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Background and Aims: Evidence on the association between irritable bowel syndrome
(IBS) and colorectal cancer (CRC) risk is inconsistent. Therefore, we aimed to examine
whether IBS leads to an increased risk for CRC using a systematic review and
meta-analysis approach.

Methods: PubMed, Embase, and Web of Science were systematically searched to
identify all relevant literature published through July 30, 2021. The pooled risk ratios
(RRs) and corresponding 95% confidence intervals (Cls) for CRC after diagnosis of IBS
were computed using random-and fixed-effects models and stratified by age, follow-up
time, gender, and study design. The quality of included studies was assessed by the
Newcastle-Ottawa scale.

Results: We included six studies consisting of 1,085,024 participants. Overall, the risk
of detecting CRC after the initial IBS diagnosis was significantly higher than non-IBS
controls (RR = 1.52, 95% Cl: 1.04-2.22, P = 0.032). The peak of elevated risk occurred
within the first year of IBS diagnosis (RR = 6.84, 95% CI: 3.70-12.65, P < 0.001), and
after 1 year, the risk of CRC was similar to that of the general population (RR = 1.02, 95%
Cl: 0.88-1.18, P = 0.813). Notably, we found that the RR of CRC was more significant in
IBS patients younger than 50 years compared to those older than 50 years (RR = 2.03,
95% CI: 1.17-83.53, P = 0.012 vs. 1.28, 95%CI: 0.94-1.75, P = 0.118, respectively).
Gender and study design did not affect the results.

Conclusion: The risk of CRC within one year of the initial IBS diagnosis was increased
approximately six-fold, whereas the long-term risk was not increased. However, current
evidence does not support that IBS leads to an increased incidence of CRC, and
the early excess risk is more likely attributable to misclassification resulting from
overlapping symptoms rather than causation. Clinicians must remain vigilant for the
CRC risk in patients younger than 50 years with IBS-like symptoms to avoid delaying
necessary screening.
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INTRODUCTION

Irritable bowel syndrome (IBS) is one of the leading functional
gastrointestinal disorders, affecting more than 9% of the global
adults according to the Rome III criteria (1). Traditionally, IBS is
considered to be free of biochemical or structural abnormalities
and is characterized clinically by chronic or recurrent abdominal
pain, discomfort, bloating, and altered bowel habits (2). IBS
has similar symptoms with various organic gastrointestinal
conditions, and distinguishing it from colorectal cancer (CRC)
is crucial (3, 4). CRC is the third most common cancer globally,
causing nearly 700,000 deaths worldwide each year (5). Patients
with IBS are primarily concerned and anxious about their
potential risk of developing CRC (6).

In recent years, multiple factors associated with IBS
development, including low-grade mucosal inflammation,
immune activation disorders, altered intestinal microbiota,
neuroendocrine system disorders, and metabolic abnormalities,
have been elucidated. IBS does not seem to be a purely functional
disease, so it may be reasonable to hypothesize that IBS can
introduce certain risk factors that promote tumorigenesis (7-9).
For example, there is growing evidence that inflammation and
tumorigenesis are related (10-13). Moreover, there may be
common exposures between IBS and CRC (14, 15). Although
some studies found that the yield of colonoscopy showed no
meaningful difference in the prevalence of CRC between IBS
patients and non-IBS controls (16, 17), inconsistent results
have emerged from population-based studies that explored the
association between IBS and subsequent CRC risk (18, 19).

Both IBS and CRC place a huge burden on global health
systems and economies; due to the high prevalence of IBS, any
association with CRC risk will have essential impacts on clinical
practice. Given the current inconsistent evidence, we conducted
this meta-analysis to examine the association between IBS and
subsequent CRC risk, taking into account age, sex, follow-up
time, and study design.

MATERIALS AND METHODS

We reported this systematic review and meta-analysis based
on the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (20). The protocol for this study is
not registered.

Literature Search

A systematic search was conducted in Embase, PubMed, and
Web of Science to identify all relevant literature published from
database inception to July 30, 2021, without language restrictions.
The search strategy, developed from Medical Subject Headings
combined with synonyms, included (“irritable bowel syndrome”
OR “IBS” OR “irritable colon”) and (“colorectal cancer” OR
“CRC” OR “colorectal neoplasms” OR “colorectal tumor” OR
“colorectal carcinoma”). Further details of the search strategy for
each database are provided in the Supplementary Materials. No
filters were used during the search. In addition, we manually
searched the reference lists of included studies and relevant
reviews to avoid omitting additional appropriate studies.

TABLE 1 | The PICOS criteria for the definition of research question.

Populations Non-specific

Intervention Patients diagnosed with irritable bowel syndrome

Comparator Patients without a diagnosis of irritable bowel syndrome,
general population

Outcome Risk ratio or standardized incidence ratio for colorectal cancer

Study design Cohort study, case-control study

Selection Criteria

Two reviewers independently screened the titles/abstracts and
full-text of initial search results. Eligible records were original
studies published as full articles that explored the risk of CRC
occurrence after IBS diagnosis and reported the risk ratio (RR) or
standardized incidence ratio (SIR) along with corresponding 95%
confidence intervals (CIs) compared to the non-IBS cohort or
expected number. The PICOS elements of research question are
presented in Table 1. We excluded studies that did not establish
a temporal relationship between IBS and CRC, such as cross-
sectional studies. Case reports and non-human studies would be
excluded. If multiple reports were from the same population and
the study methods were identical, only the most complete report
would be included in the analysis. If multiple reported patients
did not completely overlap and there were differences in study
methodology, all were included in the systematic review, and
sensitivity analyses would be performed subsequently to assess
the impact of potentially overlapping data on the pooled result.

