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Abstract Objective Colonoscopy is increasingly performed in octogenarians for the detection
of colorectal cancer (CRC), but its benefits may be outweighed by its risks. The aim of
the present study was to identify the risk factors for CRC in octogenarians presenting
for colonoscopy to help stratify the need for this procedure.
Methods A retrospective analysis of 434 patients aged � 80 years referred for a
colonoscopy between January 2018 and December 2019. Comparisons were made
between those with and without CRC and advanced adenoma (AA). The primary
endpoint was to identify the clinical variables predictive of CRC and AA, and
the secondary endpoints were complications and death 30 days after the procedure.
Results Colonoscopy was performed in 434 octogenarians, predominantly for symp-
toms, with CRC in 65 (15.0%) patients. Iron deficiency was associated with a higher risk
of having CRC identified on colonoscopy (odds ratio [OR]: 2.33; 95% confidence interval
[95%CI]¼ 1.36–4.00), but not symptoms such as bleeding, weight loss, or diarrhea. A
colonoscopy in the last 10 years was protective, with a lower risk of CRC (OR: 0.45; 95%
CI¼0.22–0.93). Patients with both normal iron stores and a colonoscopy within
10 years had a 92.5% chance of not having CRC. No variables were predictive of AA.
Patients with complications, including death, were older and more likely to have
underlying cardiorespiratory disease.
Conclusion Iron status and colonoscopy within 10 years can be used to predict the
risk of CRC in octogenarians. Those with low predicted risk, especially if older and with
cardiorespiratory disease, should be considered for non-invasive tests, such as com-
puted tomography (CT) colonography, over colonoscopy.
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Introduction

Colorectal cancer (CRC) is the second leading cause of cancer-
related deaths globally, with 1.9 million new cases a year
worldwide.1 The incidence of CRC increases with age, begin-
ning around 40 years,2 and, with longer life expectancy, the
number of colonoscopies in the elderly is rising rapidly in the
Western world. Colonoscopy is the investigation of choice for
the evaluation of lower gastrointestinal (GI) symptoms and
detection of colorectal pathology. The symptoms and cases of
serious pathology increase with age; therefore, the yield of
colonoscopy, especially for colorectal neoplasia, also riseswith
increasing age.3 A study conducted in the United Kingdom
with almost 1,000 colonoscopies in predominantly symptom-
atic patients reported a diagnostic yield for CRC of 20% in
octogenarians, compared with 7.4% in those younger than
80 years of age.4 The benefit of a higher diagnostic yield of
colonoscopy in the elderly, however, is offset by a shorter life
expectancy in this group,5 higher frequency of comorbidities,6

and increased risk of adverse events and hospitalisations
postprocedure.7–10 It can also be technically more difficult
to perform colonoscopy in the elderly, with lower completion
rates and issues around inadequate bowel preparation.2,11

Therefore, the decision to perform colonoscopy in
patients of advanced age, especially the very elderly, requires
careful consideration. Most studies12,13 on colonoscopy in
the elderly have, to date, focused on diagnostic yield, techni-
cal factors, adverse events, and mortality. However, there is
no data onwho amongst the elderly is more likely to have an
advanced colorectal neoplasm at the time of colonoscopy.
This is an important consideration, especially in those who
are frail or comorbid, as the benefit of colonoscopy may be
outweighed by the potential risks if there is a low chance of
an underlying CRC. The aim of the present study is to identify
the risk factors associated with the presence of CRC in
octogenarians undergoing colonoscopy.

Methods

We performed a retrospective study of all patients aged
� 80 years who underwent colonoscopy for any indication at
our tertiary institution between January 2018 and December
2019. The institutional Ethics inResearch Committee approved
the study prior to commencement, and informed consent was
obtained from the participants.

All endoscopy data are entered into an electronic database
using software developed to report endoscopy (ProvationMD,
Provation,Minneapolis,MN,US). Thedata included indication,
comorbidities, sedation, tolerance, quality of the bowel prep-
arationy, cecal intubation, endoscopic findings, therapeutics,
withdrawal time, and complications. History of CRC or endo-
scopic procedures was also recorded.

The standard bowel preparationprior to colonoscopyat our
unitwas3L ofpolyethyleneglycol, as a split-dose regimen. The
option of having conscious sedation and the associated pros
and cons were discussed with each patient, as part of the
consent process. Conscious sedation was administered by
the endoscopist using intravenous midazolam and fentanyl.

