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Abstract

BACKGROUND & AIMS: Incidence and mortality associated with early-age onset colorectal
cancer (EAO-CRC) is increasing, prompting professional society recommendations to lower the
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screening age in average-risk individuals. The yield of screening individuals younger than 50 years
is not known.

METHODS: A systematic review of 3 databases from inception through July 2020 was performed
in all languages that reported colonoscopy findings in average-risk individuals younger than 50
years. The primary outcomes were EAO colorectal neoplasia (CRN) and advanced colorectal
neoplasia (aCRN) prevalence. Subgroup analyses were performed based on sex, geographic
location, time period, and age, including comparison with those aged 50-59 years. Generalized
linear mixed model with random intercept logistic regression and fixed subgroup effects were
performed.

RESULTS: Of 10,123 unique articles, 17 studies published between 2002 and 2020, including
51,811 average-risk individuals from 4 continents, were included. The pooled rate of EAO-CRN
was 13.7% (95% confidence interval [CI], 0.112%-0.168%) and EAO-aCRN was 2.2% (95% ClI,
0.016%-0.031%). Prevalence of CRC was 0.05% (95% CI, 0.00029%-0.0008%). Rates of EAO-
CRN were higher in men compared with women (relative risk, 1.71%; 95% ClI, 1.49%-1.98%),
and highest in the United States (15.6%; 95% ClI, 12.2%-19.7%) compared with Europe (14.9%;
95% Cl, 6.9%-29.3%), East Asia (13.4%; 95% ClI, 10.3%-17.2%), and the Middle East (9.8%;
95% Cl, 7.8%-12.2%) (P =.04) The rate of EAO-CRN in age groups 45-49 years and 50-59
years was 17.8% (95% Cl, 14.5%-21.6%) and 24.8% (95% CI, 19.5%-30.8%), respectively (P=
.04). The rate of EAO-aCRN in age group 45-49 years was 3.6% (95% CI, 1.9%-6.7%) and 4.2%
(95% Cl, 3.2%-5.7%), respectively (P=.69).

CONCLUSIONS: The rate of aCRN in individuals aged 45-49 years was similar to the rate
observed in individual aged 50-59 years, suggesting that expanding screening to this population
could yield a similar impact on colorectal cancer risk reduction.

Keywords
Colon Cancer Screening; Colorectal Cancer; Colon Polyp

There has been a steady decrease in overall incidence and mortality associated with
colorectal cancer (CRC) in the United States,12 due largely to screening in individuals

50 years and older,3 as supported by multiple professional society guidelines.*-% Although
the screening modalities have evolved over time, this starting age has remained the same
because the majority of CRC cases have historically occurred in individuals older than 50
years,’ modeling studies show a favorable balance between the risks and life-years gained
from screening,* and population-based screening starting at age 50 years is cost-effective.8

In contrast, the incidence and mortality associated with CRC in individuals younger than 50
years, or early-age onset (EAO) CRC, is increasing.910 Updating microsimulation models
with this epidemiologic data shows that starting screening in average-risk individuals (no
established colorectal neoplasia [CRN] risk factors and no symptoms) at age 45 years has

a favorable balance of benefit to potential harm. Accordingly, in 201811 the American
Cancer Society issued a qualified recommendation to start CRC screening for average-risk
individuals at age 45 years and the US Preventative Services Task Force currently has a
similar draft grade B recommendation under review.1? Ladabaum et al'3 demonstrated the
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cost-effectiveness of starting colonoscopy screening at age 45 years, with a cost of $33,900
per quality-adjusted life-year.

There are limited clinical data regarding the yield of screening younger individuals.14
Studies to date demonstrate the yield of screening in high-risk populations younger than

50 years, such as those with a family history of CRC® or gastrointestinal symptoms, 16 but
there are few studies that report on the neoplastic findings in screening examinations among
truly average-risk individuals younger than 50 years.1’ Furthermore, the limited sample
sizes preclude precise estimates of neoplasia prevalence among important sub-groups by sex
and age ranges. Quantifying the expected yield of colonoscopy in average-risk individuals
younger than 50 years and subsets of individuals at highest risk can inform new screening
paradigms.

