oHtSst3|X| M43 M5, 2013 10€

J Korean Acad Nurs Vol.43 No.5, 579-586
http://dx.doi.org/10.4040/jkan.2013.43.5.579
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Purpose: This article provides an update and overview of a nursing research program focused on understanding the
pathophysiology and management of irritable bowel syndrome (IBS). Methods: This review includes English language papers
from the United States, Europe, and Asia (e.g., South Korea) from 1999 to 2013. We addressed IBS as a health problem,
emerging etiologies, diagnostic and treatment approaches and the importance of a biopsychosocial model. Results: IBS is a
chronic, functional gastrointestinal disorder characterized by recurrent episodes of abdominal pain and alterations in bowel
habit (diarrhea, constipation, mixed). It is a condition for which adults, particularly women ages 20-45, seek health care servic-
es in both the United States and South Korea. Clinically, nurses play key roles in symptom prevention and management in-
cluding designing and implementing approaches to enhance the patients’ self-management strategies. Multiple mechanisms
are believed to participate in the development and maintenance of IBS symptoms including autonomic nervous system dys-
regulation, intestinal inflammation, intestinal dysbiosis, dietary intolerances, alterations in emotion regulation, heightened vis-
ceral pain sensitivity, hypothalamic- pituitary-adrenal dysregulation, and dysmotility. Because IBS tends to occur in families,
genetic factors may also contribute to the pathophysiology. Patients with IBS often report a number of co-morbid disorders
and/or symptoms including poor sleep. Conclusion: The key to planning effective management strategies is to understand
the heterogeneity of this disorder. Interventions for IBS include non-pharmacological strategies such as cognitive behavior

therapy, relaxation strategies, and exclusion diets.
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INTRODUCTION

Symptom science is emerging as an important opportunity to meld
nursing science conducted at the bedside or ambulatory care centers
with that conducted at the bench. Clinically nurses play key roles in
symptom prevention and management including designing and imple-
menting strategies to enhance self-management strategies for patients
and their caregivers. Using clinical observations and careful description
as well as randomized clinical trials, the field of nursing science has con-
tributed importantly to each of these components. At this time we are
poised to delve even further as we test the links between basic science,
pathobiology, behavior, and symptoms using newer techniques includ-

ing genomics, proteomics, and metabolomics. Although the study of

symptoms and clinical phenotype have long been the focus of nursing
research, the label of ‘symptom science’ ofters the opportunity for nurs-
ing scientists to view the work we do within a broader framework and to
incorporate additional tools from other disciplines. In this paper we
present an update on our work focused on a common functional gastro-

intestinal (FGID) disorder, irritable bowel syndrome (IBS).

IRRITABLE BOWEL SYNDROME:
A HEALTH PROBLEM

Approximately 10-20% of adults in the United States (US) and 6.6-
9.0% in South Korea (Park et al,, 2010) experience chronic abdominal

symptoms (abdominal pain/discomfort and associated bowel changes
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[constipation and/or diarrhea]) compatible with a diagnosis of IBS
(Drossman et al., 2006). In the US as well as other western countries,
women seek health care services disproportionately more than men. The
public health impact of IBS in the US is enormous with direct costs to-
taling approximately $1.35 billion/year and indirect costs about 205
million/year (Inadomi et al,, 2003) . In South Korea, the direct medical
costs were approximately $96 million (108 billion KRW) in 2007 by the
National Health Insurance Statistical Yearbook (Jung et al,, 2011) and it
is increasing,

