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Background & Aims: Abuse history is common in
irritable bowel syndrome (IBS) and is associated with
greater pain reporting, psychologic distress, and
poorer health outcome. These effects may be medi-
ated by enhanced responses to aversive visceral stim-
uli. We investigated the effects of IBS and abuse
history on pain reporting and brain activation in
response to rectal distentions. Methods: Ten female
patients with IBS and 10 controls were included. Half
of patients in each group reported a history of abuse.
Brain functional magnetic resonance imaging (fMRI)
images and pain ratings were obtained during rectal
distentions. Statistical parametric mapping identified
activation in subregions of the dorsal cingulate cortex
and covariation with rated pain. Results: (1) Disten-
tion-elicited pain correlated with anxiety and activa-
tion of the posterior (PCC) and middle (MCC) dorsal
cingulate subregions. (2) Subjects with a history of
abuse showed greater activation in the left MCC (P =
.022; t = 5.61) and PCC (P = .033; t = 5.00) than
subjects without abuse. (3) Those with IBS and abuse
reported greater pain than all others (P = .004), had
more activity in the left MCC (P = .021; t = 5.29) and
PCC (P = .049; t = 4.81), and had less activity in the left
supragenual anterior cingulate (sACC) (P = .01; t =
4.86). Conclusions: Pain ratings during rectal disten-
tion are associated with activation of dorsal cingulate
regions implicated in homeostatic afferent process-
ing, and prior abuse enhances this activation. Pa-
tients with IBS and abuse report more pain, greater
MCC/PCC activation, and reduced activity of a region
implicated in pain inhibition and arousal (sACC).
These findings suggest a possible explanation for the
clinical observation of greater pain reporting and poorer
outcome in IBS patients with a history of abuse.

According to the biopsychosocial model, the clinical
presentation and outcome of irritable bowel syn-
drome (IBS) are shaped by the interaction of biologic and
psychosocial factors.! With regard to the latter, several
studies have shown a high prevalence of abuse history
among female patients in gastrointestinal (GI) clinics?-*

and particularly in patients with IBS and other func-
tional GI disorders.3>”7 Sexual and/or physical abuse is
reported in up to 50% of patients with IBS and other
functional GI disorders seen in referral GI clinics, which
is a higher prevalence than is seen in the general popu-
lation or in patients with organic GI disorders.5” Fur-
thermore, we have reported that more severe abuse (eg,
rape, life threat) is significantly more frequent in IBS
than in organic disorders.3# Predictive analyses show that
psychosocial and behavioral features play a prominent
role in determining the severity of painful functional
bowel disorders, including IBS,#° and a history of abuse
is associated with greater pain reporting, greater psycho-
logic distress, poorer health status, and poorer outcome
regardless of the GI diagnosis.>1° One possible reason for
greater pain reporting and poorer health outcome might
relate to increased perceptual responses to rectosigmoid
stimuli in patients with abuse history.

The relatively recent application of functional brain
imaging to study brain-gut interactions and IBS
pathophysiology has made it possible to characterize
the role of the central nervous system (CNS) in medi-
ating the effects of cognitive and emotional factors
on perception of visceral signals, including visceral
pain.!t12 Published preclinical and clinical evidence
suggests that the CNS can modulate the behavioral
responses to and the perception of visceral pain and
that this central pain modulation may adversely affect
the clinical presentation of IBS.!-'* An example is a
case report from our group of a young woman with
abuse history and IBS who showed increased activation
of the anterior cingulate gyrus that was clinically as-
sociated with high pain scores and psychosocial dis-
tress, all of which improved after successful treat-
ment.'S Even though different experimental paradigms
have yielded differences in the patterns of altered brain

Abbreviations used in this paper: fMRI, functional magnetic reso-
nance imaging; MCC, midcingulate cortex; PCC, posterior cingulated
cortex; sACC, supragenual anterior cingulate cortex.
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responses to visceral stimulation in IBS patients, en-
hanced activation of limbic and paralimbic regions,
including the dorsal cingulate cortex, have been re-
ported by several investigators in different samples
(reviewed in Mayer et al'#). With the high prevalence of
abuse in IBS patients and the evidence that abuse
history has a synergistic effect on producing greater
pain scores and other adverse health outcomes in IBS,?
it is plausible that an abuse history may be associated
with enhanced activation of the dorsal cingulate cortex
and brain networks that have been implicated in cen-
tral pain amplification in IBS and/or diminished ac-
tivity in regions such as the supragenual anterior cin-
gulate cortex (sACC) and associated networks that
play a role in the inhibition of pain and emotional
arousal.!'-1* Consistent with this hypothesis is the
extensive literature on the compromised ability of sub-
jects with a trauma history to regulate brain circuits
involved in emotional arousal.!®

