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Abstract
Background: Obsessive- compulsive disorder (OCD) tends to be treatment refractory. 
Recently,	cognitive-	coping	therapy	 (CCT)	for	OCD	is	reported	to	be	an	efficacious	
psychotherapy.	However,	the	underlying	neurophysiological	mechanism	remains	un-
known.	Here,	the	effects	of	CCT	on	OCD	and	the	resting-	state	brain	function	were	
investigated.
Methods: Fifty-	nine	 OCD	 patients	 underwent	 CCT,	 pharmacotherapy	 plus	 CCT	
(pCCT),	 or	 pharmacotherapy.	 Before	 and	 after	 a	 4-	week	 treatment,	 Yale-	Brown	
obsessive-	compulsive	 scale	 (Y-	BOCS)	 was	 evaluated	 and	 resting-	state	 functional	
magnetic resonance imaging (rs- fMRI) was scanned.
Results: Compared	with	 the	baseline,	 significant	 reduction	of	Y-	BOCS	 scores	was	
found after four- week treatment (p <	.001)	in	groups	of	CCT	and	pCCT,	not	in	phar-
macotherapy.	Post-	treatment	Y-	BOCS	scores	of	CCT	group	and	pCCT	group	were	
not	different,	but	significantly	lower	than	that	of	pharmacotherapy	group	(p < .001). 
Compared	with	pretreatment,	two	clusters	of	brain	regions	with	significant	change	in	
amplitude	of	low-	frequency	fluctuation	(ALFF)	were	obtained	in	those	who	treated	
with	CCT	and	pCCT,	but	not	in	those	who	received	pharmacotherapy.	The	ALFF	in	
cluster	1	 (insula,	putamen,	and	postcentral	gyrus	 in	 left	cerebrum)	was	decreased,	
while	the	ALFF	in	cluster	2	(occipital	medial	gyrus,	occipital	 inferior	gyrus,	and	lin-
gual gyrus in right hemisphere) was increased after treatment (corrected p < .05). 
The	 changes	 of	 ALFF	 were	 correlated	 with	 the	 reduction	 of	 Y-	BOCS	 score	 and	
were greater in remission than in nonremission. The reduction of the fear of nega-
tive	events	was	correlated	to	the	changes	of	ALFF	of	clusters	and	the	reduction	of	
Y-	BOCS	score.
Conclusions: The effectiveness of CCT for OCD was related to the alteration of 
resting- state brain function— the brain plasticity.
Trial Registration: ChiCTR- IPC- 15005969.
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1  | INTRODUC TION

Obsessive-	compulsive	disorder	(OCD),	one	of	chronic	and	debilitating	
mental	disorders,	affects	2%-	3%	of	the	United	States	and	the	Chinese	
populations	(Holes	et	al.,	2014;	Huang	et	al.,	2019)	and	tends	to	be	
treatment	refractory.	Current	first-	line	treatments	for	OCD,	serotonin	
reuptake	inhibitors	(SRIs)	and	cognitive-	behavioral	therapy	(CBT),	are	
partially	effective	(Hollander	et	al.,	2002).	Less	than	25%	of	patients	
achieve	minimal	symptoms	from	SRIs	(Bjorgvinsson	et	al.,	2007),	or	
50%	from	CBT	after	8	weeks	of	exposure	and	response	prevention	
(ERP) and 6- month maintenance treatment achieve minimal OCD 
symptom	(Foa	et	al.,	2015).	Patients	usually	relapse	after	they	stop	
taking	 the	medication	 (Hollander	 et	 al.,	 2003;	 Koran	 et	 al.,	 2002).	
Despite	 that	CBT	benefits	60%–	70%	of	 treatment	completers	with	
OCD	following	a	course	of	ERP,	more	than	70%	of	treatment	com-
pleters	 are	 left	with	 residual	 symptoms	 (Rufer	 et	 al.,	 2005).	About	
35%	of	the	patients	do	not	respond	to	the	treatment	recommended	
by current guidelines in terms of a reduction of symptom severity 
of	at	least	35%	(Kulz	et	al.,	2014).	Relapse	rates	three	months	after	
discontinuation	of	intensive	CBT	are	up	to	50%	(Simpson	et	al.,	2005).	
Almost	60%	of	patients	with	OCD	are	considered	to	be	refractory	to	
pharmacotherapy,	and	up	to	40%	of	patients	with	OCD	are	refractory	
to	ERP	 (Bjorgvinsson	et	 al.,	 2007;	Foa,	2010).	 Furthermore,	 it	 usu-
ally takes more than 12 weeks to achieve significant clinical response 
when	 treating	 OCD	 patients	 with	 the	 pharmacotherapy	 or	 CBT	
(Foa,	2010;	Math	&	Janardhan	Reddy,	2007).	The	failure	to	respond	
to treatment may reflect the nature of the treatment received (Krebs 
et	al.,	2015)	and/or	the	nature	of	OCD.