Despite the public health importance of FGIDs, progress defining the
mechanism (s) accounting for symptoms (particularly pain) and
delineating effective pain interventions has been slow. In part, because
the definition of the disorder has changed over time (Rome criteria), is
symptom-based, and is open to interpretation (Camilleri & Talley,
2004; Gwee & Ghoshal, 2010). Although phenotype-based diagnosis in
IBS has been suggested to be valid, studies have questioned these find-
ings (Camilleri & Talley; Gwee & Ghoshal; Moayyedi & Ford, 2011). Our
work to date underscores the challenges with phenotype-based diagno-
sis (Cain et al,, 2006; Cain, Jarrett, Burr, Hertig, & Heitkemper, 2007;
Goo et al, 2012). Yet, phenotype-based categorization commonly dic-
tates what is done clinically for these patients. For example, the lack of
non-invasive biomarkers that discriminate among IBS, inflammatory
bowel disease (IBD), cancer, and celiac disease in patients and healthy
individuals contributes to the number of diagnostic procedures and
clinical burden of chronic GI pain condition (Halpert, 2010). Thus, as
noted by leaders in IBS, use of clinical phenotyping alone is not enough
(Camilleri & Talley; Gwee & Ghoshal; Moayyedi & Ford). They advocate
development of biomarkers to identify pathophysiological mechanisms
in IBS to elucidate the etiology, define the diagnosis, predict the progno-
sis, speed up development of treatment/management strategies, and re-
duce IBS-related costs.

The primary hypothesis of our on-going studies is that factors con-
tributing to the experience of pain and life disruption in IBS vary among
subgroups distinguished by factors other than stool pattern. Under-
standing those factors and how they interact concurrently is central and
essential to development of interventions to reduce or alleviate pain and
disability and enhance quality of life (Chitkara, van Tilburg, Blois-Mar-
tin, & Whitehead, 2008). By improving knowledge of the pathobiology
operative in IBS, our results will likely impact future therapeutic efforts

and symptom management.
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EMERGING VIEW OF THE ETIOLOGY OF IBS

Studies suggest an interplay among increased GI permeability (‘leaky
gut’), abnormalities in the composition of the GI microbiota (bacteria,
their genomes and interaction with the host), altered immune responses,
autonomic dysfunction, altered bile acid metabolism, and psychological
distress lead to the symptoms and the subsequent functional impact of
IBS (Camilleri, Lasch, & Zhou, 2012). Recent studies of pathobiological
markers support the hypotheses that IBS can develop from centrally
dominant factors such as early adverse events/stress (Bradford et al.,
2012), significant life events with moderate stress in adults (Alonso etal,,
2008), luminal factors (infection, alterations in the GI microbiota [dysbi-
osis|) triggering immune activation (Hughes et al, 2013), or all three. In
some these occur concurrently or interactively. For example, stress can
increase or slow GI motility (Konturek, Brzozowski, & Konturek, 2011)
thereby moditying the microbiota with subsequent immune activation
that generates symptoms. Increased permeability may be due to genetic
susceptibility in the inflammatory response and/or dysbiosis leading
subsequent host immune responses and symptoms. Based on prelimi-
nary data and the literature, our group has started to focus on additional
mechanisms that may distinguish groups, clarify pathophysiology, and

lead to more personalized care.

1. Microbiome

The largest microbial mass in the body is found in the GI tract, with
estimates of >10" organisms present. Recent advances have identified
novel associations of the gut microbiota with diverse diseases such as
obesity, diabetes, rheumatoid arthritis, colorectal cancer, IBD, and IBS
(Rajilic-Stojanovic et al., 2011). The microbiota is important in influenc-
ing immune and inflammatory responses within the GI tract, but may
also influence systemic inflammatory responses. For example, in pa-
tients with type II diabetes altered proportions of Firmicutes and Bacte-
roidetes have been identified, along with increased levels of Gram-nega-
tive Proteobacteri (Larsen et al, 2010). These compositional changes may
induce a pro-inflammatory state characterized by altered peripheral cy-
tokine and bacterial lipopolysaccharide levels (Cani et al., 2008). In other
studies microbiota composition was found to be related to severity of ab-
dominal pain and stooling characteristics in children (Cani et al; Saul-
nier et al, 2011). Visceral hyperalgesia is a common finding in IBS (ap-

proximately 25-50%) and it may be related to microbiota composition
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(Camilleri etal,, 2008). A current hypothesis is that abnormal microbiota
activate mucosal innate immune responses which increase epithelial
permeability, activate nociceptive sensory pathways and dysregulate the
enteric nervous system (Arumugam et al, 2011; Jeftery et al,, 2012).