Differential activation of subregions of the cingulate
gyrus by a wide variety of experimental stimuli, including
somatic and visceral pain and emotional stimuli, has
been reported.'#16-22 The dorsal cingulate cortex includes
3 major subregions: the most posterior region (posterior
cingulate cortex, PCC), the middle third of the cingulate
cortex (midcingulate cortex, MCC), and the most rostral
region, located just above the genu of the corpus callo-
sum (sACC). These subregions are illustrated in Figures
1-4. Activation of the middle region (MCC), frequently
accompanied by deactivation of the posterior cingulate
(PCC) and peri- and infragenual cingulate cortices, has
been consistently reported in the somatic pain literature.
Therefore, MCC together with the insular cortex and the
thalamus have been referred to as part of the “central
pain matrix.”?3 As pointed out by Craig et al, because not
only pain but a wide range of painful and nonpainful,
interoceptive, and exteroceptive stimuli (all of which in-
form the brain about the homeostatic state of the organ-
ism) are processed within the same network,* a more
appropriate terminology may therefore be the “homeo-
static afferent processing network.”'* In contrast, the
most rostral aspect of the dorsal cingulate (SACC) and
the adjacent medial prefrontal cortex have been impli-
cated in negative feedback regulation of the amygdala
and arousal.?® The same brain regions, which are rich in
W opioid receptors, have also been implicated in the
regulation of endogenous pain inhibition circuits.2¢
Thus, sACC/medial prefrontal cortex play important
roles both in the regulation of emotional arousal and of
pain perception.?” A more detailed discussion of the
major functions of the subregions of the cingulate gyrus
is available in Paus.22

In the current study, we investigated the effects of IBS
diagnosis and a history of abuse on pain reporting and
regional brain activation in response to nonpainful and
painful rectal distentions. We hypothesized that abuse
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history is associated with greater pain reports and with
alterations in activation of dorsal cingulate gyrus subre-
gions during aversive visceral stimulation. This hypoth-
esis-driven study focuses on a limited number of pre-
planned group comparisons (especially the IBS with
abuse against all others) and on 3 specific predetermined
subregions of the cingulate gyrus (ie, SACC, MCC, PCC).

We specifically wanted to test the following 3 related
hypotheses: (1) IBS patients with a history of abuse (com-
pared with those without such a history) will show syn-
ergistic effects of the IBS diagnosis and abuse history on
the increased activation of the MCC, a brain region
typically associated with the emotional and motivational
aspects of pain responses and with increased arousall4;
(2) subjects with abuse, in particular IBS subjects with
abuse, will show a reduced activation of the SACC/medial
prefrontal cortex region, similar to reported findings in
certain subjects with trauma history!®; and (3) that the
increased activation of the MCC will be positively corre-
lated with subjective pain ratings.

Materials and Methods

We studied 20 right-handed female subjects aged
18-65 (mean age, 27.6 = 10.0 years) years. All subjects
were recruited by advertising at UNC campus and UNC
hospital general and GI clinics. Ten subjects had a diag-
nosis of IBS, and 10 subjects were without IBS. Non-IBS
subjects served as controls and were completely asymp-
tomatic with regard to any GI symptoms. Half of the
subjects in each group reported a history of sexual and/or
physical abuse (sexual abuse and physical abuse, n = 8;
sexual abuse only, n = 1; physical abuse only, n = 1).
Abused subjects were selected for a history of severe
abuse (8 of 9 raped, 5 of 9 serious life threats), and most
had multiple sex and/or physical abusive events. IBS
subjects (all subtypes) met ROME II criteria and had
active symptoms at least over the past 2 weeks.
Assessment of lifetime sexual and physical abuse history
was done using a standard interview administered by a
trained investigator (J.L.). This measure is based on our
previous studies!®?82° and has been shown to correlate
with many indicators of poor health.102930 Sexual abuse
was defined as rape (penetration) or unwanted touching
of genitalia where force or threat of harm was present,
and physical abuse was defined as a life-threatening attack.
Psychological distress was measured using the Global
Symptom Index (GSI) of the SCL-90 asking about dis-
tress during the past month.3! We used the raw score
from the summary measure of all 90 items ranging from
0 (low distress) to 4 (high distress) and the anxiety and
depression subscales.3!

