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Background/Aims
Discordant data are found in the literature for the relationships between total and segmental colonic transit time (CTT) and 
demographic parameters. The aim of this study is to examine the influence of age, and body mass index (BMI) on total and segmental 
CTT in constipated subjects.

Methods
We included 354 constipated patients on this cross-sectional study. According to the Rome III criteria, patients were classified as 
having irritable bowel syndrome with constipation, or functional constipation. All patients filled the Bristol stool form, and reported 
the severity of constipation, bloating, and abdominal pain on a 10-point Likert scale. Total and segmental CTT were measured using 
radiopaque markers.

Results
Females were 84% of patients, with a mean age of 46.0 ± 15.9 years. The association between total and segmental CTT with age 
and BMI was significant after adjustment for gender, clinical phenotype, the presence of defecation disorders, and abdominal pain or 
bloating intensity despite the severity of symptoms, and the frequency of defecation disorders were higher in irritable bowel syndrome 
with constipation than in functional constipation patients. By comparison with subjects less than 30 years, rectosigmoid transit time 
(RSTT) was lower in patients between 30 and 60 years. Age was negatively associated with RSTT (P = 0.004). By comparison with 
patients with normal BMI, RSTT and total CTT were lower in patients of the overweight group. BMI was negatively associated with 
RSTT (P < 0.001). The severity of constipation was correlated with total (P < 0.001), right (P = 0.002), and left CTT (P = 0.049).

Conclusion
Age and BMI are both associated with RSTT in constipated patients.
(J Neurogastroenterol Motil 2019;25:258-266)
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Introduction  

Constipation is frequently used to describe many functional 
bowel disorders defined by the Rome criteria, such as functional 
constipation (FC), irritable bowel syndrome (IBS) with constipa-
tion (IBS-C),1 or functional anorectal disorders with pelvic floor 
dysfunction, such as defecation disorders (DD).2 Abdominal pain 
is also frequently associated with constipation.3

In constipated patients, the influence of age has been mainly 
studied in children and in the elderly. In children, a relative stagna-
tion was found in the rectosigmoid area.4 Old age is a factor that is 
frequently associated with gastrointestinal dysmotility.5 The term 
“presbyesophagus” was proposed to explain the phenomenon that 
occurs in the esophagus.6 In older patients, additional risk factors 
for constipation include decreased mobility, dehydration, poor fiber 
intake, and associated pathologies.7

The relationship between constipation and body mass index 
(BMI) is known to have a bimodal distribution with age. Under 
the age of 18 years, constipated boys and girls presented a higher 
prevalence of obesity compared with a control-group matched 
for age and gender. Overweight, constipated children seemed to 
constitute a distinct clinical group, with a higher prevalence of the 
male gender, and increased rates of psychological or behavioral dis-
orders.8 However, in adolescents the frequency of constipation was 
not associated with increased weight. A recent study in primary care 
patients found an increased duration of constipation in overweight 
Iranian children. Furthermore, in the same ethnic group, another 
epidemiological study found that 60% of constipated adults were 
overweight.9 In contrast, a study in Chinese population found that 
a higher proportion of patients with slow transit constipation have a 
low BMI.10 A large sample of the French population have also been 
studied by our group, and no association between constipation and 
BMI was determined.11 These results imply that ethnic differences 
can modify the relationship between constipation and BMI.12 In the 
general population, 2 studies showed a positive correlation between 
increased BMI and diarrhea13 in young adults,14 and in overweight 
IBS patients that presented decreased rectosigmoid transit time 
(RSTT) compared to patients with normal weight.15

An objective assessment of constipation is based on the measure 
of total and segmental colonic transit times (CTT). However, CTT 
depends also on factors that modify stool frequency and stool con-
sistency, including lifestyle factors (diet, stress, etc).16 In constipated 
subjects, dietary fiber intake increased stool frequency17 without 
improving painful defecation.18

The aim of the present study is to evaluate the influence of age 
and BMI on the self-reported severity of symptom (ie, constipation, 
bloating, and abdominal pain), clinical phenotype (IBS-C, FC, and 
DD), and total or segmental CTT in constipated patients.

Materials and Methods  

Study Design
This cross-sectional study was registered to the French National 

Agency for drug safety (Agence Nationale de Sécurité du Médica-
ment et des produits de santé, decision number 2017-A01513-50).

