.	The	study	was	powered	to	perform	a	regression	analysis	
with	clinical	and	psychological	variables.	It	is	likely	that	larger	sample	
sizes	are	necessary	to	detect	the	association	between	individual	ge‐
netic	polymorphisms	and	the	prevalence	of	CPSP.	In	addition	to	this,	
the	prevalence	of	CPSP	was	relatively	low	(only	35	patients	after	3	
months,	and	24	patients	after	12	months),	which	further	decreases	
the	statistical	power.	This	could	explain	why	we	did	find	an	associa‐
tion	between	polymorphisms	and	pain	3	months	after	hysterectomy,	
but	 not	 12	months.	 The	 second	 limitation	 is	 that	we	only	 studied	
polymorphisms	that	have	already	been	studied	by	other	authors.	No	
genome‐wide	association	studies	(GWAS)	have	been	performed	yet	
with	regard	to	CPSP.

Future	 studies	on	CPSP	and	genetics	 should	 focus	on	GWAS.	
This	is	the	only	way	to	identify	all	polymorphisms	that	can	possibly	

be	associated	with	the	development	of	CPSP.	This	approach	would	
require	 larger	 sample	 sizes	 and	 preferably	 homogeneous	 patient	
populations	 with	 a	 clearly	 defined	 pain	 phenotype.	 At	 the	 mo‐
ment,	 our	 research	 group	 is	working	 on	 a	GWAS	 to	 determine	 if	
other	polymorphisms	are	associated	with	CPSP	after	hysterectomy.	
After	 promising	 polymorphisms	 have	 been	 identified	 by	 GWAS,	
these	polymorphisms	can	be	 tested	and	validated	 in	 large	groups	
of	patients,	and	various	surgical	procedures.	We	hypothesize	that	
individual	 genes	 explain	only	 a	 small	 part	 of	 the	 variation	 in	pain	
phenotype,	 whereas	 a	 combination	 of	 multiple	 genes	 of	 inter‐
est	might	be	able	 to	explain	a	 larger	portion.	This	combination	of	
polymorphisms	can	then	be	combined	with	clinical	and	psycholog‐
ical	predictors	 to	 compose	personalized	 risk	profiles	 for	 standard	
procedures.

In	 conclusion,	 our	 study	 demonstrates	 that	 two	 polymor‐
phisms	within	the	COMT	gene	are	associated	with	the	prevalence	
of	moderate	to	severe	CPSP	3	months	after	hysterectomy.	In	line	
with	 recent	 literature,	 our	 results	 further	 indicate	 that	 polymor‐
phisms	within	the	COMT	gene	play	an	important	role	in	post‐op‐
erative	 mechanisms	 of	 pain	 processing.	 Addition	 of	 the	 rs4818	
polymorphism	 to	 the	 prediction	 model	 showed	 a	 trend	 toward	
improvement.	 In	 order	 to	 determine	 the	 role	 of	 other	 genes	 on	
the	development	of	CPSP,	more	research	in	larger	patient	cohorts	
is needed.
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