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Correspondence should be addressed to Branka Filipović; branka.filipovic3@gmail.com

Received 13 November 2016; Accepted 13 November 2016; Published 2 January 2017
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Functional gastrointestinal disorders (FGD), namely, func-
tional gastrointestinal disorders (FGID) and irritable bowel
syndrome (IBS), are always in the focus of gastroenterol-
ogists, because of their polymorphic symptomatology and
insufficiently defined causes and habits that influence the
appearance of FGD. Irritable bowel syndrome (IBS) is a
functional gastrointestinal disorder (FGID) characterized by
abdominal pain or discomfort and alteration of bowel habits
in the absence of an organic disorder. IBS is themost common
gastrointestinal disorder and the prevalence varies from 4%
to 22% in the population based studies [1–3]. Functional
dyspepsia (FD) is common and significantly impairs quality
of life. Symptoms of FD are considered to originate from
the gastroduodenal region, classified by the Rome criteria as
disorders of brain-gut interaction without structural alter-
ation. However, it is now apparent that FD is a number
of syndromes, the epigastric pain syndrome (bothersome
epigastric pain or epigastric burning) and the postprandial
distress syndrome (with bothersome postprandial fullness or
early satiation) and there are wide-ranging symptoms and
severity [4].

Papers in this special issue additionally illustrate the
approach to FGD from various points of view. W.-P. Meng
and coworkers presented a review article that describes the
mutual effects of H. pylori and hormones in functional
dyspepsia and provided new insight into the pathogenesis
of functional dyspepsia. H. pylori strains have been shown
to affect the secretion of several hormones, including 5-HT,

ghrelin, dopamine, and gastrin, and altered levels of these
hormones might be the cause of the psychological disorders
of functional dyspepsia patients.

P. Enck and his team of investigators revealed that
somatic comorbid condition and/or regular medication were
significantly older than those with functional constipation
and had lower health and social status, but similar general life
satisfaction. Their quality-of-life was lower for the physical
but not for the mental health domain, while among those
with functional constipation, the mental health domain
distinguished IBS-Constipation dominant type individuals
from those with functional constipation but without pain.

C.-H. Yi and associates reported rectal decompression
with either rectal or sham tube improved distension-induced
abdominal symptoms. Their study indicates that the mecha-
nisms that improved abdominal symptoms by rectal decom-
pression might be mediated by a central pathway instead of a
peripheral mechanism.

A well-designed study by W. Tao et al. identified a set of
35 differentially expressed miRNAs that bear the potential to
be molecular markers of T2DM with D-IBS, as they clearly
discriminated T2DM with D-IBS from healthy subjects.
Furthermore, our findings identified three miRNA species,
hsa-miR-106b, hsa-miR-26a, and hsa-miR-29b, which are
differentially expressed in the peripheral circulation of
patients suffering from T2DM with D-IBS and are among
the miRNAs that are implicated in the MAKP signaling
pathway.
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Study of Chinese cohort with FD, provided by Chen et
al., demonstrated that sleep quality and marriage status and
introversion-extroversion of personality traits significantly
influenced the conventional treatment effects on Chinese FD
patients.

S. Jizhong and his colleagues outlined that IBS patients
during stress released corticotrophin release factor which
leads to the damage of the intestinal mucosa barrier. TLR2
and TLR4 activation produces an inflammatory reaction,
which can concurrently affect the digestive tract and the
CNS and induces the corresponding digestive and psychiatric
symptoms.

All the investigations represent a contribution to clarify
the pathogenesis of FGD, but, judging from the results
presented, functional gastrointestinal disorder will attract
the intention of investigators for a longer period, because
the definitive solution about the pathogenesis of FGD and,
consecutively, the definitive guidelines for the therapy remain
yet to be elucidated.

Branka Filipović
Alastair Forbes

Bojan Tepeš
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Background. Transanal irrigation (TAI) can successfully treat neurogenic bowel dysfunction (NBD), but patient perception of its
use in chronic idiopathic constipation (CIC) is unknown.Objective.To evaluate patient perceptions of the efficacy and safety of TAI
for CIC and whether there are predictive factors of perceived treatment response.Methods. Prospective data collection of baseline
physiology and symptom severity; retrospective evaluation of efficacy and safety perceptions using a snapshot survey. All patients
fulfilling the Rome III criteria for functional constipation with chronic idiopathic aetiology were included. The main outcome
measure was the duration of patients’ usage of TAI. Results. 102 patients reported 21,476 irrigations over 119 patient years, with a
mean duration of therapy use of 60.5 weeks [SD 73.2 : SE 7.3]. Overall symptom improvement included general well-being (65%),
rectal clearance (63%), bloating (49%), abdominal pain (48%), and bowel frequency (42%). 68 patients (67%) were “moderately
better” or “very much better” on a satisfaction question. Reported complications were minor. No correlation was demonstrated
between duration of therapy use and baseline measures. Conclusion. A significant proportion of CIC sufferers use TAI as a long-
term or bridging therapy and perceive it as safe. This therapy demands a prospective investigation of efficacy and safety.

1. Introduction

Chronic idiopathic constipation (CIC) is characterised by
multiple symptoms and classified according to the Rome III
criteria [1], with a half of patients typically suffering for 5 or
more years [2]. CIC causes a significant reduction in health
related quality of life (HRQOL) compared to the general
population [3] in the community, HRQOL can be worse than
inflammatory bowel disease in those attending secondary
care [4], and the burden on healthcare resources is widely
recognised [4–6]. Roughly 50% of patients are refractory to
laxatives and lifestyle measures [7] and are often referred
to secondary care where they have investigations including
tests of transit and functional defecation disorder (FDD). A
proportion of these cases are also refractory to drug therapy
and biofeedback [8] and require further invasive therapy.
Transanal irrigation (TAI, also commonly known as “rectal
irrigation”) is a possible treatment for these patients.

TAI is a type of colonic irrigation which is self-adminis-
tered by the patient at home after adequate training in the tech-
nique and which differs from commercialised colonic irriga-
tion (hydrotherapy) only in the volume and length of time
the water is left in situ. It typically involves transanal insertion
of a rectal catheter or cone in order to instil lukewarm water
retrograde into the colon. This is achieved through various
commercially available irrigation systems which have either
hand controlled or mechanical pumps, in a volume ranging
from 500mL to 1000mL depending on patients’ experience
and tolerance. This is then drained naturally after a few
minutes and can result in a satisfactory bowel movement.

The published literature provides very little evidence of
efficacy in the CIC group andmostly reports effect in patients
suffering faecal incontinence or constipation secondary to
neurogenic bowel dysfunction (NBD) [9]. A systematic
review of TAI studies reported successful treatment of consti-
pation in 117/259 cases (45%) [10]. Of these 259 patients
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only 2 cohorts had a significant proportion with CIC in the
mixed aetiology [11, 12] with numbers of 79 and 37 patients,
respectively, and the remaining 143 patients mostly suffered
neurogenic aetiology. The procedure has been extensively
reported as simple to perform and relatively safe [11], with the
estimated risk of themost serious complication (TAI induced
colonic perforation) being less than 0.0002% per irrigation
[9]. In 2013 an expert consensus review has specifically stated
that there is an urgent need to evaluate effectiveness in the
other conditions where TAI is an emerging treatment and if
there are any physiological predictors of long-term response
[9].

Patients who suffer from CIC are clearly a separate and
distinctly different group of patients; the aetiology of the
condition is completely unknown; there is evidence of its
marked prevalence (14%) and chronicity [13] and subsequent
detrimental effect on quality of life [4]. In this paper we
aim to present retrospective evidence of the efficacy and
safety of TAI in the largest reported cohort of tertiary care
patients receiving this therapy for refractory CIC and use the
prospective database these patients are enrolled on to identify
any baseline predictors of efficacy.

2. Materials and Methods

Patients for this study were treated at the Durham Consti-
pation Clinic (DCC), a tertiary referral centre in the North
East of England receiving around 150 new patient referrals
each year and with around 850 patients under follow-up. All
patients prospectively give informed consent for enrolment
onto an ethically approved database. This includes data of
symptom and severity measures, physiological tests (transit,
proctography, and physiology), and scores of symptom sever-
ity using the validated PAC-SYM [14] questionnaire.

The DCC team are experienced in using TAI as a mini-
mally invasive technique for treating CIC after failed medical
and behavioural therapies. Patients are selected for one of
3 differing forms of irrigation equipment based on patient
choice and the ability of patients to manage the differing
practical aspects of each type. Peristeen� (Coloplast A/S�,
Denmark), Qufora� (MBH International A/S�, Denmark),
and the Irrimatic pump� (B. Braun Melsungen AG�, Ger-
many) systems are all used, with the vast majority given the
Peristeen� system.

A service evaluation was designed to gain patient per-
spective on TAI as a treatment specific to refractory CIC.
Patients under active clinic follow-upwere identified through
the prospective database and included if they fulfilled the
Rome III criteria for functional constipation, had past or
present treatment with TAI, and received TAI specifically for
refractory CIC (failed all medical and behavioural therapies).
Patients were excluded for any secondary causes of constipa-
tion (e.g., neurological or opioid use) or concomitant faecal
incontinence. Evaluation of patients was not at specific time-
points after commencement of therapy but was a snapshot of
all patients who had used the therapy in our service within
the preceding 12 months.

A 12-question form was designed for self-completion in
clinic or via telephone interview by a teammember.The form

asked patients to indicate therapy commencement/cessation
and total use, how they perceived response to the treatment,
the number of irrigations performed on average each week,
whether it improved particular CIC symptoms (stating yes or
no if TAI improved), how satisfied theywere with the therapy,
and any adverse events or complications they encountered.
Data was collected from February to June 2012. The duration
of therapy was calculated from both participants answers on
the actual length of time they had used it (to the nearest week)
and notes entries on when it was started by the specialist
nurse. The duration of therapy use was considered the main
outcome measure as a surrogate marker of efficacy. The total
number of irrigations for each person was calculated by
participants reporting their frequency of use, which was then
extrapolated over the therapy duration.

The prospective database of DCC patients’ baseline
assessments was used to identify baseline predictors of long-
term TAI efficacy. Patients who had completed the service
evaluation had their baseline data checked on the database
and these were extracted and included in the analysis if
present and consistent with investigation prior to com-
mencing TAI. PAC-SYM score, transit study time, isotope
proctogram, and barium proctogram results were included
as relevant indicators of symptom severity and physiological
profile of constipation. Transit time was calculated according
to the day 4 time on the Metcalf protocol [15], and PAC-
SYM mean item score as a validated outcome measure of
symptom severity in CIC [14]. Proctograms were checked
by team members and used to classify patients as having
a functional defecation disorder (FDD) according to the
Rome 3 criteria [1], by consensus opinion of 3 consultants.
Where patients had both isotope andbariumproctograms the
measured evacuation percentage of the isotope proctogram
was considered superior to the barium proctogram in clas-
sifying FDD. Data was analysed in SPSS in order to create a
Kaplan-Meier survival curve of continuing use of TAI. The
endpoint on the curve is defined as the duration of use until
cessation of TAI due to lack of efficacy. Patients are censored
on the curve where they continue with the therapy at their
current duration of usage. Possible correlations between
therapy duration and baseline measures were explored using
scatter plots and Pearson’s correlation. A Student’s 𝑡-test was
performed to assess for significant differences in length of
therapy use between patients classified as FDD or non-FDD.

3. Results and Discussion

3.1. Results. 148 people were identified (via database and
specialist nurse records) and contacted, and 102 completed
the service evaluation (69%) with consent for survey and
demographic data analysis (Figure 1). Table 1 demonstrates
the demographics of the cohort. 53% of participants were
currently still using TAI at data collection (Table 2), with a
combined total of 21,476 irrigations reported over nearly 119
years of therapy use. Patients used TAI on average once every
second day.

Participants reported “yes” or “no” if they believed that
particular symptoms of CIC had been improved by TAI use
(Table 3), with >42% reporting improvement in 4 of the 6
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Patients identified as currently
treated with TAI for CC

148

Patients completing service
evaluation and data analysis

102

Baseline investigations and
adverse events identified

Declined to participate in
service evaluation

46

Patients with baseline PAC-SYM
data
65

Patients with baseline transit
study data

81

Patients with baseline
proctogram data

76
Patients currently remaining on

TAI therapy
54

Adverse events identified
22

Figure 1: Patient flow.

Table 1: Baseline demographics.

Number of patients 102
Median age in years [range] 45 [25–84]
Number of females [%] 95 [93%]
Number of males [%] 7 [7%]
Mean duration of CIC in years [SD : SE] 21.8 [16.9 : 1.7]
SD = standard deviation, SE = standard error.

Table 2: Transanal irrigation (TAI) therapy use.

Presently still using TAI 54 [53%]
Completely stopped TAI 48 [47%]
Combined length of therapy weeks [years] 6,175 [118.8]
Mean length of therapy use in weeks [SD : SE] 60.5 [73.2 : 7.3]
Median length of therapy use in weeks [range] 30.15 [1–468]
Combined irrigations 21,476
Mean irrigations/week [SD : SE] 3.7 [2.6 : 0.26]
SD = standard deviation, SE = standard error.

fields and >22% in all fields. Overall satisfaction with TAI
(as a therapy) was reported by 67% of respondents as either
moderately or very much better.

In the Kaplan-Meier survival curve (Figure 2) it should
be noted that 40 patients reached the endpoint with 62
(60.8%) censored at their current duration of use of TAI.
The curve demonstrates that a significant proportion of the
cohort continuewith the therapy, althoughmost are censored
at their current duration of usewithin 2 years. Table 4 outlines
the baseline data collected from the prospective database on
patient colonic transit times, PAC-SYMscore, and categorisa-
tion of FDD through either isotope or bariumproctogram (or
both). A Pearson’s correlation analysis did not demonstrate
significant correlations in the duration of TAI use with any

Table 3: Symptom improvement and overall satisfaction with
transanal irrigation (TAI).

Symptoms improved
Bowel frequency 43 (42%)
Clearance of rectum 64 (63%)
Abdominal pain 49 (48%)
Bloating 50 (49%)
General well-being 66 (65%)
Awareness of urge 25 (25%)
Spontaneous complete bowel movements (SCBMs) 22 (22%)
Overall satisfaction
No better 34 (33%)
Moderately better 40 (39%)
Very much better 28 (28%)

baseline demographics: age [𝑁 = 102, 𝑟 = 0.018, 𝑃 = 0.86],
duration of CIC symptoms [𝑁 = 102, 𝑟 = 0.033, 𝑃 = 0.74],
and frequency of TAI use [𝑁 = 102, 𝑟 = −0.07, 𝑃 = 0.48].
Similarly the baseline symptom severity and transit times did
not demonstrate any correlation: mean item PAC-SYM [𝑁 =
65, 𝑟 = −0.19,𝑃 = 0.13] and transit time [𝑁 = 81, 𝑟 = −0.073,
𝑃 = 0.52]. Figure 3 is a boxplot comparing the TAI therapy
use of patients classified from baseline proctograms as having
a FDD [𝑁 = 40, mean use = 45 weeks, SD = 49.5] and no
FDD [𝑁 = 36, mean use = 59 weeks, SD = 60.7], with no
significant difference in TAI therapy use (Student’s 𝑡-test for
equality of means) detected between these groups [𝑃 = 0.29].

Adverse events reported (Table 5) were relatively minor
given the frequency and total duration of use, although 1 in
5 patients experienced one or more. Device and equipment
problems were most frequently reported and minor medical
complications such as rectal bleeding were easily managed by
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Table 4: Baseline investigations on prospective database (cohort).

Investigation 𝑁 Result
Transit study mean time (hours) [SD : SE] 81 60.9 [15.6 : 1.7]
PAC-SYMmean total score [SD : SE] 65 2.23 [0.76 : 0.09]
Baseline isotope & barium proctograms classified to FDD or no 76 FDD 40
FDD by consensus of consultant coauthors None 36
Standard deviation (SD), standard error (SE), functional defecation disorder (FDD).

1.0

0.8

0.6

0.4

0.2

0.0

Cu
m

ul
at

iv
e s

ur
vi

va
l

0 100 200 300 400 500

Cohort (weeks)

Survival function
Censored

Figure 2: Kaplan-Meier survival of transanal irrigation. In this
survival curve the endpoint was defined as patients’ discontinuing
TAI therapy due to perceived ineffectiveness. 40 patients reached the
endpoint with 62 (60.0%) censored at their current duration of use
of TAI. The curve demonstrates that a significant proportion of the
cohort continue with the therapy.

patients. A small proportion (2%) attributed new anal fissures
to TAI usage.This series does not report any rectal or colonic
perforations, and the unit has not experienced any of these
major complications to date.

3.2. Discussion. Investigators across Europe have been report-
ing for 10 years that TAI is a beneficial treatment for patients
suffering faecal incontinence and constipation due to a
range of aetiologies [10–12, 16–18]. Our cohort is the largest
reportedwho suffer specifically fromCIC, with demonstrable
chronicity (mean 21.8 years), symptom severity (mean item
total PAC-SYM 2.23), and slow transit (mean 60.9 hrs), with
a proportion suffering from FDD (53%).

The results in this cohort demonstrate that around 60%
of patients with CIC use TAI for an extended period of time
(1-2 years or more) and feel their symptoms are significantly
improved. As this was a retrospective snapshot of outcomes,
satisfaction rates at specific time intervals cannot be deter-
mined. However the duration of TAI therapy use is a justified
outcome measure as this is a procedure which requires
commitment and time (unlike drug treatments) and patients
tend to discontinue ineffective treatments early. Duration of
TAI therapy use is therefore a reasonable surrogate marker
for efficacy.

Table 5: Adverse events (AEs).

All AEs 22/102 (21.6%)
TAI devices
Bursting balloons 10 (9.8%)
Catheters splitting 3 (2.9%)
Medical problems
Rectal bleeding 6 (5.9%)
Painful irrigations 3 (2.9%)
Painful haemorrhoids 2 (2.0%)
New anal fissure 2 (2%)
Perforation 0 (0%)

Functional disorder of defecation (FDD)
FDDNone
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Figure 3:This boxplot compares the reported TAE therapy duration
(𝑦-axis, weeks) of patients classified from baseline proctograms as
having a functional defecation disorder (FDD) [𝑁 = 40, mean use =
45 weeks, SD = 49.5] and no FDD [𝑁 = 36, mean use = 59 weeks,
SD = 60.7], with no significant difference detected between these
groups [𝑃 = 0.29].

The most severe symptoms of CIC (abdominal pain,
bloating, incomplete emptying [of rectum], and bowel fre-
quency) improved in over 42% of patients. Remarkably
awareness of urge and spontaneous complete bowel move-
ments occurred in a quarter and a fifth, respectively.No corre-
lationwas demonstrated between duration of TAI therapy use
and patient age or duration of CIC, suggesting that the treat-
ment can be just as effective in a patient who has suffered for
20 years as in someone with a six-month history. There was
also no correlation between therapy duration and baseline
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transit time or presence of FDD suggesting that, on present
evidence, the treatment can be offered to patients with any
type of constipation. It might be a therapy that could be
offered to community-assessed patients with only the treat-
ment refractory referred for detailed investigations. A very
slight negative correlation exists between baseline PAC-SYM
severity and duration of therapy use: this does not reach sta-
tistical significance and merely reflects that patients with
more severe symptoms fail treatments faster, which is hardly
surprising.

There were no serious complications recorded despite
over 20,000 irrigations used by this cohort. Indeed TAI has
been used in our service for 7 years and the cohort studied
probably represents less than a third of the total number
of patients treated. We have not encountered any cases of
rectal perforation or other serious complications in this time,
though these problems have been reported and remain an
unlikely possibility. A small proportion of patients developed
new anal fissures during therapy but without a control group
it is difficult to know if this is treatment related.

The exact mechanism through which TAI causes a bowel
motion is unclear, although it is postulated to be due to stimu-
lation or initiation of peristaltic waves through either stretch-
ing and/or warming the colon, and scintigraphic assessment
has previously demonstrated washout to the splenic flexure
[19].Thismay explain themarked effects on chronic symptom
improvements reported in our cohort. The spontaneous
bowel movements between irrigations that occurred in a fifth
of cases may suggest that the treatment has effects that go
beyond a simple washout. One possible mechanism could be
the initiation of a normal rectal urge to defecate, which is lost
or diminished in around two-thirds of patients with chronic
constipation [20] and may be due to raised sensorimotor
thresholds [21]. An alternative hypothesis relates to the
release of 5HTwhen colonicmuscle is distended, thus increas-
ing peristalsis [22].

Overall, a significant proportion of patients in this cohort
are globally satisfied with the therapy, reporting marked
symptom improvements and minimal complications. Inter-
national expert consensus on the treatment algorithms ofCIC
in both Europe and the US has failed to adequately recognise
the value and position of this treatment [23, 24].

4. Conclusions

Our results are retrospective, uncontrolled, and possibly
affected by reporting bias as patients were interviewed by
clinic staff and as such should be treated with caution. A
prospective controlledmulticentre study is therefore required
together with assessments of cost-effectiveness and qualita-
tive studies of the experience of the procedure.

These results do addweight to a body of evidence that TAI
is an effective and safe minimally invasive treatment for CIC,
either definitively in some or as a bridge to other treatments.
For now, themedical ethos of “first do no harm” and common
sense dictate that it should be considered as an option on the
CIC treatment algorithmbefore any formof invasive abdomi-
nal surgery.

Abbreviations

TAI: Transanal irrigation
CIC: Chronic idiopathic constipation
NBD: Neurogenic bowel dysfunction
FDD: Functional defecation disorder
DCC: Durham Constipation Clinic
HRQOL: Health related quality of life
PAC-SYM: Patient assessment of constipation symptoms.

Disclosure

This manuscript has been presented as two separate confer-
ence presentations:

(1) Association of Surgeons of Great Britain and Ireland
90th International Surgical congress, Harrowgate,
North Yorkshire, UK, 30/04/2014–02/05/2014.

(2) Tripartite ColorectalMeeting 2014, Birmingham,UK,
30/06/2014–03/07/2014.

Competing Interests

The authors declare that they have no competing interests.

Authors’ Contributions

Kevin J. Etherson and Yan Yiannakou made substantial
contributions to conception and design and were responsible
for acquisition of data. Kevin J. Etherson, Yan Yiannakou, Ian
Minty, IainM. Bain, and Jeremy Cundall were responsible for
analysis and interpretation of data, drafting manuscript and
revising it critically for important intellectual content, and
final approval of manuscript version to be published.

Acknowledgments

Yan Yiannakou has received an educational grant from
Coloplast A/S. The authors thank Deborah Rowley-Conwy
and Anne Kelly for help with data collection and Professor
Charles Knowles for proofreading the manuscript and pro-
viding reliable scholarly advice.

References

[1] D. A. Drossman, E. Corazziari, and M. Delvaux, Rome III:
The Functional Gastrointestinal Disorders, Degnon Associates,
McLean, Va, USA, 3rd edition, 2006.

[2] W. F. Stewart, J. N. Liberman, R. S. Sandler et al., “Epidemiology
of constipation (EPOC) study in the United States: relation
of clinical subtypes to sociodemographic features,” American
Journal of Gastroenterology, vol. 94, no. 12, pp. 3530–3540, 1999.

[3] E. J. Irvine, S. Ferrazzi, P. Pare, W. G. Thompson, and L. Rance,
“Health-related quality of life in functional GI disorders: focus
on constipation and resource utilization,”TheAmerican Journal
of Gastroenterology, vol. 97, no. 8, pp. 1986–1993, 2002.

[4] J. Belsey, S. Greenfield, D. Candy, and M. Geraint, “Systematic
review: impact of constipation on quality of life in adults and
children,” Alimentary Pharmacology and Therapeutics, vol. 31,
no. 9, pp. 938–949, 2010.



6 Gastroenterology Research and Practice

[5] K. Walsh, S. R. McWilliams, M. M. Maher, and E. M. Quigley,
“The spectrum of functional gastrointestinal disorders in a
tertiary referral clinic in Ireland,” Irish Journal of Medical
Science, vol. 181, no. 1, pp. 81–86, 2012.

[6] K. A. Nyrop, O. S. Palsson, R. L. Levy et al., “Costs of health care
for irritable bowel syndrome, chronic constipation, functional
diarrhoea and functional abdominal pain,”Alimentary Pharma-
cology andTherapeutics, vol. 26, no. 2, pp. 237–248, 2007.

[7] A. Wald, C. Scarpignato, S. Mueller-Lissner et al., “A multina-
tional survey of prevalence and patterns of laxative use among
adults with self-defined constipation,” Alimentary Pharmacol-
ogy andTherapeutics, vol. 28, no. 7, pp. 917–930, 2008.

[8] U. Khan, D. Dubois, F. Schenck et al., “Patient satisfaction with
current management strategies in chronic constipation,” Gut,
vol. 60, article A160, 2011.

[9] A. V. Emmanuel, K. Krogh, G. Bazzocchi et al., “Consensus
review of best practice of transanal irrigation in adults,” Spinal
Cord, vol. 51, no. 10, pp. 732–738, 2013.

[10] P. Christensen and K. Krogh, “Transanal irrigation for disor-
dered defecation: a systematic review,” Scandinavian Journal of
Gastroenterology, vol. 45, no. 5, pp. 517–527, 2010.

[11] P. Christensen, K. Krogh, S. Buntzen, F. Payandeh, and S. Lau-
rberg, “Long-term outcome and safety of transanal irrigation
for constipation and fecal incontinence,” Diseases of the Colon
and Rectum, vol. 52, no. 2, pp. 286–292, 2009.