Data Extraction and Quality Assessment
Two reviewers screened full-text based on inclusion/exclusion
criteria and separately extracted data from eligible studies.
Any disagreements were resolved by agreement among all
authors. The following information was extracted from each
study: first author’s name, year of publication, region, study
design, study period, sex, age, population source, sample size
of the observed cohort, methods of diagnosis of IBS and CRC,
matched/adjusted/standardized confounding factor, follow-up
time, and risk estimates along with corresponding 95% CI.

The Newcastle-Ottawa scale (NOS) was used to assess the
quality of included studies in terms of selection, comparability,
and outcome (21). The study with NOS scores greater than six
was considered high quality; otherwise, it was considered to be at
high risk of bias.

Statistical Analyses

The primary endpoint of this study was the pooled risk
estimate of CRC occurrence after the initial diagnosis of
IBS. If a study provided crude and adjusted risk estimates,
adjusted risk estimates were preferentially included in the
analysis. Heterogeneity between included studies was assessed
by Cochran’s Q-test and Higgins' I1? statistics. When I? > 50%
or P < 0.1, substantial heterogeneity was considered to exist,
and the random-effects model was used to compute the pooled
risk estimates; when I> < 50% and P > 0.1, heterogeneity was
considered mild, and the fixed-effects model was applied. We
looked for possible sources of heterogeneity by reviewing the
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FIGURE 1 | Flowchart of study selection.

characteristics of included studies. The stability of the analyses
was tested by excluding one study at a time and then repeating the
meta-analysis and was further verified by comparing the pooled
results of the random- and fixed-effects models. Publication bias
was assessed by funnel plots and confirmed by Begg’s and Egger’s
tests. If the included studies were symmetrically distributed in
the funnel plot and the P-values of both the Begg’ and Egger’
tests were >0.05, no publication bias was considered to exist;
otherwise, the impact of potential publication bias was assessed
by the trim-and-fill method. Of note, funnel plots were omitted
if fewer than 10 studies were finally included. Moreover, we
explored the impacts of follow-up time (<1 vs. >1 year), age
(<50 vs. >50 years), gender (female vs. male), and study design
(prospective vs. retrospective) on risk estimates by subgroup
analyses. STATA/MP 16.0 was used to perform data analysis in
the study. All P-values were two-tailed, and the threshold value
for statistical significance is below 0.05.

RESULTS

Of the 1,364 publications initially searched from PubMed,
Embase, and Web of Science databases and the additional 13
articles identified through manual review of the bibliography,
six studies comprising 1,085,024 participants met the eligibility
criteria to be included for analysis (18, 19, 22-25). The detailed
process of study selection and reasons for exclusion are presented
in Figure 1.

The included studies were conducted in three regions: China
(18, 24, 25), the United Kingdom (22, 23), and Denmark (19).
All included studies were population-based cohort studies with
sample sizes ranging from 39,384 to 659,757. Except for one study
in which CRC was determined by the diagnosis of colorectal
colonoscopy (18), patients with IBS and CRC in the other studies
were identified by diagnostic codes from the health insurance
registry or clinical research database, such as the International
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Classification of Diseases codes. Four studies evaluated the
CRC risk in the IBS cohort compared to the non-IBS cohort
(18, 22-24), and two studies computed standardized incidence
ratios (SIRs) for the IBS cohort as a measure of risk effects
by comparing the observed number of CRC with the expected
number (19, 25). Both studies from the United Kingdom used
the same database, but the study period and the number of
participants in the study conducted by Canavan et al. were
greater than those in Rodriguez et al. (22, 23). Therefore, only
the study by Canavan et al. was included in our quantitative
meta-analysis, and the study by Rodriguez et al. was analyzed
qualitatively only. Two studies from the Taiwanese population
used the Health Insurance Database, but they included patients
differently and used different analysis methods (24, 25). In the
study by Chang et al. the IBS patients were obtained from
National Health Insurance, but the CRC was not identified in
the same way and the study methods were different from the
other two (18); therefore, all three studies from Taiwan were
included in the meta-analysis. There were three retrospective
and three prospective studies with a median/mean follow-up of
3.0-8.8 years, and five studies with a maximum follow-up of
more than 10 years (18, 19, 22, 24, 25). Detailed information
on the characteristics of the included studies is presented
in Table 2.

The NOS score was 7 for four studies and 8 for the other
two, indicating that the overall quality of the included studies was
high. The main risk of bias was the inability to demonstrate that
CRC was not present at the start of their study (Table 3).

Association Between Initial Diagnosis of
IBS and Subsequent Risk of CRC

A total of five studies involving 1,062,068 participants were
included in the overall meta-analysis; heterogeneity testing
indicated substantial heterogeneity among studies (I* = 98.2%,
P < 0.001), so the random-effects model was applied. The
pooled result showed a significantly increased risk of detecting
CRC following IBS diagnosis than controls (RR = 1.52, 95%
CI: 1.04-2.22, P = 0.032) (Figure 2). After reviewing the study
characteristics, we did not find a clear source of heterogeneity,
probably due to inconsistencies in clinicians’ views on diagnosing
IBS across different regions and in the definition of IBS at
different periods.

