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Abstract
Pavlovian	 learning	 mechanisms	 are	 of	 great	 importance	 both	 for	 models	 of	
psychiatric	disorders	and	treatment	approaches,	but	understudied	in	obsessive-	
compulsive	disorder	(OCD).	Using	an	established	Pavlovian	fear	conditioning	
and	reversal	procedure,	we	studied	skin	conductance	responses	in	41	patients	
with	OCD	and	in	32	matched	healthy	control	participants.	Within	both	groups,	
fear	acquisition	and	reversal	effects	were	evident.	When	comparing	groups,	pa-
tients	showed	impaired	differential	learning	of	threatening	and	safe	stimuli,	con-
sistent	with	previous	research.	In	contrast	to	prior	findings,	differential	learning	
impairments	were	restricted	to	fear	acquisition,	and	not	observed	in	the	reversal	
stage	of	the	experiment.	As	previous	and	present	fear	reversal	experiments	 in	
OCD	differed	in	the	use	of	color	coding	to	facilitate	stimulus	discrimination,	the	
studies	converge	to	suggest	that	differential	learning	of	threatening	versus	safe	
stimuli	 is	 impaired	 in	 OCD,	 but	 manifests	 itself	 differently	 depending	 on	 the	
difficulty	of	 the	association	to	be	 learned.	When	supported	by	 the	addition	of	
color,	patients	with	OCD	previously	appeared	to	acquire	an	association	early	but	
failed	to	reverse	it	according	to	changed	contingencies.	In	absence	of	such	color	
coding	of	stimuli,	our	data	suggest	that	patients	with	OCD	already	show	differ-
ential	learning	impairments	during	fear	acquisition,	which	may	relate	to	find-
ings	of	altered	coping	with	uncertainty	previously	observed	in	OCD.	Impaired	
differential	learning	of	threatening	versus	safe	stimuli	should	be	studied	further	
in	OCD,	in	order	to	determine	whether	impairments	in	differential	learning	pre-
dict	treatment	outcomes	in	patients,	and	whether	they	are	etiologically	relevant	
for	OCD.

K E Y W O R D S
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1 |  INTRODUCTION

Pavlovian	 fear	 conditioning	 mechanisms	 are	 commonly	
used	to	explain	a	variety	of	phenomena	in	psychopathol-
ogy.	They	are	particularly	highlighted	by	models	intending	
to	explain	the	etiology	and	maintenance	of	fear	symptoms	
(Mineka	&	Oehlberg, 2008;	Mowrer, 1939),	and	are	viewed	
to	 be	 fundamental	 to	 the	 action	 of	 cognitive	 behavioral	
therapy	(CBT).	Therapists	may	educate	patients	that	they	
have	 learned	to	 fear	certain	objects	or	situations	(abnor-
mal	fear	acquisition),	and	that	the	goal	of	the	therapy	is	
to	modify	 this	acquired	 fear	response	(by	 fear	extinction	
or	 reversal).	 This	 rationale	 is	 obvious	 in	 disorders	 with	
clearly	 identified	 events	 of	 fear	 acquisition	 (particularly	
post-	traumatic	stress	disorder,	PTSD).	However,	it	can	also	
be	applied	to	obsessive-	compulsive	disorder	(OCD)	even	
though	precipitating	adverse	events	cannot	be	 identified	
in	many	cases.	Here,	we	assume	 that	not	only	 traumata	
but	also	minor	events	(e.g.,	experiencing	disgust	in	a	pub-
lic	 restroom)	 may	 facilitate	 associations	 between	 objects	
(e.g.,	 toilet	 lid)	 and	 perceived	 danger	 (e.g.,	 experiencing	
disgust	 again	 or	 getting	 ill)	 without	 being	 remembered	
when	 OCD	 symptoms	 manifest.	 Vulnerable	 individuals	
might	be	characterized	by	deficits	in	changing	such	asso-
ciation	through	extinction	or	reversal	learning,	i.e.,	replac-
ing	old	associations	by	new	ones.	These	mechanisms	are	
also	considered	to	be	involved	in	exposure	with	response	
prevention	 (ERP),	 which	 is	 the	 treatment	 method	 with	
the	most	robust	evidence	for	OCD	(Olatunji	et al., 2013;	
Öst	et al., 2015).	Despite	high	efficacy	of	ERP,	up	to	50%	
of	patients	do	not	show	long-	term	remission	(e.g.,	Elsner	
et al., 2020;	Hansen	et al., 2018).	Thus,	further	improve-
ments	in	treatment	efficacy	are	necessary	and	will	require	
the	introduction	of	new	therapeutic	approaches,	as	well	as	
optimization	of	ERP	procedures	(Mataix-	Cols	et al., 2019).	
In	 clinical	 practice,	 ERP	 sessions	 are	 designed,	 adjusted	
and	 tailored	 for	 the	 single	 case	 at	 hand	 (Mataix-	Cols	
et al., 2005).	It	is	thus	of	crucial	importance	to	understand	
deficient	 fear-	processing	 mechanisms	 and	 whether	 they	
concern	 fear	 acquisition,	 reversal	 or	 retention	 of	 extinc-
tion	processes.	The	precise	identification	of	the	stages	or	
phases	where	fear	learning	is	altered	may	improve	treat-
ment.	This	may	be	of	particular	importance	for	treatment	
of	 OCD,	 as	 a	 substantial	 portion	 of	 patients	 with	 OCD	
does	not	benefit	from	CBT	(Mataix-	Cols	et al., 2019;	Öst	
et al., 2015;	Taylor	et al., 2012).

Pavlovian	 learning	 studies	 in	 anxiety	 disorders	 typ-
ically	 show	 heightened	 fear	 responses	 to	 safe	 stimuli	
during	fear	acquisition,	and	exaggerated	responses	to	the	
previously	 threatening,	 but	 now	 safe	 stimuli	 during	 ex-
tinction	in	patients	(Duits	et al., 2015).	Only	a	very	small	
number	 of	 studies	 investigated	 Pavlovian	 fear	 learning	
deficits	 in	 OCD	 to	 date	 (Apergis-	Schoute	 et  al.,  2017;	