Rectal Distention Protocol

The rectal distention protocol consisted of 3 sets
of repeated 39 seconds rectal distentions separated by a
39-second rest period in the following order: 4 nonpain-
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ful (15 mm Hg) distention trials, 4 painful (50 mm Hg)
distention trials, and 5 alternating nonpainful/painful
(15, 50, 15, 50, 15 mm Hg) distention trials. At the end of
each set of distentions, subjects were asked to rate their
pain experience during the distention trial on a 6-point
rating scale: 0, none; 1, weak; 2, mild; 3, moderate; 4,
strong; 5, intense. Selection of these distention pressures
was based on our previous studies showing that 50-mm
Hg distentions are associated with pain sensation and
that 15-mm Hg distentions are noticeable but not asso-
ciated with painful sensation in subjects with IBS.32 This
is also consistent with numerous reports from other
groups.33

Brain Image Acquisition

All images were acquired on a Siemens 1.5 Tesla
MR scanner (Siemens Medical Systems, Munich, Ger-
many) with a gradient strength of 25 mT/m. A T2*-
weighted echo planar imaging sequence was used to
acquire images. The imaging parameters were as follows:
repetition time, 3 seconds; echo time, 54 milliseconds;
slice thickness, 5 mm; field of view, 192 X 192 mm?, with
a matrix size of 64 X 64; and 16 slices. A block design was
used with 39 seconds for the resting (OFF) and rectal
balloon distention (ON) states. Statistical parametric
mapping (SPM2) (Wellcome Trust Centre for the Study
of Cognitive Neurology?#+3%) was used to preprocess the
images and to identify significant effects.

Image Preprocessing

Functional magnetic resonance images (fMRI)
were processed prior to analysis by realignment, normal-
izing, and smoothing procedures. The realignment pro-
cedure corrected for head movement by aligning the
images for each subject with the central image of the first
block (image 50 of block 1). All images were then reori-
ented to approximate a match to the origin and orienta-
tion of the Montreal Neurological Institute (MNI) EPI
template image. Graphic representations of the realign-
ment were assessed to identify excessive movement (>3
mm translation and/or >3° rotation) within any block.
Images were removed from further analysis if these limits
were exceeded. Visual inspection of the realigned images
revealed excessive truncation of the field of view in one
subject with IBS but no history of abuse, so this subject
was dropped from brain image analyses. Realigned im-
ages from the remaining 19 subjects were moved into a
standardized brain image space developed at the Mon-
treal Neurological Institute (MNI-space) using linear and
nonlinear transformations. Normalized images were spa-
tially smoothed with a 5S-mm, full-width, half maximum
kernel.

Data Analysis

We compared patients’ self-reported pain (0, no
pain, to 5, intense pain) for the 3 blocks of distentions: 1,
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nonpainful (15 mm Hg); 2, painful (50 mm Hg); and 3,
alternating (15 mm Hg alternating with 50 mm Hg)
using paired ¢t tests. Because the brain imaging analysis of
the response to painful distention used data from both
the consistently painful (4 events at 50 mm Hg) and the
2 painful 50-mm Hg distention events from the alternat-
ing painful/nonpainful trial, we used the average of pa-
tients’ pain ratings for the painful distentions and alter-
nating distentions blocks.

Comparisons between study subgroups (IBS [n = 10]
vs no IBS [n = 10], abuse [n = 10] vs no abuse [n = 10],
and IBS and abuse [n = 5] vs all others [n = 15])
regarding self-reported pain during rectal distentions (av-
erage of consistently painful and alternating painful)
were done using ¢ tests. Because age, education, and race
were not related to pain reports (P > .09), we did not
control for these variables. Functional data from each
subject were initially analyzed by entering all images into
a fixed-effects analysis, specifying the timing sequence
and intensity of each inflation. Brain responses to each
level of inflation, as compared with the baseline period,
were modeled at each voxel by convolving the timing
sequence of those inflations with a synthetic hemody-
namic response function (http://www.filion.uclac.uk/
spm). Linear contrasts were applied to the parameter
estimates for each condition with the resulting # scores at
each voxel constituting the statistical parametric map for
that condition.

