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Abstract

Background: The benefit of colorectal cancer screening in reducing 
cancer risk and related death is unclear. There are quality measure 
indicators and multiple factors that affect the performance of a suc-
cessful colonoscopy. The main objective of our study was to identify 
if there is a difference in polyp detection rate (PDR) and adenoma 
detection rate (ADR) according to colonoscopy indication and which 
factors might be associated.

Methods: We conducted a retrospective review of all colonoscopies 
performed between January 2018 and January 2019, in a tertiary en-
doscopic center. All patients ≥ 50 years old scheduled for a nonurgent 
colonoscopy and screening colonoscopy were included. We stratified 
the total number of colonoscopies into two categories according to 
the indication: screening vs. non-screening, and then calculated PDR, 
ADR and serrated polyp detection rate (SDR). We also performed 
logistic regression model to identify factors associated with detecting 
polyps and adenomatous polyps.

Results: A total of 1,129 and 365 colonoscopies were performed in 
the non-screening and screening group, respectively. In comparison 
with the screening group, PDR and ADR were lower for the non-
screening group (33% vs. 25%; P = 0.005 and 17% vs. 13%; P = 
0.005). SDR was non-significantly lower in the non-screening group 
when compared with the screening group (11% vs. 9%; P = 0.53 and 
22% vs. 13%; P = 0.007).

Conclusion: In conclusion, this observational study reported differ-
ences in PDR and ADR depending on screening and non-screening 
indication. These differences could be related to factors related to 
the endoscopist, time slot allotted for colonoscopy, population back-
ground, and external factors.

Keywords: Colonoscopy; Adenoma detection rate; Polyp detection 
rate; Serrated polyp detection rate

Introduction

Colorectal cancer (CRC) is the third leading cause of can-
cer death worldwide [1]. In the Republic of Panama, it is the 
fourth cause of mortality with most patients being diagnosed 
late with advanced disease [2]. Despite the known success and 
international recommendations that have led to early detec-
tion of CRC, screening colonoscopy is not routinely done in 
Panama [2]. A significant amount of colonoscopies are done 
after a symptom that warrants endoscopic evaluation appears. 
This often could result in procedures directed to the underlying 
symptom without enough emphasis or time dedicated to screen 
for polyps (i.e., potential CRC). For multiple reasons including 
costs and availability in our country, patients do not get screen-
ing colonoscopies following these diagnostic colonoscopies. 
Therefore, we wanted to evaluate whether there is a difference 
in adenoma detection rates (ADRs) between screening colon-
oscopies and those performed for other indications (lower gas-
trointestinal (GI) bleed, constipation, etc.).

ADR is considered to be the most important quality meas-
ure of a screening colonoscopy since it has been demonstrated 
as the only quality indicator that predicts independently inter-
val CRC, with a decrease of 3% for each 1% increase in ADR 
[3, 4]. In addition, an inverse association between CRC mor-
tality and ADR has been reported [3, 5, 6]. By comparison, 
polyp detection rate (PDR) has received attention as an alter-
native measure for ADR due to more convenient administra-
tive process without dependence in pathology reports. Moreo-
ver, one study showed a strong correlation of 0.86 (P < 0.001) 
between ADR and PDR, findings supported by other studies 
[7-11]. Currently, PDR has no guidelines recommendation as 
a quality measure due to lack of strong evidence and prospec-
tive studies.

PDR and ADR have been reported to vary among en-
doscopist [12-14]. Some authors have even suggested a vari-
ation according to colonoscopy indication, with higher rates 
in surveillance and screening colonoscopy compared with 
non-screening colonoscopies [7, 10, 12]. In contrast, some 
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researchers suggested that other ADR targets may be more 
appropriate, depending on local facilities, accessibility, and 
population background [15, 16]. However, recent guidelines 
have defined an overall aim of ≥ 30% ADR for colonoscopies 
in general, independent of the indication [17].

Recent studies have identified several factors that could 
affect ADR and might explain variations among different re-
ports, such as local technological innovation, population back-
ground, the time slot for colonoscopy, local administrative fac-
tors, the experience of the endoscopist, among others [17-20].

The goal of this study was to identify differences in ADR 
and PDR between screening colonoscopy and non-screening 
colonoscopy, as well as to detect potential factors that might be 
associated with detection of polyps and adenoma.

