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OBJECTIVES: There is little guidance regarding when to stop surveillance colonoscopy in individuals with a history of

adenomas or colorectal cancer (CRC). We evaluated both yield and recommendations for follow-up

colonoscopy in a large cohort of older individuals undergoing colonoscopy, using the GI Quality

Improvement Consortium registry.

METHODS: We analyzed the yield of colonoscopy in adults aged ‡75 years, comparing those who had an indication

of surveillance as opposed to an indication of diagnostic or screening, stratified by 5-year age groups.

Our primary outcome was CRC and advanced lesions. We also evaluated recommended follow-up

intervals by age and findings.

RESULTS: Between2010and2017,376,686colonoscopieswere performedby3,976endoscopists at 628 sites,

of which 43.2%were for surveillance. Detection of CRC among surveillance patients increasedwith age

from 0.51% (age 75–79 years) to 1.8% (age ‡ 90 years); however, these risks were lower when

compared with both the diagnostic and screening for the same age band (P < 0.0001). Yield of

advanced lesions also increased by every 5-year interval of age across all groups by indication. Even at

the most advanced ages and in those with nonadvanced findings, only a minority of patients were

recommended for no further colonoscopy. For example, in patients aged 90 years and older with only

low risk findings, 62.9% were recommended to repeat colonoscopy.

DISCUSSION: Surveillance colonoscopy is frequently recommended at advanced ages even when recent findingsmay

be clinically insignificant. Further work is needed to develop guidelines to inform best practice around

when to stop surveillance in older adults.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/B299, http://links.lww.com/AJG/B300, and http://links.lww.com/AJG/B301
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INTRODUCTION
TheUSpopulation is rapidly aging,with the number of adults older
than 65 years estimated to reach 78 million by 2035 (1). Because
colonoscopy is a frequently performed procedure in older adults,
having guidance on when to stop is important. For those consid-
ering undergoing initial or further screening, the 2016 US Pre-
ventive Services Task Force recommends that screening between
ages 76–85 be individualized, taking into account overall health,
screening history, and patient preferences (2).

Surveillance of previous colon adenomas and other pre-
neoplastic polyps is the most common indication for colono-
scopy in older adults. Given the increasing age and longevity of
the population, wider adoption of colorectal cancer (CRC)

screening (3), and higher polyp detection rates with improved
technology, an estimated 5.6 million adults aged.75 years will
undergo surveillance colonoscopy annually by 2024 (4). Yet,
despite the increasing use of surveillance colonoscopy, there is
no clear guidance on how to manage surveillance in older
adults, except for the US Multi-Society’s Task Force on CRC’s
recommendation that the “decision … be individualized” (5).
Decision making around surveillance in older adults may not
directly parallel that of screening because of the perceived
heightened risk of CRC in adults with a history of polyps. In the
absence of guidelines on when to stop surveillance, older adults
may be exposed to the unnecessary burdens and harms of
colonoscopy with little to no benefit (6).
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Overall, there is a need for more evidence to help inform de-
cision making in older adults considering surveillance colono-
scopy. This study aims to quantify incident CRC and advanced
lesions among older adults undergoing surveillance colonoscopy
and to characterize recommendations by endoscopists to stop
surveillance.

METHODS
GI Quality Improvement Consortium

The GI Quality Improvement Consortium (GIQuIC) is a large,
national clinical data registry designed for quality improvement
whichwas developed by theAmericanCollege ofGastroenterology
and the American Society of Gastrointestinal Endoscopy (http://
giquic.gi.org/). Participation in the GIQuIC facilitates data collec-
tion and electronic reporting onquality indicators for colonoscopy,
and sites are providedwith benchmarking reports to support peer-
basedperformance evaluation andquality improvement initiatives.
GIQuIC has been collecting data since July 2010. Currently, there
are approximately 4,500 endoscopists participating at .650
unique sites with.7 million colonoscopies captured.

Sites voluntarily choose to participate in the GIQuIC. Each
participating site assigns a specified data manager responsible for
exporting data from the endowriter and uploading data to the
registry, running quality measure reports, sharing reports with
their endoscopists, and troubleshooting. Data managers partici-
pate in a required onboard training session and have access to
additional materials (e.g., manuals through the GIQuIC dash-
board, workflow documentation, training tutorials). Dedicated
GIQuIC support staff are available to provide ongoing training
and support.

