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Abstract
Background—The inter- and intra-subject variations of scintigraphy, which are used to identify
colonic transit disturbances in irritable bowel syndrome (IBS), are unclear. The relationship
between colonic transit and bowel functions is incompletely understood.

Aims—To assess inter-and intra-subject variations of scintigraphic colonic transit measurements
in 86 IBS patients and 17 healthy subjects and to quantify the relationship between colonic transit
and bowel symptoms in 147 IBS patients and 46 healthy subjects.

Methods—Data from participants with multiple colonic transit measurements were analyzed.
Primary endpoints were colonic filling at 6h (CF6h) and geometric center (GC) at 24 and 48h for
colonic transit. Bowel functions were assessed by daily stool diaries.

Results—Inter- and intra-subject variations were greater for small intestinal than colonic transit.
Overall, inter- and intra-subject variations were relatively narrow for colonic transit (both GC24h
and GC48h, with lower COV at 48h); there was little intra-subject variation in health and IBS-
constipation over a period of ≤3 weeks and over 2.0 years (median, range 0.1, 11.0 years).
Significant intra-individual differences in GC24h were observed only in IBS-D patients. Colonic
transit was significantly associated with stool form (accounting for 19–27% of the variance),
frequency (19%), and ease of stool passage (12%).

Conclusion—Despite inter-subject variation in scintigraphic colonic transit results, the intra-
subject measurements are reproducible over time in healthy volunteers and patients with IBS;
significant changes in colonic transit at 24h were observed only in IBS-D. Colonic transit is
associated with stool form, frequency, and ease of passage.
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Colonic transit time (CTT) refers to the time taken for chyme to pass through the colon.
Measurement of CTT is frequently performed in clinical practice to identify colonic motor
function abnormalities, for example, in patients with irritable bowel syndrome (IBS) [1] or
constipation [2–4]. This method is also used to investigate pathophysiological mechanisms
that lead to symptoms or syndromes [5,6] and to evaluate the effect of treatment [7,8].

The most widely applied techniques evaluate movement of radiopaque markers through the
gut [3,9] or appearing in stool [10]. A less commonly used method involves scintigraphy,
which is valuable for the assessment of gastrointestinal function in humans [11]. Both
provide noninvasive and quantitative assessments of colonic transit. In the most commonly
applied radiopaque marker transit technique, subjects ingest radiopaque markers on three [9]
or six [12] consecutive days, and a single abdominal x-ray is obtained on the subsequent day
and, if necessary, on one or more days later [13]. With the most widely used and published
scintigraphic method, radiolabeled charcoal particles [14] are delivered to the colon in a
delayed-release, methacrylate-coated capsule [15], and gamma camera images are acquired
at specified times during a 48-hour period.

Regardless of the method, there is considerable intra-subject variation in colonic transit [16–
19], possibly because some studies administered the radiolabel in the meal rather than in a
delayed-release capsule which delivers radiolabeled solid particles to the ileocolonic
junction. Moreover, intra-subject variation has been studied mainly in healthy volunteers
[20–23], with only 2 studies having evaluated the reproducibility of radiopaque marker CTT
in disease states. Thus, Nam et al [4]reported an acceptable reproducibility in 22 patients
with idiopathic constipation, but poor reproducibility in patients with colonic inertia or
paradoxical puborectalis contraction. In another study by Bouchoucha et al [24] which
included 30 healthy volunteers and 43 patients with IBS, 16 subjects underwent repeat
colonic transit testing with radiopaque markers and, therefore, there are data on the
reproducibility of radiopaque marker transit in some IBS patients. No significant differences
were found between the two test results, but it is not clear whether these subjects were
healthy controls or IBS patients.

Thus, the reproducibility of CTT measurements in disease states remains unclear. The aim
of this study was to assess the inter- and intra-subject variations of scintigraphic colonic
transit parameters in patients with IBS and healthy participants. A secondary aim was to
quantify the relationship between colonic transit measurement and bowel functions. For the
purpose of the current study in which the focus was on variation in IBS patients, we
excluded the previously reported performance characteristics in 37 healthy participants [20].

