
Introduction
Currently, more than one-third of US adults are obese, and the
prevalence of obesity is projected to exceed 40% by 2030 [1–

3]. Obesity is a well-established, independent, modifiable risk
factor associated with an increased risk of adenomas, advanced
adenoma recurrence and colorectal cancers (CRC) – the third
leading cause of cancer and cancer death worldwide [3–6]. In
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ABSTRACT

Background and study aims Gastroenterologists are en-

countering a rising number of obese patients requiring co-

lonoscopy. Existing literature regarding colonoscopy out-

comes in this population is scant and conflicting. We ana-

lyzed a nationwide cohort of patients to identify the effects

of body mass index (BMI) on colonoscopy success, efficacy,

and tolerability.

Patients and methods The Clinical Outcomes Research

Initiative (CORI) endoscopic database was queried for all co-

lonoscopies in adults between 2008–2014. Patients were

stratified into four cohorts based on BMI classification for

comparison. Multivariable analysis was performed to identi-

fy the effect of BMI on procedure outcome, efficacy and tol-

erability.

Results Of 41,401 procedures, 27,696 met study inclusion

criteria. Of these, 49.4% were performed for colorectal can-

cer screening, most commonly under anesthesia directed

sedation. Patient discomfort was the reason for an incom-

plete colonoscopy in 18.7% of all cases, and more frequent

among the overweight and obese cohorts. An inadequate

bowel preparation was most common in the class III obesity

cohort. Compared to the normal BMI group, a BMI≥30 and

<40kg/m2 was associated with an increased odds of an in-

complete colonoscopy (P=0.001for overweight, P=0.0004

for class I/II obesity), longer procedure (P <0.05 for all) and

poorer tolerance (P <0.0001 for class I/II obesity, P=0.016

for class III obesity). Anesthesia-administered sedation was

more commonly used than endoscopist directed sedation

amongst the obese cohort compared with the normal BMI

cohort (P <0.0001).

Conclusions Endoscopists should consider the increased

odds of incomplete colonoscopy, longer procedures, and

poorer tolerance when performing colonoscopy in obese

patients to improve clinical management and procedural

outcome.
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2012, 17.7% of all colorectal cancer cases (85,000) were attri-
butable to excess body mass index (BMI) [7]. The rising preval-
ence of obesity worldwide is regarded as a major contributor to
the increasing prevalence of CRC and is estimated to increase
the risk of CRC by 60% and CRC mortality by 90% [8]. In light
of the growing obesity epidemic, gastroenterology providers
nationwide have encountered an increasing number of over-
weight and obese patients requiring colonoscopies.

Screening colonoscopies can reduce the incidence and mor-
tality from CRC by allowing for early detection of pre-malignant
precursor lesions. However, studies have shown that CRC
screening participation rates in individuals with obesity are in-
ferior to those with a normal BMI [9]. Prior studies have alluded
to both patient and provider-associated barriers including con-
cerns related to bowel preparation, modesty, pain and embar-
rassment. Alarmingly, failure of physicians to recommend
screening colonoscopies in obese patients has also been identi-
fied, possibly due to perceived procedural risks, less time for
preventive counseling due to competing care demands and
obesity-related discrimination [1, 9].

Despite advances in gastrointestinal endoscopy over the
past decade, colonoscopies in obese patients represents a chal-
lenging issue. Certain endoscopic techniques and maneuvers
normally required during the exam (i. e. patient repositioning,
application of abdominal pressure) are more difficult to per-
form on obese patients. In addition, several studies have identi-
fied obesity as an independent predictor of inadequate bowel
preparation, thereby increasing the risk for missed lesions and
procedural complications, need for repeat procedures, and in-
creased overall healthcare costs [10]. Furthermore, there is an
increased risk for sedation-related cardiopulmonary complica-
tions among overweight and obese patients undergoing propo-
fol-based deep sedation [2, 8, 11]. Consequently, for these pa-
tients, most practices require endoscopic exams for obese pa-
tients to be strictly under monitored anesthesia care (MAC)
[12]. Nonetheless, data on the appropriate sedation approach
during endoscopy for obese patients remains sparse and to
date, no study exists assessing the safety and efficacy of per-
forming endoscopy under moderate sedation in the obese pop-
ulation [12–15].

A limited number of prior studies have compared the effect
of BMI on success, safety, tolerance and efficacy of colonosco-
py. Existing literature on this topic have been studies performed
outside the US, most of which are single-center analyses of re-
latively small patient cohorts, and a number of which were sur-
vey-based, thus lacking generalizability and reliability [9, 16].
Among gastrointestinal endoscopy literature using national
data, no study thus far has investigated the effects of BMI and
obesity on procedural and sedation-related variables during co-
lonoscopy.