Recently,	 cognitive-	coping	 therapy	 (CCT)	 (Hu,	 2010;	 Hu	 &	
Ma,	2011;	Hu	et	al.,	2012,	2015;	Ma	et	al.,	2013;	Sang	et	al.,	2020)	for	
OCD	has	been	developed.	In	CCT	a	fear	of	negative	events	(e.g.,	fear	
of	 contaminations,	 fear	might	 harm	oneself	 or	 others),	 obsessions	
are	considered	to	be	stressors,	and	compulsions	to	be	responses	to	
the stressors. The effects of these stressors on compulsions will be 
reduced	when	proper	coping	strategies	are	used	 (Hu	et	al.,	2012).	
CCT has been reported to achieve higher response and remission 
rates,	lower	relapse	rate	and	drop-	off	rate	in	a	12-	month	follow-	up,	
and higher level of social- occupational function. CCT has the sim-
ilar efficacy in drug- resistant versus nondrug- resistant OCD (Ma 
et	al.,	2013)	and	overt	versus	covert	compulsions	(Hu	et	al.,	2015).	
However,	neurophysiological	mechanism	related	to	the	efficacy	of	
CCT for OCD remains largely unknown.

Previously,	the	brain	mediation	of	response	to	CBT	in	OCD	has	
been investigated but the results are not consistent. Positron emis-
sion tomography (PET) scans on 10 OCD patients after four- week 
intensive	 CBT	 demonstrates	 that	 significant	 bilateral	 decreases	 in	
normalized thalamic metabolism but a significant increase in right dor-
sal	anterior	cingulated	cortex	activity	(Saxena	et	al.,	2009).	Another	

PET	scans	on	18	OCD	patients	before	and	after	8–	12	weeks	of	CBT	
show	 that	 the	 patients	who	 responded	 to	CBT	 showed	 significant	
decreases	 in	 normalized	 right	 caudate	 glucose	metabolism	 (Baxter	
et	al.,	1992).	Since	the	therapeutic	strategies	are	different	between	
CCT	and	CBT,	it	is	rational	to	assume	that	the	brain	mediation	of	re-
sponse	to	CCT	differs	from	that	to	CBT.	Recently,	resting-	state	func-
tional magnetic resonance imaging (rs- fMRI) is increasingly used to 
understand the brain function at resting state in psychiatric disorders. 
To investigate potential neurophysiologic mechanism underlying the 
CCT	for	OCD,	rs-	fMRI	has	the	advantage	of	identifying	neurophysi-
ologic	mechanisms	that	are	not	specific	to	the	task	employed,	which	
may	lead	to	controversial	results.	For	example,	while	dysfunction	in	
orbital,	medial	frontal,	and	striatal	areas	are	reported	to	contribute	to	
the	pathogenesis	of	OCD,	other	evidence	indicates	there	is	broader	
cortical	dysfunction	in	the	disorder	(Stern	et	al.,	2012).	The	rs-	fMRI	
focuses on spontaneous low- frequency fluctuations (<0.1 Hz) in the 
BOLD	signal	to	detect	the	brain	rest	network	(Lee	et	al.,	2013).	Also,	
amplitude	of	low-	frequency	fluctuation	(ALFF)	is	gradually	accepted	
to	investigate	the	mental	disorders	including	OCD	(Hou	et	al.,	2012;	
Reggente	et	al.,	2018;	Zang	et	al.,	2007)	and	is	reported	to	have	ex-
cellent discrimination between drug- naïve OCD and healthy controls 
(Bu	et	al.,	2019).	ALFF	is	one	of	rs-	fMRI	parameters	and	a	represen-
tation	of	regional	spontaneous	neuronal	activity.	ALFF	measures	the	
deviation,	rather	than	the	mean	of	a	period,	of	BOLD.	Therefore,	it	is	
not a parameter of hyper-  or hypo- activation; it represents regional 
spontaneous neuronal activity.

This study sought to investigate the potential neurophysiologic 
mechanism underlying the effectiveness of short- term CCT using 
the rs- fMRI in a before and after study among OCD patients who 
received	pharmacotherapy,	pharmacotherapy	plus	CCT	(pCCT),	and	
CCT only. It was hypothesized that short- term CCT would effec-
tively reduce the severity of symptoms and that the effectiveness 
was related to the alteration of resting- state brain activities involv-
ing	 in	 fear	processing	and/or	cognitive-	emotional	processing,	such	
as insula.

2  | METHODS

2.1 | Participants

Participants were recruited from the Second Hospital of Xinxiang 
Medical University and referred by the medical centers located in 
Zhengzhou	City	and	Kaifeng	City,	Henan	Province	from	May	2013	
to	April	2015.	All	patients	met	DSM-	IV	diagnostic	criteria	for	OCD.	
All	potential	recruits	undertook	a	semi-	structured	clinical	interview	
to screen for current axis- I disorders. Individuals aged between 18 
and 60 years old would be recruited based on an OCD diagnose and 
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Yale-	Brown	obsessive-	compulsive	scale	(Y-	BOCS)	score	≥16.	Those	
with	schizophrenia,	substance	abuse,	developmental	disabilities,	or	
severe	cognitive	dysfunction	were	excluded,	while	the	patients	who	
had the comorbidity of depression and anxiety symptoms were not 
excluded	from	the	study.	All	participants	were	right-	hand	dominant	
and	reported	no	history	of	head	trauma,	neurological	disease,	or	con-
traindications	 for	MRI.	 All	 participants	 provided	written	 informed	
consent prior to participation. The study was approved by the 
Committee on Human Research at the Xinxiang Medical University.

