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Abstract

Irritable bowel syndrome is considered a biopsychosocial disorder, whose onset and precipitation are a consequence of interaction among multiple factors which include motility disturbances, abnormalities of gastrointestinal sensation, gut inflammation and infection, altered processing of afferent sensory information, psychological distress and affective disturbances. A number of models have been proposed in order to describe and explain irritable bowel syndrome, each of them focusing on specific aspects or mechanisms of the disorder. This review will attempt to present and discuss different determinants of irritable bowel syndrome and its symptoms, from a cognitive behavioural therapy framework, distinguishing between the disorder's developmental predispositions and precipitants, and its perpetuating cognitive, behavioural, affective and physiological factors. The main focus in the understanding of irritable bowel syndrome will be placed on the numerous psychosocial factors, such as personality traits, early experiences, affective disturbances, altered attention and cognitions, avoidance behaviours, stress, coping and social support. In conclusion, a symptom perpetuation model will be proposed. 
©2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Irritable bowel syndrome is a complex, biopsychosocial disorder usually developing under stressful events which build upon an altered, hypersensitized baseline, underlined by physiological specificities and heightened neuroticism. The onset of symptoms is followed by inappropriate cognitive interpretations which could be accompanied by affective disturbances. We consider increased attention to visceral sensation and different manifestations of anxiety to be key components which may lead to symptom exacerbation and perpetuation. This distinctively applies to patients who express higher trait neuroticism and are more prone to interpret even mild somatic changes as serious symptoms. An individualised approach is necessary for each patient in order to get an estimate of the respective patient's current physical and psychological status.
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INTRODUCTION

One of the most common functional gastrointestinal disorders (FGID) is irritable bowel syndrome (IBS), broadly defined as a variable combination of chronic GI symptoms, such as abdominal pain and discomfort and change in stool form and frequency, that are not explained by structural or biochemical abnormalities[1]. Additional characteristics include a high female predominance, a heterogeneity of symptoms in relation to the predominating bowel habit (constipation-predominant, diarrhoea-predominant or alternating symptoms) and common extra-intestinal symptoms and comorbidities[2].

Despite a large body of research, IBS is still poorly understood and there is a need for a more comprehensive model of the disorder. It is currently accepted that symptom formation involves an interaction among multiple factors which include motility disturbances, abnormalities of gastrointestinal (GI) sensation, GI inflammation and infection, altered processing of afferent sensory information, psychological distress and affective disturbances[1,3,4]. In other words, IBS is considered a biopsychosocial disorder[5].

This review will address the biological and psychosocial factors which possibly contribute to the onset and perpetuation of IBS symptoms. In the first part of the review we will describe previous findings on different components of the cognitive behavioural therapy (CBT) model that are relevant for understanding IBS. In the second part of the review we will present a new model of IBS symptom perpetuation where attention to visceral sensation and different manifestations of anxiety have a central role.


According to the biopsychosocial model[6] illness is viewed as a multifactorial entity resulting from the interactions between psychosocial and biological factors in the aetiology and progression of disease[7]. This model has become popular in explaining and clarifying the etiological mechanisms relevant for functional somatic syndromes in general and functional GI disorders in particular[8-11]. A number of specific biopsychosocial models of IBS have been proposed, some emphasizing the contribution of biobehavioural factors[4,12-14] and others emphasizing the contribution of psychosocial factors[15-18]. 

There is a consensus that a CBT approach offers a generic framework for understanding functional somatic syndromes, such as IBS, while also providing an effective treatment[5,11,19-24]. This approach is based on the classical CBT model of emotional distress proposed by Beck[25] which distinguishes between its developmental predispositions and precipitants, and its perpetuating cognitive, behavioural, affective and physiological factors. The CBT model has several advantages, for example it uses operationally defined concepts resulting in a large body of supporting research and it is implemented in a wide range of illnesses, from heart disease to IBS[11,25].


 The CBT model is built around three core concepts that help define the development and maintenance of IBS symptoms[11,20,21]. The first of these concepts incorporates the biopsychosocial assumption that biological (e.g., bowel inflammation, hormonal changes, autonomic dysfunction, abdominal pain), psychological (e.g., altered attention, anxiety and depression, symptom interpretations, illness behaviour) and social (e.g., environmental influences, social support) domains are equally important components in the understanding of illness. The second core concept is the differentiation among predisposing vulnerabilities for IBS (e.g., genetics, early experiences, neuroticism), those that precipitate the development of this condition (e.g., adverse life events, everyday hassles), and those that maintain them once they have been established (e.g., sensitisation, selective attention). Finally, the third core concept of the model is the assumption that individuals can take control of the effect their illness has on their life by changing their cognition and behaviour which would affect physiology and emotion, and vice versa.  