The national endoscopic database (NED) contains procedur-
al data collected by the clinical outcomes research initiative
(CORI) from 2000 to 2014. Using this nationwide database
(CORI-NED), our goal was to identify the effects of BMI on colo-
noscopy success, efficacy and tolerability. Additionally, we
aimed to identify whether method of sedation (endoscopist

versus anesthesia-driven sedation) is predictive of procedural
success among overweight and obese patients.

Patients and methods
National Endoscopic Database (NED) of CORI (CORI-NED)
and data collection

We utilized the CORI database–a large national multicenter
consortium of 108 sites from 87 practices, created for the
means of studying outcomes and utilization of endoscopy in a
variety of practice settings (74% community practice, health
maintenance organizations (HMOs) and private practices, 15%
government agencies (e. g. military and Veterans Affairs Health
Services), and 12% academic medical centers). Participating
sites use a structured, computerized report generator to pro-
cess all endoscopic reports and comply with quality control re-
quirements. Data are subsequently transmitted electronically
to a central data repository, the CORI-NED database, which is
in part funded by the National Institutes of Diabetes and Diges-
tive and Kidney Diseases (NIDDK). This study was exempt from
IRB approval as it is a retrospective analysis of de-identified
data.

Version four of the CORI-NED database (CORI V4), which in-
cludes data recorded from 2008 to 2014, was queried to identi-
fy all adult patients (≥18 years old) undergoing colonoscopy for
any indication. BMI was calculated using weight (kg)/height
(m2) and stratified according to the World Health Organization
classification. Four cohorts were identified: 1) normal BMI
(BMI≥18.5 and ≤24.9 kg/m2); 2) overweight BMI (BMI≥25.0
and ≤29.9 kg/m2); 3) class I and II obesity (BMI≥30 and
≤ 39 kg/m2) and; 4) class III obesity (BMI≥40 kg/m2). Patients
< 18 years old, procedures done in the inpatient setting, and
those with incomplete or missing demographic and procedure
related data were excluded.

Anthropometric and procedural data were compared among
the cohorts. Specific data collected included: age, gender, ASA
class, race, endoscopy facility type, personnel administering se-
dation (anesthesia provider versus “other” (including endos-
copist, non-gastroenterology providers and advanced practice
providers)), completion of procedure, procedure duration,
bowel preparation type prescribed, Boston Bowel Preparation
(BBPS) score, number of aborted procedures, and number of
cases terminated due to poor bowel preparation and patient
discomfort. Endoscopy facility type include those procedures
done in ambulatory surgical centers, defined as independently
operated medical facilities outside the hospital setting that
specialize in elective same-day or outpatient surgical proce-
dures and those done within the hospital setting (endoscopy
suite and surgical operating room). For all colonoscopies, pro-
cedure success was defined by procedure “completed” as re-
ported by the endoscopist. Type of sedation administered was
also recorded (minimal (anxiolytic) sedation; moderate (con-
scious) sedation; deep sedation and; general anesthesia). Mini-
mal anxiolytic sedation is defined as use of an anxiolytic medi-
cation alone, commonly a benzodiazepine, such that the pa-
tient remains responsive to verbal commands. Moderate (con-
scious) sedation, commonly provided through a combination
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of benzodiazepine and opioid medications, refers to a slightly
deeper level of sedation where a patient maintains ventilatory
and cardiovascular function and is able to make purposeful re-
sponses to verbal or light tactile stimulation. In contrast a pa-
tient undergoing deep sedation may require ventilatory or air-
way support, but typically maintain cardiovascular function,
and cannot be aroused easily but may respond purposefully to
repeated of painful stimulation. At the level of general anesthe-
sia, the patient cannot be aroused by painful stimuli, and more
often type require airway or ventilatory support and occasion-
ally are unable to maintain their cardiovascular function. The
primary objective of this study was to identify the effects of
BMI on colonoscopy completion rate, procedure duration, pa-
tient tolerance, and choice of personnel administering seda-
tion.

Statistical analysis

Although some of the patients included had more than one
procedure performed during the study period, quantities ob-
served in different procedures were assumed to constitute sta-
tistically independent observations for the purposes of data a-
nalysis. Descriptive statistics were prepared with the use of
contingency tables and presented as either frequencies for ca-
tegorical data or mean and standard deviation (SD) for contin-
uous data unless otherwise specified. The student t-test or the
chi-squared test, employing Yates’ correction for continuity
where appropriate, were performed to understand differences
in baseline values amongst the BMI subgroups. Of the demo-
graphic and procedural factors found to be significantly asso-
ciated on univariate logistic regression analysis, multivariate lo-
gistic regression models were performed to calculate an adjus-
ted odds ratio for factors related to higher BMI. All analysis was
done in SAS 9.4 (Cary, North Carolina, United States). Statistical
significance was set at P <0.05. It is recognized that there was
multiple testing of outcome data arising from individual proce-
dures. The uncorrected P values are presented along with the

effect of correction utilizing the method of Bonferroni when-
ever that correction would remove statistical significance at
the P <0.05 level.