Fifty-	nine	eligible	patients	completed	rs-	fMRI	scan	(19	aged	18–	
47	received	CCT,	19	aged	18–	49	received	pharmacotherapy	plus	CCT	
group	(pCCT),	and	21	aged	18–	55	received	pharmacotherapy	only	(2	
participants	were	over	50	years	old).	Before	treatment,	Y-	BOCS	symp-
tom	checklist	and	basic	demographic	data,	including	age,	gender,	age	
at	onset	of	OCD,	duration	of	illness,	education,	and	marriage	status,	
were	collected.	The	Y-	BOCS	and	fear	of	negative	events	were	evalu-
ated,	and	rs-	fMRI	was	scanned	before	treatment	and	after	four-	week	
treatment.	The	 level	of	 fear	of	negative	events	 (e.g.,	 contamination,	
losing property) was scaled from 0 (none) to 10 (extreme). The fear of 
negative	events,	related	to	participant's	obsession,	was	evaluated	by	
self- report globally. The investigators who were responsible for these 
measurements or rs- fMRI data analysis were blind to group allocation.

2.2 | Study design and treatment protocol

The study was designed as a longitudinal study (Figure 1).

2.2.1 | Cognitive-	coping	therapy	(CCT)

Procedure	of	CCT	has	been	described	previously	 (Hu	et	al.,	2012,	
2015;	Ma	et	al.,	2013).	Briefly,	there	are	four	steps	in	each	session	

of CCT. Step 1 is information collecting and to figure out main symp-
toms.	Step	2	 is	to	 identify	psychological	reason	for	the	symptoms,	
and	 it	 generally	 attributes	 to	 fear/worry	 of	 negative	 events	 (e.g.,	
handwashing is attributed to a fear of germs or virus or unnamed 
dirt). Step 3 is to cope with the fear/worry and obsessions. Step 4 is 
to	cope	with	urge	to	perform	neutralizing	behaviors	 (e.g.,	sublima-
tion) in order to eliminate over or covert compulsions. Individuals 
with OCD practiced proper coping strategies at least three times 
under the guidance of a therapist.

2.2.2 | Pharmacotherapy

Before	the	clinical	trials,	16	(76%)	patients	in	pharmacotherapy,	and	
15	 (79%)	patients	 in	pCCT	took	different	kinds	of	SSRI.	For	 those	
who	were	medicine	naïve,	serotonin	reuptake	inhibitors	(SRIs,	clomi-
pramine with maximum dose of 225 mg/day) were prescribed to the 
patients in pharmacotherapy and pCCT groups by the psychiatrists 
who were blind to CCT assignment. Patients who could not toler-
ate clomipramine were administered selective serotonin reuptake 
inhibitors (SSRIs). The dosages of SSRIs would be converted to the 
dosage	of	clomipramine	(Hayasaka	et	al.,	2015).

2.3 | The rs- fMRI scanning and analysis

2.3.1 | The	rs-	fMRI	scanning

All	scanning	was	done	on	a	3	T	MR	imaging	system	(TIM	Verio,	Siemens,	
Germany)	using	a	twelve-	channel	phased	array	head	coils.	After	con-
ventional	localizer	scan	and	T2	anatomic	scan,	resting-	state	functional	
images were acquired using an echo- planar- imaging (EPI) sequence 
with the following parameters: 33 axial slices with a slice thickness/

F I G U R E  1   Participant Flow in a 
Randomized Controlled Trail
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gap =	 4	 mm/0.4mm,	 repetition	 time	 (TR)	 =	 2000	 ms,	 echo	 time	
(TE) =	30	ms,	flip	angle	(FA)	=	90°,	field	of	view	(FOV)	= 240 × 240 mm2,	
in- plan matrix = 64 ×	64,	resulting	in	a	voxel	size	of	3.8	× 3.8 × 4 mm3,	
total volumes =	240.	For	each	participant,	a	high	resolution	structural	
T1- weighted anatomical sequence was scanned in a sagittal orienta-
tion using a three- dimensional magnetization- prepared rapid gradient- 
echo	 (3D	MP-	RAGE)	with	 the	 following	parameters:	TR	=	1900	ms,	
TE =	2.52	ms,	FA	=	15°,	slice	thickness	=	1	mm,	data	matrix	= 256 ×	256,	
isotropic voxel 1 × 1 × 1 mm3. To minimize the motion of the subject's 
head	during	the	study,	foam	padding	was	employed.	Each	patient	com-
pleted rs- fMRI scanning before and after 4- week treatment. During 
the	 scanning,	 participants	were	 instructed	 simply	 to	 remain	 relaxed	
with their eyes closed and to think of nothing particularly.

