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Summary
Background

Abdominal pain (AP) is a common symptom among children and adults. Irritable Bowel
Syndrome (IBS) is reported to be one of the most frequent types of AP. Comorbid chronic
pain and mental health problems are common in AP and IBS. There is increasing knowledge
of a variety of biopsychosocial mechanisms contributing to AP and IBS. Among these,
increased visceral and widespread pain sensitivity are factors possibly contributing to
triggering and maintaining pain symptoms. However, it is not clear to what degree the
association between widespread hyperalgesia and IBS is related to confounding with
comorbid chronic pain and mental health. All previous IBS pain sensitivity studies have been
limited to clinical samples, a majority only including premenopausal female adult patients,
and there are no studies of community samples, including both sexes and pediatric
populations. The main aim of this thesis was therefore to analyze the association of IBS and
widespread pain sensitivity among adolescents and adults in the general population,
controlling for sex, age, comorbid chronic pain and psychological distress. The second aim
was to describe the association between specific abdominal pain dimensions, bowel
symptoms and other chronic pain with depression among adolescents with chronic

abdominal pain and IBS.
Methods

More than ten thousand adults (n = 10 566, age 30-87) and almost one thousand
adolescents (n =961, age 15-17) completed questionnaires and pain sensitivity assessment
(heat, pressure and cold-pressor pain) in two cross sectional population based studies
(2007/08 and 2010/11 respectively). Associations between self-reported symptoms of IBS
and measured pain sensitivity were studied, controlling for sex, age, comorbid chronic pain
and psychological distress (the Hopkins Symptom Check List). Further, associations between
IBS, AP and different AP symptom dimensions with depression (the Short Mood and Feelings
guestionnaire) among the adolescent participants were studied in a multivariable regression

model.



Results

The adult and adolescent IBS prevalence was 5.3 % and 8.2 % respectively (Rome Il and IlI

criteria respectively).

Among the adolescents pain thresholds were significantly lower in IBS cases compared to
controls. The differences remained significant after adjusting for sex and comorbid pain
(mean pressure difference fingernail = - 62 kPa with 95 % Cl =-109 to -15, shoulder = - 46
kPa with 95 % Cl = - 78 to — 13, mean heat difference =- 0.8 ° C with 95 % Cl = - 1.6 to - 0.04
and mean sum z-score difference = - 0.4 with 95 % Cl =- 0.6 to - 0.17) , whereas only heat
pain and mean sum z-score threshold difference were significant when additional adjust for

mental distress was performed.

Similar findings for heat pain threshold were made for adults, where differences remained
significant after adjusting for sex, age, comorbid chronic pain and psychological distress
(mean difference: - 0.5 ° C with 95 % CI = - 0.8 to - 0.1). However no difference in pressure
pain supra-threshold was found after adjustments for sex and comorbid pain. Increased pain
intensity (mean numeric rating score, 0 to 10, of 5.9 in IBS vs. 5.3 in controls, p <.01) and
lower pain tolerance was found in the cold-pressor test (Hazard ratio = 1.3, with 95 % Cl =
1.1 to 1.5) among adult IBS cases after the same adjustments, while no pain tolerance
differences between adolescent IBS cases and controls were found. Both adolescent and
adult participants with IBS and severe abdominal pain had the lowest heat pain thresholds.
Among adults, these participants also had the highest pain ratings and lowest pain tolerance

in the cold-pressor test.

Increased symptoms of depression were found among adolescents with both monthly
abdominal pain (20.5 %) and IBS (24.7 %) compared to controls (8.1 %, both p < 0.01). In the
multiple logistic regression analyses AP pain intensity and widespread pain distribution were
significantly associated with depression (severe vs. mild pain: Odds ratio = 4.0, with 95 % Cl =
1.5 to 10.7, multiple vs. single site AP: Odds ratio = 5.5 with 95 % Cl = 2.6 to 11.8 and
comorbid non-AP: Odds ratio = 3.3 with 95 % Cl = 1.6 to 6.8 respectively). In contrast, sex
and other abdominal symptoms, including those symptoms that distinguish IBS from other

types of AP, were not significantly associated with depression.



Conclusion

This is the first report documenting widespread hyperalgesia among adolescent and adult
individuals with symptoms of IBS in the general population. Results were found to be
independent of sex, comorbid pain and psychological distress. Increased pain sensitivity
may contribute in triggering and maintaining chronic pain, but prospective studies are

needed to examine these possible causal relationships.

The prevalence of depression is considerably increased among adolescents with AP and IBS
in the general population, in particular among adolescents with AP reporting severe and
widespread abdominal pain, and among adolescents reporting comorbid chronic pain in
other body sites. Evaluating these pain symptom dimensions may be of value for identifying

subgroups adolescents with AP and IBS that have greater risk of depression.
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1. INTRODUCTION
1.1. Functional abdominal pain and Irritable Bowel Syndrome

The International Association for the Study of Pain (IASP) defines pain as: “An unpleasant
sensory and emotional experience associated with actual or potential tissue damage, or
described in terms of such damage”.! Pain is always subjective, an individual unpleasant
sensation, and therefore also an emotional experience. The unpleasant sensation is defined
as pain irrespectively of cause and also if identifiable tissue damage or potential tissue
damage is absent. Acute pain is one of our most important sensations to reduce and avoid
tissue damage. In the medical literature, the definition of chronic pain in general and of
specific chronic pain conditions is less consistent, regarding both the duration and frequency
of the pain symptoms. >> Acute pain is often related to peripheral inflammation or tissue
damage (nociceptive input), whereas these peripheral factors are often less prominent or

non-identifiable in many chronic pain patients.4

Functional pain and functional pain syndromes are characterized by chronic pain without
identifiable structural, inflammatory, or biochemical abnormalities that could fully explain
the symptoms. Functional abdominal pain and Irritable Bowel Syndrome (IBS) are in the
same way basically defined by the patients’ symptoms and are referred as disorders rather
than diseases with an organic cause.’

Diagnosing functional abdominal pain and IBS remains a challenge with the absence of
physical or anatomical markers. For more effective diagnosis of the different functional
gastrointestinal disorders (FGIDs) a number symptom-based diagnostic criteria have been
developed over the last 25 years and revised several times since the first Manning criteria
for IBS of 1978.° In 1958 Apley and Naish defined recurrent abdominal pain (RAP) in a child
as “at least three bouts of pain, severe enough to affect the child’s activities, during at least
a three-month period with attacks continuing the preceding year”.” This RAP definition is
widely adopted with many reports of the condition in the medical literature,® but in recent
years it has been increasingly replaced by the classification system for FGIDs. In contrast to
the FGID criteriag, the RAP definition does not exclude organic diseases, and RAP is therefore
a broader term and not exclusively a functional pain disorder.

One of the important roles of the classification system for FGIDs is to improve clinical

diagnosis, distinguishing among different FGIDs from each other and from possible organic



diseases.” An additional aim of more accurate diagnostic, symptom-based criteria has been
to improve the management and treatment of the FGIDs, in contrast to handling FGID as an
exclusion diagnosis without available specific treatment or treating it as a psychosomatic
disorder of mainly psychiatric origin.

Better classification systems have also led to increased research in the FGID field, with
increased knowledge of the prevalence, comorbidity, and psychosocial consequences of the

10,11

disorders. Furthermore, increased attention to, and interest in the FGIDs have led to

>1218 \which has also led to

improved evidence of possible pathophysiological mechanisms,
discussion on the origin of the disorders and if they actually are functional or organic by
nature.’

The number of FGIDs has increased as the classification criteria have been revised; the latest
criteria— the Rome lll criteria of 2006—include 28 abdominal pain and bowel disorders for
adults and 17 for children.” The system is organized by the anatomical localization of the
symptoms (e.g., esophageal, stomach-duodenum, bowel, and anorectal symptoms). In the
pediatric Rome criteria there are, in addition, age-specific FGID disorders (infant/ toddler
and child/adolescent).

IBS is one of the most common FGIDs and is characterized by abdominal pain or discomfort,

associated with altered bowel movements.>’

The symptoms are not very specific and mimic
several organic gastroenterological diseases; IBS is for the same reason a clinical exclusion
diagnosis. Still, the symptom-based IBS criteria perform fairly to moderately well compared
to clinical IBS diagnostics, at least when alarm symptoms of organic diseases are included.'®
In one validation study of the different IBS criteria, the sensitivity ranged from 68.8% to
95.8% and specificity from 70.6% to 79.5% compared to clinical IBS diagnostics.™® The
Manning criteria included most clinical cases but were also the least specific. Few differences
were found within the Rome criteria, but the Rome Il criteria were found to be most
specific. For children there are few similar validation studies of the Rome criteria for FGIDs,
but most children referred to outpatient clinics with abdominal pain are reported to have a
functional disorder according to the Rome criteria, with IBS as the most frequent.zo'21

Most validation studies are done at specialized gastroenterologist clinics and few in primary
care, where most patients with IBS are diagnosed and treated. The IBS Rome Il criteria is in

one study reported to identify three of four patients that had an IBS diagnosis by their

general practitioner,?? but others have reported poorer agreement between the IBS criteria

8



and clinical diagnoses in primary care.”® To our knowledge, the question remains
unanswered as to what degree IBS symptoms in the general population correspond to a
clinical IBS diagnosis.