Materials and Methods

Setting, subjects and materials

We conducted a retrospective review of all colonoscopies per-
formed between January 2018 and January 2019, in a tertiary 
endoscopic center in Panama City. All patients ≥ 50 years old 
scheduled for a nonurgent colonoscopy and screening colon-
oscopy were included. The research protocol was approved by 
Hospital del Nino Bioethics Committee and conducted in com-
pliance with the ethical standards of the responsible institution 
on human subjects as well as with the Helsinki Declaration.

Colonoscopies were performed at a single academic 
medical center by seven experienced gastroenterologists. All 
examinations were performed using high-definition colonos-
copies CFQ 180 AL, CV-190 (Olympus America, Center Val-
ley, PA).

Patient demographic information (age, sex, and first rela-
tive family history of CRC), colonoscopy indication, polyps 
identified including location, size, and the pathology report 
were collected. We classified polyp location as proximal or 
distal depending on the polyp’s relationship to the splenic flex-
ure. All polyps resected were reviewed by a pathologist.

In regard to colonoscopy quality assessment measure-
ments, cecal intubation rate (CIR), withdrawal time (WT), 
and bowel preparation using Boston Bowel Preparation Scale 
(BBPS) were recorded [21]. We stratified the total number of 
colonoscopies into two categories: screening vs. non-screen-
ing, and then calculated PDR, ADR, and serrated polyp detec-
tion rate (SDR) for each group and by sex according to guide-
lines recommendation, due to variation in the recommended 
detection rates for each sex [22].

All the polyps resected were processed in the pathology 
laboratory and employed strict quality control such as: 1) Veri-
fication of the correct sample processing following established 
protocol to guarantee a proper pathology interpretation; 2) Ap-
plication of updated histopathological criteria to classify the 
polyps; and 3) A review by a second pathologist if any uncer-
tainty of the pathologic diagnosis existed.

PDR was defined as the proportion of colonoscopies 
where ≥ 1 polyps were identified/total number of colonosco-
pies and expressed as percentages; ADR was defined as a pro-

portion of colonoscopies in which ≥ 1 histologically confirmed 
adenomas were detected/total number of colonoscopies and 
expressed as percentages; SDR was defined as the proportion 
of colonoscopies where ≥ 1 histologically confirmed proximal 
serrated polyp was detected/total number of colonoscopies and 
expressed as percentages. Serrated polyp includes hyperplas-
tic polyps (HPs), sessile serrated adenoma/polyps (SSA/Ps), 
and traditional serrated adenomas (TSAs) [23]. Non-classified 
polyps were defined as those that do not meet the criteria to be 
classified as serrated polyp or adenoma polyp. As a method to 
verify the histopathology report, these samples were reviewed 
by two different pathologists.

We only included patients in the screening group without 
prior colonoscopy or with no prior history of any previous pol-
yps identified on previous screening colonoscopy. Non-screen-
ing indications included diverticular disease (DD), inflamma-
tory bowel disease (IBD), chronic diarrhea (CD), constipation, 
anemia/weight loss (WL), low gastrointestinal bleeding (LGB), 
suspected colonic disease, and abdominal pain.

In our institution, the protocol for bowel preparation con-
sists of a clear liquid diet for 12 h prior to colonoscopy and 
use of 4 L split-dose bowel preparation of polyethylene glycol, 
where one dose was taken 4 h prior to the study [24]. Given 
that the status of bowel preparation might affect PDR, ADR 
and SDR in a similar way, we did not exclude patients with 
poor bowel preparation (defined as BBPS < 6).

Statistical and data analysis

For the purpose of analysis, the data were divided into two 
comparative groups (screening colonoscopy vs. non-screening 
colonoscopy). Age, WT, and colonoscopy working time were 
classified as continuous data and presented as mean ± stand-
ard deviation (SD). Sex, CIR, BBPS, family history of colon 
cancer, dysplasia, colon cancer, angiodysplasia, diverticulosis, 
and hemorrhoids were classified as categorical data and sum-
marized as frequencies and percentages (%).

We performed a Kolmogorov-Smirnov test to check for 
normal distribution of continuous data. Our analysis conclud-
ed our data were not normally distributed.