Results
Clinical characteristics

Of 41,401 colonoscopies between 2008 and 2014, 27,555 colo-
noscopies met inclusion criteria and were stratified by patient
BMI into one of four subgroups: normal BMI (8,020 (29.1%)),
overweight BMI (10,274 [37.3%]), class I/II BMI (7,975
[28.9%]) and class III BMI (1,286 [4.7%]) (▶Fig. 1). Baseline
characteristics are presented in ▶Table 1. Among the entire co-
hort, the mean BMI was 28.9 ±5.54 kg/m2 and the mean age
was 58.9 ±12.7 years. The majority of patients were non-Hispa-
nic Caucasian females with an ASA classification of I or II, which
was consistent on BMI subgroup analysis. While females were
more prevalent among the normal BMI and class III obesity sub-
groups, males were more common in the overweight BMI and
class I/II obesity subgroups. Over one-quarter of the class III
obesity subgroup had an ASA classification of > III, however,
the majority of patients in all BMI subgroups were classified as
ASA Class I or II. The subgroups were significantly different with
regards to age, gender, race and ASA class (P<0.0001) (▶Ta-
ble 1).

Procedural and sedation dharacteristics

The majority of colonoscopies among the entire group were
performed using moderate sedation (69.7%). This trend re-
mained true upon further stratification by BMI class. The largest
proportion of colonoscopies performed under deep sedation
was seen in the Class III obesity cohort (25.8%) as detailed in
Supplemental Table 1. Sedation was most frequently adminis-
tered by an anesthesia provider in the whole cohort (61.1%) as
well as upon stratification across BMI subgroups (▶Table 2).

Total colonoscopies from 2008–2014: 41,401

Total colonoscopies meeting inclusion criterion: 
27,555

Normal Weight Cohort
BMI: 18.5 – ≤ 24.9 kg/m2 

N = 8,020

Overweight Cohort
BMI: 25.0 – ≤ 29.9 kg/m2 

N = 10,274

Class I/II Obesity Cohort
BMI: ≥30.0 – ≤ 39.9 kg/m2 

N = 7,975

Class III Obesity Cohort
BMI: ≥ 40.0 kg/m2 

N = 1,286

13,846 colonoscopies excluded:
▪ Data missing (exam completion status;
 provider administering sedation; 
 anthropometric data)
▪ Age <18 years
▪ Inpatientstatus
▪ BMI <18.5 and > 60 kg/m2

▶ Fig. 1 Study flow diagram. Allocation of patients into four cohorts based on the classification of weight status by BMI: “Normal Weight”
(BMI: 18.5 to ≤24.9 kg/m2, n = 8,020); “Overweight” (BMI:≥25.0 to ≤29.9 kg/m2, N=10,274); “Class I/II Obesity” (BMI≥30.0 to ≤39.9 kg/m2,
N=7,975) and; “Class III Obesity” (BMI > 40.0 kg/m2, N=1,286). Excluded colonoscopies with significant data missing (i. e. extent of colon
reached, provider administering sedation, patient’s height and weight for calculation of BMI), procedures performed in patients < 18 years
old and procedures performed in patients with a BMI <18.5 and> 60 kg/m2.
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Among the entire group and upon subgroup analysis, ap-
proximately half of all colonoscopies were performed for CRC
screening purposes (49.7%). The majority of colonoscopies
were documented as successfully completed for the entire co-
hort (97.7%), and on subgroup analysis. Of those procedures
not completed (2.3%), an inadequate or poor bowel prepara-
tion was reported in 38.8% of cases amongst the entire cohort
(▶Table2, ▶Fig. 2). Of data available on adequacy of bowel
preparation for colonoscopy using the BBPS score, the majority
of patients in the entire cohort were noted to have a BPPS score
of 7 to 9 (49.4%), followed by a score of 4 to 6 (43.2%), which
remained consistent across BMI subgroups. A larger percentage
of colonoscopies were reported to have a BBPS score of 0–3 for
the class III obesity cohort (16.1%) as compared to all other BMI
categories (P<0.0001) (▶Table2). Prescription of GoLytely
seemed to linearly increase with increasing BMI, whereas the in-
verse was seen with the prescription of MiraLAX based bowel
preparations (Supplemental Table 1).

Patient discomfort was reported as the reason for an incom-
plete colonoscopy in 18.7% of all cases. Endoscopist’s percep-
tion of patient's tolerance during colonoscopy was “good” and
“excellent” in most cases among the entire cohort (59.4% and
38.1%, respectively) and held true when stratified by BMI sub-
group.A larger percentage of patients were reported as having
a “poor” tolerance to colonoscopy among the Class III obesity
cohort (0.9%) followed by the Class I/II obesity cohort (0.4%)
(▶Table2).