Stratified analyses were then performed to explore the effects
of follow-up time, age, gender, and study design on this
association. Subgroup analyses showed that the excess risk of
CRC was concentrated in the first year after the diagnosis of IBS,
and CRC had the highest RR of 6.84 (95% CI: 3.70-12.65, P <
0.001) within this period; after excluding the first year following
IBS diagnosis, the RR for CRC decreased to 1.02 (95% CI: 0.88-
1.18, P = 0.813). The study conducted by Rodriguez et al. also
presented consistent findings (23). A significantly increased RR
of CRC was observed in patients with IBS aged under 50 years
(RR = 2.03, 95% CI: 1.17-3.53, P = 0.012), while no statistical
significance was observed in those aged over 50 years (RR = 1.28,
95%CI: 0.94-1.75, P = 0.118). The association between IBS and
CRC risk was similar in prospective and retrospective studies but

was only statistically significant in the former. Gender did not
affect CRC risk (Table 4).

Publication Bias

Funnel plots were not performed because included studies were
less than ten. The P-values for Begg’s and Egger’s tests were 1.00
and 0.933, respectively, indicating no potential publication bias
for the current study.

Sensitivity Analysis

When the stability of the results was tested by excluding one
cohort at a time, we found that the statistical significance of the
overall association, age <50 years group, and the prospective
study group disappeared when certain cohorts were excluded,
but the trend of increased risk for CRC after IBS diagnosis
remained unchanged (Figure3). The pooled results of the
random- and fixed-effects models were similar for each group.
Due to high heterogeneity, we reported more conservative results
using the random-effects model in the results section, whereas the
pooled results of the fixed-effects model suggested that statistical
correlations between IBS and CRC were present in all subgroups
except for those with follow-up >1 year (Table 5).

DISCUSSION

To our knowledge, this is the first systematic review and meta-
analysis focused on examining the association between IBS and
CRC risk. The pooled result involving more than one million
participants showed a 52% increased risk of detecting CRC after
the IBS diagnosis. However, when stratified based on follow-up
time, the increased risk of CRC was concentrated only in the first
year following IBS diagnosis, and the excess risk disappeared after
1 year. Patients with IBS under 50 years seemed to have a higher
relative risk than those aged more than 50 years. Gender did not
affect the correlation between IBS and CRC. The pooled result
from the retrospective studies was not statistically significant,
perhaps due to the small number of included studies and thus
lack of statistical power.

Although the data suggest that patients have a higher
incidence of CRC after IBS diagnosis than non-IBS controls, it
does not demonstrate that the increased risk can be attributed
to IBS. CRC is characterized by a long latency period, so if IBS
can cause tumorigenesis by certain mechanisms, the risk of CRC
would increase with prolonged follow-up (26, 27). However, the
increased risk is only observed in the first year of the initial IBS
diagnosis. Furthermore, if IBS and CRC share common exposure
factors, the high prevalence of CRC in patients with IBS should
also continue to increase. Therefore, the current results more
support the misclassification of CRC. Because IBS and CRC have
overlapping symptoms, especially during mild disease activity,
for example, both may present with abdominal pain and change
in bowel habits; therefore, patients with CRC-related symptoms
were initially misinterpreted as IBS (4). Hence, the ICD codes
used in the included studies to identify IBS may not represent
a final diagnosis, and patients with IBS-like symptoms were not
correctly diagnosed until they exhibited alarm symptoms as CRC
progressed. Patients with IBS were also more likely to detect
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TABLE 2 | Main characteristics of the eligible studies.

References Location Study period Study design  Age-yr. Gender (F/M) Population IBS Non-IBS Identification Identification Confounding Followed
of IBS of CRC factors considered up-yr.
Chang et al. Taiwan, 1999-2009 Prospective Mean 55.9 23,847/15,537 Community 9,160 30,224 ICD code Colonoscopy  Adjusted for age, Mean 7.78
(18) China cohort and national gender, BMI, CRC
cancer registry  family history, alcohol
data drinking, education,
diabetes, and
hypertension
Canavanetal. UK Since 1987  Prospective IBS: mean 476,900/182,857 UK CPRD 112,854 546,903 Read code CRC Read term Matched by sex and  IBS: mean 6.5;
(22) cohort 42.9; non-IBS: code or ICD age non-IBS: mean
mean 42.8 code 3.6
Garcia UK 1994-1998  Prospective 20-79 NP England and 2,956 20,000 Read code Read code Adjusted for age and  Mean 3
Rodriguez et al. cohort Wales GPRD gender
239)
Norgaard et al.  Denmark 1977-2008  Retrospective Median 47 39,998/17,853 DNRP 57,851 Expected ICD code ICD code Standardized on Mean 8.8
(19) cohort incidence period of follow-up,
rate age, gender, and time
of diagnosis
Hsiao et al. Taiwan, 2000-2010  Retrospective IBS: mean 148,878/126,360 LHID 91,746 183,492  ICD code ICD code Matched by age, 1-11
(24) China cohort 44.6; non-IBS: gender, and time of
mean 44.4 diagnosis; adjusted
for age, gender,
urbanization,
hypertension,

diabetes, and
hyperlipidemia

Hu et al. (25) Taiwan, 20002010  Retrospective Median 50.9 18,727/16,111 NHIRD 29,838 Expected ICD code (>3 Registry for Standardized on age, Median 4.56
China cohort incidence  visits and Catastrophic gender, and duration
rate diagnosis was  lliness of IBS
not altered (histologic
within 3 confirmation is
months) required)

IBS, irritable bowel syndrome; CRC, colorectal cancer; ICD, International Classification of Diseases; F/M, female/male; NF, not provided; CRPD, Clinical Practice Research Datalink; GRPD, General Practice Research Database; DNRK,
Danish National Registry of Patients; LHID, Longitudinal Health Insurance Database; NHIRD, Taiwan National Health Insurance Research Database.

‘e 1® N\

OO PUB Sg| Usamag UOIRID0SSY


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Wu et al.