McLaughlin	 et  al.,  2015;	 Milad	 et  al.,  2013;	 Nanbu	
et  al.,  2010),	 with	 heterogeneous	 findings.	 The	 existing	
studies	 point	 to	 unaltered	 fear	 acquisition	 and	 extinc-
tion	 (McLaughlin	et al., 2015;	Milad	et al., 2013;	Nanbu	
et al., 2010),	but	 impaired	extinction	recall	 (McLaughlin	
et al., 2015;	Milad	et al., 2013),	and	reduced	differentiation	
of	safe	and	threatening	stimuli	during	late	phases	of	fear	
acquisition	and	reversal	(Apergis-	Schoute	et al., 2017)	in	
OCD.	Whereas	 traditional	 Pavlovian	 learning	 paradigms	
implement	pauses	of	several	hours	or	even	days	between	
fear	acquisition	and	extinction	recall	using	the	same	task	
(McLaughlin	et al., 2015;	Milad	et al., 2013),	the	fear	re-
versal	paradigm	considers	that	fear	responses	need	to	be	
flexibly	 and	 rapidly	 adjusted	 to	 changing	 contingencies.	
It	 involves	 a	 transient	 acquisition	 and	 reversal	 of	 fear	
within	 the	 same,	 single	 experimental	 session.	 Thus,	 the	
paradigm	allows	to	study	processes	by	which	aversive	as-
sociations	are	 formed	and	 transitioned	when	contingen-
cies	 are	 shifted.	 In	 the	 acquisition	 stage,	 two	 facial	 cues	
are	presented,	and	paired	with	an	aversive	stimulus	(CS+)	
or	no	outcome	 (CS−).	Later,	 in	 the	 reversal	 stage	of	 the	
experiment,	the	previously	aversive	cue	becomes	the	safe	
stimulus	 (new	CS−),	whereas	 the	previously	safe	 stimu-
lus	becomes	the	threatening	stimulus	now	associated	with	
the	 aversive	 outcome	 (new	 CS+;	 Schiller	 et  al.,  2008).	
Acquisition	and	reversal	stages	are	further	subdivided	in	
early	and	late	phases.	In	a	study	of	healthy	participants,	
Schiller	 et  al.  (2008)	 demonstrated	 significantly	 greater	
skin	conductance	responses	(SCRs)	to	the	CS+	compared	
to	the	CS−	during	acquisition,	and	significant	SCR	differ-
entiation	between	the	new	CS+	and	the	new	CS−	during	
reversal,	suggesting	that	fear	learning	can	be	successfully	
acquired	 and	 reversed.	 Notably,	 the	 awareness	 of	 con-
tingency	reversal	can	differ	between	clinical	and	control	
groups	(Apergis-	Schoute	et al., 2017)	and	thus	needs	to	be	
carefully	considered	in	group	comparisons	of	fear	reversal	
responses.	The	 fear	 reversal	 paradigm	 may	 be	 of	 partic-
ular	relevance	for	patients	with	OCD,	as	impairments	in	
the	context	of	operant	conditioning	are	consistently	found	
when	stimulus	contingencies	are	reversed	(Chamberlain	
et  al.,  2008;	 Remijnse	 et  al.,  2006;	Valerius	 et  al.,  2008).	
Using	a	modified	version	of	the	fear	reversal	experiment	
in	which	the	two	facial	cues	were	overlaid	with	two	differ-
ent	colors,	a	previous	study	 in	OCD	and	healthy	control	
participants	(Apergis-	Schoute	et al., 2017)	showed	signifi-
cantly	impaired	differentiation	of	CS+	and	CS−	through-
out	 the	entire	experiment	 for	patients	with	OCD,	which	
were	found	in	late	but	not	in	early	acquisition	and	reversal	
phases,	 respectively.	Within	 both	 groups,	 significant	 dif-
ferentiation	of	CS+	and	CS−	was	evident	during	fear	ac-
quisition,	 however	 during	 reversal,	 no	 such	 effects	 were	
observed	in	patients,	in	contrast	to	significant	differential	
learning	in	healthy	controls	(Apergis-	Schoute	et al., 2017).
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Action	of	antidepressant	medication	represents	a	 rel-
evant	 confounder	 in	 the	 study	 of	 fear	 responses	 in	 pa-
tient	 populations.	 Studies	 in	 rats	 suggest	 that	 chronic	
citalopram	administration	impairs	the	acquisition	of	fear	
conditioning	(Burghardt	et al., 2004),	and	chronic	antide-
pressant	 treatment	 impairs	 the	 acquisition	 of	 extinction	
(Burghardt	 et  al.,  2013),	 respectively.	 Further,	 studies	 in	
humans	 revealed	 that	 serotonergic	depletion	specifically	
impairs	classical	fear	conditioning	(Hensman	et al., 1991;	
Hindi	Attar	et al., 2012)	and	fear	reversal	learning	(Kanen	
et  al.,  2021).	 Moreover,	 escitalopram	 seems	 to	 facilitate	
extinction	 learning	 (Bui	 et  al.,  2013),	 and	 finally,	 anti-
depressant	 medication	 emerged	 as	 a	 key	 variable	 when	
comparing	 brain	 metrics	 between	 patients	 with	 OCD	
and	 healthy	 subjects	 in	 a	 recent	 mega-	analysis	 in	 OCD	
(Boedhoe	et al., 2017).

The	 present	 study	 sought	 to	 investigate	 fear	 reversal	
learning	in	patients	with	OCD	in	absence	of	the	artifacts	
and	 possible	 claustrophobic	 tendencies	 that	 may	 be	 in-
duced	 by	 simultaneous	 functional	 magnetic	 resonance	
imaging	recordings	present	in	previous	studies	(Apergis-	
Schoute	et al., 2017;	Milad	et al., 2013).	We	further	care-
fully	 considered	 antidepressant	 medication	 effects,	 and	
controlled	for	putative	differences	in	contingency	reversal	
awareness	 when	 comparing	 fear	 reversal	 responses	 be-
tween	patients	and	controls.	The	addition	of	color	to	facial	
stimuli,	 which	 likely	 facilitates	 stimulus	 discrimination,	
was	 omitted.	 Three	 questions	 were	 addressed:	 First,	 we	
hypothesized	that	previously	reported	fear	reversal	effects	
(Schiller	et al., 2008)	are	replicable.	Second,	we	tested	the	
hypothesis	that	patients	with	OCD	display	reduced	differ-
ential	fear	learning	of	threatening	versus	safe	stimuli.	We	
expected	such	reductions	to	be	most	pronounced	during	
late	 acquisition	 and	 reversal	 phases,	 as	 indicated	 previ-
ously	(Apergis-	Schoute	et al., 2017).	Finally,	we	assessed	
the	effect	of	antidepressant	medication	by	comparing	fear	
acquisition	 and	 reversal	 responses	 between	 medicated	
and	unmedicated	patients.

