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Abstract

Background—Increased attention to gastrointestinal symptoms and disease-specific contexts
may play an important role in the enhanced perception of visceral stimuli frequently reported in
patients with irritable bowel syndrome (IBS). In the present study, we test the hypothesis that
altered attentional mechanisms underlie central pain amplification in IBS.

Methods—To evaluate brain networks that support alerting, orienting, and executive attention,
we employed the attention network test (ANT), a modified flanker task which measures the
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efficiency of functioning of core attentional networks, during functional MRI (fMRI) in 15 IBS
patients [mean age = 31(11.96)] and 14 healthy controls [HCs; mean age = 31(10.91)].

Key Results—IBS patients, compared to HCs, showed shorter reaction times during the alerting
and orienting conditions which were associated with greater activation of anterior midcingulate
and insular cortices, as well as, decreased activity in the right inferior frontal junction and
supplementary motor cortex. Patients also showed activation in the dorsal medial prefrontal cortex
and concurrent thalamic deactivation during the executive control portion of the ANT relative to
HCs, but no group difference in reaction times were found. The activity in brain regions showing
group differences during the ANT were associated with measures of gastrointestinal-specific
anxiety, pain catastrophizing and fear of uncertainty. In IBS, activity in the anterior midcingulate
during alerting correlated with duration of GI-symptoms and overall symptom severity.

Conclusion & Inferences—Together, these results suggest that IBS patients have specific
abnormalities in attentional network functioning and these deficits may underlie symptom-related
anxiety, hypervigilance, and visceral hypersensitivity.

Keywords
attention network test; chronic pain; fMRI; irritable bowel syndrome

Introduction

Irritable bowel syndrome (IBS) is a common visceral pain disorder characterized by
chronically recurring abdominal pain and discomfort associated with altered bowel habits,
and enhanced visceral sensitivityl:2. Symptom-related fears and associated hypervigilance
toward gut-related stimuli [e.g., gastrointestinal (GI) sensations, symptoms, contexts] are
also hallmarks of this condition, and may play an important role in triggering central pain
amplification in these patients3->. For example, negative cognitions about IBS symptoms,
including pain catastrophizing and somatization, are important factors in determining
symptom severity8:7. Previous studies have shown that patients with IBS show an attentional
bias toward negatively-valenced words, as well as words describing pain and Gl-related
sensations, compared to words with neutral connotations®-13. Furthermore, IBS patients also
show up-regulation in attentional networks during expectation and experience of aversive
visceral stimulil#15, Together, these findings suggest an attentional bias towards symptom-
related stimuli, possibly attributable to dysregulation in general attentional processes, which
may play a role in central pain amplification and in the chronicity of IBS symptoms.

Attention is a process involving allocation of mental resources, and the selection and
prioritization of competing sensory information for optimization of behavioral responses to
specific stimuli that are biologically relevant to an organism6-20, Three types of general
attentional processes with distinct underlying neural networks have been identified: an
alerting network, an orienting network and an executive control network. The alerting
network [thalamus, prefrontal cortex (PFC), and posterior parietal cortex] helps achieve and
maintain a high state of sensitivity to incoming stimuli. The orienting network (pulvinar,
temporal parietal junction, superior parietal cortex, and frontal eye fields) selects
information from competing sensory input to attend to, and the executive control network
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[dorsolateral PFC, anterior cingulate cortex (ACC), and medial PFC (mPFC)] exerts top-
down control in an effort to allocate attentional resources and resolve conflict among
thoughts, feelings, and behavioral responses!’19.21-22 Brain regions subserving attentional
functions operate on identified salience, biologically and cognitively relevant stimulil6-20
and are often coactivated with regions of the salience network whose core regions are the
dorsal ACC and the anterior insula23.

Cognitive control strategies?4 such as distraction and focused attention influence activity of
cortical and subcortical brain networks implicated in the experience and expression of
painZ>-29 and efficient functioning of these networks is essential to proper inhibitory
cognitive control. Moreover, selective attention and hypervigilance to bodily or visceral
sensations and associated symptom-related exogenous cues in IBS patients39-32 depend on
these brain processes. As such, we aimed to test the hypothesis that these core attentional
networks are dysregulated in IBS patients.