Association Between IBS and CRC

TABLE 3 | The quality assessment of included studies.

Study Representativeness Selection of Ascertainment Outcome not Comparability Assessment Follow-up Adequacy of Quality
of exposed cohort non-exposed of exposure present before of outcome long follow up score
cohort study enough*
Chang et al. (18) * * * O ok * * *
Canavan et al. (22) * * * m] * 0 * * *
Garcia Rodriguez * * * O *k * o *
etal. (23)
Norgaard et al. (19) * * * 0 *0 * * *
Hiso et al. (24) * * * O * ok * * *
Hu et al. (25) * * * O * 0 * * *
*A median/mean follow-up of more than 3 years or a maximum follow-up of more than 10 years was considered adequate.
Study %
ID RR (95% Cl) Weight
:
1
Chang (2014) _— 1.20 (0.94, 1.53) 18.98
1
|
Canavan (2014) —_— 1.64 (1.49, 1.80) 20.33
'
1
Ngrgaard (2011) —_— | 0.99 (0.90, 1.07) 20.37
|
1
Hiso (2013) " —— 268(2.42,2.97) 20.28
1
|
1
Hu (2015) —— 1.51 (1.31,1.73) 20.04
1
Overall (I-squared = 98.2%, p = 0.000) <> 1.52 (1.04, 2.22) 100.00
1
1
|
NOTE: Weights are from random effects analysis .
1
T T ! T
.337 1 297
FIGURE 2 | Overall association between irritable bowel syndrome and subsequent colorectal cancer risk.

CRC due to more frequent surveillance. In addition, two studies
from Taiwan and the United Kingdom found that the IBS cohort
had a higher relative risk of subsequently detecting colorectal
adenomas than CRC, which also supports the explanation that
CRC was initially misdiagnosed as IBS (18, 23); as adenomas
often show milder gastrointestinal symptoms than cancers,
making them more likely to be misdiagnosed as IBS.

Of note, a concerning finding is that patients younger than 50
had more than twice the risk of detecting CRC after the initial
IBS diagnosis than the general population and even had higher
relative risk than patients older than 50. As discussed above, if the
increased risk of CRC in patients with IBS is mainly attributable
to misdiagnosis, it implies that the probability of misdiagnosis is
higher in those under age 50. The current international guideline
for the IBS diagnosis, the Rome IV criteria, recommends that

patients with IBS undergo colonoscopy for evaluation of organic
bowel diseases only if they present with alarm symptoms such
as bloody stools, unintended weight loss, unexplained iron
deficiency anemia, nocturnal symptoms, abdominal masses or
lymph node enlargement, fever, family history of CRC, and
age of onset >50 years (28). Some expert consensus also does
not recommend colonoscopy for patients younger than 50 with
IBS-like symptoms without alarm symptoms (29, 30). However,
pooled data from the current studies suggest that patients under
50 years appeared to be more likely to miss a diagnosis of CRC
at the time of their initial visit, which may mean that physicians
are not sufficiently alert to CRC when dealing with younger
patients. The incidence of CRC increases with age, especially in
the fifth decade of life, which is why most guidelines recommend
screening programs only for those over 50 years of age in
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TABLE 4 | Subgroup analysis of the association between IBS and subsequent CRC risk.

Subgroup No. of studies Risk ratio 95% CI Poverall effect I? static Pheterogeneity
Total 5 1.62 1.04-2.22 0.032 98.2% <0.001
Followed-up

<1 year 6.84 3.70-12.65 <0.001 95.6% <0.001

>1 year 1.02 0.88-1.18 0.813 77.1% <0.001
Age

< 50 years 2.03 1.17-3.53 0.012 89.8% <0.001

> 50 years 1.28 0.94-1.75 0.118 95.6% <0.001
Gender

Female 1.30 0.81-2.08 0.280 96.8% <0.001

Male 1.32 0.71-2.46 0.376 97.6% <0.001
Study design

Prospective 1.43 1.06-1.94 0.020 81.8% 0.019

Retrospective 1.59 0.84-3.00 0.154 99.1% <0.001

Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit
Chang (2014) et @rors
Canavan (2014) |- o
Negrgaard (2011) | | e (D) crawonssanssnnsensapusunsossasnsynssmisal ssussssinn]
Hiso (2013) [ S T LTSN RO
Hu (2015) PorsswosdrescmsmmssesmminsomsnssaseossssassonsslfJessvssssrisessseissesiasessesssissorsssssysnssesssuscsesfusuosonsasuosis] |
1
0.88 1.04 1.52 2.22 2.51
FIGURE 3 | Sensitivity analysis of the colorectal cancer risk in patients with irritable bowel syndrome.

the absence of alarm symptoms (5, 31). With the introduction
of aggressive screening and education about CRC, the overall
incidence of CRC has been declining in the United States.
However, this declining trend has occurred primarily in older
adults; since 2012, the annual incidence of CRC has increased
by two percent among those younger than 50 years, particularly
among those aged 40-44 years (32, 33).

Early-onset CRC has attracted increasing attention from
researchers in recent years, and reports from different regions
around the world confirmed that the proportion of early-onset
CRC is continuing to rise (34-38). Patients with early-onset
CRC have a longer delay from symptom onset to diagnosis
and are diagnosed at a higher rate of advanced stages than
older patients (39, 40). CRC is relatively slow to develop, and

aggressive screening may reduce the incidence and allow for
diagnosis before it progresses to an incurable stage, thereby
reducing mortality and prolonging life (41, 42). Some studies
have analyzed the feasibility of lowering the age for CRC
screening, and the American Cancer Society recommends
initiating screening at age 45 instead of 50 for adults at
average risk (43-46). Our study suggests that lowering the
recommended screening age for IBS patients or establishing a
lower recommended screening threshold for IBS patients under
50 years may also benefit early diagnosis. Primary care physicians
must be alert to the risk of CRC in young patients with IBS-
like symptoms. In areas with constrained medical resources,
unnecessary referrals and invasive tests may result in health and
financial burdens, so alternative, less costly modalities such as
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TABLE 5 | Comparison of the use of random-effects vs. fixed-effects models.