Effect of BMI on colonoscopy efficacy

Compared to the normal BMI cohort, the class I/II obesity sub-
group had a significantly higher odds of having an incomplete
colonoscopy procedure (aOR 0.88, 95% CI 1.05, 1.22; P=
0.001). In contrast, there was no significant difference in the
odds of procedure completion amongst the overweight and
class III obesity subgroups as compared to the normal BMI sub-
group (aOR 0.96, 95% CI 0.99, 1.14; P=0.07 and aOR 0.98, 95%
CI 0.86, 1.13; P=0.99, respectively) (▶Table 3, ▶Fig. 3).

Procedure duration was less than 15minutes (min) in thema-
jority of patients (74.8%). Compared to the normal BMI cohort,
the overweight BMI cohort had an increased odds of having a
longer procedure (> 15 to <30min) as compared with a shorter
procedure (< 15min) (aOR 1., 95% CI 1.01,1.18; P=0.03). There
was no other significant difference in procedure duration
among the overweight as compared to normal BMI subgroups.
Additionally, as compared to the normal BMI subgroup, the class
I/II obesity subgroup and the class III obesity subgroup had a
higher odds of procedures lasting >15min (P<0.05 for all), al-
though no difference when comparing procedures with a dura-
tion greater than 60min (▶Table 3, ▶Fig. 3). Interestingly, the
proportion of procedures lasting between 15 and 30min, 30
and 45min, 45 and 60min, and greater than 60min seemed
to linearly increase with increasing BMI (P<0.0001 for all)
(▶Table2, ▶Fig. 4).

Effect of BMI on personnel administering sedation

There was a significantly higher odds for sedation to be admi-
nistered by an anesthesia provider as compared to an endos-
copist or other personnel among the overweight BMI as com-

▶Table 1 Demographic characteristics by BMI subgroup.

Entire group

N=27,555

Normal weight

N=8,020

Overweight

N=10,274

Class I–II obesity

N=7,975

Class III obesity

N=1,286

P value

BMI range 18.5–60.0 18.5–24.9 25.0–29.9 ≥30– 39.9 40–60.0 < 0.0001

▪ mean BMI (kg/m2) 28.9 22.5 27.3 33.5 44.6

Age, years (mean, SD) 58.9 ± 12.7 58.0 ± 17.7 60.0 ± 13.7 58.9 ± 13.1 57.1 ± 13 < 0.0001

Females (N, (%)) 13,942 (50.6%) 5046 (62.9%) 4413 (43.0%) 3736 (46.8%) 747 (58.1%) < 0.0001

Race (N, (%))

▪ White 24,747 (89.8%) 7211(89.9%) 9276 (90.3%) 7165 (89.8%) 1095 (85.1%) 0.002

▪ Black 1,586 (5.8%) 377 (4.7%) 600 (5.8%) 486 (6.1%) 123 (9.6%) < 0.0001

▪ Asian 520 (1.9%) 288 (3.6%) 179 (1.7%) 52 (0.7%) 1 (0.1%) < 0.0001

▪ Other1 702 (2.5%) 144 (1.8%) 219 (2.1%) 272 (3.4%) 67 (5.2%) < 0.0001

Hispanic (N, (%)) 2,429 (8.8%) 559 (7.0%) 940 (9.1%) 805 (10.1%) 125 (9.7%) < 0.0001

ASA Class (N, (%))2 < 0.0001

Class I & II 25,187 (91.5%) 7,568 (94.4%) 9590 (93.3%) 7086 (88.9%) 943 (74.1%)

Class≥ III 2,349 (8.5%) 452 (5.6%) 684 (6.7%) 889 (11.1%) 324 (25.9%)

1 Other race: Native American, Hawaiian, multi-racial.
2 27,536 patients in the entire cohort had ASA class recorded in the CORI-NED database.
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pared to the normal BMI subgroup (aOR 1.33, 95% CI 1.19,
1.49; P<0.0001). Similarly, there were higher odds for sedation
to be administered by an anesthesia provider as compared to an
endoscopist or other personnel among the class I/II obesity and
the class III obesity subgroups as compared to the normal BMI
subgroup (aOR 1.26, 95% CI 1.17, 1.36 and aOR 1.42, 95% CI
1.23,1.64, respectively P <0.0001 for both) (▶Table 3,

▶Fig. 2). In addition, among the overweight BMI and class I/II
and III obese subgroups who had completed colonoscopies,
there was a higher odds for sedation to be managed by an anes-
thesia provider versus an endoscopist (aOR 3.06, 95% CI 2.80,
3.35; P<0.0001).

Effect of BMI on patient tolerance for colonoscopy

Endoscopist perception of patient tolerance during colonosco-
py was “good” and “excellent” in most cases in the entire group
(59.4% and 38%, respectively) and held true when stratified by
BMI subgroup (▶Table2). In the overweight BMI subgroup,
there were higher odds for procedure tolerance to be reported
as “good” as compared to “excellent” when compared to the
normal BMI subgroup (aOR 1.08, 95% CI 1.01, 1.18; P=0.03).
Similarly, as compared to the normal BMI subgroup, in the class
I/II obesity and class III obesity subgroups, there were higher
odds of the endoscopist reporting “good” (aOR 1.38, 95% CI
1.29,1.49 and aOR 1.43, 95% CI 0.55, 0.72, respectively; P<
0.0001 for both) and "fair" (aOR 1.32, 95% CI 1.06, 1.65 and

▶Table 2 Procedure and sedation characteristics by BMI subgroup.