To determine how having a chronic abdominal pain condition such as IBS impacts general
attentional processing and brain function623, we administered the attention network test
(ANT) to IBS patients and healthy controls (HCs) during fMRI to examine differences in
functioning of these networks (alerting, orienting, executive control). The ANT is a
modified flanker task developed by Fan and colleagues?? that tests the efficiency of
functioning of each of the three core attentional networks23. The administration of the ANT
in other clinical populations, including fibromyalgia, has revealed disease-specific
alterations in functioning of attention networks that support alerting, orienting, and
executive control33-37,

Studying general attentional processes in IBS patients compared to HCs can facilitate our
understanding of the behavioral and functional brain changes associated with chronic
visceral pain conditions, such as IBS38-40, We hypothesized that 1) the orienting and
alerting functions of attention as measured by both behavioral performance (accuracy and
reaction times) and brain activity during the ANT is heightened in IBS patients compared to
HCs, and that 2) IBS patients demonstrate less efficient executive control functioning. In
addition to the primary aim, we sought to evaluate whether altered attentional network
functioning was associated with IBS symptom expression and related clinical constructs
such as intolerance of uncertainty, pain catastrophizing, and persistent worry about Gl
symptoms.

Material and Methods

Participants

Our sample consisted of 29 right-handed females, 14 HCs [mean age (SD) = 31(10.91),
range 20 to 49 yrs], and 15 patients with IBS [mean age (SD) = 31(11.96), range 20 to 55
yrs]. Participants were recruited from multiple clinical sites, all part of the clinical research
network of the Oppenheimer Center for Neurobiology of Stress, at the University of
California, Los Angeles (UCLA), and through community advertisements. Upon arrival to
the clinic, each participant read and signed informed consent and underwent a history and
physical exam. Diagnosis of IBS was made by a gastroenterologist experienced in the
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diagnosis of functional bowel disease using Rome 111 criterial. IBS patients with all types of
predominant bowel habits (i.e., constipation = IBS-C, diarrhea = IBS-D, mixed = IBS-M,
unspecified) were included in this study. All participants were administered the Hospital
Anxiety and Depression Scales*! (HADS) to screen for the presence of mood disorders.
Participants were excluded from this study if they reported 1) a serious medical condition
with the exception of IBS diagnosis for the patient group, 2) were currently taking any
medications with CNS effects or 3) had a positive symptom score (> 11) on either the
anxiety or depression subscale of the HADS. All procedures were approved by the UCLA
Medical Institutional Review Board and conducted in accordance with the Declaration of
Helsinki.

Power analysis

We selected our sample size for this study based on the desire to detect a large effect size
difference in the fMRI region of interest analysis, which is a linear contrast analysis based
on estimates from a general linear model. Using G*Power v 3.1.54243  a priori power
analysis was specified along with a one-tailed independent t-test model, an alpha of .05, a
Cohen’s d = .95, and desired power set at 80% with an allocation ratio of 1. Analysis
indicated that 15 subjects per group were required to detect an effect size difference as small
as .95 (actual power = .81). Imaging data from one subject was lost due to imaging artifacts.
Post-hoc power analysis in G*power confirmed that with a sample size of with 15 IBS and
14 HCs we had greater than adequate power (greater than 80%) to detect an effect size
difference > Cohen’s d = .95. For the two-tailed tests of behavioral and clinical parameters
we had adequate power to detect an effect size difference greater than d = 1.08 in this same
sample.

