
Introduction
Colonoscopy is the most commonly used colorectal cancer
(CRC) screening test in the United States[4]. It can detect and
remove precancerous adenomas and other polyps, thereby re-
ducing risk of CRC, the third most common cancer among

men and women in the United States, respectively [5]. Quality
indicators for colonoscopy have been developed and recom-
mended to optimize the test’s benefits and reduce interval
CRC, cancers that develop after a negative colonoscopy but be-
fore the next recommended test [6]. Adenoma detection rate
(ADR), measured as the proportion of an endoscopist’s screen-
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ABSTRACT

Background and study aims Adenoma detection rate

(ADR), the proportion of an endoscopist’s screening colo-

noscopies in which at least one adenoma is found, is an es-

tablished quality metric. Several publications have suggest-

ed that a technique referred to as “one and done,” where

less attention is paid to additional polyp detection follow-

ing discovery of one likely adenoma, may be occurring [1–

3]. To investigate whether this practice occurs and provide

additional context to the significance of ADR, we examined

ADR by single and multiple adenomas in the statewide New

Hampshire Colonoscopy Registry (NHCR).

Patients and methods A total of 25,324 NHCR patients

receiving screening colonoscopies between 2009 and 2014

by 69 endoscopists were analyzed. ADR was dichotomized

into high (≥20%) and low (<20%) based on 2006 recom-

mended targets in place during the time of the study.

ADR-plus (the average number of adenomas in colonosco-

pies with > 1 adenoma) was dichotomized at mean values

into high (≥1.5) and low (<1.5). As suggested by others, a

high ADR but low ADR-plus was used to indicate the “one

and done” approach.

Results Among endoscopists with an ADR≥20%, only 5

(7.2%) had low ADR-plus values and were classified as “one

and done.” Results for serrated polyp detection were sim-

ilar. ADR and ADR-plus decreased monotonically with in-

creasing years since residency (P values for trend ADR=

0.02; ADR-plus =0.003) after adjusting for patient risk fac-

tors.

Conclusion “One and done” infrequently occurred among

endoscopists with high ADR in a large statewide registry.

The need to replace ADR with other polyp detection metrics

(such as ADR-plus) to accurately ascertain performance

quality is not supported by these findings.

Original article
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ing colonoscopies in which at least one adenomatous polyp
(adenoma) was removed, is the primary quality indicator. The
American Society for Gastrointestinal Endoscopy (ASGE) initial-
ly recommended that endoscopists achieve an ADR of 20%
overall (for men and women combined) in 2006 [7]. This target
was updated to 25% in 2015 based on contemporary evidence
that interval CRC risk was significantly greater among people
receiving their colonoscopies from endoscopists below this
threshold [8–10].

Several studies have proposed that ADR is a necessary, but
possibly not a sufficient metric of quality in that it may not fully
capture an endoscopist’s performance in clinical practice [1,
11]. Authors have expressed concern that some endoscopists,
despite achieving a high ADR, may not be as careful in examin-
ing the mucosa after resecting a polyp that is likely to be an
adenoma, a practice referred to as “one and done” [1–3, 12].
Another possibility is that, knowing that a particular resected
polyp requires a shorter follow-up (for example a polyp larger
than 1 centimeter requiring a 3-year surveillance interval),
endoscopists may be less meticulous about searching for smal-
ler adenomas throughout the remainder of that exam. Thus,
because it is possible that an endoscopist could have an ade-
quate or high ADR but not be vigilant about resecting all of
the adenomas in the patient’s colon, some authors have sug-
gested a focus on alternate quality measures, for example,
ADR metrics that assess the number of adenomas per exam,
rather than the ADR itself.

The New Hampshire Colonoscopy Registry (NHCR) is an es-
tablished, statewide, population-based registry that has been
collecting comprehensive colonoscopy data for over a decade.
We investigated the prevalence of “one and done” within the
NHCR to assess the concerns regarding use of ADR to assess
quality, and the potential need to increase focus on additional
ADR metrics. We also examined additional measures that may
provide context to the ADR, and assessed the influence of
endoscopist characteristics on these measures to better under-
stand clinical performance.

