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Objective: Irritable bowel syndrome (IBS) is a chronic disease leading to abdominal pain that is often related to psychological distress. The aim of the study was to investigate the temporal relationships between abdominal pain and psychological variables in patients with IBS.

Methods: This longitudinal diary study included eight patients from a waiting group, recruited in the frame of a pilot intervention study. During their waiting time of 3 months the patients answered questions daily regarding somatic and psychological variables using an online diary. All patients were considered and analyzed as single cases. The temporal dynamics between the time series of psycho-somatic variables were analyzed using a vector autoregressive (VAR) modeling approach.

Results: For all patients, positive same-day correlations between somatic and psychological time series were observed. The highest same-day correlations were found between somatic symptoms and pain-related discomfort (r = 0.40 to r = 0.94). Altogether, n = 26 significant lagged relationships were identified; n = 17 (65%) indicated that somatic values were predictive of psychological complaints on the following days. N = 9 (35%) lagged relationships indicated an opposite relationship in that psychological complaints were predictive of somatic symptoms. Three patients showed a significant positive same-day correlation between abdominal pain and use of a positive coping strategy. However, significant lagged relationships in two patients showed that for these patients the use of positive thinking as a coping strategy was unhelpful in reducing pain on the following days.

Conclusions: In patients with IBS abdominal symptoms appear to be closely related to psychological symptoms. For some patients, somatic complaints predict psychological complaints, in other patients the directionality is opposite. The impact of coping strategies on somatic symptoms varies among patients, therefore their role for a possible reduction of pain should be further explored. The results suggest the need of characterizing patientsindividually for effective health interventions. Individual time series analyses provide helpful tools for finding reasonable person-level moderators.
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INTRODUCTION

Irritable bowel syndrome (IBS) affects about 8% of the European population (1) and is most recently understood as a disorder of (microbiota-) gut-brain interaction (2, 3) with a multifactorial origin that includes biological, (epi-)genetic, psychological, and social factors (4, 5). Patients with IBS suffer from recurrent abdominal pain that is associated with a change in frequency or form (appearance) of stool and can be related to defecation (6). Currently, the symptom pattern is not sufficiently explained by peripheral organ pathology. Many patients who suffer from IBS also suffer from comorbid, depressive, or anxiety-related disorders (5, 7–9).

A possible upper-level mechanism linking IBS with comorbid disorders could be a genetic alteration of serotonin reuptake receptors in some patients with IBS (10–12). Some of these alterations can affect bowel motility and have been shown to be associated with depression and anxiety (10). On the physiological level, the underlying mechanism for the close association of somatic and psychological symptoms could be explained by the concept of the (microbiome-) gut-brain axis. The (microbiome-) gut-brain axis is a complex network of connections between the microbiota, the enteric nervous system, and the central nervous system (2, 13). Psychological stress can lead to an activation of the autonomic system, the HPA-Axis, or the immune system resulting in increased IBS symptoms (5, 14). For example, psychological stress has been shown to lead to altered motility, secretion, and barrier function via mast cell activation (14). Furthermore, psychological stress can lead to catastrophizing, illness worries and increased (negative) attention to normal gut signals which are then perceived as threatening and thus reinforced in a vicious circle (5).

Results from population-based studies indicate a bidirectional interaction between IBS and both depressive and anxiety-related symptoms (9, 15). However, it still remains unclear how the psychological complaints are temporally related to somatic symptoms. A recent study using an experiential sampling method (ESM) in IBS patients showed that bowel symptoms temporally predicted negative affect but counter-intuitively daily life stress predicted a decrease in abdominal pain (16). However, this study covered a time period of only 14 days. Another study found that stress and gastrointestinal symptoms were strongly associated in the same week, but no direct relationship between stress in the first week and gastrointestinal symptoms in the following week (17). Furthermore, both studies focused on the mean values from a larger patient sample; the various relationships in individual patients may therefore not have been reflected in the aggregated data analysis.

Another interesting topic in IBS patients is the interaction between IBS symptoms and coping strategies. A previous study showed that the use of coping strategies would be connected with gastrointestinal and extraintestinal symptom severity (18). In addition, in IBS patients' levels of coping resources and catastrophizing appear to be associated with gastrointestinal symptom severity (18, 19). It is also reported that IBS patients would use passive coping strategies more frequently (such as escape-avoidance strategies instead of intended problem solving) compared to healthy controls (20). Here too, it would be interesting to determine to what extent coping strategies are temporally related to IBS complaints and whether or not they are able to influence IBS complaints. In summary, IBS symptoms and psychological distress show a mutual relationship; coping strategies are assumed to influence the up- and down-regulation of IBS symptoms. However, longitudinal data is necessary in order to model the temporal interactions between IBS symptoms and psychological complaints on an individual level using time series modeling. First results from an own previous single-case study indicated a high correlation between somatic and psychological complaints with somatic symptoms temporally preceding psychological complaints. Also, a patient's positive thinking as a coping strategy appeared to be helpful in reducing the pain (21).

To date, there are various theoretical approaches to symptom development and worsening in IBS in general. However, patients with IBS show a large variability regarding biopsychosocial variables. An idiographic approach, based on multiple repeated measurements within a single case, has the advantage to detect individual patterns and enable patient-tailored advice.

The aim of the present study was to analyze the temporal relationships and interactions between somatic and psychological complaints of eight patients with IBS in the frame of a time series design. In addition, for these particular patients, the impact of personal coping strategies on abdominal pain was explored.



MATERIALS AND METHODS


Study Design

The present study included eight patients (diagnosed with IBS by clinicians and ROME-III criteria), assessed by using a longitudinal, observational design. ROME-III criteria were collected by a questionnaire and validated in a telephone interview prior to patient inclusion. According to ROME-III an IBS can be diagnosed when a patient has recurrent abdominal pain or discomfort at least 3 days per month associated with 2 or more of the following: (1) improvement with defecation, (2) onset associated with change in frequency of stool, (3) onset associated with a change in form (appearance) of stool. The criteria must be fulfilled for the last 3 months with symptom onset at least 6 months prior to diagnosis (27). Diagnoses regarding food malabsorption and intolerance were made by the treating physicians and based on breath/clinical tests with the corresponding clinical history. In the case of malabsorption/intolerance, patients had been advised to follow an appropriate diet. Since the patients did not show remission from symptoms under this diet the diagnosis of IBS was made or maintained.