2.3.2 | Data	preprocessing

The data preprocessing was performed using Pipeline of RESTplus 
software	(Jia	et	al.,	2019).	The	preprocessing	included	several	steps.	
First,	 the	 first	10	volumes	of	 functional	 images	were	discarded	 to	
avoid transient signal changes and to let the participant get used 
to	the	fMRI	scanning	environment.	Second,	slice	timing	correction	
and	head	motion	were	corrected,	and	the	magnitude	of	head	motion	
at each time point for 6 parameters (3 for shift and 3 for rotation) 
was obtained for each subject. The subjects (n =	3),	who	had	head	
motion more than 3.0 mm maximum in any direction and 3°of any 
angular,	were	excluded	for	further	analysis.	Third,	averaged	signals	
from the subject- specific cerebrospinal fluid (CSF) and white matter 
(WM) were regressed out to remove the possible spurious variances. 
Forth,	a	least	squares	approach	and	a	6	parameter	spatial	transfor-
mation	 were	 performed,	 and	 co-	registration	 of	 functional	 images	
with	3D-	T1	anatomical	images	was	obtained.	Sixth,	after	spatial	nor-
malizing to the standard Montreal Neurological Institute (MNI) tem-
plate,	resampling	of	the	functional	images	to	3	mm	isotropic	voxels	
via parameters of individual 3D image was normalized according to 
unified	 segmentation.	Finally,	 the	 functional	 images	were	 spatially	
smoothed	with	an	isotropic	Gaussian	kernel	with	a	FWHM	of	6	mm,	
and the linear trend within the time series was removed.

2.3.3 | ALFF	analysis

ALFF	analysis	was	performed	using	RESTplus	software.	The	proce-
dure	has	been	described	previously	(Zang	et	al.,	2007).	Briefly,	after	
preprocessing,	the	time	series	for	each	voxel	was	transformed	to	a	
frequency domain with a fast Fourier transform (FFT) and the power 
spectrum was then obtained. Since the power of a given frequency 
was proportional to the square of the amplitude of this frequency 
component	of	the	original	time	series	in	the	time	domain,	the	square	
root was calculated at each frequency of the power spectrum and 
the	averaged	square	root	was	obtained	across	0.01	–		0.08	Hz	at	each	
voxel.	This	averaged	square	root	was	taken	as	the	ALFF.	To	standard-
ize	the	ALFF,	the	individual	maps	were	divided	by	their	whole-	brain	

means.	The	standardized	mean	ALFF	value	was	used	in	further	sta-
tistical analysis.

For	 the	 comparison	 of	 ALFF	 before	 and	 after	 treatment,	 the	
matched- sample t tests were performed and a contiguity threshold 
of 228 contiguous voxels (determined by Monte Carlo simulations 
(Ledberg	 &	Wennberg,	 2014))	 and	 voxel-	level	 p < .05 were used 
as criteria for significant difference corresponding to a corrected 
p < .05 within the whole- brain mask.

2.4 | Statistical analysis

ANCOVA	with	repeated	measures	and	Tukey	honest	significant	dif-
ference (HSD) post hoc were performed to test the effects of the 
treatment,	 time,	 and	 interaction	 on	Y-	BOCS	 score,	 using	 the	 SPSS	
22. Paired t	tests	were	performed	for	the	comparison	of	ALFF	value	
among	those	before	and	after	controlled	OCD	patients.	A	contigu-
ity threshold of 228 contiguous voxels (determined by Monte Carlo 
simulations	 (Ledberg	 &	Wennberg,	 2014))	 and	 voxel-	level	 p < .05 
were used as criteria for significant difference corresponding to a 
AlphaSim	corrected	p < .05 within the whole- brain mask. Those were 
performed	using	the	REST	software.	Comparisons	between	Y-	BOCS	
scores pre-  and post- treatment and symptom characteristics were 
made with unpaired t	 tests.	 In	 addition,	 linear	 regression	 analysis	
was performed to determine the relationship between the changes 
of	ALFF	value	in	cluster	 (ALFFpost- treatment	–		ALFFpretreatment) and the 
reduction	in	percentage	of	Y-	BOCS	score.	Also,	linear	regression	was	
performed to examine the relationship between the change of fear of 
negative	events	and	severity	of	symptoms	or	brain	function	at	rest,

3  | RESULTS

3.1 | Demographic and clinical characteristics

For	 the	demographic	and	clinical	 characteristics	analyses,	ANOVA	
and t	test	were	applied	in	case	of	continuous	variables	(e.g.,	age,	ed-
ucation),	whereas	chi-	square	and	Fisher's	exact	tests	were	applied	
in case of categorical variables. No significant difference was found 
among	the	three	groups	in	age,	age	at	OCD	onset,	duration	of	illness,	
education,	Y-	BOCS	score,	or	 the	distribution	of	marital	 status	and	
symptom of OCD. The ratio of male to female was lower in those who 
accepted pharmacotherapy (Supplemental Table S1). No significant 
differences	in	demographic	and	clinical	characteristics,	including	Y-	
BOCS	score,	were	found	between	remission	patients	and	nonremis-
sion	patients	at	baseline	 (Supplemental	Table	S2).	ANOVA	showed	
that	after	a	four-	week	treatment	the	Y-	BOCS	scores	in	those	who	re-
ceived CCT or pCCT were significantly lower than that in those who 
received pharmacotherapy (F =	146.7,	p < .001). Repeated measure 
analysis	(Wilk's	Lambda)	showed	that	the	Y-	BOCS	scores	were	sig-
nificantly lower after the four- week treatment than pretreatment in 
CCT group (F =	274.1,	p < .001) and pCCT group (F =	285.7,	p <	.001),	
respectively.
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The	 response	 rate	 (Y-	BOCS	 score	 was	 reduced	 ≥35%)	 after	
4	weeks	of	treatment	was	100%	for	those	received	CCT	or	pCCT.	
The	remission	rate	(Y-	BOCS	score	was	reduced	>80%	or	less	than	8)	
was	around	60%.	Both	the	response	rate	and	the	remission	rate	were	
not	significantly	different	between	CCT	and	pCCT,	but	significantly	
higher than that in patients received pharmacotherapy (p < .001) 
(Table 1). The effect sizes of CCT or pCCT (Cohen's d = M1	−	M2 / spo