Self-report measures

All participants were a given a series of self-administered questionnaires to complete,
including the Visceral Sensitivity Index (VSI)*4, the Perceived Stress Questionnaire
(PSQ)*>, the harm avoidance subscale of the revised Temperament and Character Inventory
(TCI-R)*®, the Patient Health Questionnaire (PHQ-15)*, the HADS?*! and the State-Trait
Anxiety Inventory (STAI)*8. The HADS was used to measure state anxiety and depression
whereas the STAI was used to assess state and trait anxiety. Gl-specific anxiety as measured
by the VSI includes hypervigilance to, and fear, worry, and avoidance of, Gl sensations and
contexts. The VSI consists of 15-items that reliably assess Gl symptom-specific anxiety
related to pain, diarrhea, constipation, bloating, and a sense of urgency in the belly or lower
abdomen®*. The items are general enough to be applicable to IBS and non-1BS samples. The
PSQ is a brief, 30-item, validated questionnaire designed to assess perceived stress over the
past month#°. The PHQ-15 consists of 15 somatic symptoms taken from the original PHQ*’,
including 14 of the 15 most prevalent DSM-1V somatization disorder somatic symptoms. In
IBS only, overall GI symptom severity and abdominal pain were assessed using a 21-point
Numerical Rating Scale (ranging from 0 — 20, with 0 representing no pain and 20,
representing the most intense symptoms imaginable). Usual symptom severity was assessed
on an ordinal scale where 1 = None, 2 = Mild, 3 = Moderate, 4 = Severe, and 5 = Very
Severe.
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Experimental paradigm

The ANT (Fig. 1) was applied to assess the efficiency of specific brain networks involved in
alerting, orienting, and executive control of attention6:19. Each participant was fitted with a
pair of goggles (VisuaStim Digital, Resonance Technology, Inc.) that displayed the visual
task stimuli, which were delivered digitally via a laptop computer (Windows XP SP2)
running E-Prime 2.0 software (Psychology Software Tools, Pittsburg, PA). The
experimental design, stimulus parameters, and task stimuli were adapted from Fan et al.
(2005). To assess alerting and orienting efficiency, there were three conditions, a no cue
condition which served as a baseline and a center cue or a spatial cue condition which
prompted the participant with regard to timing and spatial location of the target (Fig. 1). To
assess executive control efficiency, there were two conditions, a congruent target condition
wherein the center arrow pointed in the same direction as flanking arrows or an incongruent
target condition in which the center arrow pointed in the opposite direction of the flankers
(Fig. 1). For the three cue conditions, stimuli were displayed for 200 ms followed by
presentation of the target and flanking arrows, with timings between the cue and target
stimulus jittered for a variable duration (300-1450 ms; mean interstimulus interval =
550ms). Each target was displayed for up to 2000 ms and was followed by a jittered
intertrial interval ranging from 3000 to 4200 ms (mean ITI = 3300ms). Participants were
instructed to respond by pressing a button on a fiber optic MRI-compatible response box
(Current Design, Philadelphia, PA) with their index finger (for left direction) or middle
finger (for right direction) if the center target arrow pointed to the left or to the right,
respectively. Participants were told to respond as quickly and accurately as possible
following the presentation of each target arrow. Responses and reaction times (RT) were
recorded on the presentation computer running E-Prime in the scanner console room. Prior
to the start of the experiment, a short practice session consisting of six trials was given to
familiarize each participant with the response box and the ANT task.

Efficiency scores for each attentional network, including alerting, orienting, and executive
control were calculated using the same procedures reported by Fan et al. (2005). Briefly,
efficiency of the alerting network was computed by subtracting RT for the center cue
condition from RT scores for the no cue condition (Alerting efficiency = RTjg cue—
RTcenter cue)- Orienting network efficiency was calculated by subtracting RT scores for the
spatial cue condition from RT for the center cue condition (Orienting efficiency =
RTcenter cue — RTspatial cue)- The efficiency of the executive control network was quantified
by subtracting RT scores for the congruent trials from RT scores for incongruent trials
(Executive control efficiency = RTincongruent = RTcongruent)-

An event-related fMRI design was used to study brain activation of the attentional networks
during the ANT. For the experiment, there were a total of six BOLD runs with 114 trials in
each run (38 trials per cue condition per run; 19 congruent and 19 incongruent target
conditions), with each run lasting about 8 minutes. As described above, intervals between
cues and target and target and the next trial were jittered in time. The order of the trials was
counterbalanced. In addition to brain activity, mean RT during the three cue (no cue, center
cue, spatial cue) and two target conditions (e.g., congruent, incongruent) were subtracted to
yield behavioral measures of alertness, orienting and executive control16.
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fMRI acquisition and image processing