Patients and methods
Data source and study population

The NHCR is a population-based registry, established in 2004,
that collects data from consenting patients and endoscopists
at participating hospitals, ambulatory surgery centers, and
community endoscopy practices located across the state of
New Hampshire [13]. Details about the NHCR have been pre-
viously described [13]. Briefly, data are collected from patient
questionnaires and colonoscopy procedure forms which are
subsequently linked to pathology reports [14]. Pathology re-
ports are requested from pathology labs and abstracted by
trained NHCR staff in consultation with an expert gastrointesti-
nal pathologist when needed, with polyp-level pathology re-
sults linked to corresponding findings on the colonoscopy pro-
cedure form. This study was approved by the Committee for the
Protection of Human Subjects at Dartmouth College (Study
Number 15834) and other relevant human subjects review
boards.

Patients ≥50 years who received a screening colonoscopy
(no symptoms and no personal history of polyps or CRC) were
selected (▶Fig. 1). Colonoscopies that were incomplete or
missing completion status (n =469), those with poor bowel
preparation (n=421), or those in which lesions were removed
but pathology data were missing at the time of the analysis
(n=3,640) were excluded. Patients who underwent colonosco-
py by an endoscopist with fewer than 50 screening colonosco-
pies in the NHCR dataset (n =497) were also excluded. The ana-
lytic study population included 25,324 patients who received
colonoscopies from 69 endoscopists across 25 endoscopy facil-
ities.

Outcome measures

Five quality metrics related to polyp detection were evaluated
and defined in ▶Supplemental Table 1: ADR, ADR-plus, serra-
ted and adenoma detection rate (SADR), SADR-plus, and polyp
detection rate (PDR). All metrics were computed among
screening colonoscopies only. ADR was calculated as the num-
ber of an endoscopist’s colonoscopies in which at least one ade-
noma was detected, divided by the number of screening colo-
noscopies performed by that endoscopist. Approximately 37%
to 47% of exams with adenomas present have been found to
have more than one adenoma [1]. Endoscopists with high
ADRs, who are presumably performing high-quality exams,
could be expected to detect a relatively high number of adeno-
mas during colonoscopies; thus, ADR-plus (the average number
of adenomas in colonoscopies with >1 adenoma) was investi-
gated [1].

Number of NHCR study participants with a 
screening colonoscopy in the study time frame 
1/1/2009 to 12/31/2014 who were aged 50+, 
with known gender and without IBD or HPNCC

N =30,351

Removed 469 participants whose 
colonoscopy was incompleteN =29,882

Removed 421 participants
with poor bowel preparationN =29,461

Removed 3,640 participants who had a lesion 
removed and were missing pathology N =25,821

▪Removed 497 participants whose colono-
 scopy was performed by an endoscopist with
 <50 screening colonoscopies in this dataset

▪Final cohort included 69 participating
 endoscopists performing screening 
 colonoscopies at 25 NH facilities

N =25,324

▶ Fig. 1 Cohort diagram of New Hampshire Colonoscopy Registry
participants with a screening colonoscopy, 2009–2014.
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The serrated polyp detection rate is a proposed measure of
quality; these lesions may be difficult to detect and are related
to interval CRC development [15, 16]. Because careful inspec-
tion of the colon may lead to a higher detection rate for ser-
rated polyps as well as for adenomas, to credit endoscopists
who detect and remove clinically important lesions other than
adenomas, we used a measure designed to incorporate both
types of polyps (SADR). SADR and SADR-plus were calculated
like ADR and ADR-plus but included exams with clinically signif-
icant serrated polyps (CSSPs) as well as adenomas in the nu-
merator. CSSPs were defined as any sessile serrated adenoma/
polyp or traditional serrated adenoma, or any hyperplastic
polyp (HP) > 1 cm anywhere in the colon or an HP >5mm in the
proximal colon (thus excluding diminutive rectosigmoid HPs
thought to have no malignant potential).

We also evaluated PDR, the proportion of screening colo-
noscopies in which at least one polyp is detected. The advan-
tage of calculating PDR is that it is measured without the need
for obtaining pathology. However, PDR has been described as
potentially susceptible to “gaming” by endoscopists who might
remove a single polyp to ensure a high PDR and then consider
the colonoscopy complete [10]. ADR is less vulnerable to ma-
nipulation, because the specific pathology of the polyps must
be confirmed; furthermore, use of ADR may encourage greater
emphasis on removing all polyps because specific pathology
may not be discernible at time of colonoscopy.