All patients were recruited by way of an appointment in the outpatient specialty clinic of the Department of General Internal Medicine and Psychosomatics, University Hospital Heidelberg, for functional gastrointestinal disorders, before the start of a pilot intervention (28, 29).

Written informed consent was obtained; the study was approved by the medical ethics committee of the University Hospital Heidelberg.

In the course of their waiting time patients answered questions daily using an online diary that included somatic, psychological, and coping variables. All patients filled in the online diary over a period of 3 month between 07/2014 and 05/2015 (different start times). The number of measurement days per patient varied between 68 and 94, thus fulfilling the requirements for the application of a comprehensive time series analysis approach (30).



Online Diary Measurements

Patients were given information about the online diary and were asked to complete it daily (between 4 and 12 p.m.). The diary questions referred to questions from validated questionnaires, shortened so that a completion time of 5–10 min could be achieved. A visual analog scale (VAS) with bipolar levels was used by the patients and later transcribed into a numeric scale (1–101). In addition, patients were provided an opportunity to write a short free text in the diary.

The items included in the analysis are shown in Table 1 (21).


Table 1. List of Online-Diary Items included in the time series analysis.
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Patient Descriptions

Table 2 shows demographic and clinical characteristics of the included patients.


Table 2. Demographic characteristics of the study sample.
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In the following, we briefly describe the patients including their disorder history, comorbidities, and the free-text diary data in order to provide some information for the interpretation of the individual time series analyses. All patients were German and can be described as typical patients with IBS treated in our outpatient clinic: They suffer from various somatic and psychological comorbidities and show a high burden of complaints (28).

P1 was a man in his late 40s, employee, suffering from diarrhea-dominant IBS and gluten-sensitivity (no celiac disease) for 2 years. His symptoms had begun following a career change that was associated with increased stress levels. He reported that he was under a high pressure to perform - also reflected in the diary data. Several peaks of abdominal pain (e.g., day 9/10, day 12–16, day 21/22) were related to an actual high stress situation on his job. In addition, episodes of less or no pain were associated with periods when the patient was on vacation and /or thinking about other things than work (days 54–65). Other stressors (such as a sick child or trying gluten) appeared not to be associated with pain.

P2 was a woman in her late 20s, employee, suffering from diarrhea-dominant IBS (main symptom pain), fructose malabsorption, depression, and social phobia. Fructose malabsorption is common in IBS and does not rule out the diagnosis of irritable bowel syndrome, particularly when improvement is not obtained following an appropriate diet (31–33). Of note is that this patient P2 had a generally high abdominal pain and daily impairment in her self-report data with almost no fluctuation. She described her life as very stressful: an exhausting work and numerous social obligations. Although the patient canceled many activities, she necessarily increased her activities in times of life events such as the death of a close relative (day 46). Apart from the IBS-pain, she described many additional, almost daily somatic problems such as severe sleeping disturbances and headaches, as well as pain in different areas of her body. She visited medical doctors on a frequent basis. In the course of these consultations, she received various diagnostic procedures, but no psychological treatment.

P3 was a woman in her early twenties, employee, suffering from mixed-type IBS for 7 years, lactose intolerance, and sorbitol intolerance. She had been diagnosed with a panic disorder in the past. In the free diary text she described, almost exclusively, positive feelings and positive events. Even during times with higher abdominal pain (e.g., days 17–34) she described how good everything was—apart from the symptoms. However, in her contact to our outpatient clinic she also assumed a connection between IBS-symptoms, stress, tension and regrets regarding her work.

P4 was a man in his late 30s, employee, with mixed-type IBS, sorbitol intolerance, suspected wheat/gluten-sensitivity, reflux esophagitis, and a depression diagnosis. The patient used the free text for only the first 5 days, describing his work as challenging. During the appointment in our outpatient department he described an inner restlessness and nervousness. He generally attributed improvements in health to natural remedies and nutritional advice.

P5 was a woman in her early 20s, student, with mixed-type IBS, functional dyspepsia, lactose intolerance, bronchial asthma, depression, and suspected emotionally unstable personality disorder. An atypical eating disorder had also been discussed. She suffered from IBS for several years and described ongoing fears of being unable to cope with her symptoms. She was very afraid of bodily changes (e.g., a bigger belly due to flatulence or gaining weight due to being unable to participate in an intensive sport program because of her symptoms) and of other people's reactions. In the free text of the diary she expressed her impairment and insecurity also reflected in the data by high pain scores or high daily impairment (e.g., days 1, 17, 33, episode about days 40–50, 60).

P6 was a woman about age 30, employee, with mixed-type IBS, fructose malabsorption, and tension headache. Since attending school, she had symptoms that had worsened over the past years. She described feelings of social anxiety in relation to her complaints that were also reflected in the free text of her diary. Her fear and shame were related to other people, who, she feared, might notice that something was wrong (e.g., because of stomach noises). Apart from this anxiety, she described an increase in symptoms due to menstrual cramps (day 15), and problems at work (day 16). Interestingly, her time series indicated an improvement regarding IBS symptoms and daily impairment when she described almost no positive events (except for day 11, – at the beginning of the weekend).

P7 was a woman about age 50, employee, with unsubtyped IBS (IBS-U, main symptom: bloating), sorbit malabsorption, fibromyalgia, and depression. Symptoms had started a long time ago with an onset of more severe symptoms approximately 7 years ago. She described that her complaints were aggravated by nervousness and gas-forming food. Additional stress factors, as described, were a difficult childhood and an unfulfilled desire to have children. In the free text of the diary she frequently reported complaints such as tiredness, pain (abdominal, leg, menstrual pain), and bloating as well as having negative feelings (e.g., everything was too exhausting) She very rarely reported positive feelings.

