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1 | INTRODUCTION

Rectal hypersensitivity is defined as increased sensitivity to dynia) due to factors such as peripheral and central sensitisation.

| Ahmed Albusoda'® | Adam D.Farmer'®*3® | Qasim Aziz!

Abstract

Background: A frequent, although not universal, feature of irritable bowel syndrome
(IBS) is heightened sensitivity to mechanical stimulation of the rectum, termed rectal
hypersensitivity (RH). Differences in RH-based on sex, IBS subtype, IBS diagnostic
criteria and age of population studied are incompletely understood. We aimed to de-
termine whether IBS population had lower pain thresholds than healthy controls.
Methods: We searched MEDLINE and EMBASE databases (1970-2021). Prospective
studies that compared pain/discomfort thresholds to mechanical rectal stimuli in IBS
and healthy controls were included. Data were pooled for meta-analyses and effect
sizes were calculated with 95% confidence interval (Cls).

Results: Our search strategy identified 809 studies of which 32 studies met the inclu-
sion criteria. Reduced rectal pain thresholds was more common in IBS patients com-
pared to healthy controls with an effect size of 1.00 95% Cls (0.77-1.24) (p <0.0001)
(> =78.6%). The pediatric IBS population had lower pain thresholds than adult IBS
populations (p =0.05) but no difference based on IBS diagnostic criteria, subtype or
sex.

Conclusion & Inferences: The results suggest that reduced rectal pain threshold to
experimental stimulation is far more common in IBS patients than healthy controls.
Further research is required to understand the pathophysiological and therapeutic
implications of rectal sensitivity such as its role in measuring response to treatment

and prognosis in IBS.

KEYWORDS
abdominal pain, irritable bowel syndrome, visceral hypersensitivity

can arise due to a combination of either heightened sensitivity to

noxious stimuli (hyperalgesia) and/or non-noxious stimuli (allo-
2

experimental stimuli applied to the gastrointestinal (Gl) tract. It Additional mechanisms include alterations in central factors such
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as aberrant brain processing® and abnormal descending inhibitory
control of pain pathways.*>

Irritable bowel syndrome (IBS) is characterized by visceral pain
and altered bowel habits. IBS is thought to be a disorder of a dys-
functional gut-brain axis where symptoms are present in the ab-
sence of demonstrable organic disease.® IBS is subtyped according
to the predominant bowel habit into IBS with constipation (IBS-C),
IBS with diarrhea (IBS-D), mixed bowel habit IBS (IBS-M) and IBS
unclassified (IBS-U).” IBS has a reported prevalence of around 4.5%
and is associated with a large reduction in quality of life.®

In IBS, the cause of visceral pain is incompletely understood
but it is considered that rectal hypersensitivity exerts an important
effect.”* Rectal pain thresholds can be evaluated using mechan-
ical (manual or automated using a barostat), nutrient, chemical,
thermal or electrical stimuli to discriminate whether pain thresh-
olds are higher or lower in different groups. The intensity of pain
when using such techniques is most commonly measured using a
self-report visual analogue scale (VAS). In IBS patients' there is a
correlation between symptom severity and pain sensitivity to me-
chanical rectal distension.***? Provocation tests suffer from sig-
nificant heterogeneity as distension protocols and definitions for
a painful stimulus vary from study to study, although recent in-
ternational efforts have sought to improve standardization.'® This
variation in testing conditions has prevented the development of
standardized normal values from which hyper, normo and hypo-
sensate individuals can be identified. Repeated exposure to experi-
mental provocation stimuli can normalize rectal sensation probably
due to habituation.'* However, mechanical stimulation is currently
regarded as the most reliable instrument to assess rectal sensitiv-
ity.> At present rectal provocation testing is rarely used outside of
Gl physiology units in the clinical setting.!® Rectal sensation testing
can be considered in the evaluation of rectal hyposensitivity when
assessing for megarectum and in the consideration of fecal incon-
tinence when anal sphincter function may be impaired.'® Current
standard of practice is for balloon distension either using phasic
or ramp distension techniques, barostat is mainly reserved for re-
search environments.

The primary aims of this study were to assess if pain thresholds
to mechanical rectal stimulation were different in the IBS population
compared to healthy controls. Secondary aims were to ascertain if
there were differences in rectal pain thresholds based on IBS diag-
nostic criteria used, IBS subtype, sex or age. The reason for this is
that there is some evidence that Rome Ill and IV represent a more
severe phenotype of the disease than the earlier Rome iterations as
reported prevalence is higher using previous versions of the Rome

criteria®’

compared to using Rome IV. In addition, there is some
evidence that some patients, particularly those with IBS-C may
demonstrate hyposensitivity*®*? but this is not a universal conclu-
sion.?° Therefore we aimed to see if there were differences in pain
thresholds based on IBS subtype.

Despite the large number of published studies on rectal provoca-
tion testing in IBS patients, to the best of our knowledge, there has

been no meta-analysis on the topic.

Key Points

Background

e Reduced rectal pain thresholds are considered to be a
feature of irritable bowel syndrome (IBS) although this

epiphenomenon is variably reported.

Findings

e In 32 studies with 1452 individuals with IBS, compared
to 567 healthy controls, reduced rectal pain thresholds
were more common with a large effect size.

e Pediatric IBS patients demonstrated larger reduction in
pain thresholds than adults.

e There were no differences based on diagnostic criteria,

subtype, or sex.

What is the impact on clinical practice in the
foreseeable future?

e Reduced rectal pain thresholds are frequently seen in
patients with IBS and may impact clinical presenta-
tion. Therefore this phenomenon requires physician
awareness.

e Rectal hypersensitivity should be considered an impor-
tant mechanism of pain in IBS and future studies should
focus on understanding its pathophysiology and impor-
tance as a marker of response to treatment.