To address this gap, we performed a systematic review to describe the prevalence of
colorectal neoplasia, advanced colorectal neoplasia, and CRC in average-risk, unselected
individuals younger than 50 years.

Data Sources and Searches

A comprehensive literature search was performed by a medical librarian in July 2020.
Publications were identified by searching a combination of keywords and database-specific
indexing terms for the concepts of colon polyps, incidence and prevalence, and participant
age younger than 50 years in Ovid Medline, Embase, and Web of Science (Supplementary
Table 1). Results were limited to original research studies with human participants, with

no limitations on language or publication date. All results were exported and de-duplicated
in EndNote (Clarivate Analytics). A Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flow chart is provided in Figure 1.18

Study Selection

Two independent reviewers (J.M.K., S.G.P.) evaluated all titles and abstracts and
independently reviewed all designated articles for eligibility. If consensus could not be
reached, a third reviewer (C.R.B.) provided input. Studies including only average-risk
subjects younger than 50 years who underwent screening colonoscopy were included.
Average risk was defined as individuals without established risk factors for CRC (ie,
hereditary cancer syndromes, inflammatory bowel disease, or personal or family history
of CRC) and without any symptoms (eg, abdominal pain, changes in bowel patterns, rectal
bleeding, weight loss, anemia, or iron deficiency). Studies reporting other CRC screening
methods (eg, flexible sigmoidoscopy, computed tomography colonography) were excluded.
The following study types were excluded: meeting abstracts, systematic reviews, studies
with fewer than 50 participants, and autopsy studies.

Data Extraction and Quality Assessment

Two reviewers (J.M.K., S.G.P.) independently extracted data from all full-text articles that
met inclusion criteria and any differences were reconciled by re-review. If differences
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remained, a third reviewer (C.R.B.) was asked to perform data extraction as a tiebreaker.
By convention, CRN was defined as adenoma, sessile serrated polyp, traditional serrated
adenoma, or carcinoma. Advanced CRN (aCRN) was defined as any adenoma =1 cm, an
adenoma with villous histology or high-grade dysplasia or carcinoma.1920 Corresponding
authors of included studies were contacted up to 3 times by e-mail to request data needed
to complete sub-group analyses (eg, neoplasia rates by age group, sex, or location within
colon).

Early-age onset is defined as occurring in adults younger than 50 years. The primary
outcomes were prevalence of EAO-CRN, EAO-aCRN, and CRC. Secondary outcomes
included the anatomic location within the colon (proximal or distal to splenic flexure).

We performed additional subgroup analyses to examine the stability of association and

to identify sources of heterogeneity. Colonoscopy yield was examined according to the
following subgroups: age groups (age younger than 40 years, 40-44 years, and 45-49
years), sex, geographic location where study was performed (North America, East Asia,
Europe, Middle East), and study time period (pre-2005 and post-2005). The rationale for
evaluating neoplasia according to time period is that studies from 1995-2004 predate any
quality metrics for colonoscopy (ie, adenoma detection rate [ADR]) and availability of
high-definition colonoscopy imaging. Any studies that took place during an overlapping
time period were counted in the earlier time period.

Given recent interest by professional guideline groups to expand screening in individuals
aged 45-49 years, we did further analysis of findings in this age group by sex and location
to present expected results of screening this group. To compare yield of screening in those
aged 45-49 years with those who currently qualify for screening, we extracted rates of CRN
and aCRN for those aged 50-59 years in the studies included in our meta-analysis and
performed a formal meta-analysis to report pooled rates of neoplasia in this older group
among the same study populations.

