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Abstract

Objective—This study was conducted to present evidence of differences in autonomic regulation 

of cardiovascular activity and its role in the severity of specific (disease-related) and non-specific 

(negative affect and chronic pain-related) symptoms in individuals with Irritable Bowel Syndrome 

(IBS).

Methods—Seventy-eight female patients with IBS and 27 healthy women age 18–62 years were 

assessed for IBS symptoms, negative affect, and baroreceptor sensitivity (BRS), blood pressure 

(BP), heart rate, and heart rate variability (HRV) at rest. Direct and indirect regression effects were 

examined with application of the bootstrap procedure to validate findings.

Results—IBS was reliably related to lower resting BRS, higher BP, and higher negative affect 

compared to healthy controls. Longer disease duration (chronicity) was related to BRS decrease 

coupled with systolic BP increase (95% CIs = -0.14 to -0.01). Three autonomic mechanisms 

associated with BRS decrease were found to further regulate severity of IBS symptoms. Lower 

BRS was related to higher IBS severity in general if the effect was transferred through the 

decrease of low frequency power of HRV (e.g., 95% CIs = -0.039 to -0.001 for abdominal pain 

severity). However, lower BRS was related to lower IBS severity in general if the effect was 

transferred through diastolic BP increase (95% CIs = 0.01 to 0.11 for abdominal pain severity). 

Lower BRS was related to higher abdominal pain severity coupled with high negative affect if the 
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effect was transferred through the decrease of higher frequency power of HRV (95% CIs = -0.026 

to -0.003).

Conclusions—These findings indicate that different cardiovascular mechanisms are associated 

with IBS development and the increase and decrease of severity of IBS symptoms. Their 

assessment suggests ways to personalize treatment of IBS.

Keywords

: baroreceptor sensitivity; systolic blood pressure; diastolic blood pressure; heart rate variability; 
Irritable Bowel Syndrome; negative affect; chronic pain severity

1. Introduction

The gastrointestinal (GI) tract is a complex organ with interacting neural and endocrine 

mechanisms that control its main functions: digestion and assimilation of nutrients and the 

transport and excretion of waste products. Visceral sensation involves a chain that conveys 

information from the GI tract to interceptive and affective centers in the brain. Alterations in 

bidirectional communication between the brain and the gut have been hypothesized to 

underlie symptoms of chronic visceral pain disorders such as Irritable Bowel Syndrome 

(IBS) and may in addition affect positive and negative emotions [1–3]. IBS is the most 

common of the functional GI disorders impacting 5-11% of the US population and leading 

to significant suffering and health care costs [4]. Given the critical role of the autonomic 

nervous system in GI function and brain-gut communications, disorders like IBS may be 

closely associated with altered central autonomic control, and specific IBS phenotypes (e.g. 

pain vs bloating symptoms) may be associated with specific autonomic patterns. Few 

definitive autonomic patterns have been found to be reliably associated with IBS phenotypes 

[4].

Studies evaluating autonomic function have found increased sympathetic activity and/or 

lower vagal tone during waking and/or sleep in IBS patients compared to healthy controls 

[5–10], and other studies have found no difference in autonomic activity between the groups 

[10–12]. Phenotype differences in IBS, severity of symptoms, or disease duration 

(chronicity) may be contributing to the inconsistency of findings [11,13–16]. This suggests 

that activity of both branches of the autonomic nervous system may serve as an index of 

symptom severity or a sense of discomfort in IBS [14,17,18]. However, further research is 

needed to improve the validity of autonomic measures for their translation to clinical 

practice [16].

Visceral afferent stimulation has been found to affect baroreflex activity that may play an 

important role in the pathophysiology of IBS [19]. For example, baroreceptor sensitivity 

(BRS) values at rest were found to be reduced in patients with IBS compared to a control 

group [18,20,21]. BRS is an autonomic measure of integrative sympathetic and 

parasympathetic regulation of cardiovascular processes assessed by blood pressure (BP) 

level and heart rate variability (HRV), and its resting values were found to be associated 

with mood regulation in our previous studies in healthy subjects and patients with major 

depression [22,23]. Since IBS was found to be associated with higher anxiety and depression 
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[12], the association between lower BRS and higher IBS severity may be mediated not only 

through a pathophysiological (peripheral somatosensory) but also through this 

psychopathological (central affective) mechanism.

