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SUMMARY

Aim: To determine how clusters (groups) of patients

with respect to symptoms compare with a clinical

diagnosis in patients with irritable bowel syndrome and

non-ulcer dyspepsia.

Methods: All patients who attended a gastroenterology

practice at Nepean Hospital were included in the study.

All patients received the previously validated Bowel

Disease Questionnaire, and were independently assessed

by the gastroenterologist. Factor analysis and a k-means

cluster analysis were completed.

Results: The study population comprised 897 patients

[320 males (36%) and 577 females (64%)]. Factor

analysis identified nine symptom factors: (1) diarrhoea;

(2) constipation; (3) dysmotility; (4) dyspepsia/reflux;

(5) nausea/vomiting; (6) bowel; (7) meal-related pain;

(8) weight loss; and (9) abdominal pain. A k-means

cluster analysis identified seven distinct subject groups,

which included an undifferentiated group: (1) diar-

rhoea; (2) meal-related pain; (3) abdominal pain; (4)

faecal indicators; (5) nausea/vomiting/weight loss; and

(6) constipation. The majority of irritable bowel syn-

drome patients fitted into two cluster groups [diarrhoea

(25%) and constipation (20%)], whereas those with

non-ulcer dyspepsia predominantly fitted into the

undifferentiated cluster (34%) and the nausea/vomiting

cluster (18%).

Conclusion: This study supports the concept of symptom

subgroups, including the subdivision of patients into

diarrhoea- and constipation-predominant irritable

bowel syndrome.

INTRODUCTION

Chronic gastrointestinal symptoms are extremely com-

mon in the general community.1–4 When these symp-

toms are not explained by biochemical or structural

abnormalities, they are often attributed to ‘functional

gastrointestinal disorders’,1–4 although disorders of gut

function have not been described for all clinical

variants.5 Approximately one-third of healthy middle-

aged adults have symptoms compatible with the

irritable bowel syndrome or non-ulcer dyspepsia,

making them the most common functional gastro-

intestinal disorders.6, 7 In addition, the natural turnover

of symptoms over time is substantial, although the

disappearance of symptoms is balanced by acquisition,

leading to a stable prevalence from year to year.8, 9

Functional gastrointestinal disorders account for the

majority of patients with gastrointestinal symptoms

presenting to gastroenterologists in practice.10–12

Physiological disturbances, including gut visceral
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hypersensitivity and disordered motor function, and

psychological factors, such as anxiety or neuroticism,

have been implicated in the pathogenesis.13, 14 Tradi-

tionally, a number of distinct functional gastrointestinal

disorders have been identified based on the symptom

patterns.6, 11, 12 Thus, irritable bowel syndrome is diag-

nosed when unexplained abdominal pain and bowel

symptoms co-exist,15 and non-ulcer dyspepsia is identified

when unexplained upper abdominal pain or discomfort is

present.14 The diagnostic criteria for the functional

gastrointestinal disorders were initially developed for

irritable bowel syndrome,15 and since then there have

been a number of adaptations and revisions made by

different groups around the world, with the Rome

symptom-based criteria being the most recent and widely

accepted.16 However, the approach of using symptoms to

identify distinct functional gastrointestinal disorders has

been challenged on epidemiological grounds (because of

symptom overlap)17 and on clinical grounds (because of

similar responses to certain therapies),18 and has been

suggested to be self-fulfilling.19 Moreover, the subdivision

of irritable bowel syndrome into diarrhoea- and constipa-

tion-predominant subgroups is controversial and is not

endorsed by the Rome Committee, although many clinical

trials have only evaluated one or other subgroup.16

Therefore, the aim of this study was to determine

whether a clinical diagnosis (symptom-based classifica-

tion) matches the way in which symptoms naturally

group in patient samples.

PATIENTS AND METHODS

Subjects

All patients who attended a single out-patient gastro-

enterology practice (NJT) at the Nepean Hospital in the

Western Sydney Area between June 1994 and Decem-

ber 1998 were included in the study. Patients were

primarily referred by general practitioners, but also by

surgeons and other internists. All patients were seen by

a single physician (NJT). At their first visit, all patients

were asked to complete the previously validated Bowel

Disease Questionnaire and received a diagnostic work-

up based on the presenting symptoms. All functional

disorders were diagnosed based on the history, physical

examination and appropriate negative diagnostic tests.

