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Prediction of Delayed Colonic Transit Using 
Bristol Stool Form and Stool Frequency in Eastern 
Constipated Patients: A Difference From the West 
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Background/Aims
The correlation between the Bristol stool form scale (BSFS) and colonic transit time (CTT) has been reported in Western populations. 
Our study aims to study the relationship between BSFS, stool frequency, and CTT in Eastern patients with chronic constipation.

Methods
A total of 144 chronic functional constipation patients underwent colonic transit study by using radio-opaque markers, anorectal 
manometry, and balloon expulsion test. Stool diary including stool forms and frequency was recorded. Delayed CTT was defined as 
the retention of more than 20.0% of radio-opaque markers in the colon on day 5. 

Results
Twenty-five patients (17.4%) had delayed colonic transit. Mean 5-day BSFS (OR, 0.51; 95% CI, 0.34-0.79; P = 0.021) and stool 
frequency (OR, 0.60; 95% CI, 0.44-0.83; P = 0.002) were independently associated with delayed CTT by logistic regression analysis. 
Mean 5-day BSFS (area under the curve [AUC], 0.73; 95% CI, 0.62-0.84; P < 0.001) and stool frequency (AUC, 0.75; 95% CI, 0.63-
0.87; P < 0.001) fairly predicted delayed CTT. The optimal mean 5-day BSFS of ≤ 3 provided 68.0% sensitivity, 69.7% specificity, and 
69.4% accuracy, and the optimal stool frequency ≤ 2 bowel movements in 5 days provided 64.0% sensitivity, 83.1% specificity, and 
84.0% accuracy for predicting delayed CTT.

Conclusions
Both stool form and frequency were significantly associated with delayed CTT. Stool frequency ≤ 2 and BSFS 1-3 rather than BSFS 1-2 
that was used in the Westerners could be used as surrogate for delayed CTT in Eastern patients with constipation. 
(J Neurogastroenterol Motil 2017;23:561-568)
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Introduction  

Chronic constipation is a common gastrointestinal disorder 
with the global prevalence of 12.0-17.0%.1 The prevalence of con-
stipation is different among geographic regions, which is lower in 
Southeast Asia (11.0%) compared with Europe (16.0%) and North 
America (14.0%).1 Moreover, it accounts for one of the top 5 of 
gastrointestinal disorders in ambulatory clinics.2,3 Constipation not 
only significantly impairs patient’s quality of life but also impacts 
on the economic burden, both direct health-care costs pronouncing 
7500 US dollars per patient annually and indirect costs including 
loss of work productivity and work absence.4-6 

In chronic idiopathic cases who do not respond to standard 
treatment, patients need further specialized investigations for assess-
ing colonic and anorectal function to identify the underlying cause 
for the better view of optimal management.7 Biofeedback therapy 
has been found to improve bowel symptoms and anorectal function 
in constipated patients with dyssynergic defecation according to the 
American Neurogastroenterology and Motility Society and the Eu-
ropean Society of Neurogastroenterology and Motility consensus.8 
Those who have slow transit constipation might gain benefits from 
newer agents to restore colonic function, including serotoninergic 
enterokinetic agents, and intestinal secretagogues. Some of these 
patients might need more invasive approach including surgery 
(colectomy, ileostomy, or ileorectal anastomosis) or novel methods 
including neuromodulation therapy or sacral nerve stimulation.9-11 
Various methods to assess colonic transit have been utilized includ-
ing radio-opaque marker (ROM) studies, colonic transit scintigra-
phy, and wireless motility capsule studies. Of these, the colonic tran-
sit study using ROM seems to be the most widely performed due 
to its simplicity, inexpensiveness, and lack of the need of specialized 
equipment. Though most of the reported studies of colonic transit 
time (CTT) have been done in the West, a few studies from Asian 
showed different findings. Previous studies in the West showed 
mean normal CTT of 30-40 hours with the upper normal limit of 
70 hours12-14 whereas studies in Asian healthy individuals showed 
faster transit times as the mean CTT of 15.8 hours in Indians,15 
16.8 hours in Koreans16 and 24.5 hours in Hong Kong people, re-
spectively.17 This difference might be affected by race, ethnicity, and 
dietary habits.18 