In Figure 1 we illustrate the core concepts of the CBT model of IBS. This model is based on the existing data on IBS patients and it incorporates various aspects of the disorder, which have already been recognized as important by other researchers in previously published models[4,12-18].
Although the model separates predisposing, precipitating and perpetuating factors, one must keep in mind that they are continuously involved in bidirectional interactions, which means that in the context of mechanisms and processes they cannot be separated. Some components of the model can be considered either as predisposing, precipitating or perpetuating, depending on context, personal history or current illness status. For example, trait anxiety is related to neuroticism as a possible predisposing factor, state anxiety is a common reaction to various stressful situations (precipitating factor), but anxiety sensitivity also plays an important role in perpetuating the symptoms of the disorder.
Each of the model components will be described in detail in the context of IBS. 

PREDISPOSING FACTORS

This component of the model relates to those factors which increase an individual's susceptibility to developing a wide range of functional disorders. Among them, genetics may play an important role but due to lack of obvious pathology (e.g., specific biomarkers of disease) research for specific genes has been somewhat difficult. Genetic predispositions are shaped by early experiences which have been found to have significant influences on illness development. Finally, neuroticism as a personality trait has been repeatedly confirmed as a general predisposition for experiencing distress and has been recognized as a common trait underlying vulnerability to various illnesses[20,26,27].
Genetics
In spite of some inconsistent findings there is a general accordance with the hypothesis that IBS may be a complex genetic disorder. Family and twin studies have clearly established a genetic component in IBS and several studies point to genetic contributions to IBS[28,29]. Gut motility, visceral secretion, persistent pain, mood, sensation and inflammation are under a great influence of genotype. There are several potential candidate genes which have been associated with IBS. Research has been focusing on the relations of various gene polymorphisms with IBS symptom manifestations. Gene polymorphisms involve the serotonergic, adrenergic and opioidergic systems, and genes encoding proteins with immunomodulatory and/or neuromodulatory features[30]. A detailed review of genetic polymorphisms is far beyond the scope of this paper, therefore only a few will be mentioned (for a full review see Fukudo and Kanazawa[31]). One of the well-studied potential genetic groups involves the genes related to serotonergic mechanisms. Serotonin transporter or solute carrier 6A4 (SLC6A4) is the protein involved in serotonin reuptake after it has interacted with the downstream receptor. SLC6A4 is also expressed in the GI tract and there is conflicting data as to whether it is underexpressed in mucosal biopsies of IBS patients[32,33]. This may be partly because of small sample sizes and ethnic heterogeneity within the cohorts studied. Mutations in the serotonin receptor gene (5-HT2A, 5-HT3A, 5-HT3D) are another important mechanism which can cause disturbed 5-HT function. Higher expression can be associated with more severe pain in patients with IBS[34]. Furthermore, serotonin transporter polymorphism (5-HTT) could predispose stress hypersensitivity in patients with IBS[35]. Of course, a cautious approach is needed before making firm conclusions about the genetics of IBS. Some of the studies in this field have certain methodological issues, or are yet to be replicated.

Early experiences
Research indicates there is a relatively high (from 30% to 56%) rate of abuse history among IBS patients[36], even when compared to patients with organic GI diseases[37]. A population-based survey revealed that the prevalence of childhood abuse is significantly higher in persons with IBS compared to those without IBS[38]. In addition, there is a higher likelihood of GI symptoms in victims of abuse[39] which would imply there is a relationship between abuse and GI symptoms. Research on early adverse life events (EALS), which encompass a wider array of traumatic experiences than abuse alone, shows similar results. In a study by Videlock, Mayer, Naliboff, and Chang[40], IBS was associated with a higher total early life trauma score, which includes general trauma, as well as physical, emotional and sexual abuse under the age of 18. This relationship was significant even after controlling for anxiety and depression. In another study[41], female IBS patients reported a higher prevalence of general trauma, physical punishment, emotional abuse and sexual events when compared to healthy controls. Emotional abuse was the strongest predictor of IBS. Although IBS treatment is primarily directed at precipitating factors while early experiences are a possible predisposing factor, addressing them during treatment might be beneficial for symptom reduction and quality of life improvement. 

Neuroticism and other personality traits
Research in a number of countries has shown IBS patients have higher levels of trait neuroticism than healthy persons[42-49]. Neuroticism refers to a broad dimension of individual differences in the tendency to experience negative emotions and express associated behavioural and cognitive traits. Some of the traits that define neuroticism are fearfulness, social anxiety, helplessness, poor inhibition of impulses and irritability[50]. Even though neuroticism scores vary slightly depending on age, sex and socioeconomic status, studies of the associations of neuroticism and health have controlled for these demographic factors and still found a significant negative association of neuroticism and health. Neuroticism has been linked to a number of mental disorders as well as physical health problems, even when depression is controlled for[26]. In IBS patients, high neuroticism has been linked to higher pain reports[46] and low response to treatment with antidepressants[51].


