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Impact of feedback on adenoma detection rate: a systematic 
review and meta-analysis
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Background Adenoma detection rate (ADR) is one of the most important quality indicators of 
colonoscopy. Monitoring endoscopists and providing feedback has shown to improve ADR. We 
performed a systematic review of the literature and meta-analysis to determine the effect of any 
form of feedback on ADR. 

Methods A literature search for comparative studies that employed any form of feedback to assess 
the impact on ADR before and after the feedback was done on MEDLINE, EMBASE, and Cochrane 
Database. The primary outcome of interest was ADR. Secondary outcomes included polyp detection 
rate, advanced adenoma detection rate, sessile serrated adenoma detection rate, withdrawal time, 
and cecal intubation rate. Cochrane Revman 5.3 software was used for statistical analysis.

Results A total of 12 studies met the inclusion criteria for the analysis of primary outcomes. 
There were 78,355 subjects (45.42% male) with a mean age of 59.52 years. There was a significant 
improvement in ADR after any form of feedback compared to no feedback: 36.18% vs. 26.75%; 
pooled odds ratio 1.51, 95% confidence interval 1.37-1.66; P<0.001. There was a substantial 
heterogeneity (I2=82%). ADR improved in both active or passive feedback, irrespective of whether 
endoscopists knew about being monitored for their performance or not. 

Conclusions Monitoring and providing feedback to endoscopists in any form leads to improvement 
in ADR. Feedback is an easy and effective way of improving the ADR of endoscopists, especially 
in those not achieving the recommended benchmarks.
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related deaths in the United States and worldwide [1]. The 
American Cancer Society guidelines recommend screening 
of average-risk individuals for CRC starting at the age of 
45 years. However, as per 2018 estimates, only 68.8% of 
individuals aged between 50 and 75 years were up to date 
with CRC screening in the United States [2]. Commonly used 
CRC screening methods are colonoscopy, guaiac-based fecal 
occult blood test (gFOBT), fecal immunohistochemical test, 
and multitarget stool DNA tests with fecal immunochemical 
testing [3-5]. Colonoscopy remains the most sensitive test for 
CRC screening offering treatment for precancerous lesions 
in the same session [6]. Although the role of screening 
colonoscopy has been well established in the prevention 
of CRC, the quality of colonoscopy has an impact on the 
effectiveness of such intervention. Previous studies have 
shown that the quality of colonoscopy varies significantly 
among the endoscopists [7]. Hence, multiple pre-procedure, 
intra-procedure, and post-procedure benchmarks have been 
proposed as quality indicators for screening colonoscopy 
[8,9]. Adenoma detection rate (ADR) is one of the most 
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Abstract

Introduction

Colorectal cancer (CRC) is the third most common 
malignancy and the second most common cause of cancer-
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important benchmarks for assessing the quality of screening 
colonoscopy. According to the 2015 American Society for 
Gastrointestinal Endoscopy guidelines, ADR of more than 
30% for men and more than 20% for women is recommended 
for screening colonoscopies in patients older than 50 years 
with an average risk of CRC [10].

ADR is affected by multiple factors, including study 
population (e.g., screening cohort, gFOBT positive, 
or  population with a family history of colon cancer or 
surveillance population), quality of bowel prep, withdrawal 
times, inspection techniques, use of distal attachment devices, 
educational interventions, and training [11]. Longer withdrawal 
time and meticulous inspection techniques are associated with 
higher ADR [12,13]. There has been a strong emphasis on 
improving ADR of the endoscopist as studies have shown that 
low ADR is associated with a higher risk of post-colonoscopy 
colon cancer, and improving ADR can reduce this risk [14,15].

Various interventions have been evaluated to improve 
the quality of colonoscopy, especially ADR. These include: 
feedback to endoscopists; colonoscopy skill improvement 
training; and public reporting of benchmark indices. Multiple 
previous studies have shown that feedback in any form, 
including monitoring ADR of the endoscopists and providing 
report cards or active intervention with endoscopy quality 
improvement training, could lead to an improvement in their 
ADR [16-25]. Studies have reported feedback’s relationship 
to ADR variably. Also, different forms of feedback and their 
impact have not clearly defined or systematically reviewed 
before this. We have performed a systematic review and meta-
analysis to examine the impact of feedback to endoscopists on 
the ADR and other parameters. 

