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INTRODUCTION: Optimizing the accuracy of colon capsule endoscopy (CCE) requires high completion rates.
To prevent incomplete CCE, we aimed to identify predictors associated with slow CCE transit
times.

METHODS: In this population-based study, participants received CCE with a split-dose polyethylene glycol
bowel preparation and booster regimen (0.5 L oral sulfate solution and 10 mg metoclopramide
if capsule remained in stomach for > 1 hour). The following predictors were assessed: age, sex,
body mass index (BMI), smoking, coffee and fiber intake, diet quality, physical activity,
dyspeptic complaints, stool pattern, history of abdominal surgery, medication use, and
CCE findings. Multivariable logistic and linear regressions with backward elimination were
performed.
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RESULTS:

We analyzed 451 CCE procedures with acompletionrate of 51.9%. The completion rate was higher
among older participants (odds ratio [OR] 1.54, 95% confidence interval [CI] 1.04-2.28,

P = 0.03) and participants with a changed stool pattern (OR 2.27,95% CI 1.20-4.30, P=0.01).
Participants with a history of abdominal surgery had a lower completion rate (OR 0.54, 95% CI
0.36-0.80, P=0.003). Participants with higher BMI had faster stomach, small bowel, and total
transittimes (3 = -0.10,P=0.01;8=-0.14,P=0.001;3=-0.12, P=0.01). Afaster small
bowel transit was found in participants with a changed stool pattern (B = —0.08, P = 0.049) and

the use of metoclopramide (B = —0.14, P = 0.001). Participants with high fiber intake had a
slower colonic transit (3 = 0.11, P = 0.03).

DISCUSSION:

Younger age, unchanged stool pattern, history of abdominal surgery, low BMI, and high fiber intake

resulted in slower CCE transit times and lower completion rates. In future practice, these factors can be

considered to adjust preparation protocols.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A812
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INTRODUCTION

Colon capsule endoscopy (CCE) provides a noninvasive technique
that enables exploration of the colon without the need for sedation
nor gas insufflation. Despite the framework for potential clinical in-
dications that was provided by the European Society of Gastroin-
testinal Endoscopy and the US Food and Drug Administration,
standardized use of CCE in daily practice is still limited (1-3).

CCE accurately detects various colonic abnormalities such as
colorectal polyps and colorectal cancer (4-6). However, its accu-
racy highly depends on optimal bowel preparation to allow ade-
quate visualization of the colonic mucosa and on capsule transit
time (1,7). To obtain images of the entire colon, the optimal capsule
transit time has to be fast enough to achieve completion within the
battery time, but not so fast that lesions may be missed. CCE has a
flexible frame rate of 4-35 images per second that adapts auto-
matically based on the capsule speed (4). However, because the
capsule is not equipped to actively move forward, capsule pro-
gression needs to be stimulated to achieve excretion within the
battery time. This requires booster medication on the day of the
capsule endoscopy in addition to the bowel preparation. Many
studies have been performed to determine the optimal boosters for
CCE, but completion rates still vary widely (6,8-10).

The wide variation in the CCE completion rate and transit
times is not completely understood. Several factors that are
known to influence the physiological gastrointestinal (GI) transit
times might have an impact on CCE transit as well. Aging may
delay gastric emptying or colonic transit time, and men have a
faster transit than women (11-14). Different lifestyle-associated
factors also affect GI transit times such as body mass index (BMI),
exercise level, smoking, and coffee intake (15-17). The literature
on factors that specifically influence transit times in CCE is scarce.
One study identified a BMI above 25 and the absence of con-
stipation as CCE transit time-accelerating factors (18). Another
study concluded that coffee and chewing gum did not improve the
CCE completion rate (19).

To optimize CCE transit times, more knowledge is needed on
which factors can predict the CCE speed through the different
segments of the GI tract. In future practice, such factors could be
used to anticipate capsule transit times and possibly adapt the
preparation protocol for certain patient groups. The aim of this
study was to identify possible predictors for CCE transit timesin a
prospective population-based cohort.
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METHODS

Participants

This study was embedded in the Rotterdam Study, an ongoing
prospective population-based cohort study in Rotterdam, the
Netherlands (20). A subset of participants with ages ranging from
50 to 75 years underwent CCE, as described in more detail else-
where (21). This study was approved by the Institutional Review
Board of Erasmus MC (registration number MEC-2015-453). The
protocol of the original ORCA trial was registered in the Nether-
lands National Trial Register (NTR6321). All participants signed
written informed consent before participation in this study.

