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To examine  the relationship  between  fALFF  and  behavioral  interference  effect.
MSIT  was  used  to measure  the behavioral  interference  effect.
fALFF  was  used  as  an indicator  of  intrinsic  brain  activity.
fALFF  in  OPFC  and  right  IFG  were  negatively  related  to the interference  effect.
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a  b  s  t  r  a  c  t

Growing  evidence  has indicated  a potential  connection  between  resting-state  functional  magnetic  reso-
nance  imaging  (RS-fMRI)  signal  and  cognitive  performance.  However,  the  relationship  between  intrinsic
neural  activity  and behavioral  interference  effect  on  cognitive  control  has been  poorly  understood.  In  the
present  study,  seventy-eight  healthy  subjects  underwent  RS-fMRI  and  performed  Multi-Source  Inter-
ference  Task  (MSIT).  The  fractional  amplitude  of  low-frequency  fluctuation  (fALFF)  was  measured  as  an
indicator  of  intrinsic  brain  activity.  The  difference  in reaction  times  between  interference  and  control  con-
ditions  in  MSIT  was  evaluated  as interference  effect.  Then  we  examined  the  associations  between  fALFF
esonance imaging
ractional amplitude of low-frequency
uctuation
ulti-source interference task

nterference effect

and  interference  effect  using  partial  correlation  analysis  controlling  for  age, gender  and  mean  framewise
displacement.  The  results  demonstrated  that  fALFF  values  in  orbital  prefrontal  cortex  (OPFC)  and  right
inferior  frontal  cortex  (IFC)  were  negatively  correlated  with  the  interference  effect  in  MSIT.  The  findings
manifest  that  OPFC  and  right  IFC  may  influence  the  processing  efficiency  of  cognitive  conflict  and  play a
crucial  role  in  cognitive  control.
. Introduction

In the era of information explosion, people are exposed to vast
mount of relevant and irrelevant information. To enhance effi-
iency, it is crucial for people to effectively distinguish useful
nformation from the rest. For example, if one desires to use the web
o access the most efficacious information on one’s research, special
ttention is demanded to disregard irrelevant information (such as
atest breaking current news) from inconsequential websites and
Please cite this article in press as: Y. Deng, et al., The relevance of fr
effect, Behav Brain Res (2015), http://dx.doi.org/10.1016/j.bbr.2015.08

ully concentrate on the most relevant websites. Generally speak-
ng, the ability to effectively eliminate interference from extraneous
nformation and predominantly focus on the appropriate informa-
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tion could be extremely helpful in our daily life. To better explore
the psychological processes for such phenomenon, interference
resolution tasks on cognitive control are widely applied [1].

Among these interference resolution tasks, Multi-Source Inter-
ference Task (MSIT), which combined the Stroop, Simon and flanker
effects, has been extensively studied. The initial studies on MSIT
have showed that MSIT could robustly induce the activation in
the cingulo-frontal-parietal network in both group and individual
analyses [2,3]. The cingulo-frontal-parietal network (CFP network)
encompasses dorsal anterior cingulate cortex (dACC), dorsolateral
prefrontal cortex (dlPFC) and superior sections of parietal cortex.
The activation of dACC ascribes to such relevant processes as the
actional amplitude of low-frequency fluctuation to interference
.014

identification of the target, novelty or error, response choice, task
difficulty, stimulus/response conflict and the regulation of ongo-
ing behavioral adjustment [2–5]. The dlPFC and superior sections
of parietal cortex are responsible for initiating and modulating

dx.doi.org/10.1016/j.bbr.2015.08.014
dx.doi.org/10.1016/j.bbr.2015.08.014
http://www.sciencedirect.com/science/journal/01664328
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he cognitive control [3,6,7]. The MSIT-based functional imaging
tudies have been widely used to investigate the activation of
ACC or CFP network in a wide range of population, including
oth clinical (such as schizophrenia, obsessive–compulsive disor-
er (OCD), attention-deficit/hyperactivity disorder, cannabis users,
epression, etc.) [8–16] and nonclinical samples (such as children,
dolescents, youth, old participants, female twins, etc.) [17–20].
oreover, some studies have examined the connections between
SIT-evoked activation and resting-state. For example, Fitzger-