As mentioned, the diagnostic criteria of IBS have changed over time. The cardinal and
associated symptoms are the same, but the criteria diverge somewhat, considering the
symptom frequency and duration to be more inclusive and specific for IBS (differences
between the Rome Il and Ill criteria are described in the table below). This is somewhat
complicated by discrepancies in the diagnostic criteria and the IBS questionnaire module.
The questionnaire was mainly developed for research and is not a diagnostic tool, because

IBS still remains a clinical diagnosis.



Table 1 The Rome Criteria for IBS

Rome Symptoms Frequency Duration Onset of
Il & Il Criteria for symptoms
IBSI7,24,25
1. Cardinal Abdominal pain or discomfort | At least once per Last 3 months | Within last year
symptom week (aR lland pR 11 | (aR 1)
(aR Il, pR Il and and aR ll1)**
pR HI)* Within last 6
Last 2 months | months (aR )
At least 3 days (pR 1)
per month (aR Ill) Not defined in

Pediatric Rome
1]

2. Associated a) Improvement with Sometimes or
bowel defecation more frequent***
symptoms b) Onset associated with

(22) changes of stool
frequency

c) Onset associated with
changes of stool
form(appearance)

3. No evidence of

organic causes

aR= adult Rome Criteria for IBS; pR = pediatric Rome Criteria

*frequency not defined in the adult Rome Il criteria for IBS, but in the Rome Il IBS questionnaire module.
**duration of symptoms defined as last 3 months in the adult Rome Il questionnaire module but as at least 3
months during the prior 12 months and not necessarily consecutive months in the adult IBS Il criteria.

*** only stated in the pediatric Rome Ill Criteria, but also in the adult Rome Il and Il questionnaire module.

1.2. Prevalence of abdominal pain and IBS

Abdominal pain is reported to be the most common type of chronic pain among children in
pre-pubertal age, with prevalence up to 25%.% The frequency of abdominal pain is described
as stable from childhood to adolescence, whereas musculoskeletal pain and headache
increase during adolescence and are the most frequent chronic pain conditions among both

2 27-
adolescents®® and adults.?”*°

IBS is considered to be the most common cause of abdominal pain in both pediatric and

8,31-34

adult abdominal pain patients. The prevalence of IBS in adults ranges from 2% to 25% in

. 2 . . . ..
Western countries,*? and some studies have demonstrated an increasing incidence of

10



FGIDs.* However, comparing previous epidemiological IBS studies is difficult due to different
classification criteria, which contributes to the inconsistency of IBS prevalence estimates.>>*®
In a Norwegian population-based study, Vandvik et al. found the prevalence of IBS among
adults to be 8.4 % (Rome Il criteria).?’

Hyams et al. found an increasing IBS prevalence from middle to high school students (8% to
17%), indicating that IBS is less common among younger children than adolescents, but the
frequency of abdominal pain was similar in both age-groups.*® In a recent study of
prepubertal children in Germany, the IBS prevalence was 4.9%, but further epidemiological
pediatric IBS studies are lacking in the Western world. Somewhat higher IBS prevalence
(about 20%) is reported for adolescents in Asian countries.*®*°

IBS is more common among female adults,** and abdominal pain is more common among

adolescent girls.? Sex- related differences in the prevalence of abdominal pain are less

consistently found among children before puberty.8
1.3. Comorbidity in abdominal pain and IBS

Comorbid chronic pain disorders are prevalent in patients with IBS, with fibromyalgia
reported to be one of the most frequent (26% to 65%).%° In a systematic review, psychiatric
illness—mainly anxiety, depression and somatization disorders—is reported to be common
among patients with IBS (54% to 94%).** Many of the studies examined severe patients with
IBS seen in hospitals or outpatient clinics, and it is therefore questionable if these results are
representative for most patients with IBS, who are never seen by a specialist. Still, a
population-based Norwegian study by Vandvik et al. found both negative mood symptoms
and multiple musculoskeletal pain to be more common in IBS than in controls (25% vs. 9%
and 20% vs. 7% respectively).?’ Less is known about the strength of these associations
among pediatric patients with IBS, but several studies of children with recurrent abdominal

pain described increased prevalence of psychological and behavioral problems.**™*

The difference mentioned above in psychiatric comorbidity between patients with IBS and
what is reported in population-based IBS studies may indicate that the somatic symptom
burden is dose-dependently associated with the negative mood symptoms. Further, how the
multiple somatic and psychiatric symptoms in IBS are related remains incompletely
understood. A few studies of adult patients with FGIDs have shown an association of the

number co-existing FGIDs and the abdominal pain intensity with degree anxiety and

11



647 Negative mood symptoms in IBS and other FGIDs therefore seem to be

depression.
associated with the somatic symptom load in these patients. The significance of comorbid
pain in this association is to our knowledge unclear. But there are some reports of an
association between the number chronic pain sites and anxiety and depression among

individuals with chronic pain in general.***°

We could for the same reason anticipate that
the distribution of chronic pain is also related to anxiety and depression among individuals
with IBS, but the literature provides no evidence for this interpretation. Further, how the
different and specific abdominal pain dimensions and bowel symptoms in IBS are associated
with negative mood is to our knowledge not fully understood. Hypothetically, both the
specific bowel symptoms in IBS and the different abdominal pain dimensions (e.g.,

abdominal pain intensity, distribution, frequency, and duration) may be stressors triggering

anxiety and depression symptoms.
1.4. The impact of abdominal pain and IBS

Reduced quality of life in patients with IBS compared to healthy individuals is reported in
several studies, as are also increased use of healthcare services and impairments in daily life

in both adult and pediatric patients with 1BS.*>>%>?

These associations are also reported to
be related to degree gastrointestinal symptoms, comorbid somatic symptoms, and
psychological factors in patients with IBS. Abdominal pain is reported to be the most
frequent chronic pain causing school absence among children and adolescents.” In the same
study, pain intensity, rather than duration and frequency, was the most important pain
feature affecting quality of life among the children and adolescents.

Also, health-related costs of IBS are reported to be related to comorbidity in IBS but also to

the severity of IBS symptoms.>*>*

1.5. Pathophysiological mechanisms of abdominal pain and IBS
1.5.1. The brain-gut model

FGIDs are by definition characterized by the absence of evidence of structural, metabolic, or
biochemical abnormalities in routine clinical diagnostics. This does not necessarily exclude
possible organic causes but simply reflects the fact that such factors are not detectable with
currently available clinical diagnostic tools. There is increasing evidence that in at least

subgroups of patients with IBS, the disorder has an organic etiology, although this is still

12



somewhat controversial. One example is the subset of patients with IBS with reduced
tolerance to poorly absorbed carbohydrates, such as fructose, lactose, galactans, and
fructans,> which is possibly related to alterations of the bacterial gut flora.>® Alterations of
the gut flora, primarily colonic flora, may be post-infectious after a resolved acute

57,58

gastroenteritis. The mechanisms are still incompletely understood, and some

researchers claim that preexisting psychological characteristics are important in the

development of post-infectious IBS.>*°

This exemplifies the complex interplay between
psychological and biological factors and central nervous system and local gut factors, in what
has become known as the brain-gut model in IBS. Overall, there is increasing evidence of a
brain-gut model in IBS and other FGIDs, where biological, psychological, and social factors
contribute and interact in triggering and maintaining the different abdominal and bowel

14,16,61-
symptoms, 4166163

The brain-gut model illustrated in Figure 1 describes plausible peripheral
and central mechanisms in IBS and the communicating pathways. Whereas some factors and
mechanisms are most likely to be present in abdominal pain patients in general, others are

more specific to IBS.***3

The brain-gut axis

Neuro-endocrine system

Central nervous system
Peripheral nervous system

Autonomic nervous system

Neuro-endocrine stress

Altered gut flora Psychological
Low grade inflammation Emotional
Increased intestinal permeability Genetics Distress
Dysmotility Cognitive
Food intolerance Expectations / vigilance
Social /environmental
Peripheral pain hyperalgesia Learning / response
&
sensitization Central pain sensitization

Figure 1 The brain-gut model in IBS.
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1.5.2. Increased pain sensitivity and pain sensitization mechanisms

Visceral hyperalgesia is found to be a “diagnostic marker” of IBS, with high sensitivity and
specificity.® Still, increased visceral sensitivity is not evident in all patients with 1BS
compared to healthy controls and has yet not become a routine clinical diagnostic tool.
Visceral hypersensitivity is manifested as lowered visceral pain thresholds and increased pain
intensity in response to balloon extension of the rectum.®* The degree of visceral
hypersensitivity is found to be related to the severity of IBS symptoms®® and also to
comorbid psychological factors.®® Whether visceral hyperalgesia is a local gut phenomenon
or is related to mechanisms in the central nervous system is debatable. Some IBS studies
have found evidence of increased pain sensitivity in other tissues and in body areas other
than in the visceral organs,67 but whether or not this is related to comorbid chronic pain

conditions in IBS remains unclear.®®®°

To what degree widespread hypersensitivity in IBS is
related to psychological factors or is independently related to the primary condition is also

not fully understood.”®”*

Less is known about the relationship between pain sensitivity and IBS and other FGIDs
among children and adolescents. Some studies of children with AP and IBS have
demonstrated increased visceral pain sensitivity comparable to that found in adult