GIQuIC uses a data collection form to collect information on
patient demographics, procedure, pathology, and follow-up rec-
ommendations, with certain required variables (bolded variables
at http://giquic.gi.org/data-collection-form.asp; see Figure 1,
Supplementary Digital Content 1, http://links.lww.com/AJG/
B299). The form is completed in one of two ways, depending on
site capability. Most sites (95%) use 1 of 14 GIQuIC-certified
endowriters. The data manager uploads the demographic in-
formation from the electronic health record and procedure in-
formation that has already been entered by the endoscopist into
the GIQuIC-certified endowriter. A few sites (5%) use manual
entry, such that the endoscopist or staffmanually enters data from
the endoscopist-generated colonoscopy procedure report and
medical record into a web-based version of the data collection
form. Sites are trained to export their data after pathology results
are available, and at that time, they enter the pathology results and
final follow-up interval, which should reflect what is in the
medical record. Pathology results and follow-up intervals may be
entered directly by the endoscopist or by a staff member (e.g.,
nurse) under the direction of the endoscopists.

GIQuIC takesmultiple approaches to ensure data completeness
and accuracy, including (i) error and warning checking function-
ality on data submission, (ii) empowering users with tools and
training tomonitor the accuracy of their data in real time, and (iii)
conducting audits, in which an independent reviewer compares
registry data with the medical record for agreement.

Study population

We included colonoscopy reports in adults aged$75 years within
the GIQuIC between January 1, 2010, andDecember 31, 2017.We
excluded those with inflammatory bowel disease, serrated

polyposis syndrome, or a personal or family history of a genetic
CRC syndrome based on set fields in the GIQuIC because of the
increased risk for colonic neoplasia and need for frequent sur-
veillance (see Table 1, Supplementary Digital Content 2, http://
links.lww.com/AJG/B300). We also excluded incomplete colo-
noscopies defined as lack of photo-documentation of the cecum or
inadequate bowel preparation (as defined by the endoscopist).

Outcomes

Our primary outcome was the absolute risk of advanced colonic
neoplasia (CRC and advanced lesions). Advanced lesions were
defined as adenomas $10 mm in size, or with high-grade dys-
plasia, or villous features; or significant serrated polyps defined as
size $10 mm or with dysplasia (e.g. traditional serrated adeno-
mas) on the current colonoscopy. A secondary outcome was the
follow-up interval recommended provided on the data collection
form by the performing endoscopist. We classified available
choices of “none” (no follow-up recommended), discrete months
(,3, 3, 6, or 9 months), discrete years (1, 2, 3, 5, or 10 years), or
“other” with a field for free text as none, 1 year, between 1 and 3
years, and 5 years or longer.

Variables

The main exposure variables were age in 5-year groups and in-
dication for colonoscopy, with surveillance due to a history of
colonic neoplasia as our primary interest. To provide context, we
compared neoplastic yield in surveillance colonoscopies with
both screening and diagnostic colonoscopies. Categorization of
screening, surveillance, and diagnostic colonoscopies in the
GIQuIC was based on the colonoscopy type field of the data col-
lection form. GIQuIC has several certified vendors that enable
their software to be compatible with the registry. There may be
variation in how this field is populated between vendors, but
generally, colonoscopy type was initially populated from the
endoscopy software-generated report using the indication pro-
vided by the endoscopist, based on predefined mapping defi-
nitions. In other cases, colonoscopy type is initially selected by the
endoscopist. In all cases, the colonoscopy type may be modified
by the endoscopist based on clinical judgment.

We had access to sex, self-reported race (white, black, Asian,
other), and the American Society of Anesthesiology (ASA)
physical status classification (I, II, III, other) as assessed by the
endoscopist, practice setting (ambulatory surgical center [ASC],
hospital, office), and region of the country as defined by the US
Census Bureau (Midwest, Northeast, South, West; see Table 2,
Supplementary Digital Content 2, http://links.lww.com/AJG/
B300) (7). Provider specialty as determined by National Provider
Identifier taxonomy code was also available and categorized into
gastroenterology (GI) vs non-GI.

Statistical analysis

We used descriptive statistics, Pearson’s x2 tests, and analysis of
variance tests to describe and compare characteristics of the study
population across colonoscopy indications. Within each in-
dication category, we compared the absolute risk of detecting
CRC and advanced lesions by age using descriptive statistics,
Pearson’s x2 test, and the Cochran-Armitage test for trend across
the increasing age groups. We created unadjusted followed by
multivariable logistic regression models, separate for CRC and
advanced lesions during surveillance accounting for age, sex, ASA
class, and region of the country. Potential interactions were tested
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by including relevant interaction terms (i.e., age and region, age
and ASA) as covariates in the multivariable models but not in-
cluded as they were not statistically significant. To evaluate
follow-up recommendations after surveillance colonoscopy
based on findings, we used descriptive statistics and test for trend
across age groups. We evaluated follow-up recommendations
based on provider specialty (GI vs non-GI). We also evaluated
follow-up recommendations after surveillance colonoscopy
based on the region of the country for both CRC and advanced
lesions. In the analysis of recommended timing of next colono-
scopy, colonoscopies in which the follow-up interval recom-
mended was “other” (8.9% of colonoscopies told to return) were
excluded. SAS 9.4 (Cary, NC) was used for all analyses.