METHODS
Data Source

Data were derived in a retrospective manner from a database of previously performed
gastrointestinal transit studies conducted in patients with IBS and healthy volunteers (see
Appendix for references). All the patients who participated in all the different studies were
evaluated by the same clinical team (gastroenterologist, nurses and coordinators) in a single
clinical research unit; all patients filled out the same bowel disease questionnaire [25], and
the diagnosis of IBS was based on answers to standard, validated questions, as well as
clinical evaluation including physical examination and review of the medical records to
ensure they had IBS and other diseases had been excluded. The bowel symptom subgroup
was based on standard, validated questions and responses in the questionnaire. Details are
provided in the individual papers (see Appendix for list).
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From this database, subjects participating in studies of pathophysiology or parallel-group
design clinical trials were identified; some participated in more than one study, providing
data to evaluate inter- as well as intra-subject variations. There were no drug trials in
patients with IBS-M; therefore, short-term variability cannot be assessed in these patients.
Only data obtained at baseline or after randomization to a placebo group were included. The
same database was also used to assess the relationship between colonic transit and bowel
functions (stool form, frequency and ease of passage). The latter evaluation also
incorporated results from two additional studies [26,27].

All participants had provided written consent in each of the previously conducted studies.
The current analysis was approved by the Institutional Review Board at Mayo Clinic,
Rochester, Minnesota. Patients who had withdrawn authorization to use their records for
future research purposes had their data removed from the analysis, as required by the Mayo
Clinic IRB for the current study. Participants’ phenotypes were based on the group
designation in the original studies: diarrhea-predominant IBS (IBS-D), constipation-
predominant IBS (IBS-C), mixed-IBS (IBS-M) or healthy.

Gastrointestinal Transit Studies
To evaluate gastrointestinal transit parameters, an adaption of our established scintigraphic
method was used [14,15,28]. Briefly, 0.1mCi 111InCl3 was mixed with a slurry of 5 mg of
activated charcoal. The mixture was allowed to evaporate to dryness, after which the
radiolabeled charcoal was packed into a gelatin capsule. This capsule was coated with one
layer of methacrylate (Eudragit L, The Dow Chemical Company) which dissolves in a pH-
sensitive manner upon reaching the alkaline terminal ileum, thus allowing radiolabel to be
transferred to the colon for quantitation of colon transit. The 111In containing capsule was
administered following an overnight fast. After this capsule had emptied from the stomach,
subjects ingested a 99mTc-labeled meal. Estimation of colonic filling with 99mTc at 6 hours
(CF6h) served as a surrogate for small bowel transit. Subjects ingested standardized meals
for lunch and dinner, 4 and 8 hours after the radiolabeled breakfast, respectively. Using a
gamma camera, abdominal images with anterior and posterior cameras of 2 minutes duration
were acquired immediately following ingestion of the radiolabeled meal and at specified
time points during the subsequent 48 hours period.

Data Analysis
Transit measurements—99mTc counts were quantified within a 140 keV (±20%)
window and 111In counts within a 247 keV (±20%) window. Count corrections were made
for isotope decay, tissue attenuation and downscatter of the 111In in the 99mTc window. A
variable region of interest program was employed to quantitate counts in the different
segments of the gastrointestinal tract.

Primary endpoints were the CF6h and the geometric center (GC) at 24 and 48 hours. CF6h,
an indirect measurement of small bowel transit, is the proportion of 99mTc-labeled chyme
that has accumulated in the colon at 6 hours postprandially. The geometric center is the
weighted average of the counts in the different segments of the colon, ascending colon (AS),
transverse colon (TC), descending colon (DS) and rectosigmoid (RS), which are numbered
as segments 1 to 4, respectively, and segment 5 is the expelled stool (S). The GC can be
expressed as the sum of the multiplication of the proportion of 111In counts in each colonic
segment at a given time by that segment’s weighting factor:
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Therefore, a high GC implies fast colonic transit, whereas a low GC implies slow colonic
transit.

Assessment of variation in colonic transit measurements—The following
principles were applied to select data for analysis:

1. Inter-subject variation was estimated by comparing the first complete set of transit
parameters (CF6h, GC24h and GC48h) among participants.

2. Short-term intra-subject variation was derived from the first complete set of
baseline and post-placebo transit values within the same study protocol.