P8 was a man about age 50, unemployed, on sick leave for several months, with diarrhea-dominant IBS, lactose intolerance, and severe depression. He described that symptoms began more than 20 years ago and that they could be controlled only minimally by medication (loperamide). He completed the free text diary for only the first few days. He indicated better episodes such as symptom improvement of diarrhea, anxiety, or depression (days 1, 3, 8) and worse episodes due to ineffective medication (bifidobacterial, day 6) or thinking about problems (day 14).



Statistical Analysis

The analyses were conducted using the R software. For further descriptions, more elaborate explanations regarding time series analysis, and implementations of all analyses with the R software we refer to further literature (30, 34, 35). Initially, the following analyses were conducted for each time series: graphical examinations; calculations of descriptive statistics (range, median, mean, standard deviation) and autocorrelation functions (ACF); tests for stationarity with the augmented Dickey–Fuller (ADF) procedure. Subsequently, cross-correlation functions (CCF), instantaneous correlations, and simultaneous regressions with psychological measures as dependent variables and somatic variables as predictors were estimated. Temporal interdependencies between time series were analyzed using a vector autoregressive (VAR) modeling approach. The VAR methodology investigates the temporal dynamics between two or more time series by separating the time-lagged relations from the simultaneous ones. The VAR technique, therefore, allows inferences regarding the temporal order of the effects employing the causality concept introduced by Granger. The essential idea of the Granger causality test is that if current and lagged values of a time series X improve prediction of future values of a series Y, the former series Granger-causes the latter. Furthermore, the VAR approach can handle time series that mutually influence each other, thereby revealing feedback effects. The behavior of a VAR system is described using impulse response (IRA) analyses and forecast error variance decompositions (FEVD). Impulse response functions (IRF) examine interdependencies within a VAR system by tracing the effect of an exogenous shock in one of the series on other variables. The FEVD estimates the amount of variance in each variable that can be explained by other variables of the system during a specific period.




RESULTS

The left part of Figure 1 visualizes developments of somatic symptoms, abdominal pain (AP), and IBS associated daily impairment (DI) of the patients; observation periods varied from 68 to 94 successive days. The patients showed various patterns of discomfort. The mean values ranged from mean (AP) = 8 to mean (AP) = 81 and mean (DI) = 30 to mean (DI) = 81. The time series of patients 1, 3, 6–8 showed high variability (standard deviation, s = 17 to s = 30) due to the alternation of strong and slight perceived discomfort. In contrast, AP and DI reports of Patient 2 were constantly high: mean (AD) = 80 [s (AD) = 8]; mean (DI) = 81 [s (DI) = 6]. All series exhibited no trends and were therefore stationary, with the exception of patient 5 where mean values of the first 30 days were distinctly lower than the average measures of subsequent observations.


[image: Figure 1]
FIGURE 1. Somatic Time Series of Abdominal Pain (AP) and IBS Associated Daily Impairment (DI) with their Cross-Correlation (CCF) and Impulse Response Functions (IRF).


The right section of Figure 1 shows the cross-correlation functions (CCF) and impulse response functions (IRF) of the time series AP and IBS associated daily impairment (DI). For all patients, the time series of AP and DI showed significantly positive same-day correlations that varied between r = 0.40 and r = 0.80. This means that for all patients, high values in abdominal pain were associated with high values in DI on the same day.

For four patients (P1, P3, P5, P7) the IRFs indicated significant temporal relations between somatic time series. For example, abdominal pain measures of patient 7 depended linearly and positively on previous day values of IBS associated daily impairment: Step 1 IRF=0.49, 95% CI=(0.08; 0.85).

The free text of the patients' diaries is mainly reflected in the time series data (for further information also see the case reports).


Interdependencies Between Somatic and Psychological Time Series

Table 3 shows same-day correlations between the somatic and psychological time series (including negative coping). For all patients, somatic symptoms were most strongly related to pain-associated discomfort: r = 0.40 to r = 0.97. The amount of explained variance (R2) from linear regressions, with psychological measures as dependent variables and somatic variables as predictors, varied from 2 (patient 2) to 94% (patient 7, explained variance in pain associated discomfort).


Table 3. Significant instantaneous correlations between somatic (AP, DI) and psychological variables with the portion of explained variance in psychological variables (R2).
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Lagged Relationships Between Somatic and Psychological Time Series

Table 4 summarizes the significant results of the VAR analyses for interdependencies between somatic symptoms and psychological complaints (including negative coping strategies). Twenty-six significant lagged or temporal relations were identified; 17 (65%) showed the direction “Somatic Symptoms → Psychological Variable” with 4 to 16 % of explained variance; nine (35%) demonstrated the direction “Psychological Variable → Somatic Symptoms” with 6 to 18 % of explained variance. For instance, for Patient 1, higher abdominal pain was followed by a delayed increase in depression (+0.30 standard deviations) on the next day; conversely, more hopelessness and pain-associated discomfort resulted in higher perceived abdominal pain the next day (+0.29, +0.51 standard deviations). Interestingly, for P7 and P8 the lagged influence of somatic symptoms on psychological variables showed a different quality compared to the other patients. For P7, an increase in abdominal pain on one day was followed by a decrease in nervousness and tension. Similarly, for P8, an increase in DI was followed by decreased nervousness and depression at 2 or 3 days later.


Table 4. Lagged dependencies between somatic and psychological variables.
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Lagged Relationships Between Somatic Variables and Positive Coping Strategies

Table 5 shows the dependencies between somatic variables and positive psychological coping strategies.


Table 5. Dependencies between somatic variables and psychological coping strategies.
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For three of the patients (P1, P3, P8), significant positive same-day correlations were observed: r = 0.25 to r = 0.42. For four patients (P1–P4), somatic symptoms were followed by more coping next day with 5 to 17% of explained variance. In only two patients (P5, P7,) the use of coping strategies was temporally predictive for abdominal pain on the next day. However, and unexpectedly, for these patients a more frequent use of coping strategies was followed by an increase in abdominal pain on the next day (with 5–6% of explained variance in AP).




DISCUSSION

This study investigated the daily temporal relationships between somatic and psychological variables in patients with IBS. Of note is the fact that in some aspects the patients presented quite similar patterns in cross-correlations whereas in other aspects the results differed widely across patients. Therefore, the patterns that were noted for the majority of patients will be reviewed first, while the individual patterns of illness and coping will be discussed afterwards.