Ethical Consideration
The authors assert that all procedures contributing to this 

work comply with the ethical standards of the relevant national and 
institutional committees on human experimentation and with the 
Helsinki Declaration of 1975, as revised in 2008.

Subjects
We included 354 consecutive outpatients referred to the Gas-

troenterology Clinic of the Avicenne Hospital (Bobigny, France) for 
chronic constipation between January 2012 and July 2017. Clinical 
description for some of these patients was previously published.19 
The initial colonic endoscopic examination, and the examination for 
any organic diseases (ie, metabolic, endocrine, neurologic, and psy-
chiatric etiologies) did not present any organic cause to explain the 
patients’ complaints.1

Clinical and Physiological Evaluation
All patients filled a standard clinical Rome III questionnaire. 

Moreover, they reported stool consistency using the Bristol stool 
scale and a self-evaluation of the severity of their symptoms during 
the last week (constipation, bloating, and abdominal pain) using a 
10-point (0 to 9) Likert scale.

Physiological tests included a standard anorectal manometry 
and the measure of total and segmental CTT using radiopaque 
markers with the method “Single marker-Multiple ingestion-Single 
film.”20 Briefly, 12 radiopaque markers within a gelatin capsule were 
ingested from day 1 to day 6 at 9 AM. A plain film of the abdomen 
was taken on the seventh day at 9 AM. to measure transit times. 
Markers were localized and counted in the different segments of 
the large bowel according to bony landmarks and gaseous outlines, 
as previously described.21 The spinal column served to separate the 
right from the left colon; the pelvic inlet was taken to separate the 
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rectosigmoid area from the left colon. Segmental and total CTT 
were calculated according to the distribution of the markers in the 
different segments of bowel. This was done using the equation 
CTT = (n × ΔT)/N, where ΔT is the time between the 2 inges-
tions of markers, N is the number of markers ingested at each 
intake, and n is the number of markers in the zone of interest. Ac-
cording to the values used in the present study (N = 12 radiopaque 
markers, ΔT = 24 hours): CTT = (n × 24)/12 = 2 × n. CTT 
then varied between 0 hour and 144 hours. In addition, patients 
with DD had dynamic magnetic resonance defecography.22

Patients were divided into 5 age groups (< 30 years, 30 to < 
45 years, 45 to < 60 years, 60 to < 75 years, and ≥ 75 years), and 
into 5 BMI groups (< 18.5 kg/m2, underweight; 18.5 to < 25 kg/
m2, normal weight; 25 to < 30 kg/m2, overweight; 30 to < 35 kg/
m2, obesity; and ≥ 35 kg/m2, morbid obesity).

Definition of Constipation Subtypes
All patients had hard or lumpy stools for more than 25% of 

their bowel movements, and loose or watery stools for less than 25% 
of their bowel movements.1 The different groups of patients were 
deduced from the Rome III criteria.1

(1) IBS-C was defined by recurrent abdominal pain or discom-
fort for at least 3 days per month in the last 3 months, associated 
with 2 or more of the following: improvement with defecation and/
or onset associated with a change in frequency and/or form (appear-
ance) of stool.

(2) FC was diagnosed when insufficient criteria for a diagnosis 
of IBS were met, and 2 or more of the following were identified: 
(a) straining during at least 25% of defecations, (b) lumpy or hard 
stools in at least 25% of defecations, (c) sensation of incomplete 
evacuation for at least 25% of defecations, (d) sensation of anorectal 
obstruction/blockage for at least 25% of defecations, (e) manual 
maneuvers to facilitate at least 25% of defecations, and (f) fewer 
than 3 defecations per week.