Materials and methods

Meta-analysis was performed according to the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
(PRISMA) statement [26] (Supplementary Table 1).

Definitions

Currently, there is no standardized definition of ‘feedback’ 
for endoscopists to improve the quality of colonoscopy from 
any of the gastroenterology societies. Therefore, based on our 
literature review, we defined ‘feedback’ as an intervention in 
the form of report cards, instructions, presentations, or hands-
on endoscopy quality improvement training programs for 
endoscopists to improve the quality of colonoscopy (e.g., ADR, 
polyp detection rate (PDR), advanced adenoma detection 
rate (AADR), withdrawal time (WT), or cecal intubation rate 
(CIR). We further classified feedback into 2 categories: ‘active 
feedback’, where the endoscopists receive hands-on training 
and/or individualized instruction or classroom presentations 
on techniques to improve the ADR; and ‘passive feedback’, 
where the endoscopists may receive their performance cards 

or public reporting of quality metrics, however, no further 
individualized instructions or classroom presentations or 
hands-on training sessions are provided. 

Search strategy

An electronic search was performed in MEDLINE, Embase, 
and Cochrane database from inception to January 2020 for 
comparative studies that assessed feedback (in the form of 
scorecards, report cards, public reporting of colonoscopy 
quality metrics, quality improvement projects) to measure the 
effect of feedback on colonoscopy quality metrics before and 
after the intervention. The search for studies of relevance was 
performed using the “AND/or” combination of the following 
keywords “adenoma detection rate (ADR),” “feedback,” 
“colonoscopy,” “polyp detection rate (PDR).” References for 
major trials and review articles were also manually searched.

Study selection criteria

We included the studies that met the following inclusion 
criteria: studies that provided data regarding ADR before and 
after any form of feedback to the endoscopists, and the primary 
outcome of interests was ADR before and after the feedback in the 
same group of endoscopists. Since this study is designed to examine 
and quantify the change in ADR before and after the ‘feedback,’ we 
included only the study groups for primary outcome analysis.

Secondary outcomes included PDR, AADR, sessile serrated 
adenoma detection rate (SSADR), CIR, and WT. We excluded 
review articles, non-human studies, articles in abstract form 
only, case reports/series, and editorials. Studies where there 
was no ‘before’ and ‘after feedback’ comparison or any form of 
feedback was not used, were excluded as well. 

Data extraction

Two investigators (VN and UB) independently reviewed 
the studies and imported the data into a standardized form. 
Whenever there was a lack of consensus on eligibility [27], the 
senior author (AR) reviewed the study independently and then 
made the final decision regarding the data point. Data extracted 
were the author, year of publication, study location, type of study, 
method of feedback, number of endoscopists, duration of follow 
up, patient demographics, the total number of subjects before 
and after feedback, and details on ADR, PDR, AADR, SSADR, 
CIR, and WT in the intervention and the control groups.

Quality assessment

The quality of each included study was assessed by 2 
authors independently using the Newcastle-Ottawa scale [28]. 
The quality of each study included in the meta‐analysis was 
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assessed based on the selection of study groups, comparability 
of study groups, and assessment of outcomes. 

Outcomes

The primary outcome was pooled ADR in included studies 
before and after the intervention (i.e., feedback). Sensitivity 
analysis was performed for the studies where only the passive 
form of feedback was used including report cards to inform 
endoscopists of their performance, public reporting of their 
quality metrics or annual evaluation of ADR and separately for 
studies where there was an active form of feedback was given 
like endoscopy quality improvement program, presentations, 
tips on how to improve the ADR. This was performed to 
stratify the impact of passive feedback from active feedback 
and assess their comparative effect on ADR. We also examined 
ADR improvement in only prospective studies to understand 
and derive the effect of longitudinal follow up. Finally, we 
also performed a sensitivity analysis to unmask any impact 
of the Hawthorne effect among endoscopists. Studies where 
endoscopist was aware of being monitored (before any form 
of feedback) were analyzed separately from studies where 
endoscopists were not aware of being monitored to examine 
the impact of vigilance on their ADR pre- and post-feedback. 