The diagnosis of irritable bowel syndrome or non-ulcer

dyspepsia by the physician was made without the aid of

questionnaire data.16

Bowel Disease Questionnaire

The Bowel Disease Questionnaire was devised and

validated by Talley et al. in the USA,20, 21 and has been

widely applied in epidemiological and clinical studies

around the world.22–31 It comprises 46 symptom items as

well as 25 questions about health care seeking and non-

gastrointestinal complaints. The time frame measured is

the previous 12 months. The Bowel Disease Question-

naire is easy to understand, reliable and has shown

excellent face, content and discriminatory validity.20, 21

Statistical analysis

Cluster analysis is a generic term which describes a

subset of statistical procedures that can be used to

create a classification.32–36 These procedures start with

a data set, which contains information (e.g. symptoms)

about a sample of entities (e.g. individuals), and

attempts to sort these entities into relatively homogen-

eous and mutually exclusive groups (or clusters). In this

article, cluster analysis was used to sort individuals into

‘disease’ clusters or groups based on similarities in the

symptoms reported.

The terms ‘cluster’ and ‘cluster membership’ are

synonymous with the more common epidemiological

terms ‘group’ and ‘group membership’. Indeed, these

terms can be used interchangeably in the current

setting. We have elected to use the term ‘cluster’ in lieu

of ‘group’ to maintain consistency with earlier literature

that has reported these techniques.

The complexity of a cluster solution is determined, at

least in part, by the number of items used to form a

classification. For example, a cluster solution that is

based on 16 symptom items is likely to be more complex

than one based on fewer items. Indeed, when cluster

solutions are derived from a large number of items, two

or more clusters are often indistinguishable in terms of

their underlying content or structure. Thus, we have

adopted the following two-stage approach as a method

of identifying the most parsimonious cluster solution.

Data reduction. Factor analysis was applied to the

symptom items in an effort to identify the underlying

latent factors (variables that cannot be measured

directly) that these symptoms represent. The factors

were extracted using principal components analysis,

with the criterion of an eigenvalue [a special set of

scalars associated with a linear system of equations
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(i.e. a matrix equation), that are sometimes also known

as characteristic roots, proper values or latent roots] of

greater than or equal to unity. Varimax rotation

(a method of factor rotation that maximizes a particular

function of the initial factor loadings) was applied to

extract a solution containing orthogonal factors (i.e.

statistically independent).

Cluster analysis. A k-means cluster analysis was applied

[which involves first specifying the number of clusters

desired (k)], using factors extracted from the principal

components analysis as the basis for forming the cluster

solution.32–36 The analysis commenced with a two-

cluster solution and proceeded by generating increas-

ingly complex cluster solutions (i.e. three, four, five, six

clusters). The choice of two clusters as a starting point

was based on the expectation of at least two ‘diseased’

clusters, reflecting upper and lower gastrointestinal

symptom groups.

Three criteria were used to cease forming increas-

ingly complex cluster solutions. First, when comparing

the cluster membership of a simpler and a more

complex solution, if the more complex solution

appeared to systematically break up a large cluster

into substantive subclusters, the more complex solu-

tion was adopted; however, if the more complex

solution appeared simply to draft, in a random

manner, small numbers of members of several clusters

into a new cluster or clusters, the simpler solution was

adopted. Second, the Euclidean distance (a measure of

distance for two observations) method was used to

judge whether the within-cluster homogeneity was

enhanced by moving to a more complex cluster

solution. If the average Euclidean distance was sub-

stantively reduced with a more complex solution, the

more complex solution was favoured. Third, in order

to preserve the reliability of within-cluster estimates,

no cluster could be made up of less than 5% of the

entire sample.