Entire cohort

N=27,555

Normal

weight

N=8,020

Overweight

N=10,274

Class I – II

Obesity

N=7,975

Class III

Obesity

N=1,286

P value

Personnel administering sedation (N, %) < 0.0001

▪ Anesthesia 16,844 (61.1%) 5,344 (66.6%) 6,285 (61.2%) 4,560 (57.2%) 655 (50.9%)

▪ Other1 10,711 (38.9%) 2,676 (33.4%) 3,989 (38.8%) 3,415 (42.8%) 631 (49.1%)

Procedure tolerance (N, %) < 0.0001

▪ Excellent 10,498 (38.1%) 2,621 (32.7%) 3,857(37.5%) 3,390 (42.5%) 630 (49.0%)

▪ Good 16,370 (59.4%) 5,211 (65.0%) 6,165 (60.0%) 4376 (54.9%) 618 (48.1%)

▪ Fair 560 (2.0%) 154 (1.9 %) 206 (2.0%) 174 (2.2%) 26 (2.0%)

▪ Poor 129 (0.5%) 36 (0.4%) 46 (0.4%) 35 (0.4%) 12 (0.9%)

Procedure Duration (N, %) < 0.00011

▪ <15min 20,605 (74.8%) 6201 (77.3%) 7713 (75.1%) 5804 (72.8%) 887 (68.9%)

▪ ≥15min to < 30min 5,044 (18.3%) 1340 (16.7%) 1914 (18.6%) 1534 (19.2%) 256 (19.9%)

▪ ≥30min to < 45min 1,356 (4.9%) 347 (4.3 %) 474 (4.6%) 436 (5.5%) 99 (7.7%)

▪ ≥45min to < 60min 384 (1.4%) 90 (1.1%) 124 (1.2%) 135 (1.7%) 35 (2.7%)

▪ ≥60min 166 (0.6%) 42 (0.5%) 49 (0.5%) 66 (0.8%) 9 (0.7%)

Number of Incomplete
Procedures, total (N, %)2

634 (2.3%) 142 (1.8 %) 241 (2.3%) 189 (2.4%) 62 (4.8%) 0.61

Inadequate bowel prep3 246 (38.8%) 59 (41.5%) 82 (34.0%) 62 (32.8%) 9 (14.5%) < 0.0001

Patient discomfort4 119 (18.7%) 22 (15.5%) 47 (19.5%) 33 (17.5%) 17 (27.4%) < 0.0001

BPPS Total Score (N, %)5

▪ Score 0–3 201 (7.4%) 48 (7.7%) 63 (6%) 65 (7.4%) 25 (16.1%) < 0.0001

▪ Scope 4–6 1166 (43.2%) 240 (38.6%) 417 (39.7%) 445 (50.9%) 64 (41.3%) < 0.0001

▪ Score 7–9 1334 (49.4%) 333 (53.6%) 570 (54.3%) 365 (41.7%) 66 (42.3%) < 0.0001

Screening as indication (N, %) 13,682 (49.4%) 3955 (49%) 5128 (50%) 3986 (49.7%) 613 (47.5%) < 0.0001

1 Other personnel: ICU physician, resident physician, surgeon, advanced practice providers.
2 Other reasons for incomplete procedures not portrayed: colonic stricture, clinical deterioration/hemodynamic instability, bowel obstruction.
3 Cecum reached for all colonoscopies performed for screening purposes.
4 Represents the number of procedures incomplete due to an inadequate bowel preparation and due to patient discomfort.
5 2,701 patients in the entire cohort have a BPPS score recorded; 621 patients in the “normal BMI” cohort, 1050 in the “overweight BMI” cohort, 875 in the “class I/II
BMI” cohort, and 155 in the “class III BMI” cohort.
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aOR 1.51, 95% CI 0.38, 0.91, respectively; P=0.02 for both) tol-
erance as compared to "excellent" tolerance during colonosco-
py procedures. There was no significant difference in the odds
for a “poorly” tolerated procedure among those in the over-
weight BMI, class I/II obesity and class III obesity BMI subgroups
as compared to those in the normal BMI subgroups (▶Table 3,

▶Fig. 2).

Discussion
This is the largest, multicenter study evaluating the effect of
BMI on the efficacy, tolerability and sedation practices for colo-
noscopy. This study reflects on nationwide trends pertaining to
sedation and procedure characteristics of colonoscopies
among overweight and obese individuals. We found that there
are significant differences in rate of procedure completion, pro-
cedure duration, patient tolerance and choice of provider ad-
ministering procedural sedation among overweight and obese
patients as compared to patients with normal weights.