[12] M. P. Gosselink, M. Darby, D. D. E. Zimmerman et al., “Long-
term follow-up of retrograde colonic irrigation for defaecation
disturbances,” Colorectal Disease, vol. 7, no. 1, pp. 65–69, 2005.

[13] D. A. Drossman, Z. Li, E. Andruzzi et al., “U. S. Householder
survey of functional gastrointestinal disorders,” Digestive Dis-
eases and Sciences, vol. 38, no. 9, pp. 1569–1580, 1993.

[14] L. Frank, L. Kleinman, C. Farup, L. Taylor, and P. Miner Jr.,
“Psychometric validation of a constipation symptom assess-
ment questionnaire,” Scandinavian Journal of Gastroenterology,
vol. 34, no. 9, pp. 870–877, 1999.

[15] A. M. Metcalf, S. F. Phillips, A. R. Zinsmeister, R. L. MacCarty,
R. W. Beart, and B. G.Wolff, “Simplified assessment of segmen-
tal colonic transit,” Gastroenterology, vol. 92, no. 1, pp. 40–47,
1987.

[16] P. Christensen, J. Andreasen, and L. Ehlers, “Cost-effectiveness
of transanal irrigation versus conservative bowel management
for spinal cord injury patients,” Spinal Cord, vol. 47, no. 2, pp.
138–143, 2009.

[17] P. Christensen, G. Bazzocchi, M. Coggrave et al., “A random-
ized, controlled trial of transanal irrigation versus conservative
bowel management in spinal cord-injured patients,” Gastroen-
terology, vol. 131, no. 3, pp. 738–747, 2006.

[18] A. M. Tod, E. Stringer, C. Levery, J. Dean, and J. Brown, “Rectal
irrigation in the management of functional bowel disorders: a
review,” British Journal of Nursing, vol. 16, no. 14, pp. 858–864,
2007.

[19] P. Christensen, N. Olsen, K. Krogh, T. Bacher, and S. Laurberg,
“Scintigraphic assessment of retrograde colonic washout in
fecal incontinence and constipation,” Diseases of the Colon and
Rectum, vol. 46, no. 1, pp. 68–76, 2003.

[20] F. Harraf, M. Schmulson, L. Saba et al., “Subtypes of consti-
pation predominant irritable bowel syndrome based on rectal
perception,” Gut, vol. 43, no. 3, pp. 388–394, 1998.

[21] J. M. Remes-Troche, S. De-Ocampo, J. Valestin, and S. S. C.
Rao, “Rectoanal reflexes and sensorimotor response in rectal
hyposensitivity,” Diseases of the Colon and Rectum, vol. 53, no.
7, pp. 1047–1054, 2010.

[22] N. J. Spencer, S. J. Nicholas, L. Robinson et al., “Mechanisms
underlying distension-evoked peristalsis in guinea pig distal
colon: is there a role for enterochromaffin cells?” American
Journal of Physiology—Gastrointestinal and Liver Physiology,
vol. 301, no. 3, pp. G519–G527, 2011.

[23] A. E. Bharucha, J. H. Pemberton, andG. R. Locke III, “American
gastroenterological association technical review on constipa-
tion,” Gastroenterology, vol. 144, no. 1, pp. 218–238, 2013.

[24] J. Tack, S. Müller-Lissner, V. Stanghellini et al., “Diagnosis and
treatment of chronic constipation—a European perspective,”
Neurogastroenterology and Motility, vol. 23, no. 8, pp. 697–710,
2011.



Research Article
Some Risk Factors of Chronic Functional Constipation
Identified in a Pediatric Population Sample from Romania

Claudia Olaru,1,2 Smaranda Diaconescu,1,2 Laura Trandafir,1,2 Nicoleta Gimiga,1,2

Gabriela Stefanescu,1,3 Gabriela Ciubotariu,1,2 and Marin Burlea1,2

1“Gr. T. Popa” University of Medicine and Pharmacy, Ias,i, Romania
2“Sf. Maria” Emergency Hospital for Children, Ias,i, Romania
3“Sf. Spiridon” Emergency Hospital, Ias,i, Romania

Correspondence should be addressed to Smaranda Diaconescu; turti23@yahoo.com

Received 15 July 2016; Accepted 26 October 2016

Academic Editor: Branka Filipović
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We conducted an observational study over a 1-year period, including 234 children aged 4–18 years and their caregivers and a
matching control group. 60.73% of the children from the study group were males. Average age for the onset of constipation was
26.39 months. The frequency of defecation was 1/4.59 days (1/1.13 days in the control group). 38.49% of the patients in the sample
group had a positive family history of functional constipation. The majority of children with functional constipation come from
single-parent families, are raised by relatives, or come from orphanages. Constipated subjects had their last meal of the day at
later hours and consumed fast foods more frequently than the children in the control sample. We found a statistically significant
difference between groups regarding obesity/overweight and constipation (𝜒2 = 104.94, df = 2, 𝑝 < 0.001) and regarding physical
activity and constipation (𝜒2 = 18.419; df = 3; 𝑝 < 0.001). There was a positive correlation between the number of hours spent
watching television/using the computer and the occurrence of the disease (𝐹 = 92.162, 𝑝 < 0.001, and 95% Cl). Children from
broken families, with positive family history, defective dietary habits, obesity and sedentary behavior, are at higher risk to develop
chronic functional constipation.

1. Introduction

Chronic constipation is a disorder that can negatively impact
the quality of life, resulting in a major economic and social
burden. Among the pediatric population, constipation is a
frequent disorder with a growing incidence ranging from 3%
to 25% [1]. Constipation is also a condition based on clinical
symptomatology,with its definition being particularly subjec-
tive [2, 3]. In this regard, there is often a lack of understanding
between the physician and the patients’ perception in terms of
defining constipation [4]. The Rome III criteria consider the
frequency and consistency of stools, as well as the secondary
disorders associated with constipation (retentive behavior,
pain).

The Definition of Functional Constipation according to the
Rome III Criteria [5–7]. In children over the age of 4, at least 2

of the following events occur, once a week ormore frequently,
for a duration of at least 2 months:

(i) Less than 3 bowel movements per week
(ii) At least 1 episode of fecal incontinence per week
(iii) Stool retention position or behavior
(iv) Difficult or painful passing of stool
(v) The presence of a large fecal mass identified upon

rectal examination or palpation of the abdomen
(vi) The existence of large stools that can obstruct the

toilet

The aim of this study is to investigate some of the possible
risk factors of functional constipation and determine some
correlations with diet and sociofamilial factors on a sample of
children admitted into a pediatric gastroenterology unit from
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a tertiary hospital in Romania. The objectives of the study
focused on characterizing the patient’s family-related envi-
ronment, analyzing hereditary-collateral antecedents, and
identifying the positive history of functional constipation of
the next of kin, as well as developing a nutritional profile of
the patients.

2. Material and Method

We have conducted an observational clinical study on a
sample of children with ages ranging from 4 to 18 years,
diagnosed with chronic constipation defined as per the Rome
III criteria. The inclusion criteria required the diagnosis of
functional constipation according to the Rome III criteria, as
well as obtaining the next of kin’s consent for participating in
the study.The exclusion criteria targeted the causes of organic
constipation (Hirschsprung disease, pseudo bowel obstruc-
tion, previous surgical interventions in the anus/colon, or
neurological disorders: hypotonia, cerebral palsy, and severe
mental retardation).Of the total number of children admitted
for constipationwe excluded 48 children because they did not
meet the definition criteria or had constipation due to organic
causes; also, for 31 children we were unable to obtain the
consent of their next of kin for participating in the study.The
final sample comprised 234 children with chronic functional
constipation. For the control group we have selected children
with ages ranging from 4 to 18 years, who came to our unit
for well-child visit. The inclusion criteria focused on the
absence of prior episodes of chronic constipation and/or fecal
incontinence, cerebral palsy, mental retardation, or other
chronic diseases. The control group comprised 112 children.
Consent was obtained from the next of kin and from children
over the age of 14 before commencing the study. We collected
data regarding the sociofamilial environment and family
history in order to identify the disease in first-degree relatives.
Both parents and school aged children were asked to respond
to a questionnaire that included data regarding the onset
of bowel movement disorders, quantitative and qualitative
aspects of passed stools, determining when the signs of the
disease had occurred and the connection with some extradi-
gestive pathological events or the inclusion of certain foods
in the child’s diet, and conducting a dietary inquiry for the
purpose of determining the type of diet leading to the onset
of constipation and after that date. We assessed the nutri-
tional status based on the following formula: BMI (kg/m2) =
W (kg)/H (m2). Excess weight was associated with BMI over
the 85th percentile of the baseline standard, obesity meant
BMI over the 95th percentile, and weight hypotrophy was
defined as BMI below the 5th percentile. The nutritional
status of the adults was also assessed using the BMI. They
were deemed underweight if BMI ≤ 18.5 kg/m2, normal
(weight) if 18.5 < BMI < 24.9 kg/m2, overweight if 25.0 <
BMI < 29.9 kg/m2, and obese if BMI ≥ 30 kg/m2. The adults
were diagnosed with functional constipation according to the
Roma III criteria for adults. We also assessed their level of
physical activity by determining the number of days/week
with more than 60 minutes moderate-vigorous physical
activity and we quantified the time they spend watching
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Figure 1: Constipation onset age distribution histogram.

television or using the computer. Data processing was carried
out using the SPSS 20.0 software.

3. Results

142 of the 234 children that went through with the study were
males (60.73%) and 92 (39.27%) were females. There were no
significant gender differences in the control sample, with an
M : F ratio of 1 : 1.1. As for geographical area of origin, there
were no significant differences between the two samples,
both showcasing a slight prevalence of patients from urban
areas (53% in the patient series and 53.65% in the control
group). Average age for the onset of the symptomatology
was 26.39 months, with minimum values of 9 months and
maximum values of 36 months. We noted that 63.14% of the
cases entered in the study stated that the onset of constipation
occurred around the age of 24–36 months, with a calculated
average of 26.39 months (Figure 1).

As far as the number of bowel movements is concerned,
we noticed that their frequency was significantly lower in
the children in our study sample, who reported an average
of 1 bowel movement per 4.59 days compared to 1 bowel
movement per 1.13 days in the control sample (Figure 2).

90 of the 234 patients in the studied sample had a positive
family history of functional constipation (38.49%). Of all
these cases, constipation was reported in the mother in 61 of
cases (46.56%) and in the father in 29 cases (22.14%), and in
20 cases constipation was identified in the siblings (15.27%).
In 21 (16.03%) of these cases 2 members of the family were
affected. In the control sample, only 3 parents reported this
condition. As for the sociofamilial environment, 80 (34.19%)
of the children did not live with their parents (they lived
with their grandparents or other relatives), 33 (14.1%) lived
in single-parent households, 16 (6.84%) lived with maternal
assistant, and 6 (2.56%) came from orphanages. A significant
aspect was that only 99 (42.31%) of the patients lived with
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Figure 3: Sample distribution per sociofamilial environment.

both of their parents compared to 75% of the children in the
control sample (Figure 3).

The age for starting toilet training in the studied sample
ranged from 1 year to 3.5 years, with an average of 2.4 years
compared to 1.8 years in the control sample. The average age
for initiating toilet training was significantly higher among
the children in the patient sample as compared to those in the

Table 1: ANOVAcomparison test for the age of onset of constipation
and the time when toilet training was initiated.

Sum of squares Df Mean square 𝐹 Sig.
Between groups 111.845 23 4.863 70.749 0.000
Within groups 14.434 210 .069
Total 126.279 233

1.0

1.5

2.0

2.5

3.0

3.5

The age onset of constipation (month)
9 10 11 12 13 14 15 16 17 19 21 22 24 26 28 29 30 31 32 33 34 35 36 37 38

M
ea

n 
of

 to
ile

t t
ra

in
in

g

Figure 4: Correlation between the age of onset of constipation and
the moment when toilet training was initiated.

control sample (𝐹 = 58.744, 𝑝 < 0.001, and 95% Cl). There is
a statistical correlation between the average age for initiating
toilet training and the age of onset of constipation (𝐹= 70.749,
𝑝 < 0.001, and 95% Cl) ((Table 1) and (Figure 4)).

The dietary inquiry for the first year of life showed that
a low percentage of the children in the patient sample were
breastfed, namely, 26.07% (60.71% in the control sample),
while 40.60% were fed with cow’s milk (with the other
patients being fed with formula or mixed feeding). In the
control sample the ratio of cow’s milk based diet was of
just 7.14%. The statistical analysis of cases in both of the
studied samples based on the type of milk in their diet
shows a significant statistical difference (𝜒2 = 55.60; df =
3; 𝑝 < 0.00); therefore, we can presume that cow’s milk
based diets for the first year of life favor the occurrence of
constipation. The patients’ original environment influenced
their diet during the first year of life; thus, a higher frequency
of children fed with cow’s milk was identified in those
living in rural areas (78.95%). 78.26% of the patients fed
with formula were from urban areas. Food diversification
was carried out incorrectly in 21.82% (51) of the patients
compared to 19.61% (22) of the children in the control
sample, starting at the age of 3 months. Average age for
beginning food diversification was 4.22 months. As for their
current nutritional status and dietary habits, we identified the
following aspects: of the children with chronic constipation,
69 patients were overweight (29.49%) compared to 10 (8.93%)
in the control sample; 19 children (8.12%) were underweight
compared to 12 (10.71%). The weight of all the other patients
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Table 2: The number of meals/day between groups.

Meals/day Frequency Percent
Study group

3 57 24.41
4 136 58.13
5 41 17.46
Total 234 100.0

Control group
3 82 73.22
4 23 20.55
5 7 6.23
Total 112 100.0

ranged within normal limits. We could thus note a higher
prevalence of obesity in the children in the studied sample
compared to the control sample. The statistical analysis
revealed a statistically significant difference regarding the
nutritional status of children affected by constipation (𝜒2 =
104.94, df = 2, and 𝑝 < 0.001), with obesity constituting a
risk factor in the occurrence of bowel movement disorders.
Then we assessed the nutritional status of all the patients’
next of kin. 60.68% of the parents of the children in the
studied group were overweight or obese compared to 26.79%
in the control sample. In addition to this, 69.57% of the
overweight/obese children in the studied group also had
overweight/obese next of kin. As for the childrenwith normal
weight, only 56.85% of them had overweight/obese next of
kin. The analysis of the relationship between the nutritional
status of the children and their next of kin shows a significant
difference (𝜒2 = 63.49; df = 4; 𝑝 < 0.001); therefore,
we could state that overweight/obese parents have a greater
likelihood to have an overweight/obese child.The nutritional
inquiry tracked the number and schedule of daily meals
(Table 2). We also investigated the fast food intake and the
type of foods consumed.

We noted that 24.41% of the children in the studied
sample ate 3 times a day, 58.13% stated they had 4 meals/day,
and 17.46% reported 5 meals/day (3 main meals and 2
snacks). The calculated average was 3.93 meals/day. A signif-
icant percentage of the control sample patients had 3 main
meals/day (73.22%), and only 6.23% reported eating 5 meals
(3 main meals and 2 snacks). In order to identify erratic
meal schedules, we investigated the time of the last meal. The
reported times ranged from 19:00 to 23:00, with an average of
21:16 in the studied sample compared to 19:50 in the control
sample. Thus, the children with functional constipation had
their lastmeals at later hours than those in the control sample.
To identify the “inadequate diet” risk factor, we considered
fast foods in particular, as they were found both in the
children in the studied sample and in those in the control
sample. However, there is a noticeable difference in terms
of frequency of consumption. Thus, the monthly average in
the studied sample was 3.65 meals/month compared to the
monthly average of 1.36 fast food type meals/moth in the
control group. The statistical analysis indicates a correlation
between the geographical area of origin and the number
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Figure 5: Nutritional profile of the child with constipation.

of fast food meals/month (𝜒2 = 28,760; df = 01; 𝑝 =
0.001). We wanted to identify a nutritional profile of the
patient with constipation. For this purpose, we analyzed
the frequency of consumption for the main food groups.
Constipated subjects consumed the following foods more
frequently: meat products, milk, concentrated sweets, and
soft drinks (Figure 5). The subjects in the control sample
consumed all of these products less frequently, also noting a
larger intake of vegetables and fruits.

A difference between the two samples was noticed in
terms of the quantity of milk consumed on a daily basis.
Among children with constipation, this quantity ranged from
200mL to 1 liter, while in the control sample milk consump-
tion did not exceed 500mL/day. The average consumption
in the studied sample was 563.25mL compared to 365.63mL
in the control sample. The statistical analysis of the cases
studied based on cow’s milk consumption in the two samples
revealed a significant difference between expected counts and
actual counts (𝜒2 = 210.284; df = 11; 𝑝 < 0.001). After
the interpretation of adjusted residuals we found that the
number of children consuming over 600mL of cow’smilk per
day is statistically significantly higher in the patient sample
compared to those in the control sample. As far as physical
activity is concerned, 52.99% of the children in the patient
sample were not involved in any physical activity and 39.32%
reported only 2 days/week of 60-minute moderate-vigorous
physical activity at themost. In the control sample 33.93%had
no physical activity and 59.82% reported 2–4 days/week of
60-minute moderate-vigorous physical activity. The statisti-
cal analysis of the cases studied based on the level of physical
activity in the two samples revealed a significant difference
(𝜒2 = 18.419; df = 3; 𝑝 < 0.001), which emphasizes the fact
that lack of exercise constitutes a risk factor in the occurrence
of constipation. The patients in the studied sample reported
longer periods of time spent watching television or using
the computer. 50% of the children in the patient sample
spend around four to six hours a day watching television or
using the computer, as compared to the control sample where
the recorded percentage was 15.18%. Most of the children
in the control sample (84.82%) spent around one and three
hours/day doing these activities, as compared to the 50% of
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Table 3: ANOVA comparison test for the average number of hours
spentwatching television/using the computerwithin the two studied
samples.

TV/PC Sum of squares Df Mean square 𝐹 Sig.
Between groups 130.499 1 130.499 92.162 0.000
Within groups 487.096 344 1.416
Total 617.595 345
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Figure 6: Comparison of average number of hours spent watching
television/using the computer within the two studied samples.

the children in the patient sample. We have thus determined
a significant statistical correlation between the number of
hours spent watching television/using the computer and the
occurrence of constipation (𝐹 = 92.162, 𝑝 < 0.001, and 95%
Cl) ((Table 3) and (Figure 6)).

4. Discussions

In the studied sample we noticed a higher prevalence of
males. These results are not consistent with other studies
regarding functional constipation during childhood, which
report that this disorder has a similar prevalence in boys
and girls [8]. We also identified a larger ratio of patients
from urban areas. This finding was interpreted in the context
of improved access to medical services for patients living
in urban areas. There is little epidemiological data available
regarding the age of onset of constipation in infants [9]. It
was reported that the onset of constipation can occur during
the first year of life in approximately 50% of the affected
children [10]. On the other hand, Loening-Baucke assesses
the prevalence rates for constipation during the first and
second year of life at 2.9 and 10.1%, respectively [11]. Our
results indicate that the majority of constipated children
included in this study had the onset of constipation within
the first two years of life; these results are consistent with
other previous studies [12–14]. The number of doctor visits
for children aged 0 to 9 years on account of constipation prob-
lems has doubled in recent years, and the highest increase was

reported among children under the age of 2 years [15, 16]. It
is not clear whether this increase is due to an increase in the
frequency of constipation episodes or to an increased number
of parents requiring medical assistance for their children
[17]. In our study, children affected by constipation had an
average frequency of bowel movements of 1-time defecation
per 4.59 days compared to 1-time defecation per 1.13 days in
the control sample. Our findings are consistent with other
studies; Nyhan et al. conducted a study on a sample of 800
children and reported a frequency of 1 bowel movement per
4.4 days, with the type of diet (breastfeeding or formula)
also having an impact on this difference [18, 19]. Another
risk factor seems to be a positive family history of functional
constipation, which was reported in 38.49% of the cases
in our study. The high frequency of constipation noted in
the relatives of the patient series can be a result of both
genetic factors and of specific eating habits that are common
to all the members of the family, which might suggest that
the diet followed within the household could trigger the
onset of the symptomatology [2, 3, 20]. Family environment
is particularly important. Although nowadays there is an
ever-increasing number of grandparents acting as surrogate
parents for their grandchildren, there is little data available
on how these children are affected [21]. It was determined
that psychological stress in the grandparents leads them to
become parents of a lower quality, which ultimately leads
to a higher level of maladjustment in their grandchildren
[22]. Psychological stress and the feeling of insecurity—
aspects that are frequently identified in children from single-
parent households or institutionalized children—may have
an impact on certain pathologic conditions in children
[23]. Our findings show that the majority of children with
functional constipation come from single-parent families, are
raised by relatives, or come from orphanages. Toilet training
could be yet another important factor involved in the etiology
of functional constipation in children. An increase of the age
for starting toilet training has been noted in several countries
[24, 25]. In one of their studies, Largo et al. reported that 97%
of children gained complete bowel control by the age of 3
years, these results being similar to our study where daytime
bowel control was gained at the age of 2.4 years [26]. Toilet
training is initiated quite late in children, most of the times
after the age of 2 years, which could be explained by the
involvement of both parents in their professional and social
life and the convenient use of single use diapers, as well as
the sheer neglect of toilet training in children from single-
parent households or institutionalized ones. Only 26.07% of
the children in the patient sample were breastfed, a rather
small percentage compared to the control sample (60.71%).
As discussed by others breastfed infants can have greater
variability than formula-fed infants in stool frequency [27].
Cow’s milk based diets play an important part in delaying
bowel movement in infants and small children. In our study,
the consumption of cow’s milk was reported in 40.60% of
the children with constipation (7.14% in the control sample).
Unfortunately, the cow’s milk based diet during the first
year of life is a relatively frequent practice in poor rural
communities throughout Romania. Most of the studies in
the literature refer to the relationship between constipation
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and cow’s milk protein allergy, and it was recently agreed
that constipation could be the result of hypersensitivity to
cow’s milk proteins [28–30]. Although not clinically proved,
excessive consumption of cow’s milk could contribute to the
occurrence of constipation even though the children are not
intolerant to cow’s milk proteins. Cow’s milk determines
slowing down of intestinal motility and triggers the satiety of
the child, thus reducing the intake of fluids and other foods
that contain fibers. This mechanism can be most relevant for
small children, who are most susceptible to having a high
intake of milk and a low intake of dietary fibers; therefore,
it is recommended that cow’s milk intake should be limited
to 24 ounces (720mL) per day [31, 32]. The infants and small
children with chronic constipation in the studied sample had
consumed a larger quantity of cow’s milk (563.25mL/day)
than the children in the control sample (365.63mL/day).
An association between obesity/overweight and functional
constipation in children has been reported by several other
authors [33]. In our study sample, 69 (29.49%) of the patients
were overweight and so were 60.68% of their parents. In the
control sample, obesity/overweight could only be identified
in 10 (8.93%) of the children and 26.79% of their next of
kin. Previous studies report that the higher prevalence of
obesity may be a result of dietary factors, activity level, or
hormonal influences [33]. This determined us to investigate
the existence of defective dietary habits, given the fact that
nutritional behavior of children is strongly influenced by
their family environment. The dietary environment within
the family includes the parents’ own dietary behaviors and
the child feeding practices. Parents shape the development
of dietary habits in children, not only in terms of foods, but
also in terms of their own eating style and meal schedule
[34, 35]. Maternal dietary habits are associated with the
dietary habits of children, including the specific style of
eating, choosing foods, and food preferences, as well as
the regulation of energy intake [36, 37]. The children with
constipation included in our study had their last meal of the
day at later hours and consumed fast foods more frequently
than the children in the control sample. The analysis of
the main food groups revealed that constipated subjects
consumed more frequently the following: meat products,
milk, concentrated sweets, soft beverages, and less fruits and
vegetables. Our findings are consistent with other reports
regarding dietary recommendations in constipated children
[27]. This study showed that sedentary behavior was more
prevalent in constipated children. The majority of patients
in the sample have limited or no physical activity. Our
results are different from a study conducted on teenagers in
Taiwan, but they do agree with another study conducted on
preschoolers whose physical activity of less than an hour per
day was associated with constipation [38, 39]. The possible
mechanisms that enable physical activity to influence the
frequency of bowel movements include the reduction of
colonic transit time and the hormonal changes that occur
during exercise [40]. Our research has some limitations.
This is a single center report that only included children
admitted to our gastroenterology unit. The lack of sanitary
education and the insufficient dissemination of the functional
constipation criteria towards and from family doctors limit

referral to specialized centers only to children with evident
symptoms (for instance, less than 3 bowel movements/week
or painful passing of stool); we believe that the prevalence
of this disorder among the children in our country might
be higher; further population-based studies are necessary. In
the same time, considering the reports of the World Health
Organization, Romanian Health Ministry, and other studies
regarding defective dietary habits, obesity, and sedentary
behavior of children in our country, their association with
functional constipation requires nationwide investigation [41,
42].