Human subjects protection

The de-identified GIQuIC research database is stored on a secure
server and is exempt from Institutional ReviewBoard oversight per
the Western Institutional Review Board. This study was deemed
non-human subject research by the Dartmouth College Commit-
tee for the Protection of Human Subjects on August 8, 2017.

RESULTS
Study cohort

Between 2010 and 2017, there were 5,356,603 colonoscopies in the
GIQuIC research database, of which 450,488 were in adults aged
$75 years (Figure 1). After exclusions, 376,686 colonoscopies
performed by 3,976 physicians at 628 sites remained, of which the
most common indication was surveillance at 43.2% (162,526).

Most physicians were gastroenterologists (85%). Table 1 shows the
characteristics of the surveillance cohort compared with the
screening and diagnostic groups. Most patients were between ages
75 and 79 and were white. There were more male patients in the
surveillance cohort compared with the screening and diagnostic
groups, consistent with the higher age-specific incidence of colon
polyps among men compared with women (8,9). Most colonos-
copies occurred in ASCs. Gastroenterologists performed most of
the colonoscopies (53.9%), although the specialty of theperforming
endoscopist was frequently unspecified (45.7%) (data not shown).

Overall findings

Table 2 shows the findings during colonoscopy by indication and
age. Among surveillance colonoscopies, there was an increase in
the risk of CRC from 0.51% in those ages 75–79 to 1.8% in those
ages$90 (P for trend, 0.0001). There was a similarly significant
increase in the risk ofCRCby 5-year age group for the indication of
screening (0.70%–4.4%; P for trend , 0.0001) and diagnostic
colonoscopy (2.1%–8.2%;P for trend, 0.0001). For each ageband,
the finding of CRC was highest for diagnostic colonoscopies and
lowest for surveillance (all Ps, 0.0001; Table 2, footnote b). There
was a statistically significant increase in the prevalence of advanced
lesions by age for each indication (P, 0.0001 for surveillance and
diagnostic and P 5 0.0005 for screening). For each age band
(i.e., 75–79, 80–84, and 85–89 years), there was a statistically sig-
nificant difference in the risk of advanced lesions across the 3
different indications (Table 2, footnote d).

Figure 1.Flow diagramof colonoscopies included in this study. aComplete colonoscopy defined as containing all required fields and using discrete fields for
entering pathology results where applicable.
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Models of risk of CRC and advanced colonic neoplasia during

surveillance colonoscopy

The relationships between the risk of CRC during surveillance
colonoscopy and age, sex, ASA classification, and the region of the
country were similar in both unadjusted and adjusted models
(Table 3). In adjustedmodels, the risk of CRC during surveillance
colonoscopy increased for every 5-year increase in age.

Age was also associated with the risk of advanced lesions
during surveillance; however, the magnitude of effect was smaller

(Table 4).Menweremore likely thanwomen to have an advanced
adenoma (odds ratio [95% confidence interval]: 1.08
[1.05–1.12]). ASA and West region of the country were also
statistically significant in the adjusted models.

Follow-up recommendations after surveillance colonoscopy

Among surveillance colonoscopies, increasing age increased the
likelihood of a recommendation for no further colonoscopy
across all categories of findings; however, this recommendation

Table 1. Characteristics of adults aged 75 years and older by colonoscopy indication (i.e., surveillance, screening, or diagnostic)

Characteristic Surveillance, n (%) Screening, n (%) Diagnostic, n (%) P value

Total N 162,526 (43.2) 88,688 (23.5) 125,472 (33.3)

Age (yr) ,0.0001

75–79 118,025 (72.6) 71,932 (81.1) 72,656 (57.9)

80–84 37,815 (23.3) 14,562 (16.4) 37,687 (30.0)

85–89 6,231 (3.8) 2,011 (2.3) 12,981 (10.4)

$90 455 (0.3) 183 (0.2) 2,148 (1.7)

Mean 6 SDa 78.2 6 2.9 77.5 6 2.6 79.3 6 3.6 ,0.0001

Mediana 77 77 79

Sex ,0.0001

Male 87,266 (53.7) 39,235 (44.2) 52,845 (42.1)

Female 75,260 (46.3) 49,453 (55.8) 72,627 (57.9)

Race ,0.0001

White 117,190 (72.1) 58,715 (66.2) 86,382 (68.9)

Black 9,327 (5.7) 6,218 (7.0) 8,192 (6.5)