2 | MATERIALS AND METHODS
2.1 | Study population and study design

The systematic review and meta-analyses were conducted accord-
ing to the PRISMA recommendations and were registered with
PROSPERO (Reference CRD42018095687).2* The search of the lit-
erature was performed using MEDLINE and EMBASE (1970-2021).
This was carried out using the set search strategies outlined in the
Table S1. There were no language restrictions. Eligibility criteria are
shown in Box 1. The bibliographies of all relevant studies and avail-
able meeting abstracts were screened to identify studies that were
missed by the original search criteria. Senior authors were contacted
to provide additional information where required. Articles were
assessed independently by two reviewers (CR and AA) using the
predetermined eligibility criteria. Disagreements were resolved by

consensus.

2.2 | Dataextraction

The name of the first author, year of publication, location of study,
IBS population size, control population size, IBS criteria and primary
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BOX 1 Eligibility criteria

Inclusion criteria

e Diagnosis of IBS according to ROME criteria

e Assessing of IBS and a healthy control population

e Measurement of pain/ discomfort thresholds using me-
chanical rectal distension

e Prospective study.

Exclusion criteria

o [f testing pain/discomfort thresholds by means other
than mechanical such as electrical.

e Retrospective studies were rejected due to the risk of

repeat data.

outcome data which were recorded in means and standard deviations
were extracted into an Excel Spreadsheet (Excel 2016, Microsoft).
The primary outcome was to see if there was a difference in pain/
discomfort threshold in IBS and control populations. Secondary out-
comes were assessed to see if pain thresholds differed between IBS
subtype, IBS diagnostic criteria used, sex and age studied. Paedatric
populations were defined as being less than 18years old. To per-
form secondary analysis, data were pooled from the studies that
provided the necessary information to perform the subgroup analy-
ses. Standard deviations were calculated according to the Cochrane

Collaboration guidelines.22

2.3 | Quality assessment and risk of bias

Two investigators performed a biased assessment independently for
all studies included in the meta-analysis. Bias was scored in six areas
using a modified checklist for case-control studies.?®> These areas
were: (1) blinding of assessors, (2) use of international criteria to di-
agnose IBS, (3) use of aged-matched controls, (4) use of sex-matched
controls, (5) exclusion of other chronic pain disorders and (6) con-
trolling for other known factors that affect pain sensation such as

anxiety and depression.

2.4 | Data analysis

Data were pooled for meta-analysis and a random effect model
using the Hartung-Knapp-Sidik-Jonkman method was chosen.
Heterogeneity was assessed using the |2 statistical test which gives
values between 0% and 100%, with 0% representing no observed
heterogeneity. Outcomes were assessed using Hedges' g effect
sizes and are reported with 95% confidence intervals (Cl). A pre-
specified secondary analysis was performed to determine if the ef-
fect size was modified in various subgroups. Meta-regression was
performed to determine if rectal compliance played a role in the
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development of reduced rectal pain thresholds using studies that
provided data on rectal compliance. The statistical criterion was
p <0.05. Evidence of publication bias was assessed by using a fun-
nel plot and Egger's Test. Propriety software was used to perform
the meta-analysis and generate the plots (Comprehensive Meta-
Analysis Version 2, Biostat, Version 2) and (R, R Foundation for
Statistical Computing).

3 | RESULTS
3.1 | Searchresults

The search generated 809 citations of which 81 were classed as rel-
evant and 32 met the inclusion criteria comprising 1452 individuals
with IBS and 567 controls, see Figure 1. In total, 49 studies were
rejected. The characteristics of the included studies are shown in
Table S2.

3.2 | Rectal hypersensitivity in IBS

Irritable bowel syndrome participants had lower pain thresholds in
comparison to healthy controls with a large effect size, 1.00 95% Cls
(0.77-1.24) (p <0.0001) (1> =78.6%), see Figure 2.

3.3 | IBS effect size based on IBS subtype,
diagnostic criteria, sex and age

Of the 31 studies included in the meta-analysis, nine provided data
for the different IBS subtypes. Compared to healthy controls, the ef-
fect size was strongly positive for both IBS-C and IBS-D. There was a
significant difference between the subgroups (p = 0.001), however,
when IBS-M subtype along with studies that did not differentiate
between subtypes were removed from the analysis there was no
significant difference in pain thresholds (p = 0.40). The effect size
for IBS-Cis 0.98 (0.39-1.58) and for IBS-D 1.37 (0.36-2.37). A forest
plot is shown in Figure 3 plot A.

Of the 31 included studies, nine used Rome I, 18 used Rome Il,
two used Rome Il and two used Rome IV. There was no statistical
difference found between the groups (p = 0.21). A forest plot is in
Figure 3 plot B.

Of the 31 studies included eight provided data about sexes cov-
ering 242 women and 83 men with IBS. There was no statistical dif-
ference identified between the sexes (p = 0.13). A forest plot is in
Figure 3 plot C.

Three studies examined 39 pediatric individuals with IBS. The
effect size for adult IBS patients compared to adult controls was 0.94
95% Cl (0.70-1.17) whereas, in the pediatric IBS patients compared
to pediatric controls was 1.85 95% CI (-0.07-3.77). There was a sta-
tistically significant difference between adult and pediatric popula-
tions (p = 0.05). A forest plot is in Figure 3 plot D.
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Records identified through
database searching
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Additional records identified
through other sources
(n=23)

/

(n=809)
v
Records after duplicates
removed
(n=561)

l

Records screened

(n=561)
}

Full text articles assessed for
eligibility
(n=81)

Records excluded
(n=480)

Full text articles excluded

— | (n=49) with reasons below

5 — Data not extractable

FIGURE 1 Flow diagram of the
assessment of studies included in the IBS
meta-analysis.

thresholds

data

9 — No control group
7 = No IBS criteria used
12 - Not measuring pain

11 - Not relevant
5 — Retrospective or repeat

v

Studies included in qualitative
analysis —> | analysis

(n=32) (n=1)

format

Studies excluded in meta-

Data not provided in correct

Studies included in meta-
analysis
(n=31)

3.4 | Heterogenicity

Heterogenicity was high as shown by 1? =78.6% which is regarded
as being a high level of heterogenicity, the reasons for this high level
were unclear, a number of statistical tests were used to look for
the reasons including detecting outliers, an influence analysis and

1.2° and Bouin

a Baujat plot which all revealed that the Camilleri et a
et al.?* studies provided a significant amount of the observed het-
erogenicity. With these studies removed I =61% which is regarded
as medium heterogenicity and the effect size remained relatively un-

affected at 1.07 (0.85-1.28). See Figure S1.