oled,	where	spooled = [(s 1
2+ s 2

2) / 2]1/2)	were	5.27	or	4.21,	respectively.

3.2 | Comparison of ALFF value between pre-  and 
post- treatment

At	 baseline,	 no	 difference	 in	 ALFF	 between	 the	 groups	 of	 CCT,	
pCCT,	 and	 pharmacotherapy	was	 found.	 The	 paired-	sample	 t test 
(compared post- treatment with pretreatment) showed two clusters 
of	brain	 regions	with	significantly	different	ALFFs	 in	patients	with	
CCT	(combining	CCT	and	pCCT,	n =	32),	since	no	difference	in	ALFF	
was found between the two groups after 4- week treatment. No 
cluster	was	found	in	patients	with	pharmacotherapy,	compared	post-	
treatment to baseline (Figure 2a and Supplemental Table S3). The 
ALFF	in	cluster	1	(insula,	putamen,	and	postcentral	gyrus	in	left	cer-
ebrum)	was	decreased,	while	the	ALFF	in	cluster	2	(occipital	medial	
gyrus,	occipital	inferior	gyrus,	and	lingual	gyrus	in	right	hemisphere)	
was increased (corrected p < .05).

The	 ALFF	 alterations	 (ALFFpost- treatment	 –		 ALFFpretreatment) of 
the two clusters were not statistically different between the pa-
tients treated with CCT and those treated with pCCT (Figure 2b). 
Therefore,	the	patients	from	the	two	groups	were	re-	grouped	into	
remission and nonremission. This allowed for the assessment of 
CCT- related changes in brain activation and their specificity for suc-
cessful	outcome.(Linden,	2006)	The	ALFF	in	cluster	1	was	decreased	
more in remission patients (n = 19) than in nonremission patients 
(n = 13) (p <	.01),	while	the	ALFF	in	cluster	2	was	increased	more	in	
remission patients than in nonremission (p < .05) (Figure 2c).

3.3 | Correlation between the alteration of ALFF 
value and Y- BOCS score

The linear regression analysis was performed to investigate the re-
lationship	between	the	difference	of	pretreatment	ALFF	value	from	
post-	treatment	ALFF	value	and	the	Y-	BOCS	difference	of	pre-		and	
post-	treated	 with	 CCT	 or	 pCCT,	 respectively.	 The	 differences	 of	
ALFF	value	in	cluster	1	were	negatively	correlated	to	the	reduction	
of	Y-	BOCS	both	in	CCT	group	and	in	pCCT	group	(p <	.05,	Figure	3a),	
while	the	differences	of	ALFF	value	in	cluster	2	were	positively	cor-
related	to	the	reduction	of	Y-	BOCS	(p <	 .05,	Figure	3b).	Linear	re-
gression analysis in combination of the two groups showed similar 
results,	R2 equals 0.51 for cluster 1 (F =	31.0,	p < .001) and R2 equals 
0.38 for cluster 1 (F =	18.6,	p < .001).

3.4 | Correlation between fear of negative 
events and Y- BOCS or the change of ALFF value

Linear	regression	analysis	showed	that	the	reduction	of	fear	of	nega-
tive events ((pretreatment fear score -  post- treatment fear score)/
pretreatment fear score) was positively correlated to the reduction 
of	Y-	BOCS	score	((pre–	post)/pre)	(r	=	0.76,	p < .001; Figure 4a) and 
the	difference	of	ALFF	in	cluster	2	(r	=	0.62,	p = .01;	Figure	4c),	re-
spectively,	 but	 negatively	 correlated	 to	 the	 difference	 of	 ALFF	 in	
cluster 1 (r =	0.55,	p = .001; Figure 4b).