The aim of the study was to confirm a hypothesis that IBS compared to a healthy condition 

is associated with lower BRS and to provide evidence that lower BRS is indirectly related to 

greater IBS severity and longer duration (chronicity) in patients. Indirect effects between 

BRS and IBS scores were expected to be mediated through negative affect (anxiety and 

depression) and autonomic measures (HRV and BP).

2. Methods

2.1 Subjects

Seventy-eight women age 18–62 years with IBS based on Rome III criteria [24] and 

symptoms lasting a minimum of 6 months (IBS group) and 27 healthy women age 19–54 

years without IBS (control group) were recruited by community advertisement. IBS 

diagnosis, Rome III bowel habit predominance, and inclusion/exclusion status were 

determined by a physical examination by a physician or nurse practitioner experienced in 

functional GI disorders. Patients were excluded if they had undergone GI surgery, had an 

active organic GI disorder, had cardiovascular disorders or arrhythmias, had a severe 

psychiatric disorder, used warfarin or other blood-thinning drugs, were pregnant, or were 

using pain medications or beta-blockers. The University of California, Los Angeles, 

Institutional Review Board approved the study. All subjects provided signed informed 

consent. The investigation conforms with the principles outlined in the Declaration of 

Helsinki.

2.2 Symptoms and psychological instruments

Patients and control subjects answered self-report questions on age, ethnicity, smoking 

habit, caffeine and alcohol consumption, physical activity, and IBS chronicity (in years). 

Severity of usual IBS symptoms was assessed as mild, moderate, severe, or very severe 

(usual IBS severity), and current severity of IBS symptoms of pain, bloating and overall GI 

symptoms (current IBS severity) were assessed for the past week using 0-20 numeric rating 

scales (anchored by “none” and “most intense symptoms imaginable”) [25]. The Hospital 

Anxiety and Depression Scale (HADS) was administered as a self-report measure of current 

total affect (HADS-T), anxiety (HADS-A), and depression (HADS-D) symptoms validated 

for nonpsychiatric samples [26].

2.3 Physiological measures

Before the physiological session, after the participant was seated for 5 min, three casual 

blood pressure (BP) readings were taken using standard methods. Continuous measures of 

electrocardiogram (ECG), beat-to-beat BP, and respiration were recorded during the 

laboratory session using Biopac MP 100 hardware and Acq- Knowledge 3.8.2 software 

(Biopac, Goleta, California). A standard electrode configuration (right clavicle and 

precordial site V6) with three disposable Ag-AgCl electrodes (ConMed Corp.) was used to 

record the ECG. The signal was digitized at 2000 Hz, and RR-interval (RRI) series were 
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derived using a QRS complex template detection algorithm to obtain R-peak localization as 

the apex of the interpolating parabolas. Beat-to-beat BP was measured non-invasively using 

a Finapres Continuous NIBP Monitor (Ohmeda, Englewood, Colorado) via a finger cuff 

attached to the third finger of the non-dominant hand and digitized at 2000 Hz with 12-bit 

resolution. The Finapres has been shown to be a suitable tool for reliable tracking of changes 

in BP [27]. Systolic (SBP) and diastolic (DBP) points were derived using two different 

template detection algorithms. All recordings were automatically and visually examined to 

verify ECG and BP wave classification and to correct for artifacts. Further details on the 

methods and algorithms can be found elsewhere [22,23,28]. Respiration was recorded with 

the Biopac Respiratory Effort Transducer (Biopac, Goleta, California), a belt placed around 

the lower rib cage measuring changes in chest circumference.

2.4 Baroreflex sensitivity and heart rate variability

We measured BRS by the sequence method [22,23]. SBP and RR interval (RRI) time series 

were scanned by custom software (see below) to identify sequences during which SBP and 

associated RRI both increased (“up” [+] sequences) or both decreased (“down” [−] 

sequences) successively in parallel over three or more beats (SBP and RRI ramps). We 

required a minimum change of 1 mmHg for SBP and 3 ms for RRI per beat and a minimum 

correlation of 0.80 between the parallel values to accept the pairs for calculating BRS (gain 

of baroreceptor sensitivity, ms/mmHg) as means of least squares linear regression slopes 

with lag 0, 1, and 2 [22,23].