Colon capsule endoscopy
The second-generation colon capsule (Medtronic, Minneapolis,
MN) was used. The ingestion of the capsule usually took place at 9
AM in the presence of a physician. A sensor belt was provided,
which received transmission data from the capsule and sent the
images to the corresponding recorder. The belt was taken off by
the participants at 8 pm or earlier if the capsule had left the body.
Before the ingestion of the capsules, the participants received
bowel preparation consisting of 5 mg bisacodyl, 2 L polyethylene
glycol with ascorbic acid (MoviPrep; Norgine, Amsterdam, the
Netherlands), and 2 L water, both split-dose. After ingestion of
the capsule, the participants received a booster regimen. When
the capsule remained in the stomach for longer than 1 hour, an
alarm went off and participants were instructed to take 10 mg
metoclopramide. After small bowel recognition, another alarm
went off and participants were instructed to take 0.25 L oral
sulfate solution as a booster (Eziclen, Zambon, the Netherlands),
and 3 h after small bowel recognition, they had to take another
0.25 L oral sulfate solution.

Predictors of CCE transit times

For each CCE video, segmental transit times were calculated for the
stomach, small bowel, and colon by Rapid Software v8.0 (Med-
tronic, Minneapolis, MN). The procedure was classified as “com-
plete” when the capsule observed the anal verge within the battery
time. Possible transit time predictors were obtained through
questionnaires and included patient characteristics, relevant
symptoms, relevant medical history, relevant medication, CCE
procedure-related factors, and CCE findings.
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Table 1. Baseline characteristics

Total study cohort (n = 451)

Patient characteristics

Mean age (SD), yr 67.3 (4.8)
Sex, male, n (%) 208 (46.1%)
Mean BMI (SD), kg/m? 26.3(3.8)
History of smoking, n (%) 306 (67.8%)
Mean coffee intake (SD), g/d 418.6 (266.5)
Mean fiber intake (SD), g/d 28.1(8.1)
Mean diet quality score (SD) 7.3(1.8)
Mean physical activity score (SD), MET hiwk 57.7 (58.0)
Relevant symptoms
Dyspeptic complaints, n (%) 33 (7.3%)

Changes in stool pattern, n (%) 51 (11.3%)

Relevant medical history
Abdominal surgery, n (%) 171 (37.9%)

Relevant medication

343 (76.1%)

109 (24.2%)

Medication use, n (%)

Stomach protectors, n (%)
Procedure CCE

Intake metoclopramide, n (%) 151 (33.5%)
Findings CCE

Presence of diverticula in SB, n (%) 15 (3.3%)

Presence of diverticula in the colon, n (%) 392 (86.9%)

BMI, body mass index; CCE, colon capsule endoscopy; MET, metabolic
equivalent of task; SB, small bowel.

Patient characteristics. Patient characteristics that were used as
possible transit time predictors were age, sex, BMI, smoking
status, habitual coffee and fiber intake, diet quality, and physical
activity. Smoking status was classified as either “ever smoked” or

Completion rate: 234 (51,9%)

Median time of total Gl tract transit

574 minutes (1QR 308-659) Median time of stomach transit

55 minutes (IQR 39-93)

Median time
of small bowel transit
47 minutes (IQR 29-78)
Median time of colonic transit
391 minutes (IQR 191-528)

Figure 1. Heat map illustrating gastrointestinal transit times and
completion rates. IQR, interquartile range.
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“never smoked.” Habitual coffee intake and fiber intake were both
obtained through a food frequency questionnaire and expressed
in grams per day. Both variables were adjusted for the total energy
intake (22). Diet quality was defined as a score from 0 to 14 based
on the adherence to 14 items of the Dutch dietary guidelines (23).
Physical activity was measured by the Longitudinal Aging Study
Amsterdam questionnaire and expressed in metabolic equivalent
of task-hours per week. This value gives an indication of both the
duration and the intensity by expressing the sum of the duration
of all activities weighed with the metabolic equivalent of task-
value of each activity (24).