The clinical interpretation of each cluster was aided by

describing a cluster profile that comprised the mean

score per factor per cluster. Hence, for each cluster, there

is a series of mean scores centred about zero. A mean of

or close to zero indicates that the cluster is average, i.e.

undistinguished, on that particular factor. The unit of

measurement is the standard deviation (due to the unit

normal distribution of factor scores). Thus a score of

+ 2.0 indicates that the cluster is within the top 5% in

terms of that factor. We interpreted scores of less than

)1.0 or greater than + 1.0 as indicating clear differen-

tiation, and scores between 0.5 and 1.0 (either positive

or negative) as indicating possible differentiation.37

RESULTS

Demographic characteristics

Eight hundred and ninety-seven patient records were

audited and analysed [320 males (36%) and 577 females

(64%)]. The mean age of the patients was 44 years

(s.d. ¼ 15.9 years; range, 18–84 years) (Table 1).

Prevalence of symptoms

The prevalence rates of irritable bowel syndrome and

non-ulcer dyspepsia were 24.5% (n ¼ 212) and 7.1%

(n ¼ 62), respectively. The prevalence rates for each

individual symptom item are presented in Table 2. The

diagnostic distribution of organic diseases [n ¼ 555

(64%)] consisted of 21 lower gastrointestinal groups,

14 upper gastrointestinal groups and seven not applic-

able groups; the diagnostic distribution of functional

disorders [n ¼ 309 (36%)] consisted of six groups

(irritable bowel syndrome, diarrhoea, non-ulcer dyspep-

sia, abdominal pain, dyspepsia, constipation).

Factor structure in the patient sample

Details of the factor structures identified in the patient

sample are shown in Table 2. The study identified nine

latent variables (variables that cannot be measured

directly) labelled as: diarrhoea, constipation, dysmotil-

ity, dyspepsia/reflux, nausea/vomiting, bowel, meal-

related pain, weight loss and abdominal pain. The

minimum eigenvalue was 1.049 increased weight and

accounted for 3% of the total variance.

Table 1. Demographic characteristics of the sample

Characteristic Sample

Study population 897

Mean age (s.d.) (years) 44 (15.90)

Sex (% female) 577 (64%)

Marital status (%)

Married 546 (61%)

Divorced/separated/widowed 131 (15%)

Single 150 (17%)

Other (de facto) 41 (4%)

Missing data 29 (3%)
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Cluster structure

Seven groupings of subjects were identified (Table 3):

diarrhoea, constipation, abdominal pain, meal-related

pain, faecal indicators, nausea/vomiting/weight loss

and a final undifferentiated cluster whose predomin-

ant feature was ‘unknown’. The majority of clusters

represented single symptom groups; however, a mul-

tidimensional cluster existed with nausea/vomiting

and weight loss. The prevalence of irritable bowel

syndrome for each of the clusters was highest in the

diarrhoea (24.7%) and constipation (19.5%) groups.

For non-ulcer dyspepsia, the undifferentiated group

had the highest prevalence (33.8%) (Table 4).

Table 2. Factor analysis: patient data (showing factor loadings)

Item description (prevalence

in study population, %) Diarrhoea Constipation Dysmotility

Dyspepsia/

reflux

Nausea/

vomiting Bowel

Meal-

related

pain

Weight

loss

Abdominal

pain

Loose bowel with pain (40) 0.82 – 0.06 0.14 ) 0.03 0.04 ) 0.05 ) 0.02 0.04 ) 0.10

More bowel movement

with pain (38)

0.81 – 0.03 0.15 0.00 0.00 ) 0.00 ) 0.00 0.05 ) 0.12

Loose/watery stools (39) 0.64 – 0.14 ) 0.01 ) 0.01 0.07 0.31 0.06 ) 0.04 0.08

Pain improvement with

bowel movement (44)

0.61 0.26 0.09 0.05 ) 0.25 ) 0.16 0.12 0.02 ) 0.04

Urgency bowel movement (45) 0.57 0.08 0.08 0.03 0.05 0.29 ) 0.06 0.02 0.17

> 3 bowel movements per day (20) 0.54 – 0.17 ) 0.05 ) 0.01 0.12 0.41 0.04 ) 0.02 0.09

Strain to have a bowel

movement (40)