The level of tolerance was assessed by the endoscopist using
the Modified Gloucester Comfort Score (MGCS): 1–none, talk-
ing comfortably throughout; 2–one or two episodes of mild
discomfort, well tolerated; 3–more than 2 episodes of discom-
fort, adequately tolerated; 4–significant discomfort experi-
enced several times during the procedure; and 5–extreme
discomfort frequently during the test. The quality of the bowel
preparationwas graded by the endoscopist as excellent; good;
adequate; fair; or poor. The excellent, good, and adequate
grades were considered acceptable preparation. The proximal
extent reached was documented by photography. A complete
examinationwas defined as visualisation and/or intubation of
the ileocecal valve (or ileocolonic anastomosis in patientswith
previous resection).

Study Endpoints
All patientswere followedupuntil 30 days postcolonoscopyor
death, whichever came first. The primary endpoint was to
identify theclinical variables associatedwith theoccurrenceof
CRC and advanced adenomas (AAs) on colonoscopy. Advanced
adenomas were defined as those with a diameter � 10mm,
with high-grade dysplasia or villous features on histology.
The secondary endpoints were complications and death
30 days after the colonoscopy.

Statistical Analysis
The statistical analysis was performed using the Statistical
Package for the Social Sciences (IBM SPSS Statistics for
Windows, IBM Corp., Armonk, NY, US) software, version 26.0.
Theresultswereexpressedasmedianswith interquartile ranges
(IQRs), unless stated otherwise. The categorical data were
compared using the Fisher exact test. Continuous data
between patients with CRC/AA and patients without CRC/AA
were compared usingMann-Whitney-U test. Univariate logistic
regression analysis was performed to determine the variables
associated with CRC. Multivariate logistic regression analysis
was performed regarding the variables shown to be significant
in the univariate analysis. For each variable, the odds ratio (OR)
and 95% confidence interval (95%CI) were calculated to deter-
mine the risk associated with CRC. The levels of statistical
significance were determined by two-tailed tests (p<0.05).

Results

A total of 4,733 colonoscopies were performed between
January 1st, 2018, and December 31st, 2019, 434 (9.2%) of
which were in patients aged � 80 years. The clinical indica-
tions for colonoscopy are shown in ►Table 1. The vast
majority (97.9%; n¼425/434) of the patients were referred
for symptomatic reasons. The most common indication was
rectal bleeding. Prior to inclusion in the study, 32 patients
had a history of colonic resection: 29 for previous CRC, 1 for
Crohn disease, 1 for a large adenoma, and 1 for diverticular
disease.

Of the 434 procedures, 399 (91.9%)were performed under
conscious sedation, with both intravenous midazolam
and fentanyl administered in 92.5% (n¼369/399) of sedated
procedures, only midazolam in 1.8% (n¼7/399) of sedated
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procedures, and only fentanyl in 5.8% (n¼23/399) of sedated
procedures. The median dose of midazolam was of 1.5mg
(IQR: 1.0–2.0mg), and the median dose of fentanyl was of 75
mcg (IQR: 50–100 mcg). Among those who were sedated,
97.0% (n¼387/399) tolerated their colonoscopy very well
(MGCS:�2). The unsedated group also tolerated the proce-
dure very well, with all but 1 patient with MGCS�2 (97.1%;
n¼34/35). The quality of the bowel preparation was accept-
able in 59.2% (n¼257/434) of the procedures. The overall
completion ratewas of 90.3% (n¼391/434), and the adjusted
completion rate (excluding obstructing lesions and poor
preparation) was of 97.0% (n¼421/434). The median with-
drawal time (in procedures without maneuvres) was of
8.2minutes (IQR: 6.4–11.1minutes).

Colorectal cancer and Advanced Adenoma
Of the 434 patients, 15.0% (n¼65/434) were diagnosed with
CRC on colonoscopy. Three types of cancer other than CRC
were detected: invasive prostate carcinoma, metastatic mel-
anoma, and neuroendocrine carcinoma. A total of 15.7%
(n¼68/434) of the patients had at least one AA: 12.2%
(n¼53/434) had an adenoma with a diameter � 10mm;
9.9% (n ¼43/434) had an adenomawith villous features; and
6.0% (n¼26/434) had an adenoma with high-grade
dysplasia.