Relevant symptoms, medical history, and medication. Relevant
symptoms, medical history, and medication that were used as
possible predictors for CCE transit times were presence of dys-
peptic complaints, changes in stool pattern, history of abdominal
surgery, general medication use, and the use of gastro-protectant
drugs. Dyspeptic complaints included general dyspeptic complaints,
heart burn, feeling of being full, and belches. Stomach protectors
included proton pump inhibitors, H2 antagonists, antiemetics, and
gastric acid binders. For history of abdominal surgery, it should be
noted that participants were not included when they had prior ab-
dominal surgery likely to cause bowel obstruction (21).

CCE procedure-related factors and CCE findings. CCE
procedure-related factors and CCE findings that were used as
possible predictors for CCE transit times were the intake of meto-
clopramide, the presence of diverticula in the small bowel found by
CCE, and the presence of diverticula in the colon found by CCE.

STATISTICAL ANALYSIS

Baseline characteristics were presented as mean with SD for the
numerical data or as number with percentage for the categorical
data. Transit times were presented as median with interquartile
range (IQR). The completion rate was also presented as number
with the corresponding percentage.

Owing to missing values in some of the variables (see Sup-
plementary Table 1, Supplementary Digital Content 1, http://
links.lww.com/CTG/A812), multiple imputation was performed
to improve the validity of the results (25). The assumption was
made that the missing values were missing at random. A total of 5
imputations were performed using all variables from each model
and some additional variables including history of lung disease,
use of laxatives, and presence of diverticula in the medical history
as predictors.

Univariable linear regression and multivariable linear re-
gression, with and without backward elimination, were per-
formed to predict CCE stomach, small bowel, colonic, and total
transit times. For each of these analyses, cases were excluded from
the analysis when they did not have a complete transit of the
investigated GI segment because the actual transit time of this GI
segment was then unknown (e.g., when predicting stomach
transit, cases where the capsule did not reach the small bowel
within the battery time were excluded). Univariable and multi-
variable logistic regression models were performed to predict the
CCE completion rate in all cases. The main conclusions were
based on the multivariable analyses with backward elimination.

For all tests, a 2-sided statistical significance level of 0.05
was used. Analyses were performed in IBM SPSS v.25 (IBM,
Armonk, NY).
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Table 2. Predictors of stomach transit time (dependent variable) among participants with complete stomach transit (n = 450)

Univariable analysis

Multivariable analysis with

Multivariable analysis backward elimination

B 95% CI Pvalue B

Patient characteristics

Age 0.04 —0.051t00.12 0.40 0.04

Sex, male 0.06 —-0.02100.15 0.13 0.07

BMI —0.11 —0.20to —0.03 0.01 -0.11

History of smoking —0.05 —0.13t00.03 0.22 —0.06

Coffee intake 0.02 —0.08t00.11 0.70 0.02

Diet quality —-0.02 —0.10t0 0.07 0.68 -0.03

Physical activity 0.11 0.03-0.20 0.01 0.09
Relevant symptoms

Dyspeptic complaints —-0.02 —0.11 10 0.06 0.57 -0.01
Relevant medical history

Abdominal surgery —0.02 —0.11t00.06 0.57 —0.001
Relevant medication

Medication use -0.07 —0.15t0 0.02 0.12 -0.04

Stomach protectors -0.04 —-0.121t00.04 0.34 -0.01

B, standardized beta; BMI, body mass index; Cl, confidence interval; t, t-value.

95% CI Pvalue B 95% CI Pvalue

—-0.05t00.12 0.37

—0.02t00.16 0.11 0.08 —0.01t00.16 0.07
—0.20to —0.03 0.01 -0.10 —0.19to —0.02 0.01
—0.14 10 0.02 0.16

—0.07t00.12 0.66

—0.11 t0 0.06 0.55

0.004-0.173 0.04 0.10 0.02-0.18 0.02
—0.10t0 0.07 0.79

—0.09 to 0.09 0.99

—0.12 t0 0.05 0.43

—0.10t0 0.08 0.83

Linear regression analyses were performed. Univariable models (each predictor one by one), a multivariable model (including all predictors in the table), and a multivariable
model after backward selection (subsequent removal of the predictor with the highest P value until all Pvalues were <0.1) are included in this table. B values are
standardized regression coefficients and here represent differences in stomach transit times per SD higher predictor variables.