) 0.05 0.76 0.05 ) 0.03 0.02 0.20 0.05 ) 0.00 0.06

Hard stools (39) ) 0.18 0.75 0.03 ) 0.01 0.07 0.00 0.01 ) 0.00 0.02

< 3 bowel movements

per week (12)

) 0.03 0.64 – 0.06 0.04 ) 0.04 ) 0.04 ) 0.10 0.11 ) 0.15

Sensation of incomplete

evacuation (54)

0.22 0.51 0.12 0.00 0.05 0.41 0.02 0.11 0.06

Bloating and visible distension (58) 0.29 0.48 0.15 0.17 0.09 0.02 ) 0.01 ) 0.05 0.15

Pain worse after meals

(immediately) (32)

0.06 0.04 0.74 0.03 ) 0.03 0.01 0.08 0.15 0.13

Pain made worse by food

or milk (39)

0.18 0.05 0.74 0.04 0.06 0.02 ) 0.10 0.03 0.03

Pain worse after meals

(delayed) (50)

0.27 0.13 0.49 0.28 0.05 ) 0.11 0.05 0.02 ) 0.03

Pain worse by drinking

alcohol (19)

) 0.07 ) 0.05 0.49 0.11 0.00 0.04 0.21 ) 0.07 ) 0.06

Pain wakes from sleep (58) 0.21 0.20 0.37 0.08 0.25 0.03 ) 0.01 ) 0.13 ) 0.35

Heartburn (66) ) 0.11 ) 0.04 0.07 0.74 0.16 0.16 ) 0.00 ) 0.16 0.06

Pain made better by antacids (24) 0.00 ) 0.00 0.20 0.63 – 0.21 ) 0.14 0.18 ) 0.00 ) 0.11

Acid regurgitation (53) 0.00 ) 0.00 0.10 0.58 0.37 0.08 0.02 ) 0.05 0.15

Pain relieved by burping (25) 0.21 0.13 0.08 0.56 – 0.17 ) 0.22 0.27 0.14 ) 0.12

Dysphagia (23) ) 0.01 0.25 0.01 0.36 0.17 0.07 0.03 0.29 0.07

Nausea (68) 0.07 0.13 0.08 0.09 0.76 – 0.00 ) 0.01 0.18 0.04

Vomiting (47) 0.00 0.00 ) 0.01 0.01 0.75 – 0.11 0.02 0.19 ) 0.03

Blood in stools (21) 0.00 0.07 0.10 0.02 ) 0.15 0.66 – 0.06 0.11 ) 0.08

Mucus in stools (23) 0.24 0.18 ) 0.11 0.02 0.01 0.51 0.05 0.07 ) 0.17

Change in bowel habit (38) 0.32 0.21 ) 0.00 ) 0.12 0.01 0.38 0.11 0.21 0.29

Pain made better by eating (18) 0.05 ) 0.01 ) 0.02 0.17 ) 0.06 ) 0.04 0.81 – 0.06 ) 0.04

Pain occurs before meals (23) ) 0.00 ) 0.01 0.20 0.06 0.09 0.04 0.79 0.07 0.05

Weight loss (27) 0.07 ) 0.03 0.02 ) 0.07 0.16 0.10 0.01 0.71 – 0.02

Decreased weight (22) 0.01 0.08 0.13 0.04 0.27 0.08 0.02 0.68 – 0.22

Pain travels outside the belly (39) 0.05 0.26 0.20 0.09 0.26 0.10 0.25 ) 0.40 ) 0.29

Increased weight (8) 0.00 0.07 0.08 0.07 0.05 ) 0.12 ) 0.01 ) 0.16 0.73
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DISCUSSION