However, it is imperative that we examine the effect of feedback 
in randomized controlled trials (RCTs) to establish whether the 
‘feedback’ has any impact at all on ADR by comparing actual 
control and study groups. Therefore, we compared ADR in the 
control group and the study group from RCTs. 

Secondary outcomes were pooled detection rate of PDR, 
AADR, and SSADR to examine the impact of feedback on 
these metrics. The impact of change on WT was also evaluated.

Statistical analysis

Pooled odds ratio (ORs) with 95% confidence interval 
(CIs) for the outcomes of interest were synthesized by meta‐
analysis using the DerSimonian-Laird random‐effects model. 
Heterogeneity between the included studies was estimated 
using the inconsistency index (I2). Heterogeneity of 25%, 
50%, and 75% was classified as low, moderate, and substantial 
heterogeneity, respectively. Publication bias was assessed using 
a funnel plot. The statistical analyses were performed using 
RevMan software (Review Manager Version 5.3; The Nordic 
Cochrane Centre, Copenhagen, Denmark, The Cochrane 
Collaboration 2015). 

Results

Study characteristics

A total of 6785 records were identified, of which 199 articles 
were identified after the exclusion of duplicates and screening 

of articles based on title and abstract. A total of 30 full-length 
manuscripts were reviewed, and we found 12 studies that met 
our inclusion criteria for the primary outcome. Three other 
studies that did not report ADR, but reported data on secondary 
outcomes were included in the pooled estimates of secondary 
outcomes (total n=15) [29-31]. There were 4 RCTs [18,25,27,30] 
and 11 observational studies in total [7,16,17,19-24,29,31].

The primary goal of this study was to examine and quantify the 
change in ADR as a result of feedback among the endoscopists. 
Therefore, we included pre- and post-feedback ADRs from 
observational studies, and only the study groups from RCTs 
for the purpose of estimating the effect of feedback and the 
change in ADR before and after the intervention. Some of the 
studies included in the meta-analysis reported post-feedback 
ADR results at multiple intervals; Nielsen et al provided data 
on pre-feedback, early post-feedback ADR (phase 2), and late 
post-feedback ADR (phase 3) [22]. Similarly, Sey et al reported 
data at baseline, at 1 year after feedback and at 2 years after the 
feedback [17]. Whenever post-feedback results were reported 
at more than 1 interval, we considered pre-feedback (baseline) 
ADR and the ADR at the end of the study (late phase or phase 3) 
for statistical analysis. Study designs, patient characteristics, 
and individual study outcomes of the included studies are listed 
in Table  1. The flow diagram depicting our literature search 
strategy and study selection process is shown in Fig. 1. 

A total of 12 studies were included for analysis of ADR, with a total 
of 78,355 colonoscopies performed by more than 217 endoscopists. 
There were 3 RCTs and 9 observational studies. The mean age of 
the study population was 59.52 years (reported in 9 studies), 
with 45.42% male. There were 49,607 subjects who underwent 
colonoscopy during the pre-feedback phase and 28,748 subjects 
during the post feedback period. Seven studies included subjects 
who underwent screening colonoscopy only [7,16,20,21,23,24,27] 
and 4 studies that included both screening colonoscopies and 
surveillance colonoscopies [18,19,22,25]. One study included 
subjects who underwent colonoscopy due to positive gFOBT and 
family history of CRC [17]. 

Among the 12 studies included in the meta-analysis, 
6 studies used active feedback in the form of quality 
improvement training, presentations, or by providing tips on 
how to improve ADR. The remaining 6 studies used passive 
feedback in the form of either report cards only (5 studies) or 
by public reporting of benchmark indices (1 study). In a RCT 
by Kaminski et al, both the control group and the study group 
received report cards, but the study group also received active 
intervention in the form of hands-on training. Only the study 
group was considered for primary outcome analysis (before and 
after feedback of ADR), and the control group was included in 
a subgroup analysis with no active intervention [27].

