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ABSTRACT
Background Despite the trend towards making a positive diagnosis of irritable bowel
syndrome (IBS), many health care providers approach IBS as a diagnosis of exclusion.
Aim To summarize available evidence on the diagnostic performance of symptom-based IBS
criteria in excluding organic diseases, and of individual signs and symptoms in diagnosing IBS
and to additionally assess the influence of sources of heterogeneity on diagnostic performance.
Methods We searched PubMed and EMBASE and screened references. Studies were selected
if the design was a primary diagnostic study; the patients were adults consulting because of
non-acute abdominal symptoms; the diagnostic test included an externally validated set of IBS
criteria, signs, or symptoms. Data extraction and quality assessment were performed by two
reviewers independently. The review adhered to the most recent guidelines as described in the
Cochrane Diagnostic Reviewers' Handbook.
Results A total of 25 primary diagnostic studies were included in the review. The
performance of symptom-based criteria in the exclusion of organic disease was highly variable.
Patients fulfilling IBS criteria had, however, a lower risk of organic diseases than those not
fulfilling the criteria.
Conclusions With none of the criteria showing sufficiently homogeneous and favourable
results, organic disease cannot be accurately excluded by symptom-based IBS criteria alone.
However, the low pre-test probability of organic disease especially among patients who meet
symptom-based criteria in primary care argues against exhaustive diagnostic evaluation. We
advise validation of the new Rome III criteria in primary care populations.
INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic condition characterized by abdominal pain or discomfort
associated with disordered bowel habit1 and is one of the most common gastrointestinal (GI) disorders.2
Prevalence estimates in Western general populations range from 10% to 26%.3 Despite the bothersomeness
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of its symptoms, only a minority (30%) of patients with IBS seek medical care,4, 5 with most of them being
managed in primary care.4, 6 Given the high prevalence of IBS, this results in a large number of primary
health care visits.
Roughly, two opposing approaches can be distinguished in establishing the diagnosis of IBS: IBS as a
'diagnosis of exclusion' vs. IBS as syndromic condition on its own. The first approach is characterized by
more or less extensive diagnostic testing and invasive investigations to exclude possible organic causes,1
while the second approach is characterized by using symptom-based IBS criteria to establish a positive
diagnosis of IBS.6 The symptom-based approach was initiated in 1978 with the design of the Manning
criteria.7 The most recent criteria are the Rome III criteria.8
Despite a growing trend towards making a positive diagnosis of IBS, many health care providers approach
IBS as a diagnosis of exclusion.9 This practice is expensive,1, 10 may increase patients' anxiety11 and is in
conflict with several guidelines (e.g. AGA position Statement).12 Review articles conclude that the routine
use of diagnostic tests to exclude organic GI disease is not recommended in patients fulfilling IBS symptom
criteria without demonstrating alarm features,1, 13, 14 but may be indicated among those with alarm
features.13–15 However, several of those reviews and other reviews on the diagnosis of IBS lack a systematic
approach in collecting the evidence, do not assess its methodological quality, do not differentiate between
settings of care or need updating.
In this systematic review, we first studied the diagnostic performance of several symptom-based IBS
criteria in excluding organic GI diseases, investigating the probability of uncovering an organic cause of
symptoms when people have a positive score on the IBS criteria. Secondly, we studied which individual
signs and symptoms (including alarm features) are important in differentiating IBS from organic diseases.
Finally, we assessed the influence of sources of heterogeneity like differences in setting, study population
and study design on diagnostic performance.

MATERIALS AND METHODS
Data sources and searches
We searched PubMed and Embase for all eligible diagnostic studies (to September 2008). The search
strategy used MeSH/EMTREE terms and free text words and included sub-searches related to the index
test, target condition, study population and publication type. A methodological filter for the identification of
diagnostic studies was added to increase the specificity of the search. The full search strategies can be
obtained from the corresponding author on request.
Reference lists of all retrieved primary diagnostic studies were checked for additional relevant diagnostic
studies. Additionally, references were checked of relevant reviews, meta-analyses, guidelines and
commentaries.