There remains contention as to whether or not distinct

groups of subjects with chronic or troublesome func-

tional gastrointestinal symptoms truly exist and how

useful these symptoms are in forming a diagnosis. The

approach of using specific symptom groupings to

diagnose irritable bowel syndrome or non-ulcer dyspep-

sia has been challenged on several grounds.17–19 As the

symptoms of irritable bowel syndrome and non-ulcer

dyspepsia often overlap and can be unstable, any

subdivision or classification may be arbitrary.38 More-

over, the exact symptom items that should be used to

identify irritable bowel syndrome are unclear.39, 40

Indeed, in primary care, few patients diagnosed with

irritable bowel syndrome fulfil the Rome criteria.41

Evidence of natural symptom groupings would provide

support for the valid subdivision of the functional

gastrointestinal disorders as proposed by the Rome

criteria. Previous studies have suggested that it is

possible to isolate different combinations of symptoms

by factor analysis; however, they have overlapped

considerably.42–44 Hence, it is unclear whether distinct

clinically relevant gastrointestinal syndromes can be

distinguished not only in the population, but also in

patient groups referred to gastroenterologists. One

approach for the evaluation of this issue is to conduct

an analysis in which the subject expressing symptoms is

the basis unit of analysis.

No previous studies have directly compared gastroin-

testinal symptoms by applying cluster analysis in

patient samples. The questionnaire used in this study

had been validated and therefore should have provided

accurate information on symptom status.20, 21 In this

study, the pattern of symptoms was characterized by

examining the factor structure of symptom items within

each sample. This amounts to identifying the latent

symptom variables (variables that cannot be measured

directly) that the composite of individual items is

addressing. By labelling the latent variables, an insight

can be gained into the distinct symptom concepts

measured by the questionnaire. Differences in percep-

tion would lead to different patterns of correlation

between items and hence factor structures. Several

factors might interfere with comparability, including

diet, exercise, cultural mores about reporting embar-

rassing symptoms and genetics.45–47

The factor analysis showed that there were six

symptom groups in the patient sample. However, the

cluster analysis revealed that there were seven symptom

groups. Patients were homogeneous in the sense that

the majority (82%) had abdominal pain; hence, different

subsets of symptoms were needed to discriminate

between diagnostic groups.

Table 3. Cluster analysis of factors identified in the patient sample (mean cluster scores by cluster)

Factor

Cluster

Diarrhoea

Meal-related

pain

Abdominal

pain

Faecal

indicators

Nausea/

vomiting/

weight loss Undifferentiated Constipation

Diarrhoea 1.28 – 0.01 ) 0.02 0.37 0.10 ) 0.72 ) 0.42

Constipation ) 0.14 ) 0.16 0.09 ) 0.47 ) 0.02 ) 0.66 1.44

Dysmotility 0.30 ) 0.02 0.37 ) 0.07 ) 0.00 ) 0.26 ) 0.05

Reflux/dyspepsia 0.00 0.39 0.32 ) 0.09 0.23 ) 0.21 ) 0.08

Nausea/vomiting ) 0.23 ) 0.05 0.18 ) 0.30 1.02 – 0.28 ) 0.04

Bowel ) 0.60 ) 0.05 ) 0.36 1.65 – 0.17 ) 0.30 0.14

Meal-related pain ) 0.40 2.13 – 0.24 ) 0.32 0.03 ) 0.37 ) 0.31

Weight loss ) 0.37 ) 0.32 ) 0.46 0.07 1.60 – 0.19 ) 0.29

Abdominal pain ) 0.27 ) 0.15 2.50 – 0.05 ) 0.18 ) 0.18 ) 0.34

Table 4. Irritable bowel syndrome (IBS) and non-ulcer dyspepsia

(NUD) based on clinical diagnosis by cluster groupings in the

patient sample

Cluster IBS (%) NUD (%)

Diarrhoea 24.7 12.2

Meal-related pain 12.1 13.5

Abdominal pain 7.9 5.4

Faecal indicators 12.6 5.4

Nausea/vomiting/weight loss 14.4 17.6

Undifferentiated 8.8 33.8

Constipation 19.5 12.2
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Other studies support the view that distinct symptom

groupings exist in the population. Whitehead et al.