Asian 3,415 (2.1) 2,468 (2.8) 3,041 (2.4)

Other 2,602 (1.6) 2,391 (2.7) 2,815 (2.2)

Unknown/declined 29,992 (18.5) 18,896 (21.3) 25,042 (20.0)

ASA classification ,0.0001

I 3,475 (2.1) 2,931 (3.3) 1,789 (1.4)

II 104,008 (64.0) 62,014 (69.9) 69,241 (55.2)

III 54,497 (33.5) 23,533 (26.5) 52,803 (42.1)

IV 542 (0.3) 206 (0.2) 1,526 (1.2)

V 1 (0) 1 (0) 3 (0)

E 3 (0) 3 (0) 110 (0.1)

Geographic location ,0.0001

Midwest 28,054 (17.3) 12,939 (14.6) 22,045 (17.6)

Northeast 27,154 (16.7) 18,096 (20.4) 25,190 (20.1)

South 71,321 (43.9) 38,889 (43.9) 54,308 (43.3)

West 35,653 (21.9) 18,534 (20.9) 23,588 (18.8)

Other/unknown 344 (0.2) 230 (0.3) 341 (0.3)

Endoscopy suite type ,0.0001

Hospital 15,274 (9.4) 8,621 (9.7) 21,553 (17.2)

ASC 133,333 (82.0) 72,158 (81.4) 95,118 (75.8)

Office based 1,904 (1.2) 1,459 (1.7) 1,667 (1.3)

Unknown 12,015 (7.4) 6,450 (7.3) 7,134 (5.7)

ASA, American Society of Anesthesiology; ASC, ambulatory surgical center.
aExcluding those aged 90 years and older, where exact age was unknown due to privacy issues.

The American Journal of GASTROENTEROLOGY VOLUME 114 | NOVEMBER 2019 www.amjgastro.com

C
O
LO

N
Calderwood et al.1814

Copyright © 2019 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

http://www.amjgastro.com


was given infrequently (Figure 2). Regardless of age, very few
individuals with CRC were recommended for no further colo-
noscopy (6.9% for ages 75–79, 10.9% for ages 80–84, 14.9% for
ages 85–89, and 12.5% for ages$90; P for trend5 0.004). Only
a small percentage of individuals with advanced lesions were
recommended for no further colonoscopy (3.8% for ages 75–79
up to 25.0% for ages $90; P for trend , 0.0001). These rec-
ommendations did not vary meaningfully by the region of the
country (data not shown). Similarly, a minority of individuals
with 1–2 small adenomas were recommended for no further
colonoscopy. Among individuals with no findings at surveil-
lance, only 30.5% of individuals aged 75–79 years and only
50.7% of individuals aged$80 years were recommended for no
further colonoscopy. For all categories of findings other than
CRC, GIs were significantly more likely than non-GIs to rec-
ommend no further colonoscopy. For example, for surveillance
colonoscopies in which advanced lesions are found, GIs rec-
ommended no further colonoscopy 6.8% of the time compared
with non-GIs (4.8%; P 5 0.006), and for surveillance colonos-
copies with no findings, GIs recommended no further colono-
scopy 36.7% of the time compared with non-GIs (31.2%; P ,
0.05) (see Table 3, Supplementary Digital Content 2, http://
links.lww.com/AJG/B300). Recommendations for follow-up
did not vary by ASA classification (see Figure 2, Supplemen-
tary Digital Content 3, http://links.lww.com/AJG/B301).

When recommendations to return for future surveillance
were given, the recommended follow-up intervals were gener-
ally guideline concordant; yet, those at advanced agesweremore
likely to be asked to return sooner than guidelines (Figure 3) (5).
The vast majority of those with CRC were recommended to
return for surveillance colonoscopy in 1 year across all ages. This
recommendation was consistent across the different regions of
the country (data not shown). Most patients with advanced
lesions and$3 adenomas were recommended to return in 2–3
years; adults at advanced ages were more frequently recom-
mended to returnwithin 1 year (39.1% for ages 85–89 and 38.2%
for ages$90) compared with those ages#84. Most individuals
aged#84 years with 1–2 small adenomas were told to return in
$5 years (68.4% for ages 75–79 and 62.7% for ages 80–84);
however, 2–3 years was increasingly recommended at older ages
(32.1% for ages 85–99 and 35.1% for ages $90).