Contrast images representing effects of the 15-mm Hg
and 50-mm Hg inflations were generated for each subject
and entered into second level, random effects analyses.
Because this allows between subject variance to be quan-
tified, results can be generalized to populations from
which subjects were randomly sampled. Second-level
analyses used 2-sample ¢ tests to compare blood-oxygen-
level dependent (BOLD) responses between experimental
groups and correlation analyses to assess covariation of
responses with reported pain. Peak voxel ¢ values were
interrogated in each of 3 a prior regions of interest (ROIs)
within the dorsal cingulate gyrus of each cerebral hemi-
sphere. These were defined by the middle (MCC) and
posterior (PCC) thirds of the cingulate cortex, and the
portion of the most anterior cingulate cortex above the
genu of the corpus collosum (supragenual; SACC). Ante-
rior cingulate cortex below the genu could not be as-
sessed because of inferior midline inhomogeneity arti-
facts that extended almost to the genu in the fMRI
images of several subjects. All ROIs were drawn by author
S.B. on the MNI 152-brain-average T1 template image
using the MEDx (Sensor Systems, Sterling, VA) medical
imaging program. Peak t scores associated with P values
<.05 after false discovery rate (FDR) correction for mul-
tiple comparisons within the region of interest (ROI-FDR
P) constituted evidence for significant effects. Effects
with P <.1 are reported as suggestive trends. Exploratory
whole-brain analyses evaluated brain activity (P < .05
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IBS+Abuse vs Others

Figure 1. Response to painful (50 mm Hg) distentions. Greater acti-
vation in left MCC (ROI-FDR, P = .022, t = 5.61, at —8, 6, 42) and left
PCC (ROI-FDR, P = .033,t = 5.00, at —12, —34, 42) in subjects with
a history of abuse compared with subjects without abuse history. The
lower activation in the left SACC was not statistically significant after
volume correction. Note that the 3 regions presented (SACC, MCC, and
PCC) together form the dorsal cingulate cortex.

uncorrected) outside the 3 predetermined regions of in-
terest. In addition, the whole-brain corrected probability
associated with the spatial extent of the cluster (set of
contiguous voxels) that included each significant or sug-
gestive ROI peak was assessed to ensure the effect did not
represent a highly localized process.

Results

The average age of our female study sample was
27.6 = 10.0 years, average education was 13.8 + 2.0 years,
and 65% were of white ethnicity. Abused subjects were
less educated than the nonabused subjects (12.8 vs 14.7
school years, respectively) (P = .03), and those with IBS
and abuse had less education than all other subjects (12.0
vs 14.3 school years, respectively) (P = .02). Subjects’ age
was not different between the study subgroups.

Behavioral Measures

Table 1 shows the effects of IBS and abuse on pain
reporting following painful and nonpainful distentions

IBS vs nonIBS

Figure 2. Response to painful (50 mm Hg) distentions. Trends for
greater left (ROI-FDR, P = .061, t = 4.42, at —8, —46, 24) and right
PCC activation (ROI-FDR, P = .092, t = 4.13, at 8, —44, 28) in the IBS
group compared with the non-IBS group. There were no significant
effects in the MCC or sACC.

Figure 3. Response to painful (50 mm Hg) distentions. Greater acti-
vation in left MCC (ROI-FDR, P = .021,t = 5.29, at —6, 6, 42) and left
PCC (ROI-FDR, P = .049, t = 4.81, at —12, —34, and 42), less activa-
tion in the left sACC (ROI-FDR, P = .01, t = 4.86, at —6, 42, 6) and right
sACC (ROI-FDR, P = .078,t = 3.13, at 8, 42, 8), and a trend for greater
activation in right PCC (ROI-FDR, P = .077,t = 3.82, at 2, =52, 20) in
subjects with both IBS and a history of abuse compared with other
subjects. Note that the sACC effects that can be seen in Figures 1 and
2 as trends attain significance when comparing those with both IBS and
abuse against those with only one or neither condition.

as well as anxiety and depression scores during the pre-
vious month (SCL-90R). All subjects reported signifi-
cantly more pain with the painful distentions (average of
the 50-mm Hg painful distention block and the alternat-
ing 15/50-mm Hg block) than with the nonpainful (15
mm Hg) distentions (3.64 * 0.83 vs 1.80 *£ 0.62, P <
.0001, respectively). There were no significant differences
in pain reports following the repeated 50-mm Hg (3.75 =
0.85) and the alternating 15/50-mm Hg distention blocks
(3.53 £ 0.98); therefore, Table 1 shows the average of
pain reports in response to the 2 blocks.