72-74

patients. Little is known about widespread pain sensitivity among pediatric patients, and

the results of the few studies of children with RAP are somewhat conflicting.75'78

Pain sensitivity is the relationship between the intensity of a noxious stimulus and
experienced pain, and it reflects the “gain” of the entire nociceptive processing system. This
relationship can be quantified by applying well controlled experimental pain stimuli and
observing the individual’s pain response (i.e., pain rating). As for pain in general, there is
great inter-individual variation of measured pain sensitivity and stimuli that lies well beyond
the tolerance limit of some individuals and may lie well below pain threshold of others.”
Pain sensitivity is dependent on demographic factors (e.g. sex, age, and ethnicity),
psychological factors, and as discussed below, it is associated with chronic pain symptoms.®
Pain sensitivity is poorly correlated across different pain modalities (e.g., heat and pressure

. 1 . . . . .
pain).®! This lack of correlation cannot be dismissed as mere measurement error, since the

reliability of experimental pain sensitivity tests is generally high.sz'84 Thus, it would seem that
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pain sensitivity is modality specific, which raises the question of which modalities are
relevant to which types of clinical pain.

How chronic pain, pain sensitization, and hyperalgesia are related is still not fully
understood. Pain sensitization is believed to be a consequence of repeated and sustained
pain sensations, for which there is some evidence from animal models and from

8588 There is less clinical

experimental pain sensitivity research with human volunteers.
evidence for these theories, but some studies have shown that increased pain sensitivity also
predicts higher levels of post-operative acute pain and chronic pain.87 The causal directions
still remain unclear; possibly the relationships are bidirectional and/or there are shared
pathophysiological mechanisms. Figure 2 below shows an hypothetical model of possible

relationships between chronic pain, pain sensitization, and increased pain sensitivity.

-—

Chronic pain Pain

sensitization

Increased
pain
sensitivity

Figure 2 Possible relationships between chronic pain, pain sensitization, and increased pain

sensitivity.

Reduced pain inhibition and /or increased pain augmentation in IBS has been reported at
different anatomical levels of the nervous system: in the peripheral afferent nerve fibers,
spinal and supra-spinal levels in the central nervous system, and in addition the autonomic
nervous system.®
Intestinal immune activation and increased intestinal permeability is described in IBS and

possibly leads to persistent peripheral neural input and peripheral sensitization.®* There is

evidence of spinal pain sensitization in IBS, with greater pain hypersensitivity in the lower
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extremities compared to upper extremities.®® Further, local rectal anesthesia has been
shown to reduce not only visceral but also somatic pain sensitivity in the lower extremities in
patients with IBS, whereas similar effects not were seen in healthy controls.®° This supports
theories of spinal pain sensitization in IBS but does not rule out the importance of supra
spinal mechanisms.

The endogenous pain modulation system is found to be influenced by activity in the
autonomic nervous system, neuroendocrine system, and neuroimmune interactions.®*>#
Altered autonomic reactivity has been reported in a subset of patients with IBS during
symptom flares, with changes in both sympathetic and parasympathetic tones that affect

the enteric nervous system and gut motility.gl'92

Vagal stimulation may attenuate pain both
centrally and peripherally,93 while efferent sympathetic fibers participate in immune
activation in the gut.”* Corticotropin-releasing hormone, produced in the hypothalamus, has
a key role in the response to stress and pain in addition to inhibiting gastric emptying and
stimulating colonic motor function.®

Supra-spinal modulation of pain is a dynamic balance between inhibition and facilitation

mechanisms, located in the brainstem and higher pain centers.®>®

Central pain processing
communicates neuroanatomical bidirectionally with cognitive, emotional, and autonomic
brain areas.®’ Central pain processing is complex; we have increasing knowledge of which
brain areas are involved, but the physiological mechanisms are still not fully understood.

As described above, increased visceral and somatic pain hypersensitivity in patients with IBS
has been studied employing simple experimental stimulus paradigms. However, these
paradigms reveal little about the actual mechanisms contributing to hypersensitivity. Several
dynamic experimental pain methods have been developed to explore the endogenous pain
modulation processes. Pain sensitization is revealed by repetitive painful stimuli, referred to
as temporal summation of pain. As compared to healthy controls, increased temporal
summation of pain has been found in several chronic pain patient groups, such as in persons
with fibromyalgia.”® An intensely painful stimulus like in the Cold-pressor test has been
shown to reduce pain applied at other body sites (= conditioned pain modulation). In
experimental pain studies, conditioned pain stimulation has shown that patients with IBS
have reduced endogenous pain inhibition or increased pain facilitation compared to healthy

77,97

individuals. The increasing number studies of FGIDs patients that combine experimental

pain with functional brain imaging are providing new insights and a better understanding.’®
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Primarily quantitative differences in activity levels in brain areas are seen in IBS as compared

to healthy individuals.”

Despite the increasing number studies of pain sensitivity and pain modulation in IBS and to
some degree in other FGIDs, most of the studies are small, and none have been conducted in
representative population-based samples. Furthermore, a majority of the studies were
limited to premenopausal female patients. It is therefore questionable whether these
patients are representative for most individuals with IBS symptoms, many of whom never

11,100

seek healthcare for their abdominal symptoms and others are seen only in primary

care.®1% studies have shown that the majority of IBS patents are followed by their family
doctors and not by gastroenterologists.11 Further, the extent to which previous results are
representative for males, older persons, and children and adolescents with IBS symptoms is

uncertain.
1.5.3. Local gut mechanisms

As discussed above, there is evidence of local gut mechanisms of IBS.”® Increased intestinal
permeability, sub-clinical inflammation, and altered gut flora are possible local factors that

103,104 These local factors may also

contribute to triggering and maintaining IBS symptoms.
contribute to intestinal and colonic dysmotility in 1BS.* Further, they are thought to be
associated with systemic mechanisms through immunological processes and via the
peripheral and central nervous system.62 There are still gaps in our knowledge of how the
peripheral gut factors and the central nervous mechanisms in the brain —gut axis are
connected in IBS. For instance, the importance of peripheral gut factors in visceral

hyperalgesia versus sensitization mechanisms in the central nervous system is not fully

understood.

Subsets of patients with IBS have reduced tolerance for fermentable carbohydrates.
Increasing evidence shows that a subset of patients with IBS improve by eliminating or
restricting dietary intake of fermentable oligo-di-mono-saccharides and polyols (FODMAPs);
a low FODMAP diet may reduce both abdominal pain and the associated IBS bowel

symptoms.>>%

Other local factors are related primarily to bowel movement symptoms in IBS rather than to

abdominal pain symptoms. Some of the patients with diarrhea-predominant IBS have been
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found to have increased levels of malabsorbed bile acids in the colon.'® High levels of
colonic bile acids are thought to be a contributing cause of diarrhea in this subset of patients
with IBS. Elevated levels of enteroendocrine production of serotonin are also reported

among subsets of patients with IBS with prominent diarrheal symptoms.ls’107

1.5.4. Psychosocial mechanisms

As mentioned above, IBS and AP are strongly associated with a number of psychosocial
comorbidities. Anxiety, depression, and somatization are the most common psychiatric
comorbidities. Some researchers consider these factors to be predictors of abdominal pain
and 1BS,"® M put it is debatable whether the relationships are causal, and if so, what the
direction of the causation is. Although some longitudinal cohort studies have been
conducted, causal interpretations are often difficult to make due to limitations in study
design. Overall, the possible causal relationships are debatable and to what degree the
symptoms have shared pathophysiological mechanisms is still not fully understood.**®3
Therefore, a dualistic psychosomatic understanding of IBS as having a primarily psychiatric

origin is being increasingly replaced by the biopsychosocial brain-gut model described above.

