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Abstract

Background: Colonoscopy is frequently performed in older adults, yet data on current use, and 

clinical outcomes of and follow-up recommendations after colonoscopy in older adults are lacking.

Methods: This was an observational study using the New Hampshire Colonoscopy Registry 

of adults age ≥65 years undergoing colonoscopy for screening, surveillance of prior polyps, or 
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evaluation of symptoms. The main outcomes were clinical findings of polyps and colorectal cancer 

and recommendations for future colonoscopy by age.

Results: Between 2009 and 2019, there were 42,611 colonoscopies, of which 17,527 (41%) 

were screening, 19,025 (45%) surveillance, and 6059 (14%) for the evaluation of symptoms. 

Mean age was 71.1 years (SD 5.0), and 49.3% were male. The finding of colorectal cancer was 

rare (0.71%), with the highest incidence among diagnostic examinations (2.4%). The incidence 

of advanced polyps increased with patient age from 65–69 to ≥85 years for screening (7.1% to 

13.6%; p = 0.05) and surveillance (9.4% to 12.0%; p < 0.001). Recommendations for future 

colonoscopy decreased with age and varied by findings at current colonoscopy. In patients without 

any significant findings, 85% aged 70–74 years, 61.9% aged 75–79 years, 39.1% aged 80–84 

years, and 27.4% aged ≥85 years (p < 0.001) were told to continue colonoscopy. Among patients 

with advanced polyps, 97.2% aged 70–74 years, 89.6% aged 75–79 years, 78.4% aged 80–84 

years, and 66.7% aged ≥85 years were told to continue colonoscopy (p < 0.001).

Conclusions: Within this comprehensive statewide registry, clinical findings during 

colonoscopy varied by indication and increased with age. Overall rates of finding advanced polyps 

and colorectal cancer are low. Older adults are frequently recommended to continue colonoscopy 

despite advanced age and insignificant clinical findings on current examination. These data inform 

the potential benefits of ongoing colonoscopy, which must be weighed with the low but known 

potential immediate and long-term harms of colonoscopy, including cost, psychological distress, 

and long lag time to benefit exceeding life expectancy.
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INTRODUCTION

Colonoscopy is frequently performed in older adults for colorectal cancer screening, 

surveillance after adenomatous polyps are detected, and diagnostic purposes to evaluate 

symptoms.1,2 However, there are few data on the current use and outcomes of colonoscopy 

in older adults. Colonoscopy literature in older adults has focused mostly on safety, 

demonstrating that older adults have a higher incidence of adverse events with colonoscopy 

compared to younger cohorts, regardless of the indication for colonoscopy.3–6 Prior studies 

evaluating clinical findings or follow-up recommendations after colonoscopy in older adults 

have been limited in their ability to account for granular patient- or procedure-level 

details, including colorectal cancer (CRC) risk factors such as family history of CRC and 

colonoscopy indication.7,8 Studies of the use and outcomes of colonoscopy in older adults 

are needed to understand the implications of current practice and help inform decision-

making for older adults and their clinicians considering colonoscopy.

The New Hampshire Colonoscopy Registry (NHCR), a statewide colonoscopy registry 

provides a unique and valuable resource for the evaluation of population-based colonoscopy 

practice.9–11 Analyses using NHCR data have addressed many aspects of colonoscopy, 

including lifestyle factors associated with polyps,12 adenoma and serrated polyp detection 

rates,13,14 bowel preparation quality,15,16 and outcomes in young adults.10 However, NHCR 
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studies focusing on older adults have been limited to a screening population without 

polyps.11 Our goal is to provide a more comprehensive evaluation of colonoscopy use 

and outcomes across all indications (screening, surveillance, diagnostic) in older adults. 

Low rates of clinically significant findings in older adults attending routine colonoscopy 

for screening or surveillance purposes could indicate overuse of colonoscopy, meriting 

improved assessment of patient age, risk factors, and previous colonoscopy findings in 

making decisions about whether to pursue colonoscopy.

METHODS

Study design

This was an observational study based on data of adults aged ≥65 years undergoing 

colonoscopy from the New Hampshire Colonoscopy Registry (NHCR).