In addition to neuroticism, other fundamental personality traits included in the concept of the five factor personality model (“The Big Five”: neuroticism, extraversion, agreeableness, openness, conscientiousness) have been used to describe behavioural patterns of IBS patients. The findings related to other personality traits, however, are much less consistent than those found for neuroticism. Some studies show that IBS patients have lower agreeableness[44,49] and openness scores than healthy subjects[43,44,49] while others report no differences in agreeableness[42,43,47] or openness[42,47]. Extraversion is also sometimes reported lower in IBS patients, for example compared to peptic ulcer patients[52] or healthy controls[42,48], and other times no differences are found between IBS patients and healthy controls[43,44,47]. Studies also report higher conscientiousness scores in IBS patients than healthy subjects[43,44], although there are reports of no differences[47,49] and even opposite results[42]. Personality traits may be important for IBS symptom expression, especially neuroticism which has been established as a critical trait underlying general disease vulnerability. 

PRECIPITATING AND PERPETUATING FACTORS

The second component of the CBT model of IBS refers to factors whose occurrence relatively closely precedes the onset of the illness, while the third component refers to factors which maintain and perpetuate the illness symptoms. As Deary et al[20] appropriately illustrated, they present a unique autopoietic interaction of cognitive, behavioural and physiological factors for each individual. Both of these groups of factors are a result of specific psychological and physiological reactions which are determined by predisposing factors and could play a precipitating role in certain circumstances or a perpetuating role in others. For example, people with high levels of neuroticism are more likely to perceive minor physical symptoms or somatic changes as serious symptoms of possible disorder[23]. They are also more prone to interpreting events as negative, which could lead to higher levels of reported psychological distress, both in the context of major life events and everyday hassles, which may be related to specific avoidance behaviours. Additionally, physiological factors such as mild bowel inflammation or alterations in the HPA axis hormones, which may be a result of previous infection, or any combination of predisposing factors (genetics, early experience, personality traits), also play both roles in IBS symptoms generation and maintenance. 

Psychosocial aspects of precipitating and perpetuating factors

Stressful life events and everyday hassles: Around three quarters of IBS patients report that stress causes them abdominal pain and bowel motility changes. In line with a history of early adverse experiences, IBS patients report a significantly higher number of stressful life events[53,54]. Research findings emphasize the importance of differentiating between a positive or negative assessment of a stressful event. Although patients with functional and organic GI diseases report similar numbers of stressful life events, patients with IBS and other functional diseases report more negative[52,56] and less positive stressful events[56]. It could be speculated that this is related to higher levels of neuroticism in the IBS population, making these patients more likely to interpret events in a negative manner. Research also shows a greater prevalence of IBS among male war veterans than the general population, which could be related to increased psychological stress, traumatic experiences and posttraumatic stress disorder (PTSD)[55]. Additionally, IBS prevalence is very high (46%) among primary caregivers of the chronically ill[57]. Taking all of these findings into consideration, there is strong evidence of a relationship between IBS and chronic or life stress.

 Research on everyday hassles in IBS patients shows that daily levels of stress are related to symptom severity[58,59]. Even when neuroticism is controlled for, IBS patients report higher everyday stress levels than healthy subjects and subjects with digestion problems who do not meet the IBS criteria[59]. IBS patients perceive stressful events as more severe than inflammatory bowel disease (IBD) patients do, but considering that both patient groups have similar lowered levels of health related quality of life (HRQoL), it seems that both groups have similar levels of psychological stress[60].
Social support: Social support refers to any and all processes by which social relations can impact physical or psychological health[61,62]. Perceived social support is defined as a persons' perception that other people will provide them with support when needed. Many studies indicate that perceived social support is more important for the persons' health than objective indicators of received social support. It is believed that the cause of this finding could be the experience of acceptance and care of significant others[62]. From a cognitive perspective, social support acts by changing the cognitive appraisal of stressful situations. Perceived social support reduces the impact of stressful events on health either through supportive behaviours of others or through the belief that support is available. It is presumed that supportive behaviours improve coping, and that the perception of support availability leads to assessing the situation as less stressful[63].
Research shows that IBS patients report receiving significantly less interpersonal support than healthy persons[64]. Higher support has been linked to lower symptom scores[65,66], but the question about the directionality of the relationship still remains. It is possible that support may lead to lower symptom scores, but it is also possible that patients with lower symptom scores elicit less anxiety and distress in significant others, making them more susceptible to provide help and support[65]. Additionally, it is possible that IBS patients with high symptom scores view their social support as less satisfactory due to their own psychological characteristics such as high neuroticism[42-49,66]. The effect of perceived social support on physical pain seems to be mediated by stress, more specifically - the higher the perceived social support, the lower the reported levels of stress and physical pain[66]. Findings also suggest that satisfaction with social support mediates the relationship between psychological distress and perceived stress. When perceived stress is low, satisfaction with social support does not impact the levels of psychological distress. However, when the levels of perceived stress are high, satisfaction with social support leads to the reduction of psychological distress[67].
Coping with stress is influenced by assessment of environmental and personal resources, hence social support can also be conceptualized as assistance with coping[62]. In line with the results of social support studies, research shows that IBS patients have lower coping capabilities than IBS nonpatients, i.e., persons without IBS diagnosis who match IBS criteria but have not sought medical help[56]. When investigating the use of different coping strategies, research shows that IBS patients with a predominantly positive affect (low levels of anxiety, depression, negative mood and perceived stress) seek social support more often than IBD patients with positive affect, IBS patients with negative affect and healthy controls[68]. Crane and Martin[69] found no differences between IBS and IBD patients in the use of passive coping strategies. Higher levels of anxiety and depression were associated with higher levels of behavioural passive coping in both groups, and with emotional passive coping in the IBS group alone. It seems that IBS patients use different coping mechanisms than healthy persons, which could be a result of differences in personality characteristics. Research shows that in general, high extraversion and low neuroticism are predictors of high perceived social support[70]. Since IBS patients have higher levels of neuroticism[42-49], and perhaps lower levels of extraversion than healthy persons[42,48], it is possible that their perceived social support is lower, which contributes to the negative impact of stress on their symptoms. Although research so far[66] has not established perceived social support as a predictor of HRQoL in IBS patients, further research is needed in this area.