Relationship of pain reports with IBS diagnosis
and history of abuse. When comparing IBS with no IBS
or abuse to no abuse, there were no significant differences
in pain reporting during the painful and nonpainful
distentions. However, patients with the combination of
IBS diagnosis and a history of abuse reported signifi-
cantly more pain during the painful distentions than all

Pain Covariate

Figure 4. A positive correlation between all subjects’ pain reports
during 50-mm Hg rectal distention and activation of MCC and adjacent
PCC. The correlation was significant in the left MCC (ROI-FDR, P =
.048,t=4.60, at —12, —4, 38). There was no relationship between pain
reports and activity in the sACC region.
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Table 1. Reported Pain Following Rectal Distentions and Psychologic Distress by IBS and Abuse

Pain ratings (0—5 range) following

Nonpainful distentions

Painful distentions (average distention events during

Psychologic distress (SCL-90R)

(15 mm Hg) painful and alternating blocks) Anxiety Depression

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
All subjects (N = 20) 1.80 (+0.62)2 3.64 (£0.83) 0.73(£1.05) 0.96 (+1.03)
IBS (n = 10) 2.00 (+0.67) 3.93(+0.66) 1.06 (+1.19) 1.29(*1.28)
No IBS (n = 10) 1.60 (+0.52) 3.35(*0.91) 0.40 (£0.80) 0.62(*0.59)
Abuse (n = 10) 1.90 (+0.74) 3.80 (£1.05) 1.07 (£1.30)  1.39(+1.22)°
No abuse (n = 10) 1.70(=0.48) 3.48 (+0.53) 0.38 (£0.60) 0.53(x0.59)
IBS/abuse (n = 5) 2.20 (£0.84)¢ 4.50 (+0.31)¢ 1.42 (+1.53) 1.82(*x1.57)°
All others (n = 15) 1.67 (+0.49) 3.35(%0.74) 0.50 (£0.76) 0.67 (+0.62)

ap < .0001, nonpainful vs painful distentions during painful and alternating blocks.

bp = 067, abuse different from nonabuse.

°P = .094, IBS/abuse different from all others on nonpainful distentions and depression.

dp = .004, IBS/abuse different from all others on painful distentions.

other groups (eg, abuse/no IBS, no abuse/no IBS, and
IBS/no abuse) (4.5 vs 3.35, P = .004). There was also a
trend for women with IBS and abuse to have more pain
during the nonpainful trial compared with all other
women (2.20 vs 1.67, respectively, P = .094). Note that
patients with abuse tended to have more depression dur-
ing the past month than patients without abuse (SCL-
90R-depression, 1.39 vs 0.53, respectively, P = .067).

Relationship of psychologic distress with pain
reports. In the group as a whole, pain ratings after non-
painful distentions were strongly correlated with anxiety
(r = 0.69, P = .0007), depression (r = 0.70, P = .0007),
and global distress (» = 0.68, P = .0009). Pain reported
after the painful distentions (average of consistent and
alternating pain) showed moderate and statistically sig-
nificant correlations with the subjects’ general level of
anxiety (r = 0.48, P = .03). There were trends for reported
pain after painful distentions to be correlated with global
psychologic distress (GSI) (r = 0.44, P = .055) and
depressive symptoms (r = 0.42, P = .068).

Brain Activation

Analysis of brain activation by diagnosis of IBS
and history of abuse. Group differences were assessed
for each level of rectal distention comparing the brain
response between 10 abuse vs 9 no-abuse subjects, 9 IBS
vs 10 non-IBS subjects, and the S subjects with both IBS
and abuse vs the remaining 14 subjects. There were no
significant group differences in response to the repeated
nonpainful (15 mm Hg) distention.