The somatic time series of all patients (except P5) remained stationary during the observation period - that is, time series exhibited no trends in this study period where the patients were waiting for the beginning of a group program and did not receive additional psychotherapeutic treatment. This corresponds to previous studies describing IBS as a chronic disease. Only 55% of IBS-patients report a remission over a period of more than 10 years (36).

For all patients, strong positive same-day correlations of abdominal pain (AP) and IBS-associated daily impairment (DI) were observed. Not only does this result reflect the strong association between pain and daily impairment, but it also indicates that the self-reported diary scores are valid. For P1, P3, P5, and P7 the temporal relationship between AP and DI were significant in the direction that a higher symptom score in DI was followed by a higher AP score; thus, in 50% of the patients, higher daily impairment appears to trigger higher abdominal pain. For P2, P4, and P6, the direction of the temporal relationship between AP and DI was the reverse, but only as a trend.

All patients showed high positive same-day correlations between IBS associated daily impairment and psychological variables such as nervousness, depressiveness, or hopelessness. We can therefore conclude that all of the included IBS patients were psychologically burdened on days with higher somatic symptoms. In addition, for all patients, somatic symptoms were most strongly related to pain-associated discomfort. This may confirm the validity of the diary entries.

Regarding the temporal relationships between somatic symptoms and coping strategies, we were unable to replicate the results of a previous single case analysis for all patients (21). Only two patients (P5, P7) showed a significant temporal dependency between the use of a positive coping strategy on one day and abdominal pain on the following day. However, in our previous single case study the use of a specific coping strategy was followed by a decrease in pain on the subsequent day - whereas for the two patients in this present study, the association was opposite: the intensified use of a positive coping strategy was followed by an increase in pain on the following day. We therefore cannot conclude that the use of coping strategies is, generally speaking, beneficial for IBS patients.

Further, for all patients, significant temporal relationships were found between somatic and psychological variables. In 6 patients, an increase in psychological variables such as nervousness or tension significantly predicted an increase in abdominal pain or irritable bowel related somatic impairment on the following days. For two patients the opposite was true: here, higher scores in psychological variables predicted a decrease in pain or somatic impairment on the following days. These results are partly in contrast to a previous study using ESM in IBS patients reporting that daily life stress predicted a decrease in abdominal pain (16). Vice versa, in our study, for 6 patients, increased abdominal pain or IBS related impairment on one day predicted an increase in psychological variables (such as depressiveness or tension) whereas for one patient the effect was reversed and for one patient, a mutual relationship was found. These results correspond largely to the results of the ESM study that showed a significant temporal relationship between increased IBS symptoms on one day and increase in negative affect on the following day. However, the ESM study measured stress and IBS symptoms over a time period of only 14 days and analyzed moment-to-moment associations between the variables and, therefore, results are not easily comparable. Another study that measured stress and bowel symptoms over a period of 4 weeks found no significant independent temporal relationship between stress and IBS symptoms (17). However, this study used structural modeling for data analysis and thus determined pathways back and forth over the weeks that are more complex to understand than the temporal relationship between two variables.

In our study, the direction of the temporal relationship between somatic and psychological variables varied across patients and individual patterns were clearly visible.

In his diary free text P1 expressed the insight that the severity of his IBS symptoms could be related to stress. This was reflected in the time series data by high same-day correlations between DI and tension as well as DI and nervousness. For this patient, higher AP on 1 day was followed by higher depressiveness on the next day. However, there appeared to be a mutual relationship between somatic and psychological variables because a higher score in hopelessness was followed by higher IBS related impairment. The time series data of AP and DI showed clear peaks of increased discomfort that decreased shortly afterwards.

Results for P2 showed a high same-day correlation between somatic complaints and catastrophizing. In her case, abdominal pain was followed by depressiveness, while higher catastrophizing predicted higher daily impairment on the following days. Interestingly, this patient reported visiting her general practitioner, as well as various medical specialists quite frequently. According to her story, the doctors continued to give her diagnostic information instead of introducing another perspective of IBS symptoms. This approach is often used by doctors who frequently experience patients with medically unexplained physical symptoms as difficult (37). However, too many diagnostic procedures with a focus on somatic complaints will probably result in an iatrogenic somatic fixation in these patients (38). Studies show that cognitive calming instead of further diagnostics can have a positive effect on the patient and thereby reduce the use of health care (39). In addition, psychosocial support and psychotherapy appears to be helpful (40).

P3 described, almost exclusively, positive feelings and events. However, we found a mutual relationship between catastrophizing and pain. A higher pain score predicted more catastrophizing at 4 days later whereas a higher catastrophizing score was followed by less pain at 4 days later. For this patient, one could hypothesize that admitting negative feelings could lead to more self-acceptance and relief. Exaggerated positive thinking can be a denial, thus avoiding measures to reduce pain and relieve stress. Furthermore, the suppression of emotional expression and unwanted thoughts have been shown to be correlated to higher physiological arousal and psychopathology (41).

P4 was a patient who mainly attributed his complaints to physical causes. However, his diary data showed a strong same-day correlation between tension and somatic symptoms. In addition, increased tension was followed by stronger pain at 3 days later. This could reflect an inability to link psychological processes to physical ones and vice versa; this is often observed in IBS (42).

P5 was a patient who was completely focused on her body. Her symptoms and her fears (e.g., of getting a bigger belly) could also be signs of an eating disorder. Comorbid eating disorders are common in patients with functional gastrointestinal diseases (up to 10% in our outpatient clinic) (28); a connection between these disorders and higher levels of depression is possible (43, 44).

P6 reported profound social fears in relation to her IBS symptoms. Her diary data showed high same-day correlations between somatic symptoms and hopelessness in addition to catastrophizing. Interestingly, in this patient an increase in nervousness was followed by a decrease in DI on the next day. In the free text the patient frequently described social anxiety and the specific fear that, in social contexts, she would have to rush to a toilet. The latter is often described by IBS patients (45) and may lead to social avoidance, which, in turn, may increase social anxiety. Furthermore, many patients with IBS are known to be afraid of eating or avoid eating in social situations because eating may induce or exacerbate their symptoms (46, 47). This can lead to weight loss, eating disorders, or further psychosocial impairment (48). By addressing fears and avoidance, psychotherapy could be helpful for these patients.