In clinical practice, clinicians usually treat patients with symp-
toms-based approach by using stool form and stool frequency to 
evaluate colonic transit. Bristol stool form scale (BSFS) was devel-
oped in 1970s by Lewis and Heaton with the aim to be a simple 

useful guide to standardize the stool forms and has been utilized in 
various clinical and research practices.19 However, BSFS demon-
strated fair correlation with CTT in most studies.19-24 Two studies 
in healthy volunteers using laxative or antidiarrheal medications 
demonstrated that the longer CTT correlated with harder stools.19,22 
Stool frequency also demonstrated mixed results on CTT correla-
tion.19-27 

BSFS of 1 to 2 are considered as hard or lumpy stools and have 
been used for classification of irritable bowel syndrome (IBS) with 
constipation (IBS-C) subtype according to the Rome III criteria, 
whereas BSFS of 1 to 3 are classified as IBS-C for Asian patients 
based on the Asian Neurogastroenterology and Motility Associa-
tion consensus.28,29 Asians demonstrated faster intestinal transit time 
in both healthy and IBS individuals compared with Westerners.29 
However, the data on the association of stool form and CTT in 
Asians is limited and more validated information from the Asian 
population is needed.

The aim of this study is to explore the relationship between 
BSFS, stool frequency, and colonic transit study results in Eastern 
patients with chronic constipation. 

Materials and Methods  

Patients
During the period of May 2013 to December 2015, patients 

with chronic constipation who were not satisfied with laxatives and 
who visited the outpatient gastroenterology clinic at King Chul-
alongkorn Memorial Hospital, Bangkok, Thailand, were prospec-
tively enrolled in this study. All patients had 2 or more following 
symptoms of more than 3 months: straining, lumpy or hard stools, 
sensation of incomplete evacuation, manual maneuver to facilitate 
defecation, sensation of anorectal obstruction or blockage or/and 
less than 3 bowel movements (BMs) a week. No rescue drugs were 
prescribed during the study period. Exclusion criteria were: (1) his-
tory of any gastrointestinal surgeries other than appendectomy, cho-
lecystectomy, and cesarean section and (2) diagnosed as secondary 
constipation due to medication, anatomical disorders, and medical 
conditions, eg, hypothyroidism, diabetes mellitus, cerebrovascular 
disease, and hypercalcemia. All included patients underwent ano-
rectal manometry, balloon expulsion test, and colonic transit study 
using solid ROMs. The techniques were described previously.30 
Subjects were required to withhold any medications that effect 
gastrointestinal motility including laxatives, prokinetics, antidepres-
sants, anxiolytics, and antipsychotics for 7 days prior to testing. 
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Patients were then categorized as having defecation disorders if they 
have 2 of the following criteria during repeated attempts to defecate: 
(1) evidence of impaired evacuation based on balloon expulsion 
test and (2) inappropriate contraction of the pelvic floor or less than 
20.0% relaxation of basal resting sphincter pressure or inadequate 
propulsive forces during attempted defecation by manometry.30 All 
patients completed a constipation symptom questionnaire which 
included straining, lumpy or hard stools, sensation of incomplete 
evacuation, manual maneuver to facilitate defecation, and sensation 
of anorectal obstruction/blockage. 

Informed consent was obtained from all individual participants 
before enrolling in the study. This study was approved by the Hu-
man Research Ethic Committee of King Chulalongkorn Memorial 
Hospital. 