The New Hampshire Colonoscopy Registry

The NHCR is a comprehensive, statewide registry founded in 2004 that collects and 

analyzes data from endoscopy sites throughout New Hampshire. It has been described 

in detail previously.9–11 Prior to colonoscopy, patients complete a self-administered 

questionnaire on demographic factors (e.g., age, sex, and education), health behaviors (e.g., 

smoking, alcohol intake, and exercise), personal history of polyps and CRC, and family 

history of CRC. The endoscopist or the endoscopy nurse completes the NHCR Colonoscopy 

Procedure Form during or immediately after colonoscopy. Data collected include a detailed 

indication for colonoscopy; findings (location, size, and specific treatment of polyps or 

cancer), type and quality of bowel preparation; sedation medication; anatomical location 

reached during the procedure; and follow-up recommendations. Examination indications are 

directly provided by the performing endoscopist and include screening, surveillance, and 

diagnostic categories. Polyp size is based on the endoscopist’s assessment and categorized 

as <5, 5–9, 10–20, or >20 mm. For all colonoscopies with findings, the NHCR requests 

pathology reports directly from the pathology laboratory used by each participating 

endoscopy facility. Trained NHCR staff abstract and enter these pathology findings into the 

NHCR database, including location, size, and histology of each polyp from the Colonoscopy 

Procedure Form. Outcomes regarding CRC are supplemented by linkage with NH State 

Cancer Registry.17

Inclusion criteria

We included all colonoscopies with completed patient questionnaires and procedure forms 

performed in adults age ≥65 years between April 2009, at which time the NHCR had 

expanded to include additional statewide sites, and October 2019.

Exclusion criteria

We excluded examinations in patients with a personal history of inflammatory bowel disease 

or genetic CRC syndromes (e.g., familial adenomatous polyposis or Lynch syndrome), due 

to the higher risk of CRC and need for more frequent colonoscopies than in the screening 

and surveillance population.
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Outcomes

The primary outcomes were clinical findings during colonoscopy by age and indication. 

Secondary outcomes included recommendations for follow-up and colonoscopy metrics, 

including adequate bowel preparation and completion rates. Findings were categorized as 

not significant (no polyps or small hyperplastic polyps <10 mm), non-advanced polyps 

(one or more adenomas <10 mm without villous features or high-grade dysplasia or sessile 

serrated polyps <10 mm without dysplasia), or advanced polyps (defined as adenomas 

≥10 mm in size, with high-grade dysplasia, or with villous features or sessile serrated 

polyps or hyperplastic polyps ≥10 mm or with dysplasia or traditional serrated adenoma) 

or CRC. The term advanced neoplasia was defined as advanced polyps or CRC. Indications 

were categorized as CRC screening (“screening”), surveillance in those with a personal 

history of colon polyps or CRC (“surveillance”), or for the evaluation of symptoms or 

abnormal imaging (“diagnostic”), corresponding to the indication categories listed on the 

NHCR Colonoscopy Procedure Form. Follow-up recommendation choices included follow-

up at a recommended interval (≤1, 2–3, 4–5, 6–9, ≥10 years), recommendation pending 

pathology, no further colonoscopy indicated, or others (follow-up with PCP, other testing, 

etc.). Completion rates were defined as reaching the extent of the examination intended.

Patient, procedure, and endoscopist characteristics

Patient-level characteristics included age, sex, race, ethnicity, education, marital status, 

exercise, smoking history, alcohol intake, and self-reported general health (“how would you 

say your health is?”), personal history of CRC, and family history of a first-degree relative 

with CRC. Procedure-level characteristics included indication, practice setting, sedation 

used, completion status, reason for incomplete examinations where available (e.g., due 

to obstruction, sedation, tortuous colon, inadequate bowel preparation), bowel preparation 

quality (as assessed by standardized NHCR definitions applied on withdrawal of “excellent” 

“good” “fair” “poor”), and findings (as described above under “outcomes”).

The provision of a specific follow-up interval or “repeat with propofol” was considered 

a recommendation to repeat colonoscopy in the future. Conversely, a recommendation for 

“no further colonoscopy indicated” or “follow-up with primary care provider” alone was 

considered to stop colonoscopy. Recommendations of “follow-up recommendation pending 

pathology report” were excluded from the analysis of follow-up recommendations for 

future colonoscopy because of the inability to assess the final recommendation until after 

pathology was reviewed.