DISCUSSION
In this study, using a large, national colonoscopy quality registry
(GIQuIC), we found that in an older population, the risk of CRC
increased with patient age across all indications of colonoscopy
andwas lower for surveillance comparedwith both screening and
diagnostic indications. The decrease inCRC risk observed among
those undergoing a surveillance colonoscopy relative to other
indications is plausibly related to the benefit conferred by pre-
vious polypectomy. We also found that the frequency of the
recommendation to stop surveillance was higher with increasing
patient age but that most patients receive recommendations to
return for a future colonoscopy. Gastroenterologists were more
likely to recommend no further colonoscopy among older adults
with advanced polyps or less clinically significant findings at
surveillance compared with nongastroenterologists, a finding
consistent with the existing literature that endoscopist specialty
predicts the likelihood of cessation of screening colonoscopy in
older adults (10).Among those recommended to return for future
colonoscopy, most of the recommended intervals wereT
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concordant with existing guidelines; however, older adults tended
to be recalled at shorter intervals (5,11). While the rationale for
earlier surveillance recall recommendations was not available,
potential factors could include the desire to repeat colonoscopy
before a significant change in health status with advancing age or
concern over more aggressive neoplastic transformation in older
adults. It is also possible that during surveillance colonoscopy,
polyps are incompletely removed more frequently in the oldest
adults compared with those who are younger; however, whether
polyps are partially removed is not captured consistently in this
GIQuIC data set and therefore cannot be evaluated reliably within
our study.

Previous studies evaluating the incidence of CRC in older
adults undergoing surveillance colonoscopy have showed
a similar pattern of an increase in the risk of CRC with ad-
vancing age (see Table 4, Supplementary Digital Content 2,
http://links.lww.com/AJG/B300). Pinksy and Schoen (12)
found that the incidence of CRC increased by age (70–74 vs
75–80 years: 9.5 vs 11.4 per 10,000 person-years). Similarly,
Martínez et al. (13) found that the incidence of CRC increased
with age (#59 vs$80 years: 0.2% vs 1.6%).Of note, in this study,
there were few adults aged$80 years (n5 62). By contrast, van
Heijningen et al. (14) found that the risk of CRC decreased at
older ages (70–79 vs 80–89 years: 2.4% vs 1.8%). A retrospective
study within a single health system found that the incidence of
CRC in adults decreased at older ages (50–74 vs$75 years: 36.1
vs 2.4 per 10,000 person years) (6). While this study included

older adults aged $80 years, it did not show results by 5 year
decades, which may be why their study results differ.

Other studies evaluating the incidence of CRC in older adults
have been limited by consideration of all colonoscopy indica-
tions together (15), lack of inclusion of indication or past ex-
posure to colonoscopy (16), or absence of a comparator group
for reference (17). Several other studies focusing on the risk of
neoplasia after polypectomy did not consider age (18) or did not
include older adults in their studies (19–21).

In terms of advanced lesions, we found a small increase in yield
by 5-year age group for all indications, with a similar magnitude
of yield across all indications. These findings are consistent with
those of Martínez et al. (13), who found increasing risk of ad-
vanced lesions by every decade of age. van Heijningen et al. (14)
described an increase in advanced adenomas from ages 40–49
(10.9%) to 60–69 (35.2%); however, these risks decreased there-
after (ages 70–79 [23.0%] and ages 80–89 [7.9%]).

A second major finding of our work is the frequency with
which the ongoing surveillance is recommended despite very
advanced age. Very few studies have evaluated the use of sur-
veillance colonoscopy in older adults. Cooper et al. (22) analyzed
Medicare claims data among patients aged $70 years, finding
that advancing age was associated with a lower cumulative ex-
posure to surveillance colonoscopy at 5 years. A study of rec-
ommendations after colonoscopy in adults aged 18–85 years

Table 4. Unadjusted and adjusted risks of advanced colonic

neoplasiaa among surveillance colonoscopy patients, accounting

for age, sex, ASA, and the region of the country

Characteristic Unadjusted OR (95% CI) Adjusted OR (95% CI)

Age (yr)

75–79 Ref Ref

80–84 1.13 (1.09–1.18) 1.10 (1.06–1.14)

85–89 1.43 (1.33–1.54) 1.36 (1.26–1.47)

$90 1.63 (1.26–2.11) 1.53 (1.18–1.99)

Sex

Female Ref Ref

Male 1.11 (1.08–1.15) 1.08 (1.05–1.12)

ASA classification

I Ref Ref

II 1.22 (1.07–1.38) 1.27 (1.12–1.44)

III 1.61 (1.42–1.83) 1.68 (1.48–1.91)

IV, V, E 1.84 (1.40–2.42) 1.94 (1.47–2.56)

Geographic region

Northeast Ref Ref

Midwest 1.04 (0.98–1.10) 1.03 (0.98–1.09)

South 0.86 (0.82–0.90) 0.84 (0.80–0.88)

West 1.12 (1.06–1.18) 1.13 (1.08–1.19)

ASA, American Society of Anesthesiology; CI, confidence interval; OR, odds ratio.
aAdvanced colonic neoplasia was defined as any adenocarcinoma or any
advanced lesion (adenoma $10 mm in size, or with high-grade dysplasia, or
villous features; or significant serrated polyp defined as size $10 mm or with
dysplasia (e.g. traditional serrated adenoma).