5. Conclusions

Our study reveals the association of functional constipation
with male gender, in children originating from urban areas
and broken homes and having defective dietary habits as
suggested by a higher prevalence of obesity/overweight both
in patients and in their next of kin. The dietary habits during
the first year of life, as well as subsequent years—particularly
the type of foods—also plays an important role and so does
the children’s lifestyle in terms of physical activity and using
the computer. For raising awareness among both parents
and children regarding these risk factors, adequate sanitary
education programs in our country should be carried.
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Functional constipation is an issue for both the patient and his/her family, affecting the patient’s psychoemotional balance, social
relations, and their harmonious integration in the school environment. We aimed to highlight the connection between chronic
constipation and encopresis and the patient’s psychosocial and family-related situation.Material andMethod. 57 patients with ages
spanning from 6 to 15 were assessed within the pediatric gastroenterology ward. Sociodemographic, medical, and psychological
data was recorded. The collected data was processed using the SPSS 20 software. Results. The study group consisted of 57 children
diagnosed with encopresis (43 boys (75.44%) and 14 girls (24.56%)),𝑀 = 10.82 years. It was determined that most of the children
came fromurban families with a poor socioeducational status.We identified a level of studies of 11.23±5.56 years in mothers, while
fathers had an average number of 9.35 ± 4.53 years of study. We also found a complex relationship between encopretic episodes
and school performances (𝐹 = 7.968, 𝑝 = 0.001, 95% Cl). Children with encopresis were found to have more anxiety/depression
symptoms, greater social problems, more disruptive behavior, and poorer school performance. Conclusions. The study highlights
the importance of the family environment and socioeconomic factors in manifestations of chronic constipation and encopresis.

1. Introduction

Functional constipation is characterized by infrequent stool
evacuation, passing of hard stools, or painful defecation with
no fundamental organic cause [1]. Up to 84% of the children
with chronic constipation experience frequent episodes of
fecal incontinence [2]. Chronic constipation and secondary
fecal incontinence are a source of concern for the child
and his/her family. The symptoms are often persistent and
relapses are frequent [3–5]. Fecal incontinence can also
cause feelings of guilt and discomfort and is associated with
social withdrawal behaviors, anxiety, and depression [6–8].
Encopresis is defined as a disorder characterized by repeated
stool evacuation in inappropriate places in children over
the age of four. The behavior can be either involuntary or

intentional; itmust be present for aminimumof threemonths
at a rate of at least once a month and is not the direct effect
of a substance or a medical condition [9]. Biological and
developmentalmechanisms can be responsible in the etiology
of encopresis, and so can psychosocial and environmental
factors. Many of the children presenting with encopresis have
experienced a previous event that triggered the disorder by
making the bowel movement uncomfortable or scary [10].
Such an event can vary from constipation associated with
painful bowelmovement or fear of using the toilet to repeated
sexual abuse. The prevalence of encopresis was assessed in
around 1–3% of the general pediatric population [11, 12].
Reports show that this rate is higher (4%) in developing
countries [13]. No encopresis-related studies were carried
out on the pediatric population in Romania [14, 15].The

Hindawi Publishing Corporation
Gastroenterology Research and Practice
Volume 2016, Article ID 7828576, 7 pages
http://dx.doi.org/10.1155/2016/7828576

http://dx.doi.org/10.1155/2016/7828576


2 Gastroenterology Research and Practice

Table 1: Demographic characteristics, history, and clinical features of the patient series.

Demographics
Age (median) 10.82 (6–15)
Sex (M) (𝑁/%) 43/57 75.44%
Area of origin (urban) (𝑁/%) 34/57 59.65%
History
Family history of functional constipation (𝑁/%) 8/57 14.03%
Time lapsed from the onset of symptoms (week) to the first medical consult (urban/rural) 7.8/11.7 (1–17)/(5–19)
Duration of symptomatology (years) 4.21 (2–7)
Average duration of treatment (months) 14 (6–32)
Symptoms
Frequency of defecation/week 1.32 (1–3)
Encopretic episodes/month 28.3 (18–41)
Urinary incontinence (𝑁/%) 9/57 15.78%
Abdominal pain (𝑁/%) 34/57 59.64%
Stool passing pain (𝑁/%) 46/57 80.70%

long-term results and factors influencing the prognosis are
debatable: while some studies reported behavior disorders
and the family environment as predictors of poor outcomes
in nonretentive encopresis, Montgomery and Navarro [16]
and Van Wering et al. [17] described retentive encopresis
as being negatively correlated with the favorable evolution
and risk factors could not be determined. The aim of this
study was to highlight the sociodemographic characteristics
of the encopretic patients and those of their families and
the occurrence of behavioral issues, as well as identify the
depressive and anxious disorders occurringwithin this group.
For this purpose there was a focus on identifying the social
and family-related environment conditions by determining
the level of education and current profession of the child’s
next of kin, studying the changes in terms of somatization
and behavior in patients struggling with constipation, and
establishing some correlations between the severity of clinical
aspects and the psychosocial impact on both the patient and
his/her family.

2. Material and Method

The prospective cohort study was carried out on a group
of 57 patients and spanned on a period of 20 weeks. The
study included children aged 6 to 15 that were admitted to
the gastroenterology unit of a tertiary hospital from north-
eastern Romania. The study included underage patients and
their next of kin, who were informed in advance with
regard to the purposes of the study and signed an informed
consent form prior to the inclusion. The inclusion criteria
are as follows: patients with at least one encopretic episode
per week, spanning over at least one year. The exclusion
criteria are as follows: documented mental retardation or
any neuromuscular or gastrointestinal disorders associated
with organic constipation, attention deficit/hyperactivity, or
obsessive-compulsive disorders. Of all the 67 patients that
were diagnosed with encopresis, 8 were excluded due to the
parents’ refusal to participate in the study and 2 abandoned

the study during the assessment phase, with the final group
including a total of 57 patients. The medical history phase
included gathering information regarding the parents’ level of
education and their level of professional certification. We also
recorded school-related data: education and training level,
school results, absenteeism, and abandonment. For the pur-
pose of assessing the clinical symptoms of encopresis, chil-
dren and their parents were required to record the frequency
of such symptoms in a diary for a month. Laxative-based
treatment was stopped during this month. To determine
the impact of encopretic disorders on the psychoemotional
balance, all patients underwent psychological examination
by a clinical psychologist through observation, structured
interview, the ASEBA scales [18], and projective tests. ASEBA
scales were used to describe the child’s behavior. An assess-
ment can quickly and effectively assess diverse aspects of
adaptive and maladaptive functioning (schizoid or anxious,
depressed, uncommunicative, obsessive-compulsive, somatic
complaints, social withdrawal, hyperactive, aggressive, delin-
quent, sex problems, etc.). Interview and projective tests were
used to identify the personal beliefs and the impact of the
disease on daily life. Results were used also to build the
individual therapy.

3. Results

A total of 57 underage patients participated in the study. The
demographic characteristics and medical data are described
in Table 1. Children were aged between 6 and 15 (median age
10.82 ± 2.507) (Figure 1).

Of all the subjects, 75.44% (𝑁 = 43) were males and
24.56% (𝑁 = 14) were females. The M : F ratio is 3.07 : 1. As
far as the origin community is concerned, 59.65% came from
urban areas and 40.35% came from rural areas (Table 1).

68.42% (39/57) of children received treatment with oral
laxatives 6months before the enrollment. Rectal enemas were
used at the beginning of the treatment as disimpaction ther-
apy; 19.29% (11/57) of children were treated with oral laxatives
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Figure 1: Distribution of patients according to the age.

and underwent dietary changes (fiber rich diet and toilet
training), and 12.28% (7/57) underwent dietary changes.Only
7.01 (4/57) of the children went to a psychologist. All of them
were from urban areas. 12.28% (7/57) declared that they did
not follow the recommended treatment. 85.71% (6/7) were
from rural areas.The frequency of encopretic episodes ranged
between 18 episodes/month and 41 episodes/month, with an
average of 28.3 ± 6.67.

As far as the social and family environment is concerned,
14.03% (8/57) of the children were living in single parent
families, 19.29% (11/57) of the children had one parent
working abroad, and 7.01% (4/57) had both parents working
abroad and lived with their grandparents.

The study considered variables related to the parents’ level
of education, profession, and their addressability to medical
services (the time from the onset of the symptoms to first
medical consult). In terms of educational level, we noted that
50% of the parents (𝑁 = 57) had finished middle school (8
grades) and 15.78% (𝑁 = 18) completed professional studies,
while 34.22% (𝑁 = 39) of the participants had completed
secondary or higher education (high school and university
diplomas). Another variable we tracked was the number of
years of study averaged by the parents. Thus we identified a
level of studies of 11.23 ± 5.56 years in mothers, while fathers
had an average number of 9.35 ± 4.53 years of study. The
analysis of current occupation and professional status showed
that the parents included in the study worked in various
fields: 48 workers, 23 intellectuals, 28 unemployed persons,
and 15 people who retired for medical reasons. The ANOVA
test interpretation revealed that the number of encopretic
episodes per month was influenced by the level of education
of the patients’ female next of kin. (𝐹 = 2.684, 𝑝 = 0.008, 95%
Cl) (Table 2).

Education-related data was collected during interviews
with the next of kin and conversations with the patient. We
quantified the level of education andnumber ofmissed school
days within the studied group. Of the 57 children included in

Table 2: Encopresis frequency and relation with the level of
education of the patients’ female next of kin.

ANOVA frequency of encopresis/month
Sum of squares df Mean square 𝐹 Sig.

Between groups 1055.652 12 87.971 2.684 .008
Within groups 1442.278 44 32.779
Total 2497.930 56
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Figure 2: Distribution of patients according to school performance
and number of encopretic episodes per month.

Table 3: Frequency of encopretic episodes and relationship with the
school absenteeism.

ANOVA frequency of encopresis/month
Sum of squares df Mean square 𝐹 Sig.

Between groups 569.178 2 284.589 7.968 .001
Within groups 1928.751 54 35.718
Total 2497.930 56

the group, 9 (15.78%) had abandoned school and 5 (8.77%)
failed one year of study (Figure 2).

21 of the children had around 0–10 missed classes, 31
children had around 11–40 missed classes, and 5 of them had
a large number of missed classes, namely, around 41 and 100
per semester. The ANOVA test interpretation revealed that
the number of encopretic episodes per month influences the
number of missed classes. (𝐹 = 7.968, 𝑝 = 0.001, 95% Cl)
(Table 3), (Figure 3).

Psychological data were collected in order to shape a
psychological profile for children with encopretic and consti-
pation problems. The psychological evaluation identified (in
various associations) psychomotor agitation (𝑁 = 9; 15.79%),
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Table 4: Psychological evaluation.

Psychological examination Number of cases Percentage
Psychomotor agitation 9 15.78%
Anxiety 22 38.59%
Panic attack 1 1.75%
Tic disorder 2 3.5%
Affective deprivation 30 52.63%
Social adjustment difficulties 13 22.81%
Low average IQ 2 3.51%
Negativism 7 12.28%
Irritability, irascibility 6 10.52%
Acute reaction to stress 1 1.75%
Depressive syndrome 8 14.03%
Shyness 12 21.05%
Low tolerance to frustration 11 19.29%
Speech disorders 5 8.76%
Emotional distress 5 8.76%
Hypochondriac tendencies 1 1.75%
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Figure 3: The average value of encopretic episodes’ frequencies
compared to the number of missed classes.

anxiety (𝑁 = 22; 38.59%), affective deprivation (𝑁 = 30;
52.63%), social adjustment difficulties (𝑁 = 13; 22.81%),
introversion (𝑁 = 12; 21.05%), low frustration tolerance (𝑁 =
11; 19.29%), depressive syndrome (𝑁 = 8; 14.03%), speech
disorders (𝑁 = 5; 8.76%), and emotional distress (𝑁 = 19;
33.31%) (Table 4).

4. Discussions

The average age in our group of patients with encopresis was
10.82 years. The data resulting from this study were different
from other data in the literature, which indicate a higher
prevalence in small children. A population-based study
conducted in the Netherlands which involved 13,111 parents

and their 5- to 6-year-old children and 9,780 parents and
their 11- to 12-year-old children revealed that the prevalence
of encopresis was 4.1% in the 5-to-6 age group and 1.6% in the
11-to-12 age group. Encopresis wasmore frequent among boys
and children from the poorest areas of the city [19]. Similar
results were also discovered in the population of southeast
Nigeria. The authors of the study showed that encopresis
affected 3% of 4-year-old and 1.6% of 10-year-old children.
It occurs more commonly in the 5- to 10-year-old group
and less frequently in adolescence, and it predominantly
affects males [20]. Encopresis also occurs in adolescents and
even among adults; however, the prevalence is unknown
in those age groups [21]. As far as gender distribution is
concerned, our results are consistent with the studies of the
authors mentioned above [19, 20]. The patients’ geographic
area of origin was predominantly urban. The low frequency
of patients from rural areas in our study could be a result of
delayed diagnosis due to reduced access tomedical services in
some disadvantaged communities, as well as the ignorance of
the symptomatology by the patients’ next of kin with a lower
level of education. This idea is also supported by the fact that
the average time lapsed from the onset of the disorder to the
patients’ seeing a doctor was longer in rural areas compared
to urban areas (11.7 weeks/7.8 weeks). A highlight in our study
is that only 59.7% of the patients lived with both parents.
Children from broken homes can present a higher risk of
developing emotional and behavioral disorders. Literature
data confirms that the structure of the family into which a
child develops entails some disadvantages that subsequently
affect cognitive, socioemotional, and even physical health
outcomes. For example, high cognitive scores and less socioe-
motional or health disturbances were registered in children
with married parents [22–24]. Time allocated to raising and
caring for children is expected to be positively correlated with
their wellbeing [25]. While the quality of the time a parent
spends with the child is important, studies have shown that
quantity of such time also has positive consequences for child
cognition and health [26].This research points specifically to
the likely negative effects of paternal absence, results proved
by other studies that identified that the absence of either
mother or father has great impact on children’s development
[22, 27]. Changes in family structure are typically accompa-
nied by changes in economic, time, and parental resources;
these in turn place stress on families and thus adversely
affect child outcomes. Family instability also yields residential
instability and a sense of insecurity concerning household
rules, leading to an increased rate of behavioral problems, low
rate of cognitive achievements, and poorer health [22, 28–
30]. In our study, most of the parents (65.78%) of children
with encopresis had a low educational level. The medical
history analysis highlighted that most of the children that
did not observe the previous prescribed courses of treatment
came from rural areas and their parents had a low level of
education (85.71%), while all the children that had seen a
psychologist were from urban areas and their parents had
completed secondary or higher education. Considering that
the treatment for encopresis is based particularly on the
close observance of therapeutic indications [31, 32], we can
speculate that parents with a higher level of education might
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be more compliant. Parental education was reported both as
a competence marker for toilet training and as a factor of
protection against the stress of living in an underprivileged
family [33]. In our study, children whose mothers had a
high educational level reported a lower number of encopretic
episodes per month (𝐹 = 2.684, 𝑝 = 0.008, and 95% Cl). An
important question is whether the frequency of encopretic
episodes influences school performances. The analysis on
the rate of enrollment, school absenteeism, and the chil-
dren’s capacity to complete the academic year showed that
children with encopresis have learning disabilities and poor
school performances and miss school days more frequently.
Lower rates were registered for scales measuring spelling
and arithmetic skills using Wide Range Achievement Test
(WRAT), as Stern et al. identified [34, 35]. The relationship
between health status and academic achievement is more
complex than it would seem at first glance. While there is
strong evidence that children whose healthcare needs are
met are less likely to miss school days because of illness,
school performance is multidetermined. These risk factors
include parental attitudes and beliefs, patterns of mother-
child interaction, maternal education, socioeconomic status,
family social support, family size, stressful life events, and
the child’s cognitive functioning. It was proved that there
are psychosocial factors which affect academic outcomes as
well as emotional development. Children exposed to these
factors are at heightened risk for emotional and behavioral
problems and school failure [36]. Children in homeless
families experience a high rate of academic failure consistent
with the need for special education evaluation and services
[37].

Encopretic children are a particularly vulnerable social
group, being exposed to social risks in terms of losing
their sense of belonging both to their own generation
group and the entire society, reaching a marginal position
in society. Stigmatized by parents, peers, neighbors, and
society, encopretic patients have fragile personalities that
need tolerance, intercommunication, and a lot of trust from
other people. Several authors have reported finding poorer
self-esteem in children with encopresis. Low scores regarding
self-esteem were identified by Landman et al. in children
with encopresis, comparing to a control group formed by
children with chronic physical problems [34, 38]. Lower self-
esteem in encopretic children than in nonsymptomatic ones
was also reported by Owens-Stively [34, 39]. The most fre-
quent changes encountered in our study included emotional
distress, anxiety, and social adjustment difficulties. There
was a high rate of somatization and behavioral disorders in
our group and their composition was largely heterogeneous.
Literature data shows that the association of encopresis with
behavioral disorders has led to an unfavorable prognosis of
this disorder [40, 41]. Levine et al. found that children with
encopresis who did not respond to treatment scored higher
on antisocial-aggressive behaviors before treatment [42].
They also reported differences between a nonsymptomatic
comparison group and the children with encopresis prior to
treatment on affective-dependent behavior (i.e., those who
demonstrated signs of anxiety and depression). In a study
by Johnston and Wright, attention deficit or hyperactivity

was identified for 23% of cases of encopretic children [43].
A number of studies have demonstrated poorer social skills
and higher withdrawal behavior in children with encopresis
[42, 44].

Some authors believe that, in predisposing to and per-
petuating encopresis, the approach of toilet training, not the
time of its initiation, seems to be the factor that matters
[45]. Regarding the psychological treatment, attention and
behavior problems may be the target. Treatment of these
problems may increase treatment compliance and prevent
conflicts that may occur within the family in relation to
these problems because a lot of studies pointed the impact
of child behavior related to family conflicts [46–48]. On
the other hand, familial factors such as maternal depression
and/or anxiety symptoms are associated with elimination
disorders at school age and including factors related to
family functioning must be included in the psychological
intervention [49].

Our study has some limitations. This is a single center
report and is limited to children addressed to our gastroen-
terology center. It is not clear whether the results would hold
for a nationally representative sample of children in Romania.
Because the period covered by the study was also relatively
short, it is not clear whether the disparities between children
of parents with more or less education remain as children age
and how they affect a larger set of outcomes.

Our analysis leaves many questions for future research.
The behavioral disorders noticed in children with encopresis
could be either a result of their excessive concern with
uncontrollable encopretic accidents and the resulting social
tension or a result of some developmental delays that could
ultimately play a part in the development or persistence
of encopresis. Another critical question is the extent to
which specific policies and programs dedicated to children
can help address the observed deficits (improvement of
access to health care services and various means of cognitive
development). Future research is necessary in this direction.

5. Conclusions

The findings of this study allow us to outline a profile of
encopretic patients with respect to some of the psychosocial
factors involved in the multifactorial determinism of this
disorder. Educating parents on the association with somati-
zation and behavioral disorders can lead to a more effective
diagnosis and a better response to treatment for children with
constipation and fecal incontinence. Screening for behavioral
disorders in encopretic patients could be useful for their
therapeutic management. A more aggressive treatment for
constipation can be justified in these patients. In the cases
that associate severe behavioral disorders, early diagnosis and
multidisciplinary therapeutic approach can be useful for both
the child and families.
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Helicobacter pylori (H. pylori, Hp) colonizes the stomachs of approximately 20%–80% of humans throughout the world. TheWord
Healthy Organization (WHO) classifiedH. pylori as a group 1 carcinogenic factor in 1994. Recently, an increasing number of studies
has shown an association between H. pylori infection and various extragastric diseases. Functional dyspepsia (FD) is considered
a biopsychosocial disorder with multifactorial pathogenesis, and studies have shown that infection with CagA-positive H. pylori
strains could explain some of the symptoms of functional dyspepsia. Moreover, CagA-positive H. pylori strains have been shown
to affect the secretion of several hormones, including 5-HT, ghrelin, dopamine, and gastrin, and altered levels of these hormones
might be the cause of the psychological disorders of functional dyspepsia patients. This review describes the mutual effects of H.
pylori and hormones in functional dyspepsia and provides new insight into the pathogenesis of functional dyspepsia.

1. Introduction

Functional dyspepsia (FD), a very common condition that
impairs quality of life, is a relapsing and remitting disorder
with various chronic symptoms referable to the gastro-
duodenal region, including typical abdominal bloating or
pain, early satiety, belching, heartburn, and nausea in the
absence of organic or metabolic disease [1]. There are several
diagnostic categories for FD based on the Rome III criteria,
which are epigastric pain syndrome (EPS), postprandial
discomfort syndrome (PDS), and a combination of these
symptoms. The pathogenesis of FD is considered to be
multifactorial or even a biopsychosocial disorder that causes
abnormal gastrointestinal motility, visceral hypersensitivity,
vagal dysfunction, and probable central nervous system
disturbance [2]. Currently,Helicobacter pylori (H. pylori, Hp)
infection is considered the major cause of the chronic gastric
inflammation of FD patients [3]. Gastric inflammation has
been shown to affect motor function and visceral sensitivity
in experimental models. H. pylori strains that express CagA
may be responsible for the FDassociatedwith themore severe

forms of gastritis. It was reported that CagA-positive H.
pylori strains induced more dyspeptic symptoms than CagA-
negative orH. pylori-negative strains in patients with FD [4].
Some of these functional symptoms can be explained by a
gut-driven brain disorder [5], and in vivo hormonal changes
have also been implicated. However, no definite clinical
manifestation is linked to CagA-positive H. pylori strains
infection or fluctuating levels of hormones in FD patients.
This review discusses the possible correlation between an
infection with CagA-positive H. pylori strains and the levels
of several hormones in FD patients.

2. CagA-Positive H. pylori Strains-Related
Diseases (Figure 1)

2.1. Gastric Diseases. Infection with H. pylori is recognized
as the greatest risk of chronic gastritis, peptic ulcers, mucosa-
associated lymphoid tissue (MALT) lymphoma, and gastric
adenocarcinoma. H. pylori secrete effector molecules to con-
trol the inflammatory, proliferative, and apoptotic processes
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Figure 1: CagA-positive H. pylori strains-related diseases. According to previous research findings, infection with CagA-positive H. pylori
strains is widely known as a higher risk of peptic ulcers and gastric adenocarcinoma. However, recent discoveries have shown that H. pylori
is associated with some extragastric diseases, including cardiovascular, neurological, hematologic, metabolic, and dermatologic disorders.
Inflammatory response and multiple signaling pathways might participate in mediating pathophysiological process.

of localized cells. Cytotoxin-associated protein A (CagA) is
injected directly into the host epithelial cells via the type-
four secretion system (T4SS), which is encoded by the Cag
pathogenicity island (PAI) of H. pylori type I strains and
associated with the development of gastric cancer. In the
case of gastric MALT lymphoma, CagA was translocated
into B-lymphoid cells and promoted their proliferation,
possibly through the CagA-mediated proteins SHP-2, ERK,
and MAPK, and increased the levels of Bcl-2 and Bcl-xL [6].

The relationship between infectionwithCagA-positiveH.
pylori strains and a higher risk of peptic ulcers and gastric
adenocarcinoma in humans is widely known [7]. CagA is
phosphorylated by host kinases, which alters cell signaling
and various cellular responses involved in inflammation.
Multiple oncogenic pathways were activated by CagA, such
as the Ras/Erk, PI3K/Akt, and Wnt/beta-catenin pathways.
Infection with CagA-positive H. pylori strains is the main
factor driving the hyperactivity of the PI3K/Akt signaling
pathway in gastric cancer, which is due to CagA-induced
activation of the PI3K/Akt pathway, the representative down-
stream MEK/ERK pathway, and the nuclear factor-kappaB

(NF-kB) signaling pathway, which subsequently induces
the nuclear translocation of beta-catenin [8]. As observed
in human gastric mucosae infected by CagA-positive H.
pylori, CagA activates the Wnt/beta-catenin signaling path-
way and induces beta-catenin transcription [9].These cellular
responses and inflammation may be responsible for the
increase in the level of p53. The level of this key tumor sup-
pressor is increased following infection with CagA-positive
H. pylori strains and decreased rapidly during H. pylori
eradication [10], whereas a continuous bacterial infection
caused a persistently high level of p53. This phenomenon
may be driven by the DNA damage related to inflammatory
processes [11].

In addition, H. pylori is known to activate the NF-kB
signaling pathway. IkappaB kinase alpha (IKK alpha) is a
critical regulator of NF-kB activity and H. pylori induces the
nuclear translocation of IKK alpha, which is indispensable
for an inflammatory response, through a Cag PAI-dependent
manner [12]. A study explained that CagA could activate
the NF-kB signaling pathway and induced the downstream
release of IL-8 via the MEK/ERK signaling pathway [13].
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Infection with CagA-positive H. pylori strains promotes
inflammatory processes that result in neoplastic transfor-
mation [14]. The inflammatory response associated with
CagA-positive H. pylori gastritis is due to the upregulated
expression of proinflammatory cytokines, including tumor
necrosis factor (TNF)-𝛼, interferon gamma, interleukin- (IL-
) 1beta and IL-8, and, particularly, IL-17, a key cell element
in the inflammation caused by H. pylori, which mediates
the activation of polymorphonuclear neutrophils [15]. Fur-
thermore, IL-17 generally causes IL-8 secretion through the
ERK 1/2 MAP kinase pathway [16]. Both CagA protein and
Cag PAI have been shown to activate the NF-kB signaling
pathway, which increased the level of IL-8 expression, but the
effect of CagA in regulating NF-kB activation is still unclear.
Recently, a study demonstrated that NF-kB activation and IL-
8 release require the Cag PAI-encoded T4SS [17].

2.2. Extragastric Diseases. H. pylori has also been linked to
some extragastric diseases, including cardiovascular, neuro-
logical, hematologic, metabolic, and dermatologic disorders,
such as nonalcoholic fatty liver disease (NAFLD), gallbladder
cancer, colorectal polyps, dental caries, metabolic syndrome,
idiopathic thrombocytopenic purpura (ITP), iron deficiency
anemia (IDA), coronary artery disease (CAD), and Parkin-
son’s disease (PD) [18].