ld et al. found that pediatric OCD displayed hyperactivation of
ACC, which showed different patterns of functional connectivity
uring MSIT-related condition and during resting state condition
12]. Davey et al. found that resting functional connectivity of
he subgenual anterior cingulate cortex showed connection with
ifferent regions in response to MSIT in depression and healthy
ontrol groups [16]. In the latest study, when the researchers
easured teenage brain activities during MSIT and during a resting-

tate, they observed that the brain network of teenage cognitive
ontrol was characterized by a dynamic and reciprocity between
he cognitive control network and default-mode network [20].
hese results reflect that the resting state is correlated with MSIT-
voked activation and may  characterize the behavioral relevancy
f spontaneous neural activity. To further characterize the inter-

ndividual differences in MSIT, it is necessary to recognize how
hese differences associate with alternations in the brain’s intrinsic
ctivity.

Resting-state functional magnetic resonance imaging (RS-fMRI)
s an important tool for investigating and characterizing the spon-
aneous neural activity in the absent of any specific cognitive tasks
21]. Relative to the resting state, task-evoked elevations of the
rain energy expenditure are little (less than 5%), suggesting that
he brain energy expenditure is less influenced by task execution
ut more by intrinsic activity [22,23]. Correspondingly, the rest-

ng state approach is quite suitable for understanding the essential
eature of brain function [22,23].The spontaneous low-frequency
0.01–0.08 Hz) oscillations (LFO) have been corroborated to reveal
he intrinsic neuronal activity. The fractional amplitude of low-
requency fluctuation (fALFF) is a normalized measure of amplitude
f low-frequency fluctuation (ALFF) [24] and is one of the impor-
ant indexes in reflecting the LFO fluctuations of RS-fMRI signals.
s a robust and reliable method in RS-fMRI, fALFF measure could
ffectively suppress the physiological artifact [24,25]. Some recent
tudies have exhibited that the inter-subject differences of fALFF
ave identified tight linkages with individual variance in person-
lity traits and multiple cognitive tasks [26–31]. The four of the
ig Five personality traits (extraversion, neuroticism, openness
nd conscientiousness) were shown to correlate with the fALFF in
ifferent cerebral areas [26]. Wei  et al. further found that the associ-
tions between fALFF and extraversion or neuroticism dimensions
elied on distinct frequency bands [27]. fALFF was shown to be
ssociated with task-relevant brain activity and with behavior per-
ormance during an Eriksen flanker task [28]. Meanwhile, fALFF in
he supplementary motor area (SMA) and pre-SMA was  reported to
e negatively linked to not only age, but also the stop signal reac-
ion time (SSRT) in the stop signal task [29]. More recently, van Dam
t al. demonstrated that various memory measures, including gen-
ral, domain-specific and demand-specific memory abilities, were
elated to fALFF in the extensive and distinct brain networks [30].
he positive correlation between fALFF and word-reading skill was
ound in the left precentral gyrus and superior temporal plane,

hose regions served a role in phonological processing of lan-
uage [31]. All the investigated correlations reveal that fALFF, as a
Please cite this article in press as: Y. Deng, et al., The relevance of fr
effect, Behav Brain Res (2015), http://dx.doi.org/10.1016/j.bbr.2015.08

ata-driven method, is appropriate to exploratory analysis and the
orrelation analyses between fALFF and behavior could be valuable
auges to examine the potential neural characteristics for cognitive
ontrol.
 PRESS
esearch xxx (2015) xxx–xxx

However, to our best knowledge, no study has explored the
relationship between behavioral results of interference effect on
MSIT and spontaneous brain activity. Therefore, the current study
aims to explore how interference effect of MSIT is supported by
intrinsic neural activity without performing any cognitive task. We
focused on the relationship between fALFF and interference effect
of MSIT and investigated the neural basis of individual differences
in interference effect by measuring fALFF of RS-fMRI signals. The
interference effects were estimated by subjects’ behavior perfor-
mance in MSIT. Based on the previous imaging study on MSIT, we
predicted that the regions related to cognitive control would show
significant fALFF-interference effect correlations.