All brain imaging was conducted with a Siemens 3T Trio MRI scanner equipped with a 12-
channel head coil at Staglin IMHRO Center for Cognitive Neuroscience. For each subject,
six functional BOLD runs were acquired during the ANT (echo-planar T2-weighted
gradient-echo, TR = 2000 ms, TE = 28 ms, flip angle = 77°, matrix size 64 x 64, 40 axial
slices, FOV = 220 mm; 4-mm thick, skip 1-mm), each lasting approximately 8 min. A total
of 232 BOLD volumes were collected during each functional run and the first two images of
each run were discarded to account for instability of signal in these early scans. A high-
resolution T1-weighted MP-RAGE MRI was acquired to locate gross anatomical
abnormalities (TR = 20 ms, TE = 3 ms, flip angle = 25°, FOV = 256 mm, slice thickness = 1
mm).

All imaging analyses and summaries were generated using Statistical Parametric Mapping
version 8 (SPMS8; Statistical Parametric Mapping, Wellcome Department of Imaging
Neuroscience, Institute of Neurology, London, UK) and Statistical Package for the Social
Sciences (SPSS) software (version 17). Images were converted from DICOM into NIFTI
format, adjusted for slice timing, and realigned to control for superfluous motion. The
motion correction parameters in each degree were examined for excessive motion. No
volume-to-volume motion correction parameter was above 2 mm translation or 2° rotation.
The average of all realigned fMRI images for each subject was co-registered with the
participant’s high-resolution T1-weighted MP-RAGE image, and then transformed into
standard Montreal Neurological Institute (MNI) stereotactic coordinates (resolution =2 mm
isotropic) and smoothed with an 8 mm isotropic Gaussian kernel.

Data Analysis

Analysis of fMRI data—Identical statistical procedures for fMRI analysis previously
described by Fan et al. (2005) were employed. We applied the general linear model (GLM)
in SPM8 to preprocessed data to test the hypotheses regarding group differences in brain
activity during alerting, orienting, and executive control conditions. Regressors in the
subject level model were created by convolving a train of dirac delta functions representing
individual trial events (e.g., fixation with no cue, central cue, spatial cue, targets with
congruent flankers, and targets with incongruent flankers) with a hemodynamic response
function comprising two gamma functions and their derivatives. We also included motion
realignment parameters as covariates. Group level analyses were also performed using the
GLM specifying contrast images represent alerting, orienting, and executive control as
dependent variables and group as an independent regressor. ROl analyses were performed
using small volume correction in SPM8 that controls for the effective number of voxels with
an ROI. We set a stringent cluster-defining threshold of p = 0.001 and cluster level
significance was set at p < 0.05 corrected for multiple comparisons using family wise error
(FWE) rate*. We examined a priori ROIs based on hypothesized interaction of attention
and central pain circuits in IBS patients. Our ROIs included the anterior insula (aINS),
posterior insula (pINS), anterior midcingulate (aMCC), pregenual ACC, medial (Brodmann
Area; BA 9/10/46), superior (BA 4/6/8) and inferior frontal gyrus (BA 11/47). In addition, to
look at reliability and validity of the task we examined ROIs reported by Fan and
colleagues®, including the thalamus, superior (BA 22) and inferior (BA 40) temporal gyri,

Neurogastroenterol Motil. Author manuscript; available in PMC 2016 September 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hubbard et al.

Page 7

superior parietal gyrus (BA 7), fusiform gyrus (BA 37), cerebellar vermis, supplementary
motor area (SMA; BA6/32), and pre- (BA 4/6) and postcentral (BA 2) gyri. All ROIs were
generated using the automated anatomical labeling (AAL) atlas and the SPM8 Wake Forest
University PickAtlas extension toolbox. Global conjunction analysis was also performed to
validate the ANT and highlight similarities in attentional network functioning across groups
(IBS + HCs), thresholding the images at p < 0.05 uncorrected.