Another cause of possible heterogenicity was the variability in
rectal provocation testing using either rectal balloon distension or
rectal barostat. Despite this, when we adjusted for the device used
heterogenicity remained unchanged at 1> =73%. When the different
distension protocols using ramp or phasic distension protocols were
corrected for, then heterogenicity improved to I? =65%. There was
variability in the terms used. When we assessed studies that used
pain and discomfort thresholds then heterogenicity did improve to
?=61%. Interestingly, there was no difference in pain threshold ef-
fect sizes between studies that use pain or discomfort as their defi-
nition (p = 0.67).
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FIGURE 2 A forest plot of the effect Source

sizes for pain thresholds in an IBS vs a Awad 2006
control population. The pooled effect size Bernstein 1996
is 0.97 95% Cl (0.77-1.17) (p <0.0001). Bouin 2002

Camilleri (IBS-D) 2008
Camilleri (IBS-C) 2008
Camilleri (IBS-M) 2008
Chang (Women) 2006

Chang (Men) 2006
Chun 1999
Defilippi 2006

Di Lorenzo 2001

Di Stefano 2016
Distrutti 2004
Dong (IBS-D) 2004
Dong (IBS-C) 2004
Faure 2007

Harraf (Urge) 1998

Harraf (Non-Urge) 1998 1.34 [ 0.58; 2.11]

Kim 2006

Kuiken 2005
Kwan 2005

Lee 2006

Ludidi 2012

Mertz 1995
Munakata 1997
Naliboff 1997

Ng 2006

Nozu 2011

Piche 2010
Posserud 2007
Schmulson 2000
Van der Veek 2008
Van Ginkel 2001
Wilder-Smith 2007
Xiao (IBS-D) 2004
Xiao (IBS-C) 2004
Zhang 2019

Total

95% CI
Heterogeneity: %2, =

3.5 | Meta-regression

Results on rectal compliance were provided in seven studies cover-
ing 413 individuals with IBS and 160 healthy controls. Lower levels
of rectal compliance were found to be associated with a lower rectal
pain threshold (p = 0.006).

3.6 | IBS study quality assessment

The quality of the studies included in the meta-analysis is summa-
rized in Table S3. All the papers were scored out of 12 with zero
indicating the least risk of bias. In most studies, the assessors were
not blinded and hence most scored two points for this section al-
though the majority did use a single-blind protocol. A funnel plot
was performed to assess for the presence of publication bias which
isincluded in the Figure S2 and an Egger's test was carried out which

SMD (95% Cl)
1.00 [ 0.28; 1.73]
2.21[1.07; 3.35]
2.20[1.67;2.73]
-0.15 [-0.57; 0.27]
0.01 [-0.40; 0.42]
-0.15[-0.62; 0.32]
1.11[ 0.45; 1.76]
-0.31[-1.03; 0.42) —il
0.93[0.16; 1.71]
0.02 [-0.90; 0.95]
1.91[0.79; 3.02]
1.30[0.71; 1.89]
0.64 [ 0.00; 1.27]
2.14[1.35; 2.92]
1.61[0.88; 2.34]
1.27 [0.74; 1.80]
1.30[0.61; 1.98]

_._

1.40 [ 0.77; 2.03]
0.89[0.36; 1.41]
0.72 [-0.11; 1.54]
1.93[1.19; 2.68]
0.53[0.13; 0.93]
0.93[0.38; 1.48]
0.45 [-0.32; 1.23] -
1.01[0.39; 1.62]
1.21[0.45; 1.96]
0.96 [ 0.04; 1.87]
0.97 [ 0.36; 1.58]
0.96 [ 0.49; 1.44]
0.70 [ 0.15; 1.25]
0.58[0.12; 1.04]
2.84[1.53; 4.16]
0.54 [ 0.00; 1.08]
1.23[0.67; 1.80]
0.52 [-0.04; 1.09]
2.19[ 1.42; 2.96]
1.00 [ 0.77; 1.24]
[-0.32; 2.32] -

‘ + . +*+#++++ +*++*+++++++++

168.30 (P <.001), 17 = 79% I I I

4 ) 0 2 4
SMD (95% Cl)

showed the presence of publication bias. When the publication bias
was corrected the resulting effect size remained highly positive at
0.66 95% CI (0.38-0.93) p <0.0001.

4 | DISCUSSION

This meta-analysis demonstrates average rectal pain thresholds
were lower in IBS patients in comparison to healthy controls. This
observation is common to IBS subtypes and is not modified by the
diagnostic criteria or sex. However, pain thresholds were lower in
pediatric IBS populations compared to adults.

Chronic visceral pain is a central defining factor in IBS and con-
tributes to healthcare seeking and reduces the quality of life.?>2¢
The absolute cause of chronic visceral pain in IBS is incompletely
understood but visceral hypersensitivity remains the germane hy-

pothesis.?’ Although rectal provocation testing is not considered to
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(A) Standardised Mean
Study Difference SMD 95%-Cl
‘ -
——
Random effects model = 1.16 [ 0.66; 1.65]
Heterogeneity: 1° = 82%, t* =0.4918, p'l<0.01 | T

Test for subgroup diflerencesSzf =0.721df 01 (p+ 0.4D) 3

(c Standardised Mean

)
Study Difference SMD 95%-ClI

ranc el modae

Random effects model y
Heterogeneity: /% = 80%, v* =10.5463, pl<0.01 T |
Test for subgroup differenceet5?40.075df =01 (p5 0.19) 15

0.63 [-0.04; 1.30]

(B) Standardised Mean
Study Difference SMD 95%-Cl
Raridom offects mode O
Rar m 8 (
IBS = R
Random i
; I T . —".— 2
Random effects model $ 1.00 [0.77; 1.24]
Heterogeneity: /> = 79%, v* = 0.4069, p < 0.01 T T