2. Methods

2.1. Participants

Seventy-eight college students (45 male, 20.9 ± 1.32 years,
range: 18–25 years old) completed both MSIT and resting-state
scans. All participants were right-handed, and had normal or
corrected-to-normal vision. None had any current or past psychi-
atric or neurological disease. Each participant provided written
informed consent and received monetary compensation for their
time and effort. The study was approved by the Institutional Review
Board of Dalian University of Technology.

2.2. Behavioral test

Adapting the MSIT from Bush et al. [2], each stimulus was  con-
sisted of a set of three characters (the digits “1”, “2”, or “3”, or a
letter “X”) and presented in the center of the screen for 1750 ms.
Among the three characters, one digit was  always different from
the other two digits or letters, and the participants were instructed
to recognize such digit. A numeric keypad, which featured the digit
“1”, “2”, “3” from left to right, was  used as the response apparatus.
The participants were asked to respond the target digits and press
the corresponding numeric key by using the index, middle and ring
fingers of their right hand.

During the experiment, the stimuli with two kinds of
control/interference conditions appeared in a pseudorandom
sequence. In the control condition, the digit was the target item
and the letter “X” was the distractor. The size of target digit was
a slightly larger than that of the distractor. The position of the
presenting target digit was  compatible with its position on the
butter-press (e.g., “XX3”, target is “3”, and the button be pressed
at the 3rd position). In contrast, during the interference condition
(integrated with Stroop, Simon and flanker effects), both the target
and distractor were digits. The size of the target was sometimes
larger and sometimes smaller than that of the distractor. The pre-
senting target digit did not match its position on the response key
(e.g., “311”, target is “3”, but the correct key should be pressed at
the 3rd position).

The MSIT was conducted individually using E-Prime software
on a laptop computer in a quiet room of the lab. After instructions
and practice, participants would complete three blocks of MSIT,
192 trials per block (96 control trails and 96 interference trials),
for a total 576 trials. In between the blocks, the participants could
take a short break. Both response accuracy and speed were equally
stressed. Both reaction time (RT) and accuracy were collected for
all subjects using E-Prime software. The RTs for incorrect or null
actional amplitude of low-frequency fluctuation to interference
.014

responses were discarded from further analysis. According to the
initial studies on MSIT [2,3], the interference effect is the differ-
ence score between RTs in the interference condition and RTs in
the control condition (RTs interference—RTs control).

dx.doi.org/10.1016/j.bbr.2015.08.014
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Fig. 1. Descriptive statistics for MSIT behavioral data. (A) Mean accuracy rate in interference condition (left) and control condition (right). The black dots indicate mean
a al. (B)
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ccuracy rates; the black lines connect the dots corresponding to the same individu

.3. Image acquisition

MRI  data were collected using a 3T Philips Achieva scanner
Philips Medical Systems, Best, Netherlands) at Dalian Munici-
al Central Hospital. Foam pads were used to minimize head
ovement. The participants were instructed to fixate on a white

rosshair centered on a black background and not to sleep or
hink about anything in particular. The RS-fMRI scans were
btained using an echo-planar imaging sequence (TR, 2000 ms;
E, 30 ms;  matrix, 64 × 64 × 36; voxel size, 3.59 × 3.59 × 4.00 mm;
ip angle, 80◦). Each RS-fMRI session lasted for 6 min. In addi-
ion, T1-weighted anatomical images (TR, 7 ms;  TE, 3.20 ms;  matrix,
56 × 256 × 160; voxel size, 1 × 1 × 1 mm;  flip angle, 8◦) were
cquired.