Analysis groups

HR (95% Cl),

random-effects model

HR (95% CI),

fixed-effects model

Overall 1.52 (1.04-2.22) 1.52 (1.45-1.60)
Followed-up <1 year 6.84 (3.70-12.65) 6.26 (5.60-7.01)
Followed-up >1 year 1.02 (0.88-1.18) 0.98 (0.92-1.04)
Age <50 years 2.03 (1.17-3.53) 1.75 (1.48-2.06)
Age > 50 years 1.28 (0.94-1.75) 1.50 (1.41-1.60)
Female 1.30 (0.81-2.08) 1.41 (1.30-1.52)
Male 1.32 (0.71-2.46) 1.72 (1.57-1.89)
Prospective 1.43 (1.06-1.94) 1.67 (1.44-1.72)
Retrospective 1.59 (0.84-3.00) 1.50 (1.41-1.59)

more detailed medial history taking, stool tests, radiologic tests,
and blood tests can be considered (47, 48).

An interesting finding from the Danish population study was
the significantly decreased long-term risk of CRC in patients
who received a colonoscopy or flexible sigmoidoscopy 3 months
before or after their first recorded IBS diagnosis. After stratifying
according to follow-up time, the proportion of these IBS patients
with CRC detected within 3 months was also higher than in
overall IBS patients, which could be explained by the earlier
detection of CRC due to using colonoscopy, as the presumptive
diagnosis of IBS that was initially recorded was not corrected
after the confirmatory diagnosis of CRC. In addition, studies
including multiple randomized controlled trials have found that
colonoscopy or sigmoidoscopy screening could reduce long-term
incidence and mortality of CRC. This study from Denmark
showed that this protective effect of screening also appears to be
present in patients with IBS (19, 49-53).

The main limitation of this study is the relatively small
number of included studies, and therefore the pooled results
in some groups are not robust enough. Second, although the
long follow-up time allowed assessment of the long-term effects
of IBS, the definition of IBS may change during the study
period. In addition, it is still controversial whether to use a
positive symptom-based or an exclusionary diagnostic strategy
for IBS. These may account for the high heterogeneity among
studies. Third, the included studies could only guarantee a
temporal relationship between IBS and CRC regarding diagnosis

REFERENCES

1. Oka P, Parr H, Barberio B, Black CJ, Savarino EV, Ford AC. Global prevalence
of irritable bowel syndrome according to Rome III or IV criteria: a systematic
review and meta-analysis. Lancet Gastroenterol Hepatol. (2020) 5:908-17.
doi: 10.1016/52468-1253(20)30217-X

2. Chey WD, Kurlander J, Eswaran S. Irritable bowel syndrome: a clinical review.
J Am Med Assoc. (2015) 313:949-58. doi: 10.1001/jama.2015.0954

3. Barratt SM, Leeds JS, Robinson K, Lobo AJ, McAlindon ME, Sanders
DS. Prodromal irritable bowel syndrome may be responsible for delays
in diagnosis in patients presenting with unrecognized Crohn’s disease and
celiac disease, but not ulcerative colitis. Dig Dis Sci. (2011) 56:3270-5.
doi: 10.1007/s10620-011-1783-y

rather than onset time. Therefore, no causal relationship can be
inferred. Fourth, due to the nature of observational studies, some
potential confounding variables such as smoking habits, alcohol
consumption, physical activity, and diet were not measured
or adjusted for in the included studies. Finally, whether the
association between different IBS subtypes and colon or rectal
cancers differed was not analyzed due to lack of data.

CONCLUSION

Patients with IBS do not have an increased risk of long-
term CRC development. The dramatically higher risk of CRC
within the first year after IBS diagnosis may be attributed to
misdiagnosis resulting from overlapping symptoms between the
two diseases. It is important to note that this risk is higher in
people younger than 50 years than those older than 50 years.
As CRC incidence continues to rise in younger populations,
we suggest that clinicians remain vigilant for the risk of CRC
and consider endoscopy in more patients when managing those
under 50 years with IBS-like symptoms. Future studies exploring
the feasibility of lowering the age of CRC screening in patients
with IBS are warranted.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Materials, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

ZS: conception and design, development of methodology, critical
review and revision of the manuscript, and study supervision.
ML: conception and design. ML and JingW: acquisition of data.
ZY and JinW: statistical analysis. XW, JingW, ML, XL, and ZY:
drafting of manuscript. All authors contributed to the article and
approved the submitted version.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2022.819122/full#supplementary-material

4. Aziz I, Simrén M. The overlap between irritable bowel syndrome and
organic gastrointestinal diseases. Lancet Gastroenterol Hepatol. (2021) 6:139-
48. doi: 10.1016/S2468-1253(20)30212-0

5. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer
statistics, 2012. CA Cancer ] Clin. (2015) 65:87-108. doi: 10.3322/caac.21262

6. Fond G, Loundou A, Hamdani N, Boukouaci W, Dargel A, Oliveira J, et al.
Anxiety and depression comorbidities in irritable bowel syndrome (IBS):
a systematic review and meta-analysis. Eur Arch Psychiatry Clin Neurosci.
(2014) 264:651-60. doi: 10.1007/s00406-014-0502-z