Independent factors

Patient factors included gender (male, female), age at colonos-
copy (50–54, 55–59, 60–64, 65–70, 70–74,≥75), race/eth-
nicity (non-white, white) and educational attainment (≤high
school, some college/college). First-degree family history of
CRC (no, yes), smoking (never, former, and current) as well
body-mass index (BMI) groups (underweight/normal, over-
weight, obese class I, obese class II and III) were analyzed.

Endoscopist factors included gender (male, female) and spe-
cialty (gastroenterology, surgery). Endoscopist age and the
number of years since residency (1–7, 8–14, 15–19, 20–28,
≥29) were calculated based on an assigned reference date,
which was defined as the date of the endoscopist’s first screen-
ing colonoscopy performed in the study period.

Statistical analysis

Differences in quality metrics by patient and endoscopist char-
acteristics were assessed using Chi-square and Fishers exact
tests (α=0.05). Box and quartile-quartile plots were used to as-
sess if quality metrics were normally distributed; all measures
were normally distributed (data not shown). Correlations be-
tween quality metrics were assessed using Spearman rank coef-
ficients.

To determine which endoscopist factors may be associated
with ADR and ADR-plus, a multivariable generalized linear mod-
el was conducted separately for each outcome and endoscopist
factor after accounting for the proportion of an endoscopist’s
patients who were obese, current smokers, former smokers,
males, and ≥65 years [17, 18].

We applied a visualization technique developed by Wang
and colleagues where endoscopists’ ADR and ADR-plus values
were plotted against one another [1]. Plots were separated
into four main quadrants of high/low ADR and ADR-plus values.
ADR was dichotomized into high (≥20%) and low (<20%) based
on the 2006 ASGE target, which was in place during the study
period [7]. The mean ADR-plus value in our study population
(1.5) was used to create high (≥1.5) and low (<1.5) ADR-plus
groups, as there are no published targets for this metric. A
high ADR but low ADR-plus could possibly suggest a “one and
done” approach [1]. We also assessed results using ADR de-
fined as high (≥25%) and low (<25%) based on the 2015 ASGE
ADR target of 25% [10].

Results
Among the study cohort (N=25,324 patients who had a com-
plete screening colonoscopy with adequate bowel prepara-
tion), median patient age at colonoscopy was 56 years and
43.3% were male. Most colonoscopy recipients were white
(95.8%), had some college education (77.7%), did not report a
family history of CRC (79.9%), and were overweight or obese
(70.7%) (▶Table1). More than one-third of patients (38.2%)
were former smokers and 8.3% reported as current smokers.
At least one adenoma was detected in 23.2% of patients; this
proportion was greater in males than in females, in smokers
compared to non-smokers, and increased with age and higher
BMI category (▶Table 1). The number of adenomas and CSSP
detection also varied by these factors.

Characteristics and associations with quality metrics of the
69 endoscopists analyzed are shown in ▶Table 2. Most physi-
cians were male (85.5%) and gastroenterologists (75.0%). The
median endoscopist age and years since residency were 50 and
17.5 years, respectively. The median ADR was 22.9 (interquar-
tile range: 15.9–27) and the median ADR-plus was 1.5 (inter-
quartile range: 1.4–1.7) (▶Supplemental Table2). Mean ADR
and ADR-plus were nearly identical to these medians, owing to
their normal distribution, at 22.1 and 1.5, respectively. ADR
was strongly and significantly correlated with PDR (p=0.82, P
<0.001) and SADR (p=0.98, P <0.001) (▶Table3). The correla-
tion between ADR and ADR-plus (p =0.65, P<0.001), and SADR-
plus (p =0.62, P<0.001) was only moderate.

We observed an inverse relationship between endoscopist
age (and correspondingly the number of years since residency),
and both ADR and ADR-plus (▶Table2). For example, the aver-
age ADRs for endoscopists completing residency within 1 to 7
years and≥20 years prior to the reference date were 27.7%
and 16.6%, respectively. Gastroenterologists had higher ADR,
SADR, and PDR values than surgeons, but similar ADR-plus val-
ues were observed (▶Table2).

In analyses examining the relationship of each endoscopist
characteristic with ADR and ADR-plus values adjusted for pa-
tient risk factors (smoking status, obesity, sex and age), results
were similar to results that did not account for these patient
risk factors. ADR decreased monotonically with increasing
endoscopist age (P for trend=0.05) and years since residency
(P for trend=0.02). Inverse associations between these factors
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▶ Table 1 Colonoscopy quality metrics by patient characteristics, NHCR 2009–20141.