Multistage band-pass linear filtering was adopted to suppress extraneous sources of RRI 

variation [22,28,29]. This method is comparable to the Porges-Bohrer moving polynomial 

filter method of the assessment of respiratory sinus arrhythmia (HF-HRV) [30,31], but 

extended the filtering procedure also to lower frequencies like the Traube-Hering-Mayer 

wave (LF-HRV). In this method, the RRI variances of residual time series (the filtered 

waveform) after a bandpass smoothing FIR (finite impulse response) filtering for alien 

frequencies and baseline trend are used to calculate HRV (RRI variability, ms2) in the low 

frequency power band (LF-HRV; 0.075–0.125 Hz) and the high frequency power band (HF-

HRV; 0.125–0.50 Hz). These bands of frequencies were selected to optimally adapt 

mathematical properties of the filtering method to the properties of the particular 

physiological processes [30-32]. As the distributions of the HRV measures were skewed, 

natural logarithms (ln) of the LF and HF measures were used. Data processing for R-peak 

and BP-peak detection, artifact search, and baroreflex sequences was performed off-line 

using a custom computer program written by DMD using the Spike2 system (Cambridge 

Electronic Design, Cambridge, England).

2.5 Laboratory procedure

The protocol included a 10-minute resting baseline during which the subjects were 

comfortably seated in a chair and instructed to minimize movement and to rest. Subjects 

were monitored via a video feed.
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2.6 Statistical analysis

Descriptive and inferential analyses were performed with SPSS (SPSS Science, Chicago, IL) 

software using General Linear Models by the Type III method (GLM), SPSS built-in 

bootstrapping option for computing confidence intervals for regression estimates in GLM, 

and the SPSS macro command set ‘PROCESS’ to evaluate the significance of mediation 

effects [33]. Values of p < 0.05 were regarded as statistically significant in parametric 

analyses. Bias-corrected and accelerated (BCa) bootstrap procedure with 5000 bootstrap 

samples was used to generate non-parametric 95% confidence intervals (CIs) of regression 

coefficients from empirical sampling distribution. The bootstrap procedure was suggested as 

a robust alternative to inference based on parametric assumptions (such as normally 

distributed errors) to confirm findings obtained by parametric analyses and is recommended 

for reporting inferences in scientific reports [34,35]. All parameter estimates were expressed 

as non-standardized (B) regression coefficients and their standard errors (SE) in the text. 

Where necessary, a partial η2 was reported as a measure of strength of association (effect 

size). Demographic variables (age and body mass index) were included in those 

analyseswhere they had significant (p < 0.05) correlations with dependent variables to 

control for their probable effects as confounders or covariates. According to these 

correlations age (natural log(ln)-transformed value) was included in all models, but body 

mass index was only included in the analyses of BP.

To confirm the main hypothesis that the autonomic nervous system is impaired in patients 

with IBS, the first group of GLM analyses with multivariate and univariate models (Pillai's 

Trace and regression statistics) was conducted to test the Group (IBS vs Healthy Control) 

main effect on cardiovascular (CV) variables. A second group of the same GLM analyses 

tested that symptom severity, chronicity, and negative affect of IBS patients would be 

significantly associated with differences in CV measures. Additional analyses with the 

bootstrap non-parametric procedure were used in the first and the second groups of analyses 

to inspect and confirm (validate) those main effects that were found significant or with a 

tendency to be significant by the parametric procedures. Final inferences of significance of 

the effects and relationships were based on results of the bootstrap non-parametric 

procedure.

A third group of analyses inspected the relationships between CV measures, negative affect 

(anxiety and depression), and IBS severity and chronicity for possible mediation 

mechanisms to combine and explain GLM simple effects. All mediation effects were 

evaluated for significance by the BCa bootstrap procedure included in the ‘PROCESS’ 

macro command set as the bootstrapping technique more accurately captures the shape of 

the sampling distribution and therefore has greater power to detect mediation [36].

