
Introduction
Video capsule endoscopy (VCE) is a noninvasive, wireless mod-
ality that has been increasingly utilized to examine the small-
bowel mucosa since its introduction in 2000 [1]. A completed
VCE depends upon natural gastrointestinal motility to propel
the device through the esophagus, stomach, small intestine,
and into the colon during the battery lifespan. Systematic re-
view of published literature has revealed a completion rate of
only 83.5% for the standard 8-hour device [2]. Incomplete
studies are unfortunate and may result in missed distal lesions

in the unexamined small bowel, as well as the need for repeat
procedures.

Inpatient status has consistently been identified as a risk fac-
tor for incomplete VCE and this is often postulated to be sec-
ondary to decreased mobility of hospitalized patients [3–5].
There is a solid physiological rationale to support this, as physi-
cal activity has been shown to promote accelerated intestinal
transit of gas and liquids [6, 7]. To further support this hypoth-
esis, a study by Shibuya et al. [8] retrospectively and indirectly
assessed activity levels of patients undergoing VCE. Although
crudely measured, decreased activity was a significant risk fac-
tor for incomplete VCE after multivariate analysis (P=0.048). To
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ABSTRACT

Background and study aim Video capsule endoscopy

(VCE) is limited by reliance on bowel motility for propulsion,

and lack of physical activity has been proposed as a cause of

incomplete studies. Our aim was to prospectively investi-

gate the association between physical activity and VCE

bowel transit.

Patients and methods Ambulatory outpatients receiving

VCE were eligible for the study. A pedometer was attached

at the time of VCE ingestion and step count was recorded at

the end of the procedure. VCE completion was assessed by

logistic regression models, which included step count (500

steps as one unit). Total transit time was analyzed by Cox

proportional hazards models. The hazard ratios (HR) with

95% confidence interval (CI) indicated the “hazard” of com-

pletion, such that HRs >1 indicated a reduced transit time.

Results A total of 100 patients were included. VCE was

completed in 93 patients (93%). The median step count

was 2782 steps. Step count was not significantly associated

with VCE completion (odds ratio 1.45, 95%CI 0.84, 2.49).

Pedometer step count was significantly associated with

shorter total, gastric, and small-bowel transit times (HR

1.09, 95%CI 1.03, 1.16; HR 1.05, 95%CI 1.00, 1.11; HR

1.07, 95%CI 1.01, 1.14, respectively). Higher body mass in-

dex (BMI) was significantly associated with VCE completion

(HR 1.87, 95%CI 1.18, 2.97) and shorter bowel transit times

(HR 1.05, 95%CI 1.02, 1.08).

Conclusions Increased physical activity during outpatient

VCE was associated with shorter bowel transit times but

not with study completion. In addition, BMI was a previous-

ly unreported clinical characteristic associated with VCE

completion and should be included as a variable of interest

in future studies.
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date, there have been no prospective studies to further clarify
this.

The primary aim of our study was to prospectively investi-
gate the association between physical activity and VCE comple-
tion. An objective measure of physical activity was quantified
through pedometer step count reading, which has been valida-
ted as a measure of physical activity in clinical research and is
the preferred measuring device [9, 10]. We also correlated
physical activity levels with gastric, small-bowel, and total bow-
el transit times as secondary outcome measures.

Patients and methods
Patients

This study was approved by the appropriate Institutional Re-
view Board prior to initiation. All patients undergoing outpati-
ent VCE underwent an initial assessment for inclusion in the
study. Inclusion criteria included age 18 years or older, capacity
to provide consent for both the VCE and the study, and being
ambulatory (i. e. not a wheelchair user). Exclusion criteria in-
cluded: the need for a patency capsule as pre-determined by
the referring physician owing to risk factors for capsule reten-
tion; endoscopic delivery of the VCE; previous gastric or small-
bowel surgery; gastroparesis and/or use of prokinetics such as
metoclopramide or azithromycin; a history of previous VCE re-
tained in the stomach for the duration of the battery life; a his-
tory of small-bowel resection; inpatient status.

After study consent, data were collected regarding patient
sex, age, body mass index (BMI), indication for procedure, bow-
el preparation use prior to capsule, medications, and clinical
history of diabetes, thyroid disease or inflammatory bowel dis-
ease. Immediately after VCE ingestion, a Yamax Digi-Walker
SW-701 (Yamax Corp., Tokyo, Japan) was attached to the pa-
tient at the belt or waistband in the mid-line of the thigh ac-
cording to manufacturer recommendations. This is a commer-
cially available pedometer that has been validated in multiple
peer-reviewed studies as an accurate research tool [11, 12].
The face of the pedometer was then sealed with a sticker for 8
hours to avoid the theoretical concern of visible step-count
readings altering the typical activity levels of patients. At the
conclusion of the VCE study, the study staff unsealed the device
and the step-count reading was recorded.