Affective status: Research consistently shows that IBS patients present with higher levels of anxiety and depression than healthy persons[48,71-74]. Moreover, heightened levels of anxiety and depression were identified as predictors of IBS in a general population sample[75]. IBS nonpatients also show higher anxiety levels than healthy persons[45]. Pace et al[60] found that, although IBS and IBD patients have different levels of physical symptom severity, there are no differences in their psychological symptom severity, such as stress and anxiety. However, IBD patients with IBS-like symptoms report higher levels of anxiety and depression than IBD patients without IBS-like symptoms[76]. Furthermore, psychiatric comorbidity in the IBS population is very common. A meta-analysis of 244 studies[77] showed that patients with FGIDs, including IBS patients, more frequently suffer from anxious and depressive disorders compared to healthy persons or patients with similar diseases of known organic pathology. IBS patients with comorbid psychiatric diagnoses report higher levels of anxiety, anxiety sensitivity and worry[78].


Anxiety sensitivity is a stable personality trait distinguished from trait anxiety, which has also been found to be a risk marker for anxiety pathology. Unlike trait anxiety, which refers to the predisposition to respond anxiously to a wide range of stressors, anxiety sensitivity describes a more specific tendency to fearfully respond to one’s own anxiety symptoms[79]. It is characterized by hypersensitivity to somatic sensations based on the belief that they have harmful physical, psychological, or social consequences[79,80]. An important construct which encompasses contextual cues or stressors, in addition to the interoceptive ones, is gastrointestinal (GI) specific anxiety. GI-specific anxiety can be defined as GI-related cognitions, affect and behaviours, which stem from fear of GI sensations, symptoms, and the context in which these sensations and symptoms occur[81]. GI-specific anxiety may be an especially important variable related to increased pain sensitivity, hypervigilance, and poor coping responses[45,81]. It could be hypothesised that other measures of psychological distress (neuroticism, anxiety sensitivity, state anxiety) relate to IBS symptom severity through GI-specific anxiety[80].
Attention and perception: One of the possible mechanisms in IBS could be enhanced perception of, and selective attention to visceral stimuli, resulting from the dysfunction of the digestive system[82-84]. Conversely, central mechanisms that enhance responses to interoceptive information may be critical for maintaining and exacerbating of symptoms[85]. The disruption of central brain control mechanisms that modulate the motility and sensation of the gut might be even more important than bowel dysfunction itself[86]. Research shows that patients with functional bowel disorders express attention-dependent alterations of central nervous system processing as well as a generally negative emotional tendency in their cognitive processing strategies[87]. Models of attention to emotional material can be applied to the issue of attention-dependent alterations in IBS. Mogg and Bradley’s[88] model of cognitive motivational analysis and Mathews and Mackintosh’s[89] model of a competitive activation network, point out that a valence or threat evaluation system enhances the activation of any items identified as potentially threatening thereby increasing automatic selective attention to such items. The first model[88] proposes two cognitive structures mediating attention-emotion interaction: (1) valence evaluation system (VES) which automatically evaluates threat posed by the stimulus; and (2) goal engagement system (GES) which controls current processing according to goals set by the individual. When VES is activated by the presence of a threatening stimulus it sends a signal to the GES which interrupts current processing and orients attentional resources to the material signalled by the VES. Similarly, Mathews and Mackintosh’s[89] model proposes that the threat-evaluation system enhances the representation of threatening stimuli in the competition for attentional resources. These models point to individual differences in attentional biases toward threatening stimuli[20,90].
Afzal et al[82] found evidence for selective processing of GI symptom-related words compared with neutral words in IBS patients. A study by Kilpatrick et al[85] used the acoustic startle response to examine the early preattentive stages of information processing, and found that male IBS patients have a decreased ability to filter information, while female IBS patients have increased vigilance and greater attention to threat. Similarly, Martin and Chapman[91,92] used a modified exogenous cueing task on IBS patients and found signs of increased vigilance to GI symptoms. The authors showed that IBS patients have a faster orientation response to social threat and pain words than to neutral stimuli. In our recent study[93] we found evidence for Stroop facilitation to situational threat words. The facilitation index was positively associated with trait anxiety and GI-specific anxiety. Increased anxiety and worries about visceral symptoms lead to a faster attentional engagement to situational threat words which is consistent with the findings of Chapman and Martin. 
Cognition: Within the cognitive-behavioural model of IBS the way in which the individual reacts cognitively to recurrent GI symptoms and life-events will in turn affect emotional responses, the severity of GI symptoms and coping ability[94]. The importance of cognitive processes comes from the research showing that patients with IBS are characterized by biases in central processing of visceral stimuli[95]. As previously mentioned, IBS patients show enhanced perceptual responses to visceral sensations. They show a generally negative emotional tendency in their cognitive processing strategies[88] and their dysfunctional cognitions can maintain and exacerbate symptoms[94]. Three dysfunctional cognitions, within a cognitive behavioural framework, seem to be especially important in IBS patients[94]: hypervigilance, somatisation and pain catastrophizing. 