Number of individuals varied between different analyses due to missing or incomplete data 

of some CV, clinical (complaints), and personality variables in some subjects (between 4 

and 9 subjects).
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3. Results

3.1 Differences in demographic, medical, and psychological characteristics

Table 1 shows the demographic, medical, and psychological characteristics of the IBS and 

healthy samples. No differences between groups were found in ethnicity, age, body mass 

index, caffeine, and alcohol consumption (ps > 0.15 for all comparisons). Bowel habit 

subgroups did not differ in symptom severity and chronicity. The control group had 

significantly lower smoking habit, HADS-A and HADS-T symptoms (see Table 1). Usual 

severity of IBS symptoms was equally associated with 3 other subjective IBS measures 

assessing severity during the past week (Table 2). Main findings in IBS patients were similar 

with respect to all negative affect measures (HADS-A, HADS-D, and HADS-T) and 

therefore are only presented for HADS-T.

3.2 Main findings

3.2.1 GLM analyses—BRS and office (casual) SBP and DBP values were found to be 

statistically significant indicators of physiological difference between the IBS and control 

groups (Bs[SE] = 3.26[1.26], -9.53[3.23], and -6.65[2.34], ts[p] = 2.60[0.010], -2.95[0.004], 

-2.84[0.006], η2 = 0.07, 0.09, and 0.09; confirmed by bootstrap 95% CIs: 0.35 to 6.25, 

-14.75 to -4.07, -10.06 to -2.90). BRS was lower and office SBP and DBP were higher in the 

IBS group compared to the control (Table 3).

Lower BRS was found to be significantly associated with higher office and laboratory BP 

levels and lower lnLF- and lnHF-HRV values in IBS patients (Pillai's Traces = .26 and .36, 

F = 5.56 and 18.92, p < 0.001, for four aggregated BP levels and for two HRV values, 

respectively). Higher negative affect was significantly associated with lower BRS and lnHF-

HRV in IBS patients (Bs[SE] = -0.15[0.07] and -0.04[0.01], ts[p] = -2.13[0.037] and 

-2.95[0.004], η2 = 0.06 and 0.11; confirmed by bootstrap 95% CIs: -0.28 to -0.02 and -0.06 

to -0.01, respectively).

Higher usual severity of IBS symptoms was significantly associated with lower lnLF-HRV 

and lnHF-HRV in IBS patients (Bs[SE] = -0.31[0.15] and -0.38[0.14], ts[p] = -2.12[0.038] 

and -2.65[0.010], η2 = 0.06 and 0.09; confirmed by bootstrap 95% CIs: -0.67 to -0.01 and 

-0.70 to -0.06). Higher negative affect was significantly associated with higher usual IBS 

severity and current abdominal pain severity in IBS patients (Bs[SE] = 0.04[0.01] and 

0.13[0.06], ts[p] = 4.16[0.000] and 2.08[0.041], η2 = 0.19 and 0.06; confirmed by bootstrap 

95% CIs: 0.02 to 0.06 and 0.02 to 0.24, respectively).

3.2.2 Mediation analyses—Mediation analyses indicated that the absence of a direct 

relationship of symptom severity to the baroreflex measure may be explained by its linking 

to two opposite impairment and protection mechanisms. One mediation analysis found that 

lower BRS determined the increase in subjective sensation of usual IBS severity coupled 

with the increase of current severity of IBS symptoms by triggering a lnLF-HRV decrease 

(e.g., BRS->LF-HRV->usual IBS severity->current abdominal pain severity; B[SE] = 

-0.024[0.02], 95% CIs = -0.090 to -0.001). However, another mediation analysis found that 

lower BRS determined the decrease of usual IBS severity coupled with the decrease of 
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current severity of IBS symptoms by triggering a DBP increase (e.g., BRS->office DBP-

>usual IBS severity-> current abdominal pain severity; B[SE] = 0.04[0.02], 95% CIs = 0.01 

to 011).1 Additional mediation analysis found that the decrease in BRS transferred its effect 

through lower lnHF-HRV to both higher usual IBS severity and current severity of 

abdominal pain by triggering the increase of negative affect (BRS->HF-HRV->HADS-T-

>IBS severity; Bs[S]E = -0.012[0.006] and -0.047[0.031], 95% CIs = -0.026 to -0.003 and 

-0.131 to -0.004, respectively). Greater BRS decrease in IBS patients, in turn, was found to 

be determined by longer disease duration (chronicity) through higher SBP increase 

(chronicity-> office & lab SBP->BRS; Bs[S]E = -0.06[0.03] and -0.03[0.02], 95% CIs = 

-0.14 to -0.01 and -0.086 to -0.001).2 No moderation effect of bowel habits on the 

relationships between IBS severity and CV variables was found in IBS patients.