Some commensal GI microbes are responsible for inflammation-re-
lated hyperalgesia via toll-like receptors whereas others can down regu-
late afferent pain signals from the gut (Aguilera, Vergara, & Martinez,
2013; Amaral et al,, 2008; Eutamene et al.,, 2007; Rodriguez-Fandirio,
Hernandez-Ruiz, & Schmulson, 2010). The ability of microbes to alter
pain perception and function underlies the use of probiotics (Moayyedi
etal, 2010). Visceral sensitivity was heightened in mice receiving the IBS
stool implant but not in those receiving healthy control implant suggest-
ing that, at least in this model, changes in microbiota can be linked to
visceral sensitivity. Additional factors that alter GI microbiota composi-
tion include stress and diet. Studies with rodents show the relationship
of the microbiota to anxiety-like and depression-like behaviors (Bercik
etal, 2011; Dinan & Cryan, 2012). When compared to specific patho-
gen-free mice, germ-~free mice display lower levels of anxiety-like be-
havior in response to water maze (Neufeld, Kang, Bienenstock, & Foster,
2011). Infection and gut inflammation increase anxiety-like behavior in
germ-free mice and probiotics can reduce the anxiety- and/or depres-
sive-like behavior due to maternal separation, inflammation, and para-
site infections (Foster & McVey Neufeld, 2013). Some healthy adults
show improvement in anxiety and depression after taking probiotics
(Messaoudi et al,, 2011). Knowledge about the links between intralumi-
nal microbiota and pain sensitivity may be important in developing di-

agnostic tools as well as testing therapeutic approaches.

2. Immune Function

Under normal conditions the immune system including anti-inflam-
matory cytokines such as interleukin-10 (IL-10) plays central roles in
maintaining immunologic tolerance to harmless substances in the in-
testine (Rodriguez-Fandino et al., 2010). Inflammation can affect the
function of smooth muscle and enteric nerves resulting in clinical symp-
toms of dysmotility and pain (Cremon et al,, 2009). Studies indicate that
in some IBS patients’ low grade GI inflammation (without gross evi-
dence of inflammation) relates to abdominal pain symptoms (Cremon
et al; Shulman, Eakin, Czyzewski, Jarrett, & Ou, 2008). The Walkerton,
Ontario Canada Campylobacter outbreak patients who were followed

for a number of years post infection provide data linking infection, in-
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flammation, barrier function and IBS (Marshall et al., 2004). However, a
convincing history of enteritis with onset of IBS is present only in a sub-
set of patients with IBS (Jeffery, Quigley, Ohman, Simrén, & O’ Toole,
2012). The literature reveals inconsistencies as to whether pro- and/or
anti-inflammatory cytokines are altered in IBS patients (Chang et al,,
2012; Schmulson et al,, 2012). It is our hypothesis that in adults with IBS
in whom the etiology may be due to dysbiosis, an elevation in serum
anti- and pro-inflammatory cytokines may signal either a state of
chronic immune stimulation and/or an alteration in cytokine signaling
pathways. A schematic of this potential pathway (for at least a subset of

IBS patients) is shown in Figure 1.

3. Diet

Diet has long been proposed to contribute to the IBS symptoms. We
noted in an early study that patients with IBS often identify food as an
important cause of their symptoms. Adults and children with IBS com-
plain of subjective food intolerance more commonly than healthy con-
trols (Hsueh et al., 2011; Jarrett, Visser, & Heitkemper, 2001). However,
patients with IBS normally eat a diet similar to controls and the com-
mon reasons for diet-related symptoms (e.g., celiac disease) are not more
prevalent in IBS than controls (Hyams, Hyman, & Rasquin-Weber,
1999). An alternative explanation for IBS symptoms is that consumption
of poorly digested fermentable foods (e.g, oligo-, di- and mono-sac-
charides, polyols [FODMAPs]) are acted on by colon bacteria resulting
in increased gas production, abdominal pain/discomfort and potentially
mood alterations. For example, adults with IBS-like symptoms and
fructose malabsorption (that likely alters the GI microbiota composi-
tion) have higher depression scores than those without malabsorption

(Ledochowski, Widner, Bair, Probst, & Fuchs, 2000).

