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Abstract
Endogenous pain-inhibition is often deficient in adults with chronic pain conditions including
irritable bowel syndrome (IBS). It is unclear whether deficiencies in pain-inhibition are present in
young children with IBS. The present study compared endogenous pain-inhibition, somatic pain
threshold, and psychosocial distress in young girls with IBS versus controls. Girls with IBS did
not show significant endogenous pain-inhibition of heat pain-threshold during a cold-pressor task
in contrast to controls who had significant pain-inhibition. Girls with IBS did not differ from peers
on measures of somatic pain but had more symptoms of depression, somatization, and anxiety
than controls. When psychological variables were included as covariates the difference in pain-
inhibition was no longer significant, although poor achieved power limits interpretation of these
results. Higher-order cognitive processes including psychological variables may be contributing to
observed pain-inhibition. In girls with IBS, pain-inhibition was positively related to the number of
days without a bowel movement. To our knowledge, this is the first study to demonstrate
deficiencies of endogenous pain-inhibition in young children with IBS. Findings have implications
for better understanding of onset and maintenance of IBS and other chronic pain conditions.
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Introduction
Nociception and subjective pain can be both facilitated and inhibited by endogenous
mechanisms (via descending pathways and/or cognitive processes).14 Alterations in
endogenous pain modulation may contribute to development and/or maintenance of pain
conditions.10,16 For example decreased inhibitory processes and/or enhanced facilitatory
processes could lead to an overall increase in nociception and pain experience. A common
method of assessing endogenous pain modulation involves measuring the extent of pain
inhibition of a focal-pain stimulus during a noxious heterotopic counter-stimulus.26 In
animals this mechanism of pain inhibition is termed diffuse noxious inhibitory controls
(DNIC).26,55 In humans a similar effect is observed however disagreement exists regarding
the appropriate terminology since the mechanism of action cannot be isolated to DNIC
pathways.31,64 Some have suggested the term conditioned pain modulation (CPM)64 but this
has been contested as well.31 To avoid confusion this paper uses the term endogenous pain-
inhibition to refer to pain inhibition during a noxious counter-stimulus (which may include
several mechanisms of pain modulation). The term DNIC-like inhibition is used to refer
specifically to inhibition presumed to stem from the descending pathway identified in DNIC
animal models. Research has demonstrated healthy adults10,22,24,26,36,38,48,50,51,56,62 and
children18 have significant endogenous pain-inhibition. However, endogenous pain-
inhibition is often impaired in individuals with chronic pain.24,29,38,48

Irritable bowel syndrome (IBS) is a chronic pain condition with symptoms of recurrent
abdominal pain associated with stooling, and/or changes in stool form or frequency, most
commonly seen in women, that is not explained by organic disease. Like other chronic pain
conditions,24,29,38,48 IBS in adults is associated with deficient endogenous pain-
inhibition.51,62 As a group, adults with IBS have deficient endogenous pain-inhibition of
visceral (rectal-distention) pain during cold-immersion of their foot.22,24,36,51,62 Concurrent
imaging identified alterations in brain activity in areas associated with pain processing and
modulation compared to controls.51,62 Not only is inhibition of visceral pain deficient in
some adults with IBS,12,33,37,51,54,62 but research also indicates deficient endogenous pain-
inhibition of somatic pain.22,24,36

In addition to abnormal pain-inhibition, increased visceral12,33,37,51,54,62 and somatic33,47,54

pain perception (hyperalgesia) has been described in adults with IBS. Both peripheral and
central mechanisms (including psychological factors) are implicated in hyperalgesia and
altered pain modulation in IBS patients,39 and psychological variables accounted for group
(IBS versus control) differences in endogenous pain-inhibition in one study.36

There is limited data regarding whether alterations in pain perception and modulation
observed in adults with IBS are also present in children with IBS. IBS often begins in
childhood and many children with IBS or functional abdominal pain develop IBS-type
symptoms in adulthood.23,61 IBS is the most frequent cause of medically unexplained
recurrent abdominal pain in children11 affecting 10–46 percent of school-age
children.1,27,49,53,66 To the best of our knowledge there are no studies assessing whether
alterations in pain modulation are present in children with IBS. As in adults, some children
with IBS have rectal hyperalgesia compared to controls.8,10,13,17 Studies in children with
recurrent abdominal pain report conflicting results regarding somatic hyperalgesia.9,21,65