Study selection
Two authors (PJ, DvdW) independently applied the pre-defined selection criteria (see below). PJ checked
all citations (titles and abstracts) identified by the search strategy, while DvdW checked eligibility of all
citations assessed by PJ as (possibly) relevant, as well as a random selection of citations assessed as not
relevant. Next, full publications were retrieved for studies that seemed relevant and for those for which
relevance was still unclear. A third reviewer was consulted in cases of persisting disagreement.
Participants, setting and study design. We considered primary diagnostic studies eligible if the study
population consisted of adult patients (≥18 years) consulting because of non-acute abdominal symptoms
(symptom duration ≥2 weeks). We intended to include only primary care studies, but because of the low
number, we decided to include also studies including patients visiting an outpatient GI clinic.
We considered primary diagnostic studies with a cohort design eligible. Of the case-control study designs,
only nested case-control designs in which controls formed a representative sample of all patients with
abdominal symptoms and case-control designs in which controls were diagnosed with a specific gastrointestinal disease were eligible. We excluded studies for which no two-by-two table could be extracted or
reconstructed (including case series), papers written in other languages than English, Dutch, German or
French, and reviews, editorials and case reports.
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Target condition and reference test. For the first research question ('performance of symptom-based
criteria in excluding organic GI diseases'), IBS is a diagnosis of exclusion. Therefore, only studies including
diagnostic work-up or a clinical follow-up of at least 1 year as 'reference test' were considered for inclusion.
For the second research question ('performance of signs and symptoms in identifying IBS'), IBS is a
syndromic condition on its own. Therefore, only studies using symptom-based IBS criteria as reference test
were eligible. As estimates of performance will always be overly optimistic for the population in which a
set of criteria have been developed,16 only IBS criteria that have been externally validated were included.
Index tests. For the first research question, a study had to include externally validated IBS criteria as index
test. To answer the second research question, a study had to include information on (elements of) history
taking (symptoms) and/or physical examination (signs). We were interested in signs and symptoms that are
regarded as 'alarm features' (e.g. rectal bleeding) and in non-alarm features (e.g. abdominal distension). To
prevent overestimation of diagnostic performance, signs and symptoms should not form part of the criteria
list studied.
Data extraction and risk of bias
The reviewers (PJ, DvdW, HvdH) extracted data on setting and design, study population, test
characteristics and test results using a standardized form. Risk of bias was assessed using a modified
version of the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool,17 which is
recommended by the Cochrane Diagnostic Reviewers' Handbook.18 This modified version consists of 11
items on methodological characteristics that have the potential to introduce bias (Table S1). Items were
scored as 'positive' (i.e. no bias), 'negative' (i.e. potential bias) or 'unclear'.
Data extraction and risk of bias were first pre-tested using two studies not included in the review. After
this, PJ scored all studies, while DvdW and HvdH each scored about half of the studies, independently of
each other. Inter-observer agreement was quantified and disagreements were resolved by consensus
meetings, and, in cases of persisting disagreement, by consulting a third reviewer.
As recommended by the designers of the QUADAS, we did not apply weights to the QUADAS items, nor
used a summary quality score in the analysis. Instead, we decided, a priori, to explore by subgroup or metaregression analyses whether scores on the following items explained variation in diagnostic performance:
item 1 (validity of study sample), item 2 (index test blind for reference standard) and 8 (reference standard
blind for index test).
Data synthesis and analysis
We present diagnostic two-by-two tables and diagnostic performance measures per study. Diagnostic
performance measures and corresponding 95% confidence intervals (95%CIs) were calculated using
MetaDiSc statistical software.19 When four or more studies on a specific index test showed sufficient
clinical and statistical homogeneity, we used bivariate analyses to calculate pooled estimates of sensitivity
and specificity and 95%CIs for the summary estimates.20 The bivariate analyses take into account both
within- and between-study variability and perform better than SROC regression models derived with the
Moses and Littenberg method,21 which departs from a fixed effects model. We refrained from pooling when
there was considerable clinical or statistical heterogeneity.