Genetic factors
Mucosa Systemic
Low-grade Increased cytokine
‘ inflammation > levels Stress

Altered microbial flora

X Symptoms
Diet Increased gut permeability (Gl & Psychological)

Figure 1. Proposed model for a subset of patients with Irritable Bowel
Syndrome (IBS).
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4, Genetics

In western societies familial aggregation of IBS occurs (Heitkemper,
Kohen, Jun, & Jarrett, 2011). Genetic association approaches have been
used to assess candidate pathways involved in IBS symptoms and the
comorbidity of psychiatric conditions and psychological distress (Jarrett
etal, 2007). Serotonin (5-HT) is an important neurochemical mediator
and its availability is changed by alterations in 5-HT biosynthesis or
reuptake. Serotonin reuptake transporter (SERT) acts as the major regu-
lator of serotonergic neurotransmission by controlling intensity and du-
ration of serotonergic signaling via reuptake of 5-HT into the synapse
(Heitkemper et al.). The most frequently studied genetic variants of
SERT, 5-HTTLPR, is a 43 base pair insertion/deletion polymorphism
located in the promoter region, resulting in a short (s) and a long (1) al-
lele. The s-allele of 5-HTTLPR is associated with higher vulnerability
to psychological distress (Kumar, Ranjan, Mittal, & Ghoshal, 2012). Oth-
ers have shown that genetic variations are associated with higher pain
ratings; whereas evidence for an association of 5-HTTLPR with specific
bowel symptoms (diarrhea, constipation) of IBS is inconclusive (Kumar
etal). However, our preliminary data suggest that SERT polymorphisms
are associated with diarrhea in those with high permeability indicating
an association of SERT genotype with an endophenotype.

Tryptophan hydroxylase (TPH) is the rate-limiting enzyme of sero-
tonin synthesis and has two isoforms, TPHI and TPH2 (Walther &
Bader, 2003). TPH-2 is mainly expressed in the brain, while TPH1 is
expressed both in the brain and in the periphery such as enterochromat-
fin (EC) cells in the gut (Walther & Bader; Zill et al., 2007). Our recent
work showed possible associations between TPH1 gene polymorphisms
and daily reporting of GI symptoms in European-American women
with IBS (Jun, Kohen, Cain, Jarrett, & Heitkemper, 2011). This study also
showed possible associations between a TPH2 polymorphism and stool
characteristics, such as diarrhea and constipation.

Given the potential role that inflammation may play in IBS, genes in-
volved in cytokine production and/or receptors is another avenue for fu-
ture research. Based on observations that the low-expressing IL-10 gene
is associated with inflammatory bowel disease (IBD), Camilleri and
Katzka (2012) reviewed the literature linking IL- 10 gene polymorphisms
with IBS. Two European studies provide conflicting evidence as to
whether IL-10 genotype is associated with IBS. Such discrepancies may
be related to differences in ethnic compositions or differences in the

classification of IBS. IL-10R1s are expressed by many cells involved in
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the adaptive and innate immune system. IL-10R2s are expressed on epi-
thelial cells. By testing the association of permeability, dysbiosis, cy-
tokine levels, and symptoms with IL-10R1 and IL-10R2 polymor-
phisms we may be able to gain insights into the value of peripheral in-

flammatory targeted gene studies in IBS.

5. Pain

Evidence suggests that patients with IBS are more vigilant to pain-asso-
ciated stimuli. One mechanism to look at pain sensitivity is to assess con-
ditioned pain modulation (CPM) under laboratory conditions (Coéffier et
al, 2010). In a pilot study we assessed CPM efficiency in women using a
heat test stimulus and cold water condition stimulus in a laboratory be-
tween 8-10 am (follicular phase of menstrual cycle). Compared to
healthy control women (ages 18-45), women with IBS reported more
days with somatic pain/discomfort, psychological distress, fatigue, and
feeling stressed. During the CPM baseline testing women with IBS re-
ported greater pain sensitivity compared to the control group. In the IBS
group, CPM efficiency was associated with the pain impact measure,
daily abdominal pain/discomfort, psychological distress, in particular
anxiety. Impaired CPM was present in a subset of IBS women suggest-
ing that other factors such as alterations in luminal factors account for
symptoms. These results suggest that there is an overall increase in self-
report of pain-related conditions, increase in thermal pain sensitivity,
and for about a quarter of the women a decreased ability to inhibit pain

sensation (Jarrett et al., 2009).