Total ≥1 adenoma No. of adenomas ≥1 CSSP

Participants characteristics N (Col %) N (Row %) Mean (SD) N (Row %)

Total 25,324 5,862 (23.2) 1,244 (5.0)

Age at colonoscopy (years) P <0.0001 P< 0.0001 P=0.02

50– 54 11,036 (43.6) 2,312 (21.0) 1.49 (1.0) 540 (4.9)

55– 59 4,465 (17.6) 1,050 (23.5) 1.56 (1.1) 245 (5.5)

60– 64 4,268 (16.8) 1,044 (24.5) 1.63 (1.2) 204 (4.8)

65– 69 3,014 (11.9) 778 (25.8) 1.61 (1.1) 163 (5.5)

70– 74 1,461 (5.9) 401 (26.9) 1.84 (1.3) 56 (3.8)

≥75 1,050 (4.2) 277 (26.4) 1.73 (1.4) 36 (3.5)

Year of colonoscopy P <0.0001 P< 0.0001 P <0.0001

2009 1,825 (7.2) 385 (21.1) 1.45 (1.0) 67 (3.7)

2010 3,481 (13.7) 790 (22.7) 1.50 (1.0) 152 (4.4)

2011 4,822 (19.0) 992 (20.6) 1.54 (1.0) 198 (4.1)

2012 6,820 (26.9) 1,533 (22.5) 1.57 (1.1) 314 (4.7)

2013 6,538 (25.8) 1,615 (24.7) 1.61 (1.2) 349 (5.4)

2014 1,838 (7.3) 547 (29.8) 1.80 (1.2) 164 (9.1)

Gender P <0.0001 P< 0.0001 P=0.001

Female 14,364 (56.7) 2,614 (18.2) 1.43 (0.9) 652 (4.6)

Male 10,960 (43.3) 3,248 (29.6) 1.70 (1.2) 592 (5.5)

Race P=0.77 P=0.24 P=0.40

White 23,390 (95.8) 5,414 (23.2) 1.57 (1.1) 1,153 (5.0)

Non-white 1,032 (4.2) 243 (23.6) 1.65 (1.2) 45 (4.4)

Education P <0.0001 P=0.17 P=0.02

Some college/college 18,886 (77.7) 4,274 (22.6) 1.56 (1.1) 893 (4.8)

≤High school 5,418 (22.3) 1,373 (25.3) 1.61 (1.1) 296 (5.5)

Family history of CRC (first degree) P=0.29 P=0.28 P=0.79

No 19,924 (79.9) 4,571 (23.4) 1.59 (1.1) 961 (5.0)

Yes 4,909 (20.1) 1,114 (22.7) 1.55 (1.0) 247 (5.1)

BMI (kg/m2) P <0.0001 P< 0.0001 P <0.0001

Underweight/Normal < 25 7,093 (29.3) 1,338 (18.9) 1.45 (0.9) 277 (3.9)

Overweight 25 to < 30 9,035 (37.3) 2,118 (23.4) 1.54 (1.0) 464 (5.2)

Obese 30 to < 35 5,096 (21.0) 1,359 (26.7) 1.67 (1.2) 290 (5.8)

Obese (Class II + III)≥35 2,994 (12.4) 792 (26.5) 1.69 (1.2) 161 (5.4)

Smoking Status P <0.0001 P< 0.0001 P <0.0001

Never 13,067 (53.5) 2,764 (21.2) 1.51 (1.0) 556 (4.3)

Former 9,321 (38.2) 2,227 (23.9) 1.61 (1.1) 450 (4.9)

Current 2,024 (8.3) 683 (33.8) 1.70 (1.2) 199 (10.0)

NCHR, New Hampshire Colonoscopy Registry; CSSP, clinically significant serrated polyp; BMI, body mass index; CRC, colorectal cancer
1 Missing (N): race (902); education (1,020); family history of CRC (891); BMI (1,106); smoker (912); CSSP (234)
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▶ Table 2 Colonoscopy quality metrics by endoscopist characteristics, NHCR 2009 –2014.