The sequence of the MSIT and the imaging collection varied
cross subjects depending on their convenience and the fMRI scan-
er’s schedule. Given that the cognitive task could impact on the
esting-state scan [32], we tried to avoid such influence. For most
f the subjects (60/78), the MSIT was conducted at least one day
efore the fMRI data collection. For sixteen subjects, the MSIT was
erformed at least one day after the fMRI data collection. For two
ubjects, the imaging data preceded the MSIT on the same day.

.4. RS-fMRI data preprocessing

RS-fMRI data preprocessing was performed using Data Process-
ng Assistant for Resting-State fMRI Advanced Edition (DPARSFA
2.3, http://rfmri.org/dparsf v2 3) based on SPM8 (http://www.
l.ion.ucl.ac.uk/spm/) [33]. The first five scans were discarded for
ignal equilibrium. The remaining 175 scans were preprocessed,
hich included the following steps: (1) slice timing correction;

2) realignment; (3) the T1-weighted anatomical images were co-
egistered to EPI images and segmented into gray matter (GM),
hite matter (WM)  and cerebrospinal fluid (CSF); (4) in order to

ecrease the effects of physiological processes and head motion,
6 nuisance covariates (signals from WM,  CSF, and Friston 24
otion parameters) were regressed out and the linear trends were

emoved. It should be noted that the removal of the global signal
as not performed as the global signal regression in the prepro-
Please cite this article in press as: Y. Deng, et al., The relevance of fr
effect, Behav Brain Res (2015), http://dx.doi.org/10.1016/j.bbr.2015.08

essing step is still debatable [34–36]; (5) the functional images
ere spatially normalized to Montreal Neurological Institute (MNI)

pace (voxel size: 3 × 3 × 3), and then smoothed with a Gaussian
ernel with full-width at half-maximum of 4 mm.
 Mean interference effect. Error bars indicate standard error of the means.

2.5. Assessment of head motion

The mean framewise displacement (FD), which obtained from
Jenkinson’s relative root mean square algorithm was calculated for
each participant [37]. Three participants with mean FD exceeding
2 SD of the sample mean FD (threshold: 0.1688) were excluded
[38,39] and seventy-five participants were included for further
analysis.

2.6. Calculation of fALFF

In each voxel of the brain, fALFF was computed as the ratio
between the total amplitudes across 0.01–0.08 Hz and the sum of
amplitudes across the whole frequency domain (0–0.25 Hz) using
DPARSFA V2.3 [24]. The individual-level voxel-wise fALFF maps
were scaled by the global mean fALFF value to standardize data
across participants.

2.7. Partial correlation analysis

Previous research have indicated that gender- and age- related
differences affect the structural brain asymmetry [40] and anatom-
ical connectivity [41]. For instance, male brains have been reported
to be more asymmetric than female brains [40], and male has exhib-
ited a lower overall cortical connectivity than female [41]. The
overall cortical connectivity has been shown to decline with aging
[41]. Thus, gender and age were included as covariates of no inter-
est. Meanwhile, to further regress out the effect of head motion
[39,42], mean FD was  also included as covariates of no interest.
Taken together, partial correlation analysis was applied to remove
the effects of age, gender and mean FD. Such analysis method was
also employed to explore the relationship between ALFF and exec-
utive control effect [43].

By using Resting state fMRI Data Analysis Toolkit (REST, http://
restfmri.net/forum/REST V1.8) [44], we  conducted partial correla-
tion between fALFF and interference effect, between fALFF and RT
in the interference condition, or between fALFF and RT in the con-
actional amplitude of low-frequency fluctuation to interference
.014

trol condition with controlling for age, gender and mean FD.  All
the correlation results were set at a threshold of corrected clus-
ter p < 0.001(single voxel p < 0.05, cluster size ≥ 3969 mm3), using
AlphaSim program in REST.

dx.doi.org/10.1016/j.bbr.2015.08.014
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Fig. 2. Significant correlations of fALFF and interference effect in OPFC (A) and right IFC (B). Blue indicates negative correlations. The figures below each image are the
Montreal Neurological Institute X–Y–Z coordinates. The threshold was p < 0.001(AlphaSim-corrected). An R-value scale is exhibited below the two  figures. Abbreviations:
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PFC  = orbital prefrontal cortex; IFC = inferior frontal cortex. (For interpretation of t
his  article.)