Test for subgroup differences:—ﬁ§ =4.492f 08 (p2=0.21) 6

Standardised Mean

Study (D) Difference SMD  95%-Cl
O

Random effects model > 1.00 [0.77; 1.24)

Heterogeneity: 12 = 79%, v* £ 0.4069, p < 0.01

Test for subgroup differenced: %2 = 320, df 01 (p = ®05) 4

FIGURE 3 Forest Plots showing effect size in different subgroups. Each subgroup is present with the p value for the difference between
all subgroups. (A) IBS subtype - IBS-D and IBS-C (p = 0.4), (B) Rome criteria used to diagnose IBS (p = 0.21), (C) Sex (p = 0.13) and (D) Age

group studied (p = 0.05).

display the prerequisite receiver operator characteristics for diagno-
sis of IBS, provocation testing can be used in the clinical setting in
the assessment of evacuation disorders or when a megarectum may
be suspected.16 Our results demonstrate, at least in the participants
included in the meta-analysis, that reduced pain thresholds are a de-
fining feature in people with IBS compared to healthy controls.
Allincluded studies used the four different versions of the Rome
criteria and although there have been changes to the diagnostic
criteria for IBS, our findings indicate that this does not impact the
degree of rectal hypersensitivity. In some way, this is surprising as
the Rome IV classification of IBS requires the presence of weekly
pain and prevalence of IBS drops between the different Rome ver-
sions.”Y It is difficult to make firm conclusions here as there were
only four studies that looked at either Rome Il or IV and so further
studies are required to confirm whether rectal hypertensives is
more common in the newer iterations of Rome. There was a trend
towards Rome IV having a greater reduction in pain thresholds than
individuals who were identified by other Rome criteria but this did
not reach statistical significance. This suggests that reduced rectal
pain thresholds may be more common in individuals who have been
diagnosed using Rome |V compared to the earlier versions of the
criteria. If reduced rectal pain thresholds were more common in the
Rome IV population this would indicate that the amount of reduc-
tion of rectal pain thresholds may co-relate with disease severity,

this does conform with previous work.!* However further work is
required to confirm this hypothesis.

Interestingly, no difference in rectal pain thresholds was ob-
served between IBS-C and IBS-D. Previous studies have suggested
there may be a proportion of patients particularly those with IBS-C
who may be hyposensate due to alterations in rectal sensorimotor
function and compliance.*®?° Conversely, in IBS-D, sensory defeca-
tory urge threshold and rectal compliance are diminished in com-
parison to IBS-C and healthy controls.?® Given the lack of overall
effect between subtypes, our data suggest that whilst there are dif-
ferences in individual studies, an overall effect is not present and
reduced rectal pain thresholds are common to all IBS subtypes. From
our data, it is far more likely for IBS patients to demonstrate reduced
rectal pain thresholds but in many of our studies there were sub-
groups of IBS patients who had higher pain rectal pain thresholds
than controls. These individuals may be hyposensate.

Pediatric IBS patients were more likely to have lower rectal pain
thresholds than adult IBS patients. The reason for this difference
is unclear and it could be reasoned that pediatric IBS may repre-
sent a more severe phenotype. However, other reasons may also
explain this difference. For instance, even though both pediatric?’

and adult®%%!

IBS populations often demonstrate hypervigilance as a
significant number reported pain before any stimulus was applied. It

is plausible that this hypervigilance is more common in the pediatric
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IBS cohort. To date, there has been no comparison in the prevalence
of hypervigilance between adult and pediatric populations. Similarly,
anxiety, stress and hormonal factors may also play a role in the dif-
ferences observed between adult and pediatric cohorts. Further
research is required to understand the reasons for the difference
in rectal sensitivity between adult and pediatric patients. Greater
anxiety before the procedure may play a role in explaining the differ-
ence in rectal pain thresholds between pediatric and adult patients.
This could explain the significantly increased levels of hypervigilance
in the pediatric populations. Unfortunately, in the studies that as-
sessed anxiety this was in the form of generalized anxiety rather
than anxiety towards the distension procedure itself.

The results of the meta-regression show that reduced rectal
compliance plays a key role in the lower pain thresholds seen in pa-
tients with IBS compared to healthy controls; however, these results
do not fully explain the lower pain thresholds seen in IBS patients
compared to controls. Reduced rectal compliance is linked with re-
duced pain thresholds in provocation testing as the rectum is less
able to expand as distension increases and therefore a pain stimulus
is likely to occur at a lower threshold.®?

The cause of reduced pain thresholds and likely rectal hyper-
sensitivity is unclear, there is a significant thought that subtle lev-
els of inflammation and immune activation seen in IBS may play a
key role.®*3* |n vitro testing shows that high burdens of inflamma-
tion may lead to the sensitizing effect of inflammation on afferent
neurons.®* In this regard, some neurotrophic factors, such as nerve
growth factor, and heightened expression of the transient receptor
potential cation channel subfamily V member 1 (TRPV1) and the
purinergic P2X3 receptor measured in the mucosa have been impli-
cated.®>"%” TRPV1 channels are further shown to play a key role in
rectal hypersensitivity as the reversal of their activation in a mouse
model was able to normalize pain response to rectal distension.3®

However, in some patient's inflammation may be required as a
triggering event such as in post-infectious IBS. In post-infectious IBS
occurs in around 10% of episodes of acute gastroenteritis (AG).* In
AG there is a burden of inflammation which should then improve.
The cause of why these symptoms persist is unclear but some ge-
netic and environmental factors have been identified relating to both
the episode of AG itself and some prior risk factors such as female,
younger age and previous anxiety/depression.*®*! Interestingly
these risk factors are also risk factors for IBS in non-AG patients.?”
A similar phenomenon is seen in patients with quiescent IBD where
most patients do not experience long-term abdominal patients, but
a subset does which is regarded as being IBD-IBS crossover. The risk
factors for development of IBS-IBD crossover seem to be similar
to those of IBS and post-infectious IBS further confirming that co-
existing psychological comorbidities appear to play a key role in the
development of IBS.