RESULTS

Baseline characteristics

Four hundred fifty-one participants were included, and they all
underwent CCE. Participants had a mean (SD) age of 67.3 (4.8)
years, and 46.1% was male. All baseline characteristics after im-
putation are given in Table 1. Baseline characteristics of the
original data are included in Supplementary Table 2 (see Sup-
plementary Digital Content 1, http://links.Ilww.com/CTG/A812).
In total, 450 videos had a complete transit of the stomach, 449
videos had a complete transit of the small bowel, and 234 videos
had a complete colonic transit. The entire GI tract was visualized
in 234 videos (completion rate 51.9%).

CCE transit times

The median transit times were 55 minutes (IQR = 39-93) in the
stomach, 47 minutes (IQR = 29-78) in the small bowel, and 391
minutes (IQR = 191-528) in the colon (Figure 1). The median
total transit time was 574 minutes (IQR = 308-659).

Predictors of CCE transit times

Stomach transit. Participants with a higher BMI had a faster
stomach transit (0.10 SD faster transit per 1 SD higher BMI
[standardized B = —0.10, 95% confidence interval [CI] —0.19
to —0.02, P = 0.01]), whereas those with higher physical activity
had a slower stomach transit (8 = 0.10, 95% CI 0.02-0.18, P = 0.02)
(Table 2). A trend was shown for a slower stomach transit in men
(B = 0.08,95% CI —0.01 to 0.16, P = 0.07).

Small bowel transit. Participants with a higher BMI (§ = —0.14,
95% CI —0.22 to —0.05, P = 0.001), higher physical activity

Clinical and Translational Gastroenterology

(B = —0.14,95% CI —0.22 to —0.05, P = 0.002), and changes in
stool pattern (8 = —0.08,95% CI —0.167 to 0.000, P = 0.049) had
a faster small bowel transit, all independent of the other predic-
tors (Table 3). Participants who took metoclopramide because of
a long stomach transit also had a significantly faster small bowel
transit (B = —0.14, 95% CI —0.23 to —0.05, P = 0.001).

Colonic transit. Participants with higher fiber intake had a slower
colonic transit (B = 0.11,95% CI 0.01-0.21, P = 0.03). A trend was
shown for a slower colonic transit in the presence of colonic di-
verticula (B = 0.10, 95% CI —0.004 to 0.204, P = 0.06) (Table 4).

Total transit. Participants with a higher BMI had a faster total
transit (B = —0.12, 95% CI —0.22 to —0.03, P = 0.01), whereas
participants who took metoclopramide because of along stomach
transit had a slower total transit (3 = 0.15, 95% CI 0.04-0.25,
P =0.01) (Table 5). A trend was shown for a slower total transit
with higher fiber intake (B = 0.08, 95% CI —0.01 to 0.18,
P = 0.09) and in the presence of diverticula (both small bowel
[B = 0.08, 95% CI —0.004 to 0.156, P = 0.06] and colonic di-
verticula [B = 0.09, 95% CI —0.01 to 0.19, P = 0.09]).

Predictors of CCE completion rate

The overall completion rate was higher among older participants
(odds ratio [OR] 1.54 per SD higher age, 95% CI 1.04-2.28,
P = 0.03) and among those with changes in stool pattern (OR
2.27,95% CI 1.20-4.30, P = 0.01) (Table 5). A trend was shown
for a higher completion rate with the presence of small bowel
diverticula (OR 2.94, 95% CI 0.91-9.49, P = 0.07). A lower
completion rate was seen in those participants with a history of
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Table 3. Predictors of small bowel transit time (dependent variable) among participants with complete small bowel transit (n = 449)

Univariable analysis

Multivariable analysis with

Multivariable analysis backward elimination

B 95% CI Pvalue B 95% CI Pvalue B 95% CI Pvalue

Patient characteristics

Age 0.002 —0.0810 0.09 0.96 0.03 —0.05t00.12 0.43

Sex, male 0.04 —0.05t00.12 0.38 0.06 —0.031t00.15 0.17

BMI —-0.10 -0.18t0—0.01 0.02 -0.14 —0.22to —0.05 0.002 -0.14 -0.22t0 —-0.05 0.001

History of smoking -0.04 —0.13t00.04 0.31 —0.06 —0.14 10 0.03 0.20

Coffee intake —0.05 —0.15t0 0.05 0.31 —0.05 —0.14 t0 0.05 0.33

Fiber intake 0.02 —0.08100.12 0.73 —0.003 —0.10t0 0.09 0.96

Diet quality 0.04 —0.06100.15 0.43 0.04 —0.061t00.15 0.42

Physical activity -0.11 -0.20to —0.03 0.01 -0.15 —0.24 to —0.06 0.001 -0.14 -0.22t0 —0.05 0.002
Relevant symptoms