2 |  METHOD

2.1 | Experimental procedure and data 
acquisition

We	implemented	the	experimental	setting	of	the	previous	
fear	 reversal	 study	by	Schiller	et al.  (2008).	A	mild	elec-
trical	stimulation	served	as	unconditioned	stimulus	(US).	
The	 amperage	 of	 shock	 level	 was	 individually	 selected	
prior	to	the	experiment	so	that	stimulation	was	“unpleas-
ant	 but	 not	 painful”.	 The	 shock	 (bursts	 of	 50  ms)	 was	
delivered	 to	 the	 dominant	 wrist.	 As	 previously	 (Schiller	
et al., 2008),	two	mildly	angry	faces	from	the	Ekman	series	

(Ekman	 &	 Friesen,  1976)	 served	 as	 conditioned	 stimuli	
(CS)	and	were	presented	for	four	seconds	per	trial	with	an	
intertrial	interval	(ITI)	of	twelve	seconds.

The	experiment	involves	two	stages:	During	acquisition	
(30	 trials),	 face	 A	 (CS+)	 was	 presented	 in	 18	 trials	 and	
paired	with	the	shock	in	one-	third	of	these	trials	(six	tri-
als;	Schiller	et al., 2008).	Face	B	(CS−)	was	presented	in	
twelve	trials	and	was	never	paired	with	the	shock.	During	
reversal	 (40	 trials),	 contingencies	 were	 reversed	 without	
announcement:	face	B	(new	CS+)	was	presented	in	24	tri-
als	and	now	paired	with	 the	shock	 in	one-	third	of	 these	
trials	(eight	trials)	while	face	A	(new	CS−)	was	presented	
in	16	trials	and	now	no	longer	shocked	(Figure 1).	To	avoid	
order	 effects,	 the	 array	 of	 trials	 varied	 regarding	 the	 oc-
currence	of	first	shock	delivery	across	three	different	ver-
sions.	 In	all	versions,	 there	was	no	reinforcement	of	 the	
first	CS+,	and	there	were	no	consecutive	reinforced	trials.	
Further,	 the	assignment	of	 faces	 into	CS+	and	CS−	was	
counterbalanced	across	all	subjects.	We	divided	the	acqui-
sition	and	reversal	stages	in	early	and	late	trials	(phase)	in	
order	to	observe	contingency	learning	over	time	(Schiller	
et al., 2008).

Skin	 conductance	 response	 (SCR)	 levels	 during	 an-
ticipation	of	a	potential	shock	(0.5–	4.5 s	after	trial	onset)	
served	 as	 the	 dependent	 variable.	 SCR	 levels	 were	 mea-
sured	 using	 Ag-	AgCl	 electrodes	 (1  cm²)	 which	 were	 at-
tached	hypothenar	to	the	non-	dominant	hand.

Participants	 were	 instructed	 to	 pay	 attention	 to	 the	
relationship	between	the	faces	and	the	occurrence	of	the	
shocks.

2.2 | Post- experimental 
contingency awareness

Immediately	 after	 the	 experiment	 we	 assessed	 explicit	
contingency	 awareness	 by	 asking:	 “It	 was	 your	 task	 to	
observe	the	relationship	between	the	faces	and	the	elec-
tric	 stimulation.	 Did	 you	 recognize	 any	 relationship?”	
Answers	given	by	the	participants	were	classified	by	the	
experimenter	and	assigned	to	one	of	the	following	a	priori	
defined	categories	(categories	were	not	presented	to	the	
participants):	(1)	no	relationship,	unsystematic;	(2)	shock	
always	 follows	 one	 face,	 shock	 never	 follows	 the	 other;	
(3)	shock	follows	one	face	in	some	trials,	shock	never	fol-
lows	the	other	(contingency	but	no	reversal	awareness);	
(4)	 shock	always	 follows	one	 face	 in	 the	 first	part,	 later	
shock	always	follows	the	other	face	in	the	second	part	(re-
versal	awareness);	or	(5)	shock	follows	one	face	in	some	
trials	in	the	first	part,	later	shock	follows	the	other	face	in	
some	trials	in	the	second	part	(contingency	and	reversal	
awareness).	 Only	 participants	 whose	 answers	 were	 as-
signed	to	the	last	category	(5)	were	considered	to	indicate	
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awareness	of	contingency	reversal.	All	others	(1–	4)	were	
considered	to	be	unaware.	In	case	participants	were	un-
certain	about	the	relationship,	assignment	to	the	catego-
ries	was	based	on	what	the	participant	considered	most	
likely	(1–	5).	Finally,	a	binary	variable	 indicating	aware-
ness	 of	 contingency	 reversal	 was	 derived	 and	 used	 for	
further	analysis.

2.3 | Psychological assessment

Immediately	before	the	experiment,	a	clinical	psychologist	
conducted	the	German	version	of	the	Yale-	Brown	Obsessive-	
Compulsive	 Scale	 interview	 (Y-	BOCS;	 Goodman,	 Price,	

Rasmussen,	 Mazure,	 Delgado,	 et    al.,  1989;	 Goodman,	
Price,	 Rasmussen,	 Mazure,	 Fleischmann,	 et  al.,  1989;	
Hand	 &	 Büttner-	Westphal,  1991)	 and	 the	 Montgomery	
Åsberg	 Depression	 Rating	 Scale	 (MADRS;	 Montgomery	
&	 Åsberg,  1979)	 with	 all	 OCD	 patients.	 After	 termina-
tion	of	the	experimental	procedure,	all	participants	com-
pleted	 several	 psychological	 tests	 and	 questionnaires.	
They	included	the	Wortschatztest	(treasury	of	words	test;	
Schmidt	&	Metzler, 1992)	in	order	to	estimate	verbal	in-
telligence,	and	a	socio-	economic	status	scale	(Lampert	&	
Kroll,  2009).	 Moreover,	 the	 Beck	 Depression	 Inventory	
II	 (BDI-	II;	 Beck	 et  al.,  1996),	 the	 Obsessive	 Compulsive	
Inventory-	Revised	(OCI-	R;	Foa	et al., 2002)	and	the	State-	
Trait	Anxiety	Inventory	(STAI-	X;	Spielberger	et al., 1970)	

F I G U R E  1  Experimental	procedure	of	the	reversal	paradigm	with	periods	of	acquisition	and	reversal	(factor	“stage”).	During	the	
acquisition	stage,	face	A	is	reinforced	in	one-	third	of	the	trials	(CS+)	while	face	B	is	never	paired	with	the	shock	(CS−).	During	the	
reversal	stage,	face	A	is	no	more	paired	with	the	shock	(new	CS−)	but	face	B	is	reinforced	in	one-	third	of	the	trials	(new	CS+).	Both	stages	
are	divided	in	early	and	late	trials,	representing	the	factor	“phase”.	Comparisons	of	responses	to	CS+	versus	CS−	constitute	the	factor	
“stimulus”.	Images	of	faces	used	with	permission	from	Paul	Ekman
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   | 5 of 13ELSNER et al.

were	used	in	order	to	assess	symptom	severity	of	depres-
sive,	OCD,	and	anxiety	symptoms,	respectively.