However, we could not identify any published studies assessing somatic hyperalgesia
specifically in children with IBS. Because many children with IBS continue to have
symptoms as adults, assessment of endogenous pain-inhibition and somatic hyperalgesia in
children with IBS can provide insight into pain inhibitory processes early in the course of
IBS.
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The present study sought to determine if deficient endogenous pain-inhibition and somatic
hypersensitivity are present in girls with IBS compared to healthy girls (given increased
prevalence in women). We hypothesized girls with IBS would have deficient endogenous
pain-inhibition and somatic hyperalgesia compared to controls. Given findings of greater
psychological distress in children with IBS,5,7,34,46,59,60 we also assessed the influence of
psychological variables on endogenous pain-inhibition.

Materials and Methods
Participants

Forty-three premenarchal girls ages 7–12 years (and their mothers) were recruited from
primary and tertiary care pediatric clinics via chart reviews and community advertisements.
Twenty-two of the participants were diagnosed with IBS and 21 were healthy controls.
Parents of identified children were contacted by mail by their physician. Interested families
were screened by phone for inclusion/exclusion criteria. Charts also were reviewed by a
pediatric gastroenterologist (RJS) to ensure that no known medical condition accounted for
the pain or remained in the differential.

IBS was defined according to the pediatric Rome III criteria as abdominal pain (without
inflammatory, metabolic, anatomic, or neoplastic explanation) occurring at least once a
week with a duration of 2 months or more and meeting at least 2 of the following criteria
25% of the time; improved with defecation, onset associated with change in stool frequency,
or onset associated with change in stool form.40 IBS participants had at least two physician
visits in the past year for abdominal pain or IBS symptoms to ensure that their symptoms
were current. Children were excluded due to the presence of another chronic pain condition,
organic GI illness, other significant chronic health condition (requiring daily medication or
specialty follow-up care), decreased growth velocity, GI blood loss, unexplained fever,
vomiting, chronic severe diarrhea, weight loss ≥5% of their body weight within a 3-month
period, current use of anti-inflammatory medications, or previous use of GI medication that
provided complete relief of symptoms. Healthy control children were excluded for similar
reasons or if they had report of abdominal pain. Participants also were excluded if they were
not proficient in English, or if developmental disabilities would interfere with questionnaire
completion. All participants were screened on the study day to ensure participants did not
have current acute pain ≥3 (0–10 scale) and had not ingested narcotic pain medications
within the past week or over the counter pain medications within the past 24 hours.

Participants were part of a larger study assessing physiological and psychological factors
contributing to IBS in young girls (data from this larger study is not yet published or
submitted for publication). All procedures were approved by the Baylor College of Medicine
Institutional Review Board. Informed consent and assent were obtained from the parent and
child, respectively, prior to participation.

Procedure
Girls and their mothers came to the Children’s Nutrition Research Center to participate in
the study. As part of the larger study, girls had blood drawn and swallowed a PillCam
(Given Imaging Inc., Duluth, GA). Data from blood draws and the PillCam are not
presented in the present study. Children and parents independently completed
questionnaires. Children under 8 years of age had questionnaires read to them. After
questionnaire completion, girls participated in the endogenous pain-inhibition procedure
while their mothers waited in a nearby room. Children and their mothers then were
instructed on completion of an IBS symptom diary that was completed at home during the
subsequent 14-day period.15,25,57 Trained research personnel administered all procedures.
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Psychological Questionnaires—Psychological variables influence supraspinal
modulation of pain44,63 and have been found to account for the lack of endogenous pain-
inhibition in adult patients with IBS. One study postulated that common underlying
mechanisms may contribute to psychological symptoms and alterations in pain sensitivity
and modulation; they also suggested that descending modulation (i.e. endogenous pain-
inhibition) and psychological factors have independent effects on impaired pain inhibition in
persons with IBS.36 This is consistent with research indicating that a noxious counter-
stimulus and psychological variables influence descending pain modulation via two distinct
neurological pathways,4,14,43 and both pathways likely play a role in alterations of pain
perception and modulation in IBS. Therefore, the following questionnaires were used to
assess relevant psychological variables.