(3) DD were defined by impaired defecation in 2 of the follow-
ing 3 tests;2 abnormal balloon expulsion test (inability to expel a 50 
mL water-filled balloon within 1-2 minutes),23 abnormal anorectal 
evacuation pattern, and impaired rectal evacuation by imaging (in-
ability to evacuate ≥ 50% retention of rectal content during defe-
cography or MR defecography).24

(4) As previously described, patients were classified as having 
right, left, or rectosigmoid delay according to the largest segmental 
CTT; ie, right colon delay  was defined by  right  CTT was longer 
than left CTT  and  RSTT.25

Statistical Methods
Statistical analyses were carried out using SPSS version 20.0 

(IBM Corp, Armonk, NY, USA). P-values less than 0.05 were 
considered statistically significant. Data were summarized in fre-
quencies with percentages for categorical variables and means with 
standard deviation for continuous variables. The chi-square (χ2) test 
was used to compare categorical variables, and analysis of variance 
(ANOVA) was used for the analysis of quantitative variables (age, 
BMI, and stool form). Significant ANOVA analysis led to post-
hoc tests with Bonferroni adjustment for multiple tests. In addition, 
a linear regression model adjusted for age, BMI, gender, clinical 
group, the presence of painful constipation, pelvic floor dysfunction, 
and symptom intensity was used to assess the relationship between 
total and segmental CTT.

Results  

Clinical and Physiological Description of Constipated 
Patients

The 354 constipated patients included in the present study 
were divided into 139 IBS-C patients and 215 FC patients, while 
243 (69%) had DD. The mean age of the patients was 46.0 ± 
15.4 years. Ninety percent of IBS-C patients were females and 
had a lower BMI than FC patients. IBS-C patients had a similar 
stool form but reported more severe constipation, bloating, and 
abdominal pain (Supplementary Table 1). DD patients had a dif-
ferent stool form but reported more severe constipation, bloating, 
and abdominal pain (Supplementary Table 1). The characteristics 
of the constipated subjects according to gender is shown in Supple-
mentary Table 2. In constipated patients, age, BMI, total CTT, and 
segmental CTT were not different according to the presence of DD 
(Supplementary Table 3).

Characteristics of Constipation According to Age
Patients were predominantly female (n = 297; 84%), but 

equally distributed in all age groups. There were no differences in 
BMI, the severity of constipation, bloating, and abdominal pain 
amongst age groups. By comparison, with patients < 30 years 
(Table 1), CTT in the left part of the colon was increased in the 45 
to < 60 year age group, and CTT in the rectosigmoid area was de-
creased in patients from 30 to < 60 year olds (Fig. 1).

The linear regression shows that age is positively correlated 
with the left CTT (P = 0.018) and negatively associated with the 
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Table 1. Characteristics of the Different Groups of Constipated Subjects According to Age Group 

Variables Total
Age group (yr)

P-value
< 30 30-< 45 45-< 60 60-< 75 ≥ 75

Demographics
    Number 354 (100) 68 (19) 102 (29) 118 (33) 47 (13) 19 (5)
    Age (yr) 46.0 ± 15.9 24.7 ± 3.4 38.1 ± 4.3 51.4 ± 4.3 66.8 ± 4.4 79.9 ± 3.9 -
    Female gender 297 (84) 59 (87) 87 (85) 99 (84) 36 (77) 16 (84) 0.659
    BMI (kg/m2) 25.5 ± 5.5 24.2 ± 6.5 25.2 ± 5.1 26.4 ± 5.8 25.6 ± 4.3 26.0 ± 4.0 0.130
Clinical phenotype
    Functional constipation 215 (61) 37 (17) 58 (27) 79 (37) 26 (12) 15 (7) 0.141
    IBS-C 139 (39) 31 (22) 44 (32) 39 (28) 21 (15) 4 (3)
    Defecation disorders 243 (69) 47 (69) 75 (74) 80 (68) 27 (57) 14 (74) 0.387
Scales
    LS-constipation 6.0 ± 2.5 6.3 ± 2.2 5.8 ± 2.3 5.8 ± 2.6 5.8 ± 2.7 6.9 ± 2.8 0.325
    LS-bloating 5.1 ± 2.9 5.0 ± 2.8 5.5 ± 2.7 5.1 ± 3.0 5.0 ± 2.9 4.1 ± 3.4 0.371
    LS-abdominal pain 4.2 ± 2.9 4.5 ± 2.9 4.3 ± 3.0 4.0 ± 3.0 4.4 ± 3.0 3.0 ± 2.8 0.337
    Bristol stool form 2.1 ± 1.3 2.1 ± 1.3 2.2 ± 1.3 2.1 ± 1.3 2.0 ± 1.4 2.1 ± 1.3 0.929
CTT (hr)
    Right CTT 22.9 ± 21.5 23.8 ± 23.1 23.1 ± 24.6 23.2 ± 20.5 19.4 ± 13.8 26.4 ± 20.4 0.753
    Left CTT 28.2 ± 22.4 22.6 ± 16.9 25.0 ± 21.1 32.5 ± 24.4a 32.5 ± 24.4 28.3 ± 23.3 0.014
    RSTT 17.9 ± 17.2 24.4 ± 21.7 16.5 ± 17.4a 16.4 ± 14.2a 16.6 ± 16.7 13.7 ± 10.5 0.012
    Total CTT 69.9 ± 43.3 75.6 ± 54.0 64.7 ± 39.5 71.8 ± 42.1 68.5 ± 40.8 69.5 ± 32.5 0.570