7. Pimentel M, Lembo A. Microbiome and its role in irritable bowel syndrome.
Dig Dis Sci. (2020) 65:829-39. doi: 10.1007/s10620-020-06109-5

8. Holtmann GJ, Ford  AC, Talley  NJ. Pathophysiology
of irritable bowel syndrome. Lancet Gastroenterol

Frontiers in Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 819122


https://www.frontiersin.org/articles/10.3389/fmed.2022.819122/full#supplementary-material
https://doi.org/10.1016/S2468-1253(20)30217-X
https://doi.org/10.1001/jama.2015.0954
https://doi.org/10.1007/s10620-011-1783-y
https://doi.org/10.1016/S2468-1253(20)30212-0
https://doi.org/10.3322/caac.21262
https://doi.org/10.1007/s00406-014-0502-z
https://doi.org/10.1007/s10620-020-06109-5
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Wu et al.

Association Between IBS and CRC

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Hepatol. 1:133-46. doi:

0023-1

(2016) 10.1016/52468-1253(16)3

. Simrén M, Ohman L. Pathogenesis of IBS: role of inflammation, immunity

and neuroimmune interactions. Nat Rev Gastroenterol Hepatol. (2010) 7:163-
73. doi: 10.1038/nrgastro.2010.4

Singh N, Baby D, Rajguru J, Patil P, Thakkannavar S, Pujari V. Inflammation
and cancer. Ann Afr Med. (2019) 18:121-6. doi: 10.4103/aam.aam_56_18
Hibino S, Kawazoe T, Kasahara H, Itoh S, Ishimoto T, Sakata-Yanagimoto
M, et al. Inflammation-induced tumorigenesis and metastasis. Int | Mol Sci.
(2021) 22:5421. doi: 10.3390/ijms22115421

Lucas C, Barnich N, Nguyen HTT. Microbiota, inflammation and colorectal
cancer. Int ] Mol Sci. (2017) 18:1310. doi: 10.3390/ijms18061310

Greten FR, Grivennikov SI
mechanisms, and  consequences.
doi: 10.1016/j.immuni.2019.06.025
Lovell RM, Ford AC. Global prevalence of and risk factors for irritable bowel
syndrome: a meta-analysis. Clin Gastroenterol Hepatol. (2012) 10:712-21.e4.
doi: 10.1016/j.cgh.2012.02.029

Black CJ, Ford AC. Global burden of irritable bowel syndrome: trends,
predictions and risk factors. Nat Rev Gastroenterol Hepatol. (2020) 17:473-86.
doi: 10.1038/s41575-020-0286-8

Ishihara S, Yashima K, Kushiyama Y, Izumi A, Kawashima K, Fujishiro H, et al.
Prevalence of organic colonic lesions in patients meeting Rome III criteria
for diagnosis of IBS: a prospective multi-center study utilizing colonoscopy. J
Gastroenterol. (2012) 47:1084-90. doi: 10.1007/s00535-012-0573-4

Chey WD, Nojkov B, Rubenstein JH, Dobhan RR, Greenson JK, Cash BD.
The yield of colonoscopy in patients with non-constipated irritable bowel
syndrome: results from a prospective, controlled US trial. Am ] Gastroenterol.
(2010) 105:859-65. doi: 10.1038/ajg.2010.55

Chang HC, Yen AME, Fann JCY, Chiu SYH, Liao CS, Chen HH, et al. Irritable
bowel syndrome and the incidence of colorectal neoplasia: a prospective
cohort study with community-based screened population in Taiwan. Br J
Cancer. (2015) 112:171-6. doi: 10.1038/bjc.2014.575

Norgaard M, Farkas DK, Pedersen L, Erichsen R, De La Cour ZD,
Gregersen H, et al. Irritable bowel syndrome and risk of colorectal
cancer: a Danish nationwide cohort study. Br J Cancer. (2011) 104:1202-6.
doi: 10.1038/bjc.2011.65

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline
for reporting systematic reviews. PLoS Med. (2021) 18:e1003583.
doi: 10.1371/journal.pmed.1003583

Wells G, Shea B, O’Connell D, Peterson J. The Newcastle-Ottawa Scale (NOS)
for Assessing the quality of Nonrandomised Studies in Meta-Analyses. Ottawa,
ON: Ottawa Hospital Research Institute (2000).

Canavan C, Card T, West J. The incidence of other gastroenterological disease
following diagnosis of irritable bowel syndrome in the UK: a cohort study.
PL0oS ONE. (2014) 9:e0106478. doi: 10.1371/journal.pone.0106478

Garcia Rodriguez LA, Ruigémez A, Wallander MA, Johansson S, Olbe L.
Detection of colorectal tumor and inflammatory bowel disease during follow-
up of patients with initial diagnosis of irritable bowel syndrome. Scand J
Gastroenterol. (2000) 35:306-11. doi: 10.1080/003655200750024191

Hsiao CW, Huang WY, Ke TW, Muo CH, Chen WTL, Sung FC, et al.
Association between irritable bowel syndrome and colorectal cancer: a
nationwide population-based study. Eur ] Intern Med. (2014) 25:82-6.
doi: 10.1016/j.jim.2013.11.005

Hu LY, Ku FC, Lu T, Shen CC, Hu YW, Yeh CM, et al. Risk of cancer in
patients with irritable bowel syndrome: a nationwide population-based study.
Ann Epidemiol. (2015) 25:924-8. doi: 10.1016/j.annepidem.2015.07.006
Binefa G, Rodriguez-Moranta F, Teule A, Medina-Hayas M. Colorectal cancer:
from prevention to personalized medicine. World ] Gastroenterol. (2014)
20:6786-808. doi: 10.3748/wjg.v20.i22.6786