Hypervigilance relates to selective attention to information that matches the patient’s set of beliefs about his/her disorder. For example, a patient can believe that his GI sensations are caused by an organic disease and he can consequently show hypervigilance to GI sensations. Bray et al[96] specify that patients with IBS can express one of the three symptom attributional styles: somatising attributional style (tendency to interpret symptoms as a physical disorder), psychologising attributional style (tendency to interpret symptoms as an emotional response to stress) and normalising attributional style (tendency to interpret symptoms as a normal experience).  Contrary to common opinion, they found that the normalising style was predominant among IBS patients specifically in those attending general practice compared to patients referred to hospital clinics. The latter usually have more severe symptoms and could be less likely to accept psychological or normalising explanations of their unexplained symptoms[96]. The concept of attributional style is closely related to the term “subjective theory of illness” or a system of illness-related ideas, convictions and appraisals[97]. The self-regulatory model of Leventhal[98] emphasises the role of cognitive representations of illness and coping efforts on the patients' responses to health threats. This model suggests a number of important cognitive and affective facets of risk perceptions. Leventhal et al[98] suggested that patients form ideas about their illness around five representation dimensions: identity, causal attributions, expectations of duration, consequences, and perceived control and curability. The search for the origin of the illness, as well as causal attributions, is a main focus of illness representations which are associated with outcome measures. 

Somatisation is a widespread clinical phenomenon[99] and concerns the tendency to report multiple unexplained somatic complaints and physical illnesses whose expression can be influenced by stress and negative affect[95,100]. Spiegel et al[100] emphasise that a significant number of IBS patients have a somatisation trait exhibiting one or more related symptoms including functional chest pain, generalized weakness, numbness or tingling, etc. This trait is expressed in a wide range of alterations, which include increased cognitive (e.g., hypervigilance), affective (e.g., fear), and behavioural (e.g., health care seeking) responses to physical sensations[100].
Pain catastrophizing is the tendency to ruminate, magnify, or feel helpless about pain[95,101] and is conceptualized as a negative cognitive-affective response to anticipated or actual pain[102]. Catastrophic thinking specific to pain has been linked to GI symptom severity and has been identified as a key cognitive variable mediating the link between depression and the experience of pain in IBS patients[95,96].
The relationship between cognitions and pain is bidirectional, in other words cognitive processes can influence pain and pain perception, but pain can disrupt cognitive processes as well[95,103]. Cognitive processes, such as appraisals, can play a significant role in the modulation of visceral pain[95] therefore it is not surprising that cognitive-behavioural therapies can have beneficial effects for patients with IBS. 

Kennedy et al[95,103] postulated a hypothesis that IBS is a disorder associated with cognitive impairment and revealed interesting findings about the impact of IBS on cognition. They assessed several cognitive domains including reversal learning and attentional flexibility, selective attention and response inhibition, working memory and visuospatial episodic memory. The results showed that patients with IBS exhibit a deficit in visuospatial episodic memory functioning due to the negative impact of HPA axis dysregulation on hippocampal-mediated cognitive performance. The authors hypothesized that visuospatial memory impairment may be a common component of IBS. Of course, as the authors stated, there is a need for further investigation in order to identify the neurobiological mechanisms influencing cognitive performance in this group of patients.

Illness behaviour: Cognitive interpretations of symptoms influenced by stress and social support availability, may lead to alterations in the patients’ behaviours. The behaviours the patients engage in, in order to decrease or avoid symptoms, include health care seeking, avoidance behaviours and maladaptive behavioural coping strategies. The use of coping strategies has already been described in relation to social support and will not be repeated here. Health care seeking behaviour refers to physician visits and frequent somatic complaints. IBS patients have more frequent visits to the physician and are more likely to consult for minor illnesses than patients with peptic ulcer[104]. In a population sample, persons with bowel dysfunction reported more frequent visits to the physician and more non-GI symptoms than persons without bowel dysfunction. They were also more likely to visit a physician for those non-GI symptoms, and reported that they view their colds and flus as more serious than those of other people[105]. IBS patients who frequently consult a physician do not differ from IBS non-consulters in levels of mental distress or chronic stress, however they report significantly higher GI symptom intensity[106]. Even children of IBS patients have more physician visits than children of healthy persons, both for GI and non-GI symptoms. Although frequent GI complaints in children whose parents have IBS are not explained by the parent’s biased perceptions, it seems parent IBS status and their solicitous responses have independent effects on the child’s symptom complaints[107].