Table 3. Unadjusted and adjusted risks of colorectal cancer

among surveillance colonoscopy patients, accounting for age, sex,

ASA, and the region of the country

Characteristic Unadjusted OR (95% CI) Adjusted OR (95% CI)

Age (yr)

75–79 Ref Ref

80–84 1.36 (1.18–1.57) 1.34 (1.16–1.55)

85–89 2.74 (2.19–3.43) 2.66 (2.12–3.34)

$90 3.46 (1.71–7.00) 3.31 (1.64–6.69)

Sex

Female Ref Ref

Male 0.90 (0.80–1.02) 0.88 (0.77–1.00)

ASA classification

I Ref Ref

II 0.85 (0.55–1.32) 0.83 (0.53–1.28)

III 1.23 (0.79–1.90) 1.14 (0.73–1.77)

IV, V, E 1.83 (0.74–4.55) 1.65 (0.66–4.11)

Geographic regiona

Northeast Ref Ref

Midwest 1.15 (0.93–1.43) 1.15 (0.92–1.43)

South 1.16 (0.96–1.40) 1.15 (0.96–1.39)

West 0.98 (0.79–1.21) 0.99 (0.80–1.23)

ASA, American Society of Anesthesiology; CI, confidence interval; OR, odds ratio.
aWe excluded colonoscopies where the region was unknown or listed as “other
region”; however, the models did not change with their inclusion.
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(mean age: 58 years) found that recommendations were guideline
concordant in 81% of adults aged $65 years compared with
76.2% in younger adults. Of note, the sample of adults aged$75
years was quite small (n5 85, 4.7%). Other existing literature is
largely limited to younger populations (22–30).

Our findings of an association between higher ASA classifi-
cation and advanced colonic neoplasia are consistent with Tran’s
study, in which higher Charlson comorbidity index was associ-
ated with increased CRC risk (6). Although we did not have
information on specific comorbidities of the patients in our study,
there aremany possible considerations related to this association,
including diet, exercise, and diseases including both obesity and
the metabolic syndrome that could affect both ASA and our
outcome of advanced neoplasia (31).

The strengths of our study include the use of a large, national
registry that uses discrete fields for indication and findings and
includes many practices throughout the country which is likely
broadly representative ofUSpractice. Because of the registry’s large
size, we had the power to study CRC as an outcome and were also
able to evaluate advanced lesions with even greater precision. The
large number of colonoscopy examinations also enables evaluation
of adults aged$75 years, for which there is little existing literature.
Finally, one of our key primary outcomes (i.e., postprocedure
surveillance recommendation) was a required data field and our
results appear to make intuitive sense. For example, our analysis of
recommendations for stopping colonoscopy and also intervals
when follow-up is recommended seem internally consistent and
valid. Older adults and those with less advanced findings are less

Figure 2.Percentage of individuals attending surveillance colonoscopywho received a recommendation for no further colonoscopy by age andmost recent
surveillance finding. CRC, colorectal cancer.

Figure 3. Among those attending surveillance colonoscopy whowere told to return for future colonoscopy, the follow-up intervals provided by age andmost
recent surveillance finding.
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likely to get a follow-up recommendation to return for future
colonoscopy, which is expected.

Still, we acknowledge certain limitations. While this is a na-
tional database, it is not entirely representative of the US pop-
ulation as demonstrated by the high percentage of white patients
andASCs represented; however, it does well reflect the experience
of those treated in most GI practices across the country. We had
no information on health status or comorbidities other than the
ASA classification. Data within the GIQuIC are subject to con-
tinuous auditing; however, a systematic-level validation has not
been performed such that misclassification of some data fields is
certainly possible. For example, the indications for colonoscopy
are not validated. However, the site data manager is responsible
for the integrity of the data uploaded into the GIQuIC, and sites
are aware that these data directly feed into quality reporting and
must be an accurate reflection of their practice. GIQuIC trains
sites to input recommendations after review of pathology find-
ings, although it is possible that some recommendationsmight be
provided before review. These recommendations are not ab-
stracted from the site electronic health record. In addition, these
recommendations may not accurately reflect subsequent practice
for recall for subsequent colonoscopy procedures. For example,
practices may have individual rules for recalling patients outside
what is collected in GIQuIC. However, our findings likely parallel
what patients learn postprocedure about the need and timing for
follow-up colonoscopy, leaving the impression of the need for
ongoing surveillance. Endoscopist specialty was unspecified in
many colonoscopies, and we did not have information on
endoscopist-level variables such as age, sex, experience, years in
practice that might also affect detection. Because insurance in-
formation is not amandatory field in the GIQuIC, we do not have
the ability to understand if and how insurance status influences
recommendations and endoscopist decision making.