H. pylori eradication was shown to increase the platelet
count in patients with ITP. The pathogenesis of ITP due
to H. pylori infection is probably associated with variable
host immune responses to VacA and CagA [19]. Recent
guidelines indicated that IDA patients should be evaluated
for anH. pylori type I strain infection because this bacterium
can induce IDA through several mechanisms [20]. Active
hemorrhaging caused by CagA-positive H. pylori gastritis or
ulcers is known to be due to CagA increasing the level of
transferrin, thus affecting iron acquisition [21]. Tamer et al.
[22] have suggested that H. pylori may cause atherogenesis
through persistent inflammation, and another possibility for
this connection is the molecular mimicry of CagA. The
persistence of serum CagA antibodies now appears to be
predictive of Parkinson’s disease with a poor prognosis; the
proposed possible mechanism by which H. pylori causes
this pathology is that it triggered mitochondrial damage and
autoimmunity [23]. Moreover, H. pylori-like DNA is more
commonly found in liver samples from chronic liver disease
patients than from controls [24]. AnH. pylori infection is pos-
itively correlated with metabolic syndrome and is inversely
correlated with morbid obesity and type 2 diabetes mellitus
(T2DM). The rate of seropositivity is higher in patients with
metabolic syndrome than in healthy subjects [25]. Another
study demonstrated thatmore than 75% of gallbladder cancer
patients and 50% of chronic cholecystitis patients harbored
H. pylori in the bile and gallbladder. An H. pylori infection
was shown to aggravate gallbladder mucosal lesions and even
lead to a potentially precancerous condition [26]. H. pylori-
based gastritis is responsible for a higher risk of colorectal
polyps, particularly dysplastic adenomas [27]. The findings
showed that root canals may be a reservoir for H. pylori
and a potential source for its transmission [28]. Whether

dental plaque is a primary source ofH. pylori infection of the
gastric mucosa of patients with poor oral hygiene needs to be
confirmed [29].

The externalmanifestations ofH. pylori infections suggest
that the mechanism through which H. pylori CagA causes
diseases is complex and diverse rather than a single patho-
physiological mechanism.

2.3. Functional Dyspepsia. H. pylori is generally accepted as
the main pathological agent for the occurrence of functional
dyspepsia [30]. H. pylori CagA protein is associated with
the development of functional gastrointestinal disorders
(FGIDs). Although the role of CagA in peptic ulcer disease
and gastritis is established, its role in functional dyspepsia
is controversial. FD patients who are H. pylori positive have
no clear clinical manifestations and the effect of H. pylori
eradication is contradictory in these patients. A retrospective
study showed that patients with CagA-positive H. pylori
strains have a higher symptom score and more dyspeptic
symptoms than patients with CagA-negative or H. pylori-
negative functional dyspepsia [31].

2.4. Hormone Level Changes after H. pylori Colonization. An
H. pylori infection could induce fluctuations in the levels
of serotonin (5-HT), ghrelin, dopamine, cortisol, and other
hormones in the circulatory system, resulting in damage to
various systems, including the central nervous system, and
the occurrence of the corresponding symptoms (Figure 2).

2.5. 5-Hydroxytryptamine (5-HT, Serotonin). Psychological
disorders, such as anxiety or depression, have been reported
to be associated with FD [32]. The results of a population-
based investigation suggested that anxiety worsens the symp-
toms of FD [33]. A 12-year prospective population-based
study found that people with higher levels of depression
were significantly more likely to develop FD after 12 years
[5]. Social anxiety disorder is associated with an overactive
presynaptic serotonin system, increased serotonin synthesis,
and increased transporter availability. The study by Harmer
provided the insight that serotonin pathways may influence
the mood of patients with depression by altering how the
brain appraises emotional information at an implicit level
[34].

Increasing evidence supports a close relationship between
5-hydroxytryptamine (5-HT, serotonin) and gastrointestinal
motility and visceral hypersensitivity. Serotonin is synthe-
sized through tryptophan hydroxylase-1 (TpH1) and TpH2,
which are found in EC cells and neurons, respectively, and
is inactivated by its uptake into enterocytes or neurons via
the serotonin reuptake transporter (SERT). Approximately
90% of 5-HT in the body is synthesized in the gut, which has
14 different 5-HT receptor subtypes. The 5-HT 3A receptor
and the 5-HT 2A receptor are associated with dyspeptic
symptoms, while 5-HT4 receptor agonists may improve
dyspeptic symptoms, particularly delayed gastric emptying
[35]. In Japan, a 5-HT transporter gene polymorphism was
found to be associated with dyspepsia [36].
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Figure 2: Effects of gastrointestinal hormones level to mental disorders after H. pylori colonization. CagA-positive H. pylori strains could
induce fluctuations in the levels of serotonin (5-HT), ghrelin, dopamine, and cortisol, and might be the cause of some dyspepsia symptoms
and mental disorders through blood circulation and brain-gut axis.

Abnormal levels of 5-HT have been reported in irritable
bowel syndrome (IBS) patients. Raised plasma 5-HT levels
were particularly found in female IBS-diarrhea patients,
whereas reduced levels were found in IBS-constipation
patients. Ahern [37] demonstrated that FD patients had
significantly lower preprandial and postprandial plasma
serotonin levels compared with those of healthy subjects.
Decreased 5-HT levels may impair gastric accommodation
or cause visceral hypersensitivity. A significant relationship
between postprandial plasma serotonin levels and post-
prandial dyspepsia scores has been observed, which also
indicated that serotonin plays a role in dyspeptic-symptom
pathogenesis [37]. However, the role of 5-HT in regulating
gastrointestinal tract function is imperfectly understood.
Functional dyspepsia (FD) and IBS have been proposed to
have a common pathogenesis. Nevertheless, little is known
about the role of 5-HT in FD, which is largely due to
the presence of various types of 5-HT receptors in the
gastrointestinal tract and the absence of suitable and selective
antagonists.

Serotonin has been demonstrated to affect many immu-
nological processes and to increase or decrease the levels of
proinflammatory cytokines [38]. Chemokines and signaling
pathways active during inflammatory processes can affect the
synthesis and degradation of serotonin. Stone andDarlington
[39] discovered that NF-kB signaling pathway activation
increased the rate of release of 5-HT via the phosphorylation
of TPH1. It was known that IL-1, IL-2, IL-6, and IFN
caused the degradation of the precursor of tryptophan (TRP)
through activating an enzyme (indoleamine 2,3-dioxygenase,

IDO) and that a decreased level of TRP in the blood leads to
a decreased level of 5-HT in the brain. The NF-kB signaling
pathway that is involved in gene transcription participates in
regulating inflammatory cytokines and plays a key role in
the immune response, inflammation, and cell apoptosis in
gastrointestinal diseases. Moreover, the increased expression
of inflammatory cytokines in turn activates NF-kB. These
results suggest a potential relationship between NF-kB acti-
vation and the 5-HT level in an infected host.

Because serotonin is a weak platelet agonist, a number
of studies have shown an association between severe upper
gastrointestinal bleeding with H. pylori infection and the
levels of selective serotonin reuptake inhibitors (SSRIs). This
effect depends on the release of 5-HT by platelets, which
acquire serotonin from the blood. H. pylori eradication
therapy of patients with upper gastrointestinal bleeding was
reported to reduce their rebleeding rates [40]. Although 5-
HT andH. pylori are related to gastric disease, this association
requires further studies.

2.6. Ghrelin. Ghrelin, which is produced by gastric enteroen-
docrine X/A-like or G cells and is acylated by ghrelin O-
acyltransferase (GOAT) before being released into the blood,
plays a crucial role in gastric motility, appetite regulation,
and acid secretion. Many gastrointestinal disorders involving
inflammation, infection, and malignancy are also associated
with altered ghrelin production and secretion. Age, lactation,
sex hormones, and the expression ofmRNA encodingGOAT,
a critical enzyme for ghrelin activity, can impact ghrelin
secretion.
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A lower level of gastric ghrelin mRNA expression was
observed in patients with an H. pylori infection compared to
that in uninfected subjects [41]. Moreover, due to damage to
the gastric X/A-like cells (which produce ghrelin), H. pylori-
infected patients also have a decreased serum ghrelin level.
Inversely, the level of both serum ghrelin and ghrelin mRNA
expression can rebound following H. pylori eradication
therapy, with the consequent relief of dyspeptic symptoms
[42, 43]. However, some researchers failed to find significant
changes in ghrelin levels afterH. pylori eradication [44].They
demonstrated that H. pylori infection of the stomach did not
significantly affect the ghrelin levels. A study of mice found
that the normal gutmicrobiota, independent ofH. pylori, had
a significant effect on ghrelin levels [45].They also found that
the presence of H. pylori did not upregulate leptin (a satiety
hormone) production or decrease ghrelin secretion in the
absence of the normal gastrointestinal microbiota, whereas
when H. pylori colonized the gut together with the normal
microbiota, the opposite result was observed.

An abnormally low level of ghrelin has been found in
FD patients, particularly in those with PDS, compared with
the level in healthy subjects. And the ghrelin plasma level
is associated with the severity of the symptoms in patients
with FD [46]. Paoluzi et al. [47] also reported recently that
female patients with FD had lower fasting and postpran-
dial ghrelin levels and that the abnormal ghrelin response
was apparently involved in their meal-related symptoms.
Although whether altered ghrelin levels are the cause or the
result of dyspepsia is unclear, these data imply a possible
role for ghrelin in the pathogenesis of FD patients with
H. pylori positive. The gastritis induced by an H. pylori
infection is predominantly related to T helper (Th)1/Th17 cell
immunity. Ghrelin suppresses Th cell-dependent pathology.
Thedownregulated level of ghrelin in the gastricmucosa ofH.
pylori-infected patients might promote an ongoing Th1-cell
response and chronic active gastritis [48]. B. L. Slomiany and
A. Slomiany [49] reported the role of phosphatidylinositol
3-kinase (PI3K) in digestive tract mucosa infected with H.
pylori, demonstrating that the modulation of ghrelin as a
gastric mucosal response to H. pylori depends on PI3K
activation. The ghrelin receptor is highly specific, which
means that only the acylated form of ghrelin can bind to it,
and active ghrelin stimulates the appetite though neuropep-
tide Y (NPY). Because ghrelin receptor activation leads to
the enhanced activity of the NPY pathway, activating the
ghrelin receptor would be beneficial in abating early satiety
and appetite loss. However, the mechanisms through which
ghrelin is regulated in FD patients require more studies.

2.7. Gastrin and Somatostatin. Gastrin, CCK, and somato-
statin are all sensitive to the stress of anxiety [50]. Gastrin,
which is released by G cells in the pyloric mucosa, stimulates
gastric acid secretion, promotes cell growth (increasing the
rate of cell division and inhibiting apoptosis), and transacts
with cholecystokinin-2 receptors (CCK2Rs). The CCK2Rs,
mitogen-activated protein kinase 1 (MP1), and ERK1/ERK2
are reported tomediate the gastrin-induced growth of gastric
adenocarcinomas [51]. Patients with chronic renal failure

have 2- to 3-fold higher serum gastrin levels because the
kidneys are responsible for clearing gastrin [52]. Somatostatin
is produced by D cells and neurons in the gastrointestinal
tract and pancreas. In the stomach, the antrum mucosa
secretes acid to stimulate the secretion of somatostatin
and the latter inhibits gastrin secretion. That phenomenon
explains why PPIs stimulate gastrin secretion by decreasing
acid secretion, thus resulting in sustained hypergastrinemia,
gastrinoma, and atrophic gastritis and possibly in gastric
carcinoid tumors. It was shown that an acute H. pylori infec-
tion activates the sensory neurons associated with somato-
statin stimulation [53]. H. pylori infection and a reduced
somatostatin level have a complex etiological relationship in
chronic gastritis. In H. pylori-positive patients, a decreased
somatostatin content (likely mediated by proinflammatory
cytokines) leads to increased gastrin secretion, perhaps due
to the effect ofH. pylori (a direct effect of CagL, a component
of the T4SS for CagA) on G cells [54]. A study showed that
Cag PAI-positiveH. pylori strains or CagL activate the gastrin
promoter, whereas Cag PAI-negative strains do not [55]. A
further study indicated that gastrin expression stimulated by
CagL is involved with epidermal growth factor receptor and
MP1 signaling.

In investigating the relationship between the gastric
motility disorder and the gastrointestinal hormone abnor-
mality in the GI mucosa of FD patients, Van Oudenhove et
al. [56] found that the levels of gastrin in the postprandial
plasma and the gastric mucosa were significantly higher in
FD patients with delayed emptying and suggested that the
altered gastrin levels may play a role in the pathophysiology
of the abnormal gastric motility of FD patients.

A study found that weight loss and symptom severity in
FD patients were determined by somatization and depression
[57]. A positive relationship was found between the degree
of dyspeptic symptoms and the level of somatostatin [50].
The cited study also indicated that CCK and somatostatin
might correlate certain psychological reactions with the
pathophysiology of FD.

2.8. Dopamine (DA). Thehomeostasis of the digestive system
is dependent on the activity of aminergic mediators [such
as 5-HT, noradrenaline (NA), and dopamine (DA)], which
play crucial roles in the central or peripheral generation of
gastrointestinal motility, secretion, and sensation. Dopamine
ismainly produced bymesenteric organs (theGI tract, spleen,
and pancreas) and is metabolized by monoamine oxidase
and catechol-O-methyl-transferase (COMT). DA is known
to modulate diverse physiological functions of the digestive
system, such as acid and mucus secretion in the stomach and
bicarbonate excretion in the duodenum. DA exerts its bio-
logical functions through two types of receptors, the D1-type
receptors (D1 and D5) and D2-type receptors (D2, D3, and
D4) receptors. In the digestive system, DA inhibits motility
via the D1-type receptor present on smoothmuscle andmod-
ulates the release of acetylcholine (ACTH) from myenteric
neurons via D2-type receptors. Dopamine and its agonist
have a protective effect on the development of various lesions
in the gastroduodenum. It was also reported that dopamine
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might protect the gastric mucosa against acidified ethanol
through the activation of the 𝛼2 adrenoceptor, which leads
to inhibition of gastric motility [58]. Recently, it was shown
that dopamine acts as a strong antitumor/antiangiogenic
factor by suppressing the expression of growth factors, such
as vascular endothelium-derived growth factor (VEGF), to
inhibit angiogenesis in malignancies [59]. However, another
study suggested that dopamine is rapidly metabolized by
COMT in the gastrointestinal tract; therefore, there would
not be a sufficient effect on ulcer healing [60]. Giusti et al. [61]
found that dopamine receptor antagonists or inhibitors, such
as diazepam and other antipsychotic drugs, can stimulate
the development of peptic ulcers and infections by H. pylori.
However, KirschbaumandHellhammer [62] found the rate of
H. pylori infection was increased after dopamine treatment
in women with a high prolactin level. These studies may
indicate a fuzzy relationship between dopamine andH. pylori
infection, the pathological mechanism of which requires
further study. Although DA receptors are considered to
modulate GI motility and GI motor symptoms associated
with FGIDs, their potential role in the pathophysiology of
functional dyspepsia is still unknown.

2.9. Cortisol. Cortisol, which plays an important role in the
defense of a host infected with bacteria, is secreted through
the stress-mediated activation of the hypothalamic-pituitary-
adrenal (HPA) axis. High levels of adrenocorticotropic hor-
mone (ACTH) and cortisol are generally considered to be
outcomes of an HPA-axis disorder. Moreover, the levels of
the ACTH immunoreactive substance (IS) are regulated by
negative feedback from neurogenic stimulation and plasma
cortisol. On the other hand, leptin suppresses HPA-axis
activity, whereas ghrelin stimulates neuropeptide Y and food
intake, which induces high concentrations of plasma ACTH
and cortisol. HPA-axis alterations are related to gut motor
functions [63].Moreover, serum-free cortisol fluctuations are
associated with various symptoms of functional gastrointesti-
nal disorders (FGIDs), including FD [64].

Some studies showed that an increased serum cortisol
level promoted H. pylori colonization. Koşan et al. found
that, compared with those of the healthy control group, the
serum IGF-I and IGF-II concentrations were significantly
decreased inH. pylori-positive patients, although their serum
cortisol level was increased. These authors did not discuss
the probable effect of cortisol on H. pylori infections [65]. In
contrast, Katagiri et al. [66] reported that H. pylori-infected
patients had significantly decreased cortisol levels than H.
pylori-negative patients.They also demonstrated that cortisol
prevents H. pylori colonization through strengthening the
host defense mechanisms. Recently, studies have shown that
drugs, such as cimetidine, reduce basal and stimulated cor-
tisol synthesis through inhibiting enzymes. However, proton
pump inhibitors, such as lansoprazole and rabeprazole, are
thought to cause increased cortisol levels in a starvation
condition due to their possible effects of stimulating the HPA
axis and increasing the plasma ACTH-IS level [67].

However, few studies have investigated HPA-axis param-
eters in FD patients, and inconclusive results were obtained.

Adults with FD who have an autonomic nervous system
disorder have been reported, and the most common finding
in these patients is decreased vagal tone [68]. In PDS patients,
mental stress before a meal increases the symptom severity
through sympathetic hyperactivity and increased cortisol
levels. Another study suggested that these neurohormonal
responses to HPA-axis activation mainly affect gastric sen-
sitivity [69]. A study in which the HPA-axis activity of
FGID patients was inhibited showed that they displayed both
salivary morning cortisol and diurnal cortisol levels that
were significantly lower than those of controls [70]. De la
Roca-Chiapas et al. [64] have reported that FGID patients
with high cortisol levels complained of more depression than
those with low or medium cortisol levels, whereas the latter
described experiencing more pain. In contrast, another study
did not find a tendency toward higher cortisol levels in
FD patients and suggested that these patients have not had
enough exposure to daily stress to activate the HPA axis. It
is not impossible that both stress-induced anxiety and an
altered neuroendocrine response could increase the severity
of dyspeptic symptoms (Table 1).

2.10. Treatment of FD. The diverse clinical manifestations
and the uncertain pathophysiological mechanisms make
it difficult to select a therapeutic strategy to manage FD.
There is currently no established treatment regimen. Updated
guidelines for FD treatment have been published by aca-
demic gastroenterology organizations, such as the American
Gastroenterological Association, promoting a comprehen-
sive strategy that includes diet, behavior modification and
cognitive therapy, psychological interventions, and drug
therapy [71]. However, drug treatment is still the main form
of practical FD treatment in China. H. pylori eradication
and treatment with antacids, motility-regulatory drugs, and
antidepressants are commonly recommended as an effective
method to treat FD.

Patients in Asian countries receive a relatively higher
benefit from H. pylori eradication. Researchers have shown
thatH. pylori eradication can result in a long-term remission
of FD symptoms [72]. Some evidence suggested thatH. pylori
eradication significantly improved gastrointestinal symptoms
in patientswith EPS comparedwith its effects on patientswith
PDS [73]. H. pylori eradication certainly has a statistically
significant but small benefit in patients with FD. It is likely
that the results of H. pylori eradication reflect not only the
effect of treating an H. pylori infection but also the effect
on the gastrointestinal microbiome. The results of some
randomized controlled trials (RCTs) support eradication
therapy [74], whereas most other studies found no benefit. A
Cochrane review reported no significant difference between
patients who had received a placebo and those who had
undergone H. pylori eradication. Furthermore, due to the
wide use of antibiotics in H. pylori eradication regimens,
drug-resistantH. pylori strains are arising.The success rate of
triple-antibiotic eradication therapy is less than 80% through-
out the world. This phenomenon makes it challenging for
clinicians to manage infections withH. pylori strains that are
resistant to antimicrobial agents, particularly those that are
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Table 1: Possible relationship between H. pylori and several hormones.

Relative
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Possible
signaling
pathway

Altered
hormones Receptors Consequence

CagA (+)
H. pylori
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regulation of
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by certain factors such
as CagA, CagL, MP1,

IL-17, IL-8,
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autonomic nervous
system

TPH1 NF-kB 5-HT
5-HTR
2A/3A Dyspepsia

5-HTR 4 Delayed gastric
emptying

GOAT P13K-Akt Ghrelin GHSR

Decreased motility
Lower acid
secretion
Anorexia

Monoamine
oxidase

or COMT

cAMP ↑→
PKA↑ Dopamine D1/D5 Psychotic

AC activation ↓ D2/D3/D4
Gastroduodenal

lesion
Tumor

GC-GR
compound HPA axis Cortisol GR

Host defense
mechanism
recedes
H. pylori

colonization

Cag PAI MP1 signaling Gastrin CCK2Rs
Increased gastric

acid
Atrophy gastritis

CCK HPA axis Somatostatin SSTR
Decreased gastric

acid
Chronic gastritis

TPH1: tryptophan hydroxylase-1; GOAT: ghrelin O-acyltransferase; GHSR: growth hormone secretagogue receptor; COMT: catechol-O-methyl-transferase;
AC: adenylate cyclase; GC: glucocorticoid; GR: glucocorticoid receptor.

resistant to clarithromycin and metronidazole. As a second-
line treatment, moxifloxacin has been investigated. Zhang
et al. [75] suggest that moxifloxacin-based therapy is more
effective than the standard triple or quadruple therapy for this
disease. However, its adverse effects, such as tendonitis or a
nervous system reaction, are a matter of concern.The diverse
results of therapy may be due to the use of different trial
designs, different methods of patient selection, or different
H. pylori eradication strategies. Furthermore, accumulating
evidence demonstrates that that the human stomach contains
a complexmicrobial ecosystem that does not includeH. pylori
strains [76]. The balance of these communities is crucial for
health maintenance, and their disturbance is considered to
be involved in gastrointestinal diseases [77]. Andersson et
al. [78] reported that the gastric mucosa displayed a diverse
microbiota after H. pylori eradication, although it is difficult
to discriminate whether the changes in the gastric microbiota
were caused by H. pylori eradication or by antibiotic treat-
ment.

Dyspepsia patients have significantly more health care
consultations due to psychological distress. Chronic stress
is considered a major risk factor for FD, possibly due to
brain-gut axis dysregulation mediated by the hypothalamic-
pituitary axis [79]. Antianxiety and antidepressant drugs have
been reported to have positive effects on FD, particularly
on intractable FD, with tricyclic antidepressants (TCAs) and
small doses of selective serotonin uptake inhibitors (SSRIs)

most often mentioned as efficacious [72]. When these drugs
are used to treat FD, clinicians should consider the direct
effects of neurotransmitters on gastrointestinal disorders
as well as their effects on mental disorders because they
may affect the modulatory function of neurotransmitters
(e.g., 5-HT) on gastrointestinal sensory, motor, and secretory
functions. However, 5-HT receptors have been recognized
as the target points for symptomatic improvement. 5-HT3
receptor antagonists and 5-HT4 receptor agonists have been
selected to treat functional diarrhea or constipation. 5-HT4
receptor agonists cause the release of acetylcholine, which
stimulates smooth muscle contraction, leading to accelerated
gastric emptying [80].

Because the pathogenesis of FD is uncertain and most
likely multifactorial, individualized treatment should be
established based on the patients’ chief complaints.

3. Summary

Whether there are distinct modes of pathogenesis of PDS
and EPS remains controversial. Fang et al. [81] found that
although PDS and EPS have some common risk factors,
including a younger age, anxiety, and NSAID consumption,
different risk factors appear to be associated with different
FD subgroups; for example,H. pylori infection, an unmarried
status, sleep disturbance, coffee consumption, and depression
disorder are risk factors only for PDS but not for EPS. These
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finding may indicate the distinct etiopathogenesis of the
subgroups of FD.

CagA and 5-HT may participate in the pathogenesis of
FD, but the specific underlying pathogenic mechanisms are
still unclear.H. pylori infection and anxiety or depression are
also significant factors in the pathogenesis of FD. Therefore,
whether and how CagA and 5-HT affect the pathogenesis of
FD (including PDS and EPS) are a topic worthy of study and
more research is needed. Moreover, the wide distribution of
5-HT receptors and their respective roles in the pathogenesis
of FD are of special significance and are worthy of further
study.
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Background. Comorbidity in chronic constipation has rarely been investigated, despite the fact that constipation can occur as one
symptom in a number of neurological, systemic, and other nonintestinal and intestinal disorders. Methods. Of 1037 individuals
with constipation identified during a telephone survey, 589 returned a postal questionnaire with valid data, asking for sociographic
data, clinical symptoms, comorbid conditions, medication intake, and health care behavior related to constipation. Among them,
245 reported some somatic diagnoses and another 120 regular medication intake. They were compared to individuals without
comorbid condition and presumed functional constipation (𝑛 = 215). Results. Individuals reporting a somatic comorbid condition
and/or regular medication were significantly older than those with functional constipation (63.8 ± 15.8 and 43.7 ± 15.5 years, resp.,
𝑝 < 0.001) and had lower health and social status (both 𝑝 < 0.001), but similar general life satisfaction (n.s.). Their quality-of-life
was lower for the physical (𝑝 < 0.001) but not for the mental health domain (n.s.), while among those with functional constipation,
the mental health domain distinguished IBS-C individuals from those with functional constipation but without pain (𝑝 < 0.001).
Conclusion. In an unselected population sample with constipated individuals, those with a somatic comorbid condition outnumber
those with functional constipation alone and are distinctly different with respect to age and health status.

1. Background

Prevalence of chronic constipation has been reported to
vary between 5% and 15%, depending on the size and type
of assessment, the definition of constipation, and variables
such as nationality, culture, and the health care system [1–
3] in which the survey is conducted. In previous papers we
reported constipation to be present in 14.9% of a represen-
tative population sample from Germany during a telephone
survey [4] and comorbidity to be high in those allowing
further evaluation by a postal questionnaire [5]. We also
noted a strong self-selection bias when stepping down from
a random population sample towards in-depth evaluation of
accompanying symptoms in those who acknowledge chronic
constipation symptoms [5].