The differences between continuous variables were ana-
lyzed using Student’s t-tests for independent variables. Chi-
squared test was used to analyze differences in distribution 
among categorical variables. Results were considered statisti-
cally significant for a P value < 0.05 (two-tailed).

We performed three models applying logistic multivariate 
regression analysis to identify factors associated to the detec-
tion of polyps, adenomatous polyps, and serrated polyps, each 
one individually and adjusted according to colonoscopies with 
a BBPS ≥ 6.

All the models included independent predictive variables: 
sex (male/female), age (years), first relative CRC family his-
tory (yes/no), WT (min), and cecal intubation (yes/no). The 
significance level of each model was established at 0.05.

All analyses were performed using Stata version 14.0 
(StataCorp LLC, Lakeway Drive, Tx). Figures were designed 
using GraphPad Prism 9 (GraphPad Software Inc., San Diego, 
CA). The rate of incomplete data was overall small (< 5%).
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Results

Patients, colonoscopy quality and histopathological find-
ings

During the study period, 1,129 colonoscopies were performed 
in the non-screening group and 365 in the screening group. 
Screening group patients were slightly younger than non-
screening patients (56.9 ± 0.42 vs. 60.7 ± 0.42; P = 0.003). 
Female sex was predominant in both groups with 74.5% 
(272/365) in the screening group and 66.7% (753/1,129) in 
the non-screening group. This sex difference was statistically 
significant (P = 0.004). Patient demographics, colonoscopy 
quality measures, and polyp histological features are described 
in Table 1. With respect to non-screening colonoscopy indica-
tions, abdominal pain, and LGB were the most common indi-
cations (Fig. 1).

Table 2 summarizes the histopathological characteristics 
of polyps resected in all colonoscopies performed. Adenoma-
tous and hyperplasic polyps were the most frequently reported 
polyps according to the pathology. There were small differ-
ences in polyp location, totaling 40.6% (145/total) for distal 
location and 36.1% (129/total) for proximal location. In regard 
to serrated and traditional serrated polyps, the lack of pathol-
ogy reports of these types of polyps was quite notable.

CIR, WT, and colon preparation in screening vs. non-
screening indication

The CIR proportion was similar in screening group (93.1%) 
vs. non-screening group (92.9%) with a no statistically signifi-
cant difference (P = 0.174). In the WT analysis, there was a 
trend toward a shorter WT in those with non-screening colon-
oscopies (9.20 ± 0.24) vs. screening colonoscopies (10.19 ± 
0.49) with a statistically significant difference (P = 0.046). We 
did not find any differences regarding the grade of preparation 
between screening and non-screening colonoscopy using the 
BBPS ≥ 6 (74.5% vs. 79.0%; P = 0.075) (Table 3).

PDR, ADR, and SDR in screening vs. non-screening indi-
cation

In comparison with the screening group, PDR and ADR were 
lower for the non-screening group (33% vs. 25%; P = 0.005 
and 17% vs. 13%; P = 0.005). SDR was non-significantly low-
er in the non-screening group when compared to the screening 
group (11% vs. 9%; P = 0.53 and 22% vs. 13%; P = 0.007).

In comparison with the screening group, PDR, ADR, 
and SDR in female patients were lower for the non-screening 
group (28% vs. 23%; P = 0.036, 15% vs. 12%; P = 0.040, and 
10% vs. 9%; P = 0.077, respectively). In addition, PDR, ADR, 
and SDR in male patients were significantly lower in non-
screening group when compared with screening group (43% 
vs. 25%; P = 0.005, 22% vs. 13%; P = 0.007, and 13% vs. 8%; 
P = 0.032) (Fig. 2).

Multivariable logistic regression model

Logistical regression analysis demonstrated in the polyp detec-
tion model that male sex (odds ratio (OR): 1.35 (confidence 
interval (CI): 1.07 - 1.84)), age (OR: 1.04 (CI: 1.02 - 1.05)), 
colonoscopy screening indication (OR: 1.44 (CI: 1.09 - 1.88)), 
and WT (OR: 1.19 (CI: 1.16 - 1.22)) were the only variables 
that significantly impacted PDR (Fig. 3a).

In relation to the adenoma detection model, WT (OR: 1.11 
(CI: 1.08 - 1.13)), indication (OR: 1.38 (CI: 1.07 - 1.92)), and 
age (OR: 1.04 (CI: 1.02 - 1.05)) were the only variables that 
significantly impacted ADR (Fig. 3b).