Endoscopist-level characteristics included sex, specialty (based on self-reported training), 

experience (years since completion of training), and adenoma detection rate (ADR). ADR 

was calculated among adults aged 50–75 years with screening colonoscopies that were 

complete to the cecum with an adequate bowel preparation, as the number of colonoscopies 

with one or more adenomas detected was divided by the total number of colonoscopies. 

ADR was calculated for endoscopists with at least 50 ADR-eligible colonoscopies in the 

NHCR database during the study timeframe.
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Statistical analysis

The main analyses were at the event level, meaning that a single patient could contribute 

more than one colonoscopy to the dataset. For individuals with colonoscopies performed 

within 12 months of each other, findings from the second examination were merged with the 

first if the first colonoscopy was limited by inadequate preparation or was incomplete, or if 

the second colonoscopy was performed for the indication of treatment of a known polyp, as 

any findings on the second examination were unlikely to be de novo. A description of the 

characteristics of the cohort was performed at the patient level, such that for patients with 

multiple examinations, characteristics from their most recent examination were included.

We evaluated colonoscopies in adults aged ≥70 years at the time of colonoscopy in 5-year 

age groups (70–74, 75–79, 80–84, and ≥85) compared to the youngest cohort (age 65–69). 

We used descriptive statistics with means and standard deviations (SD) and medians and 

interquartile ranges (IQR) where appropriate. Initial comparisons of categorical data were 

made using Pearson’s chi-squared and Fisher’s exact tests. Initial comparisons of continuous 

data were made using one-way ANOVA or Kruskal–Wallis tests. The Cochran-Armitage test 

for trend was used to compare findings across age categories.

Proportional odds mixed models for ordinal outcomes with endoscopist random effects 

to account for clustering by endoscopist were used to provide adjusted estimates of the 

effect of patient and endoscopist characteristics on colonoscopy findings (categorized as no 

significant findings, non-advanced polyps, and advanced neoplasia due to few CRCs).18 

Age, sex, examination indication, personal or family history of CRC, BMI, exercise, 

smoking, and alcohol use were included. Adjusted odds ratios and 95% confidence intervals 

(CIs) are presented. p-values <0.05 were considered statistically significant.

Human subjects’ protection

This study was approved by the Dartmouth-Hitchcock Institutional Review Board on 

October 24, 2018.

RESULTS

Between April 2009 and October 2019, there were 44,451 colonoscopies in patients aged 

≥65 years, of which 42,611 met inclusion criteria; 17,527 (41%) screening, 19,025 (45%) 

surveillance, and 6059 (14%) diagnostic (Figure 1). These examinations were performed in 

37,669 patients, of whom 4349 (11.5%) contributed multiple examinations.

Description of the cohort

Table 1 shows patient characteristics. Overall, mean age was 71.1 years (SD 5.0) and 

49.3% were male. The cohort was mostly non-Hispanic Caucasian and 73.9% attained 

some college education or higher. Patients undergoing surveillance colonoscopy were more 

likely to be male and have a personal or family history of CRC. Patients undergoing 

screening colonoscopy were more likely to exercise regularly and have never smoked. 

Patients undergoing diagnostic colonoscopy tended to be older and report themselves as less 

healthy.
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Endoscopist characteristics

Colonoscopies were performed by 169 endoscopists, of whom 25.4% were female and 

59.9% had >20-year experience. Overall, the median ADR (IQR) was 27.8 % (11.7). ADR 

was ≥30 for 43.6% of endoscopists, 20 to <30 for 36.3% of endoscopists, and <20 for 20.2% 

of endoscopists.

Colonoscopy characteristics

Adequate bowel preparation was achieved in 97.7% of examinations and 97.6% were 

complete to the cecum, although this was slightly lower in diagnostic examinations 

(95.3%, p < 0.001) (Table S1). The majority (57.5%) of examinations were performed 

using moderate sedation with 41.3% using monitored anesthesia care, which was slightly 

more frequent among diagnostic examinations (44.3%, p < 0.001). These examinations 

were performed in a mix of community hospitals (45.1%), ambulatory endoscopy centers 

(29.0%), and academic medical centers (25.1%).

Colonoscopy findings

Figure 2 shows colonoscopy findings by age for each category of examination indication. 