Children’s Somatization Inventory-35 (CSI)—The CSI assesses children’s
somatization symptoms and has both a parent and child report form. The questionnaire was
originally designed for use with children with recurrent abdominal pain.60 It is
recommended for use in children ages 7–18 years of age.30 The original child- and parent-
report versions (35 items each) were used. Each item lists a symptom and the child, or her
parent, indicated on a 5-point Likert scale (0=“not at all,” 1= “a little,” 2= “some,” 3= “a
lot,” 4= “a whole lot”) how much they, or their child, was “bothered by each symptom”
during the preceding two weeks. Scores range between 0 and 140 with increasing scores
indicating greater levels of somatization. The CSI has demonstrated good test-retest
reliability with a 3-month interval in a functional abdominal pain population (r = .66) and
good internal consistency (α = .92); and is correlated with the CBCL Somatic Complaints
scale (r = .42) suggesting good criterion-related validity.58

Behavior Assessment System for Children – Second Edition (BASC-2)—The
BASC-2 is a questionnaire that assesses behavioral and emotional problems in children. The
questionnaire has both parent and child report forms consisting of true/false and Likert scale
items.41 The BASC-2 is well validated and in widespread use. Parent report forms used in
this study are normed for children as young as 6 years of age. Child-report forms are normed
for ages 8 years and above, however, we used this form for 7-year-olds in this study and did
not have any invalid protocols (as assessed by BASC-2 validity scales). Questions were read
aloud to children under eight years of age. Anxiety and depression subscales from both
parent and child report forms were used in the present study. Scores are reported as t-scores.

DNIC assessment
Experimental stimulus—The experimental stimulus consisted of contact heat pain
produced by an FDA approved Thermal Sensory Analyzer (PATHWAY ATS) system
(Medoc, Ramat-Yishai, Israel) with a 30 × 30 mm Peltier surface stimulator (contact
thermode) applied to the volar surface of the right forearm. The method of limits was used to
determine heat pain threshold and participants were instructed to press a button to stop the
stimulus “as soon as the heat becomes painful.” Stimuli began at 32.0 °C and increased at a
rate of 1.5°C/s until the participant indicated the heat had become painful. Once pain
threshold was reached, the temperature decreased at a rate of 8°C/s. There was a maximum
temperature of 55 °C to prevent tissue damage. The temperature at which participants
stopped the stimulus was used as the measure of pain threshold.

Noxious Counter-Stimulus—The noxious counter-stimulus involved immersion of the
left hand up to the wrist in circulated ice water maintained at a temperature of 12°C ± 1°C.
The cold-pressor apparatus was constructed out of an insulated cooler. A screen separated
the ice from the participant’s hand. The water was constantly circulated to prevent localized
warming around the hand. To reduce movement of the hand, participants were instructed to
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rest their open hand palm down on netting. Participants were asked to leave their hand in the
water for 60 seconds but were told that they could remove their hand at any point if the
water became “too uncomfortable.” Immediately after removing their hand from the water
children rated the pain due to the cold pressor using a 0–10 numerical rating scale with 0
labeled as “no pain at all” and 10 labeled as “the worst pain you can imagine.” The
numerical rating scale has evidence of validity as a method for assessment of pain intensity
in children.32,35,57

Endogenous pain-inhibition assessment—Children were first provided instruction
regarding the endogenous pain-inhibition assessment procedure. Heat pain threshold was
practiced twice to familiarize children with the stimulation and allow them to practice
terminating the stimulation when pain threshold was reached. The contact thermode was
then moved distally to the adjacent area of the forearm to prevent sensitization. Next,
endogenous pain-inhibition assessment began with a baseline pain threshold assessment.
Heat pain threshold was assessed four times with 15-second interstimulus-intervals (ISI).
The contact thermode was again moved distally to the adjacent area of the forearm. The
child was then asked to place her hand in the cold pressor and leave it there until “told to
take it out” which is about “one minute.” After the hand was in the water for 20 seconds,
three more heat pain threshold assessments were completed with an ISI of 15 seconds. After
pain threshold was reached for the third stimulus the child was told to remove her hand from
the water and was given a towel to dry her hand. The child then verbally rated the pain due
to the cold pressor with a 0–10 numerical rating scale (described above). The first pain
threshold rating was excluded from the baseline phase. Pain thresholds during baseline and
during the counter-stimulus were calculated by averaging pain threshold temperatures for
the 3 heat stimulations during each phase.