Another major factor that has been implicated in the develop-
ment of IBS is hypervigilance.

Hypervigilance is already known to play a key role in rectal hy-
persensitivity as experimental stimulation is likely to represent a
‘threat’ to the patient with repeated exposure reducing this ‘threat’
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through habituation. Habituation has been demonstrated to normal-
ize perceptual ratings to rectal stimulation in IBS patients and this
is associated with decreased activity in brain regions and networks
associated with pain processing.'® This indicates that psychological
factors play a role in pain processing. In IBS, abdominal pain-related
fear learning and memory processes are altered, which may con-
tribute to central pain amplification and hypervigilance which may
be enhanced in those with comorbid anxiety and depression.*4?
Experimentally induced negative emotions during painful rectal dis-
tension even in healthy volunteers can lead to increased brain activ-
ity in the left thalamus and right dorsal posterior cingulate gyrus.43
Besides, alterations in descending pain modulatory pathways also
contribute to rectal hypersensitivity in 1BS.** Indeed, altered brain
processing to rectal stimulation is seen in IBS patients compared
to healthy controls in areas involved in descending pain modula-
tion.®>*° The above mechanisms are likely to be more prominent in
IBS than the inflammation solely. In post-infectious IBS the symp-
toms persist well after the inflammation improves and is thought to
be due to central sensitisation.*®

This study is subject to several limitations. There was signifi-
cant heterogenicity in the study although this was improved after
outliers were removed. There was though still some heterogenicity
that persisted. This is likely because of the differences in the site
of experimental stimulation and methods used for determining pain
given that it is a subjective experience with marked intra-and inter-
individual variability.*” There was an attempt to correct the differ-
ence in study methodology by only evaluation studies that assessed
rectal as opposed to colonic sensation. All the studies included took
place in tertiary care settings so may represent a more severe phe-
notype than what is seen in other settings.

There is an established link between the presence of depression
and anxiety reporting pain at lower pain intensities, so it was sur-
prising that studies did not try and correct for these confounding
factors.*®% The fact that only some did will have likely increased the
observed heterogeneity and unfortunately, a meta-regression was
not possible given the lack of data. However, how important such
factors are in IBS is unclear as van der Veek et al.}? did not demon-
strate differential rectal sensitivity when IBS participants were strat-
ified according to levels of anxiety, depression or somatization.'?

Suggestions for further research include using a standardized
rectal provocation testing13 in healthy individuals to identify accu-
rate normal values, which would allow for identification of hyper,
hypo and normosensate individuals with IBS. Clinical trials could then
be designed focusing on these groups to determine what treatments
would be the most efficacious within the different populations.

This meta-analysis indicates that reduced pain thresholds are
an epiphenomenon strongly associated with both adult and pedi-
atric IBS populations in comparison to healthy controls. The mech-
anism causing reduced pain thresholds is not fully understood but
is likely due to a combination of peripheral and central factors and
is likely to vary in different populations and diseases. Standardized
rectal provocation testing, given that it is cheap and widely avail-
able, may facilitate the identification of hypersensate individuals
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who may benefit from personalisation of treatment strategies that
aim to reduce hypersensitivity such as in the use of pain modu-
lators and/ or psychological therapies. However further work is
required to suggest that serial testing could be used as a biomarker
for success in the treatment of IBS and as a prognostic indicator
of long-term outcomes. Rectal barostat could be used in the clini-
cal setting to identify possible responses to pharmalogical®>°! and

psychogical®? treatments.

AUTHOR CONTRIBUTIONS

Christopher Roberts & Ahmed Albusoda: Designed search protocol;
performed data collection; manuscript preparation; statistical analy-
sis; critical revision of the manuscript for important intellectual con-
tent. Joint first authors. Adam D Farmer & Qasim Aziz: Pioneered
study concept and design, technical support; critical revision of the
manuscript for important intellectual content, project supervision.
Joint senior authors.

ACKNOWLEDEGEMENT

AA was funded by the People Programme of the European Union's
Seventh Framework Programme under REA grant agreement
no.607652 (NeuroGu). ADF was supported by the West Midlands
Clinical Research Network Scholarship.

CONFLICT OF INTEREST

None of the authors have any conflict of interest to declare.

ORCID
Christopher Roberts "= https://orcid.org/0000-0002-6215-8044
Ahmed Albusoda "= https://orcid.org/0000-0001-9733-4776

Adam D. Farmer " https://orcid.org/0000-0003-1902-2640

Qasim Aziz "2 https://orcid.org/0000-0002-2718-2065

REFERENCES

1. Camilleri M, Coulie B, Tack JF. Visceral hypersensitivity: facts, spec-
ulations, and challenges. Gut. 2001;48(1):125-131. doi:10.1136/
gut.48.1.125

2. Knowles CH, Aziz Q. Basic and clinical aspects of gastrointestinal
pain. Pain. 2009;141(3):191-209. d0i:10.1016/j.pain.2008.12.011

3. Tillisch K, Mayer EA, Labus JS. Quantitative meta-analysis identifies
brain regions activated during rectal distension in irritable bowel
syndrome. Gastroenterology. 2011;140(1):91-100. doi:10.1053/j.
gastro.2010.07.053

4. Wilder-Smith OHG. Chronic pain and surgery: a review of new
insights from sensory testing. J Pain Palliat Care Pharmacother.
2011;25(2):146-159. doi:10.3109/15360288.2010.505256

5. Albusoda A, Ruffle JK, Friis KA, et al. Systematic review with meta-
analysis: conditioned pain modulation in patients with the irritable
bowel syndrome. Aliment Pharmacol Ther. 2018;48(8):797-806.
doi:10.1111/apt.14965

6. Chey WD, Kurlander J, Eswaran S. Irritable bowel syndrome: a clinical
review. JAMA. 2015;313(9):949-958. doi:10.1001/jama.2015.0954