►Table 2 shows a comparison of the demographics and
clinical characteristics of the patients with and without CRC.
The univariate analysis (►Table 3) identified age, iron defi-
ciency, and previous colonoscopy within 10 years as signifi-

cant variables predicting CRC on colonoscopy. On the
multivariate analysis (►Table 3), only iron deficiency and
colonoscopy within 10 years were significant predictors of
CRC. Iron deficiency was independently associated with an
almost 2.5-fold increase in risk (OR: 2.33; 95%CI¼1.36–4.00;
p¼0.002). In contrast, a previous colonoscopy within
10 years was associated with halving of the risk of CRC
(OR: 0.45; 95%CI¼0.22–0.93; p ¼ 0.031). Patients with
both normal iron stores and a colonoscopy within 10 years
had a 92.5% chance of not developing CRC.

However, none of the clinical variables in ►Table 2 were
associated with the presence of AAs.

Complications and Mortality
Patients who developed complications, including death,
were significantly older and more likely to have underlying
cardiorespiratory disease (►Table 4). Intraprocedural
factors, such as patient tolerance, the sedation used, or the
quality of the bowel preparation were not significant.

At 30 days, 19 (4.4%) patients developed a complication –

therewere 6 cardiac events, 4 cases of bleeding, 4 falls (with 2
fractures of the neck of the femur), 3 cases of pneumonia, 1
case of dehydration, 1 stroke, 1 urinary retention, and 1
perforation. In total, 1 patient had 3 complications, 7 (1.6%)
died within 30 days of the colonoscopy – 2 following their
operations for fracture of the neck of the femur, 1, from
stroke, 1, from ischemic colitis (the presenting complaint),
and 3, from their underlying cancers (1 colorectal, 1gastric,
1 pancreatic).

Table 1 Clinical indication for colonoscopy in 434 patients
aged � 80 years

Variable Number of
patients ¼ 434

Median age, years
(interquartile range)

84 (81–86)

Male gender – n (%) 221 (50.9)

Clinical indication – n (%)a

Iron deficiency with/
without anemia

145 (33.4)

Other anemiab 87 (20.0)

Rectal bleeding 156 (35.9)

Diarrhea 92 (21.2)

Other changes in
bowel habits

63 (14.5)

Abdominal pain 71 (16.4)

Weight loss 81 (18.7)

Polyp surveillance 6 (1.4)

Postcolorectal cancer
resection surveillance

3 (0.7)

Outpatient procedure – n (%) 252 (58.1)

Notes: aSome patients had more than one indication. bAnemia without
evidence of iron deficiency.

Table 2 Comparison of 434 patients aged � 80 years stratified
by the presence and absence of colorectal cancer on
colonoscopy

Variable With
CRC;
n¼ 65

Without
CRC;
n¼ 369

p-value

Median age,
years (IQR)

85 (82-87) 83 (81-86) 0.048

Male gender 33 (50.8) 188 (50.9) 1.000

Previous CRC 4 (6.2) 25 (6.8) 1.000

Iron deficiency with/
without anemia

33 (50.8) 112 (30.4) 0.002

Other anemiaa 9 (13.8) 78 (21.1) 0.239

Rectal bleeding 25 (38.5) 131 (35.6) 0.675

Any changes in
bowel habits

18 (27.7) 137 (37.1) 0.162

Diarrhea 11 (16.9) 81 (22.0) 0.414

Abdominal pain 12 (18.5) 59 (16.0) 0.589

Weight loss 10 (15.4) 71 (19.2) 0.604

Previous colonoscopy
within 10 years

10 (15.4) 109 (29.5) 0.023

Abbreviations: CRC, colorectal cancer; IQR, interquartile range.
Notes: Values are expressed as numbers and percentages, unless stated
otherwise. aAnemia without evidence of iron deficiency.
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Discussion

Colonoscopy in the very elderly is a clinical decision that
requires careful evaluation, with factors such as patient
tolerance, risk of complications, and coexisting comorbidities
contributing to this decision.14 The readily-available alterna-
tive, computedtomography(CT)colonography(CTC), is increas-
ingly used in this population due to its easy preparation, better
patient tolerance, and good safety profile, without any of the
risks associated with sedation and invasive procedures.15

Nevertheless, serious pathology is prevalent in this age group,

and it is important to be able to identify thepatientsmost likely
to develop CRC, as this subgroup requires tissue diagnosis in a
timely fashion, and it is best that they proceed straight to
colonoscopy. To our knowledge, the present is the first study
to report on the clinical predictors of CRC on colonoscopy in the
elderly. Our cohort consists of patients who are extremely
elderly, as this is an age group that is not often included in
studies on colonoscopy but in whom management can be
particularly challenging.