Changes in stool pattern ~ —0.06 —0.15t00.02 0.16 -0.08  —0.166100.001 0.054 -0.08 -0.167t00.000  0.049
Relevant medical history

Abdominal surgery 0.06 -0.021t00.15 0.16 0.09 0.000-0.174 0.049
Relevant medication

Medication use —-0.05 —0.13t0 0.04 0.25 -0.07 —-0.16100.02 0.12
Procedure CCE

Intake metoclopramide -0.12 -0.20to0 —0.03 0.01 -0.14 —0.22 to —0.05 0.002 -0.14 -0.23t0 —0.05 0.001
Findings CCE

Presence of diverticula —0.01 —0.10t0 0.07 0.75 —0.003 —0.09 to 0.08 0.94

B, standardized beta; BMI, body mass index; CCE, colon capsule endoscopy; Cl, confidence interval; t, t-value.

Linear regression analyses were performed. Univariable models (each predictor one by one), a multivariable model (including all predictors in the table), and a multivariable
model after backward selection (subsequent removal of the predictor with the highest P value until all Pvalues were <0.1) are included in this table. B values are
standardized regression coefficients from linear regression models and here represent differences in small bowel transit times per SD higher predictor variables.

abdominal surgery (OR 0.54, 95% CI 0.36-0.80, P = 0.003) and in
those who had to take metoclopramide because of a long stomach
transit (OR 0.60, 95% CI 0.40-0.91, P = 0.02).

DISCUSSION
To the best of our knowledge, this is the largest prospective
population-based cohort study identifying predictors of CCE GI
transit times. The low completion rate of 51.9% in this study
emphasizes the need for entry points which can be used to an-
ticipate and prevent incomplete CCE procedures. We observed
that lower BMI, unchanged stool pattern, higher fiber intake,
younger age, and history of abdominal surgery were significant
predictors for slower CCE transit times and a lower completion
rate. In future practice, these factors can be used to anticipate a
longer capsule transit time and possibly adjust the preparation
protocol. The subsequent faster SB transit in participants who
took metoclopramide because of a delayed stomach transit
compared with those who did not take metoclopramide suggests
that it might be beneficial to use metoclopramide in all CCE
procedures instead of waiting for a delay in stomach transit.
Some of the associations in our study can be explained according
to what is already known about the etiology of differences in phys-
iological GI transit times. For example, participants with a higher
BMI generally had faster CCE stomach, small bowel, and total transit
times. Although a higher BMI is associated with delay in
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physiological colonic transit, previous literature has shown that it
actually has an accelerating effect on gastric emptying and small
bowel transit, which could have resulted in a faster CCE total transit
time (15). Participants with higher physical activity had a faster CCE
small bowel transit but a slower stomach transit, with no apparent
effect on total transit time. In line with this, previous literature has
shown that physical activity can accelerate small bowel transit, but
with increasing intensity, it can cause delayed gastric emptying (16,
26). This delayed gastric emptying seen in heavy exercise might be
due to the inhibitory effects of increased catecholamine on
splanchnic blood flow and gastric motility (27). Furthermore, our
data showed a lower CCE completion rate in participants with a
history of abdominal surgery, which may be explained by the pos-
sible presence of abdominal adhesions and its associated bowel
obstructing effects (28, 29). On top of that, our study revealed trends
for a slower colonic and total transit in the presence of diverticula,
which may be due to possible causes of these diverticula such as
disordered intestinal motility and obstipation (30). Participants with
changes in stool pattern had a faster CCE small bowel transit and a
higher completion rate. Unfortunately, our data did not differentiate
what type of changed stool pattern was present. A possible expla-
nation for this result can be that these changes in stool pattern could
have been mostly diarrhea instead of obstipation.