7. LacyBE, Mearin F, Chang L, et al. Bowel disorders. Gastroenterology.
2016;150(6):1393-1407. d0i:10.1053/j.gastro.2016.02.031

8. Palsson OS, Whitehead W, Toérnblom H, Sperber AD, Simren
M. Prevalence of Rome IV functional bowel disorders among
adults in the United States, Canada, and the United Kingdom.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Gastroenterology. 2020;158(5):1262-1273.€3.
gastro.2019.12.021

Farmer AD, Aziz Q. Gut pain & visceral hypersensitivity. Br J Pain.
2013;7(1):39-47. doi:10.1177/2049463713479229

Mertz H, Naliboff B, Munakata J, Niazi N, Mayer EA. Altered
rectal perception is a biological marker of patients with irri-
table bowel syndrome. Gastroenterology. 1995;109(1):40-52.
doi:10.1016/0016-5085(95)90267-8

van der Veek PPJ, van Rood YR, Masclee AAM. Symptom severity
but not psychopathology predicts visceral hypersensitivity in irrita-
ble bowel syndrome. Clin Gastroenterol Hepatol. 2008;6(3):321-328.
doi:10.1016/j.cgh.2007.12.005

Kanazawa M, Palsson OS, Thiwan SIM, et al. Contributions of pain
sensitivity and colonic motility to IBS symptom severity and pre-
dominant bowel habits. Am J Gastroenterol. 2008;103(10):2550-
2561. doi:10.1111/j.1572-0241.2008.02066.x

Boeckxstaens GE, Drug V, Dumitrascu D, et al. Phenotyping
of subjects for large scale studies on patients with IBS.
Neurogastroenterol Motil. 2016;28(8):1134-1147. doi:10.1111/
nmo.12886

Naliboff BD, Berman S, Suyenobu B, et al. Longitudinal change in
perceptual and brain activation response to visceral stimuli in irri-
table bowel syndrome patients. Gastroenterology. 2006;131(2):352-
365. doi:10.1053/j.gastro.2006.05.014

Mujagic Z, Keszthelyi D, Aziz Q, et al. Systematic review: instru-
ments to assess abdominal paininirritable bowel syndrome. Aliment
Pharmacol Ther. 2015;42(9):1064-1081. doi:10.1111/apt.13378
Carrington E v, Heinrich H, Knowles CH, et al. The international ano-
rectal physiology working group (IAPWG) recommendations: stan-
dardized testing protocol and the London classification for disorders
of anorectal function. Neurogastroenterol Motil. 2020;32(1):e13679.
doi:10.1111/nmo.13679

Lovell RM, Ford AC. Global prevalence of and risk factors for irri-
table bowel syndrome: a meta-analysis. Clin Gastroenterol Hepatol.
2012;10(7):712-721.e4. doi:10.1016/j.cgh.2012.02.029

Burgell RE, Mark SS. Rectal hyposensitivity. J Neurogastroenterol
Motil. 2012;18(4):384. d0i:10.5056/jnm.2012.18.4.373

Harraf F, Schmulson M, Saba L, et al. Subtypes of constipation pre-
dominant irritable bowel syndrome based on rectal perception.
Gut. 1998;43(3):388-394. d0i:10.1136/gut.43.3.388

Camilleri M, McKinzie S, Busciglio |, et al. Prospective study of
motor, sensory, psychologic, and autonomic functions in pa-
tients with irritable bowel syndrome. Clin Gastroenterol Hepatol.
2008;6(7):772-781.e5. doi:10.1016/j.cgh.2008.02.060

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that
evaluate healthcare interventions: explanation and elaboration.
BMJ. 2009;339:b2700. doi:10.1136/bmj.b2700

Chandler J, Higgins J, Deeks J, Davenport C, Clarke M. Cochrane
Handbook for Systematic Reviews of Interventions Version 5.2.0
(Updated February 2017). The Cochrane Collaboration; 2017.
Whiting PF, Rutjes AWS, Westwood ME, et al. Quadas-2: a revised
tool for the quality assessment of diagnostic accuracy studies. Ann
Intern Med. 2011;155(8):529. doi:10.7326/0003-4819-155-8-2011
10180-00009

Bouin M, Plourde V, Boivin M, et al. Rectal distention testing in
patients with irritable bowel syndrome: sensitivity, specificity, and
predictive values of pain sensory thresholds. Gastroenterology.
2002;122(7):1771-1777. doi:10.1053/gast.2002.33601

Akehurst RL, Brazier JE, Mathers N, et al. Health-related quality
of life and cost impact of irritable bowel syndrome in a UK pri-
mary care setting. Pharmacoeconomics. 2002;20(7):455-462.
doi:10.2165/00019053-200220070-00003

Gralnek IM, Hays RD, Kilbourne AA, Naliboff B, Mayer EA.
The impact of irritable bowel syndrome on health-related

doi:10.1053/j.

85UB01 T SUOWIWOD SATE81D 3 (dfedtdde Uy Aq peuenob aJe ool VO ‘8sN JO S9InJ 10} AReiq 1] 8UlUQ A8]IM UO (SUONIPUOD-PUR-SWLIBYW0D A8 |1 Ake.q| 18Ul JUo//Sdny) SUONIPUOD pue SWs | 8U1 89S *[£202/c0/82] Uo Ariqiaulluo Ae|im ‘Ariqi ysived Aoy AQ STSKT OWU/TTTT OT/I0pAL00 A3 1M AleIqpuljuo//Sdiy Wolj pepeojumod ‘v ‘€202 ‘Z86259ET