Endogenous pain-inhibition was interpreted as a change score that was computed by
subtracting heat pain threshold (in °C) during the noxious counter-stimulus from heat pain
threshold during baseline heat stimuli. Thus, a positive change score represents an increase
in pain threshold or pain inhibition and a negative change score represents a decrease in pain
threshold or pain facilitation. A zero change score represents no change in pain threshold.

IBS Symptom Diary
To assess current symptoms of IBS, a validated 14-day paper diary of abdominal pain and
stooling frequency and form was completed by participants at home following the above
procedures.15,25,57 Children completed the diary on their own; however, parents were asked
to prompt children to complete the diary. Parents called and submitted pain/stooling ratings
once a day via an automated phone survey. Three pain and interference ratings were made
each day (upon awakening, after lunch, bedtime) to reflect morning, afternoon, and evening
symptoms. Pain intensity ratings were made on a 0 to 10 numerical rating scale (NRS) with
anchors of “no pain at all” and “worst pain you can imagine.” NRS scales have been shown
to be valid in assessment of pain intensity in children seven years and older.32,35,57 Children
also noted whether their pain interfered with their functioning and whether or not they had a
bowel movement during each diary interval.

IBS symptoms of pain (pain frequency, average pain rating, and interference with activities
due to pain) and stooling patterns (number of bowel movements per day, number of days
without a bowel movement) were computed to reflect current symptoms. Pain frequency
was defined as the number of episodes of abdominal pain reported (pain greater than or
equal to one on a 0–10 scale). Average pain rating was computed by averaging the pain
intensity of ratings given during a pain episode and dividing by the number of pain episodes.
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Interference with activities was defined as the number of times a child reported that her pain
interfered with functioning.

Data Analysis
Independent samples t-tests were conducted to assess for group differences between IBS and
healthy controls on psychological variables, somatic pain, and endogenous pain-inhibition.
Psychological variables that were found to be significantly different between groups were
used as covariates in follow-up analyses in order to control for non-specific effects of
psychological distress on pain modulation. Univariate ANCOVAs were conducted with
endogenous pain-inhibition as the dependent variable, group membership (IBS/control) as
the fixed factor, and psychological variables as covariates. Since percent change cannot be
conducted on Celsius temperatures (an interval scale) temperatures were converted to Kelvin
(an absolute scale) and then percent change was calculated by subtracting baseline heat pain
threshold from heat pain threshold during the counter-stimulus and dividing by baseline heat
pain threshold. Separate ANCOVAs were conducted for parent and child report of
psychological variables. Pearson’s r correlations assessed the relation between endogenous
pain-inhibition and IBS symptoms (average pain ratings, pain frequency, pain-related
interference with activities, mean bowel movements per day, and number of days without a
bowel movement) within each group separately. Cohen’s d effect sizes are presented for t-
tests and partial eta-squared (η2) is presented for ANCOVAs. Cohen6 provides guidelines
for interpreting d (small = .2, medium = .5, large = .8) and η2 (small = .01, medium = .06,
large = .14). Effects were considered significant at p < 0.05. Data are shown as mean ±
standard deviation.

Results
Forty-three girls participated in the study (IBS = 22, healthy controls = 21). Four healthy
controls rated pain due to the cold-pressor as zero out of ten. Given that endogenous pain-
inhibition assessed in this study by definition necessitates a noxious/painful conditioning
stimulus, endogenous pain-inhibition would not be expected to occur in participants who did
not experience pain during the noxious counter-stimulus. Thus, these four participants were
excluded from the analyses. Visual inspection of the data identified an outlier in the pain
outcome data and experimental records indicated that this control participant had an
unusually stressful experience with the experimental protocols that immediately preceded
endogenous pain-inhibition testing. Specifically, this participant underwent two attempts to
draw blood and fainted. She then attempted and failed to swallow the PillCam multiple
times. As a result, data from this participant were excluded from the analyses. Therefore,
final analyses included 22 girls with IBS and 16 healthy controls (n = 38 total). Results for
the final sample are presented in the text and in Table 1 (psychological variables). Data for
all 43 subjects (i.e., including those excluded) are provided in the Supplemental Table for
comparison.