VCE completion, gastric transit time, small-bowel transit
time, total transit time, diagnostic findings, and bowel prepara-
tion rating (preparation was considered adequate if greater
than 75% of the luminal segments were visible [13]) were ob-
tained from the standard VCE report performed by a single phy-
sician (M.M.M.), who was blinded to study participation and
data at the time.

Capsule endoscopy

All VCEs were performed with the PillCam SB2 Small-Bowel Vid-
eo Capsule (Given Imaging, Yoqneam, Israel) with the standard
8-hour battery lifespan and interpreted using the associated
software. Our standard outpatient capsule protocol was per-
formed for all patients. This included instructions to avoid su-
cralfate or iron for 5 days prior to the procedure, clear liquid

diet starting at 10:00 the day before the procedure, 2 L of a
polyethylene glycol 3350, sodium bicarbonate, sodium chlori-
de, and potassium chloride bowel purgative solution (Trilyte;
Alaven Pharmaceutical LLC, Marietta, Georgia, USA) at 16:30
the day before the procedure, and no further oral intake from
midnight before the day of the procedure. Patients were in-
structed that clear liquid intake could be started at 2 hours
after VCE ingestion and a light meal after 4 hours.

Statistical analysis

Baseline characteristics are summarized as mean (SD) or count
and percent. VCE completion was analyzed by logistic regres-
sion. Univariable models were fit using pedometer step count
(500 steps as one unit), age, sex, BMI, Type 2 diabetes mellitus,
inflammatory bowel disease, hypothyroidism, hyperthyroidism,
iron deficiency anemia as the indication for the procedure, nor-
mal findings on the examination, and use of narcotics, anticho-
linergics, beta-blockers, calcium-channel blockers or thyroid
medication as independent variables. Pedometer step count
and variables with P values ≤0.10 were included in a multivari-
able model, with the exception of normal vs. non-normal find-
ings, which had a very wide confidence interval for the odds ra-
tio, indicating instability and imprecision. Linearity of continu-
ous variables was assessed by loess plots and logistic regression
on the quartile indicators. Odds ratios (ORs) estimated by the
model are presented along with the 95% confidence intervals
(CIs).

Total transit time was analyzed by Cox proportional hazards
models, with patients who did not achieve VCE completion cen-
sored at 480 minutes (the length of capsule battery life). The
hazard ratios (HRs) estimated by the model indicate the “ha-
zard” of completion, such that HRs >1 indicate reduced transit
time. They are presented along with the 95%CIs. Univariable
models were fit with the same variables as above, and variables
with P values ≤0.10 were included in a multivariable model.
Gastric transit time and small-bowel transit time were also ana-
lyzed by multivariable Cox proportional hazards models. The
gastric transit time for one patient was censored at 480 min-
utes. The small-bowel transit times for patients not achieving
VCE completion were censored at 480 minutes minus the gas-
tric transit time.

Results
A total of 105 patients met the inclusion criteria and consented
to the study. Five patients were subsequently excluded from
the analysis: two patients were excluded because the pedom-
eter was not returned, two because there was a pedometer
dysfunction, and one patient did not follow the procedure pro-
tocol. Baseline clinical characteristics of the patients are de-
tailed in ▶Table1. Of note, 3 patients (3%) were underweight
(BMI < 18.5), 12 patients (12%) had normal weight (BMI 18.5–
24.9), 34 patients (34%) were overweight (BMI 25–29.9), and
51 patients (51%) were obese (BMI > 30). The VCE was comple-
ted during the battery lifespan in 93 patients (93%). There was
gastric retention during the battery lifespan in one patient (1%).
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The median capsule transit times were 22 minutes for gas-
tric (interquartile range [IQR] 15–44; range 4–480), 176 min-
utes for the small bowel (IQR 116–250; range 11–407), and
227 minutes for the total bowel (IQR 157–280; range 33–
480).

The median step count was 2782 steps (IQR 1699–3964;
range 130–11 392). In univariable analysis, step count was
not significantly associated with VCE completion (OR 1.20, 95
%CI 0.92, 1.55). BMI and diabetes mellitus type 2 were signifi-
cantly associated with completion, and narcotic medication
use also met criteria for inclusion in the multivariable model
(▶Table 2). In multivariable analysis, step count was not signif-
icantly associated with VCE completion (OR 1.45, 95%CI 0.84,
2.49). Higher BMI remained significantly associated with in-
creased odds of completion whereas diabetes mellitus type 2
and narcotic use were associated with lower odds (▶Table3).

Step count was significantly associated with a shorter total
transit time in univariable analysis (HR 1.08, 95%CI 1.02, 1.14)
(▶Fig. 1). In addition, BMI was associated with shorter total
transit times, and diabetes mellitus type 2 was associated with
longer total transit times (▶Table 4). In the multivariable mod-
el, increased step count was associated with shorter total tran-
sit times (HR 1.09, 95%CI 1.03, 1.16). Higher BMI also re-
mained associated with shorter total transit times (▶Table 5).