When we analyzed the SDR model, only WT (OR: 1.04 
(CI: 1.02 - 1.06)) and age (OR: 1.01 (CI: 1.02 - 1.03)) were 
predictive of serrated polyp detection (Fig. 3c).

Family history of CRC was not associated with increased 
PDR, ADR, and SDR.

Discussion

The present study assessed the influence of colonoscopy indi-
cation and colonoscopy quality measurements in the detection 
of polyps in a tertiary endoscopic center. This analysis showed 
statistically significant differences in the PDR and ADR be-
tween screening and non-screening colonoscopy, regardless of 
sex. We also observed that population background such as age, 
sex (male), and factors related to colonoscopy such as WT and 
screening indication increased the odds to detect a polyp or 
adenoma.

We calculated the ADR according to sex as suggested 
by current guidelines. The screening group almost reached 
the standard recommended values in male (25%) and female 
patients (15%) with 22.4% and 14.8% accordingly; further-
more, a significant difference in the ADR was observed when 
compared to non-screening group in male (13.2%) and female 
patient (11.5%), a finding reported in previous studies [7, 10, 
25]. Measuring the ADR is a priority for colonoscopy quality 
improvement in a CRC screening program, although we could 
not reach the recommended standard value for ADR, probably 
other factors could affect this quality measurements such as 
bowel preparation. In our study up to 25.5% in the screening 
group and 21.0% in the non-screening group have inadequate 
bowel preparation (BPPS < 6), in both groups ≤ 90% as recom-
mended by recent guidelines [26]. Other possible factor that 
affects the ADR could be related to sex. In our study, female 
sex was more common without significant difference by age 
when compared with male (P = 0.093). Another factor might 
be the number of screening endoscopy performed in our study. 
This is in line with other reports highlighting the importance of 
a large sample size to assess a reliable ADR [22, 27].

The screening PDRs in our study for male and female 
were 43.4% and 27.6%, respectively. As suggested by other 
studies, PDR is a surrogate measurement that correlates with 
ADR [11, 28, 29]. William et al suggested that PDRs of 40% 
and 30% were correlated with ADR targets of 25% for male 
and 15% for female, accordingly [11, 28]. In our study, we 
observed an important difference in the detection rates when 
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Table 1.  Characteristics of Patients, Colonoscopy Quality Measures and Polyps Resected According to Screening vs. Non-Screen-
ing Colonoscopy Indication

Variable Screening (n = 365) Non-screening (n = 1,129) P value
Age (years) 56.9 ± 0.42 60.7 ± 0.42 0.003
Sex 0.004
  Male 89 (24.4%) 365 (32.3%)
  Female 272 (74.5%) 753 (66.7%)
  Non-specified 4 (1%) 11 (1%)
Endoscopist 0.0021
  Endoscopist 1 27 (8.2%) 96 (9.23%)
  Endoscopist 2 25 (7.6%) 118 (11.4%)
  Endoscopist 3 40 (12.1%) 113 (10.9%)
  Endoscopist 4 36 (10.9%) 85 (8.2%)
  Endoscopist 5 50 (15.1%) 109 (10.5%)
  Endoscopist 6 91 (27.5%) 324 (31.2%)
  Endoscopist 7 38 (11.5%) 145 (13.9%)
  Non-specified 17 (5.1%) 20 (1.9%)
  Total 331 (100%) 1,040 (100%)
CIR (%) 340 (93.1%) 1,049 (92.9%) 0.174
WT (min) 10.19 (SD: 0.49) 9.20 (SD: 0.24) 0.034
Colonoscopy working time 19.03 (SD: 1.2) 17.35 (SD: 0.96) 0.001
BBPS ≥ 6 (%) 273 (74.5%) 892 (79.0%) 0.075
Family history of colon cancer (%) 80 (24.2%) 151 (14.5%) 0.002
Diverticulosis (%) 143 (43.2%) 385 (37%) 0.102
Inflammatory bowel disease (%) 6 (1.8%) 52 (15.7%) 0.001
Angiodysplasia (%) 2 (0.6%) 2 (0.2%) 0.732
Hemorroids (%) 84 (25.4%) 277 (26.6%) 0.471
Polyps (%) 106 (32.0%) 257 (24.7%) 0.082
Polyp size 0.13
  ≤ 5 mm 65 (61.3%) 165 (64.2%)
  6 - 10 mm 21 (19.8%) 53 (20.6%)
  11 - 20 mm 12 (11.3%) 17 (6.6%)
  > 21 mm 0 (0) 5 (1.9%)
  Non-specified 9 (8.4%) 17 (6.6%)
Polyp histology 0.551
  Hyperplasic polyp 37 (34.9%) 91 (35.4%)
  Tubular adenoma 47 (44.3%) 113 (43.9%)
  Villous adenoma 0 (0) 3 (1.2%)
  Tubulovillous adenoma 9 (8.5%) 16 (6.2%)
  Traditional serrated polyp 0 (0) 0
  Serrated polyp 0 (0) 0
  No-classified 13 (12.3%) 11 (9.7%)
Dysplasia 46 (13.9%) 108 (10.4%) 0.041
Colon cancer 5 (1.5%) 12 (1.2%) 0.055