Mean comparisons of behavioral data—The sample size (14 HCs, 15 IBS patients)
only provided adequate power for detection of a large effect sizes (d = 1.10), thus our
behavioral analyses are underpowered in terms of finding small effect size differences. To
avoid Type | and Type Il errors in assessing group differences in self-report measures of
affect and cognitive functioning, and network efficiency, we emphasize estimation of effect
sizes and precision or certainty of the estimates, rather than significance testing®9-53,
However, we also performed significant testing using independent samples t-tests to
evaluate group differences in self-report measures and reaction times, and to provide p
values for readers who are accustomed to seeing them, but as mentioned previously we
interpret effect sizes, rather than p values. Effect size difference were calculated using
Hedges' g, which adjusts the pooled standard deviation for sample size>*. Effect sizes reflect
differences between groups in units of standard deviations. Historically, an effect size of
0.80 is interpreted as large (14% explained variance), 0.50 as medium (6% variance) and
0.20 as small (1% of the variance explained)®®. In addition, we calculated 95% confidence
intervals to quantify the precision of the estimated effect sizes and provide an estimated
range of the true population parameter. The correct interpretation of a confidence interval is
that if we were to repeat the experiment 100 times, 95% of the time the true estimate would
lie within the computed interval. Although confidence intervals that do not contain zeroes
suggest significance®®, our focus for the analysis of the behavioral performance data was on
discovery and hypothesis generation. As a reporting threshold, we considered a medium
effect size difference, Hedge’s g = .30, valuable evidence to report.

Correlation al analysis—Pearson’s R was applied to test the hypothesis that attentional
network efficiency scores and brain activity in regions showing group differences during the
ANT were correlated with self-report measures of affect, stress and cognitive functioning.
Specifically, we calculated the correlation between brain activity and 1) fear of uncertainty
(TCI) and pain catastrophizing (PCS) and 2) persistent worry about GI symptoms (VSI),
across all subjects. Furthermore, we examined the association between brain activity and
overall severity and chronicity in IBS subjects only. Regional brain activity (as represented
by the first eigenvariate of the peak voxel in the cluster) showing group differences were
extracted for analysis in SPSS. We only report medium-sized effects (r = .30, r2 = .09) or
greater®®, Again, we emphasize the magnitude of effect rather than significance testing to
minimize the potential for Type | and Il errors. However, we also performed significance
testing with Pearson’s R bivariate correlational analyses for those readers interested in
seeing these results.
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Results

Self-report measures and clinical characteristics

Table 1 shows the descriptive and inferential statistics for demographic and self-report
measures in both IBS patients and HCs. Patients (IBS-C = 7, IBS-D =4, IBS-M =1,
unspecified = 3) reported an average duration of IBS symptoms extending over the past 10.4
years (SD = 6.2). Mean (SD) patient ratings for overall Gl symptom severity for the past
week was 9.33 (4.7) and ratings for abdominal pain was 8.87 (4.47). Patients reported their
usual symptom severity as moderate, 3.07 (0.70).

Comparison of network efficiency scores between IBS and HCs

Scores indexing the efficiency of the alerting, orienting, and executive control networks
within groups can be seen in Table 2. IBS had greater efficiency in the alerting network than
HCs as evidenced by a medium effect size difference, g = —0.34 (-1.04, 0.38). Evidence
supporting more efficient orienting network functioning in IBS compared to HCs was also
observed, g = —-0.91(-1.62,-0.14). . However, no behavioral evidence for group differences
in executive control network functioning was found, g = —0.20 (-0.87, 0.52).

Correlates of network efficiency scores

Across all subjects, fear of uncertainty was negatively associated with the behavioral
efficiency scores for the orienting network, r(29)= —.30. Furthermore, scores on the VSI
were negatively correlated with the efficiency scores for the alerting network, r(29) = -.31.
We found no evidence for correlations between network efficiency scores and depression,
state and trait anxiety, or perceived stress measures.

For IBS patients, greater efficiency in alerting was associated with greater abdominal pain in
the past week, [r(15) = -.53, p = 0.042)], and greater overall usual symptom severity,
[r(15)=-.67, p = 0.006)]. There was also evidence for an association between executive
control efficiency scores and greater overall usual symptom severity [r(15)= -.51, p=
0.054]. In addition, when restricting the correlational analysis between Gl-specific anxiety
and alerting efficiency to just IBS, an even greater negative magnitude of association was
observed, r(15) = -.64.