Step count was significantly associated with shorter gastric
and small-bowel transit times in multivariable analysis. For ev-
ery 500 steps taken, gastric transit completion hazard in-
creased 5% (HR 1.05, 95%CI 1.00, 1.11) and small-bowel transit
completion hazard increased 7% (HR 1.07, 95%CI 1.01, 1.14).

▶ Table 1 Patient clinical characteristics.

n=100

Age, mean (SD), years 50.9 (12.3)

Female sex, n (%) 64 (64)

BMI, mean (SD), kg/m2 31.3 (6.8)

▪ Underweight (BMI < 18.5), n (%) 3 (3)

▪ Normal (BMI 18.5–24.9), n (%) 12 (12)

▪ Overweight (BMI 25–29.9), n (%) 34 (34)

▪ Obese Class I (BMI 30– 34.9), n (%) 17 (17)

▪ Obese Class II (BMI 35– 39.9), n (%) 23 (23)

▪ Extreme obesity (BMI > 40), n (%) 11 (11)

Diabetes mellitus, n (%) 21 (21)

▪ Type 1 0 (0)

▪ Type 2 21 (21)

Inflammatory bowel disease, n (%) 9 (9)

▪ Crohn’s disease 8 (8)

▪ Ulcerative colitis 1 (1)

Thyroid disease, n (%) 21 (21)

▪ Hyperthyroidism 2 (2)

▪ Hypothyroidism 19 (19)

Indication for procedure, n (%)

▪ Iron deficiency anemia 53 (53)

▪ Gastrointestinal bleeding 14 (14)

▪ Crohn’s disease 12 (12)

▪ Abdominal pain/bloating 12 (12)

▪ Celiac disease 5 (5)

▪ Diarrhea 4 (4)

Medications, n (%)

▪ Beta-blockers 25 (25)

▪ Thyroid medications 17 (17)

▪ Calcium-channel blockers 15 (15)

▪ Anticholinergics 10 (10)

▪ Narcotics 8 (8)

Adequate bowel preparation, n (%) 100 (100)

BMI, body mass index.

▶ Table 2 Univariable logistic regression for video capsule endoscopy
completion.

Variable OR [95%CI] P value

Pedometer step count1 1.20 [0.92, 1.55] 0.17

Age 0.99 [0.95, 1.04] 0.65

Sex 1.44 [0.27, 7.83] 0.67

Body mass index 1.20 [1.03, 1.39] 0.02

Diabetes mellitus type 2 0.17 [0.03, 0.82] 0.03

Inflammatory bowel disease 0.57 [0.06, 5.29] 0.62

Hypothyroidism 0.56 [0.10, 3.13] 0.51

Hyperthyroidism N/A 0.99

Indication (iron deficiency
anemia vs. others)

1.55 [0.33, 7.31] 0.58

Findings (normal vs. others) 7.61 [0.88, 65.73] 0.07

Medications

▪ Narcotics 0.17 [0.03, 1.08] 0.07

▪ Anticholinergics N/A 0.97

▪ Beta-blockers 0.41 [0.09, 1.99] 0.27

▪ Calcium-channel blockers N/A 0.96

▪ Thyroid medications 0.48 [0.09, 2.71] 0.41

OR, odds ratio; CI, confidence interval; N/A, not applicable.
1 Pedometer step count includes 500 steps as 1 unit.
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Discussion
VCE is the preferred modality for direct assessment of the
small-bowel mucosa but the device is limited by battery life-
span. Incomplete examinations can lead to missed pathology
in the nonvisualized bowel and the need for repeated tests
(with the associated increase in potential risks and healthcare
costs). As such, methods to improve capsule completion with-
out associated cost or side-effects would be high-yielding.
Physical activity has previously been associated with acceler-
ated small-bowel transit [6, 7]. In our study, we prospectively
investigated physical activity and VCE completion and transit
times.

Step count during the procedure was not significantly asso-
ciated with VCE completion in our cohort. However, there was a
significant association between increasing step count and
shorter total bowel transit time. We suspect the shorter bowel
transit time did not translate into higher rates of VCE comple-
tion because of the high baseline completion rate of the study
population. This suggests that increasing activity may be more
beneficial in patient populations with prolonged bowel transit
and a higher risk of incomplete studies, although this needs fur-
ther investigation. Given the low-risk nature of increasing the

amount of physical activity during the study, we do feel that
ambulation should be recommended to patients during VCE.