6. Sleep

Patients with IBS frequently report co-morbid pain-related condi-
tions and daily fatigue as well as the interference of symptoms, quality of
life and everyday functioning (Lackner et al., 2006). Among the most
commonly reported symptoms accompanying IBS is poor sleep, includ-
ing difficulty getting asleep, frequent awakenings during sleep, feeling
un-refreshed in the morning, and poor overall sleep quality (Bellini et
al,, 2011; Heitkemper et al., 2005). Over the past 20 years, our research
group has conducted a series of observational studies on sleep outcomes
(self-report and objective) and symptoms in women with IBS. This work
has shown that self-reported sleep disturbance and poor self-rated sleep
quality in persons with IBS is associated with next-day GI symptoms

including bowel pattern alterations and abdominal pain/discomfort
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(Jarrett, Heitkemper, Cain, Burr, & Hertig, 2000). Such findings are fur-
ther supported by studies with nurses and medical residents who report
more Gl symptoms when working shift work or nights (Nojkov, Ruben-
stein, Chey, & Hoogerwerf, 2010).

Despite consistent evidence of disturbed sleep on self-reports objec-
tive measures of sleep have not consistently demonstrated sleep distur-
bance in persons with IBS. Polysomnography (PSG) differences in per-
sons with IBS versus healthy controls include increased time to rapid eye
movement (REM) sleep (Heitkemper et al., 2005) and decreased slow
wave sleep (Rotem et al., 2003). Elsenbruch with Orr (Elsenbruch,
Thompson, Hamish, Exton, & Orr, 2002) reported that while self-report
of disturbed sleep was greater in a group with IBS there were no differ-
ences in PSG variables (REM and non-REM sleep stages) when com-
pared to a group of healthy controls. However, in a follow-up study
these investigators reported that women with IBS who reported severe
depressive symptoms and increased GI symptom severity were more
likely to have sleep complaints and increased REM latency as compared
to controls (Robert, Orr, & Elsenbruch, 2004).

Many of the early sleep studies are limited by small sample sizes and
lack of control for potential co-founding variables, most notably the
‘first night’ effect (Heitkemper et al., 2005). In an early study, the women
with IBS had longer latency to stage II sleep on PSG than the healthy
controls (Heitkemper et al.). This difference was present on both the first
night and second night in the sleep laboratory. This finding may indi-
cate a different response to the stress or novelty of the laboratory setting
in women with IBS versus controls. Based on the hypothesis that sleep
changes might reflect increased stress reactivity in a person with IBS, a
follow-up study added the anticipation of public speaking stressor on
PSG (i.e,, on the third night at bedtime women were informed that they
would have to give a short speech the following morning). As hypothe-
sized, this stressor elicited several sleep differences between IBS and
control women, including reduced sleep efficiency, increased time
awake, and reduced time in REM (Heitkemper et al,, 2012). This differ-
ence persisted even when data from the second night (or baseline) were
controlled in the analyses. In addition we found elevations in serum
cortisol but not adrenocorticotrophic hormone (ACTH) in women
with IBS compared to controls (Heitkemper et al.). There remains the
need for rigorous multi-night home or laboratory PSG studies of per-
sons with IBS to determine the influence of sleep on symptoms and

quality of life.
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DIAGNOSIS & TREATMENT OF IBS

