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Abstract

The present report used functional magnetic resonance imaging (fMRI) to examine the neural correlates of thought suppression. Subjects
were imaged while alternately (i) attempting to suppress a particular thought, (ii) attempting to suppress all thoughts, or (iii) thinking freely
about any thought. Suppression of a particular thought, when compared to the free-thought control condition, revealed greater activation
in the anterior cingulate. When the task of suppressing all conscious thoughts was compared to free-thought, a more distributed network
of brain regions, including the anterior cingulate and the insula, was activated. These findings are consistent with previous research on
cognitive control and may provide potential insights into psychological disorders involving recurring, intrusive thoughts.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction verbal response. Thus, it is unclear whether similar neural
mechanisms are involved in this variant of cognitive control.
A fundamental human capacity is the ability to regulate Noting this ambiguity, the present study investigates the neu-
and control our thoughts and behaviors. Neural substratesral mechanisms that underlie directed thought suppression.
of cognitive control have been investigated using a variety ~Mental control is required for people to function ef-
of methods that require suppression of actidBissh et al., fectively in their daily lives. Successfully controlling our
1998; Casey et al., 199Garavan, Ross, & Stein, 1999 thoughts is difficult; unwanted worries intrude and thoughts
Gondo, Shimonaka, Senda, Mishina, & Toyama, 2000 frequently wander when they should be focused on the
Kawashima et al., 1996Kiehl, Smith, Hare, & Liddle, task or goal at handWenzlaff & Wegner, 200D These
2000 Leung, Skudlarski, Gatenby, Peterson, & Gore, 2000 intrusive thoughts often arise automatically, without any
MacDonald, Cohen, Stenger, & Carter, 2D0The proce- conscious effort to call them forth. Difficulties with mental
dures used in these studies require participants to inhibit control and inhibition are core symptoms in various clinical
behavior, such as refraining from making a button press in disorders Purdon, 1998 such as post-traumatic stress dis-
a go/no-go task (e.gsondo et al., 2000; Kawashima et al., order (PTSD) (e.gDavies & Clark, 1998 Steil & Ehlers,
1996; Kiehl et al., 2000 Konishi, Nakajima, Uchida, 2000, attention-deficit hyperactivity disorder (ADHD) (e.g.
Sekihara, & Miyashita, 199&.iddle, Kiehl, & Smith, 200} Caplan, Guthrie, Tang, Nuechterlein, & Asarnow, 201
or inhibiting reading while naming the color in which aword  obsessive—compulsive disorder (OCD) (ePwrdon, 2001
is written (i.e. the Stoop task)B(ish et al., 1998; Leung  Tolin, Abramowitz, Hamlin, Foa, & Synodi, 20p2and de-
et al., 2000. Less attention, however, has focused on the pression Beck, Rush, Shaw, & Emery, 197&reenberger
brain regions that are involved in the regulation of mental & Padesky, 1995Reynolds & Wells, 199p Each of these
contents, such as when people are instructed to control theirdisorders has been linked to deficits in the ability to reg-
thoughts or memoriesB{uinge, Ochsner, Desmond, Glover, ulate or suppress unwanted thoughts. The combined ev-
& Gabrieli, 2001 Wegner & Wenzlaff, 1996 Although idence from these several patient groups also raises the
regulating the contents of consciousness requires substantiapossibility that cognitive control over thoughts and actions
cognitive effort Wenzlaff & Wegner, 2000 thought con- may share common underlying neural mechanisms. Thus,
trol does not require the suppression of an overt motoric or understanding the neural basis of mental control over ev-
eryday thoughts in healthy individuals may provide insights
* Corresponding author. Tek:1-603-646-3181; fax+-1-603-646-1419. N0 the cognitive processes associated with these various
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Cognitive control of thoughts and actions may involve at the head end of the bore. Subjects viewed the screen
similar component processes and therefore recruit commonthrough a mirror. Cushions were used to minimize head
brain regions. Action inhibition typically involves activation ~movement.
of the anterior cingulateBraver, Barch, Gray, Molfese, &