In conclusion, we found that neoplastic findings increase with
age, but those under surveillance appear to be at lower risk than
those presenting for other reasons. Surveillance colonoscopy is
frequently recommended at advanced ages even when recent
findings may be considered clinically insignificant. While rec-
ommendations for follow-up among older adults are generally
concordant with guidelines for younger adults (ages 50–75), these
recommendations might be considered aggressive for older
adults, given the shifting balance of benefits and risks with in-
creasing age. With the ever-growing use of surveillance colono-
scopy and the aging population, further work is needed to define
where harms outweigh benefits in older adults and ultimately
develop and implement guidelines for best practice regarding
when to stop surveillance in older adults.

CONFLICTS OF INTEREST

Guarantor of the article: Audrey H. Calderwood, MD, MS.
Specific author contributions: Conception and design of the study
(A.H.C.), acquisition of data (A.H.C., J.L.H., and D.A.G.), analysis
and interpretation of data (A.H.C., J.L.H., D.A.G., and D.J.R.),
statistical analysis (J.L.H.), drafting of the manuscript (A.H.C.),
critical revision of the manuscript (A.H.C., J.L.H., D.A.G., and
D.J.R.), study supervision (A.H.C.), approval of the final version of
the manuscript (A.H.C., J.L.H., D.A.G., and D.J.R.).
Financial support: This study was funded by a Salix Investigator
Initiated Award #2017-2547 (A.H.C.). The grant funding body had
no role in study design; collection, analysis, or interpretation of data;

writing of the manuscript; or decision to submit for publication.
A.H.C is supported by a Dartmouth SYNERGY Clinical Research
Fellowship.
Potential competing interests: None to report.

REFERENCES
1. United States Census Bureau. Older people projected to outnumber

children for first time in U.S. history: Release number CB18-41. (https://
www.census.gov/newsroom/press-releases/2018/cb18-41-population-
projections.html). Accessed September 26, 2018.

2. United States Preventive Task Force, Bibbins-DomingoK,GrossmanDC,
et al. Screening for colorectal cancer: US Preventive Services Task Force
recommendation statement. JAMA 2016;315:2564–75.

3. Yu C, Skootsky S, Grossman M, et al: A multi-level fit-based quality
improvement initiative to improve colorectal cancer screening in
a managed care population. Clin Transl Gastroenterol 2018;9:177.

4. Lieberman DA,Williams JL, Holub JL, et al. Colonoscopy utilization and
outcomes 2000 to 2011. Gastrointest Endosc 2014;80:133–43.

5. Lieberman DA, Rex DK, Winawer SJ, et al. Guidelines for colonoscopy
surveillance after screening and polypectomy: A consensus update by the
US Multi-Society Task Force on colorectal cancer. Gastroenterology
2012;143:844–57.

6. Tran AH, Man Ngor EW, Wu BU. Surveillance colonoscopy in elderly
patients: A retrospective cohort study. JAMA Intern Med 2014;174:
1675–82.

7. United States Census Regions. (https://www2.census.gov/geo/pdfs/
maps-data/maps/reference/us_regdiv.pdf). AccessedDecember 21, 2018.

8. Rex DK. Colonoscopy: A review of its yield for cancers and adenomas by
indication. Am J Gastroenterol 1995;90:353–65.

9. Nguyen SP, Bent S, Chen YH, et al. Gender as a risk factor for advanced
neoplasia and colorectal cancer: A systematic review and meta-analysis.
Clin Gastroenterol Hepatol 2009;7:676–81.e1–3.

10. CalderwoodAH,Anderson JC, RobinsonCM, et al. Endoscopist specialty
predicts the likelihood of recommending cessation of colorectal cancer
screening in older adults. Am J Gastroenterol 2018;113:1862–71.

11. Kahi CJ, Boland CR, Dominitz JA, et al. Colonoscopy surveillance after
colorectal cancer resection: Recommendations of the US Multi-Society
Task Force on colorectal cancer. Gastroenterology 2016;150:758–68.e11.

12. Pinsky PF, Schoen RE. Colorectal cancer incidence by age among patients
undergoing surveillance colonoscopy. JAMA InternMed 2015;175:858–60.

13. Martínez ME, Baron JA, Lieberman DA, et al. A pooled analysis of
advanced colorectal neoplasia diagnoses after colonoscopic polypectomy.
Gastroenterology 2009;136:832–41.