Overall, the finding of CRC was rare (0.71%), with a higher incidence among diagnostic 

(2.4%) compared to screening (0.47%) and surveillance (0.43%) examinations. For 

screening, the incidence of CRC increased by age: 0.25% (65–69 years) to 1.0% (80–84 

years; p < 0.0001). CRC incidence also increased by age for surveillance (0.30% [65–69 

years] to 1.7% [≥85 years; p = 0.001]) and diagnostic examinations (1.9% (65–69 years) to 

8.0% (≥85 years; p < 0.0001)).

For advanced polyps, there was an increase by age from 9.4% (65–69 years) to 12.0% 

(≥85 years; p = 0.029) among surveillance examinations. The incidence of advanced polyps 

ranged from 7.1% (65–69 years) to 13.6% (≥85 years; p = 0.14) among screening and 6.2% 

(65–69 years) to 9.7% (age 75–79; p = 0.27) among diagnostic examinations.

For each age group, the incidence of CRC was highest among patients presenting for 

diagnostic colonoscopy compared to screening and surveillance (Table S2).

Predictors of colonoscopy findings

Table 2 shows factors associated with the severity of detected neoplasia during colonoscopy 

in the model for ordered outcomes (no significant findings, non-advanced polyps, or 

advanced neoplasia) accounting for clustering by endoscopist. Advancing patient age, male 

sex, being overweight or obese, infrequent exercise, >5 alcoholic drinks/week, past or 

current smoking, and family history of CRC were associated with an increase in severity 

of detected neoplasia. Compared to screening, colonoscopy for surveillance was associated 

with greater odds of increased severity of findings (adjusted OR 1.38 [1.31–1.45], p < 

0.0001).

Recommendations for future colonoscopy

We evaluated recommendations for future colonoscopy based on findings at the current 

colonoscopy for each age category. Colonoscopies with follow-up recommendation 
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“pending pathology” (N = 11,809; 32.0%) were excluded from analysis. Because 

recommendations were similar across the different indications (Figure S1), we combined 

indications together. Recommendations varied by age and findings (Figure 3). In patients 

without any significant findings, recommendations to continue colonoscopy decreased with 

age, from 97.5% (65–69 years) to 27.4% (≥85 years; p < 0.001). However, the impact 

of age was muted when any neoplasia, and particularly advanced neoplasia, was found. 

For example, among 80–84-year-olds, 39.1% without significant findings were told to 

continue colonoscopy versus 50.4% with non-advanced neoplasia and 75.4% with advanced 

neoplasia.

DISCUSSION

In this study of a comprehensive statewide colonoscopy registry, we found that clinical 

findings during colonoscopy varied by indication and increased with age. Among each age 

group, the greatest risk of CRC occurred among diagnostic versus surveillance or screening 

examinations. Among screening and surveillance patients, the risk of advanced polyps 

increased with age; however, few older adults were found to have advanced polyps (6.2%–

13.6%). Having non-advanced polyps (23.2%–42.4%) or no findings at all (45.6%–66.9%) 

were more common in our cohort. The vast majority of colonoscopy examinations were 

technically successful in terms of completeness and adequacy of bowel cleanliness, which is 

reassuring and in line with accepted quality metrics.19

Endoscopists were strongly influenced by the clinical findings in providing follow-up 

recommendations. For example, among those ≥80, 27.4%–50.4% were recommended for 

future colonoscopy when no significant findings or non-advanced polyps were found; 

this increased to 66.7%–78.4% when advanced polyps were found. Among those with 

non-advanced polyps, >95% of individuals aged 65 to 74 years and 80.8% of those aged 

75–79 years were recommended to return for future colonoscopy. If we assume their 

follow-up interval would be in approximately 5–10 years as per 2012 US Multi-Society 

Task Force (USMSTF) post-polypectomy surveillance guidelines,20 these individuals would 

be anywhere from 70 to 89 years old at their next examination. Of note, this investigation 

did not incorporate previous polyps or CRC or stratify by family history of CRC, which 

could have affected the suggested future interval. In addition, a large percentage of reports 

provided a recommendation “pending pathology,” and this increased with the severity of the 

finding. Observations in our study may be an under- or overestimate of those eventually told 

to return for repeat colonoscopy.

This study addresses limitations of prior studies and offers some similarities and differences. 