Group differences in brain activity during alerting, orienting and executive control

IBS patients showed significantly greater activations compared to HCs during alerting in the
L aMCC, bilateral aINS, and R pINS (Table 3 and Figure 2A). For orienting, IBS patients
showed significant deactivations compared to HCs in the left precentral gyrus. This
deactivation is spatially consistent with a part of the inferior frontal junction (IFJ), which is
located between the inferior frontal sulcus and inferior precentral sulcus, designated as BA
6, 9 and 44°7. In addition, patients showed significant suppression of activity in L superior
frontal gyrus, corresponding to the SMA (BA 6/32)(Table 3 and Figure 2B). No other
significant group differences were found. For the executive control task, IBS patients
relative to HCs showed significant deactivation in the R thalamus and activation in the R
dorsal medial prefrontal cortex (dmPFC), corresponding to the pre-SMA (Table 3 and
Figure 2C).
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Relationship between brain activity and cognitive measures

Table 4 displays the results for the exploratory correlational analyses conducted for regions
that showed group differences in brain activity during the ANT task. Across both groups,
Gl-specific anxiety as measured by the VSI showed large effect size correlations with brain
activity in all regions showing group differences across tasks. Pain catastrophizing showed
medium correlations across most regional activity. Fear of uncertainty from the harm
avoidance subscale of the TCI-R showed medium effect size associations with alNS activity
during alerting, and thalamic and dmPFC activity during executive functioning. Within the
IBS group, activity in the aMCC during alerting was negatively correlated with duration of
Gl-symptoms, [r(14) = -0.69, p = 0.007], and showed a moderate effect size correlation
with overall symptom severity [r(15) = 0.45, p = 0.09].

Conjunction analysis

Results from the conjunction analysis for the alerting, orienting and executive control
networks are displayed in Figure 3. Findings from our conjunction analysis for the alerting
network are largely consistent with results reported in the literaturel6-58, Most notably, we
found activations in the bilateral fusiform and inferior parietal gyri, as well as in the
premotor cortex and SMA. However, unlike previous findings reporting left hemispheric
lateralization using this task, activations for the majority of identified areas encompassed
both hemispheres. Moreover, activation in the thalamus, although not to the extent
previously reported by Fan and colleagues!®, was also observed. For the orienting network,
conjunction analysis showed that IBS and HCs combined had activations in the inferior
parietal cortex. For the executive control network, patients and HCs showed activations in
the aMCC and thalamus, also consistent with findings from Fan et al., 2005. In addition,
widespread activity throughout the posterior parietal and inferior temporal cortices was
observed, as well as in the cerebellum.

Discussion

The aim of this study was to test the hypothesis that the core attentional networks (alerting,
orienting, and executive control) were dysregulated in IBS patients compared to HCs.
Behaviorally, IBS patients showed enhanced performance for both alerting and orienting,
and this appeared to be reflected by differences in activity in known cognitive control and
pain-related areas. Enhanced performance on the alerting task was related to symptom
severity measures, suggesting hypervigilance to behaviorally relevant stimuli might be
related to pain amplification in these patients. In contrast, we saw small effect size
differences during the executive control portion of the ANT. Thus, while IBS patients
appear to differ in alerting and orienting aspects of attention, from a behavioral standpoint,
executive control functions appear to be less affected, at least as measured by the ANT.

Group differences in brain activation during alerting

We found that IBS patients, relative to HCs, showed greater activations in L aMCC, bilateral
alNS, and R pINS during the alerting condition, which was positively associated with task
performance. Alerting is defined as the process of achieving and maintaining a state of high
sensitivity to incoming stimuli that are behaviorally relevant to an organism1’. The alerting
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network is comprised of regions within the frontal and posterior parietal cortices, and
subcortical structures such as the thalamus. The aMCC and alNS are thought to play an
important role in processing the affective components of pain, as well as attentional and
cognitive control functions, including monitoring and resolving conflict and the detection of
salient stimuli®9-51. In addition, the aMCC along with the aINS have been proposed to
belong to the salience network®2, and together these areas have been shown to be activated
during cognitively demanding tasks involving inhibitory control and the ability to attend,
quickly disengage, and re-engage in response to salient, novel stimuli®3-84. Our findings of
greater activity within the aINS and aMCC during the alerting task in IBS patients, and
associated increased behavioral performance, may indicate heightened engagement of the
salience network, leading to greater task efficiency in this group. This supposition is further
supported by our behavioral results which demonstrated that increased task performance in
IBS patients was positively associated with abdominal pain over the last week, usual
symptom severity, and the VSI, which measures hypervigilance to IBS symptoms and the
contexts in which they occur. Across patients and HCs, our exploratory analysis revealed
medium to large effect size correlations between increased activity in aMCC and aINS
regions, and pain catastrophizing and Gl-related symptom measures in patients. Fear of
uncertainty was also related to activation of the R aINS. These findings are intriguing and
seem to suggest that pain amplification may be related to a general hyperresponsivity in IBS.
Previous studies have reported enhanced pre-attentive processing in IBS patients®5-66,
Whether this enhancement in alerting functions observed here results from up-regulation of
the arousal system or via diminished modulatory control mechanisms, and/or is a cause or
consequence of IBS symptom chronification, remains an area for future study.