Assessment of Colonic Motility with Colonic Transit 
Study

All subjects ingested 20 solid ROMs manufactured locally (di-
ameter 5 Fr, length 1 cm each; Introducer sheath, Terumo, Japan) 
in 2 gelatin capsules, and the abdominal X-rays were obtained on 
day 1, 3, and 5 after ingestion. Subjects were on normal diet and 
normal activities during the study period. The weighted mean of 
ROM distribution in the (1) right colon, (2) left colon, (3) rectosig-
moid colon, and (4) stool was expressed as a geometric center (GC, 
1-4 respectively). The colon was divided into 3 parts defined by 
bony landmarks as described in a previous study.31 Delayed colonic 
transit was defined as the retention of more than 20.0% of ROMs 
(more than 4 ROMs) in the colon on day 5 after ingestion.32 The 
X-rays were interpreted by 2 independent investigators without 
knowing the stool characteristics, subjects’ profiles, and the date of 
imaging study.

Assessment of Stool Form and Frequency
After ingestion of ROMs, all participants were asked to record 

stool form of every BM in a stool diary during the 5-day study pe-
riod. The stool form was graded using the BSFS ranging from 1 to 
7.19 The lower score reflects the harder stool. Because the stool form 
is usually harder at the beginning and softer at the end of each BM, 
the BSFS was graded base on the hardest stool form at the begin-
ning of each BM. The mean BSFS of all BMs during the 5-day 
study period was obtained from the stool diary. Stool frequency was 
expressed as a total number of BMs in 5 days.

Statistical Methods
All statistical analyses were performed by SPSS version 21.0 

for Mac (SPSS Inc, Chicago, IL, USA). Data were presented as 
mean ± SD or proportions (%). Comparisons between 2 groups 
were performed by unpaired Student’s t test for continuous data 
and Chi-square test for nominal data. Relationship of stool form 
and frequency with GC was calculated using Spearman’s correla-
tion. The strength of correlation is interpreted as weak (ρ = -0.3 
to -0.1 or 0.1 to 0.3), moderate (ρ = -0.5 to -0.3 or 0.3 to 0.5), and 
strong (ρ = -1.0 to -0.5 or 1.0 to 0.5), respectively. Receiver operat-
ing characteristic (ROC) analysis was performed to calculate the 
cut-off value, sensitivity, specificity, and accuracy for discriminating 
patients with delayed CTT from normal transit. An area under the 
curve (AUC) of more than 0.7, 0.8, and 0.9 were considered as fair, 
good, and excellent tests, respectively. The optimal cut-off value was 
determined when the point yields the best sensitivity and specificity 
in ROC curve. Multivariate logistic regression analysis was used to 
determine which factors were independently associated with delayed 
CTT. The P-value of less than 0.05 was considered as statistically 
significant.

Results  

Subject Characteristics
This study cohort consisted of 144 patients with a mean age 

of 52.0 ± 16.6 years, and 70.8% were female. The prevalence of 
constipation symptoms was reported as followed: straining (84.0%), 
hard stools (65.3%), sensation of incomplete evacuation (81.9%), 
manual maneuver to facilitate defecation (45.1%), and sensation 
of anorectal blockage (70.1%). Mean stool frequency was 4 (2.3-
5.0) BMs per 5 days. The mean 5-day BSFS was 3.5 ± 1.3. Of all 
patients, 25 patients (17.4%) had delayed CTT, 70 patients (48.6%) 
had IBS symptoms, and 58 patients (40.3%) had defecation disorder. 

Features Comparison Between Patients With 
Delayed Colonic Transit Time Versus Normal  
Colonic Transit Time

There was no significant difference in age, gender, body mass 
index, prevalence of defecation disorder and IBS symptoms, and 
constipation symptoms including straining, hard stools, incomplete 
evacuation, manual maneuver to facilitate defecation, and sensation 
of anorectal blockage, between patients with and without delayed 
CTT. Delayed CTT patients presented with significantly fewer 
mean stool frequency (2.5 ± 2.0 vs 4.3 ± 1.9 BMs per 5 days, P 
< 0.001), and harder stool form (mean 5-day BSFS of 2.6 ± 1.4 
vs 3.7 ± 1.3, P < 0.001) compared to patients with normal CTT. 
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The GC was significantly more proximal in delayed CTT group 
compared with normal colonic transit group for day 1 (1.8 ± 0.8 vs 
2.6 ± 0.9), day 3 (2.6 ± 0.6 vs 3.7 ± 0.5), and day 5 (3.1 ± 0.5 vs 
4.0 ± 0.02) (all P-values < 0.001). The main features of subjects 
are summarized in Table 1.