CIR: cecal intubation rate; WT: withdrawal time; BBPS: Boston Bowel Preparation Scale; SD: standard deviation.
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compared with non-screening colonoscopy, 25.5% in male and 
22.6% in female. As PDR has been suggested as a substitute 
for the cumbersome ADR, we could not find a prospective 
study that evaluates PDR as a quality measure. There is a lack 
of good quality evidence, and more studies are needed.

In our study, WT, screening indication, and age were as-
sociated with an increased odds of PDR and ADR. Our data 
showed that despite our patient bowel preparation cleanliness, 
it did not reach standard goals (> 90%) overall in both group 
and there was no difference in CIR between screening and 
non-screening group, but we observed a significant difference 
in the ADR and PDR between screening and non-screening 
colonoscopy.

As it has been demonstrated in previous studies, there 
is a great variability in detecting serrated lesions among en-
doscopists [30-32]. One study reported a variation ranging 
from 1% to 18% among 15 academic gastroenterologists [31]. 
In our study, the detection rate of serrated polyps varied from 
4.8% to 10.8% among seven endoscopists. In addition, we ob-
served a statistically significant difference in male SDR be-
tween screening and non-screening group.

Endoscopic detections of serrated polyp are more chal-
lenging because of the serrated polyp’s endoscopic features 
and difficulties with histological interpretation. In our study, 
almost 40% of serrated polyps were detected in the proximal 
colon; however, all polyps were hyperplasic unlike other stud-

Table 2.  Histological Features in Resected Polyp According to Size, Location, and Presence of Dysplasia

Features Tubular adenoma 
(N = 160)

Villous ad-
enoma (N = 3)

Tubulovillous 
adenoma (N = 25)

Hyperplasic 
polyp (N = 128)

No classified 
(N = 24)

Colon cancer 
(N = 17)

Localization
  Proximal 58 (36.3%) 0 (0) 5 (20%) 51 (39.8%) 7 (29.2%) 8 (47.5%)
  Distal 52 (32.5%) 2 (66.6%) 11 (44%) 62 (48.4%) 9 (37.5%) 9 (52.5%)
  Synchronous 50 (31.3%) 1 (33.3%) 9 (36%) 15 (11.7%) 8 (33.3%)
Size
  < 5 mm 100 (62.5%) 0 (0) 12 (48%) 92 (71.8%) 17 (70.8%) 4 (23.5%)
  10 mm 33 (20.6%) 1 (33.3%) 4 (16%) 27 (21.1%) 6 (25%) 2 (11.7%)
  11 - 20 mm 15 (9.4%) 1 (33.3%) 6 (24%) 3 (2.3%) 1 (4.2%) 3 (17.6%)
  > 21 mm 3 (1.9%) 1 (33.3%) 1 (4%) 0 (0) 0 (0) 8 (47.1%)
  No-specified 9 (5.6%) 0 (0) 0 (0) 6 (4.7%) 0 (0) 0 (0)
Dysplasia
  No 31 (19.4%) 1 (33.3%) 4 (16%) 127 (99.2%) 21 (87.5%) 0
  Low grade 117 (73.1%) 1 (33.3%) 16 (64%) 1 (0.8%) 3 (12.5%) 0
  High grade 12 (7.5%) 1 (33.3%) 5 (20%) 0 (0) 0 0