4  | DISCUSSION

Searching for more efficacious treatment for OCD is of great 
clinical importance because of the partial effectiveness and time- 
consumption	(O'Neill	et	al.,	2013)	of	current	treatments	(Bjorgvinsson	
et	 al.,	 2007).	 Recently,	 several	 studies	 indicate	 that	CCT	 for	OCD	
is	an	effective	treatment	(Hu	et	al.,	2012;	Ma	et	al.,	2013).	The	ef-
ficacy of pCCT is similar in drug- resistant and nondrug- resistant 
adult OCD and is correlated with patient's insight and the disregard 
of	obsessions,	but	not	with	the	duration	of	illness,	age,	gender,	and	
severity	of	symptoms	(Hu	et	al.,	2012;	Ma	et	al.,	2013).	In	this	study,	
the severity of OCD symptoms was significantly decreased through 
4- week treatments of CCT or pCCT and that response rate and re-
mission	 rate	 were	 similar	 with	 previously	 published	 results.	 Both	
response	rates	and	remission	rates	 (above	58%)	 in	participants	ac-
cepted CCT or pCCT were significantly higher than that in those who 
received	pharmacotherapy	only.	Furthermore,	two	clusters	of	ALFF	
in brain regions were significantly different in those treated with 
CCT	or	pCCT,	but	no	brain	region	with	different	ALFF	was	found	in	
the	patients	treated	with	SSRI	after	four-	week	treatment,	compared	
with	pretreatment.	The	alteration	of	ALFF	was	not	significantly	dif-
ferent between CCT and pCCT. These data suggested that the pre-  
to post- treatment changes in both symptomatic severity and resting 
state of brain function were primarily related to CCT rather than to 
pharmacotherapy.

TA B L E  1   Comparison of the changes in severity of OCD 
symptoms	(Y-	BOCS	score)

CCT
(n = 19)

pCCT
(n = 19)

Pharmacotherapy
(n = 21)

Pretreatment 26.4 ± 5.1 25.3 ± 6.0 26.0 ± 5.4

Post- treatment 4.2 ± 5.1 4.7	± 5.2 24.2 ± 4.1***

Response	rate,	
N	(%)

19 (100) 19 (100) 1 (4.8)***

Remission 
rate,	N	(%)

12 (63.1) 11	(57.9) 0 (0.0)***

Note: The response to a treatment was defined as achieving a 
decline	in	the	Y-	BOCS	of	≥35%,	and	the	remission	was	defined	as	
achieving	a	reduction	in	the	Y-	BOCS	of	>80%	or	less	than	8	from	the	
pretreatment. CCT denotes cognitive- coping therapy; pCCT denotes 
pharmacotherapy plus cognitive- coping therapy.
The data were presented as mean ± SD.
***p < .001. 
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After	4-	week	treatment,	a	significant	decreased	ALFF	value	was	
observed	 in	 regions	 of	 insula,	 putamen,	 and	 postcentral	 gyrus	 lo-
cated	in	left	cerebrum	(cluster	1).	The	ALFF	reduction	in	this	cluster	
was significantly greater in remission patients than in nonremission 
patients	and	was	positively	correlated	to	the	Y-	BOCS	score	and	fear	
of	negative	events	at	post-	treatments	of	CCT	or	pCCT.	Also,	the	re-
duction in fear of negative event was positively correlated to the 
reduction	 in	 Y-	BOCS.	 These	 results	 suggested	 that	 CCT-	induced	
spontaneous neuronal activity in cluster 1 was associated with de-
creased	fear	and	Y-	BOCS.

The	activation	in	these	areas	is	involved	in	fear	processing,	fear	
conditioning	or	extinction	(Milad	et	al.,	2013)	and	in	OCD	(Apergis-	
Schoute	et	al.,	2017).	The	disorder-	relevant	pictures	provoke	intense	
OCD symptoms associated with increased activation in the left in-
sula,	and	neural	response	toward	the	disorder-	irrelevant	disgusting	
and fear- inducing material includes more pronounced insula activa-
tion	 in	OCD	patients	 (Schienle	et	al.,	2005).	Also,	 insular	cortex	 is	
involved	in	fear	acquisition	in	delay	conditioning	(Ewald	et	al.,	2014).	
Strongly symptom- provoking conditions evoke a dichotomous pat-
tern of deactivation/activation in OCD patients: a deactivation of 

F I G U R E  2  ALFF	changes	after	four	weeks	treatment	in	before	and	after	controlled	OCD	patients.	*p < .05; **p <	.01.	Panel	A	
shows paired t	tests	results	the	difference	of	cluster	ALFF	value	(ALFFpost- treatment	–		ALFFpretreatment) among before and after controlled 
OCD	patients.	A	contiguity	threshold	of	228	contiguous	voxels	and	voxel-	level	p < .05 were used as criteria for significant difference 
corresponding to a corrected p <	.05	within	the	whole-	brain	mask.	After	4-	week	treatment,	significant	changes	of	ALFF	in	two	clusters	were	
observed.	The	ALFF	in	cluster	1	(blue)	was	significantly	decreased,	while	the	ALFF	in	cluster	2	(red/yellow)	was	significantly	increased.	Panel	
B	show	no	different	changes	of	ALFF	in	both	cluster	1	and	cluster	2	between	pCCT	and	CCT.	Panel	C	shows	the	results	compared	remission	
patients with response (nonremission) patients in the two clusters. Mean is presented together with SD in the panel b and c
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caudate- prefrontal circuits accompanied by hyperactivation of 
putaminal	 regions	 (Banca	et	al.,	2015).	 Increased	global	brain	con-
nect	was	found	in	putamen	and	cerebellar	cortex	in	OCD	(Anticevic	
et	al.,	2014).	Patients	with	OCD	reveal	increased	BOLD	responses	in	
left	putamen,	bilateral	anterior	cingulate	cortex,	and	left	postcentral	
gyrus,	compared	with	controls	(Remijnse	et	al.,	2013).	Our	findings	
demonstrated that the fear of negative events was reduced when 
the	ALFF	in	these	fear-	related	regions	was	decreased	after	CCT	and	
pCCT and was correlated to the alleviation of OCD symptoms. In 
addition,	 D-	cycloserine,	 a	 molecule	 facilitating	 fear	 extinction,	 is	
demonstrated to improve exposure therapy outcome in patients 
with	 OCD	 (Norberg	 et	 al.,	 2008).	 These	 findings	 suggested	 the	
resting-	state	activity	in	these	regions,	involved	in	cognitive	control	
(Viard	et	al.,	2005)	and	cognitively-	induced	fear,	was	associated	with	
OCD.