Avoidance behaviours have not been measured directly in IBS patients, but data from treatment studies suggests targeting cognitive and behavioural factors can improve IBS symptoms[108,109]. Based on clinical practice experiences we can list common behaviours reported by IBS patients, which can roughly be divided into avoidance and control behaviours.  Avoidance behaviours include activities such as avoiding exercise, food, sex, work and social situations, while control behaviours include checking for blood in stool, wearing baggy clothes when bloated, having medications on hand and similar types of behaviour[109]. The patients use control and avoidance behaviours in an attempt to gain control over their symptoms, reduce their intensity or avoid possible embarrassing consequences they might have. Unfortunately, these behaviours perpetuate the symptoms and overall, they are not beneficial for the patient[108].

Biological aspects of precipitating and perpetuating factors

Bowel inflammation: Numerous studies have investigated the presence of inflammatory cell activity in IBS patients. There is evidence to support the existence of mild inflammation, at least in a subgroup of IBS patients. For instance, there is evidence of elevated blood levels of T lymphocyte activity markers, increased counts of intraepithelial lymphocytes in some areas of the colon, increased T lymphocyte counts in the lamina propria of the rectum[110], as well as elevated counts and activation of mast cells in the jejunum[111], with indications that mast cell activation near nerve endings seems to be correlated with the severity and frequency of abdominal pain[112].
One of the most frequently used markers of bowel inflammation is faecal calprotectin. In general, patients with IBS express negative or clinically insignificant levels of calprotectin, which makes this marker a valuable tool for differentiating between IBD and IBS. Research shows that compared to IBD patients, IBS patients have significantly lower levels of calprotectin[113-115] while no differences in calprotectin are found when comparing them to healthy persons[113,115,116]. In a study investigating the differences between IBD patients in remission with and without IBS-like symptoms, faecal calprotectin was significantly higher in those with IBS-like symptoms[117], connecting IBS-like symptoms to microscopic inflammation in the absence of structural disease[118]. Also, there are indications that calprotectin is a good predictor of the physical component of HRQoL in IBS patients[119], with patients of low HRQoL showing higher calprotectin levels although no patients had clinically significant values of calprotectin. 
HPA axis and hormonal changes: Neurobiological models of IBS point out alterations in neuroendocrine circuits as well as autonomic nervous system, which result in maladaptive responsiveness to various stressors[120]. Stress reactions include the activation of the hypothalamic-pituitary-adrenal (HPA) axis. In short, the perception of physical or psychological stress results in HPA axis activation, leading to increased secretion of CRF, which stimulates the release of ACTH from the anterior pituitary finally resulting in increased cortisol secretion from the adrenal cortex. Some studies support the concept of a dysregulated HPA axis system in IBS patients[95,120]. For example, Hellhamer and Hellhamer[35] list IBS among disorders with a hypoactive HPA axis. Such “hypocortisolemic“ disorders are characterized by a triad of symptoms: fatigue, pain and stress sensitivity. Hellhamer and Wade[121] postulated a two stage model of such disorders: at first, chronic stress results in prolonged hypercortisolism which later develops into hypocortisolism. In such circumstances the adrenal glands remain hypertrofic but secrete lower levels of cortisol. 
The connection between low cortisol levels and symptoms of pain is the impact of cortisol on prostaglandins, important mediators in pain perception. They sensitize peripheral and central pain receptors while cortisol has a suppressive effect on their secretion. Prostaglandins also contribute to illness response characterized by elevated body temperature, altered mood, fatigue and hyperalgesia[35].

Generally, several different hypotheses have been proposed about the relationship between HPA axis dysfunction and IBS. One of them is that elevated immune activity and resulting elevated cytokine levels stimulate the HPA axis resulting in its hyper-sensitivity. However, although some studies report elevated basal plasma cortisol levels in patients with IBS compared to healthy persons[122], others show lower salivary and plasma cortisol levels[123] pointing to a decreased HPA axis reactivity[124]. A possible explanation for such contradictory results is the possibility that the type of hormonal dysregulation (reduced or elevated cortisol levels) depends on the predominant symptoms a patient is experiencing. It seems that functional pain symptoms are related to reduced cortisol secretion while depressive symptoms are related to elevated cortisol secretion[124]. In support of this assumption, Ehlert et al[124] found elevated cortisol levels and a hypersensitive HPA axis in a group of patients with FGIDs who expressed higher depression and anxiety, and found a hypofunctional HPA axis in a group of patients with high somatisation levels. It would also seem that patients with a faster resolution of cortisol to basal values express milder symptoms and higher quality of life scores[125]. Some findings indicate that individuals who experienced early adverse life events had higher cortisol levels after exposure to a visceral stressor. But HPA axis hypersensitivity as a reaction to a visceral stressor is under the influence of early stressful experience rather than IBS diagnosis per se[125]. 