A study of a colonoscopy surveillance population using the GI Quality Improvement 

Consortium, which gathers data from >600 US endoscopy sites, found a similar trend of 

decreasing frequency of recommendations to continue colonoscopy with increasing age.7 

However, a greater percentage of individuals in that study were told to return for future 

colonoscopy at the older ages (i.e., ≥80) compared to this current NHCR study. Our study 

benefits from detailed NHCR data, finding a fairly high proportion of our cohort reporting a 

first-degree relative with CRC (23% among screening, 26.3% among surveillance) compared 

to the general population.21 This may be reflective of self-selection of patients with 
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heightened awareness of CRC screening due to family history who choose to continue 

screening and surveillance care and participate in a colonoscopy registry.

Within the category of non-advanced polyps, there may be differences by size (i.e., <5 mm 

vs. 5–9 mm) in terms of risks of future advanced adenomas22; however, there is increasing 

evidence that the presence of one to two small polyps (≤1 cm) does not increase long-term 

risk of CRC or CRC death, and in fact, the risk of CRC in those with small polyps 

is equal or below that of the general population.23–25 Coupling the relative low risk of 

small polyps with competing comorbidities with advancing ages suggests that the potential 

harms (e.g., adverse events, psychological impact, and opportunity cost of colonoscopy 

taking time and distracting away from other more pressing health problems) of frequent 

surveillance colonoscopy in older adults with small polyps could outweigh the potential 

benefit. Adverse events due to colonoscopy in older adults have been well described and 

generally do not differ by the indication of the procedure, but by comorbidities, medications, 

and interventions performed (i.e., higher rates of bleeding with the removal of large 

polyps).4,6,26,27

Prior literature on older adults and colonoscopy has primarily focused on stopping screening 

and has largely ignored other indications for colonoscopy, including surveillance and 

diagnostic. For screening, an individualized approach that accounts for lag time to benefit 

from colonoscopy in older adults with the more immediate potential harms of screening 

has been advocated.28 However, in a survey of Veterans with normal screening results, 49% 

thought age should not be used in deciding when to stop and 29% were not comfortable 

stopping screening even in the face of little benefit.29 The most recent published US 

Preventive Services Task Force guidelines on CRC screening (not surveillance) recommend 

that the decision to screen in adults aged 76 to 85 years be individualized and that screening 

not be performed in those aged 86 years and older.30 In this current study, we found that 

14.8% of the screening colonoscopies performed in our cohort of adults age ≥65 were 

between ages 75 and 84. Only 0.51% were ≥85, suggesting strong guideline-concordant care 

in avoiding routine screening colonoscopy in this oldest age group. Prior work using NHCR 

has shown that both family history of CRC and endoscopist specialty were associated 

with receiving a recommendation to continue screening colonoscopy.11 Understanding when 

and how to stop colonoscopy for indications other than screening, such as surveillance of 

prior polyps and for evaluation of symptoms, is important as colonoscopy is performed 

more commonly in older adults for these indications than screening. In terms of guidance 

on stopping surveillance, the 2012 USMSTF guidelines recommend that “the decision 

to continue surveillance should be individualized, based on assessment of benefit, risk, 

and comorbidities,” without listing specific ages for stopping.20 In addition to the short-

term risks of the procedure, another important consideration is potential long-term harms, 

including cost, psychologic distress, and a long lag time to benefit of polypectomy, which 

may not be realized within the lifetime of some older adults.

In our study, surveillance patients tended to be older than those undergoing screening 

examinations; 21.1% of patients undergoing surveillance examinations were between age 75 

and 84 and 1.4% were ≥ 85. In terms of decision-making around continuing versus stopping 

surveillance in older adults with polyps, clinicians seem to use a range of approaches.31 A 
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focus group of primary care providers found that some deferred to specialists, others took 

a more active role and discussed the decision with patients and/or specialists, and others 

felt comfortable stopping surveillance, basing the decision on patient age, comorbidities, or 

life expectancy. Most found information is lacking on the benefits and harms of surveillance 

in older adults with prior adenomas.31 Our current study, which describes the range and 

distribution of findings among older adults attending surveillance colonoscopy, provides 

much needed data on the “benefit” in terms of detection and removal of lesions that can help 

inform decision-making around colonoscopy.