Usher-Smith JA, Walter FM, Emery JD, Win AK, Griffin §J. Risk prediction
models for colorectal cancer: a systematic review. Cancer Prev Res. (2016)
9:13-26. doi: 10.1158/1940-6207.CAPR-15-0274

Simren M, Palsson OS, Whitehead WE. Update on Rome IV criteria for
colorectal disorders: implications for clinical practice. Curr Gastroenterol Rep.
(2017) 19:15. doi: 10.1007/s11894-017-0554-0

Inflammation and

Immunity.

cancer:
(2019)

triggers,
51:27-41.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

Gwee KA, Gonlachanvit S, Ghoshal UC, Chua ASB, Miwa H, Wu J, et al.
Second asian consensus on irritable bowel syndrome. ] Neurogastroenterol
Motil. (2019) 25:343-62. doi: 10.5056/jnm19041

Lacy BE, Pimentel M, Brenner DM, Chey WD, Keefer LA, Long MD,
et al. ACG clinical guideline: management of irritable bowel syndrome.
Am ] Gastroenterol. (2021) 116:17-44. doi: 10.14309/ajg.000000000000
1036

Issa IA, Iyad MN. Colorectal cancer screening: an updated review
of the available options. World ] Gastroenterol. (2017) 23:5086-96.
doi: 10.3748/wjg.v23.128.5086

Davis DM, Marcet JE, Frattini JC, Prather AD, Mateka JJL, Nfonsam VN. Is
it time to lower the recommended screening age for colorectal cancer? ] Am
Coll Surg. (2011) 213:352-61. doi: 10.1016/j.jamcollsurg.2011.04.033

Key Statistics for Colorectal Cancer How Common
Is Colorectal Cancer? Available online at:
https://www.cancer.or/cancer/colon-rectal-cancer/about/ke-statistics.html
(accessed Setember 28, 2021).

Decker KM, Lambert P, Bravo ], Demers A, Singh H. Time trends
in colorectal cancer incidence rates by income and age at diagnosis
in Canada From 1992 to 2016. JAMA Netw Open. (2021) 4:e2117556.
doi: 10.1001/jamanetworkopen.2021.17556

Stoffel EM, Murphy CC. Epidemiology and mechanisms of the increasing
incidence of colon and rectal cancers in young adults. Gastroenterology. (2020)
158:341-53. doi: 10.1053/j.gastro.2019.07.055

Abdel-Rahman O, Karachiwala H, Koski S. Patterns of colorectal cancer
diagnosis among younger adults in a real-world, population-based cohort.
Futur Oncol. (2022) 18:47-54. doi: 10.2217/fon-2021-0592

Trivedi PD, Mohapatra A, Morris MK, Thorne SA, Ward AM, Schroy P, et
al. Prevalence and Predictors of Young-Onset Colorectal Neoplasia: Insights
From a Nationally Representative Colonoscopy Registry. Gastroenterology.
(2022) S0016-5085(22)00005-1. doi: 10.1053/j.gastro.2021.12.285. [Epub
ahead of print].

Abualkhair WH, Zhou M, Ahnen D, Yu Q, Wu XC, Karlitz JJ. Trends
in incidence of early-onset colorectal cancer in the united states among
those approaching screening age. JAMA Netw Open. (2020) 3:e1920407.
doi: 10.1001/jamanetworkopen.2019.20407

Di Leo M, Zuppardo RA, Puzzono M, Ditonno I, Mannucci A, Antoci G, et al.
Risk factors and clinical characteristics of early-onset colorectal cancer vs. late-
onset colorectal cancer: a case-case study. Eur ] Gastroenterol Hepatol. (2021)
33:1153-60. doi: 10.1097/MEG.0000000000002000

Chen FW, Sundaram V, Chew TA, Ladabaum U. Advanced-stage colorectal
cancer in persons younger than 50 years not associated with longer duration
of symptoms or time to diagnosis. Clin Gastroenterol Hepatol. (2017) 15:728-
37.e3. doi: 10.1016/j.cgh.2016.10.038

Sebastian E, Courtier R, Macid F, Grande L, Pera M. The impact of
screening on short-term outcome after surgery for colorectal cancer. Rev
Esp Enfermedades Dig. (2017) 109:485-90. doi: 10.17235/reed.2017.456
9/2016

Kaminski MFE, Robertson DJ, Senore C, Rex DK. Optimizing the quality of
colorectal cancer screening worldwide. Gastroenterology. (2020) 158:404-17.
doi: 10.1053/j.gastro.2019.11.026

Mannucci A, Zuppardo RA, Rosati R, Di Leo M, Perea ], Cavestro
GM. Colorectal cancer screening from 45 years of age: thesis,
antithesis and synthesis. World ] Gastroenterol. (2019) 25:2565-80.
doi: 10.3748/wjg.v25.i21.2565

Burnett-Hartman AN, Lee JK, Demb J, Gupta S. An update on the
epidemiology, molecular characterization, diagnosis, and screening strategies
for early-onset colorectal cancer. Gastroenterology. (2021) 160:1041-9.
doi: 10.1053/j.gastro.2020.12.068

Ladabaum U, Mannalithara A, Meester RGS, Gupta S, Schoen RE. Cost-
effectiveness and national effects of initiating colorectal cancer screening for
average-risk persons at age 45 years instead of 50 years. Gastroenterology.
(2019) 157:137-48. doi: 10.1053/j.gastro.2019.03.023