In	the	present	study,	the	ALFF	value	was	significantly	increased	
in	occipital	medial	gyrus,	occipital	 inferior	gyrus,	and	 lingual	gyrus	
in right hemisphere (cluster 2) after CCT and pCCT treatments. The 
increased	ALFF	value	 in	this	cluster	was	positively	correlated	with	
the	reduction	of	fear.	The	ALFF	difference	between	pre-		and	post-	
treatment in these regions was greater in remission patients than in 
nonremission	patients,	suggesting	the	increased	spontaneous	neu-
ronal activity in these regions was associated with the reduction of 
severity	of	OCD	symptoms.	Lingual	cortex,	a	part	of	occipital	lobe,	
is thinner in OCD patients compared with age-  and sex- matched 
healthy	volunteers	(Shin	et	al.,	2007).	Also,	capsulotomy	and	deep-	
brain stimulation lead to similar clinical improvement and increase 
metabolism	 in	 fusiform	 and	 lingual	 gyrus	 (Suetens	 et	 al.,	 2014).	 A	
below- normal glucose metabolism in the occipital- parietal area in 
OCD	patients	is	reported	(Nordahl	et	al.,	1989).	Goncalves	et	al	hy-
pothesize	 that	 fronto-	subcortical	 activation,	 consistently	 found	 in	
OCD,	may	be	due	to	a	deactivation	of	occipital/parietal	regions	asso-
ciated with visual- perceptual processing of incoming social rich stim-
uli	(Goncalves	et	al.,	2010).	In	this	study,	the	occipital	regions	were	

activated	in	the	patients	who	responded	to	CCT,	although	no	ALFF	
alteration in fronto- subcortical circuit was observed. Our findings 
suggested that the brain regions (occipital gyrus and lingual gyrus) in 
cluster	of	increased	ALFF	might	play	a	role	of	regulating	or	inhibiting	
the fear- related region and were involved in the OCD onset and the 
response to psychotherapy.

In	 participants	 who	 received	 pharmacotherapy,	 no	 cluster	 of	
increased	or	decreased	ALFF	was	found	after	four-	week	treatment	
compared	with	pretreatment	and	that	one	(4.8%)	achieved	35%	re-
duction	 in	Y-	BOCS	 (response	to	 treatment).	A	 large	body	of	study	
demonstrates that OCD patients generally do not response to phar-
macotherapy	in	four	weeks	(Foa,	2010).	In	a	few	studies	examining	
how	pharmacotherapy	affects	brain	function	 in	OCD	patients,	 the	
second fMRI scanning is completed after 10 to 16 weeks treatment 
(Linden,	 2006;	 Shin	 et	 al.,	 2014).	 Accumulated	 evidence	 suggests	
that the rs- fMRI is sensitivity to pharmacological challenges in both 
healthy and clinical conditions. The acute influence of the SSRI 
citalopram (30 mg) was repeatedly measured in 12 healthy young 
volunteers with resting- state fMRI. Citalopram primarily reduces 
connectivity with the sensorimotor network and structures that 
are	 related	 to	 self-	referential	mechanisms	 (Klaassens	 et	 al.,	 2017).	
Bernstein	 et	 al	 report	 that	 sertraline	 has	 effects	 on	 resting-	state	
functional	 connectivity	 in	 OCD,	 demonstrating	 increased	 striatal	
connectivity from baseline to 12 weeks compared with controls in-
cluding the right putamen with the left frontal cortex and insula and 
the left putamen with the left frontal cortex and pre-  and postcen-
tral	cortices	(Bernstein	et	al.,	2019).	In	the	present	study,	no	different	
cluster	based	on	ALFF	was	found	in	patients	with	pharmacotherapy,	
which	might	be	related	to	the	fact	that	75%	of	the	patients	were	tak-
ing	SSRIs	when	they	entered	the	clinical	trial.	In	addition,	the	mech-
anism	of	pharmacotherapy	differs	from	that	of	psychotherapy	(e.g.,	
CBT)	 (Ressler	 &	 Rothbaum,	 2013).	 In	 this	 study,	 baseline	 imaging	
measures	are	obtained	before	the	treatments	of	either	CCT,	pCCT,	
or	pharmacotherapy,	after	which	patients	are	classified	as	remission	