Power analyses indicated that given this sample size and an alpha of .05, power to detect a
medium effect for the t-tests was good (power = .92). Power to detect a medium effect for
covariate analyses was not as high (child-report covariate power = .25; parent-report
covariate power = .29). The covariates were included in the paper as exploratory analyses.

IBS participants had an average body mass index of 19.3 ± 5.4 vs. 18.2 ± 3.1 in control
participants (p = .49). Mean age of IBS participants was 9.8 ± 1.5 years vs. 9.4 ± 1.4 years in
control participants (p = .49). Fourteen of the IBS participants were classified as
constipation predominant, one as diarrhea predominant, one mixed/alternating and the
remaining were unsubtyped (i.e. according to Rome criteria: “insufficient abnormality of
stool consistency to meet criteria for” constipation-predominant, diarrhea-predominant or
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mixed subtypes28). Fifty-four percent of IBS participants were Caucasian, 22% African
American, 18% Hispanic, and 5% Asian. Control participants were 50% Caucasian, 38%
African American, and 13% Hispanic. Nine percent of IBS participants were in second
grade, 23% in third, 18% in fourth, 27% in fifth, 18% in sixth, and 5% in seventh. Thirteen
percent of IBS participants were in second grade, 25% in third, 25% in fourth, 31% in fifth,
and 6% in sixth.

Endogenous Pain Inhibition
Figure 1 presents data regarding group differences in endogenous pain-inhibition. There was
a significant difference between groups in endogenous pain-inhibition (p = .03, d = .71). The
mean change score for IBS participants was −0.26°C ± 1.79 representing a slight facilitation
of pain during the noxious counter-stimulus, which represents a percent change in Kelvin of
−.08%. In contrast, the mean change score for the healthy children was 1.20°C ± 2.30
representing inhibition of pain during the noxious counter-stimulus, which represents a
percent change in Kelvin of .38%. Thus, there was a lack of endogenous pain-inhibition in
IBS both absolutely and compared to healthy children.

Somatic Pain
There was no significant difference in baseline heat pain thresholds (p = .70, d = .13)
between IBS (40.04°C ± 4.94) and healthy children (39.47°C ± 3.88). Similarly, there was
no significant difference in numerical rating scores (0–10) for the cold-pressor conditioning
stimulus (p = .34, d = .32) between IBS (7.23 ± 2.62) and healthy children (6.41 ± 2.55).

Psychological Variables
IBS participants had greater child-reported anxiety (p = .01, d = .95) and somatization
symptoms (p = .01, d = 1.04) compared to healthy children. There was no significant
difference between groups on child-reported depressive symptoms (p = .06, d = .61). IBS
participants had higher scores on parent reports of child anxiety (p < .01, d = 1.06),
depressive symptoms (p = .03, d = .70), and somatization symptoms (p < .01, d = 1.97)
compared to healthy children. ds < .37). Despite group differences, the majority of
individual scores for anxiety and depressive symptoms for both groups were within the
normal range (68–95% of participants) and did not reflect clinically significant symptoms.
Only 3–13% of participants were in the at-risk range and 0–18% had clinically significant
scores, with parent report of child anxiety having the most persons with clinically significant
scores.