With regard to developing diagnostic tools, our team has explored the
utility of urine proteome characterization as a non-invasive biomarker.
We used “shotgun” mass spectrometry to identify urine proteins in IBS
and healthy control women. The differences in the urine proteome exist
among symptomatically distinct groups of patients with IBS. However,
like all body fluids there was large inter-and intra-individual variations
(Jeffery etal., 2012). Several of the proteins that showed distinctive differ-
ences among [BS subgroups were ones involved in homeostasis of intes-
tinal function. For example, mucin 1 (MUCI) and trefoil factor 3 (TFF3)
are mucosal epithelial membrane-bound molecules synthesized by the
intestinal goblet cells (Eutamene et al., 2007). Because the functional in-
tegrity of the intestine is important for defense against injury and patho-
gens, alterations in these proteins could result in mucosal inflammation
and injury. As such the mucus layer and membrane-bound molecules
such as TFE3 are the major components to protect/repair the epithelium.
Thus, any change among these molecular components would affect the
intestinal environment and result in increased permeability and subse-
quent inflammation. Increased permeability and elevations in tissue cy-
tokines have been described in some patients with IBS (Aguilera et al,,
2013). Research on the utility of urine proteomics as biomarkers for IBS
is just beginning, Ideally, a proteomic biomarker would be one that dis-
tinguishes IBS subgroups from each other, healthy controls, and those
with disease such as IBD. If such a biomarker can be found then samples
from easily accessible body fluids such as urine, stool, or saliva could be
collected non-invasively and tested.

Treatments for IBS include symptom-specific medications (ie, anti-
spasmotic, antidiarrheal, anticonstipation, antidepressants, antibiotics),
dietary management (e.g., fiber, elimination of trigger foods, probiotic)
and psychological therapies (e.g., cognitive behavioral treatment [CBT],
hypnosis, mindfulness meditation), herbal therapies, and acupuncture.
Ofthese, only psychological therapies and a few drugs (e.g., lubiprostone,
rifaximin, SSRIs) are recommended by national guidelines (e.g., Ameri-
can Gastroenterology Association [AGA], American College of Gastro-
enterology [ACG]) for select patient subgroups (American College of
Gastroenterology Task Force on Irritable Bowel Syndrome et al., 2009).
In 2012, the British Dietetic Association guideline for IBS recommended
the dietary elimination of malabsorptive foods (e.g, lactose, fermentable
carbohydrates) and use of probiotics for IBS (McKenzie et al,, 2012). The

recommendations for psychological treatment are based on in-person
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CBT delivered by well-trained physician, psychologist, or nurse in a
specialty clinic. We have demonstrated in our preliminary work that an
intervention including nurse-delivered CBT provided over the tele-
phone (Jarrett et al., 2009) for most of the sessions is equally effective as a
9-session in-person delivery. Ljotsson et al. (2011) effectively delivered a
similar intervention through an internet platform thus expanding the
potential impact of CBTs.

We have developed a nurse therapist-delivered intervention, Com-
prehensive Self-Management (CSM). The sessions start with what IBS is
and is not (e.g., cancer) followed by sessions on breathing-relaxation
techniques for stress reduction, dietary assessment to identify trigger
foods, and cognitive restructuring of negative thoughts, tailored to the
individual. Our studies have evaluated CSM delivered in-person as well
as delivered mostly by telephone, and demonstrated that both delivery
methods are effective in reducing symptom distress and enhancing
QOL (Heitkemper et al,, 2004; Jarrett et al., 2009). Our results are consis-
tent with the meta-analyses for CBT in that therapy from a well-trained
therapist can help patients to reduce symptoms and stress, and increase
QOL (Lackner, Mesmer, Morley, Dowzer, & Hamilton, 2004). A chal-
lenge to the dissemination of this evidenced-based CSM program is the
lack of access to therapists qualified to provide nutritional counseling
and CBT therapy as well as limited clinician time in primary and spe-
cialty clinics. This is particularly true in medically underserved areas
where attendance at multiple appointments is not feasible, flexibility in

scheduling is limited, and travel-related costs are expensive.

CONCLUSION

IBS should be viewed within a biopsychosocial model that considers
pain, sleep, peripheral (luminal), immune activation, stress, autonomic
nervous system dysregulation, genetics, as well as current and lifetime
stress exposure. To date these measures have primarily been examined
separately in patients’ phenotypes using retrospective recall of bowel and
discomfort symptoms. Such information is important to designing and

tailor therapies.
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