The risk of bias was assessed independently by 2 reviewers (J.M.K., S.G.P.) and reconciled
by a third reviewer (C.R.B.) using the Joanna Briggs Institute Critical Appraisal tool for
prevalence studies as high (<50%), moderate (50-69%), or low (>70%), based on the
percentage of items present.21:22

Data Synthesis and Analysis

Estimations of neoplasia outcomes were carried out with generalized linear mixed model
using a random intercept logistic regression model.23 Pooled yield, along with their exact
Clopper-Pearson 95% confidence intervals (Cls), were calculated for overall and subgroups
of interest. The meta-analysis for the sex effect was conducted using Mantel-Haenszel
method?4:25 and Hartung-Knapp adjustment2® for the random study effects. The effect of sex
in individual studies was estimated as relative risks in men and women. Subgroup analyses
were conducted using the generalized linear mixed model with random study effects and
fixed subgroup effects for age categories, geographic locations, and time period of the study
start year. A formal global hypothesis test was conducted first to test whether there was

Gastroenterology. Author manuscript; available in PMC 2022 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kolb et al.

Results

Page 5

any age group effect. If significant, post-hoc pair-wise comparison was conducted with
Benjamini and Hochberg multiple comparison adjustment.2”

Heterogeneity among studies was assessed with a XZ test on Cochran’s Qstatistic and
quantified with the /2 statistic?8 and the <2 statistic, as described by DerSimonian and
Laird.2® Heterogeneity was classified according to /2 as low (<30%), moderate (31%-60%),
considerable 61%-75%), and substantial (>75%). All meta-analyses were adjusted by the
random study effects so that the heterogeneity among the studies was taken into account in
the pooled estimation of prevalence, 95% Cls, and hypothesis tests.

Sensitivity analyses were conducted for overall EAO-CRN and EAO-aCRN by removing the
identified outliers with a 95% CI outside the 95% CI of the pooled effect. Publication bias
was evaluated with a funnel plot, the asymmetry of which was assessed with Egger’s test.30
All computations were conducted with R, version 3.6.33! using “meta”32 and “dmetar”33
packages.

Search Strategy and Study Characteristics

There were 10,123 unique articles identified from the 3 databases for title/abstract review
and 332 full-length articles were assessed for eligibility. The most common reason for
excluding full-text articles was that higher-than-average-risk individuals were included

in the study, such as those with a family history of CRC or symptoms prompting the
colonoscopy examination. There were 17 total articles included with 51,811 individuals
younger than 50 years34=49 (Figure 1, Supplementary Table 2). Seven studies were from East
Asia (4 from South Korea, 2 from Taiwan, and 1 from China), 5 from the United States,

3 from Europe (Romania, Germany, and Greece), and 2 from the Middle East (Israel and
Iran). Of the 5 US studies, 23947 included Black populations, in which American College of
Gastroenterology guidelines®®51 support starting average-risk screening in black individuals
at the age of 45 years. In the other US studies, colonoscopy was offered as part of an
employee- or insurance-sponsored screening program.3#38 The majority of the articles (n

= 13) took place during a contemporary study period (2005-2014), and 4 took place in an
earlier period from 1995 to 2004. All 17 study authors were contacted for additional data; 8
authors responded and 6 provided data.

Neoplasia Prevalence on Colonoscopy

The pooled yield of EAO-CRN from 16 articles (41,111 individuals) was 13.7% (95%

Cl, 0.112%-0.166%) (Figure 2A4). The Lieberman et al>2 study was excluded because
they reported advanced neoplasia only. Meta-analysis of 15 articles (51,324 individuals)
demonstrated the rate of EAO-aCRN as 2.2% (95% Cl, 0.016%-0.031%) (Figure 25).
Seventeen carcinomas were diagnosed among the 51,811 individuals included in the meta-
analysis of single-episode screening colonoscopy, for a prevalence of 0.05%% (95% ClI,
0.00029%-0.0008%).