Because psychological variables differed between IBS and control children, two exploratory
univariate ANCOVAs were conducted with significant psychological variables included as
covariates. Questionnaire data were missing for some participants and thus sample size
decreased for these analyses. Participants with complete child report data included 14 IBS
and 15 controls, and participants with complete parent report data included 18 IBS and 16
controls. One ANCOVA included child report variables that differed significantly between
groups (anxiety and somatization) and a second ANCOVA included significant parent report
variables (child anxiety, depression, and somatization). For both analyses group differences
in endogenous pain-inhibition were no longer significant (ps > .13) with psychological
variables as covariates and with the reduced sample size. Child report of anxiety and
somatization accounted for 1% and 2% of the variance in pain-inhibition respectively. In
comparison, parent report of child psychological variables accounted for more variance in
pain inhibition with anxiety, somatization, and depression accounting for 15%, <1%, and
12% of the variance, respectively. However, effect sizes for the group difference in pain-
inhibition remained about medium in size (η2 = .09 for child-report analysis; η2 = .04 for
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parent-report analysis) indicating the difference in endogenous pain-inhibition may remain
relevant even after controlling for psychological variables (see Figure 1).

Relation between Endogenous Pain Inhibition and Pain and Stooling Symptoms
Relations between IBS symptom variables and endogenous pain-inhibition were assessed in
IBS participants and healthy participants separately. In girls with IBS, there was a
significant correlation (r = .47, p = .03) between endogenous pain-inhibition and the number
of days (out of 14) without a bowel movement, suggesting that endogenous pain-inhibition
is greater in IBS participants who had more days without a bowel movement (Figure 2).
This correlation was not significant in healthy girls (r = .11, p = .64). There was a trend for
endogenous pain-inhibition to correlate with mean number of bowel movements per day in
girls with IBS (r = −.37, p = .10) but not in healthy girls (r = −.21, p = .36). Endogenous
pain-inhibition was not correlated with average pain ratings (IBS r = −.07, p = .77; HC r = .
13, p = .37), pain frequency (r = .08, IBS p = .74; HC r = .40, p = .51), or pain-related
interference with activities (IBS r = −.03, p = .91; HC r = −.21, p = .25) assessed via diary.

Discussion
We observed that young girls with irritable bowel syndrome (IBS) had deficient endogenous
pain-inhibition compared to healthy peers. Consistent with previous research18 the noxious
counter-stimulus (cold-pressor) effectively engaged endogenous pain-inhibition of
contralateral heat pain perception (increased pain threshold) in healthy girls. In contrast,
girls with IBS did not evidence pain-inhibition during the noxious counter-stimulus. The
difference in endogenous pain-inhibition between groups had a medium (approaching large)
effect size. In contrast to findings of somatic hyperalgesia in adults with IBS33,47,54 and
children with recurrent abdominal pain,9 we did not find somatic hyperalgesia (baseline heat
pain thresholds or rated pain intensity during cold-pressor task).

Results are consistent with adult studies reporting that as a group, women with IBS have
reduced endogenous pain-inhibition compared to healthy peers.22,24,36,51 However, to our
knowledge this is the first study to document this deficiency of endogenous pain-inhibition
is also present in young girls with IBS. This suggests deficits in pain inhibitory processes are
present at an early stage of IBS illness. A potential explanation is that impaired pain-
inhibition develops very early in the course of a chronic or recurrent pain condition such as
IBS. Alternatively, deficiencies in endogenous pain-inhibition may be present prior to IBS
onset and predispose or even cause a person to develop IBS. Research has found that pre-
term infants with repeated pain experiences had deficient endogenous pain-inhibition during
school-age,18 suggesting that frequent exposure to pain may alter development or
functioning of pain modulation systems. It is unknown whether girls with IBS in this study
had numerous pain experiences as infants but they have had frequent pain associated with
IBS. Further research should assess whether children with IBS have pre-existing deficits in
endogenous pain-inhibition, whether this develops in the course of their IBS, whether
deficits in pain-inhibition are predictive of onset or severity of IBS, or progression from an
acute to chronic condition.

Also consistent with research in adults with IBS,22 extent of endogenous pain-inhibition in
girls with IBS (or in healthy girls) was not correlated with most IBS symptoms including
pain intensity, pain frequency, interference with activities, and frequency of bowel
movements (BM) per day. There was, however, a significant correlation in girls with IBS
(but not those without) between number of days without a BM and pain-inhibition. Thus,
girls with IBS who have more significant constipation symptoms may have less impairment
of endogenous pain-inhibition. Although not statistically significant, there was a trend for
girls with IBS who had more frequent BMs on the average day to have greater deficits in
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pain-inhibition. Together these findings suggest girls with constipation-predominant IBS
may be less likely to have deficiencies of endogenous pain-inhibition. It is possible these
girls have fewer pain/stooling episodes which in turn leads to less insult to pain modulation
systems (and thus fewer alterations in modulation processes) compared to peers with
diarrhea-predominant IBS. Further research should seek to replicate these results and
evaluate these relations more thoroughly.