Investigations of heterogeneity. Factors that may contribute to variation in diagnostic performance across
studies (heterogeneity) include differences in (a) setting: primary vs. secondary care; (b) cut-off scores:
Manning 2 of 4 vs. 3 of 6; (c) study population: inclusion vs. exclusion of patients with alarm features or
upper GI disorders; (d) QUADAS items 1, 2 or 8 (as described above).
Subgroup analyses were only performed when each subgroup included data of at least two diagnostic
studies. In case each subgroup included data of at least four studies with homogenous results per subgroup,
we calculated per subgroup, a pooled estimate of sensitivity and specificity using bivariate analyses. In case
subgroups included data of less than four studies or data of at least four studies showing, however,
heterogeneous results on visual inspection, we presented the range of sensitivity and specificity per
subgroup. Studies providing insufficient information on a factor were not included in that specific
subgroup-analysis.
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RESULTS
Literature search and study selection
The literature search yielded 858 references. A total of 89 full papers were retrieved, of which 26 were
finally considered relevant for the review.7, 22–46 Reference checking yielded two additional relevant
papers.47, 48 With results of two studies being published in a total of five papers,35, 36, 40–42 a total of 25
primary diagnostic studies were included in the review. A summary of the search results is presented in
Figure 1.
[FIGURE 1]
Study characteristics
Table S2 presents details of the primary diagnostic studies included in the review. Four studies26, 28, 34, 43
were case-control studies; three studies7, 24, 36 used chart review for data collection. Nine studies included
primary care patients, with three22, 33, 36 including solely primary care patients. Although all studies mention
that they included 'patients with IBS', studies implicitly or explicitly defined IBS as (a) nonorganic/functional disease without differentiating between upper and lower disease; (b) lower functional GI
disease; or (c) a diagnosis using symptom-based IBS criteria. In the first two definitions, IBS is a diagnosis
by exclusion, while in the third definition IBS is a positive diagnosis.
The following symptom-based IBS criteria were included as index test: the Manning (n = 11), Kruis
(n = 7), Rome I (n = 3), Rome II (n = 4), Bellentani (n = 2), Mazumdar (n = 2), Talley (n = 2), and Wasson
criteria (n = 3) (see Appendix S1 for a description of all sets of criteria). Only two studies28, 34 used signs
and symptoms as index test while using symptom-based criteria (Rome I n = 1; Rome II n = 1) as reference
standard. While most studies did not report on the presence of alarm features in the study population, one
study22 excluded patients presenting with alarm features and two other studies7, 44 explored the influence of
alarm features on diagnostic performance. Three studies7, 23, 44 explicitly excluded patients with upper GI
disease, while six studies24, 29, 30, 37, 38, 41 explored the influence of including upper functional disease on
diagnostic performance.
Risk of bias. On average, the reviewers disagreed in 4 of 11 items (range 1–8). Disagreements mainly
concerned incorporation bias (item 3), bias by presence of other clinical information (item 4), and bias by
differential verification (item 7). All disagreements were resolved during consensus meetings. Table S3
presents the results of the assessment. Most studies performed well (score '+') on blind assessment of index
test (item 2), use of an appropriate reference standard (item 5) and avoidance of partial verification (item 6).
Especially, the time between index and reference test (item 9) was poorly described (score '?'). Generally,
five studies25, 30, 37, 41, 44 performed well receiving a positive assessment of at least 8 out of 11
QUADAS items.
Can symptom-based IBS criteria exclude organic disease?
Twenty studies investigated the performance of symptom-based criteria to exclude any organic disease
and nine studies the performance to exclude a specific disease (e.g. colorectal cancer).