Gastroenterology. Author manuscript; available in PMC 2022 October 01.
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Bias and Heterogeneity

Study quality assessments are presented in Supplementary Table 3. Because all of the studies
were voluntary (not population-based observations), the sampling method was not a random
probabilistic representation of the population younger than 50 years. Despite this, all studies
had low risk of bias with acceptable design and reporting quality. Funnel plot analysis shows
symmetry around the pooled outcome of EAO-CRN, indicating no significant publication
bias (Egger’s test A= .65) (Supplementary Figure 1A). Funnel plot analyses of studies
assessing findings of EAO-aCRN showed some asymmetry but no significant publication
bias (Egger’s test Pvalue .72) (Supplementary Figure 1B). The majority of included articles
were large studies with low rates of aCRN, with the exceptions of Friedenberg et al3° and
Panteris et al.4°

Study heterogeneity was noted for EAO-CRN (/2 = 97%; t2 = 0.19; x 214 = 321.92; P<
.01) and EAO-aCRN (2 = 95%; t2 = 0.36; y %14 = 324.06; P< .01). Sensitivity analysis
excluding studies reporting EAO-CRN and EAO-aCRN rates that were outside of the 95%
Cl of the pooled estimate did not change the results (Supplementary Figure 2A and B). To
further explore sources of heterogeneity and stability of association across subgroups, we
performed analyses according to subcategories of age, sex, geographic location, and study
time period.

Yield of Colonoscopy by Age Groups

Meta-analysis was performed on additional age categories delineated as younger than 40
years,37:45.48 40-44 years,37:40.43.45.48 and 45-49 years.38-4043:45.47-49 Neoplasia outcomes
were significantly different by age groups (XZ =13.038; P=.001). Pooled rates of EAO-
CRN increased from 8.1% (95% CI, 0.050%-0.127%) to 11.7% (95% Cl, 0.092%-0.149%)
to 17.8% (95% Cl, 0.145%-0.216%) for ages younger than 40 years, 40-44 years, and
45-49 years, respectively (Figure 3A). Similarly, rates of EAO-aCRN varied by age group
(x? = 18.267; P<.01) with rates of .07% (95% Cl, 0.004%-0.011), 1.41% (95% Cl,
0.011%-0.019%), and 3.6% (95% CI, 0.19%-0.067%) (Figure 35).

Yield of Colonoscopy by Sex

The rate of EAO-CRN was 13.4% in men (95% CI, 0.107%-0.166%) and lower at 8.6% in
women (95% CI, 0.070%-0.105%) (¢= 8.95; P< .0001) (Figure 4A and B). The reported
rate of EAO-CRN in men was higher compared with women in all 8 studies that provided
data by sex (¢= 8.95; P< .0001).34:36.38.40,42,43,46.48 \eta-analysis demonstrated a relative
risk of men over women of 1.714 (95% CI, 1.486-1.976; /2 = 0.4%:; ©2 = 0.0001; P=

.43 (Figure 4C). The rate of EAO-aCRN was similar among men (1.9%; 95% ClI, 0.010%-
0.036%) and women (1.2%; 95% CI, 0.009%-0.016%) on meta-analysis of 7 studies (#=
1.87; P=.111) (Figure 4D-F).

Yield of Colonoscopy in Proximal and Distal Colon
There were 7 articles included in the meta-analysis for neoplasia location within the
colon,34:36.38,40,42,43.45 The rate of proximal EAO-CRN was 6.5% (95% Cl, 0.055%—
0.077%; P = 65%; t2 = 0.03; P= .01 for study heterogeneity) and the rate in the distal
colon was similar at 8.0% (95% Cl, 0.071%-0.91%; £ = 60%; t2 = 0.019; A< .01 for study

Gastroenterology. Author manuscript; available in PMC 2022 October 01.
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heterogeneity) (Supplementary Figure 3A and B). The rate of EAO-aCRN was 1.2% for
proximal (95% Cl, 0.010%-0.0016%; # = 0%, ©2 = 0; P=.147) and 1.6% for distal (95%
Cl, 0.006%-0.041%; 2 = 91%; t2 = 0.61; P< .01) (Supplementary Figure 4A and B). The
rates of CRN and aCRN were not different according to location within the colon.