In addition to cortisol, sex hormones can also modify the perception of visceral sensations and pain, but considering the many interactions female sex hormones have with pain pathways, the underlying mechanisms are difficult to define. Women with IBS have a lower pain threshold during rectal distension[126,128-130] compared to men with IBS and healthy women, while there are no sex differences among healthy subjects or among men with and without IBS[122]. When rectal sensitivity is compared across the phases of the menstrual cycle, results indicate that women with IBS are more sensitive during menstruation, which is not the case in healthy women[129,130].Nevertheless, upon repeated noxic stimuli (rectosygmoid distension) even healthy women show visceral sensitisation or heightened perceptual responses[122]. These findings indicate that there is a possible role of female sex hormones in increased pain perception. Many women with IBS report symptom flare-ups in the perimenstrual and perimenopausal phases and symptom fluctuations during their menstrual cycles[133-135]. Some studies show that the time of menses is associated with looser stools compared with follicular and luteal phases[133,134]. Additionally, IBS is diagnosed more often in women with dysmenorrhea than in those with a normal cycle[135]. It is possible that hormonal disparities and fluctuations may be responsible for differences in IBS prevalence and symptom presentation among women and between women and men[136-138].

Research on sex differences in HPA axis reactivity shows that even though men express higher cortisol and ACTH levels after psychological distress, women express higher cortisol level as a reaction to opioid antagonist administration on CRH neurons. It is possible that sex hormones influence opioid regulation of the HPA axis. CRH neurons receive inhibitory information from neurons producing beta endorphins through μ-opioid receptors. The expression of μ-opioid receptors in the rat brain is modulated by steroid hormones while oestrogen stimulates opioid secretion. If we apply these findings to human physiology, then we can explain the absence of differences in cortisol levels after stress exposure between men and women in the luteal phase as well as the findings about the hypoactivity of the HPA axis in women in the follicular phase compared to men[139]. Despite the inconsistencies in research findings, sex differences in HPA axis sensitivity are another possible reason for a higher prevalence of women in the IBS population.

To conclude, research results assessing neuroendocrine responses in IBS patients are mixed, depending on the patient's life history and affective status[120].
Autonomic dysfunction: It is believed that the variability of the dynamic balance of the sympathetic and the parasympathetic systems is the basis for the preservation of stability and health, in other words that the variable conditions in the environment favour patterns of variability instead of static levels. In line with this assumption, an autonomic imbalance in which one system dominates over the other leads to a decrease in dynamic flexibility and negative health outcomes[140]. The hypothesis about the relationship of parasympathetic hypoactivity and FGIDs has been present for some time. Even Tougas[141] suggested that low vagal tone along with sympathetic hyperactivity altered visceral perception. Although research has generally shown altered autonomic function in IBS patients, the findings have been inconsistent. Some researchers[69] have observed an increased sympathetic and a decreased parasympathetic activity in IBS patients, while others[142,143] have found this pattern to be typical for constipation-predominant IBS (IBS-C) patients, and the opposite pattern typical in diarrhoea-predominant IBS (IBS-D) patients[142]. A study by Elsenbruch and Orr[144] found differences in postprandial autonomic activity depending on IBS subtype. IBS-D patients showed a postprandial sympathetic dominance, which was the result of parasympathetic depression rather than sympathetic activation. The change in parasympathetic activity was related to reports of postprandial symptom exacerbation. These alterations were not found in IBS-C patients or healthy subjects, although IBS-C patients also reported postprandial symptom exacerbation. These results have to be regarded with caution, as pointed out in a meta-analysis performed by Tak et al[145]. The authors reviewed 14 studies of autonomic activation in functional bowel disease patients and found that research shows they have lower parasympathetic activation compared to healthy subjects, but also that IBS subtypes cannot be differentiated based on that activation. The included studies, however varied greatly in quality, so the authors concluded that an autonomic dysfunction in IBS patients at this moment cannot be confirmed or disputed[145].
Altered gut microbiota: Considering that the human microbiota in adults is stable over time it is interesting to note that IBS patients show higher variability and quantitative composition of the microbiota compared to healthy persons[146,147]. Research on faecal microbiota in IBS patients indicates reduced levels of faecal lactobacilli[148] and bifidobacteria[148-151]. Some research[152]shows decreased levels of lactobacilli in IBS-D patients, while other studies[153] have found increased levels of lactobacilli in that subgroup of IBS patients. This inconsistency can be the result of different molecular methods used, as well as the result of unstable symptoms in patients samples, diet or the high variability of microbiota in IBS patients[154].
Abdominal pain: The abdominal pain is a common and most disturbing symptom in FGID such as IBS. It seems that the evaluation of abdominal pain is altered in IBS and this may be attributable to affective disturbances, negative emotions and cognitions in anticipaton of or during visceral stimulation and altered pain-related expectations[2]. Dissection of pathways linking higher cortical function with emotional, attentional and perceptual factors to the final expression of symptoms is the key to our understanding of pain mechanism underlying IBS[155].

Dorn et al[156] reported that IBS patients showed increased tendency to report pain, but similar neuro-sensory sensitivity compared to controls, and this tendency was correlated with psychological distress. 