2.4 | Participants

Eighty-	two	 subjects	 participated	 in	 the	 experiment.	 Data	
from	two	participants	were	discarded	due	to	technical	prob-
lems	during	data	recording.	Further,	visual	data	inspection	
revealed	that	seven	participants	(three	OCD)	did	not	show	
any	SCR	to	shocked	trials	(US).	In	line	with	recent	recom-
mendations	(Lonsdorf	et al., 2019),	they	were	classified	as	
non-	responders	and	not	considered	for	further	analysis.

The	 final	 sample	 comprised	 41	 patients	 (25	 female;	
mean	 age  =  29.93  years;	 SD  =  8.54)	 with	 a	 primary	 di-
agnosis	 of	 OCD	 and	 32	 matched	 healthy	 controls	 (HC,	
17	 female;	 mean	 age  =  28.97  years;	 SD  =  7.49).	 All	 pa-
tients	 were	 registered	 on	 a	 waiting	 list	 for	 cognitive	 be-
havioral	therapy	at	the	outpatient	unit	for	psychotherapy	
at	Humboldt-	Universität	zu	Berlin.	HC	participants	were	
recruited	via	public	advertisements	at	the	university	cam-
pus	and	on	online	platforms.	Potential	participants	were	
screened	for	exclusion	criteria	in	a	telephone-	based	inter-
view	 prior	 to	 the	 experiment.	 Exclusion	 criteria	 for	 HC	
participants	 were	 neurological	 disorders,	 anxiety	 disor-
ders,	 somatoform	 disorders,	 OCD	 and	 related	 disorders,	
current	 affective	 disorders,	 eating	 disorders,	 substance	
abuse,	psychotic	disorders	and	intake	of	benzodiazepines	
or	antipsychotic	medication	within	the	last	three	months.	
Potential	 participants	 who	 screened	 positive	 were	 not	
invited	 for	 participation.	 Patients	 and	 control	 partici-
pants	did	not	differ	significantly	in	demographic	or	basic	

experimental	variables,	however,	OCD	patients	scored	sig-
nificantly	higher	on	the	clinical	assessments,	see	Table 1.	
In	 the	 group	 of	 OCD	 patients,	 comorbid	 diagnoses	 of	
mental	disorders	were	anxiety	disorders	(n = 6),	somato-
form	disorder	 (n = 1),	and	current	 (n = 10)	or	 remitted	
depressive	disorder	(n = 10).	Twenty-	eight	patients	were	
free	of	psychotropic	medication	as	defined	by	an	a	priori	
washout	criterion	requiring	no	intake	of	any	psychotropic	
medication	for	at	 least	 three	months	prior	 to	 the	experi-
ment.	Thirteen	 patients	 did	 not	 fulfill	 this	 criterion	 due	
to	 treatment	 with	 antidepressants	 (n  =  3	 escitalopram,	
n = 2	citalopram,	n = 4	paroxetine,	n = 3	sertraline,	n = 1	
hypericum).

The	study	was	approved	by	 the	 local	 review	board	of	
Humboldt-	Universität	zu	Berlin	(protocol	numbers	2016-	
29	 and	 2019-	05)	 and	 met	 the	 standards	 of	 the	 revised	
Declaration	 of	 Helsinki.	 All	 participants	 provided	 writ-
ten	 informed	 consent	 and	 received	 10	 EUR	 per	 hour	 of	
participation.

2.5 | Data analysis

Psychophysiological	raw	data	were	recorded	using	Brain	
Vision	 Recorder,	 exported	 with	 Brain	 Vision	 Analyzer	
(Version	 2.1),	 and	 finally	 transferred	 to	 be	 analyzed	 in	
Matlab	 (Version	 R2016a).	 Using	 the	 Ledalab	 toolbox	
(Version	3.4.9)	data	were	downsampled	from	1,000 Hz	to	
100 Hz.	A	Butterworth	 lowpass	 filter	was	applied	 to	 the	
data.	 In	 order	 to	 dissociate	 continuous	 phasic	 and	 tonic	
activity	a	continuous	decomposition	analysis	(Benedek	&	
Kaernbach, 2010)	was	used.	SCRs	were	z-	transformed	in	

T A B L E  1  Group	differences	in	demographic,	basic	experimental	and	clinical	variables

Variable HC OCD Test

Gender 17	f/15	m 25	f/16	m χ²(1) = 0.45,	p = .501

M(SD) M(SD)

Age	(yrs) 29.0	(7.5) 29.9	(8.5) t(71) = −0.50,	p = .617

Verbal	intelligence	(IQ) 106.8	(8.4) 104.2	(9.6) t(71) = 1.21,	p = .230

Socio-	economic	status 11.1	(3.0) 9.8	(2.9) t(71) = 1.89,	p = .063

Impedance	stimulation	electrode	(kΩ) 40.2	(29.3) 46.4	(27.7) t(71) = −0.92,	p = .361

Selected	amperage	of	shock	level	(mA) 1.6	(1.8) 1.8	(1.3) t(71) = −0.33,	p = .746

SCR	to	electrical	stimulation	(z) 1.1	(0.5) 1.3	(0.6) t(71) = −0.86,	p = .392

OCI-	R 5.1	(5.0) 27.0	(12.8) t(54.53) = −9.14,	p < .001

BDI-	II 3.6	(5.7) 13.3	(10.2) t(64.85) = −4.81,	p < .001

STAI-	X1 31.4	(5.1) 41.2	(10.7) t(60.29) = −4.82,	p < .001

STAI-	X2 32.4	(6.2) 50.3	(12.5) t(61.41) = −9.14,	p < .001

Y-	BOCS –	 22.3	(4.5) –	

MADRS –	 7.54	(8.0) –	

Abbreviations:	BDI-	II,	Beck	Depression	Inventory	II;	MADRS,	Montgomery	Åsberg	Depression	Rating	Scale;	OCI-	R,	Obsessive	Compulsive	Inventory-	Revised;	
STAI-	X,	State-	Trait	Anxiety	Inventory;	Y-	BOCS,	Yale-	Brown	Obsessive-	Compulsive	Scale	interview	score.
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6 of 13 |   ELSNER et al.