There is limited, single-center data evaluating the effects of
BMI on colonoscopy completion rates [17–19]. Existing data are
conflicting, with some studies demonstrate a higher likelihood
of an incomplete exam in thin or average weight females and
others reporting on an over 2.5 times increased odds for colo-
noscopy failure in obese individuals [18, 20, 21]. In our study,
we found an increased odds for an incomplete colonoscopy
exam among patients with a BMI≥25 and <39.9 kg/m2 versus
those with a normal BMI. Interestingly, however, our findings
also showed that there was no significant difference in proce-
dure completion among patients with a BMI >40kg/m2 and
those with a normal BMI; it is possible that because a higher
proportion of patients within the class III obesity cohort receiv-
ed deep sedation during their procedures, this resulted in bet-
ter patient tolerance, optimizing the endoscopists chance at
successfully completing a procedure [18]. Of note, our study in-
corporates multicenter data from over 100 endoscopy practi-
ces nationwide and thus, is likely a more accurate reflection
than previously published studies.

Looping occurs in 90% of all colonoscopies and is the pri-
mary cause for patient discomfort and increased procedure
time [22–24]. For varying reasons, both thin and obese patients
are known to have colonic anatomy that promotes looping [25].
Ancillary maneuvers such as abdominal pressure and patient
repositioning are often employed to correct looping; however,
these maneuvers can be difficult to apply to the sedated, obese
patient. We believe that this likely plays a role in the lower exam
completion rate that was observed in the obese cohort. Prior
studies have found that performing colonoscopies in the prone
position for obese patients significantly shortens cecal intuba-
tion times and decreases pain [26, 27]. Nonetheless, this tech-
nique has not been widely adopted by most practices. Our data
suggest that implementation of these alternate practices for
the obese population may be worthwhile.

As compared to patients with a normal BMI, those with a
higher BMI had more poorly tolerated colonoscopy; the reason
cited for an incomplete exam was more commonly “patient dis-
comfort” in the overweight and obese subgroups compared to

Adjusted Odds Ratio*: Overweight BMI vs Normal BMI Subgroup

Exam complete vs incomplete†

Sedation by anesthesia vs other*

Duration: >15–30 min vs <15 min

Duration: >30–<45 min vs <15 min

Duration: >45–<60 min vs <15 min

Duration: >60 min vs <15 min

Tolerance: ”Good“ vs ”Excellent“

Tolerance: ”Fair“ vs ”Excellent“

Tolerance: ”Poor“ vs ”Excellent“

Adjusted Odds Ratio*: Obesity I/II BMI vs Normal BMI Subgroup

Exam complete vs incomplete†

Sedation by anesthesia vs other*

Duration: >15–30 min vs <15 min

Duration: >30–<45 min vs <15 min

Duration: >45–<60 min vs <15 min

Duration: >60 min vs <15 min

Tolerance: ”Good“ vs ”Excellent“

Tolerance: ”Fair“ vs ”Excellent“

Tolerance: ”Poor“ vs ”Excellent“

Adjusted Odds Ratio*: Obese Rations*: 
III BMI vs Normal BMISubgroup

Exam complete vs incomplete†

Sedation by anesthesia vs other*
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▶ Fig. 2 Adjusted odds ratios comparing overweight BMI, Class I/II
obesity and Class III obesity subgroups to normal BMI subgroup.
Odds ratios are based on adjusted analysis comparing the effects
of BMI (overweight and obese BMI versus normal BMI subgroup)
on certain procedure and sedation related variables during colo-
noscopy exams. Adjusted odds ratios are presented for all colo-
noscopies among the overweight BMI and obese class I/II and
class III BMI subgroups as compared to the normal BMI subgroup.
† As reported by the endoscopist. ¥ Other personnel: endos-
copists, non-gastrointestinal physicians, advance practice provi-
ders. * All values portrayed are adjusted for each of the variables
included in this model.
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the normal BMI subgroup. Increased looping and requirement
for abdominal pressure and repositioning during the exam
among the overweight and obese cohorts are possible explana-
tions. This carries important clinical considerations. An uncom-
fortable exam could have detrimental effects on patient com-
pliance with CRC screening. Prior studies have shown that obe-
sity is associated with lower rates of CRC screening, particularly
in obese white women [28]. In our study, among BMI sub-
groups, the class III obesity group had the fewest proportion
of colonoscopies performed for screening purposes (47.5%)
(▶Table2). Patient satisfaction is becoming exceedingly rele-
vant; discomfort during colonoscopy is likely a primary reason
for lower CRC screening rates in the obese population, suppor-
ted by findings of a recent study that identified inadequate pain
control as a primary concern among patients undergoing colo-
noscopy [29].