Yield of Colonoscopy by Geographic Location

Neoplasia outcomes varied significantly across geographic region for 16 included studies
for EAO-CRN (x%3 = 8.41; P=.04) and for EAO-aCRN (x?3 = 27.29; P<.01). The
pooled rates of EAO-CRN were highest in the United States at 15.6% (95% Cl, 0.122%—
0.197%), then Europe at 14.9% (95% CI, 0.069%-0.293%), followed by 13.4% for East
Asia (95% Cl, 0.103%-0.172%), and 9.8% for the Middle East (95% CI, 0.078%-0.122%)
(Supplementary Figure 5A). Rates of EAO-aCRN were highest in the United States (4%)
followed by Europe (3.2%), East Asia (1.5%), and the Middle East (1.2%) (Supplementary
Figure 5B).

Yield of Colonoscopy by Study Time Period

Yield of colonoscopy was analyzed according to study start time (before vs after 2005) and
no significant difference was seen for EAO-CRN (16.2% vs 12.8%; P=.36) or EAO-aCRN
(2.2% vs 2.3%; P=.89) (Supplementary Figure 6A and B).

Yield of Colonoscopy in Age Group 45-49 Years, by Sex

Meta-analysis by sex in age group 45-49 years#0.43:48:49 showed higher prevalence of
EAO-CRN in men (17.1%; 95% CI, 0.129%-0.224%) compared with women (10.8%; 95%
Cl, 0.074%-0.155%), for a relative risk of 1.531 (95% Cl, 1.270-1.846) (Supplementary
Figure 7). A similar pattern was seen for EAO-aCRN, with higher prevalence in men (4.4%;
95% ClI, 0.019%-0.097%) compared with women (3.2%; 95% CI, 0.013%-0.077%), for a
relative risk of 1.342 (95% CI, 1.039%-1.734%).

Yield of Colonoscopy in Age Group 45-49 Years, by Locations in the Colon

Among individuals aged 45-49 years, the rate of distal neoplasia was 11.5% (95% Cl,
0.063%-0.201%) and proximal neoplasia was 9.4% (95% CI, 0.050%-0.171%).40:43:49
Higher rates of EAO-aCRN were seen in the distal colon (3.7%; 95% CI, 0.006%-0.201%)
compared with the proximal colon (2.8%; 95% CI, 0.006%-0.117%) (Supplementary Figure
8).

Yield of Colonoscopy in Age Group 50-59 Years

There were 11 studies looking at neoplasia yield in individuals aged 50-59 years and the
pooled rate of EAO-CRN was 24.8% (95% ClI, 0.195%-0.308%) (Figure 3A4). On pairwise
comparison, the rate of EAO-CRN was higher in individuals aged 50-59 years vs age 45-49
years (P =.04). The rate of EAO-aCRN in individuals aged 50-59 years was 4.2% (95%

Cl, 0.031%-0.057%), which was similar to the rate in individuals aged 45-49 years (P=.7)

(Figure 3B).

Gastroenterology. Author manuscript; available in PMC 2022 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kolb et al.

Page 8

Discussion

In this systematic review and meta-analysis of average-risk individuals younger than 50
years undergoing screening colonoscopy, the rate of any colorectal neoplasia was 14% and
advanced neoplasia was 2%. Higher rates were seen with increasing age, male sex, and in
the distal colon. Based on our results, the number of individuals aged 45-49 years required
to undergo colonoscopy to diagnose 1 individual with neoplasia (hnumber needed to screen)
is 6 for any CRN and 28 for aCRN, approaching the number of individuals needed to screen
between ages 50 and 59 years to detect any CRN (n = 4) or aCRN (n = 24), respectively.

Our study provides a unique contribution to the existing literature by reporting the yield

of screening colonoscopy in a strictly defined average-risk population, by reporting on the
clinically significant outcome of advanced neoplasia and by providing yield stratified by
age sub-groups. Although a recent meta-analysis examined the yield of colonoscopy in
those younger than 50 years, it reported overall yield including those with symptoms, 53
thus the reported rates of neoplasia may not be reflective of the asymptomatic, average-risk
population. Furthermore, all results were pooled for any adenoma found in individuals aged
18-49 years, without yield separated by advanced findings or age sub-groups. Another
recent meta-analysis of 70 studies described the global prevalence of colorectal adenomas,
however, included studies in which up to 10% of the study populations had a family history
of CRC.>* Our systematic review applied strict inclusion criteria to specifically address the
yield of colorectal screening in asymptomatic, average-risk individuals, reported rates of
aCRN (the intended target for screening), and presented results stratified by age to provide
the expected yield if screening expanded to those aged 45-49 years.