4. Discussion

Findings confirm the prediction that patients with IBS in general have significantly lower 

resting baroreceptor sensitivity compared to healthy controls [18,20]. Higher scores of blood 

pressure3 and negative affect were also attributed to IBS patients. Further analysis in IBS 

patients found that four mechanisms may combine them causally. (i) Chronicity of the 

disease determined the decrease of baroreceptor sensitivity through its adapting to the 

increased systolic blood pressure. In turn, the decrease of baroreceptor sensitivity 

determined (ii) the increase of IBS severity in general including abdominal pain through the 

mechanism associated with the decrease of low frequency power of heart rate variability and 

(iii) the increase of mainly abdominal pain severity through the negative affect associated 

with the decrease of high frequency power of heart rate variability. At the same time, (iv) 

the decrease of baroreceptor sensitivity determined the decrease of IBS severity in general 

through increasing diastolic blood pressure level. Negative and positive effects of 

baroreceptor sensitivity on disease severity can cancel each other out and explain the 

absence of a significant direct relationship between them if they are equal in size as in the 

present study. The mediation analysis showed that current IBS sensations (e.g., severity of 

abdominal pain) were related to physiological measures if their variation corresponded with 

the variation of usual IBS severity, i.e., physiological activity was associated with the stable 

or trait component of IBS symptoms.

Thus, longer disease duration determines hypertension associated with lower baroreceptor 

sensitivity in IBS patients which is further transferred either to more affective (decreased 

mood) or to more somatic (impaired heart rate regulation) mechanisms of disease 

aggravation. The findings confirmed the negative affect path between baroreceptor 

sensitivity measure and IBS severity but not as the only mechanism. Other mechanisms 

were independent of affect. A finding of higher systolic blood pressure level in this sample 

of IBS patients is consistent with other studies that found that a systolic blood pressure 

1DBP above 70 mmHg determined the switching of autonomic regulation to the significant reduction of disease severity in patients 
(obtained using Akaike Information Criterion [AIC] for the best-fitting model; data not shown).
2Disease duration after 9 months and after 15 months determined the switching of autonomic regulation to significantly higher SBP 
and to significantly lower BRS, respectively, compared with the control (obtained by AIC; data not shown).
3Blood pressure levels of IBS patients and control subjects in the study in general were within normal limits or below high blood 
pressure threshold as defined by clinical recommendations [50] and therefore findings and discussions of higher and lower values of 
blood pressure in the paper should be accepted respectively.
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increase in response to rectal pain stimulation was greater and prolonged in patients with 

IBS compared to healthy controls and that chronic pain is a significant predictor of increased 

blood pressure beyond the effects of traditional demographic risk [18,19,37]. Sustained 

increase of blood pressure level is considered to be an indicator of a pain regulation (‘pain 

killer’) mechanism [38–40]. In the present study, this pain alleviating mechanism associated 

with a diastolic blood pressure increase was affirmed and supported a recent finding of the 

impact of baroreflex function on endogenous control of acute pain coupled mainly with a 

diastolic blood pressure increase [41].

These findings correspond with studies demonstrating that increased nociceptive activity 

alters the sensitivity of the nucleus tractus solitarii to the neural impulses originating from 

the carotid baroreceptors that changes the baroreceptor sensitivity and the SBP operating 

point and thus determines the interaction between pain and blood pressure regulation [42]. 

In the present study, this mechanism was found to be related to disease chronicity (more 

chronic disease -> higher SBP level -> lower baroreceptor sensitivity) and to disease 

severity (lower baroreceptor sensitivity -> higher DBP level -> lower disease severity). 

Thus, chronic pain may initiate a central resetting of the baroreflex mechanism accounting 

for a sustained increase of arterial pressure and the pain-killing (anti-nociceptive) effect. 

This mechanism should be associated with greater activation of descending pain inhibitory 

processes by enhanced noradrenergic activity and may be relevant for producing pain relief 

in patients with chronic pain syndromes [43–48]. From an evolutionary viewpoint, this 

adaptation ‘blood pressure’ mechanism may help alleviate a recovery of physical 

functioning after impairments. Difference in effect size with respect to blood pressure 

measures obtained in office and laboratory may be explained by either the moderation effect 

of arousal variations between different settings [23,40,49,50] or worse accuracy of non-

invasive beat-to-beat monitors in measuring absolute levels of blood pressure [51].