Another important finding was that IBS patients showed greater activation in the R pINS
during alerting compared to HCs. The pINS is involved in homeostatic and sensory-
discriminative components of pain processing via its reciprocal connections to the secondary
somatosensory cortex and afferent projections from the ventroposterior lateral thalamus®’.
Our finding of greater pINS activity during alerting is in agreement with previous results
from functional and morphometric imaging studies demonstrating increased pINS activity
during rectal distension and increased gray matter in this region in female IBS patients
compared to HCs%-69, Moreover, exploratory analysis showed a positive correlation
between pINS activity and the visceral sensitivity measure, indicating that pINS activation
may be related to an enhanced vigilance toward disease-related bodily sensations in these
patients.

Group differences in brain activation during orienting

Another novel finding was that IBS patients showed reduced activity within areas involved
in error processing and response inhibition, such as the L SMA and the L IFJ, compared to
HCs during the orienting task®’-70, Both areas are considered part of the ventral
frontoparietal attention network®”:71-72 which serves to detect, engage, and direct attention
toward behaviorally relevant sensory stimuli while simultaneously ignoring irrelevant,
competing stimuli. In addition, IBS patients also showed greater efficiency (RT) during the
orienting task relative to HCs. These findings are, in part, in line with previous imaging
studies demonstrating suppression of activity within the ventral attention network as
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cognitive demands of a task increase, perhaps due to sensory gating or filtering of irrelevant
cues to prevent inappropriate behavioral responses’3~74. Furthermore, our findings of
decreased activity in the SMA during orienting and increased activation of the pINS during
alerting in patients parallel findings reported by Aizawa et al. 2012 showing reductions in
effective connectivity between the SMA and dorsolateral prefrontal cortex and increased
pINS activation in IBS patients during set-shifting in response to error feedback?’.

rences in brain activation during conflict monitoring

While we expected IBS patients to be behaviorally less efficient at the executive control task
than HCs, this was not the case. However, we did observe group differences in brain
function, with I1BS patients showing greater deactivation in the R posterior thalamus along
with greater R dmPFC activity. The spatial location of the thalamic cluster is consistent with
the pulvinar, which has repeatedly been linked to the control of attention and pre-attentive
visual processing6.77=78 The dmPFC (i.e., pre-SMA), like the aMCC, has also been
implicated in the regulation of attentional control and conflict resolution’-€0, Taken
together, our finding of decreased activation in the thalamus and increased activation in the
dmPFC in patients may reflect disruptions in executive network functioning related to
enhanced attentional focus toward ongoing pain and IBS related symptoms. Although we
saw no group differences in behavioral performance during the executive control task, we
did observe a trend for a negative association between executive control efficiency scores
and usual symptom severity in patients; greater efficiency was related to decreases in Gl
symptom severity. Additionally, we also observed medium to large effect size associations
between thalamic and dmPFC activity and Gl symptom severity scores with IBS, as well as
cognitive and affective measures across groups, including pain catastrophizing and fear of
uncertainty. The mPFC has been linked to fear of uncertainty®l, the belief that uncertainty is
negative and should be avoided®. More studies are needed to parse out the contribution of
pain and related symptoms on attention in IBS patients, and the extent to which these factors
may impact the functioning of the executive control network.