In our population of octogenarians, the vast majority
underwent colonoscopy for symptomatic indications, and

Table 3 Univariate and multivariate analysis of colorectal cancer on colonoscopy in patients aged � 80 years

Variable Univariate analysis Multivariate analysis

OR (95%CI) p-value OR (95%CI) p-value

Age (years) 1.07 (1.00–1.15) 0.050 1.06 (0.98–1.14) 0.157

Male gender 0.99 (0.59–1.68) 0.979

Previous colorectal cancer 0.90 (0.30–2.68) 0.853

Iron deficiency with/without anemia 2.37 (1.39–4.04) 0.002 2.33 (1.36–4.00) 0.002

Other anemiaa 1.61 (0.94–2.76) 0.084

Rectal bleeding 1.14 (0.66–1.96) 0.647

Any changes in bowel habit 0.60 (0.33–1.08) 0.091

Diarrhea 0.72 (0.36–1.45) 0.362

Abdominal pain 0.88 (0.41–1.88) 0.740

Weight loss 0.68 (0.32–1.43) 0.303

Previous colonoscopy within 10 years 0.43 (0.21–0.88) 0.021 0.45 (0.22–0.93) 0.031

Abbreviations: 95%CI, 95% confidence interval; OR, odds ratio.
Note: aAnemia without evidence of iron deficiency.

Table 4 Comparison of patients aged � 80 years with and without complications, including death up to 30 days after the
colonoscopy

Variable No complications;
n¼ 412

All complications, including death;
n¼ 22

p-value

Median age, years (IQR) 83 (81–86) 86 (84–88) 0.007

Male gender 210 (51.0) 11 (50.0) 1.000

Outpatient procedure 243 (59.0) 9 (40.9) 0.120

Median dose of midazolam, mg (IQR) 1.5 (1.0–2.0) 1.3 (0.5–2.1) 0.996

Median dose of fentanyl, mcg (IQR) 75 (50–100) 75 (50–100) 0.342

Median patient tolerance, MGCSa (IQR) 1.0 (1.0–1.0) 1.0 (1.0–2.0) 0.406

Acceptable bowel preparation 244 ((59.2) 13 (59.1) 1.000

Comorbidities

Cardiorespiratory disease 170 (41.3) 14 (63.6) 0.047

Diabetes 83 (20.1) 5 (22.7) 0.786

Stroke 53 (12.9) 3 (13.6) 1.000

Cognitive impairment/dementia 31 (7.5) 3 (13.6) 0.402

Renal replacement therapy 5 (1.2) 0 (0.0) 1.000

Other active (non-CRC) cancers 32 (7.8) 3 (13.6) 0.407

Abbreviations: CRC, colorectal cancer; IQR, interquartile range; MGCS, Modified Gloucester Comfort Score.
Notes: Values are expressed as numbers and percentages, unless stated otherwise. aSee the Methods section for the MGCS scoring criteria.
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the diagnostic yield for CRC was high, as expected:
15.0%.3,4,11,12,16–18 We found that patients with iron defi-
ciency and those who did no undergo a colonoscopy in the
last 10 years were significantly more likely to have a diagno-
sis of CRC on colonoscopy. Iron-deficiency anemia is recog-
nised as a marker of occult GI malignancy. The prevalence of
CRC in individuals with iron deficiency varies, with higher
rates in men and postmenopausal women and in those with
concurrent GI symptoms.19 The present study confirmed
that iron deficiency is an important risk factor for CRC in
the very elderly, and this is independent of any GI symptoms.
Interestingly, none of the symptoms, such as bleeding or
diarrhea, was independently associated with CRC. Rectal
bleeding was the most common indication for colonoscopy
in the present study, and is often described as a red flag for
CRC. In our population, however, rectal bleeding was not
predictive of CRC. Thismay be because hematochezia is often
due to diverticular disease in this age group, which is a
highly-prevalent condition, affecting over 60% of octogenar-
ians,20 andmay not be specific enough as a risk factor for CRC.