P7 was aware of the connection between her life stressors and (the following) somatic complaints. This was reflected in the time series data by high same day correlations between somatic complaints and psychological variables. This patient also had a diagnosis of depression - also common among IBS patients. Her diary data showed that higher depressiveness on one day was followed by an increase in pain on the next day; conversely, a higher score in pain on one day was followed by a decrease in nervousness 2 days later. One could thus speculate that the pain symptoms played a part in the mood regulation of the patient.

P8 was on sick leave for several months; the comorbid diagnosis of depression contributed to his symptom burden. Interestingly, for this patient, time series analyses showed that increased daily impairment was followed by decreased depressiveness and nervousness at 4 days later. A previous study found that more than 40% of the patients on longer sick leave reported feelings of guilt (49). It is possible that for this patient, the experience of stronger somatic symptoms was connected with a justification for not being able to work – thereby resulting in decreased depressiveness and nervousness. However, this is a hypothesis and would only be of therapeutic value if the patient were open to exploring this idea.

When looking at all of the patients and their diverse courses of illness, emotions, and time series, it becomes clear that IBS is not expressed as a single type of IBS. Still, it is possible to draw a few conclusions for the entire group of examined patients: High same-day correlations between somatic and psychological time series (including negative coping) suggest a strong association between these complaints for all patients. This close relationship is also indicated by the day-lagged data, indicating a mutual relationship between somatic and psychological complaints. Possible physiological mechanisms linking somatic and psychological complaints in IBS patients can be explained via the (microbiota-) gut-brain axis. Psychological stress can lead to an activation of the autonomic system, the HPA-Axis, or the immune system resulting in increased IBS symptoms (5, 14). Vice versa, IBS-symptoms can trigger increased rumination, catastrophizing, and illness worries which is then reflected by higher same-day or lagged temporal relationships between somatic and psychological symptoms (e.g., rumination over the course of the night would lead to increased psychological stress and via mast cell activation to increased IBS-symptoms on the following day).

Our study has several limitations. Firstly, we examined only eight patients who suffered from IBS. As inter-individual variability can be accentuated and obliterated by a small sample size, the generalizability of the results is limited. Secondly, we analyzed associations with abdominal pain because it is the cardinal symptom of IBS. However, symptoms such as diarrhea, urgency, or the feeling of not being able to empty the bowels can be equally disturbing for the patients. The results – particularly the determined associations between coping strategies and symptoms – are therefore limited and only valid in regard to the cardinal symptom, abdominal pain. Thirdly, we were able to detect day-to-day changes only; shorter periods of time could not be captured. Nevertheless, previous studies focused mainly on longer time periods or had no longitudinal data at all. As a result, this approach is still more advantageous in terms of capturing the direct relationships. Finally, it is possible that irritable bowel symptoms and psychological variables were driven by factors that were not captured in the data set such as stressful life events that had occurred prior to the study. However, the most significant strength of our study is that we, by examining all patients individually, could show a clear picture of the patients and their differences, even if our conclusions are highly speculative. The high data density per patient is helpful as IBS is a complex illness with, in all likelihood, heterogeneous genesis and factors.

This study has several implications: Clinicians and researchers should be aware of the great variability of patients with IBS; patients may present their fears, triggers, emotions, and coping strategies in a multiplicity of ways. While some strategies may be helpful for certain patients (e.g., positive coping), this approach has no or even a reverse effect in others. Therefore, a very accurate anamnesis should always be taken, and the therapy should be adapted to the individual patient's needs. As a result, the direction of the effect is highly relevant in deciding whether therapy should focus primarily on IBS symptoms or on the psychological distress. For future research on patients with IBS it is important to be aware of the dilution and loss of data in aggregated data analysis. The varying patterns of psycho-somatic symptoms and dynamics indicate that individual factors are moderating the interdependency of psychological and somatic symptoms. Possible person-level moderators, in our sample, could be a high pressure to perform (P1, P4), illness worries (P2), neglect of feelings (P3), eating disorder (P5), social anxiety (P6), biographical stressors (P7), or resignation (P8). It could be important to more closely investigate these person-level moderators in order to generate a better understanding of the diverse mechanisms in IBS and to apply appropriate therapeutic strategies.



CONCLUSION

In the IBS cases here presented, we found a high correlation between somatic and psychological complaints, as was also represented in day-lagged relationships. The patients exhibited a wide variety of their particular course of illness. Our study supports the finding that patients with IBS are a heterogeneous group, and that individualized biopsychosocial explanatory models and treatment concepts are needed.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors upon request, without undue reservation.



ETHICS STATEMENT

The study was reviewed and approved by the Ethics Committee of the University Hospital, Heidelberg.



AUTHOR CONTRIBUTIONS

BW, FE, ES-K, and RS conceived and designed the study. FE, SB, ES-K, and RS collected the data. TS statistically analyzed and all authors interpreted the data. FE, BW, and TS drafted the manuscript. All authors critically revised the manuscript and provided important intellectual content and approved the final version.



FUNDING

The study was supported by the Medical Faculty of the University of Heidelberg, Postdoctoral Fellowship Program. For the publication fee we acknowledge financial support by Deutsche Forschungsgemeinschaft within the funding programme Open Access Publikationskosten as well as by Heidelberg University.



ACKNOWLEDGMENTS

The authors thank the participating patients and the contributing research assistants.



ABBREVIATIONS

IBS, irritable bowel syndrome; AP, abdominal pain; DI, IBS- associated daily impairment; N, nervousness; T, tension; D, depressiveness; PD, pain-associated discomfort; C, catastrophizing; H, hopelessness; CPT, coping with positive thoughts; CIP, coping with imagining pain outside the body; P, patient.