Wolf AMD, Fontham ETH, Church TR, Flowers CR, Guerra CE, LaMonte
SJ, et al. Colorectal cancer screening for average-risk adults: 2018 guideline
update from the American Cancer Society. CA Cancer ] Clin. (2018) 68:250-
81. doi: 10.3322/caac.21457

Frontiers in Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 819122


https://doi.org/10.1016/S2468-1253(16)30023-1
https://doi.org/10.1038/nrgastro.2010.4
https://doi.org/10.4103/aam.aam_56_18
https://doi.org/10.3390/ijms22115421
https://doi.org/10.3390/ijms18061310
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1016/j.cgh.2012.02.029
https://doi.org/10.1038/s41575-020-0286-8
https://doi.org/10.1007/s00535-012-0573-4
https://doi.org/10.1038/ajg.2010.55
https://doi.org/10.1038/bjc.2014.575
https://doi.org/10.1038/bjc.2011.65
https://doi.org/10.1371/journal.pmed.1003583
https://doi.org/10.1371/journal.pone.0106478
https://doi.org/10.1080/003655200750024191
https://doi.org/10.1016/j.ejim.2013.11.005
https://doi.org/10.1016/j.annepidem.2015.07.006
https://doi.org/10.3748/wjg.v20.i22.6786
https://doi.org/10.1158/1940-6207.CAPR-15-0274
https://doi.org/10.1007/s11894-017-0554-0
https://doi.org/10.5056/jnm19041
https://doi.org/10.14309/ajg.0000000000001036
https://doi.org/10.3748/wjg.v23.i28.5086
https://doi.org/10.1016/j.jamcollsurg.2011.04.033
https://www.cancer.or/cancer/colon-rectal-cancer/about/ke-statistics.html
https://doi.org/10.1001/jamanetworkopen.2021.17556
https://doi.org/10.1053/j.gastro.2019.07.055
https://doi.org/10.2217/fon-2021-0592
https://doi.org/10.1053/j.gastro.2021.12.285
https://doi.org/10.1001/jamanetworkopen.2019.20407
https://doi.org/10.1097/MEG.0000000000002000
https://doi.org/10.1016/j.cgh.2016.10.038
https://doi.org/10.17235/reed.2017.4569/2016
https://doi.org/10.1053/j.gastro.2019.11.026
https://doi.org/10.3748/wjg.v25.i21.2565
https://doi.org/10.1053/j.gastro.2020.12.068
https://doi.org/10.1053/j.gastro.2019.03.023
https://doi.org/10.3322/caac.21457
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Wu et al.

Association Between IBS and CRC

47.

48.

49.

50.

51.

52.

Lou S, Shaukat A. Noninvasive strategies for colorectal cancer screening:
opportunities and limitations. Curr Opin Gastroenterol. (2021) 37:44-51.
doi: 10.1097/MOG.0000000000000688
Ladabaum U, Dominitz JA, Kahi
colorectal ~cancer screening.
doi: 10.1053/j.gastro.2019.06.043
Brown JJ, Asumeng CK, Greenwald D, Weissman M, Zauber A,
Striplin ], et al. Decreased colorectal cancer incidence and mortality
in a diverse urban population with increased colonoscopy screening.
BMC  Public  Health. (2021) 21:1280. doi: 10.1186/s12889-021-
11330-6

Kahi CJ, Imperiale TE, Juliar BE, Rex DK. Effect of screening colonoscopy on
colorectal cancer incidence and mortality. Clin Gastroenterol Hepatol. (2009)
7:770-5. doi: 10.1016/j.cgh.2008.12.030

Segnan N, Armaroli P, Bonelli L, Risio M, Sciallero S, Zappa M, et al. Once-
only sigmoidoscopy in colorectal cancer screening: follow-up findings of
the italian randomized controlled trial - score. ] Natl Cancer Inst. (2011)
103:1310-22. doi: 10.1093/jnci/djr284

Atkin W, Wooldrage K, Parkin DM, Kralj-Hans I, MacRae E, Shah
U, Long term effects of once-only flexible sigmoidoscopy
screening after 17 years of follow-up: the UK Flexible Sigmoidoscopy
Screening randomised controlled trial. Lancet. (2017) 389:1299-311.
doi: 10.1016/S0140-6736(17)30396-3

C, Schoen RE. Strategies for
Gastroenterology.  (2020)  158:418-32.

et al

53. Holme @, Loberg M, Kalager M, Bretthauer M, Hernan MA, Aas E, et al.
Effect of flexible sigmoidoscopy screening on colorectal cancer incidence and
mortality: a randomized clinical trial. ] Am Med Assoc. (2014) 312:606-15.

doi: 10.1001/jama.2014.8266

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

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

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

Frontiers in Medicine | www.frontiersin.org

10

March 2022 | Volume 9 | Article 819122


https://doi.org/10.1097/MOG.0000000000000688
https://doi.org/10.1053/j.gastro.2019.06.043
https://doi.org/10.1186/s12889-021-11330-6
https://doi.org/10.1016/j.cgh.2008.12.030
https://doi.org/10.1093/jnci/djr284
https://doi.org/10.1016/S0140-6736(17)30396-3
https://doi.org/10.1001/jama.2014.8266
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Risk of Colorectal Cancer in Patients With Irritable Bowel Syndrome: A Meta-Analysis of Population-Based Observational Studies
	Introduction
	Materials and Methods
	Literature Search
	Selection Criteria
	Data Extraction and Quality Assessment
	Statistical Analyses

	Results
	Association Between Initial Diagnosis of IBS and Subsequent Risk of CRC
	Publication Bias
	Sensitivity Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References