https://orcid.org/0000-0002-6215-8044
https://orcid.org/0000-0002-6215-8044
https://orcid.org/0000-0001-9733-4776
https://orcid.org/0000-0001-9733-4776
https://orcid.org/0000-0003-1902-2640
https://orcid.org/0000-0003-1902-2640
https://orcid.org/0000-0002-2718-2065
https://orcid.org/0000-0002-2718-2065
https://doi.org//10.1136/gut.48.1.125
https://doi.org//10.1136/gut.48.1.125
https://doi.org//10.1016/j.pain.2008.12.011
https://doi.org//10.1053/j.gastro.2010.07.053
https://doi.org//10.1053/j.gastro.2010.07.053
https://doi.org//10.3109/15360288.2010.505256
https://doi.org//10.1111/apt.14965
https://doi.org//10.1001/jama.2015.0954
https://doi.org//10.1053/j.gastro.2016.02.031
https://doi.org//10.1053/j.gastro.2019.12.021
https://doi.org//10.1053/j.gastro.2019.12.021
https://doi.org//10.1177/2049463713479229
https://doi.org//10.1016/0016-5085(95)90267-8
https://doi.org//10.1016/j.cgh.2007.12.005
https://doi.org//10.1111/j.1572-0241.2008.02066.x
https://doi.org//10.1111/nmo.12886
https://doi.org//10.1111/nmo.12886
https://doi.org//10.1053/j.gastro.2006.05.014
https://doi.org//10.1111/apt.13378
https://doi.org//10.1111/nmo.13679
https://doi.org//10.1016/j.cgh.2012.02.029
https://doi.org//10.5056/jnm.2012.18.4.373
https://doi.org//10.1136/gut.43.3.388
https://doi.org//10.1016/j.cgh.2008.02.060
https://doi.org//10.1136/bmj.b2700
https://doi.org//10.7326/0003-4819-155-8-201110180-00009
https://doi.org//10.7326/0003-4819-155-8-201110180-00009
https://doi.org//10.1053/gast.2002.33601
https://doi.org//10.2165/00019053-200220070-00003

ROBERTS ET AL.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

quality of life. Gastroenterology. 2000;119(3):654-660. doi:10.1053/
gast.2000.16484

Farmer AD, Aziz Q. Visceral pain hypersensitivity in functional
gastrointestinal disorders. Br Med Bull. 2009;91(1):123-136.
doi:10.1093/bmb/Idp026

Zar S, Benson MJ, Kumar D. Rectal afferent hypersensitivity
and compliance in irritable bowel syndrome: differences be-
tween diarrhoea-predominant and constipation-predominant
subgroups. Eur J Gastroenterol Hepatol. 2006;18(2):151-158.
doi:10.1097/00042737-200602000-00007

van Ginkel R, Voskuijl WP, Benninga MA, Taminiau JAJM,
Boeckxstaens GE. Alterations in rectal sensitivity and motil-
ity in childhood irritable bowel syndrome. Gastroenterology.
2001;120(1):31-38. d0i:10.1053/gast.2001.20898

Naliboff BD, Munakata J, Fullerton S, et al. Evidence for two dis-
tinct perceptual alterations in irritable bowel syndrome. Gut.
1997;41(4):505-512. doi:10.1136/gut.41.4.505

Dorn SD, Palsson OS, Thiwan SIM, et al. Increased colonic pain
sensitivity in irritable bowel syndrome is the result of an in-
creased tendency to report pain rather than increased neuro-
sensory sensitivity. Gut. 2007;56(9):1202-1209. doi:10.1136/
gut.2006.117390

Cremon C, Gargano L, Morselli-Labate AM, et al. Mucosal im-
mune activation in irritable bowel syndrome: gender-dependence
and association with digestive symptoms. Am J Gastroenterol.
2009;104(2):392-400. doi:10.1038/ajg.2008.94

Bercik P, Verdu EF, Collins SM. Is irritable bowel syndrome a low-
grade inflammatory bowel disease? Gastroenterol Clin North Am.
2005;34(2):235-245. doi:10.1016/j.gtc.2005.02.007

di Mola FF, Friess H, Zhu ZW, et al. Nerve growth factor and
Trk high affinity receptor (TrkA) gene expression in inflamma-
tory bowel disease. Gut. 2000;46(5):670-679. doi:10.1136/
gut.46.5.670

Yiangou Y, Facer P, Baecker PA, et al. ATP-gated ion channel P2X3 is
increased in human inflammatory bowel disease. Neurogastroenterol
Motil. 2001;13(4):365-369. d0i:10.1046/j.1365-2982.2001.00276.x
Yiangou Y, Facer P, Dyer NHC, et al. Vanilloid receptor 1 immuno-
reactivity in inflamed human bowel. Lancet. 2001;357(9265):1338-
1339. doi:10.1016/50140-6736(00)04503-7

Perna E, Aguilera-Lizarraga J, Florens MV, et al. Effect of resolvins
on sensitisation of TRPV1 and visceral hypersensitivity in IBS. Gut.
2021;70(7):1275-1286. doi:10.1136/gutjnl-2020-321530

Klem F, Wadhwa A, Prokop LJ, et al. Prevalence, risk factors,
and outcomes of irritable bowel syndrome after infectious en-
teritis: a systematic review and meta-analysis. Gastroenterology.
2017;152(5):1042-1054.e1. doi:10.1053/j.gastro.2016.12.039
Villani AC, Lemire M, Thabane M, et al. Genetic risk factors for
post-infectious irritable bowel syndrome following a waterborne
outbreak of gastroenteritis. Gastroenterology. 2010;138(4):1502-
1513. doi:10.1053/j.gastro.2009.12.049

Jonefijall B, Strid H, Ohman L, Svedlund J, Bergstedt A, Simren
M. Characterization of IBS-like symptoms in patients with ul-
cerative colitis in clinical remission. Neurogastroenterol Motil.
2013;25(9):756-e578. d0i:10.1111/nmo.12163

Icenhour A, Langhorst J, Benson S, et al. Neural circuitry of abdom-
inal pain-related fear learning and reinstatement in irritable bowel
syndrome. Neurogastroenterol Motil. 2015;27(1):127. doi:10.1111/
nmo.12489

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

9 of 9
TG \V [ LEY

Rosenberger C, Elsenbruch S, Scholle A, et al. Effects of psy-
chological stress on the cerebral processing of visceral stimuli in
healthy women. Neurogastroenterol Motil. 2009;21(7):740-e45.
doi:10.1111/j.1365-2982.2009.01295.x