Constipation may occur as a secondary symptom, for
example, in a number of neurological (e.g., stroke, Parkinson’s

disease, and spinal cord injury), systemic (diabetes, hypothy-
roidism, and scleroderma), and other disorders, to intestinal
or nonintestinal surgery [6–8], or to a variety of medications
used for treatment of chronic clinical conditions, for example,
calcium antagonists for high blood pressure [9], opioids for
chronic pain [10], and tricyclic antidepressants for major
depression [11]. However, because of is frequency and multi-
factorial origin [12], constipationmay also occur independent
of coexisting comorbid conditions and/or medication intake.
This is usually difficult to differentiate in epidemiological
surveys and without physical examination [13].

However, such comorbid constipation has rarely been
reported in the epidemiological literature [14], and nei-
ther has it often been compared to those with functional
constipation [15]. In fact, patients with constipation and
significant comorbidity are usually excluded from drug trials
and presumably do profit less from new drug developments
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for several reasons: their efficacy is often not proven in
controlled trials, the respective medical subspecialties are
not or less exposed to novel drug development information,
and patients and/or doctors frequently value the constipation
symptoms as minor in light of the underlying neurological,
systemic, or other disorders.

Among the few population-based studies addressing
comorbidity in chronic constipation is a recent case-con-
trolled study of 307 constipated individuals who were com-
pared to an age- and sex-matched control sample [16]. It
shows significant elevations of a few GI (anal surgery) and
non-GI conditions (Parkinson’s disease, multiple sclerosis).

The purpose of the present evaluation of the German
Chronic Constipation (GECCO) study data was to describe
the population with constipation with comorbidity and to
compare them to a group with presumed functional con-
stipation with respect to sociographic, clinical, health care
utilization, and quality-of-life data.

We also wanted to explore the specificity of the Rome
criteria for constipation-predominant irritable bowel syn-
drome (IBS-C) and functional constipation (FC-R) [17] to
distinguish between constipation subgroups with and with-
out somatic comorbidity.

2. Methods

The population prevalence data from a telephone interview
with 15.000 representative adults were recently [4] reported
to be 14.9%, as were the characteristics of individuals with
functional constipation, that is, without any comorbid con-
dition [5]. For further details of the methodology of GECCO,
we refer to both of those previously mentioned papers [4, 5].
A questionnaire was sent to 1037 constipated individuals
identified during the telephone survey who had agreed to a
follow-up study.

2.1. The Questionnaire. The questionnaire was composed of
4 modules ((1) General Health; (2) Concurrent Diseases/
Medication; (3)Health CareUtilization; and (4) Constipation
and IBS); it started with some general questions regarding
general health that contained the Short-Form 12 (SF-12)
quality-of-life test [18]. Module 2 asked for the presence of
gastrointestinal diagnoses (Crohn’s disease, ulcerative colitis,
GI cancer, celiac disease, and prolapse) and nonintestinal
disorders (diabetes, hypothyroidism, stroke, Parkinson’s dis-
ease, and multiple sclerosis) (yes, no) that are often asso-
ciated with constipation and for medication intake of the
most frequent drugs (generic and brands) on the German
market (beta-blockers, ACE inhibitors, calcium antagonists,
diuretics, statins, L-thyroxin, antidiabetics, PPI, painmedica-
tion, antidepressants, barbiturates, and sedatives), each to be
answered for their frequency (daily, at least twice/week, and
less). Similarly, drugs taken for constipation (macrogol, lac-
tulose, sorbitol, bisacodyl, sodium bicarbonate, prucalopride,
psyllium, Senna products, and Glauber salt) were checked for
intake frequency (daily, at least twice/week, and less), efficacy,
and side effects.

Module 3 asked for health care utilization: consultation
of specialists in the past 12 months, sick-days because of
constipation, inpatient treatment, diagnostic procedures per-
formed, and complementary and alternative remedies taken
because of CC, including the amounts spend that were not
reimbursed by health insurance plans.

Module 4 contained questions from the validated Ger-
man version of the Rome III modular questionnaire for IBS
and for functional constipation [19].

The protocol of the study methodology had been
reviewed by the EthicsCommittee of theTübingenUniversity
Medical School.

2.2. Statistics. Constipation subsamples were constructed
based on predefined criteria: patients with at least one
somatic diagnosis in addition to constipation symptoms were
labelled “comorbid constipation”; if they reported regular
medication intake (>twice/week) but no firm diagnoses, this
group was called “presumed comorbid constipation.” The
remaining (no diagnoses, no medication) were called “func-
tional constipation” (FC).These subgroupswere compared by
parametric (ANOVA) and nonparametric tests (Chi-square
test) where appropriate.

In order to test the specificity of the Rome criteria
[19], all patients also were subdivided into IBS-C, FCR,
and FC. They were labelled IBS-C when they met the
following criteria: abdominal pain/discomfort at least 3 days
per months in addition to constipation, for more than 6
months, not associated with the menstrual cycle, and at
least 2 of the following symptoms: symptom improvement
with defecation, onset associated with a change in stool
frequency, and onset associated with a change in stool form;
their occurrence frequency had to be often or more. The
definition for FC-R [17] requires not classifying for IBS-C,
and at least 2 of six symptoms (need for straining, lumpy
or hard stools, sensation of incomplete evacuation, sensation
of anorectal obstruction, and need for manual maneuvers
to facilitate defecation more than occasionally) or less than
3 defecations/week. All remaining individuals were labelled
FC.

All data are reported as mean ± SD and are unweighted
with respect to the initial representative survey. The signifi-
cance level was set to 0.05 for all tests.Post hoc 𝑡-tests andChi-
square test of subgroup comparisons were not corrected for
multiple comparisons but instead only performed when the
main (ANOVA,Chi-square test) analysis yielded significance.

3. Results

Among all 589 (56.8%) respondents of 1037 individuals
approached who returned the questionnaire and provided
useable data, 9 women reported being pregnant—they were
excluded, leaving 580 complete data sets to be entered into
this analysis.

3.1. Comorbid Constipation. When asked for concurrent GI
and non-GI diagnoses, 245 persons (42.2%) reported one or
more diagnoses to be present; these were labelled “comorbid
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Figure 1: Constipated individuals matching Rome III criteria for IBS (IBS-C: 𝑛 = 193) or for functional constipation (FC-R, 𝑛 = 140), or
not (FC: 𝑛 = 247). (a) With acknowledged somatic comorbidity (𝑛 = 245, inner circle); (b) with presumed comorbid condition (𝑛 = 315,
inner circle). Note that nearly half of individuals matching diagnostic criteria demonstrated either somatic comorbidity or presumed somatic
comorbidity.

constipation.” In 315 casesmedicationwas taken at least twice
per week; when those with a firm diagnosis were excluded,
this resulted in another 120 cases with presumed comorbidity
(20.7%). The data of these two subsamples are reported here.
The 215 remaining cases of “functional constipation” (37.1%)
serve as control sample.

3.2. Comorbid Constipation versus Functional Constipation.
The gender distribution was similar in all groups (Table 2).
Participants with comorbid and presumed comorbid consti-
pation were significantly older (63.8 ± 15.8 and 60.6 ± 15.3
years, resp.) than individuals with functional constipation
(43.7 ± 15.5 years) (𝑝 < 0.001). Associated with the
higher age, individuals with comorbid constipation were
more frequently retired and had a lower family income and
an overall less satisfying health situation, but a similar general
life satisfaction than the two other groups.

When asked for their acute health problems, cardiovascu-
lar and urological dominated in the comorbid constipation
group compared to the functionally constipated. As shown
in Table 2, significant differences were also found for the
duration of constipation, doctor visits for constipation during
the last 12months, andmedication intake for constipation (all
highest in comorbid constipation). In most but not all cases,
individuals with presumed comorbidity were in between the
two other groups and in some aspects closer to the comorbid
group (age, general health problems) and in others closer to
the functionally constipated (especially with respect to the
type and severity of constipation symptoms).

Current medication intake for constipation is highest in
comorbid constipation (43.7%) and significantly lower func-
tional constipation (23.3%) (Table 2), and among the drugs
taken for constipation the following were listed: psyllium

(𝑛 = 27), macrogols (𝑛 = 25), and lactulose (𝑛 = 18).
Traditional laxatives (bisacodyl, sodium picosulfate, Senna
products, and Glauber salt) were only used occasionally
by individuals with comorbid constipation. If medication is
taken, it appears to help the majority of individuals, and
reported side effects were equally present in both groups.
Among the side effects listed most are bloating (𝑛 = 43),
abdominal pain (36), and diarrhea (𝑛 = 19). Other side effects
(itching, skin rashes, nausea, and vertigo) are listed only
occasionally by a few constipated individuals with comor-
bidity. Complementary and alternative medicines (CAM)
(homeopathy, acupuncture, and Chinese herbal medicines)
were used by an equal (small) number of the constipated in
all groups. A majority of individuals in all groups claimed to
have changed diet to counteract constipation, and the dietary
actions include all measures listed in the questionnaire (more
vegetables, more legumes, liquid intake, probiotics, etc.).

3.3. Specificity of the Rome Criteria. Applying the Rome
III criteria to the constipated individuals with and without
comorbidity, 𝑛 = 193 individuals classified as IBS-C, 𝑛 = 140
as FC-R, and 𝑛 = 247 as FC. Of these, 𝑛 = 91, 𝑛 = 76, and
𝑛 = 78, respectively, reported comorbid somatic disorders
(Figure 1(a)). The identification based on the Rome criteria
alone would thus yield a specificity of only 52.6% for IBS-
C and 45.7% for FC-R. This specificity would further drop
when applied to the presumed comorbid constipation group
(Figure 1(b)).

Sensitivity cannot be determined since the data do not
provide a gold standard for the proper diagnoses. Exclud-
ing all individuals with comorbid or presumed comorbid
conditions (𝑛 = 365) a priori on the other hand (as we
did in a recent paper on functional constipation [5]) would
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Table 1: Somatic diagnoses reported by constipated individuals identified as meeting IBS-C, FC-R, and FC definitions (number of cases,
more than one allowed). Bold indicates increased prevalence as compared to population data.

Self-reported diagnoses IBS-C FC-R FC All P∗ (%) PP# (%)
𝑁 91 76 78 245 + 335 = 580

Non-GI diagnoses
Diabetes 10 23 19 52 8.9 10.0
Hypothyroidism 38 34 35 107 18.4 10.0
Stroke 10 7 12 29 5.0 1.0
Scleroderma 1 2 0 3 0.5 0.01
Parkinson’s disease 1 4 0 5 0.8 0.25
Multiple sclerosis 4 2 0 6 1.0 0.15

GI diagnoses
Crohn’s disease 1 1 2 4 0.7 0.04
Ulcerative colitis 6 3 2 11 1.9 0.08
Celiac disease 2 0 0 2 0.3 1.0
GI cancer 19 19 19 57 9.8 ???
Anal stenosis 23 12 2 37 6.4 ???
Anal/rectal prolapse 13 5 5 23 3.9 ???
∗Prevalence (%) in the combined cohort with and without comorbidities.
#Population prevalence (%) of the disease according to crude epidemiological data.

result in missing out around 50% of individuals (𝑛 = 91
meeting IBS-C criteria and 𝑛 = 76 meeting FC-R criteria,
𝑛 = 116 with FC) in whom functional constipation may be
present.

Among the somatic comorbidity conditions reported by
IBS-C, FC-R, and FC patients are many conditions that may
be directly responsible for the constipation symptoms, as is
evidenced in Table 1. Compared to population prevalence
of the respective diseases, more individuals than expected
with nongastrointestinal disorders (hypothyroidism, stroke,
scleroderma, Parkinson’s disease, and multiple sclerosis) and
gastrointestinal diagnoses (inflammatory bowel diseases)
were found in our cohort of constipated patients.

However, whether or not these diseases are responsible
for the constipation or whether they are co-occurring and
coincidental is nothing one can determine by questioning
alone but requires thorough clinical evaluation.

3.4. Quality of Life. Individuals with comorbid or presumed
constipation had significantly (both 𝑝 < 0.001) lower QOL
on the SF-12 physical health domain in comparison to the
group with no comorbidity. No difference was found with
respect to the mental health domain (Figure 2(a)). When
the QoL was evaluated age-adjusted, differences were still
significant for the physical and not for the mental domain
(𝑝 < 0.001).

When QoL was compared between the IBS-C, FC-R, and
FC groups irrespective of comorbidity, both the physical and
the mental domain SF12 subscales were significantly lowered
in IBS-C as compared to the FC groups (Figure 2(b)), also
following age adjustment.However, only themental scale also
significantly distinguished IBS-C from FC-R and FC, while
FC-R and FC were not different on either scale.

4. Discussion

In a first GECCO report, we found 14.9% of 15.000 repre-
sentative German adults to be constipated [4]. This perfectly
matcheswhat has been reported across 45 European and non-
European countries [12] but corrects the data from a previous
study with smaller numbers [20]. In a subsequent analysis
[5] we found individuals with functional constipation (IBS-C,
FC-R, and FC) to be similar with respect to most of the social
and clinical descriptors assessed in our survey. When this
group as a whole was compared to a group with acclaimed or
presumed comorbidity in the present report, individuals with
“somatic constipation” were significantly older than those
with functional constipation and had lower health and social
status, but similar general life satisfaction. Their quality-of-
life was lower for the physical but not for the mental health
domain, while among those with functional constipation, the
mental health domain distinguished IBS-C individuals from
those with functional constipation but without pain.The later
finding has also been found in previous analyses, for example,
[21–23].

Among the 45 studies listed by Suares and Ford [12]
with global epidemiological data on constipation, only a
few reported the prevalence of somatic and/or psychiatric
comorbidity; on the other hand, constipation is frequently
reported as a comorbid condition of other diseases such
as stroke, Parkinson’s disease, spinal cord injury, multiple
sclerosis, scleroderma, and diabetes [6, 8, 24, 25]. As we
can show here, the self-selection bias that we have described
in our questionnaire survey [5] may be specifically due to
individuals that suffer from constipation associated with (but
not necessarily due to) a number somatic diseases, both
with a high general population prevalence, such as hypothy-
roidism and stroke, and with low prevalence rates such
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Table 2: Sociographic data, health problems, and life satisfaction in comorbid constipation (𝑛 = 245) as compared to constipated individuals
with regular medication (presumed comorbidity) (𝑛 = 120) and without comorbid condition (functional constipation) (𝑛 = 215).

Variable name C with comorbidity C with presumed comorbidity Functional constipation Statistics# Post hoc tests
𝑁 245 120 215 1-2 1–3 2-3
Age (mean, SD) 63.8 ± 15.8 60.6 ± 15.3 43.7 ± 15.5 𝑝 < 0.001 n.s. ∗∗ ∗∗
Male : female 93 : 152 37 : 83 71 : 144 n.s. — — —
Height (m) 1.68 ± 0.09 1.68 ± 0.83 1.69 ± 0.93 n.s. — — —
Weight (kg) 77.3 ± 16.4 76.0 ± 18.4 71.0 ± 15.6 𝑝 < 0.001 n.s. ∗ ∗∗

BMI 27.2 ± 5.2 26.9 + 6.0 24.5 ± 4.7 𝑝 < 0.001 n.s. ∗∗ ∗∗
Sociographic data

Education: secondary+ 50 28 75 𝑝 < 0.001 n.s. ∗ ∗ ∗ ∗∗
Full-time/part time (1) 56 22 112

𝑝 < 0.001 ∗ ∗ ∗ ∗ ∗ ∗ ∗

Mini job, occasional (2) 7 13 26
Not working, training (3) 2 4 3
Parent time (4) 1 3 11
Retired (5) 149 63 27
Income: >2,500 €/mo 45 31 81 𝑝 < 0.001 n.s. ∗ ∗ ∗ n.s.

Overall life satisfaction
Fully (1) 66 48 69

n.s. — — —Rather (2) 133 57 117
Rather not (3) 30 11 23
Not at all (4) 15 4 6

Overall general health
Very good (1) 8 6 48

𝑝 < 0.001 n.s. ∗ ∗ ∗ ∗ ∗ ∗
Good (2) 71 42 99
Satisfactory (3) 90 35 41
Less good (4) 48 23 20
Bad (5) 27 14 6

Health problems
Sick the last 4 wks: no 150 80 172 𝑝 = 0.008 n.s. ∗ ∗ ∗ n.s.
Back pain: yes 177 84 125 𝑝 = 0.004 n.s. ∗∗ ∗

Circulation: yes 115 52 53 𝑝 < 0.001 n.s. ∗ ∗ ∗ ∗∗
Gynaecological: yes 8 13 21 n.s. — — —
Urological: yes 56 13 13 𝑝 < 0.001 ∗∗ ∗ ∗ ∗ n.s.
Gastrointestinal: yes 96 32 61 n.s. — — —

Constipation symptoms
Duration (years) 12.9 ± 17.9 13.1 ± 15.7 8.9 ± 10.8 ∗∗ ∗ ∗

4-week prevalence 131 40 62 𝑝 < 0.001 ∗ ∗ ∗ ∗ ∗ ∗ n.s.
To doctor 74 26 31 𝑝 = 0.001 n.s. ∗ ∗ ∗ n.s.
Medication 107 37 50 𝑝 < 0.001 ∗ ∗ ∗ ∗ n.s.
<3 stools/week 83 34 79 n.s. — — —
Straining 167 77 135 n.s. — — —
Hard stools 188 82 161 n.s. — — —
#ANOVA: univariate, 3 groups, or Chi-Square: in case of significance, pairwise post hoc comparisons; +number with secondary school finished (maturation);
∗∗∗post hoc testing: ∗∗∗𝑝 < 0.001; ∗∗𝑝 < 0.01; ∗𝑝 < 0.05; and n.s.: not significant.

as scleroderma and inflammatory bowel diseases. Because
of this comorbidity, but presumably also because of the
overall higher age, individuals with comorbid conditions
perceive their constipation as more severe and do utilize the
health care system more frequently than constipated without
comorbidity.

Systematic exploration of somatic comorbidity in chronic
constipation has become a topic in research only recently,
but an early discussion was initiated by Talley et al. in
2003 [26]. Among more than 7,000 chronically constipated
patients in a sample fromprivate practice and collected over a
period of 10 years, neurological diseases (Parkinson’s disease,
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Figure 2: SF-12 quality-of-life measure in individuals with constipation. (a) In the SF12 physical domain; left panel: individuals with
acknowledged or with presumed somatic comorbidity or without comorbidity; right panel: in individuals matching IBS-C, FC-R, and FC
criteria (see text for details). (b) In the mental domain. In each panel, 𝐹-values indicate significance in the between-group ANOVA; “∗”
indicates significance in post hoc 𝑡-tests (uncorrected): ∗∗∗𝑝 < 0.001 and ∗𝑝 < 0.05.

multiple sclerosis) accounted for 3.2 and 0.7%, respectively, of
cases, similar to diabetes (4.7%) and thyroid disease (5.9%).
Opioids, diuretics, antidepressants, antispasmodics, anticon-
vulsants, and aluminum antacids were all associated with
higher risk of constipation than in controls. To recognize this
in clinical routine is of specific importance, as it may guide
patient management both with respect to the underlying
disorder and with respect to the constipation symptoms.

Nellessen et al. [15] reviewed the literature for intesti-
nal and nonintestinal symptoms associated with chronic
constipation (and with IBS-C), showing that in 35 studies
of different type and sample size, increased incidences of
depression, overweight, obesity, and diabetes were reported
to be associated with constipation. Mody et al. [14] identified
28,000 individuals with chronic constipation in a US health
insurance database and noted increased rates of depression
and mood disorders (14.2%), hypothyroidism (9.8%), and
other neurological disorders (9.7%), as compared to noncon-
stipated controls.

Rey et al. [22] compared constipated patients with and
without abdominal pain to IBS-C patients, recruited from
the Spanish population, but did not report comorbid somatic
conditions, presumably due to the fact that this study was
based on a telephone survey, similar to our study [4], that
did not allow extensive questioning. Choung et al. [16] finally
compared a more than 300 chronically constipated to a
control sample of equal size and found—in a questionnaire
survey—a significantly increased prevalence of Parkinson’s
disease (4%), while most other conditions (including all GI
diseases) were not different to a matched control cohort.
Metabolic disorders and other neurological diseases were
moderately elevated in constipation (𝑝 < 0.10). When all
cases of chronic constipation were compared to the complete
control sample (>2,000 subjects), the prevalence of multiple

sclerosis, other neurological diseases, metabolic diseases,
hypothyroidism, cardiovascular diseases, and psychiatric dis-
eases all reached significance levels. While we are missing a
nonconstipated control cohort in our study, our data match
those reported by Choung et al. [16]. Unfortunately, our
questionnaire survey did not include a psychometric tool to
assess psychiatric comorbidity, as this has been reported to be
elevated in constipations as well [15, 16]; however, in this case,
constipation may likely be the consequence of antidepressant
medication and has not been documented in most of these
studies, except by Talley et al. [26].

Decreased quality-of-life has been frequently docu-
mented in constipation [1, 23, 27–37] and has been doc-
umented for our cohort as well [5], but comparison of
different constipation subsamples is rare: here we show that,
for the physical domain of the SF12, comorbidity (as well
as presumably the increased age of those with comorbid
constipation) differentiates better than the IBS classification,
while, for themental domain, comorbidity does not appear to
play a role at all, in contrast to the presence/absence of pain
that does.The latter has also been noted in other studies [22].
Pain is the major factor responsible for lower quality of life in
all functional bowel disorders [23].

The validity of the Rome criteria [17] for functional bowel
disorders, especially for IBS-C, has been tested [38, 39] as
well as questioned [40, 41] ever since their first appearance
[42]. However, their specificity in a cohort of constipated
with or without comorbidity is reported here for the first
time: nearly 50% of individuals that match IBS-C criteria
report comorbidity that is incompatible with a diagnosis
of a functional bowel disorders, and among them there
are many that regularly take medication indicative of a
chronic gastrointestinal or extraintestinal condition. Unfor-
tunately, an epidemiological survey such as ours cannot verify
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the accuracy of these self-reported diagnoses and thus will
always require confirmation by a case-controlled clinical
study.

Besides the limitations already discussed above, more
limitations of our data analysis need acknowledgment. We
also used rather liberal criteria to define “comorbid con-
stipation” based on self-reported diagnoses and/or regular
medication intake, the latter with a cut-off of 2 or more days
per week. This may have inflated the number of individuals
that were assembled in the group with “comorbid constipa-
tion” and downsized the number of patients with functional
constipation for this analysis, since regular use of a PPI does
not necessarily imply functional dyspepsia or gastric ulcer or
GERD. In some cases individuals reported intake of diabetic
medication but not the diagnosis of diabetes, which may
shed light on the comprehension of the questionnaire by
some participants. Finally, the presence of a somatic disease
not necessarily indicates that constipation is caused by this
disease; it may be incidental comorbidity, and the absence of
a somatic condition in those labelled functional constipation
does not confirm that a comorbid somatic condition does not
exists in these cases; epidemiological data relying solely on
subjective reports always carry the risk of false information.
Therefore, some of the volunteers labelled as “comorbid
constipation” and excluded for this analysis may instead
belong to one of the groups included, and such correction
may diminish some of the found differences, although the
opposite may happen as well.
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Background. Postcolonoscopy abdominal discomfort and bloating are common.The aim of this studywas to evaluate whether rectal
decompression improved distension-induced abdominal symptoms and influenced anorectal physiology. Methods. In 15 healthy
subjects, rectal distension was achieved by direct air inflation into the rectum by colonoscopy. Placement of rectal and sham tube
was then performed in each subject on a separate occasion.The anorectal parameters and distension-induced abdominal symptoms
were recorded.Results. Anorectal parameters were similar between placements of rectal tube and sham tube except for greater rectal
compliance with rectal tube than with sham tube (𝑃 < 0.05). Abdominal pain and bloating were significantly reduced by rectal tube
and sham tube at 1 minute (both 𝑃 < 0.05) and 3 minutes (both 𝑃 < 0.05). After placement of rectal tube, abdominal pain at 3
minutes correlated positively with first sensation (𝑟 = 0.53, 𝑃 = 0.04), and bloating at 3 minutes also correlated positively with urge
sensation (𝑟 = 0.55, 𝑃 = 0.03). Conclusions. Rectal decompression with either rectal or sham tube improved distension-induced
abdominal symptoms.Our study indicates that themechanisms that improved abdominal symptoms by rectal decompressionmight
be mediated by a central pathway instead of a peripheral mechanism.

1. Introduction

Abdominal discomfort and bloating are frequently experi-
enced by patients undergoing colonoscopy [1]. The most
common symptom after colonoscopy is abdominal discom-
fort [2], which might cause an absence from work after
colonoscopy [3]. There are some factors that have been
thought to cause abdominal symptoms after colonoscopy,
including the duration of the procedure, the degree of
technical difficulty, distension due to air insufflations, and
the expertise of the endoscopist. Excessive insufflation of
air during the colonoscopy is the most important factor
that causes abdominal discomfort due to the fact that many
patients have difficulty expelling air after the procedure [4].

It has been demonstrated that anorectal sensory func-
tion is regulated by brain-gut interactions with a link to
sensorimotor response of rectoanus during rectal distension
[5]. It is yet unclear whether feeling of abdominal discom-
fort during rectal distension is physiologically influenced

by direct rectal decompression, although we had shown
that direct rectal suction helps relieve abdominal symptoms
immediately after colonoscopy [6]. This study was designed
to evaluate the effect of rectal decompression on abdominal
symptoms following rectal air distension. The effect of rectal
decompression on anorectal manometry and its relationships
to abdominal symptoms were also determined.