REFERENCES

 1. Sperber AD, Dumitrascu D, Fukudo S, Gerson C, Ghoshal UC, Gwee KA, et al. The global prevalence of IBS in adults remains elusive due to the heterogeneity of studies: a Rome Foundation working team literature review. Gut. (2017) 66:1075–82. doi: 10.1136/gutjnl-2015-311240

 2. Drossman DA, Hasler WL. Rome IV-functional GI disorders: disorders of gut-brain interaction. Gastroenterology. (2016) 150:1257–61. doi: 10.1053/j.gastro.2016.03.035

 3. De Palma G, Collins SM, Bercik P, Verdu EF. The microbiota-gut-brain axis in gastrointestinal disorders: stressed bugs, stressed brain or both? J Physiol. (2014) 592:2989–97. doi: 10.1113/jphysiol.2014.273995

 4. Mahurkar-Joshi S, Chang L. Epigenetic mechanisms in irritable bowel syndrome. Front Psychiatry. (2020) 11:805. doi: 10.3389/fpsyt.2020.00805

 5. Van Oudenhove L, Levy RL, Crowell MD, Drossman DA, Halpert AD, Keefer L, et al. Biopsychosocial aspects of functional gastrointestinal disorders: how central and environmental processes contribute to the development and expression of functional gastrointestinal disorders. Gastroenterology. (2016) 150:1355–67. doi: 10.1053/j.gastro.2016.02.027

 6. Schmulson MJ, Drossman DA. What is new in Rome IV. J Neurogastroenterol Motil. (2017) 23:151–63. doi: 10.5056/jnm16214

 7. Jones MP, Tack J, Van Oudenhove L, Walker MM, Holtmann G, Koloski NA, et al. Mood and anxiety disorders precede development of functional gastrointestinal disorders in patients but not in the population. Clin Gastroenterol Hepatol. (2017) 15:1014–20 e4. doi: 10.1016/j.cgh.2016.12.032

 8. Ford AC, Forman D, Bailey AG, Axon AT, Moayyedi P. Irritable bowel syndrome: a 10-yr natural history of symptoms and factors that influence consultation behavior. Am J Gastroenterol. (2008) 103:1229–39. doi: 10.1111/j.1572-0241.2007.01740.x

 9. Koloski NA, Jones M, Talley NJ. Evidence that independent gut-to-brain and brain-to-gut pathways operate in the irritable bowel syndrome and functional dyspepsia: a 1-year population-based prospective study. Aliment Pharmacol Ther. (2016) 44:592–600. doi: 10.1111/apt.13738

 10. Gazouli M, Wouters MM, Kapur-Pojskic L, Bengtson MB, Friedman E, Nikcevic G, et al. Lessons learned—resolving the enigma of genetic factors in IBS. Nat Rev Gastroenterol Hepatol. (2016) 13:77–87. doi: 10.1038/nrgastro.2015.206

 11. Kumar S, Ranjan P, Mittal B, Ghoshal UC. Serotonin transporter gene (SLC6A4) polymorphism in patients with irritable bowel syndrome and healthy controls. J Gastrointestin Liver Dis. (2012) 21:31–8.

 12. Mohr S, Fritz N, Hammer C, Martinez C, Berens S, Schmitteckert S, et al. The alternative serotonin transporter promoter P2 impacts gene function in females with irritable bowel syndrome. J Cell Mol Med. (2021) 25:8047–61. doi: 10.1111/jcmm.16736

 13. De Palma G, Collins SM, Bercik P. The microbiota-gut-brain axis in functional gastrointestinal disorders. Gut Microbes. (2014) 5:419–29. doi: 10.4161/gmic.29417

 14. Boeckxstaens G, Camilleri M, Sifrim D, Houghton LA, Elsenbruch S, Lindberg G, et al. Fundamentals of neurogastroenterology: physiology/motility - sensation. Gastroenterology. (2016). S0016–5085:00221–3. doi: 10.1053/j.gastro.2016.02.030

 15. Sibelli A, Chalder T, Everitt H, Workman P, Windgassen S, Moss-Morris R, et al. Systematic review with meta-analysis of the role of anxiety and depression in irritable bowel syndrome onset. Psychol Med. (2016) 46:3065–80. doi: 10.1017/S0033291716001987

 16. Chan Y, So SH, Mak ADP, Siah KTH, Chan W, Wu JCY. The temporal relationship of daily life stress, emotions, and bowel symptoms in irritable bowel syndrome-diarrhea subtype: a smartphone-based experience sampling study. Neurogastroenterol Motil. (2019) 31:e13514. doi: 10.1111/nmo.13514

 17. Blanchard EB, Lackner JM, Jaccard J, Rowell D, Carosella AM, Powell C, et al. The role of stress in symptom exacerbation among IBS patients. J Psychosom Res. (2008) 64:119–28. doi: 10.1016/j.jpsychores.2007.10.010

 18. Wilpart K, Tornblom H, Svedlund J, Tack JF, Simren M, Van Oudenhove L. Coping skills are associated with gastrointestinal symptom severity and somatization in patients with irritable bowel syndrome. Clin Gastroenterol Hepatol. (2017) 15:1565–71. doi: 10.1016/j.cgh.2017.02.032

 19. van Tilburg MA, Palsson OS, Whitehead WE. Which psychological factors exacerbate irritable bowel syndrome? Development of a comprehensive model. J Psychosom Res. (2013) 74:486–92. doi: 10.1016/j.jpsychores.2013.03.004

 20. Jones MP, Wessinger S, Crowell MD. Coping strategies and interpersonal support in patients with irritable bowel syndrome and inflammatory bowel disease. Clin Gastroenterol Hepatol. (2006) 4:474–81. doi: 10.1016/j.cgh.2005.12.012

 21. Engel F, Stadnitski T, Stroe-Kunold E, Berens S, Schaefert R, Wild B. Pain and psyche in a patient with irritable bowel syndrome: chicken or egg? A time series case report. BMC Gastroenterol. (2021) 21:309. doi: 10.1186/s12876-021-01879-2

 22. Francis CY, Morris J, Whorwell PJ. The irritable bowel severity scoring system: a simple method of monitoring irritable bowel syndrome and its progress. Aliment Pharmacol Ther. (1997) 11:395–402. doi: 10.1046/j.1365-2036.1997.142318000.x

 23. Derogatis LR, Melisaratos N. The brief symptom inventory: An introductory report. Psychol Med. (1983) 13:595–605.

 24. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med. (2001) 16:606–13. doi: 10.1046/j.1525-1497.2001.016009606.x