Children with recurrent abdominal pain and IBS have been found to have greater levels of
psychological distress compared to healthy children.5,7,34,46,59,60 This pattern was replicated
in the present study finding children with IBS, compared to controls, had higher scores
(although most were not clinically elevated) on child and parent reports of child anxiety and
somatization, and on parent reports of child depressive symptoms. A bidirectional
relationship between pain and psychological distress seems a most likely explanation. Given
the known influence of psychological state on pain perception (i.e., negative mood/anxiety
lead to hyperalgesia44,63) children who experience negative emotions or mental health
concerns also are likely to experience increased pain perception and have more associated
distress. Further, children who experience chronic or recurrent pain may be more likely than
healthy children to develop symptoms of a mental health condition.2,52

A recent study in adults found impairments of endogenous pain-inhibition in IBS persist
after controlling for group differences in psychological variables,22 while another study did
not replicate this finding.36 We found that after controlling for psychological variables
group differences in endogenous pain-inhibition were no longer significant. However, the
present study was powered to detect potential differences in pain-inhibition and was
underpowered to detect a medium effect in covariate analyses conducted, thus, results
should be interpreted with caution.

Regardless, as suggested by Piche, et.al.,36 psychological variables and DNIC-like pain
inhibition likely have independent (and concurrent) contributions to alterations in pain
modulation in persons with IBS that may reflect a common underlying mechanism.
Psychological variables and emotional state modulate pain with negative emotions (of low
to moderate intensity) facilitating pain and positive emotions (and high intensity negative
emotions) inhibiting pain.42,43,45 Research indicates psychological variables modulate pain
through the periaqueductal gray (PAG) and rostroventromedial medulla (RVM)14 and
DNIC-like pain inhibition modulates pain through a spinoreticular-spinal loop26,55,56 and is
distinct from the PAG and RVM.3 Although distinct neurologically these processes do not
act in complete isolation from each other. DNIC-like pain inhibition has been shown to
partially mediate the relation between catastrophizing and pain;20 and cognitive expectations
about pain have been shown to eliminate or block normal endogenous pain-inhibition
effects.19 Thus, these are likely independent processes acting concurrently that may alter,
negate, or enhance the others impact leading to the observed net effect on pain. The present
study does not enable delineation of the specific mechanisms of the pain-inhibition effect
and power was poor for analyses including psychological variables. However, results
suggest psychological variables contributed at least in part to group differences in pain-
inhibition and should be considered along with DNIC-like inhibition. Indeed, parent report
of child anxiety and depression were respectively large and medium effects but did not
account for all the variance in endogenous pain-inhibition. Further research should attempt
to better delineate the roles of both mechanisms of endogenous pain-inhibition.

Somatic pain perception (cold pressor pain ratings and baseline heat pain threshold) did not
differ between IBS and control groups. The literature has shown conflicting results
regarding whether differences in somatic pain exist between children with functional
gastrointestinal disorders and healthy children.9,21,65 Given known individual variability in
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pain perception a group difference in pain perception that is small in magnitude (i.e., small
effect size) may be difficult to detect in a small sample. A study with 100 children with
chronic/recurrent abdominal pain found somatic hyperalgesia compared to controls,9

whereas studies with smaller sample sizes (group n = 14–23) have not found significant
group differences in pain perception.21,65 Nonetheless, it is possible that large samples will
find significant effects that are so small in magnitude they are not clinically meaningful. In
comparison to research in children, several studies in adults with IBS have found significant
somatic hyperalgesia compared to controls with relatively small sample sizes (group n = 9–
17).33,47,54 It is possible somatic hyperalgesia develops over the course of a chronic pain
condition and therefore is less apparent, or of smaller magnitude, in children. Further, the
poorer ability of children, compared to adults, to provide accurate self-report of pain could
cause greater random error in pain outcomes masking group differences. However, this latter
theory is not supported by one study that failed to find group differences between children
with abdominal pain and controls in the more objective measure of somatosensory evoked
potentials in response to painful stimuli.21