Exclusion of any organic disease. Table 1 presents the diagnostic performance of symptom-based IBS
criteria in the exclusion of any organic disease. Kruis and Manning criteria were the most frequently
studied criteria. Estimates of diagnostic performance varied widely, both across sets of criteria and between
studies evaluating the same set of criteria except for the Wasson criteria that showed consistently low
values for sensitivity (34–46%), but high values for specificity (82–91%).36, 39, 45 The risk of organic disease
in test positives ranged from 5% to 24% and in test negatives from 24% to 54%. The diagnostic
performance of especially the Rome II criteria appeared to be poor with sensitivities ranging from 31% to
65% and specificities ranging from 30% to 100%.7, 22, 29, 46 The poorest results for the Rome II criteria were
reported by Banerjee et al.,22 who used strict selection criteria by including only patients with chronic or
recurrent lower abdominal pain (>2 years), altered bowel habits and bloating in whom extensive testing had
failed to show an organic cause. The diagnostic performance of the Bellentani, Mazumdar, and Talley
criteria appeared to be considerably worse in the validation cohorts than in the development cohort
(Table 1).
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[TABLE 1]
Exclusion of specific diseases. Eight studies investigated the performance of IBS criteria to exclude
specific diseases (Table 2). The risk of specific disease among those with a positive score on the criteria,
[i.e. 1 - positive predictive value (1-PPV)] and among those with a negative score [negative predictive value
(NPV)] is presented in Table 2. The 1-PPV ranges from 1% for inflammatory bowel disease to 14% for
non-ulcer dyspepsia, while the NPV ranges from 1% for malabsorption to 46% for non-ulcer dyspepsia.
These calculations were not possible for the two studies with a case-control design.26, 43
We also present a ratio representing the risk of specific disease for patients with a positive score on the
IBS criteria, relative to the risk for those with a negative score. For the cohort studies, this ratio is expressed
as a relative risk ratio and for case-control studies, as an odds ratio. With the exception of the study of
Poynard et al.37 which showed a significantly increased risk for inflammatory bowel disease in test
positives, the ratio for other studies varied between 0 and 1 for cancer, inflammatory bowel disease, peptic
ulcer and non-ulcer dyspepsia, implying that patients who fulfil the criteria for IBS have a lower risk for
these diseases than those not fulfilling these criteria. For most studies, the ratios were significantly different
from 1.0 (P < 0.05). For both studies on malabsorption diseases, the ratio was higher than 1, but the
confidence intervals were wide and the findings not statistically significant (P > 0.05).
Which signs and symptoms are important?
Only two studies investigated the diagnostic performance of individual signs and symptoms in the
identification of IBS as diagnosed with an IBS symptom list; one study used the Rome I criteria34 and the
other study the Rome II criteria28 (Table S4). Overall, the specificity of individual signs and symptoms was
higher when IBS was compared with a combination of upper and lower organic diseases than with lower
organic disease only.
To identify IBS reliably, an alarm feature's specificity must be close to 0, while a non-alarm feature's
specificity should be close to 1. When this condition is met, the absence of an alarm feature (e.g. blood in
stools) confirms IBS and so does the presence of a non-alarm feature (e.g. abdominal distension). With
values varying between 27% and 93%, none of the alarm features appears to have a low specificity.
Specificity of non-alarm features varied between 42% and 88% and was higher for 'infrequent bowel
movements'. Presence of infrequent bowel movements may therefore be helpful in establishing an IBS
diagnosis.
Pre-planned subgroup analyses
For reasons of the minimum number of studies required to enable a subgroup-analysis, pre-planned
analyses were only possible for the diagnostic performance of symptom-based IBS criteria in the exclusion
of organic disease as a group. Study results were entered only once in a between-study subgroup-analysis
(see marks in Table 1).