2. Materials and Methods

2.1. Subjects. All subjects provided written informed consent
and were interviewed about gastrointestinal symptoms prior
to the studies. All participants did not have any history
of underlying medical condition, previous gastrointestinal
surgery, gastrointestinal symptoms, or clinical conditions
affecting visceral perception. Subjects with poor communi-
cation or impaired hearing were excluded. We enrolled those
subjects from a community and/or university population by
public advertisement. The study protocol was reviewed and
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approved by the institutional review board of Hualien Tzu
Chi Hospital, Buddhist Tzu Chi Medical Foundation. The
study recruitmentwas between July 31, 2013, andMay 21, 2014.

2.2. Anorectal Manometry. Subjects were instructed to evac-
uate the rectum and received Fleet’s enema before the
test. The probe was a 4.5mm diameter, solid state catheter
with multiple pressure transducers (Sandhill Scientific, Inc.,
Highlands Ranch, CO) and a lumen for balloon inflation. A
5 cm balloon was tied to the distal end of the catheter. The
lubricated catheter was introduced into the rectum as patients
lay in the left lateral position with their hips and knees flexed
to 90∘. Average resting and squeeze pressures (maximum
and sustained) were recorded by the station pull-through
technique. The threshold volume for rectoanal inhibitory
reflexes (RAIR) was assessed by distending the rectal balloon
in progressive 10mL decrements, starting at 10mL, until
anal sphincter relaxation was observed at lower volume of
distension. Rectal sensationwas evaluatedwith rectal balloon
inflated at an interval of 10mL until the subject reported first
sensation. The balloon volume was then increased by steps
of 30mL so that subjects experienced the sensations of urge
to defecate as well as maximum distension. The threshold
volumes for inducing these sensations were recorded. Rectal
compliance for each balloon distention was derived from the
slope of the volume-pressure curve.

2.3. Study Protocol and Design. All participants had bowel
cleaning with ingestion of 90mL of sodium phosphate
followed by glycerin enema before the colonoscopy exami-
nation. Rectal distension was performed by air insufflations
using a standard colonoscope (CF-240I,OlympusOptical Co.
Ltd., Tokyo, Japan) with its tip placed near the rectosigmoid
portion. Rectal distension was performed with progressive
air insufflation until the subject felt maximal discomfort
or unwillingness to commence further distension. Then, all
participants underwent randomized placement with rectal
tube and sham rectal tube (close with the tube ligated at the
open end) with at least a week apart, which was placed into
the rectum for 3 minutes (min) immediately after complete
withdraw of the endoscope. The subjects had to complete
anorectalmanometry and abdominal symptoms immediately
after withdraw of rectal tube or sham rectal tube.

2.4. Outcome Measurements. In all participants, abdominal
pain and feeling of bloating were rated immediately after the
procedure by using a Visual Analogue Scale (VAS, 0–100). A
trained nurse evaluated the symptoms of the patient withVAS
immediately after the procedure and 1min and 3min after
withdraw of rectal tube or sham rectal tube. In addition, we
measured the parameters of anorectal manometry including
resting and squeeze sphincter pressure, sensory thresholds in
response to balloon distension, compliance of rectum, and
rectoanal inhibitory reflex in response to balloon distension
in each subject, which were compared between rectal and
sham rectal tube.

2.5. Statistical Analysis. Data were expressed asmean ± SEM.
Statistical comparisons were assessed using Student’s 𝑡-test or

Table 1: Demographic data in all subjects.

Variable 𝑛 = 15
Age (years) 25 (0.6)
Gender (female) 5 (33%)
Height (cm) 171 (1.8)
Weight (kg) 62.8 (2.6)
BMI (kg/m2) 21.3 (0.7)
Data are expressed as mean (SEM) or%.

nonparametric test as appropriate. Correlations were studied
with the Pearson test. A P value of <0.05 was considered to
represent statistical significance.

3. Results

A total of 15 healthy subjects (5 women; mean age 25
years (range: 21–29)) completed 2 separate sessions in this
study. All subjects tolerated the studies without any adverse
effect. Baseline demographic characteristics are summarized
in Table 1.

3.1. Postprocedural Abdominal Symptoms. When compared
with symptoms at baseline, abdominal pain and bloatingwere
significantly reduced by placement of rectal tube and sham
tube at 1min (both 𝑃 < 0.05) and 3min (both 𝑃 < 0.05)
(Figure 1). There was no difference for abdominal pain and
bloating between the placements of rectal and sham tube
throughout the examination (𝑃 = NS).

3.2. Anorectal Manometry Parameters. The rectal sensitivity
for different levels of stimulation did not differ between
placements of rectal tube and sham tube (𝑃 = NS) (Table 2).
There was no group difference in the threshold volume for
RAIR or anal sphincter length (𝑃 = NS) (Table 2). However,
compliance was greater with rectal tube than with sham tube
(𝑃 < 0.05) (Table 2). Anal sphincter pressure did not differ
between placements of rectal tube and sham tube for resting,
maximal, or sustained squeeze (𝑃 = NS) (Table 2).

3.3. Association between Abdominal Symptoms and Anorectal
Manometry Parameters. Abdominal pain at 3min correlated
positively with first sensation (𝑟 = 0.53, 𝑃 = 0.04),
whereas bloating at 3min also correlated positively with urge
sensation (𝑟 = 0.55, 𝑃 = 0.03) after placement of rectal
tube (Figure 2). Baseline abdominal pain correlated positively
with RAIR (𝑟 = 0.57, 𝑃 = 0.03) after placement of sham tube
(Figure 3). Anal resting pressure correlated negatively with
baseline bloating (𝑟 = −0.85, 𝑃 < 0.001) and bloating at 1min
(𝑟 = −0.52,𝑃 < 0.05) after placement of sham tube (Figure 3).

4. Discussion

In this study, we investigated whether rectal decompression
improved distension-induced abdominal symptoms.Wehave
shown that abdominal symptoms were similarly improved
with the placement of rectal tube and sham tube. Despite
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Figure 1: Abdominal symptoms after placement of rectal tube (a) and sham tube (b). After both treatments, abdominal pain and bloating
significantly improved at 1min and 3min when compared with the baseline. ∗𝑃 < 0.05, 1 min versus the baseline; ∗∗𝑃 < 0.05, 3min versus
the baseline. Values are expressed as mean ± SEM.
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Figure 2: Association between abdominal symptoms and anorectal manometry after rectal tube treatment. Abdominal pain at 3 minutes
correlates positively with first sensation (𝑟 = 0.53, 𝑃 = 0.04) (a); bloating at 3min correlates positively with urge sensation (𝑟 = 0.55,
𝑃 = 0.03) (b). Values are expressed as mean ± SEM.

greater compliance with rectal tube placement, type of tube
placement did not change the majority of anorectal function
asmeasured by anorectalmanometry.Weobserved some cor-
relation between abdominal symptoms and anorectal sensa-
tion with the placement of rectal tube, while abdominal pain
also correlated with RAIR with the placement of sham tube.
In addition, we found a negative correlation between bloating
and resting anal pressure with the placement of sham tube.

Previous studies have demonstrated that insertion of
rectal tube at the conclusion of colonoscopy significantly
improves abdominal symptoms and satisfaction with the
procedure [7]. However, other studies did not observe ben-
eficial effect in improving abdominal symptoms at the end of
colonoscopy or 24 to 48 hours later [8].Thediscrepancy in the

findings among these studies can be explained by the fact that
the rectal tubemay decompress air in the rectum and sigmoid
colon, which may not be adequate to reduce abdominal
discomfort because most of the insufflated air may localize
proximal to the sigmoid colon. Therefore, other studies
with total decompression failed to find any improvement in
abdominal symptoms after colonoscopy [9]. Other factors
such as previous abdominal surgerywith adhesion, technique
difficulty, and high-pressure insufflations could not be elim-
inated simply with the decompression by the placement of
rectal tube. In contrast to the assumption that insufflated air
may present in the entire colon by the colonoscopy, the air we
inflated is confined to rectum and sigmoid colon as we per-
formed rectal distension only using a colonoscope with its tip
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Figure 3: Association between abdominal symptoms and anorectalmanometry after sham tube treatment. Baseline abdominal pain correlates
positively with RAIR (𝑟 = 0.57, 𝑃 = 0.03) (a). Anal resting pressure correlates negatively with baseline bloating (𝑟 = −0.85, 𝑃 < 0.001) and
bloating at 1min (𝑟 = −0.52, 𝑃 < 0.05) (b). Values are expressed as mean ± SEM. Line represents the mean value.

Table 2: Anorectal function in all subjects after decompression.

Variable Rectal tube Sham tube
Threshold volume (mL)

First sensation 55.5 (5.4) 52.3 (4.3)
Urge 120.6 (8.3) 114.7 (7.7)
Maximal 165.5 (9.9) 170.0 (10.0)
RAIR 20.7 (1.8) 20.0 (1.4)

Anal sphincter pressure (mmHg)
Resting 42.0 (4.2) 37.4 (3.1)
Maximal 163.8 (28.1) 156.1 (25.0)
Sustained squeeze 204.7 (27.5) 192.5 (23.9)

Length of anal sphincter (mL) 1.9 (0.4) 2.0 (0.4)
Compliance (mL/mmHg)∗ 11.2 (3.0) 4.0 (0.6)
Data are expressed as mean (SEM); ∗𝑃 < 0.05.

placed near the rectosigmoid portion.Therefore, it is conceiv-
able that we showed a significant improvement in abdominal
pain and bloating with the placement of rectal tube.

In our study, abdominal symptoms were also improved
by sham rectal tube. The actual explanation for such finding
is unclear. However, it may be related to the phenomenon
of “placebo effect” in which expectation of improvement can
recruit common neurocircuitry along with brain processing
[10]. Placebo reduction of affective responses to unpleasant
stimuli is often underpinned by a decrease in central sensory
processing [11]. The theoretical aspect of such explanation
may be confirmed by functional neuroimaging studies which
are beyond the scope of current work and hypothesis.

The mechanism through which rectal sensation, that is,
first or urge sensation by anorectal manometry, links to

abdominal symptoms of rectal distension in those subjects
is yet unclear. It is well acknowledged that the rectum can
perceive different types of stimuli via both thin myelinated
A𝛿 and unmyelinated C fibers in the rectal mucosa [12, 13].
In addition, rectal sensation can be activated, possibly evoked
by stimulation of mechanoreceptors within the rectal wall
and/or pelvic floor [14], which are stimulated by stretch-
induced relaxation of the circular smooth muscle. Therefore,
it has been indicated that a sensation of fullness, desire, or
urgency to defecate can be consciously perceived depending
on the degree of stretch relaxation [15]. Because feelings
of abdominal symptoms during rectal distension as well
as sensation for urge are related to conscious perception,
it is probable that the afferent process for both stimuli
is mediated by extrinsic rectal afferents (sympathetic and
parasympathetic), conveying sensory information to higher
brain center [16, 17]. The notion might also apply to the
finding that abdominal pain correlates to RAIR, which is
rectal distension threshold for the relaxation of the internal
anal sphincter.

The reason why rectal compliance was greater with
rectal tube than with sham tube is unclear. Decreased rectal
compliance has been reported to be associated with rectal
inflammation or increased rectal muscle tone and spasm
[18]. Since rectal compliance is a measurement of “pressure-
volume” relationship, it is likely that greater gas distension in
the rectum with sham tube may impede expansion of rectal
balloon for the measurement of rectal compliance.

In our study, we found a negative correlation between
bloating and resting anal sphincter pressure. Resting pres-
sures reflect the tonic activities of both the internal anal
sphincter and the external anal sphincter, and approximately
75%–85% of the resting anal sphincter pressure is derived
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from the internal anal sphincter [19]. The actual explanation
for the correlation between abdominal symptom and resting
anal sphincter pressure is unclear. It is likely that lower
resting anal sphincter pressure may allow easier passage of
air through anal sphincter, by which bloating sensation is
relieved quickly. However, further work needs to confirm this
speculation.

In conclusion, we have shown that abdominal symptoms
were significantly decreased by rectal decompression regard-
less of the type of rectal tube used (including sham tube).
Despite the findings of the difference in rectal compliance
and relationships among abdominal symptoms and anorectal
parameters, most data of anorectal manometry were com-
parable between rectal and sham tubes. Our work indicates
that the mechanisms by which abdominal symptoms get
improved following rectal distension are more likely to be
mediated by a central pathway rather than a peripheralmech-
anism.Therefore, a placebo effect in the modulation or atten-
uation of abdominal symptoms cannot be excluded.However,
this notion needs to be confirmed by future studies with
regard to the role of brain-gut interactions in the modulation
of abdominal symptoms subsequent to rectal distension.
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Background and Aims. Although the differential expression of microRNA (miRNA) genes has been identified in many diseases,
little information exists concerning the miRNA expression profile in type 2 diabetes mellitus (T2DM) with diarrhea-predominant
irritable bowel syndrome (D-IBS). Therefore, the specific expression of miRNAs in diabetes with D-IBS is identified in the study.
Materials and Methods. 201 patients with IBS and 220 matched healthy controls were included in the study. Microarray technology
and real-time reverse transcriptase-polymerase chain reaction analysis (RT-PCR) were taken to examine the miRNA expression
profiles of T2DM patients with diarrhea-predominant irritable bowel syndrome (D-IBS) compared with patients with T2DM,
patients with D-IBS, and control subjects. Results. We have found that 35 miRNAs were differentially expressed in T2DM with D-
IBS, in which three representative miRNAs, hsa-miR-106b, hsa-miR-26a, and hsa-miR-29b, were found to be significantly elevated
in T2DM with D-IBS by RT-PCR. Conclusions. Our study has indicated that hsa-miR-106b, hsa-miR-26a, and hsa-miR-29b were
elevated in T2DM with D-IBS, which may be the potential biomarkers of T2DM with D-IBS. To obtain a better understanding of
the biological functions of these miRNAs in T2DM with D-IBS, functional annotation analysis suggested that the MAPK pathway
may be responsible for T2DM with D-IBS.

1. Introduction

Irritable bowel syndrome (IBS) is a common gastrointestinal
(GI) disorder that is characterized by chronic abdominal
pain and changes in bowel habits, including the frequent
occurrence of diarrhea (D-IBS), constipation (C-IBS), or a
combination of both (M-IBS) [1, 2]. Recent studies have
reported that approximately 10–20% of adults in Western
countries have IBS symptoms, and similar prevalence has
been reported in Asia [3–5]. IBS is not a fatal disease, but it
greatly reduces quality of life [6, 7].

Diabetes mellitus (DM) is a group of metabolic diseases
which are characterized by hyperglycemia, resulting from
defects in insulin secretion, insulin action, or both [8]. The
chronic hyperglycemia of diabetes is associated with long-
term damage, dysfunction, and failure of various organs
[9]. Previous studies indicate that approximately 70–75% of

diabetic patients have a least one gastrointestinal symptom
[10, 11]. Besides, the frequency of prediabetes in patients with
irritable bowel syndromewas higher than that in thematched
controls [12]. Glucose control and IBS are closely linked to
each other. On one hand, hyperglycemia is known to impair
gastric and small intestinal motility, possibly through vagal-
cholinergic neural inhibition or by altering serum osmolality
and gastrointestinal peptide secretion [13]. On the other
hand, gastrointestinal motility disorders, such as IBS, may
give rise to postprandial glycemic dysregulation.

miRNAs are endogenously expressed, evolutionarily con-
served, small single-stranded noncoding RNAs of approxi-
mately 22 nucleotides in length which fine-tune gene expres-
sion [14] and have piqued interest as diagnostic biomarkers,
indicators of etiology, and potential therapeutic targets [15].
Since their discovery in the nematode Caenorhabditis elegans
in 1993 [16], thousands of miRNAs have been identified [17].
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miR-29 is routinely examined in the study of type 2 diabetes
mellitus (T2DM) [18, 19] and IBS [20, 21]. MicroRNA-26a
regulates insulin sensitivity and the metabolism of glucose
and lipids [22], and microRNA-106b is reported to correlate
closely with skeletal muscle insulin resistance and T2DM
[23], but there are little studies of T2DMwithD-IBS that have
focused on miRNA expression.

Most studies of gene expression in IBS and T2DM focus
on intestinal gene expression; these require invasive sampling
of the biopsies. The purpose of this preliminary investigation
was to examine circulating miRNA expression as a less
invasivemeasure of molecular dysregulation and conduct the
correlative analysis in T2DM with D-IBS.

2. Materials and Methods

2.1. Study Subjects. The subjects of the study were two hun-
dred and one patients with IBS (age: 18–75 years) who were
diagnosed according to Rome III criteria without organic
disease [24]. During the introductory session, participants
underwent (1) physical examination, (2) lactulose breath test
for bacterial overgrowth, and (3) blood draw for tissue transg-
lutaminase antibody to rule out coeliac sprue, and those who
had IBS symptoms for at least 1 year were recruited for this
study. The control group included 220 healthy individuals
who were matched to cases based on age, sex, and body
mass index (BMI). We excluded all cases and controls with
T2DM that were based on the results of the oral glucose
tolerance test. The main characteristics of all participants are
described in Table 1. The study was approved by the Ethics
Committee of Affiliated Hospital to Yangzhou University
(Jiangsu, China), and written informed consent was obtained
from each subject.

2.2. Sample Collection, Isolation of Plasma, and RNA Extrac-
tion. Venous blood samples (5mL) from all participants
were collected by standard venipuncture in Kangjian� tubes
containing EDTA and immediately centrifuged at 3000×g for
30min at room temperature, and the supernatants were then
centrifuged at 13000×g for 5min at 4∘C. The supernatants
from each subject were stored at −80∘C until they were
prepared for analysis for cell-free miRNA expression. Total
RNA was extracted from the plasma using a mirVana� RNA
isolation Kit (Ambion, Austin, TEXAS, USA) in accordance
with the manufacturer’s protocol. The purity and the con-
centration of RNA samples were determined using a Nan-
oDrop ND-2000 Spectrophotometer (NanoDrop Products,
Wilmington,DE,USA), and their integrity was assessed by an
Agilent Bioanalyzer 2100 (Agilent Technologies, Santa Clara,
CA). RNA samples that were free of protein and phenol and
presented an RNA integrity number ≥ 7.0 were considered for
microarray analysis.

2.3. MicroRNA Microarray Analysis. Three patients were
selected randomly from each group for microRNA microar-
ray analysis. Plasma microRNA profiling was performed
using a Human miRNA Microarray kit, 8 × 60K (based on
Sanger miRbase release 19.0, Design ID: 046064, Agilent

Table 1: Characteristics of IBS and healthy subjects.

IBS (𝑛 = 201) Control (𝑛 = 220) 𝑝 value
Age 40.7 ± 6.2 39.2 ± 7.3 𝑝 > 0.05

Sex (% woman) 63.7 58.2 𝑝 > 0.05

BMI 24.6 ± 2.1 24.8 ± 2.3 𝑝 > 0.05

D-IBS (%) 63.7% — —
C-IBS (%) 36.3% — —
Fasting blood
glucose (mmol/L) 6.84 ± 1.15 5.4 ± 1.06 𝑝 < 0.05

Technologies, SantaClara, CA).ThemiRNAComplete Label-
ing and Hyb. Kit (Agilent Technologies, Santa Clara, CA)
was used for labeling and hybridization of 100 ng of total
RNA, according to the manufacturer’s instructions. Briefly,
total RNAs were dephosphorylated using calf intestinal phos-
phatase, denatured using dimethylsulfoxide (DMSO), and
then labeled with Cyanine 3-CTP using T4 RNA ligase for 2 h
at 16∘C and then at 55∘C in a hybridization oven for 20min.
After purification, the labeled RNAswere hybridized onto the
microarray. After washing, the arrays were scanned with an
Agilent Scanner G2505C (Agilent Technologies, Santa Clara,
CA).

2.4. Quantitative Real-Time PCR. The levels of miRNAs were
detected by real-time reverse transcriptase-polymerase chain
reaction analysis.The cDNAwas generated using a FastQuant
RT kit (with gDNase) (TIANGEN Biotech, Beijing, China).
The transcribed cDNA was diluted 50 times with DNase-free
water, and real-time quantitative RT-PCR (qRT-PCR) was
performed using a 7500 Real-Time PCR System (Ambion,
Austin, Texas). The determined threshold cycle (CT) was
normalized with U6 as an endogenous control, and the
relative amounts of miRNAs expression in different groups
were determined using a comparative CT method. The
primers used were listed in Table 2.

2.5. Microarray Analysis. Feature Extraction software (ver-
sion 10.7.1.1, Agilent Technologies) was used to obtain raw
data and analyze the array images. GeneSpring software (ver-
sion 12.5, Agilent Technologies) was employed to complete
the basic analysis with the raw data. And the raw data were
normalized using the quantile-filling algorithm. The probes
with at least 100.0 percent of samples in any 1 of 2 conditions
were flagged as “detected” and were chosen for further data
analysis. Differentially expressed miRNAs were identified by
fold changes as well as by 𝑝 values that were calculated by 𝑡-
test.The threshold that was set for upregulated and downreg-
ulated genes was a fold change ≥ 2.0 and a 𝑝 value ≤ 0.05.
The target genes of differentially expressed miRNAs were
predicted by three databases (TargetScan, microRNA.org,
and PITA). GO and KEGG analyses were applied to deter-
mine the effect of these target genes. Hierarchical clustering
was performed to demonstrate the distinguishable miRNA
expression patterns among the samples.
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Table 2: Primer sequences for the real-time RT-PCR for miRNAs and U6.

Gene name Primer Sequence (5>3)

miR-106b Forward primer CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGATCTGCA
Reverse primer ACTGCTAAAGTGCTGACAGTGCA

miR-26a Forward primer CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGCCTAT
Reverse primer ACTGCTTCAAGTAATCCAGGATA

miR-29b Forward primer CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACACTG
Reverse primer ACTGCTAGCACCATTTGAAATCA

U6 Forward primer CTCGCTTCGGCAGCACA
Reverse primer AACGCTTCACGAATTTGCGT

2.6. Statistical Analysis. All values are expressed as the
mean ± SD. All experiments were repeated at least three
times. Statistical differences between two groups were deter-
mined using Student’s 𝑡-test. Two-way analysis of variance
(ANOVA) with general linear model procedures using a
univariate approach was applied for more than two groups.
𝑝 value < 0.05 was considered statistically significant.

3. Results

3.1. Demographic and Clinical Data. The 201 patients in the
IBS group were composed of 128 (63.7%) females and 73
(36.3%) males, whereas the 220 controls were composed of
128 (58.2%) females and 92 (41.8%) males (Table 1). The
IBS group consisted of 134 D-IBS and 67 C-IBS patients.
The IBS group was not significantly different in terms of
age, sex, and BMI compared to healthy controls. The clinical
characteristics of each patient group are listed in Table 1.
Fasting blood glucose was significantly higher in IBS patients
compared to healthy subjects (Table 1).

3.2. Distinct miRNA Expression Signatures in Plasma from
T2DM with D-IBS Patients. We compared the miRNA
expression profiles of the plasma from three T2DM patients
with D-IBS, three T2DM patients, and three D-IBS patients
with those of three matched subjects by performing miRNA
microarray experiments. A total of 91 unique probes exhib-
ited significant differences (𝑝 value ≤ 0.05 and FC ≥ 2.0)
in expression levels between the T2DM patients and the
control group, and 245 unique probes exhibited significant
differences between the IBS-D and the control groups. Thus,
compared with the control group, 314 probes exhibited
difference when used in T2DM with D-IBS. Among the
expressional expression of miRNAs in three groups, only
35 were identified which significantly expressed miRNAs
in T2DM with D-IBS compared with D-IBS and T2DM,
including hsa-miR-106b, hsa-miR-26a, and hsa-miR-29b, and
also passed the area under roc curve (AUC) threshold of 0.90,
ranging from 0.90 to 1.00. The values for fold changes and
𝑝 for each of the 35 microRNAs are presented in Table 3.
Then, the results were visualized by performing hierarchical
clustering analysis (Pearson uncentered distance metric with
average linkage) using the normalized expression values of
those miRNAs. It can be seen that the miRNAs possess a
discriminatory power that can distinguish T2DM patients

Table 3: Differentially expressed miRNAs in T2DM with D-IBS
compared with D-IBS and T2DM.