identified irritable bowel syndrome symptoms as a

distinct group amongst abdominal complaints in sam-

ples of volunteers in the USA.43 Similarly, Taubs et al.,

assessing symptoms with a 22-item questionnaire in

large samples of male and female African-American and

Caucasian volunteers, identified symptoms (loose stools

and more frequent bowel movements with onset of pain,

and pain relieved by defecation) as a group correspond-

ing to irritable bowel syndrome across the population.44

However, neither of these studies assessed upper

abdominal symptoms, population-based samples were

not evaluated and the validity of the symptom ques-

tionnaire applied is uncertain. Kay and Jorgensen

identified an irritable bowel syndrome group, a reflux

group and a nausea group in a Danish population

sample, but no comparisons with other populations are

available.48

We can compare the symptom patterns and clustering

of individuals in our patient sample with those of a

community sample from the same population.37 The

factor analysis showed that there were six symptom

groups in patients, which was consistent with our

previous findings in the general population where six

groups were identified.37 The commonality of items

used in no way precludes varying factor structures as

the way in which subjects perceived the items did not

vary from the patient sample to the population-based

sample. However, the cluster analysis defining the

patterns of symptoms within individuals revealed that

there were seven symptom groups in the patient sample,

whereas the population-based sample only contained

four symptom groups. This difference in cluster struc-

ture is probably due to the homogeneity that exists

within the patient sample compared with that in the

population-based sample. Patients were homogeneous

in the sense that the majority (82%) had abdominal

pain.

We performed a cluster analysis applied to the factor

solution; this is a well-accepted methodology.32–36 It is

relevant to note that, in both the patients in the present

study and in the community sample,37 both gastro-

oesophageal reflux and a constipation cluster were

identified. It is also clinically relevant that the popula-

tion sample contained a ‘health’ group formed from a

composite of small, unclassifiable clusters.37 However,

the present patient sample contained an ‘undifferenti-

ated’ group, which may mean that these patients

cannot be discriminated by any symptom included in

the analysis. Based on the nature of the sample,

abdominal pain would appear to be the predominant

complaint. The fact that healthy subjects may not be

clearly classifiable on the basis of symptom items is not

surprising as it is well recognized that ‘normal’

community members with no diagnosable disease

experience occasional, transient, gastrointestinal distur-

bances.17

Almost one-half of the patients with irritable bowel

syndrome had predominant symptoms of diarrhoea and

constipation (44.2%). Moreover, it should be mentioned

that meal-related symptoms, in particular meal-related

pain, were prevalent in irritable bowel syndrome

(12.1%) and non-ulcer dyspepsia (13.5%) patients.

Although meal-related symptoms are not used in the

Rome criteria, increases in the gastro-colonic response

to a meal are well described in patients with irritable

bowel syndrome.49–51

There were several limitations to this study. Firstly, the

questionnaire did not measure all of the Rome I or

Rome II diagnostic criteria,16 but focused on symptoms

from a limited number of proposed upper and lower

gastrointestinal syndromes. Hence, it is not known

whether a broader range of symptom questions would

have identified more syndromes. Secondly, referral bias

may be present due to the high likelihood that this

particular physician’s practice attracts more patients

with irritable bowel syndrome than other disorders

because of his special interest in this disorder. Moreover,

due to the overlap of many functional disorders with

organic disease, it is possible that the physician’s

diagnostic practices may have been all inclusive and

may have led to multiple diagnoses (e.g. irritable bowel

syndrome, lower organic disease). It is important to note

that the subjects were derived from hospital or clinic

sources, where sampling or public health system factors

might themselves cause systematic variation in sample

characteristics. Thirdly, this study did not compare the

patient sample with patient populations from other

countries; this may shed light on any possible cultural

or genetic factors within these populations. Finally, this

is a point-prevalence study and thus does not take into

consideration the fact that the subgroup of patients with

irritable bowel syndrome would most likely show a

change in stool pattern over time (symptom turnover).

In conclusion, this is the first patient-based study to

document gastrointestinal symptom groupings and

clustering of individuals. We found that nearly one-half
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of irritable bowel syndrome patients had either diar-

rhoea or constipation as their predominant symptom;

however, the remaining irritable bowel syndrome

patients had mixed symptoms. The results suggest that

distinct upper and lower gastrointestinal disorders exist

in this patient sample; however, the current interna-

tional consensus-based classification of upper and lower

functional gastrointestinal disorders explains only a

small proportion of patients. Further studies need to be

conducted in larger or multiple physician practices, and

in other countries, to confirm the results and determine

whether any cultural differences exist among those with

functional gastrointestinal disorders.
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