. Results

.1. Behavioral results

Mean RT and accuracy for each condition (control and inter-
erence) were calculated. Error trials were excluded from the
T analyses. The difference of RTs between both conditions for
ach participants (RT interference—RT control) was calculated as
he interference effect (mean ± SD = 168.14 ± 43.26) [3]. In addi-
ion, the differences between control and interference conditions
or RT and accuracy were assessed. The mean RT of the con-
rol trials was significantly faster than that of the interference
rials by paired-t-test (707.75 ± 91.83 ms  vs. 875.89 ± 100.77 ms,

 = − 33.66, p = 1.31 × 10−46). The accuracy rate between control
nd interference conditions was significant by Wilcoxon signed
anks test (0.99 ± 0.01 vs. 0.94 ± 0.04, Z = − 7.39, p = 1.51 × 10−13).
he descriptive statistics for accuracy and interference effect were
resented (Fig. 1).

.2. Brain-behavior correlations

The significant negative fALFF-interference effect correlations
ere found in orbital prefrontal cortex (OPFC) and right inferior

rontal cortex (IFC) at a threshold of p < 0.001(AlphaSim corrected)
Please cite this article in press as: Y. Deng, et al., The relevance of fr
effect, Behav Brain Res (2015), http://dx.doi.org/10.1016/j.bbr.2015.08

Fig. 2, Table 1) after controlling for the effects of age, gender and
ean FD. But there were no significant correlations between fALFF

nd interference condition, or between fALFF and control condition
t a threshold of p < 0.001(AlphaSim corrected).
erences to colour in this figure legend, the reader is referred to the web version of

4. Discussion

MSIT mixing with Stroop, Simon and flanker effects were
employed to assess the cognitive interference effect, which was
produced by RT difference between control and interference condi-
tions. To evaluate the cortical basis of inter-subject difference in the
cognitive interference effect, the present study conducted a partial
correlation analysis between fALFF and interference effect (while
controlling for age, gender and mean FD). The results demonstrated
significant negative relationship between fALFF and interference
effect both in OPFC and right IFC; participants who induced higher
fALFF in the two  brain regions tended to show lower interference
effect. In addition, the partial correlation analyses were performed
between fALFF and RT in control condition, or between fALFF and
RT in interference condition (while controlling for age, gender and
mean FD), while no significant associations were found. All these
results suggested that intrinsic brain activity in OPFC and right IFC
is associated with the cognitive interference effect in MSIT. The cur-
rent findings highlight the important role of intrinsic brain dynamic
in conflict processing efficiency.

FALFF reflects the reliable property of LFO amplitude and is
more sensitive and precise in recognizing the brain activity [24,25].
FALFF in OPFC exhibited a significant negative correlation with
interference effect in the present study, thereby suggesting that
LFO amplitude in OPFC is related to processing efficiency of con-
flict resolution. The OPFC is functionally implicated in cognitive
actional amplitude of low-frequency fluctuation to interference
.014

inhibition. People with psychiatric disorder such as OCD, behav-
ioral variant frontotemporal dementia (bvFTD), and online gaming
addiction (OGA), which are related to OPFC dysfunction, showed
to impair cognitive inhibition [45–50]. In the neuroimaging studies

dx.doi.org/10.1016/j.bbr.2015.08.014
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Table  1
Significant fALFF-interference effect correlations across subjects.