The intake of metoclopramide in those participants with a
prolonged stomach transit subsequently led to a significantly

Clinical and Translational Gastroenterology
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Table 4. Predictors of colonic transit time (dependent variable) among participants with complete colonic transit (n = 234)

Univariable analysis

Multivariable analysis with

Multivariable analysis backward elimination

B 95% CI Pvalue
Patient characteristics
Age 0.02 —-0.08t00.11 0.75
Sex, male 0.02 —0.08100.12 0.67
BMI —-0.06 -0.11t0—0.01 0.22
History of smoking 0.02 —0.07t00.12 0.62
Coffee intake —0.02 —0.13t0 0.08 0.70
Fiber intake 0.12 0.02-0.21 0.02
Diet quality 0.05 —0.04t00.15 0.29
Physical activity -0.02 —0.121t00.07 0.63

Relevant symptoms
Changes in stool pattern 0.02 —0.03t0 0.06 0.67

Relevant medical history

Abdominal surgery 0.02 —0.08t00.13 0.64
Relevant medication

Medication use 0.06 0.01-0.11 0.79
Findings CCE

Presence diverticula 0.11 0.002-0.208 0.045

-0.08

—-0.01

—0.05

—0.002

—0.001

0.06

0.12

95% CI Pvalue B 95% CI Pvalue

—0.09t00.11 0.84
—0.06t0 0.14 0.48
—0.18 t0 0.03 0.14
—0.07t00.12 0.64
—0.11t00.10 0.93

—0.004 t0 0.215 0.06 0.11 0.01-0.21 0.03
—0.10t00.11 0.93
—0.15t0 0.06 0.37
—0.09 to 0.09 0.96
—-0.11t00.11 0.99
—-0.04t00.17 0.23

0.01-0.24 0.03 0.10  —0.004 to 0.204 0.06

B, standardized beta; BMI, body mass index; CCE, colon capsule endoscopy; Cl, confidence interval; t, t-value.

Linear regression analyses were performed. Univariable models (each predictor one by one), a multivariable model (including all predictors in the table), and a multivariable
model after backward selection (subsequent removal of the predictor with the highest P value until all Pvalues were <0.1) are included in this table. g values are
standardized regression coefficients from linear regression models and here represent differences in colonic transit times per SD higher predictor variables.

faster CCE small bowel transit. This can be explained by the
known stimulating effect of metoclopramide on the peristalsis of
the entire upper GI channel (31). Still, intake of metoclopramide
in this study was associated with a slower total transit time and
lower completion rate, likely due to the fact that the medication
was only administered in the event of a delayed stomach transit
which could have caused the lengthening of the total transit time.

Some of the observed associations in our study were opposite
to what we expected based on human physiology. It has been
reported that aging may delay gastric emptying or slow down
colonic transit time possibly because of nerve dysfunction
(11-13), but our study population (with ages ranging from 50 to
75 years) showed a higher CCE completion rate with older age.
Our study also observed a nonsignificant trend for a slower CCE
stomach transit in men, whereas a previous study has shown that
men have physiological faster gastric emptying (14). Perhaps
these differences can be explained by possible differences in
commitment to the CCE protocol in different age groups and
sexes. In addition, it was expected that a higher fiber intake would
lead to a faster colonic transit, but we found that a higher habitual
fiber intake was associated with a slower colonic transit. A pre-
vious meta-analysis showed a faster transit with higher wheat
dietary fiber intake, but only among those with an initial transit
time greater than 48 h. The effect was not shown for those with a
faster initial transit time (32). If our participants had an overall
faster initial transit time, this could partly explain our result, but
unfortunately, this parameter was unknown for our study pop-
ulation. On top of that, the fiber intake reported in our study
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included all types of dietary fibers. Although insoluble fibers (such
as wheat) can accelerate colonic transit, some soluble fibers can
actually have a constipating effect (33), which may explain the
slower colonic transit with higher fiber intake that we observed in
our participants. Furthermore, there was a nonsignificant trend for
a higher completion rate in those participants with small bowel
diverticula, which cannot be explained. Possibly the number of
participants (15) with small bowel diverticula was too low to pro-
vide a reliable outcome. Finally, we did not observe any association
between (history of) smoking, coftee intake, diet quality, dyspeptic
complaints, medication use in general, and stomach protectors
with any of the transit times.

Previous literature on influential factors of transit times in CCE
specifically is scarce. One study identified a high BMI and the ab-
sence of constipation as promoting factors for CCE transit time (18),
which is in accordance with our results. Contrary to our current
study, the previous study did not investigate the effect of possible
predictors on stomach, small bowel, and colonic transit separately.