Abuse vs nonabuse. During painful (50 mm Hg)
distention, subjects with a history of abuse (including
IBS with abuse and controls with abuse) had greater
activation in the left MCC (ROI-FDR, P = .022, t = 5.61,
at —8, 6, 42) and the left PCC (ROL-FDR, P = .033, t =
5.00, at —12, —34, 42). Both voxels were part of a whole-
brain cluster of 990 voxels (P = .027) that included 11%
of the left MCC, 11% of the right MCC, 12% of the left

PCC, and 6% of the right PCC but no evidence for
significant effects in sACC (Figure 1).

IBS vs non-IBS. There were no significant group
differences in any of the ROIs. However, there were
trends for greater PCC activation during painful (50 mm
Hg) distention in the IBS group in both the left (ROI-
FDR, P = .061, t = 4.42, at —8, —46, 24) and the right
hemisphere (ROI-FDR, P = .092, t = 4.13, at 8, —44, 28).
Both voxels were part of a whole-brain cluster of 6078
voxels (P < .0005) that included 23% of the left PCC and
29% of the right PCC but no evidence for effects in
neighboring MCC (4% left MCC, 5% right MCC) or in
sACC (Figure 2).

IBS with abuse vs all others. During painful (50
mm Hg) distention, subjects with both IBS and a history
of abuse showed greater activation than the remaining
subjects in the left MCC (ROI-FDR, P = .021,t = 5.29, at
—6, 6, 42) and the left PCC (ROI-FDR, P = .049, t = 4.81,

t —12, —34, 42), with a trend in the right PCC (ROI-
FDR, P = .077,t = 3.82, at 2, —52, 20). All 3 peak voxels
were part of a whole-brain cluster of 6665 voxels (P <
.0005) that included 20% of the left MCC, 10% of the
right MCC, 30% of the left PCC, and 37% of the right
PCC. In the sACC, IBS patients with a history of abuse
showed less activation (left SACC, ROI-FDR, P = .01, ¢t =
4.86, at —6, 42, 6) (right SACC ROI-FDR, P = .078, t =
3.13, at 8, 42, 8). Both voxels were part of a whole-brain
cluster of 2599 voxels (P < .0005) that included 45% of
the left SACC and 45% of the right sACC (Figure 3).

Relationship of Brain Activation With Rectal
Distention and Pain Reports

Across all 19 subjects, there was a positive corre-
lation between subjects’ pain reports during 50-mm Hg
rectal distention and activation of the 2 cingulate subre-
gions, MCC and adjacent PCC. A significant correlation
was found in the left MCC (ROI-FDR, P = .048, t = 4.60,
r = 0.75, at —12, —4, 38). This voxel was part of a
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whole-brain cluster of 4934 voxels (spatial extent, P <
.0005) that included 51% of the left MCC, 27% of the
right MCC, 27% of the left PCC, and 29% of the right
PCC. There was no evidence of any relationship between
pain reports and activity in the more rostral cingulate
region, the sACC (Figure 4).

Discussion

A history of abuse and other psychosocial factors
is common in patients with IBS and can exacerbate GI
symptoms, influence illness experience, and affect treat-
ment outcome.> %337 The association of a history of
abuse with the diagnosis of IBS and its poorer outcome
has suggested to some that abuse history may be associ-
ated with central mechanisms of pain amplification, re-
sulting in greater pain reports and greater clinical behav-
ioral responses to painful visceral stimuli.®-32-3¢ Here, we
expand our previous observations on the effects of a
history of abuse on GI symptoms, illness experience, and
treatment outcome2-236:37 as well as on its effect on brain
responses. 153238

First, we demonstrated that patients with IBS and a
history of abuse report significantly more pain in re-
sponse to aversive rectal distentions compared with pa-
tients with IBS or abuse history alone. Our findings are
consistent with clinical and research observations that
patients with an abuse history have greater pain reports
and poorer health status regardless of a functional or
organic diagnosis.3