Quality of the included studies was assessed using the 
Newcastle-Ottawa scale for cohort studies, as shown in 
Supplementary Table  2. Among the 15 studies included in the 
meta-analysis, 6 studies scored 6, 5 studies scored 7, and 4 studies 
scored 8. Supplementary Table 2 provides details on each parameter 
of the Newcastle-Ottawa scale and scores for each parameter from 
each study as well as a summary score for cohort studies.
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ADR

First, we examined if feedback can improve ADR in the 
study groups compared to the control groups from RCTs. 
Analysis of 3 RCTs showed that the feedback improved ADR 
significantly (OR 1.26, 95%CI 1.08-1.46; P=0.004), suggesting 
feedback is effective in achieving improvement in the ADR. 
Fig.  2 shows a forest plot for pooled estimates comparing 
the control group and study groups in the RCTs. Further, we 
compared ADR before and after the feedback in the same 
group of endoscopists from all included studies. 

Pooled ADR was found to be higher when endoscopists 
performing colonoscopies received any form of feedback 
compared to none (36.18% vs. 26.75%; P<0.001). ADR 
increased significantly after the feedback, with pooled OR 
of 1.51 (95%CI 1.37-1.66; P<0.001). There was substantial 
heterogeneity in included studies (I2=82%). Fig. 3A shows the 
forest plot of studies that employed feedback in any form. 

We compared a subgroup analysis of RCTs and 
observational studies to examine the difference, if any, in the 
pooled estimates between the 2. The pooled odds ratios of 3 
RCTs and 9 observational studies were 1.58 (n=26,778; 95%CI 

PubMed: 2934
Embase: 2733

Cochrane database: 1114

199 Papers including 30 full
length papers and 168

abstracts

19 Full-length articles were
reviewed and data was

collected
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6582 articles were excluded
after removing non-human
studies, reviews, letters,
systematic analyses,
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design, population and
outcomes

180 papers were excluded
based on the title and
abstract review, irrelevant
study outcomes, and abstract
only

4 studies excluded due to
incomplete data for analysis.
Other three studies were
included in pooled estimates
of secondary outcomes

Figure 1 Flow chart of selecting eligible studies for the meta-analysis 

Study or Subgroup
Experimental
Events Total TotalEvents

Control
Weight

Odds Ratio
M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

Cos 2013
Kaminski 2016
Wallace 2017

244
914

3642

520
3826
8673

13019Total (95% CI)

238
710

1206

680
3415
3092

22.4%
37.1%
40.5%

7187 100.0%

1.64 [1.30, 2.07]
1.20 [1.07, 1.34]
1.13 [1.04, 1.23]

1.26 [1.08, 1.46]
Total events 4800 2154
Heterogeneity: Tau2 = 0.01; Chi2 = 8.66, df = 2 (P = 0.01); I2 = 77%
Test for overall effect: Z = 2.90 (P = 0.004) 0.5 0.7 1 1.5 2

Favours [No feedback] Favours [Feedback]

Figure 2 Forest plot for pooled analysis of randomized controlled trials: control vs. study groups 
CI, confidence interval  



 Feedback to improve ADR 219

Annals of Gastroenterology 34

1.49-1.66; P<0.001) and 1.47 (n=48,321; 95%CI 1.27-1.69; 
P<0.001), respectively. The heterogeneity among the RCTs 
was ‘zero,’ whereas the heterogeneity among the observational 
studies was significant at 84%. However, the OR remained 
statistically significant in both the groups and suggesting no 
significant difference in the improvement in ADR between 
RCTs and observational studies. This also supports our 
decision to combine both observational studies and study 
groups from RCTs before and after feedback together for the 
primary outcome analysis. The forest plot analysis is shown in 
Fig. 3B.

The improvement in the ADR can be affected by the 
type of population undergoing colonoscopy. The prevalence 
of adenomas is likely to be higher among the surveillance 
group compared to the screening colonoscopy cohort. We 
compared the improvement in ADR among the studies 
that included screening colonoscopy cohort only and the 
studies that included both screening cohort and surveillance 
cohorts. A subgroup analysis showed that the improvement 
in the ADR was significant in both the groups (OR 1.43, 
95%CI 1.25-1.64; P<0.001 vs. OR 1.67, 95%CI 1.51-1.84; 
P<0.001; Fig. 3C). 