Snyder, 2001Liddle et al., 2001; MacDonald et al., 2000  2.3. Procedure

and the prefrontal cortexCasey et al., 199Dove, Poliman,

Schubert, Wiggins, & von Cramon, 2000ogan & Cowan, Subjects were informed that the study examined the brain
1984 Miller, 2000). The anterior cingulate is active across mechanisms involved in thinking. Prior to scanning, all sub-
a variety of tasks that require inhibition of prepotent re- jects were asked to produce a personally relevant thought
sponses, such as the Stroop taBktérson et al., 199%nd that was currently salient to them (e.g. “study for an exam”
the go/no-go taskQasey et al., 1997; Kiehl et al., 2000; or “a phone call with a distant girlfriend”). This thought was
Liddle et al., 2001 Additionally, research has shown that used as the target that subjects were later required to sup-
there is diminished anterior cingulate activity in patients press. They were then placed in the scanner. Subjects viewed
with PTSD when they are responding to emotional words, one of three different instructional cues: “suppress” (spe-
suggesting that this structure may play a key role in the abil- cific thought suppression task), “clear” (clear mind task),
ity to suppress intrusive thoughtSkin et al., 2001 Recent or “fixate,” (free-thought task). In the SUPPRESS task,
studies have also implicated the insula in aspects of cognitivesubjects were directed to suppress the particular thought
control Bunge, Klingberg, Torkel, Jacobson, & Gabrieli, they had generated prior to scanning. In the CLEAR task,
2000; Dove et al., 2000; Garavan et al., 1999; Rubia et al., subjects were directed to clear their minds of all thoughts
200)). Garavan et al., using event-related fMRI, showed and to think of nothing at all. The FREE-THOUGHT task
right insula activation during a task that required inhibition served as a control condition in which subjects were per-
of prepotent motor responses to target lett&ar@van etal.,  mitted to think about anything. Across four functional runs
1999. Similarly, Dove et al. reported insula activity during (counterbalanced across participants), subjects alternated
task switching Dove et al., 200D Thus, the accumulated between two of the task conditions. Within a functional
evidence to date suggests that the insula may be an importantun, there were eight alternating 30 s epochs. In two of the
brain region in the network that subserves cognitive control. functional runs, subjects alternated between the SUPPRESS

Extending work of this kind, the present research used and FREE-THOUGHT tasks. In the remaining two runs
fMRI to identify the neural substrates of intentional thought they alternated between the CLEAR and FREE-THOUGHT
suppression. Specifically, subjects were imaged during threetasks. Cue words to indicate task instruction remained on
task conditions: (1) trying to suppress a specific, unwanted the screen for the entire 30 s epoch.
thought; (2) trying to suppress all conscious thought; and It is important to note that no behavioral measure was
(3) thinking freely about anything. collected during the functional runs. An important aspect
of the current paradigm was to assess similarities and dif-
ferences between the cognitive control of thought and be-
havior. In order to dissociate these two processes, no overt
behavioral response was collected (e.g. pushing a button to
2.1. Participants index thought intrusions) as such a requirement contami-

nates thought suppression with response generation. More-

Twelve subjects (six males, mean age 19.7 years)  over, the current experiment was not concerned with failures
participated in the study in exchange for class credit or of cognitive control per se, but rather the ongoing process
US$ 10. All subjects were right-handed, reported no sig- of mental regulation. Post-experimental debriefing indicated
nificant abnormal neurological history and had normal or that subjects found both the SUPPRESS and CLEAR tasks
corrected-to-normal visual acuity. Informed written consent to be difficult, and all participants reported the occurrence
for all participants was obtained prior to the experiment in of intrusive thoughts during the tasks.
accordance with the guidelines established by the Committee
for the Protection of Human Subjects at Dartmouth College. 2.4. Image acquisition

2. Method

2.2. Materials Imaging was performed on a 1.5T whole body scanner
(General Electric Medical Systems Signa, Milwaukee, Wis-
A block design was used with alternating epochs during consin) with a standard head coil. Anatomical images were
which subjects viewed cue words presented in the center ofacquired using a high resolution 3-D spoiled gradient re-
the screen, indicating the task they were required to performcovery sequence (SPGR; 124 sagittal slices, FE ms,
during the epoch. Visual stimuli were generated using a TR = 25ms, flip angle= 25°, voxel size = 1 mm x
Dell computer running Cedrus Superlab Pro Version 2.10 1 mm x 1.2 mm). Functional images were collected in runs
software. Stimuli were projected to subjects with an Epson using a gradient spin-echo echo-planar sequence sensitive
(model ELP-7000) LCD projector onto a screen positioned to blood oxygen level-dependent (BOLD) contrast (T2*)
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(TR = 2500 ms, T2* evolution time= 35ms, flip angle= Table 1
90°, 3.75mmx 3.75mm in-plane resolution). During each Identification of BOLD signal changes in task comparisons
functional run, 75 sets of axial images (25 slices; 5.5mm Brain region X Y Z  Z-score
slice thickness, 1 mm skip between slices) were acquired aI—Increases
|0W|ng Complete brain coverage. SUPPRESS > FREE-THOUGHT