Findings in IBS patients showed that greater usual severity of IBS symptoms together with 

the current severity of abdominal pain were related to decreased power of both low and high 

frequency bands of heart rate variability at rest. However, only decreased power of the high 

frequency band of heart rate variability mediated the relationship between diminished 

baroreceptor sensitivity and higher usual severity of IBS symptoms through negative affect. 

This effect was mainly associated with the current severity of abdominal pain. It 

corresponds with the findings indicating association of reduced heart rate variability with 

both severe abdominal pain [14] and higher negative affect [11] in women with IBS. These 

findings in IBS patients also correspond with other studies of chronic pain that showed that 

an experimental chronic pain and a chronic pain syndrome (e.g., fibromyalgia) determines a 

coupled decrease of baroreceptor sensitivity and the power in the high or in all frequency 

bands of heart rate variability [47,52]. The causality of the mediation chain is supported by 

other findings that indicate that chronic baroreflex activation leads to increased heart rate 

variability in dogs and patients [53]. An evolutionary role of this ‘negative affect’ 

mechanism of illness severity induction could be to provide a coping behavior [54–57].

Thus, the study shows that the presence of IBS in general is reliably indicated by low resting 

baroreceptor sensitivity in general and its reduction is increased with disease duration. Other 

physiological indicators can specify pathophysiological mechanisms of IBS development 
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and this can improve and personalize treatment of the disease. Reduced baroreflex 

sensitivity may be coupled with the reduction in different bands of heart rate variability 

associated with either physical sensations (a sensation component of the disease) or affective 

behavior (an affective component or affective comorbidity of the disease). These findings 

confirm the notion that baroreflex modulates both the sensory and affective components of 

pain [58]. Coupling of reduced baroreflex sensitivity with hypertension is associated with 

the process of adaptation to chronic pain (an antinociceptive component or somatic 

comorbidity of the disease). Thus, these three different mechanisms associated with IBS 

severity suggest that three different targets of interventions may be specified to personalize 

the selection of a treatment strategy in patients depending on a predominant one through 

regulating, respectively: ascending nociceptive pathways at different stages from down to 

top (e.g., by probiotics or opioids, respectively), negative affect (e.g., by GABAergic 

sedatives) or descending analgesic pathways from top to down (e.g., by adren- or serotonin-

ergic stimulants, respectively), in addition to the selection of treatment strategy by using a 

simple symptomatological approach (e.g. constipation or diarrhea).

5. Conclusion

Severity of disorders with pain syndromes can be determined by different pathological 

mechanisms and are more thoroughly assessed by a combination of objective and self-report 

measures. Therefore, objective markers are needed when assessing severity and treating 

patients with these syndromes to avoid their maltreatment. This study shows that measures 

of baroreflex regulation of cardiovascular activity can be utilized in clinical settings to more 

accurately assess severity of Irritable Bowel Syndrome as a disorder associated with chronic 

pain, and as such, can specify its pathophysiological mechanisms, which can then be used to 

personalize its treatment.
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Highlights

• IBS is associated with lower baroreceptor sensitivity compared to healthy 

controls

• IBS is associated with higher blood pressure (BP) compared to healthy controls

• IBS chronicity is associated with lower baroreceptor sensitivity through higher 

BP

• Lower baroreceptor sensitivity through lower HRV determines higher IBS 

severity

• Lower baroreceptor sensitivity through higher BP determines lower IBS severity
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Table 2
Correlations between severity of IBS symptoms and disease duration (chronicity)

Variables Pain (7d) GI (7d) Severity (usual) Chronicity

Bloating (7d) 0.502** 0.636** 0.327* 0.210

Pain (7d) 0.812** 0.332* 0.235√

GI (7d) 0.364** 0.239√

Severity (usual) 0.142

√
p < 0.05.

*
p < 0.005.

**
p < 0.001.

GI (7d), Bloating (7d), Pain (7d), Severity (usual) = intensity or severity of overall GI symptoms during the past week, intensity or severity of 
bloating symptom during the past week, intensity or severity of abdominal pain during the past week, and usual intensity or severity of IBS 
symptoms
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