Region BA Cluster size (mm3) MNI  coordinate (peak) r (peak)

x y z

OPFC 10/11 10989 6 54 −9 −0.42
IFC  R 45/46/47/48 7803 42 33 21 −0.52
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bbreviations: MNI  = Montreal Neurological Institute; BA = Brodmann’s area; OPFC 

he  threshold was  p < 0.001(AlphaSim-corrected).

f OCD patients, the response inhibition related to activity in right
PFC was inversely associated with the OCD symptom severity [45]
nd the OCD patients showed decrease activation in OPFC during
o/NO-Go and switch tasks [46]. Patients with bvFTD were showed

o be linked to levels of disinhibition [47] and worse performance
n the flanker task than normal controls [48]. Yuan et al. found that
LFF values of left medial OPFC in young participants with OGA
ere positively associated not only with the duration of OGA, but

lso with response errors in color-word Stroop task [49]. In Yuan
t al.’s another study in young participants with OGA, there was a
egative correlation between cortical thickness in the left OPFC and
troop task response errors [50]. Similarly, patients with medial
PFC lesion also demonstrated much poorer performance on the
troop test than patients without such lesions and normal controls
51]. Even in the normal participants, the significant activation of
nterior lateral OPFC was found during response inhibition [52].
aken together, all of these results can be interpreted as that OPFC

s the essence of inhibitory control.
On the other hand, since OPFC is anatomically connected to

igher sensory, limbic and other prefrontal areas, it can integrate
oth multisensory and emotional information, as well as process
alue, so as to flexibly adapt the changing situations [53,54]. For
nstance, OPFC contributes to decision-making and action selec-
ion on the basis of encoding predicted reward information [55]. In

 fMRI study of the reward-based decision-making task, Hare et al.
ound that activation in the medial OPFC is associated with the goal
alue signals, and activation in the central OPFC is related to the
ecision value computations [56]. Another finding reported that
atient with OPFC lesion failed to flexibly inhibit existing stimulus-
utcome associations in the probabilistic learning task, indicating
hat OPFC is important for adaptively processing outcome value in

 variable situation [57]. Moreover, even without distinct rewards,
he activation of medial OPFC in the current trial could predict the
esponse speed in the next trial in a classical Stroop task, and this
eflected that OPFC can impact future behavioral response [58].
onsequently, the role of OPFC is not limited to inhibitory con-
rol, but can extend to generate adaptive performance by encoding
oal-directed information. The interference effect in the present
tudy reflects the process efficiency of conflict resolution, which
ncompasses recognizing the target and distractor, suppressing an
mproper response and executing a correct response [1]. A sig-
ificant negative correlation between fALFF values in OPFC and

nterference effect on MSIT was observed, thereby indicating that
PFC function in resting-state may  be strongly related to inhibitory
ontrol and flexibly modify behavior.

Another significant reverse association observed between fALFF
nd interference effect was located in right IFC, which means that
he higher the efficacy of conflict resolution, the higher the fALFF in
ight IFC. Many neuroimaging studies of the interference tasks con-
ribute strong evidence that the right IFC is like a brake and focuses
n restraining inappropriate response impulses [59,60]. In stop sig-
al task and GO/No-Go task, activation of right IFC is elevated when
Please cite this article in press as: Y. Deng, et al., The relevance of fr
effect, Behav Brain Res (2015), http://dx.doi.org/10.1016/j.bbr.2015.08

top trials are successful inhibited [1,59,60]. Right IFC also showed
ignificantly higher activation in conflict trials compared with non-
onflict trials in the numerical contrasts of numerical Stroop task
61]. In a cueing version of Simon task, the adroitness of selective
al prefrontal cortex; IFC = inferior frontal cortex; R = Right.