Anterior cingulate gyrus (BA 32) -3 11 44 3.35
2.5. Image analysis CLEAR > FREE-THOUGHT

Right insula (BA 44) 50 6 8 422

All data were analyzed using SPM99 software (Wellcome Left inferior frontal/insula (BA 45/46) —50 44 6 3.81

Department of Cognitive Neurology, London, UK). For each Anterior cingulate gyrus (BA 32/24) 6 0 55 380

functional run, data were preprocessed to remove sources of ~ RigNt parietal (BA 40) 56 —45 33 356

noise and artifact. Functional data were realigned within and CLEAR > SUPPRESS
across runs to correct for head movement and coregistered ~ Right temporal, insula (BA 22/47) 6 0 0 375

. . . . Left temporal, insula (BA 22/47) —59 9 0 372
with each subject§ anatomical data. Funcjuonal data were Right inferior parietal (BA 40) 56 -36 32 365
then transformed into a standard anatomical space basedD

ecreases

on t_he ICBM 152_ brain template (Montreal_ Neurological FREE-THOUGHT > SUPPRESS
Institute). Normalized data were then spatially smoothed i guiate gyrus (BA 31) 12 _7 45 357
(8 mm full-width-at-half-maximum (FWHM)) using a Gaus-
X . : FREE-THOUGHT > CLEAR

sian kernel. Thg normalized and smoothed images were then Right precuneus (BA 31) 6-66 17 5.09
used for statistical analyses. Left precuneus (BA 31) ~12 —60 35 4.07

For each subject, a general linear model, incorporating
task effects (modeled as a box-car function convolved with
the canonical hemodynamic response function), a mean, and
a linear trend were used to compute parameter estimg}es ( 3. Results
andt-contrast images (containing weighted-parameter esti-
mates) for each comparison at each voxel. A random-effects Fig. 1 and Table 1show task-related activity when the
analysis (one-sampletest, hypothesized meas 0) was SUPPRESS and CLEAR conditions were separately com-
then applied to the individual subjettontrast images to  pared to the FREE-THOUGHT condition and to each
create mean-images (thresholded & = 0.001, uncor- other. When the SUPPRESS condition was compared to
rected). This permitted several comparisons to be under-the FREE-THOUGHT condition, significant activation was
taken. First, each thought suppression condition (CLEAR observed in the anterior cingulate (Brodmann's area (BA)
and SUPPRESS) could be contrasted with the FREE-32). When the CLEAR condition was compared to the
THOUGHT control condition. Second, the thought suppres- FREE-THOUGHT condition, a more distributed network of
sion conditions could be directly contrasted to reveal poten- brain regions was activated, including the anterior cingulate
tial differences between suppression of a specific thought (BA 32/24), as well as regions of right insular cortex (BA
and the more global challenge of suppressing all thought. 44), right medial frontal cortex (BA 6), right parietal cortex

Suppress Clear > Suppress

t score

Fig. 1. Significant activation was observed in the anterior cingulate (A) during the SUPPRESS (left panel) and CLEAR (middle panel) conditions when
each of these conditions were compared to the FREE-THOUGHT control condition. Additional activations were noted during the CLEAR condition in
the right insula (B) as well as the left insula and right parietal cortex (not shownTagle 1. When the two thought suppression conditions were
directly contrasted (right panel), significant activation was observed in the right insula (B). Statistical images (threshBlge@G1, uncorrected) are
averaged across subjects and superimposed on a representative three-dimensional anatomical image.
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(BA 40), and left inferior frontal cortex (BA 45/46). Given tracting information Bunge et al., 2002 How then might
these findings, we sought to examine whether these regionghe insula be involved in intentional mental control? The
differed between the two thought suppression conditions. In insular cortex has been implicated in somatosensory integra-
this direct comparison (CLEAR versus SUPPRESS), greatertion (Augustine, 1995 pain perceptionAugustine, 1996
activation was observed in the insula bilaterally (BA 22/47) Peyron, Laurent, & Garcia—Larrea, 2Q0@nd the experi-
and the right inferior parietal cortex (BA 40). There were no ence of some emotional statddgyberg et al., 1999 espe-
brain areas that demonstrated significantly greater activity cially disgust Phillips, Young, Senior, Brammer, Andrews,
during the SUPPRESS task than during the CLEAR task. & Calder et al., 199). Although the functional significance

of its involvement in cognitive control is currently unknown,

one plausible role for the insula may lie in the integration
4. Discussion of bodily and mental states. For instance, the insula may