Total ADR ADR-plus SADR SADR-plus PDR

P value P value P value P value P value

Endoscopist characteristics1 n % Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Total 22.1 (9.1) 1.5 (0.2) 26.9 (11.4) 1.5 (0.2) 39.2 (16.4)

age in years
(Median=50, IQR: 43–58)

 0.01 0.04  0.01 0.25  0.01

<40 11 16.7 28.5 (9.0) 1.7 (0.2) 35.3 (12.6) 1.6 (0.2) 52.4 (17.0)

40– 59 41 62.1 21.6 (8.4) 1.5 (0.2) 26.3 (10.9) 1.5 (0.2) 36.7 (13.8)

≥60 14 21.2 17.9 (9.5) 1.4 (0.3) 21.2 (10.5) 1.5 (0.2) 34.6 (16.8)

Gender  0.60 0.84  0.65 0.93  0.88

Male 59 85.5 20.7 (8.7) 1.5 (0.2) 25.3 (10.6) 1.5 (0.2) 39.9 (21.6)

Female 10 14.5 22.3 (9.2) 1.4 (0.2) 27.1 (11.6) 1.5 (0.2) 39.1 (15.5)

Endoscopy Specialty < 0.0001 0.22  0.0002 0.60  0.001

Gastroenterology 51 75.0 24.5 (8.0) 1.5 (0.2) 29.8 (10.4) 1.5 (0.2) 43.0 (14.7)

Surgery 17 25.0 14.8 (8.7) 1.5 (0.2) 18.6 (10.5) 1.5 (0.2) 28.4 (16.9)

No. years since residency
(Median=17 IQR: 10.5–26.5)

 0.03 0.01  0.02 0.03  0.03

1–7 11 16.2 27.7 (8.0) 1.7 (0.1) 34.1 (10.5) 1.6 (0.1) 52.7 (18.0)

8–14 17 25.0 22.8 (8.5) 1.5 (0.2) 28.6 (11.5) 1.5 (0.2) 39.9 (14.3)

15– 19 11 16.2 24.1 (10.6) 1.6 (0.3) 28.8 (13.3) 1.6 (0.2) 37.7 (16.6)

20– 28 15 22.1 20.8 (7.1) 1.4 (0.3) 25.0 (8.7) 1.4 (0.2) 36.4 (13.9)

≥29 14 20.6 16.6 (9.4) 1.4 (0.2) 19.7 (10.5 1.3 (0.2) 32.6 (16.1)

NHCR, New Hampshire Colonoscopy Registry; IQR, interquartile range; ADR, adenoma detection rate; ADR-plus, adenoma detection rate-plus; SADR, serrated and
adenoma polyp detection rate; SADR-plus, serrated and adenoma polyp detection rate-plus; PDR, polyp detection rate
1 Missing (N): age (3); specialty (1); number of years since residency (1)

▶ Table 3 Correlations between measures of colonoscopy quality, NHCR 2009–2014.

ADR ADR-plus SADR SADR-plus PDR

ADR p 1.00 0.65 0.98 0.58 0.82

P value – < .0001 < .0001 < .0001 < .0001

ADR-plus p 0.65 1.00 0.66 0.93 0.49

P value < .0001 – < .0001 < .0001 < .0001

SADR p 0.98 0.66 1.00 0.57 0.82

P value < .0001 < .0001 – < .0001 < .0001

SADR-plus p 0.58 0.93 0.57 1.00 0.44

P value < .0001 < .0001 < .0001 – < .0001

PDR p 0.82 0.49 0.82 0.44 1.00

P value < .0001 < .0001 < .0001 < .0001 –

NHCR, New Hampshire Colonoscopy Registry; ADR, adenoma detection rate; ADR-plus, adenoma detection rate-plus; SADR, serrated and adenoma polyp detection
rate; SADR-plus, serrated and adenoma polyp detection rate-plus; PDR, polyp detection rate.
ρ=Spearman Rank correlation coefficient
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were also observed for ADR-plus. (▶Supplemental Table 3) For
example, endoscopists who completed residency ≥20 years
prior to their reference date had significantly lower ADR-plus
values relative to those completing their residency in the past
1 to 7 years (P=0.004).