response suppression could predict the activation of right IFC and
had a tight relationship with diffusion tensor imaging parameters
within right IFC [62]. In agreement with these neuroimaging find-
ings of cognitive interference resolution tasks, a meta-analysis of
neuroimaging studies of such tasks has reported that the right IFC
is the critical region for interference resolution during response
performance [1]. Another recent systemic research on inhibitory
control, in which multiple quantitative analyses including meta-
analysis were used, has revealed that the functional dissociation
between anterior insula and right IFC: anterior insula is related to
the silent processing, whereas right IFC is associated with inhibitory
control [63]. Moreover, although some have proposed that right
IFC is merely involved in monitoring context [64], the finding by
Wessel et al. was  not in line with such notion and supported
the association between right IFC and inhibitory processes [65].
In Wessel et al.’s study, they found that direct electrical stimu-
lation of right IFC decelerated Go-trial response (in comparison
with control-site stimulation) and that right IFC stimulation elicited
greater deceleration when motor brake was needed in “Maybe
Stop” condition compared with the “No Stop” condition. Recently,
researchers addressed the argument about the right IFC role in
monitoring context and emphasized right IFC role in inhibitory con-
trol [66]. Finally, similar notion supporting the inhibitory function
of right IFC have been found in the RS-fMRI studies. For instance,
the regional homogeneity of RS-fMRI signals in right IFC exhibited
a significant association with the SSRT in the stop signal task [67].
Another RS-fMRI study, which explored the intrinsic brain activity,
could predict the executive control effect and showed a signifi-
cant negative correlation between behavior results of the executive
control effect in attention network task and the ALFF in right pre-
cuneus [43]. The right IFC is functionally connected with the right
precunues and their connectivity strength is negatively associated
with the executive control ratio scores [43]. The result of our study
is in accord with these findings and further indicates that the rest-
ing state activity in right IFC could predict the inhibitory processing
of interference resolution.

Interestingly, the fALFF in OPFC and right IFC, which exhibited
significant correlation with interference effect in current RS-fMRI
study, seemed not to be usually activated by MSIT task. In previ-
ous MSIT-related fMRI analysis, the aforementioned CFP network
was strongly activated when comparing between interference con-
dition and control condition [7,8]. Evidently, the fALFF-behavior
correlation analysis and MSIT-related fMRI analysis reflect two
distinct brain mechanisms of conflict resolution processes. Accord-
ingly, the activation of the CFP network identifies and characterizes
the brain processing of conflict resolution, and the fALFF of RS-
fMRI signals in OPFC and right IFC might predict the performance
of conflict resolution.

FALFF of OPFC and right IFC, which negatively correlated with
conflict effect of MSIT in our study, manifested that these two
regions are related to adaptive performance and effective inhibition
in conflict resolution. It further confirmed that fALFF of prefrontal
actional amplitude of low-frequency fluctuation to interference
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cortex (PFC) could be an important index to predict the inter-
individual changes in self-control. The findings are verified by other
studies on fALFF of PFC and have observed that the fALFF in ante-
rior cingulate and PFC (including medial PFC, IFC and ventrolateral
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FC) was obviously elevated in smokers after receiving 5-h medi-
ation training [68], which manifested that meditation practice can
nhance smoker’s self-regulation ability and decrease their crav-
ng for smoking. In another study, compared with healthy subjects,

ajor depressive disorder patients exhibited lower fALFF in PFC,
overing dorsolateral PFC and OPFC, which were interpreted as
he important brain region for cognitive control function [69]. In
onclusion, further research is needed to clarify the relationship
etween fALFF of PFC and self-control. In addition, fALFF of OPFC
nd right IFC could serve as biomarkers for evaluating individual’s
apability of self-control and conflict resolution.

Finally, it is necessary to consider some limitations in the current
tudy and highlight opportunities for further studies. The find-
ngs of our study depended on the measure of fALFF of RS-fMRI.
rior studies as mentioned in the introduction have investigated
he relationship between MSIT-evoked activation and resting-state
12,16,20]. Besides, by utilizing MSIT-related fMRI and structural
nalysis, Salami et al. found that age-related grey matter losses in
nterior brain areas were related to the enhanced interference res-
lution in the young group [70]. All these findings indicate that
uture study could use MSIT-related fMRI, RS-fMRI and structure
MRI and incorporate these multimodal image features to further
haracterize the structural and functional interference effect on
SIT.

. Conclusions

In summary, using fALFF-interference effect of MSIT correlation
nalysis, we firstly observed that the fALFF of OPFC and right IFC are
ignificantly and negatively correlated with the interference effect
f MSIT. These findings provide a new horizon for understanding
he neural mechanism of processing efficiency of conflict resolution
nd cognitive control.
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