F I G U R E  3  Linear	regression	analysis	between	the	changes	of	cluster	ALFF	and	the	reduction	of	Y-	BOCS.	Figure	3	shows	the	
relationships	between	the	changes	of	ALFF	(ALFFpost- treatment	–		ALFFpretreatment)	and	the	changes	of	Y-	BOCS	total	score	after	a	4-	week	
treatment.	(a)	The	linear	regression	analysis	was	performed	to	investigate	the	relationship	between	the	changes	of	ALFF	in	cluster	1	and	
the	changes	of	Y-	BOCS	total	score	in	OCD	patients	treated	with	CCT	or	pCCT,	respectively.	The	beta	values	were	−179.0	(95%	CI:	−288.1	
to	−69.8)	in	CCT	group	and	−173.4	(95%	CI:	−262.2	to	−84.7)	in	pCCT	group.	There	was	no	statistical	difference	in	the	Beta	between	groups	
(p >	.05).	(b)	The	linear	regression	analysis	was	performed	to	investigate	the	relationship	between	the	changes	of	ALFF	in	cluster	2	and	the	
changes	of	Y-	BOCS	total	score	in	OCD	patients	treated	with	CCT	or	pCCT,	respectively.	The	beta	values	were	81.7	(95%	CI:	57.5	to	82.7)	in	
CCT	group	and	58.1	(95%	CI:	6.1	to	110.0)	in	pCCT	group.	There	was	no	statistical	difference	in	the	beta	between	groups	(p > .05)
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or	nonremission	based	on	change	of	Y-	BOCS.	This	method	allows	for	
the assessment of CCT- related changes in brain activation and their 
specificity	for	successful	outcome	(Linden,	2006).

We did not find the therapeutic impact on the orbitofrontal 
cortex,	a	region	of	widely	reported	cortico-	striatal-	thalamocortical	
circuit	 involved	 in	OCD.	A	previous	study	demonstrates	 increased	
ALFF	in	the	bilateral	orbitofrontal	cortex	and	anterior	cingulate	cor-
tex,	as	well	as	decreased	ALFF	in	the	bilateral	cerebellum	and	pari-
etal	cortex	(Hou	et	al.,	2012),	while	another	study	reports	decreased	
ALFF	in	some	areas	including	right	orbitofrontal	and	left	parietal	in	
OCD	patients	 (Zhao	et	al.,	2017).	Both	studies	are	compared	with	
healthy controls. Possible explanations for the discrepancies include 

differences	in	sample	characteristics	(e.g.,	various	symptoms)	and	a	
broad	range	of	brain	regions	involved	in	OCD	(Heinzel	et	al.,	2018).	
The heterogeneity- related factors such as severity of illness and in-
terventions should be carefully controlled in future studies.

Several	 limitations	 of	 our	 study	 need	 to	 be	 noted.	 First,	 the	
sample	 size	was	 relatively	 small,	 especially	 for	 the	 rs-	fMRI,	which	
limited	our	ability	to	do	further	analysis	across	groups.	Second,	the	
ALFF,	which	is	used	in	this	study,	has	been	previously	indicated	to	be	
sensitive	to	physiological	noises	such	as	respiration,	cardiac	action,	
and	motion	(Zou	et	al.,	2008).	Potential	sensitivity	was	reported	in	
the cistern areas of the brain as well as potentially in the limbic and 
occipital-	temporal	areas.	Fractional	ALFF	 (fALFF)	was	proposed	to	
suppress nonspecific signal components in these areas and to im-
prove	 the	 results	obtained	 in	 this	 study.	Although	 the	ALFF	 is	 re-
cently reported to have higher discriminative power for OCD than 
the	 fALFF	 (Bu	 et	 al.,	 2019),	 the	 potential	 effects	 of	 those	 physio-
logical functions on the neuroimaging should be taken into account 
in	 future	 studies.	 Third,	 OCD	 patients	who	 had	 comorbidity	with	
depression	or	anxiety	were	not	excluded,	as	the	comorbidity	 issue	
is common in the clinically psychiatric diagnosis. Some evidence sug-
gest that OCD patients with comorbidity of depression or anxiety 
have	 different	 neuroimaging	 results,	 compared	 with	 those	 with-
out	(Cardoner	et	al.,	2007;	Kong	et	al.,	2020;	Remijnse	et	al.,	2013;	
Saxena	et	al.,	2001;	Tadayonnejad	et	al.,	2018;	Thorsen	et	al.,	2018).	
Our data warranted larger sample size in future studies is needed to 
examine the effect of CCT on OCD patients with the comorbidity 
and those without.

In	 summary,	 the	 present	 study	 provided	 evidence	 that	 an	 in-
creased	ALFF	cluster	 in	 the	 right	cerebrum	and	a	decreased	ALFF	
cluster in the left cerebrum were associated with the response to 
CCT	for	OCD.	Up	to	60%	of	OCD	patients	achieved	a	remission	with	
short-	term	CCT,	and	the	efficacy	was	related	to	the	alteration	of	the	
resting- state brain function in the two clusters that mainly involve 
fear	processing,	conditioning	or	extinction,	and	cognitively-	induced	
fear. Our finding suggested that the effectiveness of CCT was related 
to the alteration of resting- state brain function— the brain plasticity.
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