3. Long-term intra-subject variation was calculated by comparing the individual’s first
complete set of transit values to the set of transit values from the latest estimation
in a different study protocol for a given subject.

If a data set did not include all 3 transit parameters, we selected the first available set with 2
out of 3 transit values.

Relationship of colonic transit to bowel function—We also assessed the
relationship between colonic transit (GC24h and GC48h) and bowel functions recorded
through daily stool diaries, which included stool consistency (classified by the Bristol Stool
Form Scale [29]), and stool frequency, and ease of passage which was rated on a 1 to 7 point
scale where 1 signifies manual disimpaction and 7 signifies incontinence.

Statistical Analysis
Endpoints of small bowel and colonic transit are expressed as mean ± SEM. Bland-Altman
plots [30] were constructed to visually assess the intra-subject variation between repeat
transit test values. Inter- and intra-subjects coefficients of variation were calculated. The
intra-subject COV was calculated as the SD of the within subject differences divided by the
overall (grand) mean of the corresponding transit measurements; COV was then expressed
as a percentage. The associations of subgroup status (constipation, diarrhea, mixed bowel
pattern and healthy volunteer) and long-term changes in colonic transit values were assessed
using analysis of variance (ANOVA). Means and 95% confidence intervals for the
differences were computed using the pooled (across subgroups) variation from the ANOVA.

The relationship between bowel functions and colonic transit (predictor variable) were
assessed using univariate linear regression models. The estimated regression coefficient for
the GC value in each of the models (which corresponds to the slope of the regression line)
provides an estimate of the change in stool form, frequency and ease of passage that would
be expected per unit change in colonic geometric center values.

RESULTS
Subject Characteristics

From the original database, 103 eligible subjects (96 female) were identified who had
participated in repeated measurements of CTT in different clinical trials (median 2.0 years,
range 0.1–11.0 years apart). Seventeen were healthy volunteers and 86 had IBS.
Participants’ characteristics are shown in Appendix Table 1A.

Short-term intra-subject variation was estimated in 38 patients (36 female, 29 IBS-C and 9
IBS-D) in whom small intestinal and colonic transit were assessed before and after (within 3
weeks) placebo-treatment in the same study.
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To determine the relationships between colonic transit and bowel functions we used data
from 193 subjects who documented bowel functions through a stool diary (Appendix Table
1B).

Inter-subject Variation of Transit Parameters
Coefficients of variation (COV) for all end points are summarized in Table 1. Ranges of
inter-individual differences were wide for CF6h. For colonic transit, inter-individual
variation was lower, and also consistently smaller for the geometric center at 48h compared
to 24h. This was most apparent in patients with IBS-D (COV at 48h 18% vs 33% at 24h).

Intra-subject Variation of Transit Parameters
Bland-Altman plots (Figures 1 and 2) show the intra-subject variation for repeat
measurements, either after a short (within 3 weeks) or a long interval (median [range] of 2.0
[0.1,11.0] years).

Short-term intra-subject variation—This reproducibility was assessed in 38 patients
with IBS-C and IBS-D. The intra-individual COV in CF6h was very high (Appendix Table
2). However, colonic transit was reproducible. The mean difference between replicate transit
assessments, performed within a 3-week period (Figure 1), was −0.08 ± 0.11 for GC24h,
and differences were within 1 geometric center unit for all except for one subject with
diarrhea. Variation was slightly greater at the 48h endpoint, as the mean difference was
−0.14 ± 0.13. However, even at 48h, these differences were within 1 geometric center unit
for 84% of patients, indicating high test reproducibility. Moreover, differences between
initial and repeat assessments were not related to the average GC24h or GC48h during initial
and repeat studies (see Figure 1).

Long-term intra-subject variation—Long-term variation in CF6h exceeded 20% in 27
of 38 patients (Appendix Table 3). In contrast, assessments of colonic transit were consistent
at least up to 6 years, suggesting reproducibility was high. The overall mean differences in
GC at 24h and 48h were −0.12 ± 0.09 and −0.21 ± 0.11 respectively. Coefficients of
variation were consistently smaller for GC48h compared to GC24h. As shown in the Bland-
Altman plot (Figure 2), transit was more variable in patients with IBS-D than in patients
with IBS-C or IBS-M or normal healthy volunteers. Among IBS-D patients, 55% at 24h and
22% at 48h had measurements of colonic transit that varied by more than 1 GC unit. The
difference in GC24h between measurements differed significantly from zero in patients with
IBS-D, but not for any other subgroup (Figure 3). There was no significant variation in GC
at 48h in any group.