In the plot of ADR versus ADR-plus shown in ▶Fig. 2, of 69
endoscopists studied, a greater proportion of endoscopists
completing their residency≥20 years prior to the reference
date had ADRs <20%, compared to endoscopists completing
residency more recently, but this difference was not statistical-
ly significant (P=0.255). Among endoscopists with low ADRs,
low ADR-plus values were more common than high ADR-plus
values (▶Fig. 2). Most endoscopists with ADRs ≥20% had high
ADR-plus values, although five endoscopists (7.3%) with ADRs
≥20% had low ADR-plus values. No endoscopists with ADRs
≥25% had low ADR-plus values (▶Fig. 2).

Discussion
Despite being a preventable disease, CRC remains the second
most common cause of death from cancer in the United States
[19], thereby creating a compelling argument for improving
screening and surveillance. Prevention is possible through de-
tection and removal of polyps at colonoscopy; thus, the nation-
al effort to optimize the quality of colonoscopy is key to achiev-
ing that goal. Variation in quality of colonoscopy has been well
established, leading to widespread efforts to determine appro-
priate quality indicators [1, 8, 11, 17, 20, 21]. The primary indi-
cator for colonoscopy quality has been the ADR, because higher
ADR has been shown to be associated with decreased interval
CRC as well as decreased CRC mortality [8, 22]. Recognition of
the quality of colonoscopy is critical to reducing incidence and

mortality from CRC, and accurate quality indicators are essen-
tial to that effort.

Recently, several studies have suggested that ADR may not
adequately reflect the thoroughness of examination during co-
lonoscopy, and therefore may not be a sufficient quality indica-
tor [1–3]. It has been suggested that a “one and done” practice
may occur in which, once a likely adenoma has been removed, a
less thorough mucosal examination might follow for the rest of
the exam [1–3, 23]. Wang et.al. and others have suggested
that ADR may be an inaccurate reflection of the meticulousness
of the exam as a result of this type of practice. As a means to
address this potential weakness in quality assessment, various
methodologies have been suggested to assess the number of
adenomas per exam or other metrics, rather than assessment
of ADR alone [24, 25]. Whether ADR is a reliable quality indica-
tor and whether it accurately reflects significant differences in
colonoscopy quality are therefore important questions to ex-
amine.

To investigate the potential existence or prevalence of a
“one and done” practice, we examined ADR and ADR-plus
(screening colonoscopies with >1 adenoma) in the statewide
NHCR. Similar to other studies, the combination of high ADR
but low ADR-plus was considered suggestive of “one and
done”. Approximately 37% to 47% of exams with any adenomas
have been shown to have more than one [1]. Based on our in-
vestigation of ADR and ADR plus, there was no evidence that
the practice of “one and done” was occurring among endos-
copists who met or exceeded the 2015 ASGE target (ADR
≥ 25%), and only a small proportion (7%) of endoscopists who
met or exceeded the 2006 ASGE ADR target of 20% had low
ADR-plus values suggestive of “one and done”.

0  105 15 20 25
ADR

2006 ASGE benchmark 2015 ASGE benchmark

30 35 40 45 50

1–7 yrs
8–19 yrs
20+ yrs 

2.2

2.1

2

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

1

0.9

AD
R-

Pl
us

▶ Fig. 2 Plot of adenoma detection rate and adenoma detection rate plus by endoscopists' years since completing residency, New Hampshire
Colonoscopy Registry 2009–2014.
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The finding that “one and done” is an infrequent practice is
reassuring. However, variation in endoscopist ADRs has been
well documented and is likely influenced by multiple factors.
Previous US studies, including an earlier NHCR investigation
[16], have reported a wide range of endoscopist ADRs (from
<10% to >50%), with substantial differences within endoscopy
clinics and health systems [1, 8, 11, 17, 20, 21]. Some variation
in endoscopists’ ADR is anticipated given different distributions
of risk factors within a patient population such as smoking,
obesity, sex, and age [17, 18]. However, even among non-ob-
ese patients and non-smokers, the proportion of patients with
at least one adenoma typically exceeds 20% [17] and at least
one study has found that differences in patient risk factors do
not account for all of the variation in endoscopist ADRs [26].