Accuracy of Stool Form and Frequency for 
Predicting Delayed Colonic Transit Time

Multivariate logistic regression analysis indicated that the mean 
5-day BSFS (OR, 0.51; 95% CI, 0.34-0.79; P = 0.020) and stool 
frequency (OR, 0.60; 95% CI, 0.44-0.83; P = 0.002) were in-
dependently associated with delayed CTT after adjusting for age, 
gender, and body mass index (Table 2).

The ROC analysis for predicting delayed CTT indicated that 
BSFS of the mean 5-day BSFS (AUC, 0.73; 95% CI, 0.62-0.84; P 

< 0.001), and stool frequency (AUC, 0.75; 95% CI, 0.63-0.87; P 
< 0.001) fairly predicted delayed CTT. The optimal value of mean 
5-day BSFS for predicting delayed CTT was less than or equal to 
3 providing 68.0% sensitivity, 69.7% specificity, 69.4% accuracy, 
32.1% positive predictive value, and 91.2% negative predictive 
value. Optimal stool frequency was less than or equal to 2 BMs per 
5 days providing 64.0% sensitivity, 83.1% specificity, 84% accuracy, 

Table 1. Baseline Characteristics Compared Between Patients With Delayed and Normal Colonic Transit Study

Total 
(N = 144)

Delayed CTT 
(n = 25)

Normal CTT 
(n = 119)

P-value

Age (yr) 52.0 ± 16.6 53.0 ± 16.5 51.8 ± 16.7 0.756
Sex (% female) 102 (70.8) 19 (76.0) 83 (69.7) 0.534
BMI (kg/m2) 22.8 ± 3.7 21.4 ± 2.8 23.1 ± 3.8 0.055
Defecation disorder (n [%]) 58 (40.3) 13 (52) 45 (37.8) 0.187
Fulfilled IBS criteria (n [%]) 70 (48.6) 12 (48) 58 (48.7) 0.946
Constipation symptoms (n [%])
    Straining 121 (84.0) 23 (92.0) 98 (82.4) 0.230
    Hard stools 94 (65.3) 19 (76.0) 75 (63.0) 0.222
    Incomplete evacuation 118 (81.9) 22 (88.0) 96 (80.7) 0.394
    Manual maneuver to facilitate defecation 65 (45.1) 12 (48.0) 53 (44.5) 0.746
    Sensation of anorectal blockage 101 (70.1) 20 (80.0) 81 (68.1) 0.228
Stool characteristics
    Average 5-day BSFS 3.5 ± 1.3 2.6 ± 1.4 3.7 ± 1.3 < 0.001
    Stool frequency (BMs/5 days) 4.0 ± 2.0 2.5 ± 2.0 4.3 ± 1.9 < 0.001
Geometric center
    Day 1 2.5 ± 0.9 1.8 ± 0.8 2.6 ± 0.9 < 0.001
    Day 3 3.5 ± 0.7 2.6 ± 0.6 3.7 ± 0.5 < 0.001
    Day 5 3.8 ± 0.4 3.1 ± 0.5 4.0 ± 0.02 < 0.001

CTT, colonic transit time; BMI, body mass index; IBS, irritable bowel syndrome; BSFS, Bristol stool form scale; BMs, bowel movements.
Data express as mean ± SD.

Table 2. Predictors of Delayed Colonic Transit Time by Using Mul-
tivariate Logistic Regression Analysis

Variable Adjusted ORa 95% CI P-value

 Average 5-day BSFS 0.51 0.34-0.79 0.021
 Stool frequency (BMs/5 days) 0.60 0.44-0.83 0.002
aAdjusted to age, sex, body mass index, and irritable bowel syndrome.
BSFS, Bristol stool form scale; BMs, bowel movements.