Second, we were able to demonstrate that aversive
rectal distention among patients with abuse history +
IBS has stronger effects on the dorsal cingulate gyrus
than for those with IBS diagnosis or a history of abuse
alone (Figure 3). This was also the group associated with
higher pain reporting compared with controls or those
solely with IBS or abuse. These findings may help explain
our previous outcome data showing that abuse history is
additive to the adverse effects of a functional or organic
disorder on health status (eg, greater pain, psychologic
distress, quality of life, and health care utilization) over
those with either condition alone.? The synergistic acti-
vation effects for these patients of enhanced MCC and
adjacent PCC activation may reflect greater CNS re-
sponses to perturbations of internal or external ho-
meostasis (reviewed in Mayer et al'#). The brain receives
information about the homeostatic state of the body
from a large number of spinal and vagal afferents, and
this information is processed within the homeostatic
afferent processing network.!* Any actual or anticipated
perturbation of homeostasis is associated with activation
of the central network including the dorsal cingulate gyrus.
MCC activation is associated with increased arousal, affec-
tive stimulus ratings, and increased motivational drive.

Such a conceptualization of dorsal cingulate is consis-
tent with studies showing that this brain region is acti-
vated during social threats and unpleasant and threaten-
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ing noxious stimulation, including visceral and somatic
pain,#18-21 a5 well as other biologic threats to homeosta-
sis such as cold air, hunger,3® and hypoglycemia.*® Even
though the dorsal cingulate receives ascending projec-
tions from the thalamus and from the insula, activity in
this region is also modulated by influences from the
amygdala and ascending noradrenergic projections from
the locus coeruleus complex.??2 The latter influence can
regulate the affective and motivational dimension of the
pain experience in relation to anxiety and arousal.

Consistent with the concept of greater arousal and
greater behavioral responses to an aversive pelvic visceral
stimulus, we also found greater activation of the MCC in
subjects with abuse, regardless of the presence of IBS
symptoms (Figure 1). However, no significant difference
in MCC activation by noxious visceral stimulus was seen
between IBS patients and controls (Figure 2). The latter is
in contrast to other reports showing greater activation of
the dorsal cingulate in IBS patients.*!42 Possible expla-
nations for this discrepancy include different patient
populations (for example, greater proportion of subjects
with abuse history in IBS and non-IBS groups, which
diminish potential differences between the 2 groups, in
predominant bowel habit or in gender) and previous
exposure of subjects to the barostat procedure leading to
habituation to the stimulus.*3

In contrast to many somatic pain studies that have
reported deactivation of the PCC associated with activa-
tion of the MCC during somatic pain stimuli,'®-2° we
found an increased activation of the PCC region imme-
diately adjacent to the MCC. Wagner et al** have reviewed
information implicating a network consisting of the PCC
and retrosplenial and medial parietal cortex to episodic
memory retrieval. Of particular interest for the current
findings is Wagner et al’s hypothesis about the possible
involvement of these brain regions in attention regula-
tion to internal representations and memories.** Consis-
tent with this hypothesis, we have recently reported a
reduction in the activation of this posterior attention
network, including the PCC, following repeated rectal
stimulation over a 12-month period.*> Based on these
findings, one may speculate that the observed increase in
the activation of the PCC may be related to an enhanced
attention to internal representation (memories of similar
experiences) in patients with abuse history. Specific study
paradigms should be applied to test this hypothesis.

Third, subjects with IBS and a history of abuse showed
reduced activation of the sACC, a brain region involved in
regulation of emotional arousal and indirectly, through its
inhibitory effect on amygdala-related circuits, in pain inhi-
bition. In contrast to the greater activation of the MCC/
PCC regions, the most rostral portion of the ACC, imme-
diately above the genu of the corpus callosum showed less
activation when subjects with IBS with abuse were com-
pared with all others. These findings suggest that there is
an interaction between abuse history and IBS in reducing
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activity in the sACC. In the psychiatric imaging literature,
studies on brain responses in patients with posttraumatic
stress disorders have been consistent in their findings of
a reduced activation of the sACC, frequently associated
with increased amygdala activity and with abnormal con-
nectivity in the feedback interactions between these 2
brain regions involved in emotional regulation.!445-48 A
compromised ability to activate the sACC in response to
emotional and pain stimuli may result in reduced inhi-
bition of arousal and pain inhibition circuits. Different
clinical sequelae of a similar trauma-induced impairment of
arousal and pain regulation may include IBS and posttrau-
matic stress disorder in predisposed individuals.