order	to	normalize	data,	also	accounting	for	responses	to	
the	 shock.	 Thus,	 mean	 scores	 may	 have	 negative	 values	
but	 were	 consistently	 positive	 prior	 to	 z-	transformation	
(see	Figure 3).	A	SCR-	window	of	0.5	to	4.5 s	was	exported.	
Data	epochs	below	the	minimum	amplitude	threshold	of	
0.02 μS	were	coded	as	zero.	Given	the	absence	of	MRI	meas-
urements,	trials	reinforced	by	electrical	stimulation	were	
also	included	in	our	analysis,	 in	contrast	to	the	previous	

studies	(Apergis-	Schoute	et al., 2017;	Schiller	et al., 2008).	
Moreover,	we	removed	trials	before	the	first	shock	in	both	
stages	(the	orienting	response;	Cohen, 1993),	and	the	first	
CS−	trial	after	the	shock	during	reversal,	as	participants	
had	 no	 knowledge	 of	 the	 current	 contingencies	 at	 that	
particular	part	of	the	experiment.	The	key	outcome	meas-
ure	 was	 the	 mean	 of	 above-	threshold	 SCR-	amplitudes	
within	 the	 response	 window	 calculated	 across	 all	 trials	

F (1,69) p Partial η²

Replication of fear reversal effects

Stage	(acquisition	vs.	reversal) =22.45 <.001 .245

Phase	(early	vs.	late) =3.77 =.056 .052

Stimulus	(CS+	vs.	CS−) =39.13 <.001 .362

Stage × phase =0.67 =.414 .010

Stage × stimulus =1.57 =.215 .022

Phase × stimulus =3.85 =.054 .053

Stage × phase × stimulus =0.30 =.585 .004

Group differences

Group	(HC	vs.	OCD) =0.25 =.621 .004

Group × stage =4.54 =.037 .062

for	acquisition:	HC > OCD t(71) = 2.16 =.034

Group × phase =3.80 =.055 .052

for	early:	HC > OCD t(71) = 1.99 =.050

Group × stimulus =0.57 =.453 .008

Group × stage × phase =0.05 =.833 .001

Group × stage × stimulus =5.48 =.022 .074

for	CS+	in	acquisition:	HC > OCD t(71) = 2.64 =.010

Group × phase × stimulus =0.01 =.926 .000

Group × stage × phase × stimulus =0.18 =.675 .003

Reversal awareness differences

Awareness	(aware	vs.	unaware) =0.15 =.703 .002

Awareness × group =0.64 =.425 .009

Awareness × stage =0.20 =.654 .003

Awareness × stage × group =0.05 =.830 .001

Awareness × phase =0.16 =.693 .002

Awareness × phase × group =0.67 =.418 .010

Awareness × stimulus =4.19 =.044 .057

for	CS−:	unaware > aware t(71) = 2.66 =.010

Awareness × stimulus × group =0.05 =.833 .001

Awareness × stage × phase =0.16 =.689 .002

Awareness × stage × phase × group =0.19 =.661 .003

Awareness × stage × stimulus =0.72 =.400 .010

Awareness × stage × stimulus × group =2.36 =.129 .033

Awareness × phase × stimulus =0.15 =.698 .002

Awareness × phase × stimulus × group =0.06 =.816 .001

Awareness × stage × phase × stimulus =0.77 =.384 .011

Awareness × stage × phase × stimulus × group =1.40 =.241 .020

T A B L E  2  ANOVA	with	repeated	
measures:	Main	and	interaction	effects	
including	post-	hoc	t-	tests
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   | 7 of 13ELSNER et al.

of	 a	 condition.	 For	 all	 conditions,	 internal	 consistency	
(McDonald's	Omega;	Zinbarg	et al., 2005)	is	presented	in	
Supporting	Information	Table	S4.	Individual	data	were	ex-
ported	to	SPSS	(Version	23)	for	statistical	analysis.

2.6 | Statistical analysis

In	order	to	test	demographic	and	questionnaire	variables	
for	group	differences,	independent	t-	tests	were	conducted	
to	 compare	 means,	 and	 a	 Pearson	 Chi-	Square	 test	 was	
used	to	compare	nominal	data.

We	 analyzed	 mean	 SCR-	amplitudes	 using	 a	
2 × 2 × 2 × 2 × 2	repeated	measures-	ANOVA	with	stage	
(acquisition	vs.	reversal),	phase	(early	vs.	late)	and	stimu-
lus	(CS+	vs.	CS−)	as	within	subject	factors,	and	group	(HC	
vs.	OCD)	and	contingency	reversal	awareness	 (aware	vs.	
unaware)	as	between	subjects	factors.	Post-	hoc	t-	tests	were	
conducted	to	explain	significant	 interactions.	Further,	 in	
order	to	test	for	effects	of	antidepressant	medication,	we	
compared	 SC	 responses	 between	 unmedicated	 (n  =  28)	
and	medicated	(n = 13)	patients	directly	by	repeating	the	
ANOVA	 after	 replacing	 the	 group	 (HC	 vs.	 OCD)	 factor	
with	 a	 medication	 (unmedicated	 patients	 vs.	 medicated	
patients)	 factor.	 In	 a	 similar	 vein,	 the	 possible	 effects	 of	
acute	 comorbid	 depression	 were	 explored	 by	 repeating	
the	main	ANOVA	after	excluding	 the	control	group	and	
adding	 a	 “depressive	 disorder”	 factor	 with	 two	 groups	
(patients	with	current	depressive	disorder	vs.	remitted	de-
pressive	disorder	or	never	depressed).

In	 an	 exploratory	 analysis,	 we	 correlated	 scores	 on	
the	 Y-	BOCS	 scale	 with	 differential	 skin	 conductance	

responses	 from	 the	 acquisition	 and	 the	 reversal	 stage	
within	 the	OCD	group.	The	significance	 level	was	set	at	
α = 0.05	for	all	tests.

3 |  RESULTS

Effects	of	fear	learning	and	fear	reversal	were	observed	in	
the	combined	group	of	subjects.	All	main	and	interaction	
effects	 of	 the	 ANOVA	 on	 SCR	 amplitudes	 are	 displayed	
in	 Table  2.	 Figure  2	 displays	 differential	 responding	
as	 z-	transformed	 SCRs	 to	 face	 A	 versus	 face	 B	 for	 both	
groups.	Figure 3	 indicates	mean	scores	of	SCR	before	z-	
transformation	for	each	condition,	plotted	separately	 for	
group	and	stimulus	type.