Table 3. Sensitivity, Specificity, and Accuracy of Mean 5-day Bristol 
Stool Form Scale and Stool Frequency in Diagnosing Delayed Co-
lonic Transit Time

Sensitivity 
(%)

Specificity 
(%)

Accuracy 
(%)

Mean 5-day BSFS 
    1 28.0 94.1 82.6
    1-2 40.0 84.9 77.1
    1-3 68.0 69.7 69.4
    1-4 96.0 37.0 47.2
Stool frequency (BMs/5 days)
    0-1 32.0 95.0 84.0
    0-2 64.0 83.1 84.0
    0-3 68.0 66.4 66.7
    0-4 80.0 51.3 56.3

BSFS, Bristol stool form scale; BMs, bowel movements.
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44.4% positive predictive value, and 91.7% negative predictive 
value (Table 3). A combined stool form (mean 5-day BSFS ≤ 
3) and frequency (≤ 2 BMs in 5 days) provided 50.0% sensitivity, 
92.4% specificity, 59.1% positive predictive value, and 90.2% nega-
tive predictive value.

Correlation of Stool Characteristics and with 
Geometric Center 

Both the mean 5-day BSFS and stool frequencies moderately 
and positively correlated with GC on day 1, 3, and 5, meaning that 
the looser stool and higher frequency of BMs correlated with faster 
colonic motility (Table 4). All constipation symptoms demonstrated 
non-significant correlation with GC. 

Subgroup Analysis
Our patients were divided into 2 subgroups: IBS and non-IBS. 

In IBS patients, stool form and frequency were not associated with 
delayed CTT and the correlation between stool form, frequency, 
and colonic motility were either weaker or not significant. Whereas, 
the association and the correlation of stool form, frequency, and co-
lonic motility remain significant in non-IBS patients (Supplementary 
Tables 1 and 2).

Discussion  

Clinical information easily obtained from constipated patients 
during outpatient visits including stool characteristics (stool form 
and frequency) and other gastrointestinal symptoms might guide 
doctors’ treatment strategies. However, different diet and bowel 
habits in different populations limit its application in general.33 
Available studies on the association of stool characteristics and CTT 
were from the West. To the best of our knowledge, this is the first 

study to determine the association between stool characteristics us-
ing BSFS, stool frequency, and colonic transit in Asian constipated 
individuals. 

Most previous studies investigated the association of stool form 
and colonic transit in healthy and IBS individuals.19-24,34 Only a 
study from Saad et al26 investigated this association in constipated 
adults by using ROM to define delayed CTT. They showed that 
the mean 5-day BSFS of less than or equal to 2 was optimal for 
predicting delayed CTT with 80.0% sensitivity and 69.0% specific-
ity. Our study was also done in well-defined chronic constipated 
individuals and showed significant correlation of stool form and 
CTT, which supports the finding from Saad et al.26 However, our 
study showed that the optimal value of mean 5-day BSFS for pre-
dicting delayed CTT was less than or equal to 3 providing 68.0% 
sensitivity, 69.7% specificity, and 69.4% accuracy. This finding sug-
gests that, in Eastern constipation patients, not only BSFS 1 and 2 
but also BSFS 3 was associated with delayed colonic transit. This 
difference might be attributed to different ethnic groups, dietary 
habits, and quantity of fiber intake between the Asian and the West-
ern patients.33 Moreover, our findings also supported the previous 
consensus from the Asian Neurogastroenterology and Motility As-
sociation that used BSFS 1 to 3 to characterize IBS with constipa-
tion,29 which differed from the West (BSFS 1 to 2).28 Furthermore, 
we assessed the correlation of BSFS and GC, after which we found 
only moderate correlation. For practical purposes, the mean 5-day 
BSFS can discriminate delayed CTT from normal CTT quali-
tatively, but the BSFS may not be used for grading the severity of 
delayed colonic transit. 