Adverse events in early life, such as child abuse, have been cited as possible predictors of
abdominal pain and IBS later in life, "2 but as supporting evidence comes from cross-
sectional studies, where results may be affected by recall bias, the results are inconclusive.
Contradictory evidence comes from another large longitudinal cohort study, where adverse
childhood events were not found to predict IBS later in life, whereas psychopathology was

109

found to be a significant predictor of IBS.” Similar findings are reported in other studies,

and for other psychological factors, such as somatization.'*°

Some researchers believe that parental factors, including parental psychological and physical

iliness, are predictors of childhood abdominal pain and IBS.*****°

Again, the results of most
of these studies can only be interpreted as associations and not as clear etiological

relationships, due to limitations in the study design.
1.5.5. Heritability of IBS and abdominal pain

Several studies have also found familial aggregation of abdominal pain and IBS, possibly
indicating that both environmental and genetic factors are of importance.***'” The

magnitude of the heritability is considered moderate, as reported in a systemic review of
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chronic pain twin-studies.'*®

Further, an increasing number of candidate genes have been
found in a subset of patients with IBS. More than 60 genes have been hypothesized to
genetically predispose to IBS, but their clinical importance is still unclear.’*® Molecular-
biological studies of IBS are difficult for several reasons. Identifying candidate genes is
problematic due to the heterogeneity of the IBS phenotype, but specific gene variants are
found in subsets of patients with IBS, such as gene variants linked to immunological

processes of the gut in some patients and gene variants linked to serotonin signaling in the

brain-gut axis in others.!*?
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2. STUDY QUESTIONS AND AIMS

There is still conflicting data regarding the presence of widespread hyperalgesia in IBS.
Specifically, it is not clear whether this association is independent of comorbid chronic pain
and psychological distress symptoms. Furthermore, the available evidence is based on
clinical convenience samples, and it is not known whether the findings are valid for the

general adult and adolescent population.

e The main aim of the study was therefore to compare measured pain sensitivity
among individuals with and without IBS symptoms in representative adult and
adolescent samples drawn from the general population, controlling for
differences in prevalence of comorbid chronic pain and psychological distress

(Papers 1 & 2 in this dissertation).

It is well established that IBS is strongly associated with depression and other forms of
negative affect. However, it is not known what specific pain dimensions (e.g., pain
distribution, duration, intensity, and frequency) are of importance in this association.
Furthermore, it is not known whether the bowel habits that distinguish IBS from abdominal

pain in general are associated with negative affect independently of abdominal pain.

e The second aim was therefore to describe how different abdominal pain
dimensions and associated bowel habits were associated with depression among

adolescents (Paper 3 in this dissertation).
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3. MATERIALS AND METHODS
3.1. Sample

The Tromsg Study was initiated in 1974 to identify risk factors of cardiovascular diseases,
which were high-prevalent in this area of Norway. Over time the Tromsg Study was
expanded to include a wide range of projects related to other lifestyle-associated diseases
and common health problems in the population. Since the start, six study-waves have been
conducted with adults in the municipality of Tromsg. The study is longitudinal and follows
adults participating in more than one wave as well as new invited participants in each

subsequent study wave.

The last adult study was conducted in 2007-2008 (the sixth wave). Of the 19,762 adults
invited to participate, 66% attended (n = 12 682, median age 58 years (range, 30-87 years)
and 53.4% women). The sample was a combination of cohorts from previous study waves

and newly invited adults (Jacobsen et al.t®

). The participants were asked to fill out a health
guestionnaire and to participate in extensive examinations, with medical and physical
measurements that also included measurements of pain sensitivity (see flow chart of the

study, below).

In 2010-2011 the Tromsg Study was expanded to include all adolescents enrolled in the first
year of high school (this part of the Tromsg Study was named Fit Futures). Students in both
academic and vocational student programs at all five high schools in the study area
participated (n =1,117, with 92.9% response rate n = 1038). The median age of the
participating students was 16 years (range, 15-28 years), and 48.9% were girls. Students

older than 17 years of age were excluded in the analyses in the dissertation study (n = 77).
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Figure 3 Flow chart of the study: Pain sensitivity testing in the adult study
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Figure 4 Flowchart of the study: Pain sensitivity testing in the adolescent study
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3.2. Informed consent

Both the 6™ wave of the Tromsg Study and the Fit Futures Study were approved by the
Norwegian Social Science Data Services and the Regional Committee for Medical and Health
Research Ethics, Health Region North. All participants gave their written informed consent
before inclusion in the study. For participants younger than 16 years, additional consent was
given by the parent.

3.3. Questionnaire-based measurements and case definitions

The questionnaires in the adult study were paper-based, whereas the adolescents in the Fit

Futures study filled out the health questionnaire electronically, using study-laptops.

Self-reported symptoms were recorded in the study questionnaires. Self-reported diagnoses
were not included, and no clinical diagnostics were conducted to confirm the symptom-

based cases as described below.
3.3.1. IBS case definition: Adults

In a separate part of the questionnaire, participants who had abdominal discomfort or pain
during the last year reported if they had the symptoms weekly or more frequently. In the
next follow-up questions they reported whether defecation relieved the abdominal
discomfort or pain (1) and if the abdominal symptoms were related to more frequent or

seldom bowel movements (2) and to harder or looser stools (3).

Adults reporting weekly abdominal pain or discomfort during the last 3 months or more
combined with two or more associated bowel symptoms (numbered 1 to 3 just above) were

. . . . . 121,122
classified as IBS cases in accordance with the Rome Il criteria.” "

The participants were asked to rate degree of abdominal pain immediately before the IBS
module. If they fulfilled the IBS criteria, the degree of abdominal pain in the IBS cases could

be sub-classified as no, mild, or severe abdominal pain.
3.3.2. IBS and abdominal pain case definitions: Adolescents

The adolescent participants were asked in a separate gastrointestinal questionnaire module
how often they had abdominal discomfort or pain the last 2 months. Participants that
reported weekly or more frequent symptoms were asked to answer the related follow-up
guestions. In the subsequent questions they were asked to localize the abdominal

discomfort or pain (above, around and/or below the belly button), how long the abdominal
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symptoms normally last (1-2 hours, 3-4 hours, most of the day, or all the time), for how long
the symptoms had lasted (1 month or less, 2 months, 3 months, 4-11 months, or one year or
longer). They were then asked to report the average intensity of their abdominal pain, rated
on a numeric rating scale (NRS) from 0-10, where 0 = no pain and 10 = the most intense pain

imaginable.

Adolescent participants who reported abdominal discomfort or pain were then asked to
report if the symptoms were related to the following bowel symptoms with a frequency of
never/rarely, sometimes, or usually: if the discomfort or pain got better after defecation (1)
and if the symptoms were related to more frequent or seldom bowel movements (2) and to

harder or looser stools (3).

Adolescents were classified as IBS cases in accordance with the pediatric IBS Ill criteria®’ if
they reported weekly abdominal pain or discomfort during the past 2 or more months and
with two or more of the associated bowel symptoms at least 25% of the time (sometimes or
more frequently). The adolescent IBS cases were further sub-classified according to their
pain ratings as mild (NRS = 1-3), moderate (NRS = 4-6), and severe (NRS = 7-10) (none
reported NRS = 0).

The study on abdominal pain dimensions and depression in adolescents (paper 3 in this
dissertation) used a broad definition of abdominal pain so as to include as many participants
as possible, enabling further subgroup classification with respect to pain frequency and
duration and other dimensions of abdominal pain. Therefore, participants reporting
abdominal pain during the past 2 months that occurred at least once a month were defined

as abdominal pain cases.
3.3.3. Comorbid chronic pain case definition

In both the adult and the adolescent study, chronic pain was assessed by items in a separate
section of the questionnaires. Participants were classified as having chronic pain if they
responded ‘yes’ to the question, “Do you have persistent or frequently recurring pain that

has lasted for 3 months or more?”

Participants who responded yes to the initial question completed follow-up questions,
including a checklist of body sites where they experienced pain. Since this broad question

might include abdominal pain, follow-up questions on pain location were used to identify
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subjects with non-abdominal chronic pain. Thus, subjects reporting pain lasting 3 months or
longer at any non-abdominal site (i.e., head, yaw, neck, back, shoulder, arm, hand, hip, leg,

foot, genitalia, or skin) were classified as having comorbid chronic pain.
3.3.4. Psychological distress and depression case definitions

Psychological distress symptoms were assessed with the 10-item version of the Hopkins
Symptom Check List (HSCL). HSCL is a screening tool for detecting negative mood symptoms
suited for epidemiological research, also among adolescents, and has been validated against

49123125 gybjects with a mean score of 1.85 or

clinical diagnostic depression and anxiety tools.
higher were classified as having psychological distress. This cut-off has previously been
shown to have a sensitivity of 89% and specificity of 98% with respect to detecting anxiety or

126 | data were

depression compared to the more extensive 25-item version of the HSCL.
missing for less than four of 10 questions, missing values were replaced by the mean score

of the remaining answers; otherwise, the HSCL score was set to missing.

In the adolescent study additional assessment of depression was made with the Short Mood
and Feeling Questionnaire (SMFQ). SMFQ is a 13-item screening tool for depression that has
been validated in both clinical samples and in the general population.’?’*?® SMFQ sum
scores > 11 have a sensitivity of 86% and specificity of 87% for detecting clinical depression
in adolescents.’®® Consequently, participants scoring above this cut-off were operationally

defined as cases with depression.
3.4. Measurements of pain sensitivity

The study flowcharts and in the Table 2 below provide an overview of enrollment in the
different pain sensitivity tests in the adult and adolescent studies. The testing was conducted
by a trained nurse, using a data-assisted protocol. Prior to each test, the test procedure was
described, and the instructions for threshold, tolerance, and pain intensity rating responses
were given as appropriate for each test (see below). Pain intensity ratings in the adult study
were given on a 0 to 10 numeric rating scale (NRS), with the anchors “no pain” and “the
most intense pain imaginable.” Since the participants’ hands were occupied during the
testing, participants made their ratings by calling out a number from 0 to 10. In the

adolescent study, pain intensity ratings were given on a computerized visual analog scale
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(VAS) controlled by a large trackball, with the same anchors as for the NRS. Instructions for

use of these scales were adapted from Price et al.r*

In the adult study, participants were asked to complete tests of pain sensitivity, which
included the cold-pressor test and either pressure pain threshold (first half of study) or heat
pain threshold (second half of the study). In the adolescent study, all the participants were

tested in following order; heat, pressure and cold-pressor pain sensitivity measurements.