3.1 | Fear reversal effects

The	 ANOVA	 revealed	 a	 significant	 main	 effect	 of	 stage,	
	indicating	 stronger	 SCR	 for	 acquisition	 (M  =  −0.197,	
SD = 0.17)	than	for	reversal	(M = −0.331,	SD = 0.15;	Table 2).	
Further,	the	main	effect	of	stimulus	(CS+	vs.	CS−)	was	sig-
nificant,	 indicating	 stronger	 SCR	 for	 CS+	 (M  =  −0.143,	
SD = 0.21)	than	for	CS−	(M = −0.384,	SD = 0.13).

3.2 | Group differences

The	 interaction	 between	 group	 and	 stage	 was	 significant	
(Table 2	and	Figure 2).	Post-	hoc	tests	revealed	significantly	
stronger	 SCRs	 during	 acquisition	 for	 healthy	 controls	

F I G U R E  2  Differential	responding	
in	z-	transformed	SCR	to	face	A	(CS+	in	
acquisition,	CS−	in	reversal)	versus	face	
B	(CS+	in	reversal,	CS−	in	acquisition),	
indicating	successful	fear	acquisition	and	
reversal	in	both	groups	as	described	in	
the	original	study	(compare	to	Schiller	
et al., 2008,	figure 2a),	as	well	as	group	
differences	in	fear	acquisition.	Error	
bars	indicate	±1	standard	errors	of	mean	
differences
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8 of 13 |   ELSNER et al.

(M = −0.149,	SD = 0.18)	than	for	OCD	patients	(M = −0.234,	
SD = 0.16),	t(71) = 2.16,	p = .034.	No	significant	group	dif-
ference	 could	 be	 observed	 during	 reversal,	 t(71)  =  −1.09,	
p = .278.	We	also	observed	a	significant	three-	way	interac-
tion	between	group,	stage	and	stimulus	(Table 2).	Post-	hoc	
t-		tests	revealed	significantly	stronger	SCRs	for	healthy	con-
trol	participants	(M = 0.031,	SD = 0.30)	than	for	OCD	patients	
(M = −0.134,	SD = 0.23)	specifically	for	CS+	during	acquisi-
tion,	t(71) = 2.64,	p = .010	(Figure 3).	Finally,	the	interaction	
between	group	and	phase	also	reached	trend	level	(Table 2).	
Post-	hoc	 t-	tests	 indicated	 a	 tendency	 toward	 stronger	 re-
sponses	 for	 healthy	 controls	 in	 early	 trials,	 (M  =  −0.201,	
SD = 0.17)	than	for	OCD	patients	(M = −0.268,	SD = 0.12),	
t(71) = 1.99,	p = .050.	The	interaction	between	group	and	
stimulus	did	not	yield	significance	(p = .453),	indicating	no	
general	difference	between	healthy	control	participants	and	
OCD	patients	regarding	their	differential	SCRs.

A	 significant	 interaction	 between	 contingency	 rever-
sal	awareness	and	stimulus	 (Table 2)	was	observed.	Post-	
hoc	tests	indicated	that	participants	who	were	not	aware	
of	 the	 reversal	 showed	 stronger	 responses	 to	 the	 CS−	
(M = −0.325,	 SD = 0.11)	 compared	 to	participants	who	
reported	 contingency	 reversal	 awareness	 (M  =  −0.410,	
SD = 0.13),	t(71) = 2.66,	p = .010.	The	interaction	between	
awareness	and	group	was	not	significant	(Table 2).	Direct	
comparison	 of	 contingency	 reversal	 awareness	 between	
groups	 (that	 is,	 irrespective	 of	 SCR)	 revealed	 no	 signifi-
cant	differences	in	awareness	(OCD = 27,	HC = 24)	and	

unawareness	(OCD = 14,	HC = 8)	of	the	contingency	re-
versal,	 χ²(1)  =  0.71,	 p  =  .398.	 Patients	 with	 current	 de-
pressive	disorder	did	not	differ	significantly	from	patients	
without	current	depressive	disorder	in	terms	of	fear	con-
ditioning	and	reversal	learning.

3.3 | Medication effects

ANOVA	 was	 repeated	 to	 compare	 effects	 in	 unmedi-
cated	 (n = 28)	versus	medicated	 (n = 13)	OCD	patients	
(Supporting	Information	Table	S3).	Unmedicated	patients	
did	 not	 differ	 from	 medicated	 patients	 regarding	 demo-
graphic	 and	 basic	 experimental	 variables	 (Supporting	
Information	Table	S2).	The	main	effects	for	stage	and	for	
stimulus	 remained	 significant.	 However,	 no	 significant	
interaction	with	medication	(unmedicated	vs.	medicated)	
was	 observed,	 indicating	 no	 influence	 of	 medication	 on	
stage,	phase,	stimulus,	contingency	reversal	awareness,	or	
their	interactions,	respectively.

3.4 | Exploratory analyses

For	 the	 group	 of	 patients	 with	 OCD,	 no	 significant	 cor-
relations	 were	 observed	 between	 Y-	BOCS	 scores	 and	
the	difference	score	between	CS+	and	CS−	(acquisition:	
r = .287,	p = .079;	reversal:	r = .048,	p = .766).

F I G U R E  3  Mean	SCR	values	for	each	condition,	plotted	separately	for	group	(HC	and	OCD)	and	stimulus	type	(CS+	and	CS−).	Error	
bars	indicate	standard	errors
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4 |  DISCUSSION

The	 present	 study	 investigated	 skin	 conductance	 re-
sponses	 (SCRs)	 of	 patients	 with	 OCD	 as	 compared	 to	
healthy	individuals	in	a	fear	reversal	paradigm.	Studying	
reversal	learning	is	important	to	clarify	the	persistence	of	
learned	 fear	 contingencies	 when	 they	 are	 shifted.	 In	 ac-
cordance	 with	 previous	 findings	 (Schiller	 et  al.,  2008),	
SCRs	indicated	a	distinct	pattern	of	fear	acquisition	and	re-
versal	effects	across	both	groups.	Compared	with	healthy	
control	participants,	OCD	patients	showed	impaired	dif-
ferential	 learning	of	 threatening	versus	safe	stimuli	dur-
ing	 fear	 acquisition,	 explained	 by	 a	 significantly	 smaller	
SCR	to	CS+	in	this	stage	of	the	experiment.	While	these	
results	converge	with	previous	 findings	of	altered	differ-
ential	learning	of	threatening	versus	safe	stimuli	in	OCD,	
impaired	differential	learning	was	not	observed	in	the	fear	
reversal	stage,	 in	contrast	 to	previous	research	(Apergis-	
Schoute	et al., 2017).	These	discrepancies	between	prior	
and	present	fear	reversal	studies	in	OCD	may	be	explained	
by	differences	in	the	degree	of	difficulty	between	studies	
regarding	 the	 associations	 to	 be	 learned.	 When	 stimu-
lus	discrimination	is	supported	by	color	coding,	patients	
with	OCD	may	acquire	the	association	but	fail	to	reverse	
it,	whereas	conditions	without	such	facilitation	might	be	
more	sensitive	for	detecting	deficits	in	differential	learning	
already	in	the	initial	process	of	fear	acquisition.	However,	
this	study	was	not	designed	to	directly	compare	the	effects	
of	color	on	facilitation	of	stimulus	discrimination.