14. van Heijningen EM, Lansdorp-Vogelaar I, Kuipers EJ, et al. Features of
adenoma and colonoscopy associated with recurrent colorectal neoplasia
based on a large community-based study. Gastroenterology 2013;144:
1410–8.

15. Duncan JE, SweeneyWB, Trudel JL, et al. Colonoscopy in the elderly: Low
risk, lowyield inasymptomatic patients.DisColonRectum2006;49:646–51.

Study Highlights

WHAT IS KNOWN

3 Surveillance is the most common indication for colonoscopy
in older adults.

3 Little guidance exists on when to stop surveillance
colonoscopy by age.

WHAT IS NEW HERE

3 Risk of CRC increases with age and is lowest for surveillance
compared with other indications.

3 Even at the most advanced ages, few older adults are told to
stop.

3 Among older adults told to return, recommended intervals
were generally guideline concordant.

The American Journal of GASTROENTEROLOGY VOLUME 114 | NOVEMBER 2019 www.amjgastro.com

C
O
LO

N
Calderwood et al.1818

Copyright © 2019 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

https://www.census.gov/newsroom/press-releases/2018/cb18-41-population-projections.html
https://www.census.gov/newsroom/press-releases/2018/cb18-41-population-projections.html
https://www.census.gov/newsroom/press-releases/2018/cb18-41-population-projections.html
https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
http://www.amjgastro.com


16. Khan S, Ahmed J, Lim M, et al. Colonoscopy in the octogenarian
population: Diagnostic and survival outcomes from a large series of
patients. Surgeon 2011;9:195–9.

17. Sardinha TC, Nogueras JJ, Ehrenpreis ED, et al. Colonoscopy in
octogenarians: A review of 428 cases. Int J Colorectal Dis 1999;14:172–6.

18. Miller HL, Mukherjee R, Tian J, et al. Colonoscopy surveillance after
polypectomy may be extended beyond five years. J Clin Gastroenterol
2010;44:e162–6.

19. Bonithon-Kopp C, Piard F, Fenger C, et al. Colorectal adenoma
characteristics as predictors of recurrence. Dis Colon Rectum 2004;47:
323–33.

20. Noshirwani KC, van Stolk RU, Rybicki LA, et al. Adenoma size and
number are predictive of adenoma recurrence: Implications for
surveillance colonoscopy. Gastrointest Endosc 2000;51:433–7.

21. Robertson DJ, Greenberg ER, Beach M, et al. Colorectal cancer in
patients under close colonoscopic surveillance. Gastroenterology
2005;129:34–41.

22. Cooper GS, Kou TD, Barnholtz Sloan JS, et al. Use of colonoscopy for
polyp surveillance in Medicare beneficiaries. Cancer 2013;119:1800–7.

23. Calderwood AH, Schroy PC, Kluge MA, et al. Predictors of adherence to
post-polypectomy surveillance colonoscopy. J Health Care Poor
Underserved 2016;27:261–79.

24. Kruse GR, Khan SM, Zaslavsky AM, et al. Overuse of colonoscopy for
colorectal cancer screeningandsurveillance. JGenInternMed2015;30:277–83.

25. Murphy CC, Lewis CL, Golin CE, et al. Underuse of surveillance
colonoscopy in patients at increased risk of colorectal cancer. Am J
Gastroenterol 2015;110:633–41.

26. Ransohoff DF, Yankaskas B, Gizlice Z, et al. Recommendations for post-
polypectomy surveillance in community practice. Dig Dis Sci 2011;56:
2623–30.

27. Schoen RE, Pinsky PF, Weissfeld JL, et al. Utilization of surveillance
colonoscopy in community practice. Gastroenterology 2010;138:73–81.

28. Schreuders E, Sint Nicolaas J, de Jonge V, et al. The appropriateness of
surveillance colonoscopy intervals after polypectomy. Can J
Gastroenterol 2013;27:33–8.

29. van Heijningen EM, Lansdorp-Vogelaar I, Steyerberg EW, et al.
Adherence to surveillance guidelines after removal of colorectal
adenomas: A large, community-based study. Gut 2015;64:1584–92.

30. Menees SB, Kim HM, Elta GH, et al. Adherence to CRC screening and
surveillance guidelines when using split-dose bowel preparation.
Gastroenterol Res Pract 2018;2018:8237824.

31. Jacobs ET, Ahnen DJ, Ashbeck EL, et al. Association between body mass
index and colorectal neoplasia at follow-up colonoscopy:A pooling study.
Am J Epidemiol 2009;169:657–66.

© 2019 by The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

C
O
LO

N

Surveillance Colonoscopy in Older Adults 1819

Copyright © 2019 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.