Cecal insertion time (CIT) is a well-established surrogate
measure for procedure difficulty with a CIT >10min considered
“difficult” [23, 30, 31]. Prior studies assessing the effects of cer-
tain obesity parameters (i. e. BMI, waist circumference, visceral/
subcutaneous adipose tissue) on CIT are conflicting [2, 16, 32–
34]. While the results of our study did not comment directly on
cecal intubation time due to limitations of the CORI-NED data-
base, our study did demonstrate that patients with a BMI of ≥30
and≥40 kg/m2 had an overall longer procedure duration as
compared to those with a BMI <24.9 kg/m2 [35–37]. Consider-
ing the results of our nationwide cohort, a higher BMI may be
predictive of longer procedures and thus prolonged anesthesia
sessions, and perhaps may require better expertise in colonos-
copy technique [16].

▶Table 3 Multivariable analysis: procedure characteristics in overweight and obese cohorts vs normal BMI cohort.

Overweight BMI cohort Class I/II obesity Class III obesity

Adjusted OR [95% CI] P value Adjusted OR [95% CI] P value Adjusted OR [95% CI] P value

Exam complete vs in-
complete

0.96 [0.99–1.14] 0.071 0.88 [1.05–1.22] 0.001 0.98 [0.86–1.13] 0.991

Personnel administering sedation

Anesthesia vs other2 1.33 [1.19 – 1.49] <0.0001 1.26 [1.17–1.36] <0.0001 1.42 [1.23–1.64] < 0.0001

Procedure duration (vs < 15 mins)

▪ ≥15 to < 30min 1.09 [1.01–1.18] 0.031 1.14 [1.05–1.42] 0.002 1.19 [1.02–1.39] 0.041

▪ ≥30 to < 45min 1.03 [0.89–1.19] 0.701 1.22 [1.06–1.42] 0.01 1.71 [1.34–2.27] < 0.0001

▪ ≥45 to < 60min 1.03 [0.79–1.36] 0.831 1.42 [1.08–1.86] 0.01 2.36 [1.57–3.53] < 0.0001

▪ ≥60min 1.07 [0.56–1.29] 0.45*1 1.49 [1.01–2.20] 0.051 1.21 [0.58–2.52] 0.811

Patient tolerance3 (vs excellent)

▪ Good 1.08 [0.80–0.91] <0.0001 1,38 [1.29–1.49] <0.0001 1.43 [0.55–0.72] < 0.0001

▪ Fair 1.17 [0.67–1.03] 0.081 1.32 [1.06–1.65] 0.021 1.51 [0.38–0.91] 0.021

▪ Poor 1.03 [0.51–1.25] 0.331 1.32 [0.83– 2.10] 0.141 1.22 [0.61– 2.42] 0.571

1 Nominally significant in a single test of hypothesis; however, correction for multiple testing of data removes this significance.
2 Other personnel includes: endoscopists, non-gastrointestinal physicians, advance practice providers.
3 Patient tolerance as perceived by the endoscopist.
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▶ Fig. 3 Rate of incomplete colonoscopies due to patient discomfort and in-

adequate bowel preparation by BMI subgroup. Among the entire study co-

hort, 18.7% (n=119) of colonoscopies were incomplete or aborted due to

“patient discomfort” (as reported by the endoscopist) and 38.8% (n =246) of

colonoscopies were incomplete or aborted due to a poor or inadequate

bowel preparation (as defined by a BPPS score of 0–3). A higher rate of colo-

noscopies incomplete due to an inadequate bowel preparation is observed in

the normal BMI subgroup (41.5%) whereas a higher rate of colonoscopies

incomplete due to patient discomfort is observed in the Class III obesity

subgroup (27.4%).
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Optimal visualization during colonoscopy is contingent on
an adequate bowel preparation, yet only 67.5% to 78.3% of pa-
tients have an adequate preparation [38]. The finding in our
study of increasing GoLytely prescriptions with rising BMI ad-
heres to recommendations borne out of prior studies demon-
strating that GoLytely is more efficacious than MiraLAX in the
obese population [39]. Yet, in our study, a higher percentage
of inadequate bowel preparation scores (BPPS score 0–3) were
still observed among obese patients versus the normal BMI
subgroup. Several studies have found that an increased BMI is
an independent predictor of an inadequate bowel preparation
[10, 16, 38, 40]. An inadequate bowel preparation is associated
with higher rate of missed lesions, decreased CIR, prolonged
procedures, increased patient discomfort, need for repeat pro-
cedure, and increased risk for sedation-related adverse events,
all of which can contribute to higher healthcare costs [2, 22,
41]. Current estimates suggest that suboptimal bowel prepara-
tions increase colonoscopy costs by as much as 12% to 22%
[22]. These findings suggest the need for an individualized
bowel preparation regimen for the obese population to not
only improve patient satisfaction, but also to maximize proce-
dural efficiency and success. Furthermore, since obesity is a
well-established risk factor for colonic neoplasia, the conse-
quences of missed lesions and failure to follow-up could be par-
ticularly deleterious [42–47].