 25. Kroenke K, Spitzer RL, Williams JB. The PHQ-15: validity of a new measure for evaluating the severity of somatic symptoms. Psychosom Med. (2002) 64:258-66. doi: 10.1097/00006842-200203000-00008

 26. Robinson ME, Riley JL, Myers CD, Sadler IJ, Kvaal SA, Geisser ME, et al. The coping strategies questionnaire: a large sample, item level factor analysis. Clin J Pain. (1997) 13:43–9. doi: 10.1097/00002508-199703000-00007

 27. Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin F, Spiller RC. Functional bowel disorders. Gastroenterology. (2006) 130:1480–91. doi: 10.1053/j.gastro.2005.11.061

 28. Berens S, Kraus F, Gauss A, Tesarz J, Herzog W, Niesler B, et al. A specialty clinic for functional gastrointestinal disorders in tertiary care: concept and patient population. Clin Gastroenterol Hepatol. (2017) 15:1127–9. doi: 10.1016/j.cgh.2017.02.039

 29. Berens S, Stroe-Kunold E, Kraus F, Tesarz J, Gauss A, Niesler B, et al. Pilot-RCT of an integrative group therapy for patients with refractory irritable bowel syndrome (ISRCTN02977330). J Psychosom Res. (2018) 105:72–9. doi: 10.1016/j.jpsychores.2017.12.002

 30. Stadnitski T. Time series analyses with psychometric data. PLoS ONE. (2020) 15:e0231785. doi: 10.1371/journal.pone.0231785

 31. Melchior C, Douard V, Coeffier M, Gourcerol G. Fructose and irritable bowel syndrome. Nutr Res Rev. (2020) 33:235–43. doi: 10.1017/S0954422420000025

 32. Layer P, Andresen V, Pehl C, Allescher H, Bischoff SC, Classen M, et al. S3-Leitlinie reizdarmsyndrom: definition, pathophysiologie, diagnostik und therapie. [Irritable bowel syndrome: German consensus guidelines on definition, pathophysiology and management]. Z Gastroenterol. (2011) 49:237–93. doi: 10.1055/s-0029-1245976

 33. Layer P, Andresen V, Allescher H, Bischoff S, Claßen M, Elsenbruch S, et al. Update S3-Leitlinie Reizdarmsyndrom: Definition, Pathophysiologie, Diagnostik und Therapie des Reizdarmsyndroms der Deutschen Gesellschaft für Gastroenterologie, Verdauungs- und Stoffwechselkrankheiten (DGVS) und der Deutschen Gesellschaft für Neurogastroenterologie und Motilität (DGNM) AWMF-Registernummer 021/016 (2021). Available online at: https://www.dgvs.de/wp-content/uploads/2021/07/Leitlinie-RDS_20210629_final.pdf (accessed March 11, 2021). 

 34. Stadnitski T. Multivariate Time Series Analyses for Psychological Research: VAR, SVAR, VEC, SVEC Models and Cointegration as Useful Tools for Understanding Psychological Processes. Hamburg: Dr Kovač (2014). 

 35. Stadnitski T, Wild B. How to deal with temporal relationships between biopsychosocial variables: a practical guide to time series analysis. Psychosom Med. (2019) 81:289–304. doi: 10.1097/PSY.0000000000000680

 36. Olafsdottir LB, Gudjonsson H, Jonsdottir HH, Bjornsson E, Thjodleifsson B. Natural history of functional gastrointestinal disorders: comparison of two longitudinal population-based studies. Dig Liver Dis. (2012) 44:211–7. doi: 10.1016/j.dld.2011.10.009

 37. Ring A, Dowrick CF, Humphris GM, Davies J, Salmon P. The somatising effect of clinical consultation: what patients and doctors say and do not say when patients present medically unexplained physical symptoms. Soc Sci Med. (2005) 61:1505–15. doi: 10.1016/j.socscimed.2005.03.014

 38. Rosendal M, Fink P, Bro F, Olesen F. Somatization, heartsink patients, or functional somatic symptoms? Towards a clinical useful classification in primary health care Scand. J Prim Health Care. (2005) 23:3–10. doi: 10.1080/02813430510015304

 39. Pincus T, Holt N, Vogel S, Underwood M, Savage R, Walsh DA, et al. Cognitive and affective reassurance and patient outcomes in primary care: a systematic review. Pain. (2013) 154:2407–16. doi: 10.1016/j.pain.2013.07.019

 40. Hetterich L, Stengel A. Psychotherapeutic interventions in irritable bowel syndrome. Front Psychiatry. (2020) 11:286. doi: 10.3389/fpsyt.2020.00286

 41. Aldao A, Nolen-Hoeksema S, Schweizer S. Emotion-regulation strategies across psychopathology: a meta-analytic review. Clin Psychol Rev. (2010) 30:217–37. doi: 10.1016/j.cpr.2009.11.004

 42. Kano M, Endo Y, Fukudo S. Association between alexithymia and functional gastrointestinal disorders. Front Psychol. (2018) 9:599. doi: 10.3389/fpsyg.2018.00599

 43. Melchior C, Desprez C, Riachi G, Leroi AM, Dechelotte P, Achamrah N, et al. Anxiety and depression profile is associated with eating disorders in patients with irritable bowel syndrome. Front Psychiatry. (2019) 10:928. doi: 10.3389/fpsyt.2019.00928

 44. Perkins S, Keville S, Schmidt U, Chalder T. Eating disorders and irritable bowel syndrome: is there a link? J Psychosom Res. (2005) 59:57–64. doi: 10.1016/j.jpsychores.2004.04.375

 45. Omagari K, Murayama T, Tanaka Y, Yoshikawa C, Inoue S, Ichimura M, et al. Mental, physical, dietary, and nutritional effects on irritable bowel syndrome in young Japanese women. Intern Med. (2013) 52:1295–301. doi: 10.2169/internalmedicine.52.0248

 46. Steinsvik EK, Valeur J, Hausken T, Gilja OH. Postprandial symptoms in patients with functional dyspepsia and irritable bowel syndrome: relations to ultrasound measurements and psychological factors. J Neurogastroenterol Motil. (2020) 26:96–105. doi: 10.5056/jnm19072