A subgroup analysis of the 7 studies that employed 
passive feedback in the form of report cards only or public 
reporting of ADR without training programs to improve the 
ADR showed that monitoring without active intervention 
alone could improve the ADR significantly (pooled OR 1.43, 
95%CI 1.20-1.70; P<0.001). Supplementary Fig. 1 illustrates 
pooled estimates of the studies that used report cards or 
public reporting only. When the post-feedback ADR rate 
of active feedback and passive feedback were compared, the 
pooled estimate suggested passive feedback being superior 
to active feedback (OR 2.65, 95%CI 2.55-2.77; P<0.001). 
Although post-feedback improvement in ADR of active 
feedback (mean difference 8.78, 95%CI 8.62-8.94; P<0.001) 
and passive feedback (mean difference 10.08, 95%CI 9.76-
10.41; P<0.001) were comparable, the improvement with 
passive feedback was 1.3% higher than improvement in 
active feedback. 

Subgroup analysis of studies that employed active 
interventions such as endoscopy quality improvement 
program, presentations, tips on how to improve the ADR, and 
other benchmark metrics also improved the ADR significantly 
(pooled OR 1.52, 95%CI 1.34-1.73; P<0.001). The results of the 
pooled estimates are shown in Supplementary Fig.  1. When 
the analysis was restricted to prospective studies alone, the 
feedback was shown to improve ADR significantly as well (n=7, 
pooled OR 1.52, 95%CI 1.35-1.70; P<0.001). Pooled estimates 
of the prospective studies are illustrated in Supplementary 
Fig. 2. 

Furthermore, when the studies were separated into those 
where endoscopist was aware being monitored prior to any 
form of feedback (n=5, pooled OR 1.54, 95%CI 1.31-1.81; 
P<0.001) and those studies where they were not aware of being 
monitored (n=7, pooled OR 1.47, 95%CI 1.32-1.64; P<0.001), 
feedback was shown to improve their ADR irrespective of being 
aware of the monitoring. Pooled estimates of this subgroup 
analysis are shown in Supplementary Fig. 3. 

Secondary outcomes

A total of 11 studies reported PDR, where the feedback 
group had 32,996 patients, and the control group had 19,132 
patients. The PDR was significantly higher in the feedback 
group when compared to the control group (53.24% vs. 35.96%, 
pooled OR 1.46; 95%CI 1.25-1.71; P<0.001). Supplementary 
Fig. 4 demonstrates the pooled analysis of the PDR. 

Eight studies reported AADR involving 45,056 patients. 
The AADR improved from 7.1% in the control group to 10.1% 
in the feedback group (pooled OR 1.20, 95%CI 1.09-1.33; 
P=0.0004). Supplementary Fig. 5 shows pooled estimates of 7 
studies that reported AADR.

Only 2 studies reported SSADR, and no significant 
improvement in the SSADR was noted (pooled OR 1.34, 95%CI 
0.65-2.77; P=0.43). Supplementary Fig. 6 shows the forest plot 
of the included study and pooled estimates. Withdrawal time 
was reported by 4 studies included in this meta-analysis, and 
pooled estimates show that withdrawal time increased from 
8.51 min in the control group to 10.19 min in the feedback 
group (P=0.214). There was no significant change in the cecal 
intubation rate after the feedback group when compared to the 
control group (85.6% vs. 86%; P=0.68). 

Publication bias

We analyzed the publication bias of the included studies using 
the funnel plot. Fig. 4 shows the clustering of the effect size at the 
top of the funnel plot suggestive of no major publication bias in 
the included studies for the primary outcome estimate. None of 
the included studies was outside of the funnel plot limits.

Discussion

This systematic review and meta-analysis of nearly 78,000 
colonoscopies show that feedback in any form to endoscopist 
leads to a statistically significant improvement in ADR by 
almost 9%. Feedback also led to an improvement in AADR 
by 3%. A comparison of the control group and study groups 
from RCTs showed that ADR was significantly higher in the 
feedback group. Subgroup analysis of the studies showed 
improvement in the ADR with both passive and active forms 
of feedback. In addition, positive change in ADR with feedback 
was present irrespective of whether endoscopists were aware of 
being monitored. This clearly indicates the benefits of feedback. 
The findings on SSADR, WT, and cecal intubation were limited 
by a small number of studies reporting these outcomes. For 
the same reason, these outcomes could not be correlated with 
primary outcome measures.