The strengths of our study include the use of a comprehensive, population-based registry 

with robust data collection, well-defined algorithms for verifying procedure indication, and 

pathology data linked to colonoscopy findings at the polyp level, preserving location in the 

colon, size, and detailed histology. Our findings that surveillance patients were more likely 

to be male and have a personal history of CRC, that screening patients tended to never have 

smoked, and diagnostic patients tended to be older and less healthy by self-report aligns with 

prior literature32,33 and provides additional face validity to our study. Our focus on older 

adults is unique, and the use of NHCR, which synergizes robust data across multiple sites, 

allows for analyses that would otherwise be challenging at single centers where the numbers 

of older adults undergoing colonoscopy would be limited.

We acknowledge certain limitations. Our sample was primarily Caucasian, reflecting the 

overall population of New Hampshire, in which 97.4% of people ≥65 are listed as Caucasian 

over a similar time period in the US census.34 Our sample was also well-educated, with 

the majority having attended at last some college. Follow-up recommendations provided by 

endoscopists within NHCR may not completely reflect conversations that occur directly with 

the patient outside of NHCR documentation. Endoscopists may be incorporating patient risk 

factors (such as prior history) that are not reflected in this data. In our cohort, there may be 

self-selection of those who feel strongly about colonoscopy, may have a family history of 

CRC, and are healthy enough to attend. Future studies that can account for comorbidities 

and patient life expectancy at the time of colonoscopy would be informative.35

In conclusion, this study provides real-world data on colonoscopy findings based on age and 

indication, suggesting that overall rates of finding advanced neoplasia are low, especially for 

screening examinations. The benefits of finding and removing advanced neoplasia must be 

considered in the context of overall life expectancy and weighed with the rare but known 

harms of colonoscopy, which worsen with advancing age and comorbidities. The balance 

of benefits and harms must also account for patient values and preferences to individualize 

optimal colonoscopy use in older adults.
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Key points

• Among older adults undergoing colonoscopy, there is a low incidence of 

advanced polyps and colorectal cancer.

• Findings were lowest among screening examinations.

Why does this paper matter?

The benefits of screening colonoscopy in older adults may be small and should be 

weighed against the potential harms, which increase with age.
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FIGURE 1. 
Flow diagram of colonoscopies among adults aged 65 years and older within the New 

Hampshire Colonoscopy Registry between 2009 and 2019 included in this study
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FIGURE 2. 
Most advanced finding during colonoscopy by patient age and indication. *Percentages have 

been rounded to the nearest whole number due to space constraints. (A) Colorectal cancer. 

(B) Advanced polyps. (C) Nonadvanced polyps. (D) No significant findings
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FIGURE 3. 
Recommendations to continue colonoscopy by age and most advanced finding on current 

colonoscopy. Of note, 42% of reports with no significant findings, 71% of reports with 

advanced polyps, and 85% of reports with colorectal cancer were excluded from this 

analysis due to a follow-up recommendation of “pending pathology”
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TABLE 2

Predictors of the most advanced findings
a
 on colonoscopy (N = 29,105) based on random effects model for 

ordinal data, accounting for clustering of data by endoscopist (N = 169)

Variable Odds ratio
b p

Age (5-year increments; ref = age 65–69) 1.09 [1.07–1.12] <0.0001

Male (ref = female) 1.62 [1.54–1.70] <0.0001

BMI (ref normal)

 Underweight 0.96 [0.80–1.15] 0.65

 Overweight 1.12 [1.05–1.19] <0.0001

 Obese 1.37 [1.28–1.46] <0.0001

Former or current smoker (ref = never smoker) 1.16 [1.10–1.21] <0.0001

Alcohol intake (≥5 vs. <4 drinks/week) 1.10 [1.04–1.16] <0.0001

Exercise (≥1 vs. <1 times/week) 0.84 [0.80–0.88] <0.0001

History of colorectal cancer 0.93 [0.84–1.03] 0.18

Family history of colorectal cancer in first-degree relative 1.07 [1.01–1.13] 0.022

Indication (ref = screening)

 Surveillance 1.38 [1.31–1.45] <0.0001

 Diagnostic 0.95 [0.87–1.02] 0.18

a
Most advanced findings ordered as no significant findings, non-advanced polyps, and advanced neoplasia.

b
Interpretation of odds ratio: For age, the odds ratio is 1.09, meaning that for every 5-year increase in age, there is a 9% higher odds of having an 

advanced finding on colonoscopy.
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