In our study, most endoscopists with low ADR also had low
ADR-plus values, suggesting that these indicators may identify
endoscopists who might benefit from education and quality
improvement interventions such as improved bowel prepara-
tion for their patients. We observed that ADR and ADR-plus de-
creased monotonically with increasing years since residency,
after adjusting for patient risk factors. Technology and new
techniques may influence the quality of colonoscopy [26, 27].
It is possible that endoscopists who have been practicing for
longer periods of time might be less likely to use newer-genera-
tion endoscopes, although we did not have sufficient informa-
tion to investigate this hypothesis. Further investigation of the
inverse relationship of ADR to endoscopist age is warranted in
future studies. Endoscopists completing residency ≥20 years
ago did so well before current quality targets were proposed
and may not have been trained on methods (e. g. optimal with-
drawal time) to achieve high ADRs. This “training by cohort” ef-
fect is especially important considering that ADR during train-
ing has been shown to predict future ADR [18], and evidence
on whether an endoscopist can improve his or her ADR is mixed
[29]. For example, tracking and reporting metrics to endos-
copists has had variable results in improving ADR or PDRs [21,
30, 31], although recent evidence has been promising. Two
studies have shown an increase in ADR with use of “report
cards” [31, 32]. In addition, use of heightened inspection prac-
tices (e. g. longer withdrawal times) [33] and leadership train-
ing [34] are associated with improved ADRs, and a positive as-
sociation between continuing medical education credits and
ADRs has been observed [26]. Currently, the NHCR sends feed-
back reports on all colonoscopy quality indicators (including
ADR) to participating endoscopists, for use in quality improve-
ment efforts. Further understanding of endoscopist practices
and the effectiveness of specific interventions will help to in-
form efforts aimed at improving ADRs.

The serrated pathway may account for up to 30% of all CRCs;
therefore, inclusion of metrics to assess detection of these
types of polyps may also be important for quality assessment
[16]. A national benchmark target for serrated detection rate
(SDR) has not been established, although endoscopists with
ADRs above the 25% target have been shown to have median
SDRs between 7% and 11% among screening colonoscopies
[16], depending on how the SDR is calculated. (For endos-
copists with ADR >25%, assessing SDR using clinically signifi-

cant serrated polyps, the SDR is 7%. Alternatively, using all
proximal serrated polyps, the SDR is 11%). When serrated
polyps were incorporated into the traditional ADR metric and
ADR-plus (to create the SADR and SADR-plus metrics), we ob-
served similar patterns to our main findings: endoscopists with
high SADRs had high ADRs as well as high ADR-plus and SADR-
plus values. For example, among endoscopists with SADR val-
ues above the mean, 94.3%, 97.1% and 80.0% also had ADR,
ADR-plus and SADR-plus values at or above mean values,
respectively. Although ADR is a component of the SADR, this
correlation suggests that endoscopists with high ADRs may
have correspondingly high SDRs, because the SADR is a combi-
nation of both measures. SADR-plus may also provide insight
into an endoscopist’s intention to detect any significant polyps.
PDR, which incorporates all polyps found, was also strongly cor-
related with ADR, and similarly associated with SADR and ADR-
plus values. SADR-plus may better reflect the practice of careful
endoscopists than PDR since the latter may include insignifi-
cant polyps such as < 5mm polyps in which the biopsies reveal
normal tissue or (diminutive rectosigmoid) hyperplastic polyps.

Our study has several strengths, including the large, popula-
tion-based sample and diverse endoscopists in multiple com-
munity-based settings, and incorporation of multiple patient
and endoscopist characteristics in the analyses. In addition, we
applied both the 2006 and the 2015 ADR targets to exams to
explore characteristics, such as years since residency, of endos-
copists who might benefit the most from quality improvement
interventions to increase their ADR. We also investigated out-
comes using expected sex-specific ADR targets, which reflect
real world situations such as Veterans Administration patients
who tend to be male smokers, and the gender composition of
patient populations, which for several female endoscopists in
our study, included 80% female patients. Our study also had
limitations. There is no validated measure of the practice of
“one and done”; therefore, we used ADR versus ADR-plus as a
proxy measure as suggested by others [1]. In addition, al-
though this study was statewide and reflected endoscopy prac-
tices in New Hampshire [35], our findings may not be general-
izable to other areas of the country.