Major strengths of our study are the prospective population-
based cohort design and the examination of predictors for each GI
segment transit separately. To the best of our knowledge, this study
with 451 participants is the largest study so far to investigate the
possible predictors of CCE transit times. However, this study also has
some limitations to address. First, in the analysis for stomach, small
bowel, colonic, and total transit times, cases were excluded from the
analysis when they did not have a complete transit of the investigated
GI segment within the battery time. This was necessary because the
actual transit time of that GI segment was then unknown. Because
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Table 5. Predictors of total Gl tract transit time (dependent variable) among participants with complete transit (n = 234) and predictors of
the completion rate (dependent variable) among all participants (n = 451)

Total Gl tract transit
Patient characteristics

Age

Sex, male

BMI

History of smoking

Coffee intake

Fiber intake

Diet quality

Physical activity
Relevant symptoms

Dyspeptic complaints

Changes in stool pattern
Relevant medical history

Abdominal surgery
Relevant medication

Medication use

Stomach protectors
Procedure CCE

Intake metoclopramide
Findings CCE

Presence of diverticula in SB

Presence of diverticula in the colon

Completion rate
Patient characteristics
Age
Sex, male
BMI
History of smoking
Coffee intake
Fiber intake
Diet quality
Physical activity
Relevant symptoms
Dyspeptic complaints
Changes in stool pattern
Relevant medical history
Abdominal surgery
Relevant medication

Medication use

American College of Gastroenterology

Univariable analysis

Multivariable analysis

Multivariable analysis with
backward elimination

B 95% CI Pvalue B 95% CI Pvalue B 95% CI Pvalue
0.04 —-0.06t00.13 0.47 0.01 —-0.09t00.11 0.78
0.04 —-0.06t00.14 0.40 0.07 —-0.03t00.17 0.16
-0.13 -0.22t0-0.03 0.01 -0.12 -022t0-0.02 002 -0.12 -0.22t0-0.03 0.01
—-0.003 —-0.10t00.09 0.96 0.004 -0.09100.10 0.93
-0.04 —0.14 t0 0.06 047 -0.03 —0.13t00.08 0.62
0.10 0.01-0.20 0.04 0.08 —-0.03t00.19 0.14 0.08 -0.01t00.18 0.09
0.05 —0.04t00.15 0.26 0.01 —0.10t00.12 0.87
0.03 —0.07t00.13 0.59 0.004 -0.10t00.11 0.94
0.01 —0.10t00.12 085 -001 -0.13t00.10 0.80
0.04 —-0.05t00.12 0.42 0.03 —-0.06t00.12 0.53
0.02 —-0.08t00.12 0.70 0.02 —-0.08t00.13 0.66
0.04 —0.07t00.14 0.50 0.03 —-0.07t00.14 0.56
0.03 —-0.07t00.13 0.57 0.02 —-0.09t00.12 0.72
0.15 0.05-0.26 0.003 0.15 0.05-0.25 0.004  0.15 0.04-0.25 0.01
0.09 0.01-0.17 0.04 0.07 —-0.01t00.16 0.10 0.08 -0.004t00.156 0.06
0.08 —0.02t00.19 0.13 0.09 —0.02t0 0.20 0.12 0.09 —-0.01t00.19 0.09
Multivariable analysis with
Univariable analysis Multivariable analysis backward elimination
OR 95% Cl Pvalue OR 95% ClI Pvalue OR 95% CI Pvalue
1.01 0.97-1.05 0.67 1.001 0.960-1.043 0.97 1.54 1.04-2.28 0.03
1.66 1.14-2.41 0.01 1.52 1.01-2.29 0.04
1.05 1.00-1.10 0.08 1.04 0.98-1.10 0.21
0.86 0.58-1.28 0.45 0.80 0.52-1.22 0.29
1.000 0.999-1.001 0.60 1.000 0.999-1.001 0.70
0.98 0.95-1.01 0.12 0.98 0.95-1.02 0.27
0.95 0.84-1.08 0.44 0.99 0.85-1.15 091
1.000 0.997-1.003 0.91 1.001 0.997-1.004 0.62
0.66 0.32-1.36 0.26 0.81 0.36-1.78 0.59
2.18 1.17-4.07 0.01 2.27 1.18-4.36 0.01 2.27 1.20-4.30 0.01
0.53 0.36-0.78 0.001 0.50 0.33-0.77 0.002 0.54 0.36-0.80 0.003
1.28 0.83-1.97 0.27 1.43 0.87-2.36 0.16
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Table 5. (continued)