It is also important to note that the improvement in ADR 
was significant across all formats of studies irrespective of the 
study designs. No significant difference in pooled estimates 
was observed when the studies were grouped as observational, 
RCTs, prospective randomized or nonrandomized, or 
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retrospective studies. Similarly, the improvement in ADR was 
also observed when the analysis was restricted to studies that 
included population who underwent screening colonoscopy 
only as well as when both surveillance and screening cohorts 
were included. This is a clear indication that the improvement 
in ADR was not confounded by the population included in the 
studies. 

There is scarce literature on the standard definitions of 
“feedback” to endoscopists on their performance. The types 
and methods of feedback have not been clearly defined or 
validated. It is also not clear whether passive feedback utilizing 
report cards alone is sufficient or active interventions such 
as quality improvement training, supervised colonoscopy 
sessions, and tips on how to improve ADR are required. 
A recently published meta-analysis evaluated the effect of 
training intervention on ADR. The study showed that training 
intervention improves the ADR; however, it was limited by 
a small number of studies included, and the study did not 
evaluate various forms of feedback [32]. Another currently 
in press meta-analysis by Bishay et al also found that ADR 
improves with feedback. However, the study missed 2 RCTs and 
was again limited by a 50% smaller number of colonoscopies. 
Moreover, the meta-analysis did not address whether there 
is any difference between various types of feedback [33]. In 
this meta-analysis, we attempted a comprehensive review of 
the available literature and evaluated the effect of feedback 
on ADR. Our study has a significantly large number of 
studies included and comprehensive in evaluating the effect 
of feedback based on the type of population, study design, 
type of feedback, and evaluated multiple secondary outcomes 
that are not reported in previous meta-analyses. This meta-
analysis shows that structured feedback in any form, whether 
active or passive, has the potential to improve ADR. This, in 
turn, has implications for improving the quality of screening 
colonoscopy and the potential to reduce the incidence of post 
colonoscopy CRC. 

The pooled estimates in this meta-analysis suggest that 
both passive feedback and active feedback improve the 
ADR. In this analysis, we did attempt to stratify feedback 

being monitoring of ADR (passive) vs. active intervention 
with the training of personnel to examine their relative 
potential. Although passive feedback resulted in higher ADR 
than active feedback (OR 2.65, 95%CI 2.55-2.77; P<0.001), 
we could not assess the factors that may be responsible 
for this difference. In a multicenter RCT [27], the effect 
of passive feedback and active feedback on ADR were 
compared. Endoscopists were randomized into the control 
group (received report cards only) and the study group 
(received a pre-training assessment, hands-on training, 
post-training assessment, and feedback). The study showed 
that both methods improved ADR significantly. However, 
the improvement in the active feedback group (6.5%) was 
significantly greater than the passive group (2.3%) compared 
to the pre-intervention phase. There are no other studies that 
have previously compared the effect of feedback in the form 
of report cards alone vs. active interventions. Therefore, 
future studies should compare various types of feedback to 
further crystallize our understanding of their effectiveness 
and benefits.

Previous studies have reported improvement in ADR with 
feedback varying from 2-23% [22,24]. Pooled estimates from 
our meta-analysis show that the average improvement in ADR 
is around 9%. This broad variation in the effect of feedback is 
likely due to the different methods and processes of feedback 
utilized by various studies. In this meta-analysis, we also 
determined that the improvement in quality metrics was not 
limited to ADR alone. Pooled estimates suggest that significant 
improvement was observed in PDR (9 studies) and AADR 
(7 studies) as well. 