Other clinical characteristics were significantly associated
with VCE completion rate. Most notably, higher BMI was asso-
ciated with increased video capsule completion and shorter to-
tal bowel transit times. This finding is supported by the gastro-
intestinal motility literature, which has linked underweight sta-
tus with slower bowel transit times [14]. This is remarkable as
BMI is not included as a clinical characteristic in most other se-
ries assessing completion rates and may be an uncontrolled fac-
tor affecting previously published results. To our knowledge,
the series by Spada et al. assessing bowel transit times during
VCE in patients with Celiac disease and the work by our group
assessing opioid use and VCE completion, are the only studies
to include BMI as a variable [15, 16]. Neither study reported a
significant correlation but both are limited by a retrospective

▶ Table 3 Multivariable logistic regression for video capsule endos-
copy completion.

Variable OR [95%CI] P value

Pedometer step count1 1.45 [0.84, 2.49] 0.19

Body mass index 1.87 [1.18, 2.97] 0.01

Diabetes mellitus type 2 0.02 [ < 0.001, 0.78] 0.04

Narcotics 0.01 [ < 0.001, 0.33] 0.01

OR, odds ratio; CI, confidence interval.
1 Pedometer step count included 500 steps as 1 unit.
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▶ Fig. 1 Scatterplot of total transit time by step count. Closed cir-
cles represent a completed video capsule endoscopy (VCE) study,
and open circles represent incomplete VCE study.

▶ Table 4 Univariable Cox proportional hazards model for video cap-
sule endoscopy total transit time.

Variable HR [95%CI] P value

Pedometer step count1 1.08 [1.02, 1.14] 0.005

Age 1.00 [0.99, 1.01] 0.60

Sex 0.90 [0.59, 1.38] 0.63

Body mass index 1.04 [1.01, 1.07] 0.01

Diabetes mellitus type 2 0.54 [0.32, 0.93] 0.03

Inflammatory bowel disease 1.02 [0.49, 2.11] 0.96

Hypothyroidism 0.98 [0.58, 1.67] 0.95

Hyperthyroidism 1.24 [0.30, 5.08] 0.76

Indication (iron deficiency
anemia vs. others)

1.19 [0.79, 1.79] 0.41

Findings (Normal vs. others) 1.25 [0.83, 1.89] 0.29

Medications

▪ Narcotics 0.73 [0.32, 1.68] 0.46

▪ Anticholinergics 1.24 [0.64, 2.39] 0.53

▪ Beta-blockers 0.82 [0.51, 1.32] 0.42

▪ Calcium-channel blockers 1.42 [0.81, 2.48] 0.22

▪ Thyroid medications 0.98 [0.56, 1.71] 0.93

OR, odds ratio; CI, confidence interval.

▶ Table 5 Multivariable Cox proportional hazards model for video cap-
sule endoscopy total transit time.

Variable HR [95%CI) P value

Pedometer step count1 1.09 [1.03, 1.16] 0.003

Body mass index 1.05 [1.02, 1.08] 0.001

Diabetes mellitus type 2 0.64 [0.37, 1.12] 0.12

OR, odds ratio; CI, confidence interval.
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study design. Until this is clarified, we recommend that BMI
should be included in future studies as a variable of interest.

We found that the use of narcotic medication was associated
with incomplete VCE. This is in contrast to our previously pub-
lished experience and has been found to be of variable signifi-
cance in other studies [5, 16, 17]. Diabetes mellitus type 2 was
also found to be significantly associated with incomplete VCE.
Although diabetes was initially linked to decreased completion
rates by Triantafyllou et al., more recent reports have not
shown a significant association [3, 17, 18]. These factors need
to be considered when discussing the potential outcomes and
risks of VCE with patients, but should not serve as a deterrent
to the procedure.

The limitations of our study include the inability to directly
correlate the timing of the physical activity with the location
of the capsule owing to the modality of activity measurement.
It should be noted that our ability to detect differences due to
uncommon indications or VCE findings, such as active gastroin-
testinal bleeding, was limited by the sample size. In addition,
the sample size probably also limited our ability to detect a dif-
ference in VCE completion given the high baseline completion
rate of VCE performed on outpatients. Future studies should
consider focusing on hospitalized patients as a target for inter-
ventions for VCE completion, given the lower completion rates
in this patient population [3–5].

The strengths of our study include being the first study to
use a validated tool to directly measure physical activity during
the VCE study period. In addition, our prospective design al-
lowed us to statistically control for multiple variables that affect
capsule completion and bowel transit times. This overcomes a
major limitation of previously published series assessing VCE
and physical activity.

In conclusion, increased physical activity during outpatient
VCE correlated with shorter bowel transit times but was not sig-
nificantly associated with VCE completion. Given the lack of
side-effects, we recommend that physical activity should be
encouraged during VCE studies. In addition, BMI was a pre-
viously unreported clinical characteristic associated with VCE
completion and should be included as a variable of interest in
future studies assessing VCE completion.
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