Figure 1. Non-screening colonoscopy indications. DD: diverticular disease; IBD: inflammatory bowel disease; C. diarrhea: chron-
ic diarrhea; WL: weight loss; LGB: low gastrointestinal bleeding.
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ies where an important proportion of proximal serrated pol-
yps were SSA/Ps and TSAs [30, 33, 34]. We think this finding 
could be associated with less experience in the identification 
of serrated polyps by non-gastrointestinal pathologist and with 
endoscopist experience in the resection of serrated polyp as 
was reported in other reports [30, 34-37]. Studies focused on 
serrated polyp detection including endoscopy resection tech-
nique and histopathological interpretation are necessary to de-
termine factor associated with SDR and the role as a quality 
metric in a CRC screening program.

In Panama, according to previous reports, there was a sta-
ble trend in the incidence rates and mortality of CRC for the 
period between 2001 and 2011 [38]. Despite the fact that there 
is not a public health policy for routine CRC screening, most 
endoscopic centers in tertiary and secondary level hospitals of-
fer screening and surveillance. In guidelines and publications 
investigating quality measures for CRC screening program, 
evaluating a program and identifying factors related to colon-
oscopy good quality performance have been associated with 
an inverse relationship with post-colonoscopy cancer [22, 27, 
39-41]. We encourage that each program should analyze its 
performance and identify strategies to improve quality metrics 
since every measurement, mainly ADR, could be affected by 
background feature of the population, factors related to the en-
doscopist, quality of colonoscopy, colonoscopy allotted time, 
equipment (technology), and institution related factor [17-19, 
33, 42]. For example, in our study, increasing time of colonos-
copy in non-screening colonoscopy, improving bowel prepara-
tion cleanliness and identifying with the pathology department 
as a whole team strategies to detect serrated polyp could have 
an important impact in our quality metrics.

Our study has strengths and limitations. The use of a com-
munity-based cohort without exclusion of patients based on 
comorbid illnesses or inadequate bowel preparation might re-
flect the prevalence of adenomas observed in general medical 
practice. We verified each pathology report for all polyps sent 
for histology interpretation providing complete pathology data 
for this group of patients. A limitation of our study includes 
the collection of data from one institution, which may limit 
the generalizability of study findings. In our institution, all 
pathology specimens were analyzed by general pathologists. 
We do not have pathologist specializing in gastrointestinal pa-
thology. The analysis of PDR, ADR and SDR was generalized 
as an institution and not by endoscopist in all colonoscopies 
performed in an annual basis. The lower number obtained in 
screening colonoscopies vs. other indications might be related 
to the lack of formal national policies about CRC screening 
program in Panama.

Another limitation potentially influencing the results 
could be related to the impact of lifestyle behavior and soci-
oeconomic differences in the ADRs between patients in the 
screening and non-screening groups. We did not quantify these 
variables to analyze their influence on the results. However, 
the population studied came from the same socioeconomic sta-
tus which might reduce a possible bias.

To our knowledge, this the first report in a Central Ameri-
can population describing colonoscopy quality assessment dif-
ferences according to clinical indication. In conclusion, this 
observational study reported differences in PDR and ADR Ta
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Figure 3. Multivariable logistic regression model predicting detection of polyps (a), adenomatous polyps (b), and serrated pol-
yps (c) according to overall colonoscopies model and adjusted by Boston Bowel Preparation Scale. FH: family history of colon 
cancer; WT: withdrawal time in minutes; CIR: cecal intubation rate; OR: odds ratio values (mean and 95% confidence interval).

Figure 2. Polyp detection rate, adenoma detection rate and serrated polyp detection rate according to sex and indication of 
screening vs. non-screening colonoscopy.
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depending on screening and non-screening indication. These 
differences could be associated to factors related to the en-
doscopist, time slot allotted for colonoscopy, population back-
ground and external factors including pathology interpretation. 
We suggest that each institution with a CRC screening pro-
gram should propose studies focused on the identification of 
factors associated with increased ADR, and this strategy might 
be more associated with better results in long terms to achieve 
ADR targets as suggested by guidelines. We hope our study 
can be used by other institutions to make them evaluate their 
ADR and improve CRC detection rates.
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