The correlation of stool frequency and colonic transit in 
constipation, IBS, and healthy adults have shown contradictory 
results.19-21,23,24 Glia et al34 showed that less than 2 BMs per week 
was the independent predictor for slow-transit constipation, whereas 

Table 4. Spearman’s Correlation of Stool Characteristics and Constipation Symptoms With Geometric Center

GC day 1 GC day 3 GC day 5

Mean 5-day BSFS 0.35a 0.38a 0.32a

Stool frequency (BMs/5 days) 0.31a 0.33a 0.36a

Constipation symptoms
    Straining -0.57 -1.21 -0.71
    Hard stools -1.51 -0.13 0.005
    Incomplete evacuation -0.03 -0.05 -0.06
    Manual maneuver to facilitate defecation 0.002 0.08 0.05
    Sensation of anorectal blockage 0.04 0.04 -0.03

aP < 0.01.
GC, geometric center; BSFS, Bristol stool form scale; BMs, bowel movements.
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Saad et al26 showed no correlation when measured by wireless 
motility capsule and ROM. Our study demonstrated that stool fre-
quency is an independent predictor for delayed CTT and it showed 
moderate correlation with GC. Stool frequency also had a fair pre-
dictive ability for delayed CTT with the optimal stool frequency of 
less than or equal to 2 BMs per 5 days providing 64.0% sensitivity, 
83.1% specificity, and 84.0% accuracy. 

Besides stool characteristics, physicians frequently assess gas-
trointestinal symptoms during an ambulatory visit. So far, only a 
few studies evaluated the association between symptoms and co-
lonic motility and have reported different results.23,35 There was a 
large cohort study of IBS patients that investigated the association 
of three gastrointestinal symptoms (abdominal pain, bloating, and 
flatulence) with colonic motility, showing only weak correlation 
of abdominal pain with CTT.23 Whereas the other cohort found 
significantly higher severity of urgency and bloating in delayed 
CTT compared with normal CTT.35 All 5 constipation symptoms 
(straining, hard stools, incomplete evacuation, manual maneuver to 
facilitate defecation, and sensation of anorectal blockage) were not 
good markers for discriminating delayed CTT from normal CTT 
individuals as shown in our study. 

Our study found weaker correlation and non-significant as-
sociation between stool form, frequency, and colonic motility in 
IBS patients, whereas those findings remain significant in non-IBS 
patients. There are a few plausible explanations on these findings. 
First, in IBS patients, stool consistency varies greatly within each in-
dividual, and bowel habits were also found to change overtime,36,37 
thus the reliability of the measurements of stool form and frequency 
in IBS patients come into question given this day-to-day variation. 
Second, colonic absorption and secretion may be different in pa-
tients with IBS compared to those without IBS.38 

Our study has limitations that should be acknowledged. First, 
we assessed colonic motility in patients with constipation, therefore 
the correlation of BSFS and rapid colonic transit could not be 
demonstrated. Second, psychological stress was found to enhance 
colonic motor activity.39,40 However, psychological stressors were 
not assessed in our study. Caution should be noted in interpreting 
our study findings. According to the American Gastroenterological 
Association medical position statement on constipation,41 defecation 
disorders should be ruled out prior to performing a colonic transit 
study to determine delayed colonic motility. With the primary aim 
of determining office-based surrogate marker for delayed colonic 
motility, all constipated patients were included regardless of the final 
diagnosis. With our cut-offs of stool form and frequency, they could 
predict delayed colonic motility, which could be either delayed co-

lonic motility alone or delayed colonic motility-defecation disorder 
overlapping diseases.

In summary, moderate correlation exists between stool form, 
frequency, and colonic motility. Stool form and frequency were in-
dependently associated with delayed colonic transit. We suggest that 
both stool form and frequency can be used as a simple office-based 
surrogate for colonic motility. A combined stool form (mean 5-day 
BSFS ≤ 3) and frequency (≤ 2 BMs in 5 days) could provide 
50.0% sensitivity, 92.4% specificity, 59.1% positive predictive value, 
and 90.2% negative predictive value. An mean 5-day BSFS of less 
than or equal to 3 or stool frequency of less than or equal to 2 BMs 
per 5 days could be used as surrogate markers for predicting de-
layed colonic motility in chronic constipation patients in Asia. 
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