Systematic name Fold change Regulation 𝑝 value
hsa-let-7d-3p 5.77 Down 0.007
hsa-miR-106b-5p 105.47 Up 1.15𝐸 − 04

hsa-miR-122-5p 34.07 Up 0.019
hsa-miR-1260a 8.43 Down 0.003
hsa-miR-144-3p 7.75 Down 0.048
hsa-miR-146a-5p 13.22 Down 4.79𝐸 − 05

hsa-miR-148b-3p 6.32 Up 0.002
hsa-miR-151a-3p 32.78 Down 6.53𝐸 − 04

hsa-miR-1587 125.56 Down 0.013
hsa-miR-19b-3p 191.08 Up 1.17𝐸 − 04

hsa-miR-2116-3p 5.50 Down 4.24𝐸 − 04

hsa-miR-221-3p 9.43 Down 1.73𝐸 − 04

hsa-miR-26a-5p 140.31 Up 5.04𝐸 − 05

hsa-miR-29b-3p 4.75 Up 0.003
hsa-miR-301a-3p 6.63 Down 0.003
hsa-miR-30a-5p 9.75 Down 8.94𝐸 − 04

hsa-miR-30d-5p 9.76 Down 0.030
hsa-miR-3135b 42.63 Down 0.006
hsa-miR-320d 82.36 Down 0.015
hsa-miR-320e 89.08 Down 0.015
hsa-miR-324-3p 63.32 Down 5.55𝐸 − 05

hsa-miR-338-3p 14.23 Down 0.004
hsa-miR-361-5p 4.36 Down 2.12𝐸 − 04

hsa-miR-3620-3p 17.72 Down 6.35𝐸 − 04

hsa-miR-3676-5p 9.16 Down 8.72𝐸 − 05

hsa-miR-409-3p 19.17 Down 0.011
hsa-miR-4286 5.81 Down 0.003
hsa-miR-4428 7.95 Down 0.002
hsa-miR-4454 6.48 Down 0.007
hsa-miR-4664-3p 309.25 Down 4.92𝐸 − 05

hsa-miR-4785 6.14 Down 4.12𝐸 − 04

hsa-miR-486-3p 10.52 Down 0.004
hsa-miR-5100 3.81 Down 0.007
hsa-miR-572 7.85 Up 1.22𝐸 − 04

hsa-miR-92a-3p 96.30 Down 0.048

with D-IBS from patients with D-IBS, patients with T2DM,
and healthy individuals, as all patients were clustered together
and were separated from the control subjects (Figure 1).
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Figure 1: Clustering and principle component analysis of 35 miRNAs with significantly different expression values (𝑝 value < 0.05; FC ≥ 2).
Unsupervised hierarchical clustering analysis of 35 miRNAs with significantly different expression values in T2DM with D-IBS (A), T2DM
(B), and D-IBS (C) compared with the matched samples (D). One through three represent three different patients for each group. The color
key under the heat map represents the different expression levels. Expression levels of miRNAs are shown in red (upregulated) and green
(downregulated), with brighter shades indicating higher fold differences.

3.3. Differential Expression of hsa-miR-106b, hsa-miR-26a,
and hsa-miR-29b in T2DM with D-IBS. After analysis of the
microRNAmicroarray results, three importantmiRNAs, hsa-
miR-106b, hsa-miR-26a, and hsa-miR-29b, were confirmed
by real-time reverse transcriptase-polymerase chain reaction
analysis. A total of 72 plasma samples were obtained from
T2DM with D-IBS, T2DM, D-IBS, and normal healthy con-
trol subjects. We performed quantitative real-time PCR on
the total RNAs that were isolated from these plasma samples.
We found that the expression of hsa-miR-106b, hsa-miR-26a,
and hsa-miR-29b was significantly elevated in T2DM with
D-IBS, T2DM, and D-IBS compared to the control subjects
(Figures 2(a), 2(b), and 2(c)). However, the levels of hsa-
miR-106b, hsa-miR-26a, and hsa-miR-29b expression were
significantly different in T2DM with D-IBS compared to
either T2DM or D-IBS (𝑝 < 0.05) (Figure 2).

3.4. Prediction of the Targets of the Above-Mentioned Three
miRNAs and Biological Significance and Pathway Analyses
of the miRNA Targets. To extend our knowledge of the
regulatory information network (RIN) that is associated with
hsa-miR-106b, hsa-miR-26a, and hsa-miR-29b, we utilized
the existing publicly available database GeneSpring 12.5 to
predict the potential targets. Validated target genes were
automatically obtained from the microRNA.org, PITA, and
TargetScan repositories. We then selected the predicted
common expression target genes from three databases and

chose the top 10 term targets to create the mRNA-miRNA
interaction network and then visualized the data using
Cytoscape (Figure 3).

To obtain a better understanding of the biological func-
tions of the three representative miRNAs in T2DM with D-
IBS, GO analysis of the miRNA target genes was performed
to describe the biological processes of these genes. As a
result, 12 GO categories were found to be associated with
T2DM with D-IBS (𝑝 ≤ 0.05). Among them, most of the
biological processes in the whole gene set were associated
with the regulation of transcription (DNA-dependent), signal
transduction, multicellular organismal development, tran-
scription (DNA-dependent), transmembrane transport, and
positive regulation of transcriptionwith the RNApolymerase
II promoter (Figure 4(a)). Other GO terms of relevance
were cancer adhesion and apoptosis. Taken together, the
computational analysis of the validated mRNA targets for
the three miRNA signatures and their associated GO terms
suggested that T2DM with D-IBS is a consequence of DNA-
dependent transcription and signal transduction.

In addition, the enrichment of the KEGG pathways in the
target gene set was also assessed using a right-sided hypergeo-
metric statistical analysis, which provides a𝑝 value for further
correction using a Bonferroni step-down method. Using a 𝑝
value cutoff of less than 0.05, pathways in cancer, MAPK sig-
naling, Wnt signaling, calcium signaling, chemokine signal-
ing, insulin signaling and neurotrophin signaling, regulation
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Figure 2: Box plots showing the differential expression of (a) hsa-miR-106b, (b) hsa-miR-26a, and (c) hsa-miR-29b in healthy controls and
in patients with T2DM, D-IBS, and T2DM with D-IBS. ∗∗𝑝 < 0.01 versus control; ##𝑝 < 0.01 and #

𝑝 < 0.05 versus T2DM; ◼◼𝑝 < 0.01 and
◼

𝑝 < 0.05 versus D-IBS.

of actin cytoskeleton, focal adhesion, endocytosis, protein
processing in the endoplasmic reticulum, and axon guidance
were the significantly enrichedKEGGsignaling pathways and
were involved in T2DM with D-IBS (Figure 4(b)).

4. Discussion

We observed increased prevalence of T2DM in patients with
IBS, which has seldom been reported [12]. Most studies of
miRNAs in IBS focus on biopsies, which require invasive
sampling of the small intestinal/colonic mucosa [21]. A
similar situation also exists in diabetes [25]. Because the
exact reason of T2DM with D-IBS remains unclear, the
detection of novel biomarkers and their potential implica-
tions in the etiology of this disease may contribute to a
better understanding of the mechanisms of the disease. In
addition, it is advantageous in clinical practice, enabling
more adequate management and an even earlier diagnosis,
ultimately enhancing the quality of life. miRNAs are known
to be implicated in a series of biological processes [26,
27], and their abnormal expression has been described in
many metabolic and dysfunction diseases, including T2DM

and IBS. Recently, the discovery of circulating fetal nucleic
acids in maternal plasma [28] and of circulating extracel-
lular miRNAs in the plasma of cancer patients [29, 30]
has suggested a broad opportunity for the development of
circulating miRNAs as blood-based markers for use in non-
invasive molecular diagnostics. Therefore, plasma miRNA-
based biomarkersmay allow the comprehensive investigation
of T2DM with D-IBS.

Few studies have assessed the miRNA expression dis-
played by diabetes and/or IBS patients relative to matched
subjects. Zhou performed microvesicle-miRNA profiling on
a subset of IBS patients with diarrhea and increased intestinal
permeability which revealed upregulation of miR-29 [20].
Additionally, miR-29 is an important regulatory factor in
normal metabolism and may represent a novel therapeutic
target in metabolic syndromes [31, 32]. These studies also
demonstrated the upregulation of hsa-miR-29b in T2DM
and D-IBS. Similarly, miR-29b, a member of the miR-29
family, was found to be upregulated in the current work.
Furthermore, in agreement with our results, global or liver-
specific overexpression of miR-26a in mice fed high-fat diet
improved insulin sensitivity and decreased hepatic glucose
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Figure 3: Prediction of mRNA targets regulated by the 3 miRNA signatures. The network includes two types of nodes, the miRNAs (purple
arrow) and their predicted mRNA targets (green circle), based on miRTarBase, MicroCosm, and TargetScan databases. We selected the top
10 term targets to create the mRNA-miRNA interaction network and then visualized the data using Cytoscape.

production and fatty acid synthesis, thereby preventing
obesity-induced metabolic complications [22]. MicroRNA-
106b induces mitochondrial dysfunction and insulin resis-
tance in C2C12 myotubes by targeting mitofusin-2 [23].
However, this parameterwas not decreased in theT2DMwith
D-IBS. The expression levels of hsa-miR-106b, hsa-miR-26a,
and hsa-miR-29b were significantly elevated in T2DM with
D-IBS, T2DM, and D-IBS compared to the control subjects,
and the levels of hsa-miR-106b, hsa-miR-26a, and hsa-miR-
29b expressions were significantly different in T2DM with
D-IBS compared to either T2DM or D-IBS. In accordance
with our findings, a decreased level of miR-146 expression
in peripheral blood mononuclear cells is correlated with
ongoing islet autoimmunity in patients with type 1 diabetes
[33]. A significantly lower level of expression of miR-30
family microRNAs confers an epithelial phenotype to human
pancreatic cells during the mesenchymal transition [34],
while in the present study, we also observed downregula-
tion of this miRNA in plasma from T2DM with D-IBS.
None of the other differentially modulated miRNAs that
were detected in our work have been reported previously
in any other studies that compared T2DM with D-IBS to
healthy individuals. Hence, in addition to confirming the
findings of miRNAs with significantly abnormal expression
in patients suffering from T2DM with D-IBS, we iden-
tified novel dysregulated miRNAs in T2DM with D-IBS
relative to the control subjects. In summary, our findings
identified three miRNA species, hsa-miR-106b, hsa-miR-26a,
and hsa-miR-29b, which are differentially expressed in the
peripheral circulation of patients suffering from T2DM with
D-IBS.

The integrated results of the GO analysis of three
miRNAs (hsa-miR-106b, hsa-miR-26a, and hsa-miR-29b)

suggested that transcription [regulation of transcription
(DNA-dependent), transcription (DNA-dependent), and
positive regulation of transcription by the RNA polymerase
II promoter] and signal pathways (signal transduction,
transmembrane transport, and protein phosphorylation) are
the most important GO terms related to the aggression of
T2DM with D-IBS. The results were confirmed by GO map
analysis, which can systemically construct the interaction
network of the significant GO terms. In addition, in the
present study, we discovered that the target genes in this
RIN of KEGG were mainly involved in pathways in MAPK
signaling. In some studies, a higher occurrence of functional
bowel symptoms was observed in patients with diabetes
compared with control groups, and autonomic dysfunction
was hypothesized to explain this observation [35]. Those
results suggested the pathogenesis of T2DMwith D-IBS to be
related to the MAPK signaling pathway. Glucose intolerance
in MKP5-deficient mice is accompanied by a significant
increase of visceral adipose weight, reduced AKT activation,
enhanced p38 activity, and increased inflammation in
visceral adipose tissue when compared with wild-type (WT)
mice [36]. The significantly aberrant MAPK signaling and
the differential expressive levels of the MAPK14 gene in both
insulin-sensitive tissues suggested a common role of the
p38-MAPK-dependent mechanism in the pathophysiology
of T2DM [37]. Zhou et al. examined the expression ofmiR-29
and demonstrated that it was higher than that in the control
group, which reduced expression of CLDN1 and NKRF to
increase intestinal permeability [21]. Binion examined the
effect of curcumin and MAPK inhibitors on COX-2 gene
expression and angiogenesis in HIMECs following VEGF
stimulation and showed that COX-2 plays a vital role in
VEGF-induced angiogenesis via MAPKs and that curcumin
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Figure 4: Functional annotation analysis of 3 miRNAs. GO analysis of biological process (a) and KEGG pathway functional annotation (b)
of the differentially expressed miRNA (AUC values ≥ 0.90) predicted targets. Enrichment scores corresponding to each catalogue provided
by the DAVID annotation tool are displayed as −log 𝑝 values.

blocks both COX-2 expression and angiogenesis which are
induced by VEGF [38]. Additionally, diabetes was common
in patients with D-IBS, which suggested that the MAPK
pathway might be responsible for the progression to T2DM
in patients with D-IBS.

In conclusion, the current study identified a set of 35
differentially expressed miRNAs that bear the potential to
be molecular markers of T2DM with D-IBS, as they clearly
discriminated T2DM with D-IBS from healthy subjects.
Furthermore, our findings identified three miRNA species,
hsa-miR-106b, hsa-miR-26a, and hsa-miR-29b, which are dif-
ferentially expressed in the peripheral circulation of patients
suffering fromT2DMwithD-IBS and are among themiRNAs
that are implicated in the MAKP signaling pathway. Further
research will reveal the specific roles of hsa-miR-106b, hsa-
miR-26a, and hsa-miR-29b in this pathway and whether they
could be developed as biomarkers and/or therapeutic targets
in T2DM with D-IBS.
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This study was to investigate the association of psychological characteristics and functional dyspepsia treatment outcome. 109
patients who met the criteria for FD were enrolled. Eysenck Personality Questionnaire (EPQ), Symptom Checklist 90 (SCL90),
and the Pittsburgh Sleep Quality Index (PSQI) were used to measure personality, psychological symptoms, and sleep quality in
our patients. Leeds Dyspepsia Questionnaire (LDQ) was used to assess dyspeptic symptoms at baseline and after eight weeks of
treatment.The LDQ scores change after therapy, and the degraded rate of LDQwas used to assess the prognosis of patients. Logistic
regression model was used to assess the effect of the personality, psychological symptoms, and sleep quality on the prognosis of
patients. Our result revealed that poor sleep quality (OR = 7.68, 95% CI 1.83–32.25) and bad marriage status (OR = 1.22, 95% CI
1.10–1.36) had the negative effect on the prognosis of FD, while extroversion in personality traits (OR = 0.86, 95% CI 0.76–0.96)
had positive effect on the prognosis of FD. We should pay attention to the sleep quality, the personality, and the marriage status of
FD patients; psychological intervention may have benefit in refractory FD.

1. Introduction

Functional dyspepsia (FD) is a clinical disorder present with
persistent or recurrent abdominal discomfort or pain located
in the upper abdomen with unknown responsible structural
lesions [1]. Recent studies indicated a heterogeneity of this
disorder whose specific clinical symptom patterns could be
related to varied gastric pathophysiological mechanisms [2].
Gastric motility determined by delayed gastric emptying or
impaired accommodation and visceral hypersensitivity deter-
mined by abnormal sensitivity to gastric balloon distension
have been suggested to be responsible for the dyspeptic
symptoms involved in FD. Psychological factors have also
been associated with FD. Clinical observations suggested a
higher anxiety level and stress experienced in FD patients
with a positive correlation to the disease severity [3]. Up
to 87% of patients with FD had a psychiatric diagnosis in

a clinic study [4]. Personality trait estimation revealed higher
neuroticism score by Eysenck Personality Questionnaire [5].
Clinical data even pointed out a disordered sleep reported
from patients with FD [6].

Previous literature posed several possible explanations for
the association between psychological state and FD which
could be grouped into two major categories: psychological
state leads to FD; FD influences psychological state. For the
former, it was thought that the psychological factors induced
the onset of FD or FD was just the clinical presentation of the
abnormal psychological difficulties [7]. The latter, however,
centered on the influence of FD on psychological state or
these psychological difficulties were secondary to the chronic
symptoms of FD. Lately, some investigators tried to use the
“Brain-Gut Axis” (BGA) to explain the link between psy-
chological state and FD. This idea is a rough neurobiological
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framework for reciprocal connections between the brain and
the gastrointestinal tract [8]. Current explanations are still at
hypothesis stage and need more research for confirmation.

Though many clinical observations of psychological fac-
tors and FD have been carried out worldwide, few have been
done in China. It is said that culture in China is different from
other countries and the evidences from western countries
may be not appropriate in China. In this study, we investi-
gated Chinese patients diagnosed with FD in our center. We
characterized their personality traits and sleep quality and
depression and anxiety levels. Further analysis grouped these
patients into two groups based on the response to anti-FD
treatment and compared psychological traits between them.
We assume that the severity of psychological problems (poor
sleep quality, personality, and psychological symptoms) is
correlated with the response to treatments of FD.

2. Materials and Methods

2.1. Patient Sample. 109 patients diagnosed with FD during
June 2014 and December 2014 were enrolled. All patients
presented to the outpatient clinic of the Gastroenterology
Department at the Second Affiliated Hospital of Zhejiang
University School of Medicine. Detailed information of
patients was got from clinical medical records and question-
naire. Inclusion criteria were as follows: (1) having fulfilled
Rome III criteria for FD [9]; (2) the fact that presence of FD
must be for at least 12 weeks during the last 6months: severity
of FD must be above moderate with the Leeds Dyspepsia
Questionnaire (LDQ) [10] score more than 8; (3) the absence
of organic, systemic, or metabolic disease; and (4) being
negative in Helicobacter pylori infection. Exclusion criteria
were as follows: (1) presence of esophagitis, gastric atrophy,
erosive gastroduodenal lesions on endoscopy, heartburn as a
predominant symptom, a history of peptic ulcer, and major
abdominal surgery and (2) the use of nonsteroidal anti-
inflammatory drugs, steroids, or drugs affecting gastric acid
secretion.

All the subjects were acquainted in detail with the study
procedure and they all signed a written consent form. The
study was approved by the Ethic Committee of the Second
AffiliatedHospital of ZhejiangUniversity School ofMedicine.
All the subjects underwent psychological examinationswhich
included psychological evaluation by a specialist of psychia-
try. Treatment focused on themost bothersome symptoms for
eight weeks, thus a prokinetic (i.e., domperidone) or antise-
cretory agent (i.e., esomeprazole) was prescribed in standard
dose. Treatment could also include herbal preparation.

2.2. Questionnaires. Self-report questionnaires were used to
collect the information of FD patients. Eysenck Personality
Questionnaire (EPQ), Symptom Checklist 90 (SCL90), and
the Pittsburgh Sleep Quality Index (PSQI) were used to mea-
sure personality, psychological symptoms, and sleep quality
in our patients. We used the LDQ to assess FD symptoms at
baseline and after eight weeks of treatment.

EPQ [11] included three dimensions: extroversion (𝐸),
neuroticism (𝑁), and psychoticism (𝑃).𝐸 scores range from0
to 21, where the high score suggests the outgoing personality;

𝑃 scores range from 0 to 20, where the high score indicates
stubborn personality;𝑁 scores range from 0 to 24, where the
high score suggests neurotic personality. EPQhas beenwidely
used in China and has been proved validated [12].

SCL90 [13] includes nine factors, which are psychotic
somatization (F1), obsessive-compulsive symptoms (F2),
interpersonal sensitivity (F3), depression (F4), anxiety (F5),
hostility (F6), terror (F7), phobic anxiety (F8), and psychoti-
cism (F9).The item of the scale is assessed in reference to how
muchdiscomfort there is of the particular problemduring the
past 7 days. The scale accessed the psychological symptoms
of the FD patients. SCL90 has good reliability and validity in
Chinese population [14].

PSQI [15] is a self-rated questionnaire which assesses
sleep quality and disturbances over a 1-month time interval;
it is made up of seven aspects: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep distur-
bances, use of sleepingmedication, and daytime dysfunction.
The sum of scores for these seven components yields one
global score, the total scores range from0 to 21, and the higher
score stands for poorer sleeping quality. Chinese version of
PSQI has been proved validated in previous study [16].

We used the LDQ to assess dyspeptic symptoms at base-
line and after eight weeks of treatment. The scale measures
eight dyspepsia symptoms with six grades each (where a
grade of 0 indicates not present, 1 indicates very mild, 2
indicates mild, 3 indicates moderate, 4 indicates severe, and
5 indicates very severe); a summary score with a range of 0
to 40 represents the severity of dyspepsia. It contains epigas-
tric pain, retrosternal pain, regurgitation, nausea, vomiting,
belching, early satiety, and dysphagia; those that did not have
dyspepsia according to questions 1–5 scored 0. LDQ scores
1–4 were classified as very mild dyspepsia, scores 5–8 were
classified as mild dyspepsia, scores 9–15 were classified as
moderate dyspepsia, and scores >15 were classified as severe
or very severe dyspepsia. We then grouped our patients
into two groups according to the LDQ scores change after
therapy, and the degraded rate of LDQ ((the LDQ score
before treatment − the LDQ score after treatment)/the LDQ
score before treatment) was used to assess the prognosis
of patients. The patients with degraded rate of LDQ more
than 50% were classified into improvement group, while the
individuals with degraded rate of LDQ less than 50% were
classified into nonimprovement group. The Chinese version
of LDQ is validated used in Chinese study [17].

2.3. Statistical Analysis. All data are described by means ±
standard deviation (SD) and percentages. Two groups of
numerical variables were compared by 𝑡-test, and classi-
fication variables were compared by 𝜒2-test. Multivariate
nonconditional logistic regression model was used to screen
the significant factors. The prognosis of patients (classified
into improvement and nonimprovement) was set as depen-
dent variable and demographic variables and psychological
variables were set as independent variables. The multivariate
model included variables that had statistical significance in
univariate analysis, and stepwise method was used in regres-
sion. Statistical significance was considered with 𝑃 < 0.05.
All statistical analysis was conducted by SPSS version 18.0.
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Table 1: Demographic characteristics of Chinese FD patients.

Improvement (𝑁 = 57)
Mean ± SD/n (%)

Nonimprovement (𝑁 = 52)
Mean ± SD/n (%) 𝑡/𝜒

2
𝑃 value

Age (years) 47.14 ± 11.79 47.82 ± 11.11 −0.30 0.763
Gender 0.22 0.637

Male 15 (35.71) 21 (31.34)
Female 27 (64.29) 46 (68.66)

BMI 2.07 0.355
<18.5 5 (11.90) 12 (17.91)
18.5–25 35 (83.33) 48 (71.64)
>25 2 (4.76) 7 (10.45)

Marriage status 8.00 0.005
Good marriage 39 (92.86) 47 (70.15)
Others 3 (7.14) 20 (29.85)

Occupation 0.35 0.553
Employed 25 (59.52) 36 (53.73)
Others 17 (40.48) 31 (46.27)

Education level 0.02 0.883
Lower than high school 27 (64.29) 44 (65.67)
High school and above 15 (35.71) 23 (34.33)

Table 2: The comparison of psychological status in different prognosis groups patients.

Psychological status Improvement (𝑛 = 57) Nonimprovement (𝑛 = 52) 𝑡 𝑃

SCL90

F1 1.71 ± 0.55 2.13 ± 0.64 −3.47 0.001
F2 1.56 ± 0.47 1.95 ± 0.67 −3.27 0.001
F3 1.33 ± 0.49 1.70 ± 0.63 −3.27 0.001
F4 1.50 ± 0.47 1.94 ± 0.68 −3.69 <0.001
F5 1.54 ± 0.62 1.91 ± 0.57 −3.15 0.002
F6 1.50 ± 0.57 1.69 ± 0.62 −1.56 0.122
F7 1.21 ± 0.31 1.54 ± 0.58 −3.40 0.001
F8 1.38 ± 0.52 1.62 ± 0.57 −2.18 0.031
F9 1.38 ± 0.40 1.59 ± 0.53 −2.11 0.037

EPQ
P 5.19 ± 1.85 5.28 ± 2.18 −0.23 0.819
E 10.55 ± 4.62 7.64 ± 3.91 3.52 0.001
N 10.33 ± 5.50 13.37 ± 5.70 −2.75 0.007

PSQI total score 6.69 ± 3.89 11.09 ± 5.24 −4.69 <0.001
Notes. SCL90: symptom checklist 90; F1: psychotic somatization; F2: obsessive-compulsive symptoms; F3: interpersonal sensitivity; F4: depression; F5: anxiety;
F6: hostility; F7: terror; F8: phobic anxiety; F9: psychoticism; EPQ: Eysenck Personality Questionnaire; E: extroversion, N: neuroticism; P: psychoticism; and
PSQI: Pittsburgh Sleep Quality Index.

3. Results

3.1. Demographic Data. There are 109 patients (36 males, 73
females) in our study. The mean duration of FD symptoms
was 112 ± 95 months, and the mean age is 47.56 ± 11.33
years. The good marriage in improvement group was higher
than the nonimprovement group (92.86% versus 70.15%,𝜒2 =
8.00, and𝑃 = 0.005). There are no significant differences in
other general demographic characteristics. Detailed informa-
tion is shown in Table 1.

Data of SCL90 in patients with nonimprovement after
treatment reported significantly higher score in dimensions

F1, F2, F3, F4, F5, F7, F8, and F9 compared to those in
effective group.The EPQ score in𝐸 dimension is significantly
higher in patients with improvement, while 𝑁 dimension is
significantly higher in patients with nonimprovement. The
PSQI score in nonimprovement group is significantly higher.
Detailed comparison is shown in Table 2.

The result of multivariate logistic regression analysis
revealed that the PSQI total score (OR = 1.22, 95% CI 1.10–
1.36), another marriage status (OR = 2.04, 95% CI 1.83–
32.25), and 𝐸 dimensions of EPQ (OR = 0.86, 95% CI 0.76–
0.96) had significant effect on LDQ outcome (Table 3).
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Table 3: The multivariate logistic regression model of the influence
factors of FD prognosis.

B SE OR 95% CI 𝑃

Marriage
(others
versus good
marriage)

2.04 0.73 7.68 1.83–32.25 0.005

PSQI total
score 0.20 0.06 1.22 1.10–1.36 <0.001

EPQ E −0.15 0.06 0.86 0.76–0.96 0.008

4. Discussion

FD is a defined heterogeneous clinical entity characterized by
recurrent or chronic dyspeptic symptoms in the gastroduo-
denal region, without organic lesions revealed on standard
diagnostic modalities [1]. We found that prognosis might be
influenced by the marriage status, personality characteristics,
and sleep quality in Chinese FD patients.