act as a somatic marker (i.©amasio, 199% integrating

Extending previous investigations of cognitive control, the cognitive and affective components of mental control.
the present work considered the neural correlates of thoughtAdditional research is needed to clarify this possibility.
suppression. The results indicated that the brain regions pre- The methods of cognitive neuroscience have paved the
viously implicated in the suppression of overt behavior were way towards understanding higher mental operations, such
also active during attempts to control the emergence of un-as cognitive control. Considerable evidence has suggested
wanted thoughts. Neural activity, however, was modulated that specific brain regions, notably the anterior cingulate
by the nature of the suppression task. When subjects at-and the insula, function to regulate unwanted behavior. An
tempted to suppress a specific, salient thought, activity wasunanswered question concerns the extent to which these
limited to the anterior cingulate. A more distributed network brain regions support control over internally-generated ex-
of brain regions, including the insular cortex, was engaged periences, the sort of experiences (thoughts, memories)
when subjects attempted the more general task of banishinghat demand suppression in daily life but require no be-
all thoughts from consciousness. havioral inhibition. Our findings provide evidence that
Increased activity in the anterior cingulate during the common neural circuitry is involved in these various forms

suppression of thoughts is consistent with previous work of cognitive control. As failures of mental control are a
demonstrating the role of this structure during cognitive con- sometimes debilitating feature of daily life, understanding
trol of behaviors Casey et al.,, 1997; Kiehl et al., 2000; the brain mechanisms that support the capacity to control
Liddle et al., 2001; Peterson et al., 199%he anterior cin- mental contents may provide insights into the nature of var-
gulate may function to monitor task performance, perhaps ious psychological disorders that are characterized by the
by acting as a vigilance monitor for intrusions of unwanted recurrence of unwanted and intrusive thoughts.
target thoughts and actions. Collectively, such findings are
consistent with the viewpoint that a central function of the
anterior cingulate is conflict monitoring for response com- Acknowledgements
petition and interferenceBptvinick, Braver, Barch, Carter
& Cohen, 2001 MacDonald et al., 2000 What we have We thank Tammy Laroche, Wendy Starr, and Jeff Wood-
shown here is that anterior cingulate is responsive to conflict ward for their assistance. This research was supported in part
monitoring in the domain of thought suppression, regard- by a grant from the National Science Foundation to TFH
less of the characteristics of the suppression task. In a re-(BCS 0072861) and the Dartmouth Brain Imaging Center.
lated study, we required participants to signal the occurrence
of intrusive thoughts via an overt button press, which con-
trasts with the current investigatioMitchell, Heatherton,

Kelley, Wyland, & Macrae, 2003 Despite this methodolog- Augustine. J. R, (1996). Circuitry and functional s of the insular lob
ical difference, once again there was a correlation between u?nu;rlxétés i.n(clu din)é h';?;;é?;n ;gza s;/’?zz: 22 z(ezg]f; g obe
attempted thought suppression and anterior cingulate activ-geck, A. T., Rush, A. J., Shaw, B., & Emery, G. (197@pgnitive therapy
ity. Specifically, the magnitude of anterior cingulate activity of depression. New York: Guilford Press.
accompanying an intrusive thought predicted the length of Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S., & Cohen,
time to the next such regulatory failure, thus confirming a JSC D. (zofolg(-;):"g;"'ftggzn'to””9 and cognitive contrBsychological
. . . . .. lence, , — .
cr|t|cal_funct|onal_role_3 for this struc_ture in cognitive con_trol. Braver, T. S., Barch, D. M., Gray, J. R., Molfese, D. L., & Snyder,
Th_e |nsu|ar aCt|Vat|0n_0b_Served inthe p_resent studyisalso A (2001). Anterior cingulate cortex and response conflict: Effects of
consistent with recent findings from studies of overt behav-  frequency, inhibition and error€erebral Cortex, 11(9), 825-836.
ioral control (e.g.Bunge, Dudukovic, Thomason, Vaidya, Bunge, S. A, Klingberg, T., Jacobson, R. B., & Gabrieli, J. D. E. (2000).
& Gabrieli, 2002 Garavan et al., 1999; Rubia et al., 2001 ﬁN’zgog;‘(:% ’“3%"72 %fs%e neural basis of executive working memory.
Bupge e_t al. obse_r_ved right inferior f_rontal_and rlght_lnsula Bunge, S. A., Ochsner, K. N., Desmond, J. E., Glover, G. H., & Gabrieli
activity in a modified flanker task, in which participants J. D. E. (2001). Prefrontal regions involved in keeping information in

had to respond to a target while disregarding nearby dis- and out of mindBrain, 124, 2074—-2086.
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