Given the nature of the small to moderate effect size differences observed for reaction times
during alerting and orienting tasks, these behavioral abnormalities need to be validated in a
larger sample with greater power to detect differences. The stimuli used in the present study
were not specific to IBS symptomology and therefore the findings point to alterations in
global attention-related functioning. These findings have clear implications for
understanding IBS, however, further work with more IBS relevant stimuli would be
important to expand these results. Furthermore, we cannot rule out the possibility that higher
levels of anxiety in IBS patients did not influence our findings. Lastly, the present study was
also cross-sectional and therefore unable to directly address whether the findings observed
here represent a vulnerability factor for development of IBS symptoms or a response to
chronic pain and discomfort. Longitudinal studies will be necessary to address these
questions.
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Conclusion

When viewed together with previous behavioral reports on altered attentional processes and
attentional network functioning in I1BS patients'4:83, the current results suggests that IBS
patients may have specific abnormalities in attentional processing, perhaps due to lack of
suppression via top-down inhibitory control mechanisms and/or up-regulation in brainstem
arousal systems, such as those involving the locus coeruleus. These deficits may underlie the
higher levels of hypervigilance (i.e., symptom specific anxiety) and pain catastrophizing
seen in IBS, resulting in enhanced alerting and orienting network functioning. Interestingly,
the brain regions demonstrating functional differences during this global attention task
overlap with those showing altered functioning in IBS compared to HCs during supraliminal
rectal distention?®. These results provide further evidence that alterations in central cognitive
control processes are an important component to chronic visceral pain. The clinical
correlates of these altered attentional processes include fear of uncertainty, pain
catastrophizing, and persistent worry about Gl symptoms. Given the brain’s known
plasticity, heightened attentional system functioning in IBS may be reversed by therapeutic
interventions such as cognitive behavioral therapy, or at the very least, lead to improvements
in cognitive and visceral pain-related symptoms frequently reported in these patients.
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Figure 1.

The schematic summarizes the Attention Network Test (ANT; Fan et al., 2005). The ANT
consisted of two target conditions (congruent and incongruent) and three cue conditions (no
cue, center cue, and spatial cue). For each trial, a row of five arrows was presented either
above or below a central fixation cross, which always remained on the screen. To assess
alerting and orienting efficiency, there were three conditions, a no cue condition which
served as a baseline and a center cue or a spatial cue condition which prompted the
participant with regard to timing and spatial location of the target, respectively. To assess
executive control efficiency, there were two target conditions, a congruent target condition
wherein the center arrow was pointing in the same direction as flanking arrows or an
incongruent target condition in which the center arrow pointed in the opposite direction of
the flankers. For the cue conditions, stimuli were displayed for 200 ms followed by
presentation of the target and flanking arrows, with timings between the cue and target
stimulus jittered for a variable duration. Each target was displayed for up to 2000 ms and

Neurogastroenterol Motil. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hubbard et al.

Page 19

was followed by a jittered intertrial interval (1T1). Participants were instructed to respond as
quickly and accurately as possible if the center target arrow pointed to the left or to the right
using a response button box.
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A) Alerting (IBS > HCs)

Figure 2.
Statistical T maps for the ROI analyses for the altering, orienting, and executive control

conditions of the Attention Network Test (ANT) overlaid onto the ch2better brain template
in MRIcron. (A) For the alerting condition, IBS patients showed greater activation (warm
voxels) in the left anterior midcingulate (aMCC), bilateral anterior insulae (aINS), and the
right posterior insula (pINS) compared to healthy controls (HCs). (B) For the orienting
condition, patients showed greater suppression (cool voxels) in the left inferior frontal
junction (IFJ) and supplementary motor area (SMA), whereas for the (C) executive control
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portion of the ANT, patients relative to HCs showed greater activation (warm voxels) and
suppression (cool voxels) in the dorsal medial prefrontal cortex (dmPFC) and posterior
thalamus, respectively.
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Alerting Orienting Executive

Figure 3.
Whole-brain conjunction maps displaying activations in IBS patients and healthy controls

combined for the alerting (left panel), orienting (middle panel), and executive control (right
panel) conditions of the Attention Network Test rendered onto MNI single-subject T1 brain
template (top panels) and inflated brain (bottom panels) in SPM8.
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