There are certain limitations of this study that should be 
acknowledged while reviewing pooled results. The definition of 
feedback is not clearly defined in the gastroenterology literature 
or by the gastroenterological societies. This limits our search 
criteria to be subjective and based on prior literature. We need 
to define different forms and grades of feedback to understand 
their impact and relative efficacy. Second, previous studies 
have applied different forms of feedback methods, including 
report cards, quality improvement training programs, 
supervision of endoscopists with low ADR, and classroom 
presentations. There was, therefore, substantial heterogeneity 
noted in this analysis. This is likely explained by the fact that 
all forms of feedback were taken together as a group, and 
even subgroup analysis involved broad categories of active 
or passive forms of feedback. The role of methodological 
heterogeneity and clinical heterogeneity cannot be explored 
due to lack of data and also due to not having more than a 
few studies of a particular type of feedback. Lastly, 3 studies 
included in the meta-analysis used trainees to assess the effect 
of feedback. It is expected that trainees will have a lower 
ADR to start with, and their ADR improves with training. 
Since colonoscopies were performed by trainees under the 
supervision of experienced endoscopists, we considered these 
studies to be valid for inclusion in the meta-analysis. When 
these 2 studies (Kahi et al and Rajasekhar et al) were excluded 
from the analysis primary outcome analysis, the change in the 
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Figure 4 Funnel plot for bias analysis of studies included in the pooled 
estimation of adenoma detection rate 
SE, standard error; OR, odds ratio
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pooled estimates was negligible (pooled OR 1.58, 95%CI 1.47-
1.69; P<0.001).

Some of the studies included in this systematic review 
reported that the improvement in ADR was substantially 
higher among the endoscopists who had the lowest ADR 
before feedback compared to endoscopists who had higher 
ADR to begin with [17]. This premise can be used to target 
the group of endoscopists that may benefit the most from 
feedback. When the feedback was provided anonymously, the 
performance improvement in ADR is postulated to be due to 
healthy competition among peers.

Given that in some studies, the endoscopists knew that 
they are participating in the research, the improvement 
in ADR could be due to the ‘Hawthorne effect”. However, 
our subgroup analysis above disputes this and shows the 
benefits of feedback regardless of the endoscopists being 
aware of monitoring or not. It is also not clear how long 
the improvement in ADR will last once the feedback is 
discontinued. Long term follow-up of the quality metrics is 
required to assess the longevity of the effect of feedback and 
to determine the frequency of feedback needed to sustain a 
high-quality colonoscopy. 

Therefore, a consensus-based structured feedback 
strategy needs to be developed and validated through RCTs 
with sufficient follow up. Although this meta-analysis 
showed improvement in ADR due to feedback, it is not clear 
if feedback alone is enough to sustain the improvement. 
A combination of feedback reports, public reporting, and 
other incentives may be needed to sustain the improved 
benchmark indices. Based on our meta-analysis, feedback 
to endoscopists improves the quality of colonoscopy by 
increasing the ADR, PDR, and AADR. A well-defined and 
structured feedback mechanism should be implemented 
for improving this critical quality indicator of colonoscopy. 
Future studies are warranted to compare various forms 
of feedback methods to understand the benefits and 
limitations. 
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7-8

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in 
duplicate) and any processes for obtaining and confirming data from investigators

7

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) 
and any assumptions and simplifications made

7

Risk of bias in individual studies 12 Describe methods used for assessing risk of bias of individual studies (including 
specification of whether this was done at the study or outcome level), and how this 
information is to be used in any data synthesis

9

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means) 8-9

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, 
including measures of consistency (e.g., I2) for each meta-analysis

9

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., 
publication bias, selective reporting within studies)

9

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-
regression), if done, indicating which were pre-specified

8-9

RESULTS 

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, 
with reasons for exclusions at each stage, ideally with a flow diagram

10

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, 
PICOS, follow-up period) and provide the citations

10

Supplementary Table 1 Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) checklist [26]

(Contd...)
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Section/topic # Checklist item Reported 
on page # 

TITLE 

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level 
assessment (see item 12)

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: 
(a) simple summary data for each intervention group (b) effect estimates and 
(b) confidence intervals, ideally with a forest plot

22

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and 
measures of consistency

10-13

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 14

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-
regression [see Item 16])

13

DISCUSSION 

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main 
outcome; consider their relevance to key groups (e.g., healthcare providers, users, and 
policy makers)

14-15

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level 
(e.g., incomplete retrieval of identified research, reporting bias)

16

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and 
implications for future research

17

FUNDING 

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply 
of data); role of funders for the systematic review