Table 2 Overview of the Pain Sensitivity Testing

Pain modality Body site Adults n Adolescents | n
Cold-pressor 10487 939
Hand + wrist
Endurance X X
Pain ratings X -
Heat 4054 929
Underarm
Threshold X X
Tolerance _ X
Pressure 4689 864
Finger X X
Shoulder _ X
Threshold _ X
Supra-threshold X _
Tolerance _ X

n = number of valid tests included in the statistical analyses
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3.4.1. Cold-pressor test

Cold-pressor pain was induced using a 3°C water bath (Julabo PF40-HE, JULABO Labortechnik
GmbH, Germany) connected to a 13 L external plexiglass container with a flow of 22 L/Min.
The participants submerged their left hand and wrist in the cold water in the plexiglass
container as long as they were able to, up to maximum 105 seconds. Time to withdrawal of

the hand was recorded (tolerance limit).

In the adult study, NRS pain intensity ratings were obtained 4 seconds after the beginning of
the test and every 9 seconds thereafter until hand withdrawal. In the adolescent study, VAS
pain intensity ratings were obtained in a similar way, but as these data were not analyzed in

the papers included in this dissertation, the details are omitted.
3.4.2. Heat pain tests

Heat-pain threshold and tolerance (adolescents only) were tested using a MEDOC ATS
somatosensory stimulator (MEDOC Ltd, Israel) with a 30x30 mm thermode. Stimuli were
applied to the volar surface of the right forearm. Stimulation started from a baseline
temperature of 32.0°C and increased by 1°C/s, with an upper safety limit of 50.0°C. For pain
threshold measurements, participants were instructed to press a button when the sensation
changed from warmth to pain. Upon pressing the button, the temperature was registered
and the thermode temperature returned to baseline at a rate of 8°C/s. This procedure was
repeated three times; the first measurement was discarded and second and third measures
were averaged. In the adolescent study, threshold measurement was followed by
assessment of pain tolerance. Using the same stimulus parameters, participants were asked
to press the button at the maximum tolerable pain level; they were informed about the
preset safety-limit at 50.0°C. Heat pain tolerance was measured twice, and the highest

temperature was recorded.
3.4.3. Pressure pain tests

Pressure pain threshold and tolerance (adolescents only) were tested using a hand-held
algometer (Somedic AB, Sweden) with a circular probe of 1 cm?. Starting at 0 kPa, pressure

was increased by 30 kPa/s.

Among the adolescents, pressure-pain threshold and tolerance were recorded with the

adolescent pressing a button when the sensation changed from non-painful pressure to pain
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and at a maximum tolerable pain level, respectively ( limit of 1000 kPa). Pressure was
applied to the cuticle of the ring finger nail of the right hand and on the midline of the right
trapezius muscle and in shoulder height. The threshold measurements procedure was
repeated three times, followed by tolerance measurements, repeated twice. For each site,
the second and third threshold measure was averaged, and the highest tolerance

measurements were recorded.

In the adult study, only the finger site test was conducted with measurements of supra-
pressure pain thresholds. The participants were instructed to press a button when pain
intensity reached NRS = 5, upon which the pressure was stopped. Starting at 0 kPa, pressure
was increased by 30 kPa/s up to a maximum of 800 kPa. As with the adolescents, the
procedure was repeated three times for each subject, and the average of the last two

measurements was used in the analysis.
3.5. Statistical analyses

The statistical methods are described in each separate paper (papers 1, 2, and 3 in this
dissertation), but the main statistical methods are listed below. The analyses were done
using SPPS version 18-21. Results are reported with 95% confidence intervals, and results

with p < 0.05 are reported as statistically significant.
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Table 3 Overview of the Statistical Analyses

Main Uni- Multi- Post-hoc Analyses of Analyses of
analyses | variable | variable analyses confounding | interaction
Main outcome variable analyses | analyses effects
Continuous
Normal distribution | IBS vs. Student | ANOVA Pair-wise Adding co- Visually
control t-test and comparisons | factorsina and full
Pain ANCOVA stepwise factorial
thresholds approach model
and pain
ratings IBS pain
subgroup vs.
control
Skewed distribution | IBS vs. Mann-
control Whitney
Pain U test
tolerance
Skewed distribution Multiple IBS pain Adding co- Visually
with censored data Cox subgroup vs. | factorsina and
regression | control stepwise including
Pain approach IBS - sex
tolerance and IBS -
co-variable
interaction
terms
Categorical
Dichotomous IBSand | Chi- Multiple Within AP Stepwise Including
AP vs. square logistic symptom approach interaction
Depression control test regression | subgroups termsin
(SMFQ 2 the
11) multiple
regression
analyses

ANOVA = analyses of variance, ANCOVA = analyses of co-variance. SMFQ = Short Mood and Feeling

Questionnaire.

The Cox regression model was chosen to analyze all pain tolerance results in paper 1 and

paper 2 because of the relative high number of individuals that did not have tolerance levels
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below the preset maximum test limit (105 s in the cold-pressor test, 50.0°C in the heat pain
test, and 1000 kPa in the pressure pain tolerance test). The same approach was applied to
analyze the supra-threshold levels in the pressure pain test with the adult participants (limit

at 800 kPa).

In paper 1, sex, age, comorbid chronic pain, and psychological distress were entered as co-
factors in the analyses of pain sensitivity in IBS and in the analysis of IBS pain subgroups
versus controls. Since age was non-linearly related to pain sensitivity, age was categorized in
four age groups (30-49, 50-59, 60-69, and 70-87 years). In the stepwise analyses (Cox
regression, analysis of variance) age and sex were included as co-factors in the first step. In

the second step comorbid chronic pain and psychological distress were added.

In paper 2, the same statistical approaches were conducted as described in paper 1, but age
was not included as a co-variable, since there was virtually no variance in age variability
among the adolescents (15-17 years old), and no differences in mean age between IBS and

control groups.

In paper 3, associations between depression and IBS and abdominal pain were analyzed
using stepwise logistic regression, adjusting for differences in sex, parental educational level
(< college or = college), and comorbid chronic pain in the second step. Finally, analysis of
associations between depression and abdominal pain dimensions were performed for
individuals with abdominal pain only. This analysis was performed in two steps: First, the
relationship between depression and each symptom dimension was tested individually,
using logistic regression and controlling for sex. Next, all symptom dimensions that were
statistically significant in the first analysis were entered in a multivariate logistic regression.
This two-step approach was used due to the large number of predictors tested in a relatively

small sample.
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SUMMARY OF THE RESULTS

4.1. Paper 1

Among the adults, 5.3% reported IBS symptoms (Rome |l criteria).

e Adults with IBS had lower heat pain thresholds, lower cold-pressor pain tolerance,
and higher pain ratings in the cold-pressor test compared to controls.

e The associations between increased pain sensitivity and IBS were independent of sex,
age, comorbid chronic pain, and psychological distress symptoms.

e The associations were related to degree abdominal pain, with the severe abdominal
pain IBS cases being the most pain sensitive. The associations were also found to be
independent of the co-factors listed above.

e There was no significant difference in the pressure pain thresholds between IBS cases

and controls.

4.2. Paper 2

Among the adolescents, 8.2% reported IBS symptoms (Rome lll criteria).

e Adolescents with IBS had lower heat pain thresholds and pressure pain thresholds in
two body sites than controls.

e The associations between pain thresholds and IBS were independent of sex and
comorbid chronic pain, but only heat pain and the overall pain threshold sum score
were significant after further adjustment for psychological distress.

e The associations were related to degree of abdominal pain in the heat pain threshold

test and the overall pain threshold sum score, with severe abdominal pain IBS cases

being the most sensitive. The associations were also found to be independent of the
co-factors listed above.

e There was no pain tolerance difference between IBS cases and controls.

4.3. Paper 3

e Among the adolescents, 27% (n = 259 of 961) reported abdominal pain monthly or

more often, and 30% of these (n = 77) fulfilled the IBS Rome Il criteria.
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The prevalence of depression was 20.5% among adolescents with abdominal pain
compared to 10.5% in controls.

The odds of depression were similar for abdominal pain and IBS cases compared to
controls (OR = 2.5 vs. 2.4 respectively), after adjustments for sex, comorbid chronic
pain, and level of parental education.

In the multivariable regression analyses within the abdominal pain group, the
following symptom dimensions were independently associated with depression:
severe abdominal pain intensity, widespread abdominal pain, and presence of
comorbid chronic pain.