Fourth, subjective pain ratings positively correlated
with dorsal cingulate activation. Subjective pain reports
during 50-mm Hg rectal distention across all 19 subjects
showed a significant correlation with MCC and adjacent
PCC activation, the same regions that showed greater
activation in the abuse only and the IBS + abuse groups.
These findings confirm previous reports of an association
of dorsal cingulate activation and the subjective pain
experience!#214% and are consistent with the concept that
the dorsal cingulate mediates the affective and motiva-
tional dimension of an individual’s pain response. These
findings also provide a basis for further mechanistic
studies relating psychosocial factors such as abuse his-
tory with increased pain reports via this region of the
brain.

Activation in these dorsal cingulate subregions is as-
sociated with greater behavioral responses to an aversive
visceral stimulus. Furthermore, the subjective pain rat-
ings in our study also moderately correlated with the
subjects’ general level of anxiety, global psychologic dis-
tress, and, to some extent, depression. As discussed, the
dorsal cingulate activation can be influenced by the
amygdala and ascending noradrenergic projections from
the locus coeruleus complex, which modulate the affec-
tive and motivational dimension of the pain experience
in relation to anxiety and arousal.

Unlike many earlier previous descriptive brain-imaging
studies,'-1* our current study is hypothesis driven based
on previous data.!53242 The study results support the
hypothesis that pain reports evoked by rectal distention
is associated with specific predetermined regional brain
activation and that a history of abuse enhances both pain
reports and the activation at these brain regions. Further-
more, the increased activation of the MCC (an area asso-
ciated with affective stimulus ratings and increased
arousal) and the decreased activation in the sACC, an
area associated with down-regulation of arousal and with
endogenous pain inhibition, are in line with our a priori
anticipated effects. Our study findings add to the previ-
ously reported observational data by suggesting a neuro-
biologic mechanism by which brain circuits concerned
with visceral pain perception can be influenced by clinical
and psychologic status.

GASTROENTEROLOGY Vol. 134, No. 2

In contrast to the ratings of pain intensity used in
the current study, we have previously reported results
from 2 psychophysiologic studies, which showed that
rectal thresholds for both urgency and pain during
rectal distention were not lower in IBS patients with
abuse compared with IBS patients without a history of
abuse.5%51 Differences in experimental paradigm (an
ascending method of limits was used in the nonimag-
ing studies), in the context of the experiment and in the
stimulus rating tasks, may be responsible for the ob-
served differences. However, one may speculate that the
contrast between the effects of abuse history on pain
threshold vs pain intensity ratings reflects a specific
mechanism of central pain amplification.

Our study is limited by the relatively small number of
subjects in each group. However, despite this limitation,
type I error is unlikely for several reasons: (1) some of the
study results are consistent with other observational
studies,*? as well as (2) our a priori ROI hypotheses, and
(3) ROI results were confirmed by whole-brain analyses.
Because of the small number, we had insufficient power
to determine whether the effect of abuse on pain reports
persists when controlling for various psychologic comor-
bidities (eg, anxiety, global distress, and depression).
However, the trends of higher depression in the abuse
group and the correlation between reported pain and
depressive symptoms may be meaningful given the small
sample size and require further investigation in a larger
sample. Another limitation is the fact that we did not
study a non-IBS somatic control group. Even though this
would have allowed us to determine whether the ob-
served brain responses are specific to IBS or are observed
with other functional pain syndromes, such an addi-
tional group, was beyond the scope of this study. Other
limitations include the nonrandomized rectal distention
protocol and the lack of control for menstrual cycle.

In conclusion, we demonstrated strong associations
between visceral pain reporting and brain activation at
predetermined brain regions that are involved in affective
and motivational aspect of the human pain experience.
We found a synergistic effect of IBS and abuse on sub-
jective pain reporting and dorsal cingulate activation.
Patients with both IBS and abuse not only reported
significantly more pain during rectal distentions but also
showed greater MCC and PCC activation and decreased
SsACC activation compared with all others. Our results
point to enhancing effects of abuse history with IBS on
an important region of the homeostatic afferent process-
ing network in the brain and on pain reporting and
suggest a possible mechanistic explanation to why pa-
tients with IBS and abuse report greater pain and poorer
outcome. Further studies are needed to investigate
whether these cortical activations are seen in other pain
syndromes with abuse history, whether they may be re-
sponsive to medical and psychologic interventions, and



February 2008

whether this will be associated with better clinical out-
come.
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