aP < 0.05 by comparison to the youngest patients (< 30 years). 
P < 0.05 was considered significant.
BMI, body mass index; IBS-C, irritable bowel syndrome with constipation; LS, Likert scale; CTT, colonic transit time; RSTT, rectosigmoid transit time. 
Quantitative parameters are expressed as mean ± SD and qualitative parameters are shown as n (%). 
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RSTT (P = 0.005), while the right CTT and total CTT were not 
significantly correlated with age.

Characteristics of Constipation According to Body 
Mass Index

Female gender was more prevalent in underweight and morbid 
obesity patients, while BMI increased with age. Both FC and IBS-
C was more frequent in patients with normal weights. Underweight 
patients reported the highest abdominal pain severity (P = 0.005).

Right and left CTT were not different between the BMI 
groups. In contrast, total CTT (P = 0.001) and RSTT (P = 0.002) 
decreased as BMI increased (Fig. 2). RSTT was lowest in over-
weight patients (P = 0.005), and total CTT was lowest in the over-
weight (P = 0.004) and in the morbidly obese groups (P = 0.034) 
as compared with constipated patients with normal-range BMI.

CTT in the right part and the left part of the colon were poorly 
associated with BMI (P = 0.065 and P = 0.111, respectively); in 
contrast, the RSTT and total CTT were negatively associated with 
BMI (P < 0.001 and P < 0.001, respectively).

Characteristics of Constipation According to the 
Site of Delay

The gender ratio, BMI, clinical phenotype of constipation, 
frequency of DD, stool form, severity of constipation, and bloating 
were not different among constipated patients classified according 
to the site of delay (Table 3).

In contrast, right or left colon delay (P < 0.001) was found in 
patients of increased age. More severe abdominal pain (P = 0.022) 
was found in patients with right colon delay.

Predictors for Total and Segmental Colonic Transit 
Time

The linear regression model for total and segmental CTT was 
adjusted for age, BMI, gender, clinical phenotype, DD, symptom 
severity, and Bristol stool form shows different association with the 
total and segmental CTT.

(1) Age was associated with left CTT (P = 0.006) and RSTT 
(P = 0.004).

Table 2. Characteristics of the Different Groups of Constipated Subjects According to Body Mass Index Group 

Variables Total

BMI group (kg/m2)