Conclusion
In conclusion, in our large population-based study using the
NHCR, the findings suggest that “one and done” is infrequently
practiced among endoscopists who meet ADR targets. Most
endoscopists with high ADR had a corresponding high ADR-
plus, suggesting a consistently meticulous approach through-
out each colonoscopy, rather than a less careful exam following
detection of a likely adenoma, as has previously been suggest-
ed. These results support ADR as an appropriate primary meas-
ure of quality; the suggestion that alternative metrics looking
at the number of adenomas per exam may be critical to assess-
ment of colonoscopy quality was not supported by these find-
ings. Endoscopists who completed their residency decades
ago had lower ADR than those completing residency more re-
cently, suggesting that educational efforts and assessments of
equipment quality may be a fruitful focus for ADR improve-
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ment. Endoscopists with low ADRs also had low ADR-plus out-
comes, suggesting that interventions such as improved bowel
preparation could be a useful improvement focus for endos-
copists with those outcomes. The results reported here add to
our growing understanding of endoscopist practices, which can
inform efforts to improve performance and the quality of colo-
rectal cancer screening.
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▶ Supplemental Table 1 Definition of quality measures.

Name Description Numerator Denominator

Adenoma1 Detection Rate
(ADR)

Proportion of colonoscopies in which at least
1 adenoma was detected

Number of colonoscopies in
which≥1 adenoma1 was found

Number of colonoscopies
performed

Serrated and adenoma polyp
detection rate (SADR)

Proportion of colonoscopies in which at least
1 adenoma or Clinically Significant Serrated
Polyp (CSSP)2 was detected

Number of colonoscopies in
which at least 1 adenoma or
CSSP was found

Number of colonoscopies
performed

Polyp detection rate (PDR) Proportion of colonoscopies in which at least
one polyp was detected

Number of colonoscopies in
which at least one polyp was
found

Number of colonoscopies
performed

Adenoma detection rate
(ADR-Plus)

The average number of adenomas in colo-
noscopies with > 1 adenoma

Average number of adenomas Colonoscopies with
> 1 adenoma

Serrated and adenoma polyp
detection rate-plus
(SADR-plus)

The average number of adenomas or CSSP in
colonoscopies with > 1 adenoma

Number of adenomas or CSSP Colonoscopies with
> 1 adenoma

CSSP, clinically significant serrated polyp
1 Adenoma defined as a polyp including tubular, tubulovillous or villous histological characteristics or CRC with no mention of underlying histology.
2 CSSP defined as: CSSP was defined as any sessile serrated adenoma/polyp, traditional serrated adenoma or hyperplastic polyp (HP) >1 cm anywhere in the colon or
an HP >5mm found in the proximal colon30

▶ Supplemental Table 2 Median and interquartile range of colonos-
copy quality metrics by endoscopist characteristics, NHCR 2009–
2014.

Median Interquartile

Range

ADR 22.9 15.9–27.0

ADR-plus 1.5 1.4 –1.7

SADR 27.6 20.2–33.6

SADR-plus 1.5 1.3 –1.6

PDR 40.8 28.8–47.9

NHCR, New Hampshire Colonoscopy Registry; ADR, adenoma detection
rate; ADR-plus, adenoma detection rate-plus; SADR, serrated and adenoma
polyp detection rate; SADR-plus, serrated and adenoma polyp detection
rate-plus; PDR, polyp detection rate
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▶ Supplemental Table 3 Adjusted generalized linear models predicting adr and adr-plus for each endoscopist characteristic, NHCR 2009 –20141, 2.

ADR ADR-Plus

Beta SE P value Beta SE P value

Age P for trend=0.05 P for trend=0.06

40– 49 Reference Reference

50– 59 –6.53 3.18 0.04 –0.14 0.09 0.12

60+ –7.85 3.72 0.04 –0.20 0.10 0.05

Gender

Female Reference Reference

Male –0.42 4.08 0.99 –0.08 0.11 0.46

Specialty

Gastroenterology Reference

Surgery –8.67 2.27 <0.001 –0.05 0.07 0.48

Number of years since residency P for trend=0.02 P for trend=0.003

1 to 7 Reference Reference

8 to 19 –5.18 3.15 0.10 –0.14 0.08 0.10

≥20 –7.62 3.22 0.02 –0.25 0.09 0.004

NHCR, New Hampshire Colonoscopy Registry; ADR, adenoma detection rate; SE, standard error
1 Four separate models were run for each endoscopist characteristic. All models were adjusted for the proportion of patients that were male, older than 65 years of
age, obese, former smokers and current smokers.

2 In models, we categorized endoscopists’ age (< 40, 40–59 and 60+ years), the number of years since residency and number of years since first colonoscopy per-
formed into three groups (1–7, 8–19 and 20+ ).
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