The change in geometric center between two repeat transit assessments was not influenced
by the time interval between measurements, up to 6 years (Figure 4); the number of replicate
studies >6 years apart was too small to assess the impact of time beyond 6 years.

Correlation between Colonic Transit and Bowel Function
Figure 5 shows linear regression plots for the relationships between colonic transit and stool
form, frequency, and ease of passage. In general, an increase in colonic GC24h by 1 unit
was associated with a 0.58 unit change in stool form, a change of 0.523 bowel movements
per day, and a change in ease of passage of 0.23 on a 7 point scale. At 48h, a 1 point
difference in geometric center was associated with a 0.65 unit change in stool form. Colonic
transit was significantly correlated with changes in stool form (accounting for 19–27% of
the variance), frequency (19%), and ease of stool passage (12%).
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DISCUSSION
We have evaluated the performance characteristics of scintigraphic colonic transit
measurements and assessed the clinical relevance of transit on bowel functions. Our results
show that scintigraphic assessment of colonic transit is highly reproducible over the short-
and long-term in patients with IBS and in healthy volunteers. Our study did not compare
results of scintigraphy with those of radiopaque marker transit measurement in this cohort of
patients. We previously demonstrated that, in health volunteers, transit through the
ascending colon was faster when measured by the radiopaque marker method than with
scintigraphy, and ranged from 2.8 to 18.2 h. The difference in ascending colon transit times
estimated by the two methods was statistically significant (radiopaque markers, mean 9.9
hours and 111In-labeled particles 11.9 hours), and the transit of radiopaque markers through
the whole colon was also somewhat faster than that of 111In-labeled particles (mean 26.2
and 35.7 h respectively, P = 0.067 [31]). Similarly, in patients with constipation, estimated
transit of radiopaque markers through the ascending and transverse colons was considerably
shorter than the transit of radioisotopically-labeled particles during simultaneous studies
[32].

As previously noted [20,33], inter-subject variation was considerable for small bowel transit.
For colonic transit, however, inter-subject variation was similar in healthy and different IBS
subgroups. This variation may reflect inherent biological variation among subjects rather
than the technique employed [21]. For healthy volunteers, coefficients of inter-individual
variation were slightly higher, though comparable to those previously published by
Cremonini et al [20] in a different cohort of 37 healthy volunteers. The slightly higher COV
may be attributable to different male-female ratios in the two study groups, as inter-
individual variation appears to be smaller in men [34], and the current analysis includes a
smaller proportion of men than the earlier study.

For colonic transit, the intra-individual COV was generally comparable at GC48h and
GC24h, except for IBS-D where the intra-individual variation was lower at 48h than 24h.
We believe that this observation reflects a ceiling effect, since the GC48h in patients with
IBS-D and rapid colonic transit is often close to the maximum score of 5. Indeed, 10 of 33
patients had a GC48h ≥4.9. Since the upper limits of normal in 175 healthy volunteers for
GC48h (i.e., 5.0) is higher than for GC24h (i.e., 4.07), it is easier to identify rapid colonic
transit with the GC24h. Thus, GC24h should remain the primary end point for assessing
colonic transit in clinical trials.

Over the short-term, colonic transit parameters were very reproducible within subjects, even
in patients with IBS-C and IBS-D. Indeed, the mean intra-individual differences are
comparable to a group of 51 healthy volunteers who underwent repeat scintigraphic colonic
transit measurements within 14 days [21]. While reproducibility after a short time interval is
of limited clinical importance, it is critical in planning pre- and post-treatment transit
measurements to study drug effects [35,36].