P-valueUnderweight
< 18.5

Normal
18.5-< 25

Overweight
25-< 30

Obesity
30-< 35

Morbid obesity
≥ 35

Demographics
    Number 354 (100) 13 (4) 171 (48) 113 (32) 34 (10) 23 (6)
    Age (yr) 46.0 ± 15.9 38.9 ± 10.3 43.9 ± 16.7 48.6 ± 15.2 51.5 ± 14.2 44.9 ± 13.6 0.011
    Female gender 297 (84) 12 (92) 151 (88) 86 (76) 27 (79) 21 (91) 0.047
    BMI (kg/m2) 25.5 ± 5.5 17.2 ± 1.1 22.1 ± 1.8 26.7 ± 1.4 31.9 ± 1.5 40.0 ± 4.9
Clinical phenotype
    Functional constipation 215 (61) 8 (4) 93 (43) 75 (35) 19 (9) 20 (9) 0.023
    IBS-C 139 (39) 5 (4) 78 (56) 38 (27) 15 (11) 3 (2)
    Defecation disorders 243 (69) 10 (77) 115 (67) 77 (68) 27 (79) 14 (61) 0.548
Scales
    LS-constipation 6.0 ± 2.5 6.2 ± 2.4 6.0 ± 2.6 6.0 ± 2.6 6.2 ± 2.4 5.5 ± 1.8 0.886
    LS-bloating 5.1 ± 2.9 4.9 ± 3.4 5.0 ± 3.0 5.5 ± 2.7 4.9 ± 3.0 4.5 ± 2.2 0.408
    LS-abdominal pain 4.2 ± 2.9 6.0 ± 3.1 3.8 ± 3.0 4.7 ± 2.8 4.3 ± 3.1 3.0 ± 1.8 0.005
    Bristol stool form 2.1 ± 1.3 2.4 ± 1.6 2.0 ± 1.3 2.2 ± 1.2 2.0 ± 1.4 2.1 ± 0.8 0.828
CTT (hr)
    Right CTT 22.9 ± 21.5 22.9 ± 14.3 24.7 ± 20.7 22.5 ± 24.5 20.8 ± 20.9 15.0 ± 14.2 0.323
    Left CTT 28.2 ± 22.4 19.7 ± 19.9 31.3 ± 23.0 24.6 ± 19.9 29.3 ± 23.6 25.7 ± 26.3 0.078
    RSTT 17.9 ± 17.2 20.2 ± 19.2 21.4 ± 18.6 14.3 ± 15.4a 15.7 ± 13.8 11.0 ± 12.2 0.002
    Total CTT 69.9 ± 43.3 62.8 ± 40.3 79.5 ± 44.2 61.2 ± 41.9a 65.8 ± 36.8 51.7 ± 39.5b 0.001

aP < 0.01 by comparison with patients with body mass index (BMI) in the normal range. 
bP < 0.05 by comparison with patients with BMI in the normal range.
P < 0.05 was considered significant.
IBS-C, irritable bowel syndrome with constipation; LS, Likert scale; CTT, colonic transit time; RSTT, rectosigmoid transit time. 
Quantitative parameters are expressed as mean ± SD and qualitative parameters are shown as n (%). 
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(2) BMI was associated with RSTT (P < 0.001) and total 
CTT (P = 0.001).

(3) The severity of constipation was associated with total CTT 
(P = 0.019). The severity of bloating was associated with RSTT (P 
= 0.007), while the severity of abdominal pain was not associated 
with any segmental CTT or with total CTT.

(4) The stool form was associated with left CTT (P = 0.016) 
and total CTT (P = 0.010).

(5) In contrast, gender, clinical phenotype, or the presence of 
DD were not associated with total or segmental CTT.

Discussion  

This study includes a large group of constipated subjects and 
shows that some clinical features (gender, severity of abdominal 
pain, clinical phenotype, and DD) are not associated with total or 
segmental CTT. In contrast, the association of age, BMI, severity 
of constipation, severity of bloating, and Bristol stool form differ ac-
cording to the segment studied. Right CTT is associated with BMI 

and self-reported severity of constipation; left CTT is associated 
with age, and the Bristol stool form; RSTT was inversely correlated 
with age, BMI, and positively with the severity of bloating. Finally, 
total CTT was associated with BMI, the severity of constipation, 
and the Bristol stool form.

It was previously shown that age was associated with constipa-
tion via the modification of motor and secretory functions of the 
gastrointestinal tract.26 The first result was the importance of age 
in the left CTT and RSTT in constipated subjects. There were no 
differences of mean age, and total and segmented CTTs amongst 
the different clinical groups of constipated patients. A study using 
radionuclides in healthy subjects showed that older subjects have 
a slower CTT compared to younger subjects, and BMI does not 
influence CTT.27

We have not found a positive correlation between total CTT 
and age, however we have identified a positive correlation between 
the left CTT and age. On the contrary, we found a negative cor-
relation between RSTT and age. This work shows the importance 
of the RSTT delay in the youngest patients (Table 1), which is in 

Table 3. Characteristics of the Different Groups of Constipated Subjects According to the Site of Delay 