 47. Reed-Knight B, Squires M, Chitkara DK, van Tilburg MA. Adolescents with irritable bowel syndrome report increased eating-associated symptoms, changes in dietary composition, and altered eating behaviors: a pilot comparison study to healthy adolescents. Neurogastroenterol Motil. (2016) 28:1915–20. doi: 10.1111/nmo.12894

 48. Harer KN. Irritable bowel syndrome, disordered eating, and eating disorders. Gastroenterol Hepatol. (2019) 15:280.

 49. Floderus B, Goransson S, Alexanderson K, Aronsson G. Self-estimated life situation in patients on long-term sick leave. J Rehabil Med. (2005) 37:291–9. doi: 10.1080/16501970510034422

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Engel, Stadnitski, Stroe-Kunold, Berens, Schäfert and Wild. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-13-768134-t004.jpg
Patient  Type of dependency VAR Strongest Impulse-Response Granger causality Test % FEVD
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F P
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Hopelessness — Abdorminal Pain 1 +0.29 599 0016 8
Pain associated discomfort — Abdominal Pain 1 +051 132 <001 17
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Daily Impairment —Pain associated discomfort 1 +033 435 0038 6
4 Abdorninal Pain — Catastrophizing 1 +0.26 633 0013 7
Abdorninal Pain — Depressiveness 1 +022 436 0038 4
Tension — Abdominal Pain 3 +0.16 273 0046 9
5 Abdorninal Pain — Nervousness 3 +030 272 0047 9
Daily Impairment — Nervousness 1 +0.32 592 0016 9
Daily Impairment — Hopelessness 1 +0.30 5.14 0025 9
Daily Impairment —Pain associated discomfort 1 +0.41 7.68 <001 13
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Asignificant Granger test implies that the first variable has causalimpact on the second variable. The test statistics is F (cfy, i), where of; is & number of tested restrictions (k) and df,
= 2T—dk~2 for bivariate VAR models, T is length of time series, k is order of VAR model. Forecast Error Variance (FEV) Decomposition estimates the amount of variance in a dependent
variable that can be explained by a corresponding cause variable during a period h.
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Asignificant Granger test implies that the first variable has causal impact on the second variable. The test statistics is F (dfy, i), where of; is & number of tested restrictions (k) and df,
= 2T—dk~2 for bivariate VAR models, T is length of time series, k is order of VAR model. Forecast Error Variance (FEV) Decomposition estimates the amount of variance in a dependent
variable that can be explained by a corresponding cause variable during a period h.
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(N=73) AP 0.26 - 0.21 0.33 - 0.63
DI 0.48 0.46 0.21 0.34 0.36 0.40
R? 0.24 022 0.07 0.17 0.13 0.43

Patient 2

(N=74) AP - - 0.56 0.27 032 0.70

DI - 0.36 0.45 - 0.40 0.67
R? 0.02 0.13 0.36 0.08 0.18 0.65
Patient 3 N = 89 AP - 0.24 0.54 0.37 022 0.93
DI 0.25 0.22 0.49 0.39 - 0.80

R? 0.06 0.06 0.30 0.16 0.05 0.87
Patient 4 N = 94 AP 0.24 0.46 0.32 - 0.26 0.73

DI 039 034 031 02 039 048
R2 0.16 024 0.14 0.07 0.16 0.56

Patient 5 N = 68 AP 0.25 - 0.54 0.56 - 0.95
DI 0.46 i 0.55 0.52 0.34 0.81
R? 0.24 0.04 0.33 0.33 0.17 091
Patient 6 N =74 AP - 0.23 - 0.37 = 0.79
DI 0.28 - 0.36 0.45 - 0.50
R? 0.08 0.06 0.13 022 0.02 0.62
Patient 7 N =71 AP 0.21 = 0.59 0.39 022 0.97
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R? 0714 006 045 024 007 094
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Ris the portion of explained variance in psychological variables.

R? from the regressions PVy = p1SV1; + ppSV2;+eq where PV, psychological variable;
SV = somatic veriable; AP = Abdominal Pain; DI, IBS Associated Daily Impaimment; N,
Nervousness; T, Tension; C, Catastrophizing; H, Hopelessness; D, Depressiveness; PD,
Pain associated discormfort.
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Somatic variables

Abdominal pain (AP)

1BS associated daily impairment (D))

Psychological variables
Nervousness (N)

Tension (T)

Depressiveness (D)

Pain associated discomfort (PD)

Coping strategies
Catastrophizing (C)

Hopelessness (H)

Coping: positive thoughts (CPT)

Coping: Imagining pain outside the body (CIP)

This table was also included in Engel et al. (21).

Items implemented in the online diary

“How severe is your abdominal (tummy) pain”
— Adapted from the iritable bowel severity scoring system (IBS-SSS) (22)

“Please indicate how much your initable bowel syndrome is affecting or interfering with your life today”
— Adapted from the iitable bowel severity scoring system (IBS-SSS) (22)

Items implemented in the online diary

“Today, how much were you distressed by nervousness or shakiness inside?”

— Adapted from the brief symptom inventory (BS) (23)

“Today, how much were you distressed by feeling tense or keyed up”

— Adapted from the brief symptom inventory (BSI) (23)

“Today, how often have you been bothered by feeling down, depressed, or hopeless?”

— Adapted from the Patient-Health-Questionnaire (PHQ) (24)

“Today, how much have you been bothered by stomach pain”

— Adapted from the Patient-Health-Questionnaire (PHQ) (25)

Items implemented in the online diary

“Today, when experiencing IBS-pain you had the feeling that you couldn't go on*

— Adapted from the coping strategies questionnaire (CSQ) (26)

“When you had IBS-pain today, you thought: *It's terrible and | feel it's never going to get any better”
— Adapted from the coping strategies questionnaire (CSQ) (26)

“Today, when experiencing IBS-pain | thought of things | enjoy doing”

— Adapted from the coping strategies questionnaire (CSQ) (26)

“When experiencing IBS-pain, today | imagined that the pain is outside of my body”

— Adapted from the coping strategies questionnaire (CSQ) (26)
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