Extending previous studies in healthy volunteers [20] and patients with chronic idiopathic
constipation [4], colonic transit measurements are also very reproducible within subjects
when repeated up to 6 years later; long-term reproducibility was not influenced by the
duration of time between two measurements. These observations provide insights into the
natural history of diseases that affect colonic motor function. Our findings suggest that, in
contrast to symptoms, colonic transit is relatively stable over time in IBS patients [37].
However, there are caveats to these apparent differences between stability of symptoms and
colonic transit. First, the criteria used to categorize IBS patients in the longitudinal study
assessing symptoms differed from our study. Second, in the symptoms study, the diagnosis
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was exclusively based on questionnaires; patients were not interviewed or examined by a
physician to exclude an organic etiology of symptoms. Third, our analysis only included
subjects that fulfilled criteria for the same IBS subgroup at both times of colonic transit
assessment. Thus, it does not account for those that might present with an altered symptom
phenotype over time and would not, therefore, have been eligible for the subsequent transit
study. There may also be differences between subjects with IBS symptoms in the general
population (participating in a questionnaire study) and those seeking medical care or
treatment for their symptoms in a physician’s office [38,39] or patients volunteering to
participate in clinical trials.

Although we have demonstrated high reproducibility of colonic transit over time, we have
also observed a significant intra-individual variation in patients with IBS-D, with a general
trend towards a decrease of GC24h; thus showing that, on average, transit time was slower
on repeat testing. The significance of this novel finding requires further study. On the other
hand, these data document that colonic transit in patients with IBS-C is consistent and does
not vary significantly over time, justifying the use of the transit measurement to evaluate
natural history and responses to therapy.

The clinical relevance of a change in colonic transit is illustrated by the relationship with
bowel function; the strongest correlation being with stool form, as shown previously in
healthy subjects treated with medications to accelerate or delay colonic transit [40]. The
associations with the number of daily bowel movements and with the ease of passage were
less robust. Colonic transit was significantly correlated with changes in stool form
(accounting for 19–27% of the variance), frequency (19%), and ease of stool passage (12%).

This study has a number of strengths, including the large sample size and the inclusion of
>100 patients with IBS and healthy volunteers. Weaknesses to consider include the
retrospective manner in which data was obtained, the small number of patients in the IBS-M
subgroup, and the incomplete set of small bowel transit values for some subjects. However,
this parameter has been previously shown to be of limited diagnostic value [20,33].

In summary, although there is an inherent inter-individual variation of colonic motor
function which reflects the true differences in colonic physiology rather than problems with
measurement technique, we have demonstrated high test reproducibility of colon transit in
IBS and health using scintigraphy. In addition, we have demonstrated the relationship
between colonic transit and bowel functions. In conclusion, this study validates the use of
scintigraphy for assessing colonic transit in clinical or research settings.
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APPENDIX
Table 1

Table 1A. Participants’ characteristics in assessment of inter- and intra-subject variation in transit

Healthy volunteers IBS-C IBS-D IBS-M

N 17 48 33 5

Age, years 37.6 ± 2.9 38.5 ± 1.5 38.1 ± 2.5 39.4 ± 4.6

BMI, kg/m2 25.0 ± 1.0 25.3 ± 0.6 27.8 ± 1.1 26.9 ± 1.5

CF6h, % 58.4 ± 7.2 48.4 ± 4.5 51.9 ± 5.0 52.4 ± 13.3

GC24h 2.50 ± 0.25 1.95 ± 0.11 3.06 ± 0.18 2.41 ± 0.28

GC48h 3.54 ± 0.29 2.79 ± 0.14 4.33 ± 0.15 4.51 ± 0.23

Table 1B. Participants’ characteristics in assessment of relationship of transit and bowel functions

Healthy volunteers IBS-C IBS-D IBS-M

N 46 75 68 4

Age, years 34.6 ± 1.3 38.6 ± 1.1 43.8 ± 1.7 42.1 ± 6.4

BMI, kg/m2 24.1 ± 0.5 25.7 ± 0.5 28.6 ± 1.0 27.4 ± 2.0

Stool form 3.7 ± 0.1 2.9 ± 0.2 4.2 ± 0.2 4.5 ± 0.4

Stool frequency 1.3 ± 0.1 1.3 ± 0.1 2.3 ± 0.2 2.2 ± 0.3

Ease of passage 4.0 ± 0.03 3.5 ± 0.1 4.1 ± 0.1 4.6 ± 0.15

BMI, body mass index. CF, colonic filling. GC, geometric center.