Aside from the technical challenges, obese patients carry a
higher risk for sedation-related complications, due to an in-
creased risk of perioperative cardiopulmonary adverse events
[48]. The American Society of Anesthesiologists (ASA) Task
Force recommend anesthesia assistance for procedures with
an elevated risk for sedation-related complications and difficult

intubation (e. g., morbid obesity and obstructive sleep apnea)
[14, 49]. In accord with this, we found that anesthesia-directed
sedation was more commonly utilized among overweight and
obese patients versus normal BMI individuals. In addition,
among overweight and obese patients who had a completed
exam, sedation was more likely to be administered by an anes-
thesia provider as compared to an endoscopist. Contrary to cur-
rent practice, there is growing evidence that non-anesthesiolo-
gist-administered propofol sedation is safe and effective for
endoscopy, even in obese patients undergoing advanced endo-
scopic procedures [50]. This topic is becoming exceedingly rel-
evant as a larger proportion of obese patients are presenting
for routine endoscopy. Current estimates suggest that anesthe-
sia-administered sedation accounts for 40% of the total over-
head cost of an endoscopic exam and that if all colonoscopies
were performed in this manner, this could exceed $7 billion US
dollars annually [51]. Thus, further data confirming the safety
and efficacy of endoscopist-administered sedation in over-
weight and obese patients is needed to reduce potentially dis-
cretionary utilization of anesthesia resources.

This study has several limitations worth noting. The CORI da-
tabase is a clinical rather than analytical data set, and thus is
subject to human error and misclassification bias. Missing data
and varying cohort sizes may have introduced an inadvertent
selection bias, thereby potentially confounding the results. In
addition, due to limitations with the CORI-NED database, we
did not stratify procedure by indication for multivariate analy-
sis; had we done so, procedures performed for diagnostic or
therapeutic purposes logically would potentially take longer
than those performed for colorectal cancer screening. In addi-
tion, while we recognize that cecal intubation time is an impor-
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▶ Fig. 4 Colonoscopy Exam Duration by BMI subgroup. Colonoscopy procedure duration (minutes) are categorized into 15-minute intervals
(< 15min, > 15 to <30min, > 30 to <45min, > 45 to <60min and >60min) for the purposes of analysis. Percentage of colonoscopies that fall
within each duration category, by BMI subgroup, is portrayed. While the majority of procedures were less than 15 minutes among the entire
cohort (74.8%), a higher proportion of patients in the Class I/II and III obesity subgroups had procedures lasting>30 minutes as compared to
normal and overweight BMI subgroups.
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tant quality metric, unfortunately, this is not a variable record-
ed in the CORI-NED database. Therefore, the total procedure
duration reported in our study includes time spent on thera-
peutic maneuvers that may have been indicated during the pro-
cedure. In addition, the BPPS scoring system was first imple-
mented in 2009, whereas data from the CORI V4 database be-
gan in 2008; therefore, BPPS scores did not exist for those indi-
viduals included in our study who underwent a colonoscopy be-
tween 2008–2009. Furthermore, we recognize that a signifi-
cant percentage of BPPS scores are missing data across all BMI
subgroups, which may have introduced an inadvertent selec-
tion bias. BPPS score was included in this study’s analysis since
it serves as a relevant and important colonoscopy outcomes
measure and is the only validated bowel cleanliness score that
we have to date. Nonetheless, we advise readers to interpret
these findings with caution, and future prospective studies
should further investigate the potential association between
patient BMI and BPPS score. Furthermore, some patients may
have undergone upper endoscopy under the same operative
session as their colonoscopy; however, since each procedure
was identified by a unique procedure identifier (ID) rather than
a unique patient ID, we were unable to locate nor account for
these instances. Moreover, due to limited data in CORI-NED,
we did not account for the experience of the endoscopist (i. e.
fellow involvement) in our study which may affect procedure
completion and efficiency. Finally, we recognize the subjective
nature of “patient tolerance” during endoscopy as perceived by
the endoscopist; since this study includes multi-center data in-
put from different endoscopists, without a means for standar-
dizing this data point, the patient “tolerance” parameter is sub-
ject to heterogeneity.

Conclusions
In conclusion, in this large nationwide study, obese and over-
weight individuals were more likely to have a decreased exam
completion rate, a prolonged procedure time, an inadequate
bowel preparation and poorer procedure tolerance during colo-
noscopy as compared to individuals with a normal BMI. These
findings point to procedure considerations that ought to be
considered by the endoscopist and possibly, part of the in-
formed consent process. As the obesity epidemic progresses,
screening colonoscopies will become increasingly important to
reduce preventable colorectal cancer mortality. We hope that
by identifying factors that make colonoscopy challenging in
this patient cohort, it will allow for improved clinical decision-
making and individualization of the procedure for the over-
weight and obese patient.
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