Sex, parental education, and other abdominal pain symptom dimensions, including
bowel symptoms that distinguish IBS from abdominal pain, were not independently

associated with depression.
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5. DISCUSSION
5.1. General discussion: Biopsychosocial understanding of IBS and abdominal pain

We have in this work demonstrated that individuals with symptoms of IBS have increased
widespread pain sensitivity (paper 1 and 2). Furthermore, we have found that degree
abdominal pain, diffuse abdominal and widespread pain distribution are important pain
dimensions in the association with depression among adolescents with abdominal pain
(paper 3). All these results fit in to a biopsychosocial understanding of both IBS and AP, with
chronic abdominal pain symptoms associated with both widespread hyperalgesia and

negative affective symptoms.

Finding widespread pain sensitivity indicates that central nervous mechanisms are of
importance in IBS, most likely in addition to the peripheral mechanisms as discussed in the
introduction above. Our findings not only strengthen previous reports on widespread pain
sensitivity in patients with IBS but also are importantly more generalizable due to the

population-based study design.

Clearly, interpretations concerning causality are inappropriate in our project. Most likely the
relationships among chronic pain symptoms, increased pain sensitivity, and negative
affective symptoms are multidirectional, possibly with shared pathophysiological
mechanisms. As described in the introduction above, many researchers believe that pain
sensitization and increased pain sensitivity are consequences of chronic pain rather than
causes, although there is also evidence of the opposite. Laboratory-based experiments on
long-term or repeated pain stimulation of afferents (long-term potentiation and temporal
summation studies) suggest possible mechanisms whereby persistent pain may lead to pain
sensitization.®> The fact that hyperalgesia predicts increased post-operative pain and
development of post-operative chronic pain supports the opposite theory.?’” Further
evidence is provided by a large prospective study where several measures of pain sensitivity
were found to be associated with greater incidence of chronic temporomandibular joint

pain.ls"1

As far as we know, there are no other comparable prospective studies that include
pain sensitivity assessments and record chronic pain conditions other than
temporomandibular joint pain. Therefore, the temporal relationships between chronic pain

(including IBS and abdominal pain) and increased pain sensitivity are mostly unknown,
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making causal inferences uncertain. Finally, the importance of psychological factors such as
anxiety and depression in the association between IBS and pain sensitivity is still unclear'***?
, but possible relationships are illustrated in Figure 5 below and discussed further in the next

section of the Discussion.

Psychological distress

(anxiety and depression)

IBS
Chronic abdominal pain

Pain
sensitization
and increased
pain sensitivity

Chronic comorbid pain

Figure 5 Possible relationships between chronic pain in IBS, psychological distress, and pain sensitivity.
Hyperalgesia may hypothetically trigger and maintain chronic pain symptoms, as illustrated by the lower

positive feedback arrow.

As discussed in the introduction of this thesis, there is evidence that several factors
contribute to triggering and maintaining IBS symptoms rather than a single cause (the
biopsychosocial model). None of these factors can be interpreted as causal factors in a strict
sense, because none are mandatory. There is also no well-documented temporal
relationship between the factors and IBS. Although the biopsychosocial model of IBS and
FGIDs is highly adopted,>*****1%3 there are controversies concerning the importance of the
different factors in the model as well the question as to whether the factors are independent
of each other.
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In the following sections, our study results will be discussed in the context of understanding
IBS as a multifactorial condition, including the importance of increased pain sensitivity,
comorbid chronic pain, and psychological distress and will outline how our findings

contribute to previous research in this field.
5.2. Increased widespread pain sensitivity in IBS

All previous studies of pain sensitivity have been conducted with IBS patients recruited in

hospitals or in specialized out-patient clinics.®”#3313*

The majority of studies included only
premenopausal female patients with IBS. Furthermore, there is to our knowledge only one
published pediatric IBS study on widespread pain sensitivity in a sample premenarchal girls,
including 21 case and an equal number of controls.”’

Overall, a majority of the studies with adults report evidence of widespread pain in patients

with 1BS,876997:132135136 \y hareas this was not found in the single pediatric study’’ and in one

133

adult study.” The question is whether these results are representative and valid for the vast

majority of individuals with IBS symptoms. A larger proportion of individuals with IBS

11,100

symptoms never seek health care for their abdominal complaints. Furthermore, the

majority of patients with IBS that are seen by general practitioners have fewer IBS symptoms

and less comorbidity than patients referred to specialist clinics.®*

Consequently, thereis a
risk of selection bias in previous studies, with the milder IBS cases not selected and not

participating.

In contrast to in these case-control studies, we have documented increased pain sensitivity
among individuals with IBS symptoms in large, representative samples drawn from the
general population, including both sexes, adults and adolescents, and IBS cases with both
mild and severe symptoms. Therefore, our study results, which are largely in line with
previous findings, not only strengthen existing evidence of increased widespread pain
sensitivity in IBS but also support generalization to a wider spectrum of individuals with IBS

symptoms.

To what degree widespread hyperalgesia in IBS is a result of confounding with comorbid
chronic pain conditions is unclear. This issue is of some importance, as increased pain
sensitivity has been demonstrated in a number chronic pain conditions, such as fibromyalgia,

that are common in patients with IBS. Some previous adult studies have included patients

36



with and without comorbid fibromyalgia in addition to healthy controls, with some reporting
that IBS is independently associated with increased pain sensitivity and others reporting the

opposite.?®6133

Due to the large sample sizes in our studies, we could control for
confounding in the analyses more extensively than has been possible in previous case-

control studies.

Some researchers have found that hyperalgesia in IBS is found mainly in the lower body

parts and is to a lesser degree present in the upper body.**’**

This finding suggests altered
pain modulation at peripheral and spinal levels rather than at supraspinal levels in the
central nervous system. We found that IBS was independently associated with widespread
increased pain sensitivity, after controlling for comorbid non-abdominal pain, with all pain
tests conducted at sites that are remote from the location of clinical pain (finger, arm, and
shoulder). Therefore, our results support theories of central pain sensitization mechanisms
in IBS, at least at higher spinal or supraspinal levels. It is important to emphasize that our

findings do not rule out the possibility that topographical pain sensitivity differences in IBS

occur in addition to the widespread hyperaglesia documented in our studies.

Our findings are further strengthened by the dose-dependent relationship between degree
of abdominal pain in IBS and degree of hyperalgesia, a finding that was also significant after
adjusting for comorbid pain. A small number of previous studies have reported similar dose-

70,136

dependent findings. Furthermore, our results harmonize with previous visceral

sensitivity studies among patients with IBS that described a dose-dependent relationship

between degree of IBS symptoms and visceral hyperalgesia.®>**’

The IBS diagnostic criteria require the presence of pain or discomfort, and thus the presence
of pain is not mandatory. Consequently, 16% of adults but none of the adolescents met the
IBS criteria while reporting no abdominal pain. Interestingly, our results suggest an absence
of hyperalgesia among these cases. In view of what appears to be qualitative differences
between IBS cases reporting and not reporting pain, one might question whether the
diagnostic criteria are too inclusive and whether some degree of pain should be mandatory

in the diagnostic criteria.

There is considerable controversy regarding the importance of psychological factors in the

association between IBS and hyperalgesia. Several studies have found that negative affect is
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associated with increased pain sensitivity.138 These symptoms are common among patients
with IBS and could therefore explain why patients with IBS are more pain sensitive than
healthy controls (i.e., confounding). Some researchers report that the association between
IBS and widespread hyperalgesia is independent of negative affect, whereas others report

67,69-71,97,133

the opposite. Conflicting findings are also described in studies of visceral pain

sensitivity in |BS,5>:66:137,139,140

In addition to anxiety and depression, symptoms of
somatization have been reported to be associated with hyperalgesia in IBS, at least in
patients with IBS with fibromyalgia.133 Arguments against the latter are discussed in a study
by Verne et al. , where somatization and hypervigilance were not found to be associated
with increased pain sensitivity in IBS.”* Overall, the diverging results from previous case-
control studies are difficult to interpret. Differences in samples and methodological aspects,
such as diverging measurements of comorbid psychiatric symptoms, complicate
comparisons. Furthermore, several of the previous studies are limited by small sample sizes,
which make them statistically vulnerable for type 2 errors. We found that IBS symptoms
were independently associated with increased pain sensitivity among adults after controlling
for psychological distress (HSCL > 1.85). The large sample sizes suggest that previous studies
that have failed to find an independent association are false negative results. Similar findings
were made among adolescents with IBS for heat pain threshold but not for pressure pain
threshold after adjusting for psychological distress. In paper 2 in this dissertation, the latter
is discussed as a possible type Il error due to the relatively small adolescent IBS sample. It
should also be noted that we found a convincing trend of lower pain thresholds for all pain

modalities, in addition to a lower total threshold sum score, in IBS.