FD patients have a variety of upper gastrointestinal
symptoms including upper abdominal pain, reflux, vomiting,
retrosternal burning, nausea belch, and early satiety. The
pathophysiology for FD remains unclear, and several possible
explanations have been presented in these years including
visceral hypersensitivity and abnormal gastric motility [18].
Maybe a good marriage status provides the patients with a
good social support and relieves the psychological pressure in
patients. Psychological pressure, such as anxiety, has negative
impact on FD patients [19].

Moreover, it has been reported that psychosocial factors
may be more important than gastric sensorimotor dysfunc-
tion in the severity of dyspeptic symptoms [20]. However,
the association between psychopathology and personality
is heterogeneous among FD patients, reflecting the diverse
underlying pathophysiological mechanisms or diversity in
different populations.

The impact of sleep disorders on FD patients has received
significant attention in recent years. Sleep disturbances may
influence cognitive performance of FD patients including the
problem solving and decision-making ability, moral reason-
ing, attention span, and reaction time [21, 22]. Whether this
association is reflecting a comorbid condition, a predisposi-
tion, a care-seeking behavior, or a specific acting mechanism
remains obscure, but the relationship of abnormalities in
rapid eye movement (REM) sleep to autonomic nervous
system function has been proposed [23, 24]. Obviously, the
association between sleep disturbances and FD symptoms
is complex. Intuitively, dyspeptic symptoms could interfere
with sleep by preventing or delaying its onset and interrupting
its continuation. But the reverse, disrupted sleep potentially
also leads to increased symptom expression in patients with
FD. Sleep deprivation has been shown to decrease thresholds
of pain in healthy volunteers [25].

Personality traits (irritability, aggression, negativism, and
neuroticism) have been early investigated in FD patients [26].
In our study, the introversion-extroversion is one of the most
important factors of personality traits influencing the FD

prognosis. For years, native Chinese people were labeled as
“shy,” introverted, which is deeply influenced by our culture.
We believed that these culture differences and deep personal-
ity characteristics would actually influence our understand-
ing of the psychological facets of FD in a specific population.

According to our findings, in the treatment of FD
patients, we should also pay attention to their sleep and
improve sleep quality. Meanwhile, the personality and the
marriage status of the patients should be taken into consid-
eration; psychological intervention may have benefit in this
specific population of FD patients.

There are some limitations in our study. First, the sample
size is small. Some psychological symptoms may have effects
on the prognosis of FD patients. Second, there may be some
interactions among the sleep quality, psychological status,
and personality traits; the impact of such interactions was
not evaluated in the current study. We need to include a
larger number of subjects in future FD clinical trials to
evaluate the relationships between the different prognosis and
psychological characteristics and further evaluate the concept
of whether psychological intervention could have benefit in
FD patients not responding to conventional therapy.

5. Conclusions

In summary, this study demonstrates that sleep quality and
marriage status and introversion-extroversion of personal-
ity traits significantly influence the conventional treatment
effects on Chinese FD patients. Future trials need to further
evaluate the concept of whether psychological intervention
could have benefit in FD patients not responding to conven-
tional therapy and determine the cost-effectiveness of this
approach.
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The mechanism of low-grade inflammation in irritable bowel syndrome (IBS) is unclear; our research concentrates on the
involvement of the corticotropin-releasing factor (CRF) and Toll-like receptor (TLR) gene expression in the process of low-grade
inflammation in IBS patients with depression. This study suggests more IBS patients are presenting with the states of depression
and anxiety. IBS patients with depression have shown a lower grade inflammatory response and an imbalance of the inflammatory
response. CRF1, CRF2, TLR2, and TLR4 in IBS patients with depression are significantly higher than those without depression and
controls. Thus, activation of the CRF-TLR associated pathways produces an inflammatory reaction, which can concurrently affect
the digestive tract and the CNS and induce the corresponding digestive and psychiatric symptoms.

1. Background

Irritable bowel syndrome (IBS) is a functional gastrointestinal
disease characterized by abdominal pain or discomfort and is
associated with altered bowel habits and (or) changes in stool
characteristics. Stress is one of the main causes of the disease,
and so, childhoodmaltreatment, divorce and long-termwork
pressure, may induce or aggravate the symptoms of IBS [1].
Recent studies show that stress can lead to abnormal gastroin-
testinal motility and visceral hypersensitivity through the
modulation of the Hypothalamic-Pituitary-Adrenocortical
(HPA) axis: that is, the abnormal expression of corticotropin-
releasing factor (CRF) may be one of the main reasons [2].
The increase of CRF expression can lead tomental symptoms,
such as anxiety and depression [3]. Increasing evidences indi-
cate that some IBS patients often expressed mental disorders
such as anxiety or depression [4]. Thus, the above findings
show that CRF may contribute to IBS symptoms as well
as to psychiatric symptoms, indicating that there may be a
commonpathophysiological process underlying IBS and psy-
chiatric disorders.

The inflammation processes, such as respiratory and
intestinal infections, can downregulatemood, induce abdom-
inal distension, or lead to a decrease of appetite. However,
how peripheral inflammation acts on the central nervous and
digestive system is still unclear. Neal et al. [5] found that it
is not so rare that intestinal infection induces IBS. A study
focusing on postinfectious IBS found that inflammation
exists in intestinal mucosa [6]. Furthermore, another study
found that non-postinfectious IBS also had low-grade inflam-
matory response, such as the increase of IL-1, IL-6, and TNF
[7]. A previous study found that intestinal mucosal barrier
was damaged and the intestinal permeability was increased,
thereby leading to immune activation in IBS patients under
stress [8]. Dowlati et al. [9] also revealed that there was
immune activation and inflammatory response in patients
with depression, but the mechanism of the induction of this
inflammatory reaction was not jet clarified. A study found
that IBS and psychiatric symptoms might overlap and that
psychiatric disorders may make IBS symptoms difficult to
control [10]. Thus, whether IBS and psychiatric symptoms in
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these patients have the inflammation as the common denom-
inator is worth investigating.

In this study, we assessed the expressions of inflammatory
cytokines, CRF, and Toll-like receptors (TLR) using RT-
PCR to elucidate the possible association between intestinal
inflammation and depression in IBS patients.

2. Methods

2.1. Patients. IBS patients and healthy controls were invited
to join this study consecutively at the outpatient digestive
department in Anhui Provincial Hospital, fromOctober 2014
to December 2015. One hundred two age- and sex-matched
healthy control subjects were selected from subjects who
underwent physical examination and questionnaire survey
and had negative results. All subjects were asked to complete
the Hamilton Depression Scale (HAMD) with 24 items and
the Hamilton Anxiety Scale (HAMA) with 14 items question-
naires. IBS was diagnosed according to the Rome III criteria
[11]. All patients underwent physical examination, detailed
history collection, and gastroscopy and colonoscopy to rule
out organic diseases.

2.2. HAMD and HAMA Questionnaire. IBS patients with
HAMD score ≥7 were defined as having IBS with depression
(DP-IBS). IBS patients with HAMD score <7 were defined
as having IBS without depression (NDP-IBS). In accordance
with the matching principle of the balance, we again ran-
domly selected 60 cases from the 102 healthy controls using a
random number table. Peripheral blood samples were taken
from all IBS patients and 60 selected cases, and mRNA
expressions of IL-6, IL-10, CRF1, CRF2, and TLR4, TLR2 in
the peripheral blood samples were detected by RT-PCR.

This studywas approved by theAnhui ProvincialHospital
Ethics Committees (2014-54). All participants gave their
written informed consents.

2.3. RNA Extraction and Reverse Transcription. Red cell lysis
(BL503A, Biosharp, China) liquid was precooled and then
added to the samples at a volume ratio of 1 : 5. After 10minutes
of centrifugation at 4∘C and 3000 rpm, the upper layer
was discarded. Total RNA was extracted using the standard
Trizol (10296-010, Invitrogen,USA)method.The quantitative
and qualitative analyses of the RNA were performed using
an ultraviolet spectrophotometer. The total RNA was then
reversely transcribed into cDNA using reverse Transcriptase
kit (Invitrogen 1685474, USA) by BIOMETRA Tprofessional.

2.4. Quantitative Real-Time Polymerase Chain Reaction (qRT-
PCR). The amplified DNA was analyzed by the comparative
Ct method using 𝛽-actin as a reference gene. The primer and
probe sets for IL-6 (F: ACCC CCAT TAAA TATA GGAC
TGGA; R: AGTT CATA GCTG GGCT CCTG) (Sangon
BiotechChina), IL-10 (F: CGAGATGCCTTCAGCAGAGT;
R: CGCC TTGA TGTC TGGG TCTT) (Sangon Biotech
China), CRF1 (F: GTGC CCCA TTTC AGGT TCG; R:
GAAG TAGT TGTA GGCG GCTG T), CRF2 (F: CAAC
CTCT CAGG TCCC TACT CC; R: GATC TTTG AGGC

Table 1: Comparison of HAMD and HAMA scores in 102 patients
with IBS and control group.

IBS patients Controls 𝜒2 value 𝑃 value

Years
<20 27 19 0.1796 0.180
20∼50 56 58 0.0800 0.778
>50 19 25 1.043 0.307

Gender Male 63 57 0.729 0.393
Female 39 45 0.729 0.393

𝑡 value
HAMD 19.19 ± 16.998 3.20 ± 2.903 8.966 𝑃 < 0.01
HAMA 17.250 ± 14.296 5.86 ± 3.162 7.837 𝑃 < 0.01

CCAC GTCC) (Sangon Biotech China), TLR2 (F: TCCT
GCTA AGAG ACTC CTCT GT; R: AACA AGTT TTGG
GGAGTGCC) (Sangon Biotech China), and TLR4 (F: GCTC
GGTC AGAC GGTG ATAG; R: TGTG TGGT TTAGGGCC
AAGT) (Sangon Biotech China). The qRT-PCR was per-
formed under the following amplification conditions: total
volume of 20 𝜇L, initial incubation at 50∘C/2min followed by
denaturation at 95∘C/10min, and then 45 cycles at 95∘C/15 sec
and at 60∘C/1min. Analysis of relative gene expression data
was done by using the 2−ΔΔCt Method [12].

2.5. Statistical Analysis. SPSS 17 statistical software was used
for statistical analysis. The measurement data of normal dis-
tribution are expressed as the mean ± SD, independent Stu-
dent’s 𝑡-test was used in the two-group comparison, and the
variance analysis was used to compare the three groups. The
count data were expressed by percentage and the chi square
test. The 𝑃 value < 0.05 was taken as statistically significant.

3. Results

(1) A total of 102 IBS patients and 102 healthy controls entered
the present study. In patients with IBS, 43.13% (𝑛 = 44) were
diagnosed with diarrhea-predominant (IBS-D) IBS, 29.41%
(𝑛 = 30) were constipation-predominant (IBS-C) IBS, 15.69%
(𝑛 = 16) were IBS-M (mixed diarrhea and constipation),
and 11.76% (𝑛 = 12) were IBS-A (alternating stool pattern).
The HAMD score of IBS group was 19.19 ± 16.998, which
was higher than that in healthy control group (3.20 ± 2.903)
(𝑡 = 8.966, 𝑃 < 0.01). The HAMA score of IBS group was
17.250 ± 14.296, which was also higher than that in healthy
control group (5.86 ± 3.162) (𝑡 = 7.837) (Table 1).

(2) A total of 58 cases (56.9%) got a HAMD score ≥7 (DP-
IBS), and 44 cases (43.1%) got a HAMD score <7 (NDP-IBS).
IBS patients living in urban setting, married, or with a higher
education were more likely to express depressive symptoms
(Table 2).

(3) HAMD scores of 102 IBS patients were positively
correlated with IL-6 mRNA expression (𝑟 = 0.455, 𝑃 < 0.01)
and negatively with IL-10 mRNA expression (𝑟 = 0.028,
𝑃 = 0.667).

(4) Comparison of IL-6 mRNA and IL-10 mRNA expres-
sion was made between DP-IBS, NDP-IBS, and the control
group.
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Figure 1: (a) IL-6 mRNA expression between DP-IBS, NDP-IBS, and the control group (0.026±0.004, 0.023±0.005, and 0.017±0.006, resp.,
𝐹 = 53.077, 𝑃 < 0.01). IL-6 mRNA levels in DP-IBS and NDP-IBS patients were significantly higher than those in the control group. IL-6
mRNA levels in DP-IBS patients were significantly higher than that in NDP-IBS patients (𝑃 < 0.05). (b) IL-10 mRNA expressions in DP-IBS
and NDP-IBS patients were significantly lower than those in the control group (0.0092 ± 0.0019, 0.0059 ± 0.0015, and 0.0052 ± 0.0014, resp.,
𝐹 = 58.249, and 𝑃 < 0.05). IL-10 mRNA level in DP-IBS is lower than NDP-IBS, but there was no statistical significance (𝑃 > 0.05).

Table 2: Comparison between the baseline characteristics of DP-
IBS and NDP-IBS patients.

DP- IBS NDP-IBS 𝜒2 value 𝑃 value

Years
<20 20 17 0.187 0.666
20∼50 23 18 0.016 0.0898
>50 15 9 0.407 0.524

Gender Male 21 23 2.633 0.105
Female 37 21

Domicile Urban 39 27 5.904 <0.05
Rural 19 17

Marital status
Unmarried 21 10 2.149 0.143
Married 31 32 30938 <0.05
Widow 6 2 1.164 0.281

Socioeconomic
status

Low 7 14 0.000 0.883
Middle 28 23 0.160 0.689
High 23 7 6.795 <0.01

IL-6mRNA expressions inDP-IBS andNDP-IBS patients
were significantly higher than those in the control group
(0.026 ± 0.004, 0.023 ± 0.005, and 0.017 ± 0.006, resp., 𝐹 =
53.077, 𝑃 < 0.01), and DP-IBS patients had a higher IL-
6 mRNA level than that of NDP-IBS patients, 𝑃 < 0.05.
(Figure 1(a)). IL-10 mRNA expressions in DP-IBS and NDP-
IBS patients were significantly lower than those in the control
group (0.0092±0.0019, 0.0059±0.0015, and 0.0052±0.0014,
resp., 𝐹 = 58.249, 𝑃 < 0.05). IL-10 mRNA level in DP-IBS
is lower than NDP-IBS, but without statistical significance
(𝑃 > 0.05) (Figure 1(b)).

(5) Comparison of expressions of CRF1mRNA and CRF2
mRNAwasmade betweenDP-IBS, NDP-IBS, and the control
group.

CRF1 mRNA and CRF2 mRNA levels in DP-IBS and
NDP-IBS patients were significantly higher than those in the
control group (CRF1: 0.070± 0.004, 0.054± 0.002, and 0.041±
0.008, resp., 𝐹 = 12.047, 𝑃 < 0.01; CRF2: 0.0031 ± 0.0005,
0.0027 ± 0.0004, and 0.0018 ± 0.004, resp., 𝐹 = 83.726,

𝑃 < 0.01). CRF1 mRNA and CRF2 mRNA levels in DP-
IBS patients were significantly higher than those of NDP-IBS
patients, 𝑃 < 0.05 (Figures 2(a) and 2(b)).

(6) Comparison of TLR2 mRNA and TLR4 mRNA exp-
ression levels between DP-IBS, NDP-IBS, and the control
group.

TLR2 mRNA and TLR4 mRNA levels in DP-IBS and
NDP-IBS patients were significantly higher than those in the
control group (0.013±0.002, 0.009±0.003, and 0.006±0.002,
resp., 𝐹 = 5.018, 𝑃 = 0.008; 0.012 ± 0.002, 0.009 ± 0.001, and
0.005± 0.001, resp., 𝐹 = 12.015, 𝑃 = 0.000), and those in DP-
IBS patients were significantly higher than those in NDP-IBS
patients (𝑃 < 0.05) (Figure 3).

4. Discussion

IBS is characterized by abdominal pain and abnormal bowel
movement pattern. It affects approximately 10–20% of the
general population. The pathogenesis remains unclear, but
accepted mechanisms involve interaction between triggering
environmental factors, abnormal gastrointestinal motility,
and disturbed visceral sensory perception. Increasing evi-
dence supports coexistence of IBS with anxiety, depression,
and other psychiatric symptoms [4], but it is difficult to deter-
mine the cause and effect relationship. However, most schol-
ars believe these exist as comorbidity [10]. We found that the
HAMD andHAMA scores of the IBS group were higher than
those of the healthy control group.The result shows thatmore
than half of IBS patients expressed anxiety and depression
symptoms.Thedata is roughly consistent with those provided
by the American Gastroenterological Association Clinical
Practice Committee [13]. Using HAMD score of 7 as a cut-off
value, 102 cases of IBS patients were divided into DP-IBS (58
cases, 56.9%) andNDP-IBS (44 cases, 43.1%), with depressive
symptoms as an additional parameter to further determine
differences between DP-IBS, NDP-IBS, and the healthy con-
trol group. In general, when comparing these three groups,
only urban life, married status, and higher education in the
IBS patients increased the risk for depressive symptoms.This
suggests that the increasing demands of everyday life, such
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Figure 2: (a) CRF1 mRNA in DP-IBS, NDP-IBS, and control group (0.070 ± 0.004, 0.054 ± 0.002, and 0.041 ± 0.008, resp., 𝐹 = 12.047,
𝑃 < 0.01). CRF1 mRNA expression levels in DP-IBS and NDP-IBS patients were significantly higher than those in the control group and
in DP-IBS patients were significantly higher than in NDP-IBS patients (𝑃 < 0.05). (b) CRF2 mRNA expressions in DP-IBS, NDP-IBS, and
control group (0.0031±0.0005, 0.0027±0.0004, and 0.0018±0.004, resp., 𝐹 = 83.726, 𝑃 < 0.01). CRF2mRNA levels in DP-IBS and NDP-IBS
patients were significantly higher than those in the control group (𝑃 < 0.05).
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Figure 3: TLR2 and TLR4mRNA expressions in DP-IBS, NDP-IBS,
and the control group (0.013 ± 0.002, 0.009 ± 0.003, and 0.006 ±
0.002, resp., 𝐹 = 5.018, 𝑃 = 0.008; 0.012 ± 0.002, 0.009 ± 0.001, and
0.005±0.001, resp.,𝐹 = 12.015,𝑃 < 0.01).TheTLR2mRNA levels in
DP-IBS and NDP-IBS patients were significantly higher than those
in the control group, and those in DP-IBS patients were significantly
higher than those in NDP-IBS patients (𝑃 < 0.05). TLR4 mRNA
levels in DP-IBS and NDP-IBS patients were significantly higher
than those in the control group, and those in DP-IBS patients were
significantly higher than those of NDP-IBS patients (𝑃 < 0.05).

as a fast-paced work lifestyle, as well as the accompanying
chronic mental strain may increase the incidence of depres-
sion in IBS patients. Despite the impact of age and gender on
the onset of IBS itself [14], it does not increase the risk of IBS
associated with depressive symptoms. Thus, chronic stress is
a common cause of IBS and depression symptoms.

Neal et al. [5] were the first to propose that patients with
intestinal infection are prone to develop IBS with a low-grade
inflammatory response.There is growing evidence to support
immune activation and increase of IL-1, IL-6, and TNF-𝛼
levels in IBS patients [7, 15]. Depression is also harmful to
human health and the emotional underpinnings of major

diseases, where the incidence increases significantly, often
coexisting withmultiple somatic diseases [16]. Previous stud-
ies have focusedmore on the nervous system, butmore recent
studies have shown that depression is associated with low-
grade inflammatory reaction. Thus, some scholars believe
that depression is an inflammatory disease [9, 17, 18]. In a
clinical study, it was reported that there was a significant
increase in sera TNF-𝛼 and IL-1𝛽 levels and IL-1𝛽/IL-10
ratio in 42 depressive patients [19]. Thomson et al. [20] used
LPS to induce TLR to produce an inflammatory reaction in
mice, which resulted in a significant increase in interferon
in the central nervous system (CNS), which suggests that
chronic inflammatory diseases cause a CNS inflammatory
response, thereby resulting in depression and anxiety symp-
toms. Anti-TNF-𝛼 treatment for Crohn’s disease can sig-
nificantly improve the patient’s symptoms of depression,
which is further evidence of chronic inflammation leading
to psychiatric symptoms [21].There is increasing literature to
support the concept that IBS and depression are both present
with low-grade inflammation. The present study shows that
IL-6mRNAexpressionwas positively correlatedwithHAMD
scores, that IL-6 mRNA in DP-IBS was higher than that in
controls, and that IL-10 mRNA level was significantly lower.
This suggests that there were a low-grade inflammatory
response and an imbalance of the inflammatory response in
DP-IBS patients. Overall, low-grade inflammatory reactions
are common in IBS and depression symptoms.

CRF is made up of a 41-amino-acid neuropeptide acting
through two receptors. CRF1 and CRF2 are key hormones of
the HPA axis under stress. CRF and the CRFR are widely
distributed in the CNS and peripheral tissues and play an
important regulatory role in physiological homeostasis and
stress responses. In general, the CRF1 receptor is the principal
receptor mediating the stress response, whereas the CRF2
receptor modulates the effects of CRF1 signal transduction
[22]. Binder et al. [23] had suggested that CRF is involved
in the stress response throughmultiple pathways. Interaction
between the CRF1 receptor and an adverse environment can
increase the risk of stress related mental disorders. A study
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using conditional CRF1 receptor knockout mice showed that
anxiety- and depression-related symptoms are specific to the
activation of theCRF1 receptor in the limbic forebrain regions
[24]. Notably, persistent elevation of CSF CRF concentration
in symptomatically improved depressed patients is associated
with early relapse of depression [25]. Posserud et al. [26] also
observed that CRF levels were significantly increased during
stress in IBS patients. A study usingWistar-Kyoto rats showed
a significant increase in CRF1 and alteration in the affective
component of visceral pain modulation [27]. A single-
center, randomized, double-blind, three-period crossover
study showed that a CRF-R1 antagonist could relieve abdom-
inal pain, fear, and impaired learning in 11 women with IBS
[28]. Above all, it showed that CRF plays an important role in
inducing symptoms of IBS and depression under stress.

CRF also acts locally as a proinflammatory mediator.
Yuan et al. [29] provided anatomical support for a role of
CRF-1 signaling in modulating the immune-inflammatory
process in a UC study involving the colonic mucosa of ulcer-
ative colitis patients. Astressin, a nonselective CRF receptor
antagonist, can abolish the effect of LPS-stimulated IL-1 and
IL-6 release and downregulate threshold of visceral sensation
in rats [30]. Urocortins are members of the CRF family
of neuropeptides that were found to modulate immunosig-
naling via CRF receptor in a rat model of colitis [31, 32].
It was also reported that CRF is an important proinflam-
matory mediator in IBS and depression symptoms [27].
Under psychological stress, CRF triggers increase in intestinal
paracellular permeability via mast cell-dependent release of
TNF-𝛼 and proteases [33]. Evidence indicates that stress
through the brain-gut axis may cause intestinal barrier dys-
function, mainly via the systemic and peripheral release of
corticotropin-releasing factor [34]. Therefore, the impaired
intestinal mucosal barrier via CRF may be a prerequisite for
low-grade inflammation.

TLRs are critical pattern recognition molecules of the
innate immune system. In general, TLR signaling in health
contributes to homoeostatic functions, such as when micro-
bes break through the physical barrier of the body, such as
skin or mucous membrane. TLRs can identify the foreign
agent and activate the body to produce an immune cell
response. More studies have shown that increased TLRs
activate an inflammatory process in the gut, such as in inflam-
matory bowel disease and intestinal infection [35]. Recently,
studies have begun to focus on the relationship between TLRs
and IBS. Belmonte et al. [36] reported that the IBS-mixed
subgroup had significant upregulation of TLR2 and TLR4 in
the colonic mucosa and increased expression of the mucosal
proinflammatory cytokines IL-8 and IL-1𝛽. McKernan et al.
[37] also observed significant increases in the TLR3, TLR4,
and TLR5 mRNA levels in both the distal and proximal
colonic mucosa of MS rats compared with controls, which
suggests that innate immune receptor expression may be
changed in the gastrointestinal tract of animals with stress-
induced IBS-like symptoms. In addition, accumulating evi-
dence suggests that TLRs are involved in the pathophysiology
of major depressive disorder. Hung et al. [38] examined
TLR1∼9 mRNA expression level in peripheral blood and its
relationship with the psychopathology of major depressive

disorder. Multiple linear regression analysis revealed that
TLR4 is an independent risk factor relating to severity of
major depression. Fifty-six patients were treated with antide-
pressant which relieved their depressive symptoms and
decreased their levels of TLR1, TLR2, TLR4, and TLR6
mRNAs [39]. Kéri et al. [40] found that TLR4 mRNA sig-
naling is upregulated in first-episode major depression, and
increased IL-6 and C-reactive protein result in a moderate
inflammatory reaction. The present study shows that TLR2
and TLR4 mRNAs in DP-IBS patients are higher than in the
control group, which indicates that TLR participates in the
inflammation reaction in IBS and depression. Further study
is needed to determine if CRF is directly adjusting TLR level.
Tsatsanis et al. [41] suggest that CRF peptides may mediate
the upregulation of TLR4 via the CRF-2 receptor and produce
LPS-induced proinflammatory cytokines frommacrophages.
Wang et al. [42] also found that CRH augments LPS-induced
cytokine secretion in human trophoblast cells via upregula-
tion of TLR4. A review by Subbannayya et al. [43] indicates
that CRH activates TLR4 via the protein kinase A pathway,
which produces proinflammatory cytokines.

5. Conclusions

IBS patients during stress release CRF which leads to the
damage of the intestinalmucosa barrier. TLR2 andTLR4 acti-
vation produces an inflammatory reaction, which can con-
currently affect the digestive tract and the CNS, and induces
the corresponding digestive and psychiatric symptoms.
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