Irrespective	 of	 group	 differences,	 the	 present	 results	
are	consistent	with	the	existing	literature	in	demonstrat-
ing	effects	of	fear	acquisition	and	reversal.	Although	the	
replicability	of	this	pattern	initially	described	by	Schiller	
et  al.  (2008)	 had	 previously	 been	 indicated	 by	 Apergis-	
Schoute	 et  al.  (2017),	 modification	 of	 the	 experimental	
procedure	(addition	of	colors	to	the	two	facial	stimuli	serv-
ing	as	CS+	and	CS−)	has	substantially	facilitated	stimulus	
discrimination	 in	 that	 study.	 This	 facilitation	 of	 stimu-
lus	discrimination	has	probably	increased	the	awareness	
of	 contingency	 reversal	 reported	 after	 the	 experiment.	
Increased	awareness,	in	turn,	was	associated	with	lower	SC	
responses	to	safe	(CS−)	stimuli	indicating	better	discrim-
ination.	In	this	manner,	facilitating	the	discrimination	of	
conditioned	stimuli	may	significantly	 impact	differential	
learning	of	CS+	versus	CS−	and	reversal	learning	effects.	
The	present	replication	of	the	fear	reversal	effect	without	
additional	facilitation	of	stimulus	discrimination	by	color	
coding	 (Schiller	 et  al.,  2008)	 is	 therefore	 not	 trivial	 and	
corroborates	the	robustness	of	fear	reversal	effects	and	the	
suitability	of	the	paradigm	for	future	research.

Group	 differences	 in	 the	 present	 study	 emerged	 as	
significant	group by stage	 and	group by stage by stimulus	
interactions,	respectively,	indicating	impaired	differential	

learning	of	threatening	versus	safe	stimuli	during	fear	ac-
quisition	 in	patients	with	OCD,	which	was	explained	by	
reduced	SCR	to	the	CS+.	This	confirms	earlier	evidence	of	
impaired	 differential	 learning	 of	 threatening	 versus	 safe	
stimuli	in	a	reversal	learning	experiment	(Apergis-	Schoute	
et al., 2017).	However,	in	the	present	study,	the	differential	
learning	deficit	was	restricted	to	the	fear	acquisition	stage,	
while	it	was	found	in	late	phases	of	both	the	acquisition	
and	reversal	stage	in	the	previous	study.	Our	finding	also	
differs	 from	 results	 from	 other	 fear	 conditioning	 studies	
in	OCD,	which	neither	found	acquisition	deficits	 for	pa-
tients	(McLaughlin	et al., 2015;	Milad	et al., 2013;	Nanbu	
et al., 2010).	Further,	we	did	not	observe	globally	altered	
learning	 in	 the	 form	of	a	main	effect	of	group	 in	differ-
ential	 learning	or	a	group	by	stimulus	interaction,	as	re-
ported	previously	(Apergis-	Schoute	et al., 2017).

To	understand	the	differences	in	findings	it	is	necessary	
to	consider	the	differences	between	the	tasks	used.	While	
Nanbu	et al. (2010)	reported	data	on	fear	conditioning	only,	
other	studies	have	looked	at	fear	conditioning	and	extinc-
tion	using	the	same	task	(McLaughlin	et al., 2015;	Milad	
et al., 2013).	The	present	study	followed	Apergis-	Schoute	
et al. (2017)	in	studying	fear	conditioning	and	reversal	of	
fear	with	shifting	contingency	within	the	same	procedure,	
but	 varied	 in	 some	 experimental	 details.	 As	 confound-
ing	effects	of	antidepressant	medication	did	not	account	
for	the	results	in	our	study,	the	discrepancy	between	the	
present	and	the	previous	results	is	likely	best	explained	by	
differences	in	study	design,	experimental	setup	and	anal-
ysis	 strategy	 (Supporting	 Information	 Table	 S1).	 Among	
those	differential	aspects,	the	aforementioned	use	of	col-
ors	facilitating	stimulus	discrimination	holds	potential	to	
partially	explain	the	deviating	results,	as	the	use	of	these	
additional	cues	impacts	the	degree	of	difficulty	of	the	as-
sociations	to	be	learned,	and	generates	different	levels	of	
uncertainty	or	volatility	in	the	context	of	associative	learn-
ing	between	the	two	studies.	More	precisely,	the	addition	
of	colors	facilitating	stimulus	discrimination	may	cover	or	
partially	compensate	a	basic	deficit	in	forming	fear	associ-
ations	under	uncertain	conditions	in	patients	with	OCD,	
and	may	allow	for	acquisition	of	fear	associations	which	
patients	later	fail	to	reverse	to	changing	contingencies.	A	
more	uncertain	state	 in	absence	of	color	coding	support	
appears	to	impair	the	process	of	fear	acquisition	already,	
which	may	in	turn	prevent	observation	of	a	deficit	in	fear	
reversal.	A	further	notable	difference	among	the	two	stud-
ies	that	may	relate	to	deviating	fear	reversal	results	is	that	
patients	 revealed	 significantly	 less	 contingency	 reversal	
awareness	 during	 the	 experiment	 compared	 to	 control	
participants	previously	 (patients	were	 found	to	have	sig-
nificantly	less	knowledge	than	controls;	Apergis-	Schoute	
et  al.,  2017),	 whereas	 no	 such	 group	 difference	 was	 ob-
served	in	the	present	study.
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Exploratory	 analyses	 testing	 for	 associations	 between	
fear	acquisition	impairments	and	OCD	symptom	severity	
did	not	reveal	significant	correlations,	confirming	the	pre-
vious	 study	 (Apergis-	Schoute	et al., 2017).	This	 suggests	
that	 the	 deficits	 are	 unrelated	 to	 current	 symptoms	 but	
may	 rather	 represent	 a	 state-	independent	 impairment.	
Future	longitudinal	studies	are	needed	to	verify	whether	
the	 observed	 fear	 learning	 deficit	 is	 predictive	 of	 ERP	
treatment	responses	and	the	clinical	course	of	OCD.	There	
is	early	evidence	that	therapy	outcome	can	be	predicted	by	
SCRs	in	childhood	OCD	(Geller	et al., 2019).	Notably,	this	
study	 investigated	 pediatric	 OCD,	 and	 former	 research	
has	 indicated	 developmental	 discontinuity	 between	 pe-
diatric	and	adult	OCD.	For	example,	children	with	OCD	
tend	to	show	higher	rates	of	Tourette's	disorder	and	sepa-
ration	anxiety	than	patients	with	adult-	onset	OCD	(Geller	
et  al.,  2001,	 2021).	 Given	 this	 age-	dependent	 variability,	
conclusions	drawn	from	studies	with	pediatric	OCD	may	
not	necessarily	applicable	to	adults.	However,	it	is	tempt-
ing	to	speculate	that	the	apparent	symptom-	independence	
could	indicate	that	fear	learning	abnormalities	represent	
a	 candidate	 endophenotype	 and	 may	 be	 associated	 with	
familial	vulnerability	for	OCD.	Evidence	regarding	this	as-
pect	is	lacking	so	far.	Investigation	of	putative	fear	learn-
ing	abnormalities	in	OCD-	unaffected	first-	degree	relatives	
or	 ideally	 monozygotic	 twin	 pairs	 discordant	 for	 OCD	
would	be	helpful	to	clarify	the	role	of	impaired	differential	
Pavlovian	learning	of	threat	versus	safety	in	the	etiology	
of	OCD.