BMI, body mass index.

Table 2

Short-term intra-subject variation across groups

All IBS-C IBS-D

CF6h, % Mean ± SEM 44.8 ± 5.8 44.8 ± 5.8 -

Difference ± SD −17.5 ± 42.8 −17.5 ± 42.8 -

N 4 4 0

COV 96 96 -

GC24h Mean ± SEM 2.08 ± 0.12 1.81 ± 0.09 2.91 ± 0.25

Difference ± SD −0.08 ± 0.65 −0.07 ± 0.0.64 −0.12 ± 0.71

N 37 28 9

COV 31 35 24

GC48h Mean ± SEM 3.09 ± 0.17 2.68 ± 0.14 4.40 ± 0.20

Difference ± SD −0.14 ± 0.83 −0.26 ± 0.86 0.25 ± 0.61

N 38 29 9

COV 27 32 14

CF, colonic filling. GC, geometric center. COV, coefficient of variation.
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Table 3

Long-term intra-subject variation across groups

All Healthy IBS-C IBS-D IBS-M

CF6h, % Mean ± SEM 53.0 ± 3.8 54.1 ± 4.8 49.6 ± 6.5 56.7 ± 15.2 62.5

Difference ± SD 6.2 ± 31.7 8.7 ± 38.1 0.3 ± 23.1 19.0 ± 35.1 −11.0

N 38 17 15 5 1

COV 60 70 47 62 -

GC24h Mean ± SEM 2.43 ± 0.09 2.30 ± 0.21 1.93 ± 0.09 3.22 ± 0.13 2.23 ± 0.18

Difference ± SD −0.12 ± 0.93 0.20 ± 0.68 −0.16 ± 0.76 −0.35 ± 1.19 0.65 ± 0.38

N 101 16 47 33 5

COV 38 30 39 37 17

GC48h Mean ± SEM 3.28 ± 0.11 3.15 ± 0.27 2.82 ± 0.11 4.34 ± 0.13 4.33 ± 0.30

Difference ± SD −0.22 ± 0.98 0.17 ± 0.81 −0.25 ± 1.06 −0.35 ± 0.90 −0.10 ± 0.55

N 80 11 47 19 3

COV 30 26 38 21 13

CF = colonic filling; GC = geometric center; COV = coefficient of variation.

Publications of previously performed gastrointestinal transit
studiesconducted in patients with IBS and healthy volunteers from which
data were derived in a retrospective manner for the current study
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Figure 1.
Bland-Altman plots showing short-term intra-subject variation of colonic transit at 24h and
48h in IBS patients with diarrhea or constipation. Plot shows 1 standard deviation as the
interrupted lines. Note most data are well within 1 SD which is ~0.7 GC units (y axis)
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Figure 2.
Bland-Altman plots showing long-term intra-subject variation of colonic transit at 24h and
48h for participants in different subgroups. Plot shows 1 standard deviation as the
interrupted lines. Note most data are well within 1 SD which is ~0.9 GC units (y axis). Note
that the greatest variation occurs in IBS patients with diarrhea and the variation is greater at
24h than at 48 h.
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Figure 3.
Change in geometric center in different subgroups expressed as means and 95% confidence
intervals. Note that the 95% confidence interval for IBS-D subgroup does not cross the zero
line, indicating a significant difference in colonic transit for the IBS-D subgroup, but not for
the other groups.
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Figure 4.
Effect of time interval in years between consecutive measurements on colonic transit
measurements. There does not appear to be a difference in the variation of colonic transit
when the interval is between 1 and 6 years. The numbers of participants studied > 6 years
apart is too small to assess the variation beyond 6 years.

Deiteren et al. Page 17

Neurogastroenterol Motil. Author manuscript; available in PMC 2011 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Relationship between bowel function and colonic transit: the regression formulae are shown
for the relationships between colonic transit at 24h and stool form, frequency and ease of
passage and the relationship between colonic transit at 48h and stool form. The full lines
represent the regression. Confidence and prediction interval lines our represented by the
interrupted and dotted lines respectively.
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