None 

 NA, not available

Supplementary Table 1 (Continued)

Supplementary Figure 1 Forest plot for pooled analysis of adenoma detection rate based on the type of feedback (active vs. passive) 
CI, confidence interval



Supplementary Figure 3 Forest plot analyzing the effect of awareness of data being collected prior to feedback on adenoma detection rate 
CI, confidence interval

Supplementary Figure 2 Forest plot analysis for adenoma detection rate in prospective studies  
CI, confidence interval

Supplementary Figure 4 Forrest plot for pooled analysis of polyp detection rate
 CI, confidence interval



Su
pp

le
m

en
ta

ry
 T

ab
le

 2
 Q

ua
lit

y 
as

se
ss

m
en

t o
f i

nc
lu

de
d 

st
ud

ie
s b

as
ed

 o
n 

th
e 

N
ew

ca
st

le
-O

tta
w

a 
sc

al
e 

fo
r c

oh
or

t s
tu

di
es

C
rit

er
ia

A
bd

ul
- 

Ba
ki

 e
t a

l 
[1

9]

G
ur

ud
u 

 
et

 a
l [

16
]

K
ah

i 
et

 a
l 

[2
0]

N
ie

lse
n 

et
 a

l 
[2

2]

Li
n 

 
et

 a
l 

[2
3]

Se
y 

 
et

 a
l 

[1
7]

C
oe

  
et

 a
l 

[2
5]

 K
am

in
sk

i 
et

 a
l [

27
]

Ba
rc

la
y 

 
et

 a
l [

7]
Ta

be
r 

 
et

 a
l 

[3
1]

Im
pe

ria
li 

et
 a

l [
29

]
C

oe
  

et
 a

l 
[2

5]

 K
am

in
sk

i 
et

 a
l [

27
]

W
al

la
ce

 
et

 a
l 

[1
8]

H
ar

ew
oo

d 
et

 a
l [

30
]

 S
el

ec
tio

n
 

 
 

 
 

 

Re
pr

es
en

ta
tiv

en
es

s o
f t

he
 

ex
po

se
d 

co
ho

rt
 *

 *
 *

 *
 *

 *
*

*
*

*
*

*
*

*
*

Se
le

ct
io

n 
of

 th
e 

no
n-

ex
po

se
d 

co
ho

rt
 *

 *
 *

*
 *

 *
*

*
*

*
*

*
*

*
*

A
sc

er
ta

in
m

en
t o

f e
xp

os
ur

e
 *

 *
 *

 *
*

* 
*

*
*

*
*

*
*

*
*

D
em

on
st

ra
tio

n 
th

at
 o

ut
co

m
e 

of
 in

te
re

st
 w

as
 n

ot
 p

re
se

nt
 at

 
on

se
t o

f s
tu

dy

 *
 *

 *
 *

 *
 *

*
*

*
*

*
*

*
*

*

C
om

pa
ra

bi
lit

y 
of

 co
ho

rt
s

 
 

 
 

 
 

St
ud

y 
co

nt
ro

ls 
fo

r a
ge

/s
ex

?
 

 
 *

 
 

 
*

*
*

*
*

St
ud

y 
co

nt
ro

ls 
fo

r a
t l

ea
st

 3
 

ad
di

tio
na

l r
isk

 fa
ct

or
s?

 
 

 
 

 *
 

*
*

*
*

*
*

O
ut

co
m

e
 

 
 

 
 

 

A
ss

es
sm

en
t o

f o
ut

co
m

e
 *

 *
 *

 *
 *

 *
*

*
*

*
*

*
*

*
*

W
as

 fo
llo

w
 u

p 
lo

ng
 e

no
ug

h 
fo

r o
ut

co
m

es
 to

 o
cc

ur
?

 *
 *

 *
 *

 *
 *

*
*

*
*

*
*

*
*

*

To
ta

l s
co

re
6

6
7

6
7

6
7

7
6

7
6

8
8

8
8



Supplementary Figure 6 Forrest plot for serrated sessile adenoma detection rate pooled analysis 
CI, confidence interval

Supplementary Figure 5 Forrest plot for advanced adenoma detection rate pooled analysis 
CI, confidence interval