As	 prior	 and	 present	 studies	 converge	 to	 suggest	
a	 basic	 deficit	 in	 differentiating	 threatening	 and	 safe	
stimuli	 in	 OCD,	 it	 is	 worth	 considering	 associations	
with	 other	 behavioral	 abnormalities	 in	 OCD.	 It	 seems	
plausible	 to	 assume	 that	 patients	 overgeneralize	 fear	
responses	 when	 stimulus	 contingencies	 are	 unclear.	
Such	 a	 tendency	 is	 well	 known	 in	 PTSD	 (e.g.,	 Kostek	
et al., 2014;	Levy-	Gigi	et al., 2015;	Lis	et al., 2020),	panic	
disorder	 (Lissek	 et  al.,  2010),	 and	 generalized	 anxiety	
disorder	(Lissek	et al., 2014),	and	has	also	been	associ-
ated	with	high	levels	of	obsessive-	compulsive	traits	and	
high	threat	estimation	in	the	context	of	conditioned	fear	
(Kaczkurkin	 &	 Lissek,  2013).	 Further,	 the	 differential	
learning	 deficit	 may	 relate	 to	 altered	 coping	 with	 un-
certainty	 as	 indicated	 by	 a	 previous	 study	 where	 OCD	
patients	 showed	 a	 lack	 of	 differentiation	 between	 un-
predictable	and	predictable	threat	stimuli	in	a	cued	pic-
ture	 paradigm	 in	 absence	 of	 symptom-	relevant	 stimuli	
(Dieterich	 et  al.,  2017),	 possibly	 reflecting	 increased	
attentional	 responses	 to	 uncertainty.	 Taken	 together,	
patients	with	OCD	appear	to	display	altered	processing	
and	coping	in	volatile	environments	with	uncertain	con-
tingencies,	where	they	show	impairments	in	differentia-
tion	of	safe	versus	threatening	cues.

Using	electrical	stimulation	as	the	unconditioned	stim-
ulus	 in	the	present	study	may	be	discussed	as	a	potential	
limitation,	 because	 physical	 harm	 might	 be	 less	 relevant	
to	OCD	than	to	other	disorders	like	PTSD.	Note,	however,	
that	 our	 study—	like	 previous	 learning	 experiments	 (e.g.,	
Apergis-	Schoute	 et  al.,  2017;	 Milad	 et  al.,  2013)—	aimed	
at	addressing	 fundamental	 learning	mechanisms	 that	are	
independent	 of	 symptom-	related	 fears.	 Using	 symptom-	
related	 stimuli	 would	 raise	 difficulties	 in	 differentiating	
between	 effects	 of	 content	 and	 more	 general	 deficits	 in	
processing	 threat.	 However,	 adding	 symptom-	related	
stimuli	 (e.g.,	 pictures	 inducing	 contamination	 fear)	 as	 an	
additional	category	of	unconditioned	threat	stimuli	might	
help	to	explore	potential	 interactions	between	fundamen-
tal	 learning	 deficits	 and	 effects	 of	 disorder-	specific	 fear	
content.	 A	 second	 potential	 limitation	 refers	 to	 studying	
a	treatment-	seeking	sample.	Patients	seeking	out	for	CBT	
may	differ	from	others	in	many	ways.	Importantly	the	pres-
ent	sample	was	not	recruited	by	specific	advertising	for	ERP	
in	the	present	study.	The	referral	was	rather	comparable	to	
non-	academic	specialty	clinics,	 suggesting	 representative-
ness	 for	 the	treatment	seeking	population	 in	the	German	
health	care	system.	However,	it	is	still	open	whether	the	re-
sults	generalize	to	non-	treatment	seeking	samples.

In	 summary,	 the	 present	 findings	 reveal	 a	 basic	
Pavlovian	learning	deficit	in	OCD,	as	patients	were	char-
acterized	 by	 impairments	 in	 differentiating	 threatening	
and	 safe	 stimuli	 during	 fear	 acquisition.	 Present	 results	
thereby	confirm	the	core	finding	of	impaired	differential	
learning	 from	 a	 previous	 fear	 reversal	 study	 in	 patients	
with	OCD	(Apergis-	Schoute	et al.,  2017).	The	allocation	
of	this	deficit	in	distinct	stages	or	phases	of	the	fear	acqui-
sition	and	reversal	procedure	may	depend	on	experimen-
tal	variables	influencing	contingency	uncertainty	and	the	
difficulty	of	the	association	to	be	learned,	as	well	as	group	
differences	 in	awareness	of	contingency	reversal.	Across	
patient	and	nonclinical	groups,	fear	reversal	revealed	to	be	
stable	and	reproducible,	suggesting	that	the	fear-	reversal	
procedure	may	be	suitable	for	 longitudinal	study	efforts.	
Future	 studies	 should	address	 the	value	of	 the	observed	
deficits	in	predicting	CBT	treatment	response,	and	attempt	
to	learn	more	about	the	role	of	Pavlovian	fear	acquisition	
impairments	in	the	etiology	of	OCD.
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