Variables Total
Site of delay

P-value
Right colon Left colon Rectosigmoid

Demographics
    Number 354 (100) 122 (34) 150 (42) 82 (23)
    Age (yr) 46.0 ± 15.9 46.4 ± 17.1a 49.7 ± 14.2b 38.8 ± 14.5 < 0.001
    Female gender 297 (84) 98 (80) 125 (83) 74 (90)  0.163
    BMI (kg/m2) 25.5 ± 5.5 25.5 ± 6.0 25.9 ± 5.0 24.8 ± 5.7  0.397
Clinical phenotype
    Functional constipation 215 (61) 70 (33) 89 (41) 56 (26)  0.264
    IBS-C 139 (39) 52 (37) 61 (44) 26 (19)
    Defecation disorders 243 (69) 84 (69) 102 (68) 57 (70)  0.970
Scales
    LS-constipation 6.0 ± 2.5 6.1 ± 2.5 6.0 ± 2.5 5.7 ± 2.5  0.623
    LS-bloating 5.1 ± 2.9 5.4 ± 2.8 5.2 ± 2.9 4.6 ± 2.9  0.129
    LS-abdominal pain 4.2 ± 2.9 4.6 ± 2.9c 4.2 ± 2.8 3.5 ± 3.0  0.022
    Bristol stool form 2.1 ± 1.3 2.2 ± 1.2 2.0 ± 1.3 2.0 ± 1.3  0.499
CTT (hr)
    Right CTT 22.9 ± 21.5 35.9 ± 27.1 18.4 ± 14.6 12.0 ± 11.0 < 0.001
    Left CTT 28.2 ± 22.4 17.7 ± 15.9 42.6 ± 22.4 17.2 ± 14.5 < 0.001
    RSTT 17.9 ± 17.2 10.0 ± 11.2 15.8 ± 12.7 33.4 ± 21.4 < 0.001
    Total CTT 69.9 ± 43.3 63.6 ± 42.7 79.0 ± 44.9 62.6 ± 38.3  0.003

aP < 0.01 as compared with patients with delayed transit in the rectosigmoid area.
bP < 0.001 as compared with patients with delayed transit in the rectosigmoid area.
cP < 0.05 as compared with patients with delayed transit in the rectosigmoid area.
P < 0.05 was considered significant.
BMI, body mass index; IBS-C, irritable bowel syndrome with constipation; LS, Likert scale; CTT, colonic transit time; RSTT, rectosigmoid transit time. 
Quantitative parameters are expressed as mean ± SD and qualitative parameters are shown as n (%). 
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agreement with studies showing that children have a stagnation 
in the rectosigmoid area.4 Physiological changes of CTT with age 
could be related to significant changes of intestinal and colonic neu-
ropeptides with age,28 and a decrease of the number and volume of 
interstitial cells of Cajal.29 This finding implies that the type of delay 
will change with age.

In healthy subjects, no association between BMI, and total and 
segmental CTT has been found,30 whereas this study showed a 
significant negative relationship between BMI and RSTT in con-
stipated patients. A significant decrease of RSTT and an increase of 
stool frequency in overweight patients was previously described in 
IBS patients,15 but the authors pooled the different IBS phenotypes 
(diarrhea, constipation, mixed). Our results suggest for the first 
time that there is an inverse linear relationship between BMI and 
RSTT in constipated subjects.

There is a discrepancy in the current literature regarding the 
characteristics of patients with slow transit constipation. Some stud-
ies reported lower BMI associated to lower total caloric intake10,31 
whereas others did not.32 In a large cohort of 35, 000 healthy French 
subjects, our group did not identify any association between FC 
and BMI.12 A recent meta-analysis has found an increased chance 
of diarrhea in overweight subjects.33 In obese patients eligible for 
bariatric surgery, there is a higher incidence of constipation than di-
arrhea,12 regardless of the type of enrollment (patients before bariat-
ric surgery vs patients with functional gastrointestinal disorders).34

Finally, FC was associated with low BMI, while IBS-C was as-
sociated with normal weight.35 This study shows no interaction be-
tween RSTT, BMI, and the clinical phenotype (IBS-C or FC). In 
contrast, we found that overweight, constipated patients have lower 
RSTT and lower total CTT than patients with BMIs in the normal 
range. Bile acid metabolism could provide a mechanism that could 
explain this association.36,37 A positive linear relationship between 
weight, serum bile acid concentration, and an increase of serum 
bile acid was found in obese patients.38 In addition, new drugs that 
inhibit ileal bile acid transporters, like elobixibat, could be helpful in 
treating chronic constipation.39