Only a few small studies have examined somatic pain sensitivity in pediatric abdominal pain
patients, and only a single study examined pediatric patients with IBS. No difference
between children with recurrent abdominal pain or IBS and controls was found in two of the

77,141

studies that examined pain tolerance. In line with our findings, two studies

demonstrated lower pain thresholds in children with abdominal pain than in controls.”>”®
However, Zohsel et al. found no pain threshold differences in children with abdominal pain
versus controls and argues against generalized hyperalgesia in RAP patients.”® The pediatric
pain sensitivity studies cited here are not only limited by relative small sample sizes but also

to a large extent by the lack of measures of comorbid conditions. The importance of both
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comorbid pain and psychological distress symptoms has therefore not been assessed in
earlier studies of pain sensitivity in pediatric abdominal pain patients, with the exception of
one study describing no difference in social and neurotic characteristics between RAP
children and no-pain patients.75 Our study is the first not only to find an association
between adolescent IBS and increased pain sensitivity but also, and importantly, to find that
this association is independent of comorbid pain and psychological distress. Furthermore,
our results are supported by the dose-dependent relationship between degree of abdominal

pain in IBS and reduction of the pain thresholds.

To our knowledge, a possible age-dependent difference in pain sensitivity in IBS is poorly
described in the literature. In our studies the difference in heat pain thresholds between IBS
and controls was comparable for adults and adolescents (- 0.5°C and - 0.8 °C in adult and
adolescent IBS vs. controls). Similar trends towards lower pressure pain thresholds in IBS
were found in the two age cohorts, but the results are not directly comparable due to
different methodology (pain thresholds versus supra-thresholds in adolescents and adults,
respectively). The pressure pain threshold differences were small and not significantly lower
in adult IBS than in controls. Our results therefore indicate that IBS hyperalgesia, with lower
pain thresholds compared to controls, is independent of age. On the other hand, the same
age pattern was not found in the cold-pressor pain tolerance test. Adult IBS cases had
significant lower tolerance than controls, which was also found to be dose-dependently
related to degree abdominal pain in IBS. The same difference was not demonstrated in the
cold-pressor test among the adolescents, but comparisons are somewhat difficult due to the
ten-fold difference in sample size. Still, the lack of pain tolerance differences between
adolescent IBS and controls in the additional test (heat and pressure pain) supports the
validity of the cold-pressor results. A comparison of our two samples, therefore, indicates
that pain tolerance in IBS is age dependent. The reasons for this are not clear. The
proportion of subjects with comorbid chronic pain and psychological distress were similar for
adult and adolescent IBS cases compared to controls (approximately two and three times
higher than among controls, respectively), making it unlikely that these comorbidities
contribute to age-related differences. One possibility is that reduced pain tolerance

develops as a function of pain duration, which is much longer among adults than
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adolescents. Consequently, but theoretically, adults with IBS are more pain sensitized over

time. However, this hypothesis will need to be confirmed in prospective studies.
5.3. IBS prevalence and comorbidity

The adult IBS prevalence of 5.3% is in the lower range of the prevalence reported by
previous epidemiological reports.** It is also lower than Vandvik et al. found in a cross-
sectional population-based study in the Hedemark and Oppland Counties of Norway in 2001
(8.4%).>” Both studies used the IBS Rome Il criteria, but the higher prevalence found by
Vandvik et al. might be explained by the inclusion of younger adults than in our study (older
than 20 vs. older than 30 years of age). Our finding of higher prevalence among adolescents
from the same municipality of Tromsg (8.2%) is a further indication that this may be the
case, but the IBS criteria differ somewhat in the two studies. The sex and age distribution in
the study samples is an important issue when evaluating IBS prevalence, with the knowledge

that prevalence is higher in women than in men®? and decreases with increasing age.32'37

When comparing IBS prevalence studies is it important to be aware that the IBS criteria have
changed over time, mainly with respect to IBS symptom duration and frequency. The
differences are relatively small within the Rome IBS criteria,'** while poorer agreement is to
be expected with the earlier classification criteria (Manning criteria, which are less restrictive
compared to the Rome criteria)."** In a previous Tromsg Study from 1979-80 the prevalence
of irritable colon was 8% in men and 13% in women,'* but these results are not directly
comparable with the IBS prevalence estimates in our study due to differences in irritable

colon and IBS definitions.

There are few population-based pediatric studies of IBS prevalence, but it is reported to
increase during childhood and adolescence.®® Our estimates were lower than the prevalence
found in one North American study in 1996 (17%)* but somewhat higher than in a more

146

recent study of younger children in Germany aged 6 to 10 years (4.9 % ).”" The prevalence

of IBS is reported to be higher in both a Chinese (19.9%) and Japanese (19%) population-

based adolescent study, using the Rome Ill and Il criteria, respectively.w'148

Again,
comparing results is difficult due to differences in the IBS criteria and age composition of the
samples. It is possible that the higher prevalence found in the two Asian studies may reflect

true cultural and/or ethnic differences, but caveats above make this conclusion uncertain.**
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The high prevalence of psychological distress (HSCL > 1.85) in adult IBS accords with what is

10,37,150

described in the medical literature, as is the high rate of comorbid chronic pain.41

Although there are fewer studies on these issues in children and adolescents with IBS, the

8,44,151

same pattern of comorbidity has been found in children. In a study by Gulewitsch et

al., IBS symptoms were associated with increased emotional problems compared to children

without abdominal pain.146

These children also had increased levels of somatic symptoms
other than IBS, including non-abdominal pain, in accordance with our findings. To our
knowledge, only one community-based study of IBS in adolescents has been conducted
previously. In that study, a higher frequency of anxiety and depression symptoms were
reported in both children and adolescents with IBS compared to controls.® A higher
prevalence of headache was also reported in that study among children and adolescents
with abdominal pain compared to children without, but the prevalence of headache was not
specifically reported for the IBS subgroup. Consequently, we have shown that IBS symptoms
are common among adolescents in the general population and that these individuals have

an overall greater symptom burden, including higher rates of comorbid pain, anxiety, and

depression.
5.4. Abdominal pain symptom dimensions and depression

Although there are many studies on comorbid psychological problems in children with

abdominal pain,44’45’146

there is little knowledge about the association of the specific
abdominal pain symptom dimension with depressive symptoms. Both IBS and recurrent
abdominal pain symptoms in general were associated with symptoms of depression among
the adolescents, as described in paper 3 in this dissertation. These findings are in accordance
with what is described in previous comparable adult and pediatric studies. As described in

paper 3, the association was strong and only slightly attenuated after controlling for sex,

parental level of education, and comorbid chronic pain.

To study how specific pain and bowel symptoms were associated with depression, we
conducted further investigations within the group of adolescents with recurrent abdominal
pain (n = 257). This was done because these symptoms were not measured among pain-free
individuals, rendering analysis across this group meaningless. In the subgroup analyses,
abdominal pain intensity, distribution (number of pain sites), and comorbid chronic pain

remained the only significant predictors of depression. Remaining pain dimensions, including
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pain duration and frequency, and bowel symptoms that are mandatory for the IBS diagnosis
were not significantly associated with depression in the multi-variable analyses. That
abdominal pain per se is important in this association, rather than the associated bowel
symptoms in IBS, is further strengthened by the group analyses within the whole study
sample, which found comparable odds of depression for IBS (OR 2.4) and abdominal pain
(OR = 2.5) compared to controls. To our knowledge there are no similar reports for children
or adolescents with IBS or abdominal pain, when studying the specific pain dimensions in
multi-variable models, but some reports have described associations between mental health

and some of these dimensions individually.?*#%434>152

To our knowledge, the association
between abdominal pain and depression, the strongest association in our model, has not
been examined previously. Individuals that reported widespread abdominal pain had 5.5
times higher odds of depression compared to pain in a limited abdominal area (95% Cl = 2.6-
11.8). Furthermore, comorbid chronic pain was found to increase the odds of depression in
the same multiple logistic regression analysis (OR = 3.3 with 95% ClI = 1.6-6.8). Hence, the
pain distribution within and beyond the abdominal region appears to be the strongest
predictor of depression. Theoretically, a clinical implication could be that multi-site pain is
less “manageable” than single site pain. This implies that depression is a consequence of
chronic pain, but it is a question that remains unclear. But this interpretation is supported

by results from a prospective study where the number chronic pain sites were found to

predict mental stress symptoms later in life in a dose-dependent manner.*?