THE IBS SYMPTOM PERPETUATION MODEL
The CBT model of IBS also serves as a framework for describing the vicious circle of symptom generation and perpetuation, based upon the feedback loops between the underlying processes. 

Therefore, we propose the IBS symptom perpetuation model (Figure 2) attempting to explain the factors contributing to symptom maintenance. The novel aspect introduced by this model is the identification of key elements which drive the “vicious circle” of symptom exacerbation. These key elements (attention to visceral sensation, trait anxiety, visceral anxiety and anxiety sensitivity) should be the target of psychosocial interventions.

Building upon genetic predispositions which include several possible gene polymorphisms and personality traits, primarily neuroticism, early adverse events create a baseline sensitive to further adversities. This baseline is very heterogeneous among IBS patients, namely because the personal histories of patients in combination with their genetic makeup create individual patterns with a wide range of variation. What the patients do share is the hypersensitivity resulting from their altered psycho-physiological baseline. Hypersensitivity to stress manifested by increased limbic system reactivity can be directly associated with increased perception of and responses to visceral sensations via inappropriate up-regulation of pain facilitation systems[18,22]. 


Precipitating events, usually stressful life events, trigger the onset of symptoms which are then a subject of cognitive interpretations resulting in affective disturbances, primarily anxiety, visceral anxiety and anxiety sensitivity. These disturbances alter cognitive interpretations increasing the perception of the symptoms themselves, and alter illness beliefs which lead to avoidance behaviours. Such cognitive alterations can lead to symptom exacerbation and long-term symptom perpetuation. 
We consider increased attention to visceral sensation and different manifestations of anxiety to be key components which could lead to symptom exacerbation (abdominal pain and associated bowel disturbances) as illustrated in Figure 2. Anxiety can serve as a mediator between symptom maintenance and altered attention which finally leads to increased perception of visceral sensation and avoidance behaviour. Should we conclude that this explanation of symptom maintenance applies to all IBS patients? Of course not. Those patients who express higher trait neuroticism are more prone to interpret even mild somatic changes as serious symptoms and to respond anxiously in such situations. This heightened anxiety can lead to increased attention to and perception of visceral sensations and consequently to symptom exacerbation. The patients aim to reduce discomfort and accompanying negative feelings by avoiding the situations they perceive as threatening.  Because of such individual differences, related to the degree of predisposing and precipitating factors' contribution to symptom maintenance, an integrative analysis of psychological, biological and symptom measures should be performed for each patient as a part of a systematic clinical translational approach as suggested by Hellhamer and Hellhamer[35]. This is a way to get an estimate of the respective patient's status by assuming a concurrent effect of biological, psychological and social factors on disorder expression and persistence.  

Based on the described components of the self-maintaining circle it can be assumed that by changing behaviours and/or cognitions through various psychotherapeutic approaches, primarily the cognitive-behavioural, it is possible to change affective states which in turn might reduce symptoms and improve the patients’ overall quality of life. This assumption is based on the core premise of the CBT approach that physiological, cognitive/affective and behavioural responses are interdependent and responsible for maintaining the disorder[110]. For this reason, changing cognitions (e.g., reinterpreting symptoms or redirecting attention), behaviour (e.g., exposure to threatening stimuli or situations followed by a positive outcome) or both may indirectly reduce anxiety and lead to an improvement in symptoms. David and Szentagotai[157] proposed a cognitive framework which incorporates the constructs of cognitive psychology into the CBT approach. It is a general model that can be adapted for specific clinical problems, such as IBS. There are seven steps one should take into account when approaching the key elements of the self-maintaining circle of IBS: (1) the covert stimulus (e.g., bodily sensations, such as GI symptoms; emotional arousal; memories; anticipations); (2) input and selection (e.g.,  patients tend to selectively attend to GI stimuli); (3) perception and symbolic representation of the stimulus (definitions and descriptions of the stimulus, e.g.,  they may interpret symptoms as a physical disorder or as an emotional response to stress); (4) non-evaluative interpretation of the symbolic representation of the stimuli (inferences about unobserved aspects of the perceived stimulus; e.g.,  the patient could ruminate “I worry that symptoms could appear suddenly”); (5) evaluative interpretations of processed stimuli (non-neutral appraisals of stimuli or images which can be conscious or unconscious; e.g.,  “If my symptoms appeared suddenly, I could be embarrassed”); (6) emotional response to processed stimuli (arousal; worry; anxiety); and (7) coping mechanisms to feelings arising from response to stimuli (e.g.,  patients could try to eliminate what they evaluate negatively, either by avoidance or escape). Psychotherapists can intervene at any point based on the respective patients’ status.
To conclude, the CBT model of IBS provides not only a useful overview of the interactions between psychological and biological processes underlying IBS symptoms but also gives an effective treatment for alleviating these symptoms. 
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Figure 1 Cognitive behavioural therapy model of irritable bowel syndrome.
Figure 2 Irritable bowel syndrome symptom perpetuation model.
43