The subgroup-analysis on setting of care was possible for the Kruis and Rome II criteria. When Kruis
criteria were applied in primary care,23, 33 sensitivity appeared to be higher and specificity lower than in
secondary care.24, 25, 27, 31, 39 For the Rome II criteria, sensitivity and specificity were lower in primary care22,
46
compared with secondary care.7, 29 Persisting heterogeneity in subgroups led us to refrain from statistical
pooling. Variation in diagnostic estimates for the Manning criteria was not explained by using either a cutoff score of 2 out of 432, 39, 47 or 3 out of 6 criteria.25, 29, 30, 37, 38, 41
The subgroup-analysis on the influence of upper functional GI disease was only possible for the Manning
criteria. Five studies presented within-study comparisons29, 30, 37, 38, 41 and all showed that sensitivity of the
Manning criteria was lower when the functional disease group also included patients with upper functional
disease (pooled estimate 0.51, 95% CI 0.48–0.54 vs. 0.64, 95% CI 0.59–0.68). Results in the between-study
subgroups were too heterogeneous to confirm this finding.25, 29, 30, 32, 37–39, 41, 47 Two studies7, 44 on the Rome
criteria explored the influence of alarm features on diagnostic performance. While the exclusion of patients
with alarm features had no influence on the diagnostic performance of the Rome I criteria,44 it resulted in
somewhat better performance measures for the Rome II criteria.7 However, in this last study, confidence
intervals were wide and this study had few positive scores on the QUADAS tool. Results in the betweenstudy subgroups were too heterogeneous to confirm this finding.7, 22, 29, 46
For reasons of many scores remaining 'unclear' on the QUADAS tool and the low number of studies per
index test, only the potential influence of a selective study sample (item 1) as source of heterogeneity could
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be studied and only for the Manning criteria.29, 32, 37–39, 41 Results in subgroups were, however, too
heterogeneous to detect a pattern.
DISCUSSION
The performance of symptom-based IBS criteria in the exclusion of organic diseases was highly variable,
both across criteria sets and between studies evaluating the same IBS criteria. With regard to the exclusion
of specific GI diseases, our results showed that patients who fulfilled IBS criteria have a lower risk for
specific GI diseases than those not fulfilling the criteria. The absence of an alarm symptom does not seem
to be helpful in confirming an IBS diagnosis, while presence of infrequent bowel movements does.
How to reliably diagnose IBS?
With none of the criteria showing sufficiently homogeneous and favourable results, organic disease cannot
be accurately excluded by symptom-based IBS criteria alone. Our conclusion is in agreement with the
conclusions of previous reviews.49 Considering this, one may be tempted to conclude that a diagnostic
work-up (including invasive tests) is the best approach to establish a diagnosis of IBS in all patients with
abdominal symptoms. The literature remains divided on this subject50 and views of gastroenterologists may
conflict with those of primary care physicians. However, when deciding if an invasive diagnostic test is
needed, clinicians should also consider the pretest probability (prevalence) of organic disease in their
population.13 Cash et al.14 found that the prevalence rate of inflammatory bowel disease, colon cancer,
lactose malabsorption and thyroid dysfunction in patients who fulfilled IBS criteria was similar to or even
lower than the prevalence rates found in the general population, with the exception of coeliac disease.
Studies in their review, however, included solely patients with an IBS diagnosis according to a symptombased criteria list. As such a diagnosis is often made after a diagnostic work-up is performed, their
prevalence rates may underestimate the prevalence of organic disease in primary care populations. The
prevalence rates presented in Table 2, on the other hand, overestimate the prevalence of organic disease in
primary care as our analyses were primarily performed on (often referred) out-patients. This, combined
with the finding that fulfilment of IBS criteria leads to a significant reduction in risk of a specific GI disease
(Table 2), and considering the costs and patient burden involved in invasive diagnostic invasive testing,
leads us to agree with the recommendation that in primary care patients meeting symptom-based IBS
criteria, no exhaustive diagnostic testing should be performed.14, 50
However, as IBS is so common, it may coexist with organic GI disease.49 How should a GP identify these
patients without exhaustive diagnostic testing? One strategy is to pay attention to individual alarm features
as their presence is felt to identify a subgroup of patients with a greater pretest probability of organic
disease.51 Results of our review do not unambiguously support this view. Individual alarm features
appeared to be frequently absent in patients with organic disease, while they were often present in patients
diagnosed with IBS [Table S4]. Within-study subgroup-analyses showed that inclusion of patients reporting
alarm features hardly affected diagnostic performance. Furthermore, as alarm features are very common in
primary care, a majority of patients would be referred for diagnostic work-up. In the study of Whitehead