Univariable analysis

Multivariable analysis with

Multivariable analysis backward elimination

Completion rate OR 95% CI Pvalue
Stomach protectors 0.997 0.647-1.537 0.99
Procedure CCE
Intake metoclopramide 0.63 0.42-0.94 0.02
Findings CCE
Presence of diverticula in SB 251 0.78-8.04 0.12
Presence of diverticula in the colon 1.19 0.67-2.11 0.55

OR 95% CI Pvalue OR 95% CI Pvalue

0.995 0.606-1.635 0.99

0.61 0.40-0.94 0.03 0.60 0.40-0.91 0.02
2.83 0.85-9.47 0.09 294 0.91-9.49 0.07
1.19 0.63-2.26 0.59

B, standardized beta; BMI, body mass index; CCE, colon capsule endoscopy; Cl, confidence interval; Gl, gastrointestinal; OR, odds ratio; SB, small bowel; t, t-value.
For determining predictors of the total Gl tract transit time, linear regression analyses were performed. Univariable models (each predictor one by one), a multivariable
model (including all predictors in the table), and a multivariable model after backward selection (subsequent removal of the predictor with the highest Pvalue until all P
values were <0.1) are included in this table. B values are standardized regression coefficients from linear regression models and here represent differences in total Gl tract

transit times per SD higher predictor variables.

For determining predictors of the Gl tract completion rate, logistic regression analyses were performed. Univariable models (each predictor one by one), a multivariable
model (including all predictors in the table), and a multivariable model after backward selection (subsequent removal of the predictor with the highest P value until all P
values were < 0.1) are included in this table. Odds represent the chances of completion per SD higher predictor variables.

the excluded cases probably had relatively longer transit times com-
pared with the included cases, this might have affected the results.
Second, the completion rate of 51.9% in our study is low compared
with completion rates in previous studies, and therefore, the results
might not be generalized. However, high completion rates of
70%-100% are mostly seen with the use of oral sodium phosphate
(NaP), which has been withdrawn from many markets because of
safety concerns (6). Studies using a similar preparation protocol to our
study, however, show lower completion rates. Third, compliance to
the bowel preparation protocol was not included as a confounder in
our analysis. However, in daily practice, not everyone will be com-
pliant to the preparation protocol and it is impossible to know this
beforehand. Therefore, we believe that the found predictors for slow
transit times and a low completion rate can still be used to anticipate
longer transit times in certain patients, regardless of the reason behind
it (e.g. physiological such as lower bowel motility or noncompliance).
Fourth, to improve the validity of the results, multiple imputation was
performed where the assumption was made that the missing values
were missing at random. With this assumption, there is always a small
chance that the results might be biased. However, the imputed and
original data showed almost no differences in its baseline character-
istics (see Supplementary Table 2, Supplementary Digital Content 1,
http://links.lww.com/CTG/A812). Therefore, we believe the current
results based on the imputed data set are reliable.

To conclude, lower BMI, unchanged stool pattern, higher fiber
intake, younger age, and history of abdominal surgery were sig-
nificant predictors for slower CCE transit times and a lower
completion rate. Clinicians can use these factors to anticipate a
longer capsule transit time and adapt the preparation protocol.
On top of that, those participants to whom metoclopramide was
administered because of a delayed stomach transit subsequently
had a faster small bowel transit compared with those who did not
take metoclopramide. This suggests that the completion rate
might be optimized by using metoclopramide in all CCE proce-
dures instead of waiting for a delay in stomach transit.
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Study Highlights
WHAT IS KNOWN

/ Colon capsule endoscopy (CCE) provides a noninvasive
technique for exploration of the colon.

\/ Tovisualize the entire colon, the capsule has to be fastenough
to achieve completion within the battery time.
The wide variation in the CCE completion rate and transit
times is not completely understood.

/ The literature on factors influencing CCE transit times is scarce.

WHAT IS NEW HERE

\/ Slower CCE transit times and a lower completion rate were shown
with younger age, low body mass index, unchanged stool
pattern, history of abdominal surgery, and high fiber intake.

\/ Clinicians can consider these factors to select patients with an
anticipated longer capsule transit time.

Those participants who took metoclopramide because of a
delayed stomach transit subsequently had a faster small bowel
transit compared with those who did not take metoclopramide.
This suggests that the chance of completion might be
optimized by using metoclopramide in all CCE procedures
instead of waiting for a delay in stomach transit.
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