The present study has some limitations. The relatively small sample size may have limited
power to detect potentially significant effects with exploratory ANCOVAs. Also inclusion
of only girls in this study limits generalizability to boys. The inclusion of 7-year-old girls
poses some concern for interpretation of the BASC-2 child self-report questionnaire which
is normed for ages 8 and above. We attempted to control for this by reading questions aloud
to 7-year-olds and carefully scrutinizing the validity indices, however, results should be
repeated with a questionnaire normed in this age group. In addition, several participants in
the control group had to be excluded because they did not rate the cold-pressor task as
painful (which is necessary to evoke a DNIC-like pain-inhibition). It is unclear why these
participants did not report the cold-pressor to be painful. Finally, a nonpainful counter-
stimulus procedure (such as immersing the hand in room temperature water) to control for
nonspecific changes in pain should be considered in future studies. An investigation
published during the course of this study included a nonpainful counter-stimulus,22 and
found that controlling for pain-inhibition during the nonpainful stimulus increased the
difference in endogenous pain-inhibition between healthy women and women with IBS.22

In summary, we are the first to report that young girls with IBS have deficient endogenous
pain-inhibition compared to healthy controls. Further, we replicated limited data indicating
endogenous pain-inhibition is present in young children.18 Findings contribute to research
and clinical understandings of the onset and development of IBS in childhood, suggesting
deficient pain-inhibition is an early manifestation of IBS. Research should further
investigate the contributions of impaired endogenous pain-inhibition and psychological
distress to IBS and other chronic pain conditions. Our findings should be confirmed in
larger, and younger, samples which would help to better define potential risk factors leading
to onset of IBS and/or development of chronic pain symptoms.
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Perspective

This study found that young girls with irritable bowel syndrome (IBS) have deficient
endogenous pain inhibition compared to healthy girls, which is consistent with the adult
literature. This information can facilitate clinicians in identification of risk factors for
onset/maintenance of IBS and other chronic pain conditions.
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Figure 1. Endogenous Pain-Inhibition
Positive number represents pain inhibition and negative number represents pain facilitation.
IBS is irritable bowel syndrome. Solid grey bars represent endogenous pain-inhibition effect
for each group without any covariates. Middle (lined) bars represent endogenous pain-
inhibition effect with significant parent-report (PR) psychological variables (child anxiety,
child depression, and child somatization) included as covariates. White bars represent
endogenous pain-inhibition effect with significant child-report (CR) psychological variables
(anxiety & somatization) included as covariates. * indicates significance at p<.05. Although
results are no longer significant after covariates are included, a similar pattern of results is
present.
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Figure 2. Pain Inhibition and Days without a Bowel Movement
Positive change score represents pain inhibition and negative change score represents pain
facilitation. IBS is irritable bowel syndrome.
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Table 1

Psychological Outcome Variables

Psychological Variable IBS
Healthy
Controls

n
(IBS, HC)

Parent-report child anxiety 60.6 ± 13.9* 48.0 ± 9.4* 22, 16

Parent-report child depression 49.4 ± 10.0* 43.9 ± 5.1* 22, 16

Parent-report child somatization 18.8 ± 11.4* 2.5 ± 2.6* 18, 16

Parent somatization 51.1 ± 9.3 49.8 ± 10.3 18, 15

Parent depression 54.2 ± 11.2 48.9 ± 8.5 17, 15

Parent anxiety 50.1 ± 11.2 47.4 ± 10.0 17, 16

Child-report anxiety 53.0 ± 11.9* 43.6 ± 7.3* 22, 16

Child-report depression 48.3 ± 9.1 43.9 ± 4.9 22, 16

Child-report somatization 29.9 ± 17.1* 13.9 ± 13.4* 14, 15

Note.

*
p <.05; Data are presented as Mean ± Standard Deviation; IBS = Irritable bowel syndrome; HC = Healthy Control; Data are in t-scores with the

exception of somatization which is a raw score.
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