The association between abdominal pain severity and mental health problems has been
described in a few adult IBS studies. Heitkemper et al. found that psychological distress in
IBS is more strongly related to the abdominal pain severity than the predominant stool
pattern.’ Less is known about this association among children and adolescents with IBS,
but Hyams et al. found that abdominal pain severity was correlated with both anxiety and

depression among adolescents with IBS symptoms.>>

IBS severity and the burden of the disorder was reported by Bond et al. to be associated
with a combination of the different abdominal and bowel symptoms and to the extra-

intestinal somatic symptoms in 1BS. "

In that same study, IBS severity was the most highly
correlated with the non-bowel symptoms, including abdominal pain symptoms. Whether or

not the overall burden of iliness is associated with depression or other mental health
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problems is not addressed in the study. Another study reported that the degree of
abdominal pain is associated with impairments of physical functioning in IBS but not with

decreased mental functioning.'>

Clinically and in research, the sub-classification of IBS is primarily based on the bowel
symptoms (diarrhea- or constipation-prominent type of IBS, or mixed subgroups) rather than
other abdominal symptoms.’ The high grade of comorbidity is also not part of the
diagnostics and sub-classification of IBS, which some researchers have criticized.™® The
heterogeneity of patients with IBS may be at least partly explained by the lack of
discrimination between abdominal pain and discomfort in the IBS criteria. Studies have

17 With the knowledge

shown that patients with IBS distinguish these two symptom entities.
that the abdominal pain severity in IBS has a great impact on both mental health and quality
of life,”***® it seems reasonable to distinguish non-pain (discomfort) and abdominal pain

patients.
5.5. Methodological considerations
5.5.1. Representativeness

With the combination of a randomly sampled study population and a participation rate of
66% in wave 6 of the Tromsg Study, we could anticipate that the study sample was
representative for the general adult population above age 30 years in the municipality of
Tromsg, Norway. As discussed above, we found a relatively low IBS prevalence, which could
have been a consequence of the somewhat higher proportion older adults (median age 58
years) in addition to not including individuals below age 30 years. The participation rate in
the adolescent study was very high (92.4%) and included almost all adolescents in the study
area that attended the first year of the upper high school, but missing the adolescents that
were not enrolled or quit before the recruitment reached the specific school of attendance.
The exact number adolescents not attending or dropping out of first year high school before
recruitment is unclear. Therefore, IBS prevalence in these cases remains unknown. But
importantly, the associations of IBS and pain sensitivity, as the associations of abdominal
pain and depression are most likely not affected by possible under or over estimations of

abdominal pain and IBS prevalence’s in our study.
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5.5.2. Misclassification and measurement errors

As described in the Methods section above, the Rome Il and Ill criteria for IBS were used in
the adult and adolescent study, respectively. Most validation studies of the IBS criteria are
on clinical samples, and little is known about how the criteria perform in a population-based
setting. The IBS criteria sensitivity is considered moderate to reasonably good, compared to
clinical IBS diagnostics (0.7-0.9).">%2 Poorer specificity is reported in discriminating IBS from
organic diseases with similar abdominal and bowel symptoms (about 0.7), but the specificity
is reported to be better when typical red flag symptoms of organic disease are absent
(0.9).° Questions about the presence of red flag symptoms were not included in our study,
increasing the risk of misclassifying organic gastrointestinal diseases as IBS. But most of
these diseases are relative uncommon (e.g., celiac disease and inflammatory bowel disease)
in the general population compared to clinical populations. Furthermore, it is even less likely
that one these diseases is unrecognized or poorly treated (non-remission). Moreover, having
an organic bowel disease does not rule out the possibility of simultaneous comorbid IBS. We
therefore believe that the classification of the IBS cases in our study is reasonable correct,
with a relative small proportion of cases having an organic disease that causes their

abdominal pain and bowel symptoms.

The HSCL (10-item version) was used to identify participants with psychological distress
(anxiety and depression symptoms) in papers 1 and 2, and the SMFQ was used in paper 3 to
identify individuals with depression. Further details on these questionnaires are described in
the Methods section above. These measurements are developed for screening and are used
in epidemiological research, but they are not clinical diagnostic tools. As for IBS, there is a
risk of misclassification, but is reasonable to anticipate equal distribution of misclassification

in IBS and abdominal pain cases as in controls.

The within-session reliability of experimental pain assessment is typically found to be high
(Cronbach’s alpha > 0.9). ** Information on the long term stability of these measures (i.e. to
what extent they reflect a stable trait of the individual) is more sparse, but there is at least

some support for stability over time. **"'%?

Pain sensitivity assessments are still vulnerable for both procedural and technical errors.

One of the most important issues was to secure uniform pain sensitivity testing through
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standardized procedures, including exactly the same instructions to each participant.
Possible technician-related procedural and technical errors would most likely have a random
distribution among both the IBS cases and controls and would therefore not affect our study

results.

As described in the study flow charts above, participants with comprehension difficulties
(e.g., dementia) were excluded in screening before testing and further tests were of the
technicians reported as invalid due to non-comprehension. Still, we cannot exclude less
evident errors related to how the participants understood the procedural instructions. But
we believe that this problem was infrequent and, again, that the distribution of possible

errors is equal in both the IBS and control group.
5.5.3. Confounding

Both comorbid pain and psychological distress symptoms are known to be associated with
both IBS and pain sensitivity. If and to what degree the same symptoms are confounders in
the association between IBS and increased pain sensitivity is unclear, however, mostly due
to methodological issues and small sample sizes in previous case-control studies. That we
found an independent association between IBS and increased pain sensitivity after
adjustments for comorbid pain and psychological distress does not exclude confounding
effects. But, as discussed in the papers in this dissertation, the magnitude of IBS as an
independent predictor was only slightly attenuated after the same adjustments, indicating

only a small if overall present confounding effect.

Unnecessary adjustments could also be a consequence when a co-factor is added in the
analyses, but not fulfilling the confounding factor requirements as mentioned above. If the
factor is an intermediate factor rather than an independent factor, there is a risk of over-
adjustment errors in the analyses. Likewise if the factor is a consequence rather than a cause
of the outcome in question. Adjustment errors could also be a consequence in situations
where the factor is completely out of the system of interest or only associated with either
the main predictor or outcome. In these situations, adjustments will not necessarily alter the
magnitude of the crude association but will primarily reduce the precision in the analyses
(wider confidence interval). As discussed in paper 2 in this dissertation, psychological

distress symptoms were not a significant covariate in the analyses of the pressure pain
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thresholds in IBS and controls. Furthermore, the mean difference between IBS and controls
was basically unchanged after controlling for psychological distress symptoms, but the
confidence interval increased, and the differences between IBS and controls turned out to
be non-significant after the same adjustments. This may therefore be an over-adjustment
rather than a true confounding effect. As discussed in paper 2, an additional cause may be
related to the relatively small IBS sample in the adolescent study (type Il error). The same
power problem could also explain the somewhat inconsistent heat pain threshold findings in

the adult IBS pain subgroups described in paper 1.

Finally, the independent association between IBS and increased pain sensitivity found does
not rule out the possibility of residual confounding. In our analyses, as discussed in the

papers, symptoms of somatization in IBS are a possible residual confounder.
5.5.4. Incomplete data

If there were missing data in the IBS module and participants had responded in the prior
guestion that they had no abdominal pain during the last year, they were categorized as no-
IBS (= controls). But when missing answers in both the IBS module and the prior
guestionnaire item on chronic abdominal pain they were handled as missing (n = 1621 and
12.5%). The relatively high proportion of incomplete IBS data may have affected the IBS
prevalence estimates and, to a lesser degree, the main analyses of associations between IBS
and pain sensitivity. Missing answers were somewhat more frequent among both male and
the older participants, but we did not discover any evident differences between the two

groups in prevalence of comorbid chronic pain and psychological distress.

Imputation techniques were not conducted in our studies, but as described above, missing
HSCL scores were replaced by the mean of the completed answers, which is in accordance
with procedures followed in other previous studies.?® Participants missing more than three

of 10 answers were handled as missing (n = 684 and 5.3%).

Participants missing physical pain sensitivity measurements were compared with the
participants that had undergone the testing. This is described in paper 1, with the finding
that there were no differences in IBS prevalence between these two groups, but the

participants with missing measurements were somewhat older, more often women, and had
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more psychological distress than the participated that had the testing. As described in the

paper, these differences were not significant after controlling for sex and age.
5.6. Conclusions, implications, and future studies

The association between IBS and increased widespread pain sensitivity among adolescent
and adult individuals in the general population, which was found to be independent of
comorbid pain and psychological distress, is the main and most important finding of our
project. This finding confirms results from previous clinical case-control studies and expands
on previous studies by providing grounds for generalizing to the general population. Our
finding provides strong evidence of CNS involvement in the disorder and central pain

sensitization mechanisms in IBS.

Furthermore, we found that diffuse widespread abdominal pain, multi-site chronic pain, and
abdominal pain intensity were all independently associated with depression. Whether or not
the same pain dimensions are risk factors for or consequences of depression remains to be
elucidated in prospective studies, but our results support screening for depression among

adolescent patients with severe abdominal pain and multi-site pain.

The strong association between abdominal pain intensity and both hyperalgesia and
depression support greater attention on abdominal pain per se in IBS. By contrast, pain-free
IBS and IBS related bowel symptoms were not independently related to these outcomes.
This suggests that the diagnostic classification of the disorder may be improved by
distinguishing IBS patients with abdominal pain from those reporting discomfort without

pain.

Our study was cross-sectional and therefore unsuited for demonstrating order effects and
testing hypotheses about causal relationships. The upcoming seventh Tromsg study, where
all participants in both the adolescent and adult samples will be invited for a repeated
examination, may contribute in better understanding of the temporal relationships between

IBS, hyperalgesia and depression.
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