The severity of constipation was associated with the right CTT 
and the total CTT, but not the clinical phenotype. Despite similar 
CTTs, IBS-C patients reported harder stools, more severe consti-
pation, bloating and abdominal pain compared to the FC patients 
(Supplementary Table 1). Although they had similar stool consis-
tency, DD patients reported more severe constipation, bloating, and 
abdominal pain compared to non-DD patients. However, the sever-
ity of the symptoms was not associated with the BMI in constipated 
subjects in the present study. This finding is contrary to a previous 

study that showed an association between BMI and symptoms in 
IBS patients, but the authors used all 3 IBS phenotypes (diarrhea, 
constipation, and mixed).15

The present study shows that the severity of the constipation 
reported by the patient is positively correlated with the right CTT, 
the left CTT, and the total CTT (Supplementary Table 3). Simi-
larly, as shown in Supplementary Table 3, the Bristol stool form is 
negatively associated with the right CTT, the left CTT, the RSTT, 
and the total CTT, showing the importance of the use of this scale 
in clinical studies.40 In contrast, the severity of abdominal pain, and 
the severity of bloating are only correlated with the right CTT and 
the RSTT, respectively. In the present study that included only con-
stipated patients; gender was not a factor associated with total and 
segmental CTT.

We have previously presented the importance of the different 
embryologic origin of the different parts of the colon associated with 
different vascularization and innervation.25 This study shows that 
the intensity of constipation evaluated by the patient was associated 
with a delay of total CTT by delay in the 2 first parts of the colon, 
while transit in the terminal intestine is associated with demographic 
parameters (age and BMI).

In this study, constipation was defined clinically according to 
the Rome III criteria, and in all patients a measurement of total and 
segmental CTT was performed to characterize the site of delay.25 
Our results allow us to assess that the measure of the total and seg-
mental CTT is not a useful parameter to separate constipated pa-
tients into FC and IBS-C patients. In addition, the presence of DD 
was not associated with delayed RSTT and defecatory disorders 
(Supplementary Table 1), which is in agreement with the results of 
a previous study. 41 In contrast, it was found that age and BMI are 2 
physiological determinants of the RSTT.

One limitation of this study is that the “Single marker-Multiple 
ingestion-Single film” method was optimized for CTT in the nor-
mal range (24 hours to 72 hours), however underestimates delayed 
CTT.42 Nevertheless, a correction factor applied on these values 
with a compartmental model would increase the significance of the 
reported relationship.42

Another limitation of the present study is that we cannot ex-
clude the well-known switching between clinical phenotypes. In a 
12-month period, it was observed that one third of FC changed to 
IBS-C, and one third of IBS-C changed to FC,43 suggesting the 
existence of “a continuum, rather than as in isolation” 44 of these 
phenotypes.

Patients were recruited in a single tertiary center, specialized in 
the evaluation of constipated subjects, which could explain the high 
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rate of patients with DD (75%), which is in the high range of esti-
mates.2 We did not record the patients’ dietary patterns; we advised 
the patients to have a varied diet, in accordance with the recommen-
dations of the French Nutrition and Health Program (Programme 
National Nutrition Santé),45 and have sufficient water intake.

A strong point of our study is the fact that patients were re-
cruited in a single tertiary center in which most patients complained 
of resistant symptoms (constipation, bloating, or abdominal pain), 
and were already evaluated by a general practitioner or gastroenter-
ologist for a long period, decreased the switching between clinical 
phenotypes. Patients had chronic constipation and the results found 
were independent of the clinical phenotype. Another advantage was 
that the CTT measurements were obtained using the state-of-the-
art technique of CTT measurement.

In summary, the present study has shown that in constipated 
patients, their age and their BMI had a negative linear relationship 
with RSTT. In addition, both factors presented different correla-
tions with CTT: BMI negatively correlated with total CTT, while 
age positively correlated with the transit time of the left part of the 
colon. The relationship between BMI and age with CTT was 
similar in the 2 groups of constipated patients. Patients with FC 
presented higher BMI and were in the same age group as the IBS-
C patients. Transit times were similar between the 2 groups of pa-
tients, while the severity of abdominal pain was higher in the IBS-C 
group. These results confirm that there is no difference in patients 
with constipation; the only difference is in the severity of abdominal 
pain.19 Further studies are needed to evaluate the influence of age, 
BMI, and gender in healthy subjects in order to define normal or 
delayed CTT values.
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