In the present study, a colonoscopy in the last 10 yearswas
protective and found to be a negative predictor of CRC:
patients with a previous colonoscopy had half the risk of
developing CRC compared to those who had not had a
colonoscopywithin 10 years. This is consistent with previous
data from case-control and population studies documenting
a reduced risk of CRC over a 10-year period in individuals
who had a negative colonoscopy.21 In our population, around
one third of patients had had a colonoscopy in the last
10 years, and this subgroup, especially if iron stores are
normal aswell, have a relatively low riskof having a diagnosis
of CRC on colonoscopy, with 92.5% having only benign
pathologies found. Therefore, it is better to submit this
subgroup to a non-invasive test, such as a CTC, as their initial
investigation, which is safer and better tolerated than colo-
noscopy, and with similar detection rates for large polyps
and CRC.15

An important difference between the present study and
many of the previous studies on colonoscopy in the very
elderly is that our cohort comprised a large proportion of
inpatients. Elderly inpatients are acutely unwell, may bemore
comorbid or deconditioned, and this may influence factors
such as bowel preparation, procedure tolerance, and safety
outcomes. In the present study, almost 40% of octogenarians
had unacceptable bowel preparation, somewhat higher than
the15% to25% reported inother studies.12Having said this, our
cohort had a very respectable completion rate (unadjusted:
90%; adjusted: 97%),which is comparable to published data on
this population,12 despite issues with bowel preparation.
Patient comfort during the procedure also rated well, with
97% reportingnomore than1or2 episodes ofmilddiscomfort.
With respect to complications, the risks of perforation, bleed-
ing, and cardiorespiratory events in the present study were
comparable to those of previous reports.22,23 Older patients
and those with underlying cardiorespiratory disease were
more likely to develop a complication, including death. We
also observed a higher mortality rate (1.6%) in our cohort
compared to those of other studies, in which the incidence of

mortality at 30 days is reported to be of approximately 1 to
5 per 1,000 colonoscopies.7 This increased mortality may be
due to a higher proportion of inpatients in the present study,
and further emphasizes the importance of careful evaluation
when deciding in whom to perform a colonoscopy.

There are limitations to the present study. First, it was a
retrospective study, and, as so, at risk of selection bias, as the
patients studied may have been those who were more physi-
cally fit to undergo colonoscopy. Nevertheless, our data can
help inform clinicians when making decisions on requesting
colonoscopy in the elderly. Second, the cohort represents a
sample from a tertiary centre, which introduces referral bias
and limits thegeneralizabilityof thedata tosomeextent. There
is likely to be a greater representation of inpatients with
complex medical problems requiring tertiary level care in
our cohort. Thirdly, the quality of the bowel preparation was
not measured using a validated quantitative scale such as the
Boston Bowel Preparation score. Lastly, as the study was
retrospective, only complications that required presentation
to hospital or that were reported by the patient to the
endoscopy unit would be recorded, and minor adverse events
may not have been captured. Notwithstanding this, patients
are given postprocedure instructions, which include a list of
symptoms to lookout for and recommendations to contact the
endoscopy unit if these occur; hence, serious complications
would have been accurately captured.

Conclusion

In summary, colonoscopy in octogenarians has a high diag-
nostic yield for CRC, and several clinical factors are useful to
help stratify which patient has a greater risk of having a CRC
at presentation, and therefore should proceed straight to
colonoscopy. Octogenarians referred with iron deficiency,
especially if they have not had a colonoscopy in the last
10 years, are at thehighest riskof having a CRC, and should be
strongly considered for colonoscopy. Conversely, those who
have normal iron stores and have had a colonoscopy in the
last 10 years should be considered for a non-invasive test,
such as CTC, first, especially if they are older octogenarians
and have underlying cardiorespiratory disease, as they have a
low chance of having CRC and are more likely to suffer a
complication after the colonoscopy. Colonoscopy is generally
safe, with few adverse events, but does carry a risk of death,
which is not inconsiderable. Therefore, prior to any decision
to attempt colonoscopy in a very elderly patient, a careful
assessment should include an evaluation of the aforemen-
tioned clinical predictors to determine the likelihood of
detecting a CRC. Further prospective multi-centre studies
are needed to validate the findings of the present study.
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