Wilder-Smith CH, Robert-Yap J. Abnormal endogenous pain
modulation and somatic and visceral hypersensitivity in female
patients with irritable bowel syndrome. World J Gastroenterol.
2007;13(27):3699-3704. doi:10.3748/wjg.v13.i27.3699

Elsenbruch S. Abdominal pain in irritable bowel syndrome: a re-
view of putative psychological, neural and neuro-immune mech-
anisms. Brain Behav Immun. 2011;25(3):386-394. doi:10.1016/j.
bbi.2010.11.010

Balemans D, Mondelaers SU, Cibert-Goton V, et al. Evidence
for long-term sensitization of the bowel in patients with
post-infectious-IBS. Sci Rep. 2017;7(1):13606. do0i:10.1038/
s41598-017-12618-7

Farmer AD, Coen SJ, Kano M, et al. Psychophysiological re-
sponses to pain identify reproducible human clusters. Pain.
2013;154(11):2266-2276. d0i:10.1016/j.pain.2013.05.016
Grinsvall C, Térnblom H, Tack J, van Oudenhove L, Simrén M.
Psychological factors selectively upregulate rectal pain percep-
tion in hypersensitive patients with irritable bowel syndrome.
Neurogastroenterol Motil. 2015;27(12):1772-1782. doi:10.1111/
nmo.12689

Grinsvall C, Tornblom H, Tack J, van Oudenhove L, Simrén
M. Relationships between psychological state, abuse, soma-
tization and visceral pain sensitivity in irritable bowel syn-
drome. United European Gastroenterol J. 2018;6(2):300-309.
doi:10.1177/2050640617715851

Thoua NM, Murray CDR, Winchester WJ, et al. Amitriptyline mod-
ifies the visceral hypersensitivity response to acute stress in the
irritable bowel syndrome. Aliment Pharmacol Ther. 2009;29(5):552-
560. do0i:10.1111/j.1365-2036.2008.03918.x

Houghton LA, Fell C, Whorwell PJ, Jones |, Sudworth DP, Gale JD.
Effect of a second-generation 25 ligand (pregabalin) on visceral
sensation in hypersensitive patients with irritable bowel syndrome.
Gut. 2007;56(9):1218-1225. doi:10.1136/gut.2006.110858
Edebol-Carlman H, Ljétsson B, Linton SJ, et al. Face-to-face
cognitive-behavioral therapy for irritable bowel syndrome: the ef-
fects on gastrointestinal and psychiatric symptoms. Gastroenterol
Res Pract. 2017;2017:1-9. doi:10.1155/2017/8915872

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Roberts C, Albusoda A, Farmer AD,
Aziz Q. Factors influencing rectal hypersensitivity in irritable
bowel syndrome: A systematic review and meta-analysis.
Neurogastroenterology & Motility. 2023;35:e14515. doi:10.1111/
nmo.14515

85UB01 T SUOWIWOD SATE81D 3 (dfedtdde Uy Aq peuenob aJe ool VO ‘8sN JO S9InJ 10} AReiq 1] 8UlUQ A8]IM UO (SUONIPUOD-PUR-SWLIBYW0D A8 |1 Ake.q| 18Ul JUo//Sdny) SUONIPUOD pue SWs | 8U1 89S *[£202/c0/82] Uo Ariqiaulluo Ae|im ‘Ariqi ysived Aoy AQ STSKT OWU/TTTT OT/I0pAL00 A3 1M AleIqpuljuo//Sdiy Wolj pepeojumod ‘v ‘€202 ‘Z86259ET


https://doi.org//10.1053/gast.2000.16484
https://doi.org//10.1053/gast.2000.16484
https://doi.org//10.1093/bmb/ldp026
https://doi.org//10.1097/00042737-200602000-00007
https://doi.org//10.1053/gast.2001.20898
https://doi.org//10.1136/gut.41.4.505
https://doi.org//10.1136/gut.2006.117390
https://doi.org//10.1136/gut.2006.117390
https://doi.org//10.1038/ajg.2008.94
https://doi.org//10.1016/j.gtc.2005.02.007
https://doi.org//10.1136/gut.46.5.670
https://doi.org//10.1136/gut.46.5.670
https://doi.org//10.1046/j.1365-2982.2001.00276.x
https://doi.org//10.1016/S0140-6736(00)04503-7
https://doi.org//10.1136/gutjnl-2020-321530
https://doi.org//10.1053/j.gastro.2016.12.039
https://doi.org//10.1053/j.gastro.2009.12.049
https://doi.org//10.1111/nmo.12163
https://doi.org//10.1111/nmo.12489
https://doi.org//10.1111/nmo.12489
https://doi.org//10.1111/j.1365-2982.2009.01295.x
https://doi.org//10.3748/wjg.v13.i27.3699
https://doi.org//10.1016/j.bbi.2010.11.010
https://doi.org//10.1016/j.bbi.2010.11.010
https://doi.org//10.1038/s41598-017-12618-7
https://doi.org//10.1038/s41598-017-12618-7
https://doi.org//10.1016/j.pain.2013.05.016
https://doi.org//10.1111/nmo.12689
https://doi.org//10.1111/nmo.12689
https://doi.org//10.1177/2050640617715851
https://doi.org//10.1111/j.1365-2036.2008.03918.x
https://doi.org//10.1136/gut.2006.110858
https://doi.org//10.1155/2017/8915872
https://doi.org/10.1111/nmo.14515
https://doi.org/10.1111/nmo.14515

	Factors influencing rectal hypersensitivity in irritable bowel syndrome: A systematic review and meta-�analysis
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study population and study design
	2.2|Data extraction
	2.3|Quality assessment and risk of bias
	2.4|Data analysis

	3|RESULTS
	3.1|Search results
	3.2|Rectal hypersensitivity in IBS
	3.3|IBS effect size based on IBS subtype, diagnostic criteria, sex and age
	3.4|Heterogenicity
	3.5|Meta-�regression
	3.6|IBS study quality assessment

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DEG​EMENT
	CONFLICT OF INTEREST
	REFERENCES