et al.,46 84% of the study sample reported alarm features, while only 6% were eventually diagnosed with an
organic GI disease. Additionally, evidence is accumulating for poor predictive value of individual alarm
features.52, 53 Instead of individual symptoms, one may use combinations of symptoms to detect patients
with a high probability of organic disease. In the study of Hammer et al.28 the best discrimination between
IBS and organic disease was provided by a multivariate model including alarm features, non-alarm features
and three or more Manning criteria. In the United Kingdom, referral criteria for bowel cancer have been
developed in which rectal bleeding is only an alarm feature when present in combination with a persistent
change in bowel habit.54
Strength and weaknesses
In this review, where possible, we adhered to the most recent guidelines for conducting a diagnostic
review as described in the Cochrane Diagnostic Reviewers' Handbook. We used an extensive search
strategy, but included a methodological filter to limit number of hits. By reference checking, we tried to
track down those publications our search strategy had failed to identify. The inclusion criteria of our review
reflect our priority for gathering diagnostic performance data that are relevant to clinical practice. We solely
extracted or reconstructed diagnostic data collected from symptomatic patients, excluding information from
healthy controls. This decision resulted in lower specificity rates than sometimes presented in the original
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publications, or even led to exclusion of studies. Furthermore, we decided to exclude novel technological
developments such as rectal distension tests, as their role in clinical practice has not yet been defined and as
they are not available in primary health care.55 Lastly, symptom-based IBS criteria were only eligible for
inclusion when they had been externally validated. Our review, as well as Starmans et al.,39 shows the
importance of this criterion: for most criteria lists, the diagnostic performance in validation studies was
much lower than in the cohorts in which the system was developed. If we had selected all IBS criteria lists
including those that have not been tested in other populations, this would have resulted in overestimation of
the diagnostic performance of symptom-based IBS criteria. A consequence of our strict selection criteria is
that we included less studies than might have been expected, which is certainly true with regard to our
second research question ('performance of signs and symptoms in identifying IBS'). Considering the
importance of homogeneous patient groups and our interest in IBS as a syndromic condition on its own, we
had a priori decided to include only studies using symptom-based IBS criteria as reference test.
Unfortunately, only two studies fulfilled this criterion. In a future systematic review evaluating the
diagnostic value of individual signs and symptoms, it may be relevant to include also studies using a
diagnostic work-up or clinical follow-up as a reference test.
Other implications for research and clinical practice
Few diagnostic studies were conducted in primary care, which is remarkable as patients with IBS are
mainly diagnosed and managed by GPs. We therefore strongly advise a careful validation of the recently
developed Rome III criteria in a primary care setting. The study population should consist of all patients
consulting the GP because of non-acute abdominal pain or discomfort, including those demonstrating alarm
features. By assessing the presence/absence of these features, researchers may analyse which combination
of Rome III and alarm features discriminates best between IBS and organic disease. The study population
should not include patients with clear upper GI symptoms as these patients are not representative of those
who will receive the test (i.e. Rome III criteria) in daily clinical practice. If the validity of the Rome III
criteria is confirmed, we believe that the Rome III criteria need a proper introduction in primary care to
facilitate implementation. A recent survey showed that nearly 80% of GPs had no knowledge of symptombased IBS criteria and only 4% used them in clinical practice.10
The fact that none of the sets of criteria showed sufficiently homogeneous and favourable results may be
particularly disappointing for those physicians regularly facing diagnostic uncertainty in patients with nonacute abdominal signs or symptoms. However, considering the findings of our review in the light of recent
advances in the field of GI disease based on multivariable diagnostic modelling,28, 54 and considering the
available evidence on individual alarm features, we suggest a diagnostic aid which may help (somewhat)
reduce diagnostic uncertainty: GPs can accurately diagnose IBS in patients who meet symptom-based IBS
criteria and lack any alarm features, but should consider (immediate) referral to secondary care in those
who demonstrate multiple alarm features.54 For patients who not only meet symptom-based IBS criteria but
also demonstrate a single alarm feature, clinical expertise and judgment will be needed to guide decisionmaking.
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TABLES AND FIGURES
Figure 1. Flow chart depicting search and selection
processes.
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