Our results are consistent with a recent study by Butterly et al,1’ which included 5656
patients younger than 50 years who had a colonoscopy for “low-risk symptoms,” such

as abdominal pain and constipation. These symptoms had no association with advanced
neoplasia (odds ratio, 1.00; 95% CI, 0.81-1.24), suggesting that patients with these
symptoms likely represent an average-risk population. Like our results, they reported an
overall EAO-CRN rate of 12.0% and EAO-aCRN rate of 2.4%. For patients in their cohort
aged between 45 and 49 years, 17.5% (327 of 1869) had EAO-CRN and 3.3% (61 of 1869)
had EAO-aCRN, which was comparable with our findings in which, for individuals aged
45-49 years, 17.8% had EAO-CRN and 3.6% had EAO-aCRN.

The rates of aCRN in ages 45-49 years approaches the rates in screen-eligible populations
older than 50 years. In published screening cohorts, aCRN rates range from 3.6% to 6.8%
in 50- to 54-year-olds.17:%5 Strikingly, the rate of aCRN in individuals aged 45-49 years in
our study (3.6%) was statistically similar to the rate observed in 50- to 59-year-olds (4.2%),
suggesting that expanding screening to this population could yield a similar impact on

CRC risk reduction. Although we cannot conclude from our results the proportion of aCRN
lesions detected in individuals aged 45-49 years that would progress to cancer before age
50 years, earlier identification and surveillance of patients at increased risk of metachronous
neoplasia can decrease lifetime cancer risk.56-59

Gastroenterology. Author manuscript; available in PMC 2022 October 01.
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The risk for EAO-CRN was significantly higher in men compared with women (relative
risk, 1.714; 95% Cl, 1.486-1.976), a similar pattern to sex differences in CRC among older
adults.80-62 Although we did not find a statistically significant difference in aCRN between
men and women, this may be due to the limited number of studies that provided aCRN rates
by sex and resultant low event rates (28 of 1718 men vs 10 of 1122 women). The magnitude
of difference between men and women needs to be assessed in large prospective screening
cohorts, given the potential implications on age-specific ADR targets.

Up to 75% of EAO-CRC occurs in the left colon®3 and our results showed a similar trend
in EAO-CRN. This may be relevant when considering the most efficient and cost-effective
screening strategy, given high sensitivity for left-sided neoplasia for fecal immunochemical
testing and flexible sigmoidoscopy.®*

We found significant differences in neoplasia prevalence based on geographic region of

the world with highest rates in the United States, followed by Europe. EAO-CRC is a
global phenomenon with increasing incidence in other countries, such as Australia, Canada,
Germany, and the United Kingdom.®5-67 Two of the US studies comprised entirely African
American populations, which is known to be a high-risk group, thus there may be limited
generalizability to the US population. Surprisingly, although there had been a steady rise in
EAO-CRC incidence since the mid-1990s,10 we found no difference in prevalence by time
periods, suggesting that improvements in colonoscopy quality and ADR over time did not
impact rates of EAO-CRN.

This analysis has several strengths. We applied strict study selection criteria to capture only
asymptomatic individuals without a family history of CRC to represent the average-risk
individuals that professional societies have proposed screening beginning at age 45 years.
Most other studies have looked at yield of screening in risk-enriched populations.53:54
Although there was a high level of heterogeneity in our pooled results for overall EAO-
CRN and EAO-aCRN, our sub-group analyses explored the sources heterogeneity and, as
expected, demonstrated significant differences by age sub-groups. This analysis provides
stratified yield of screening by age groups younger than 50 years, which is particularly
important in light of new recommendations to lower the screening age to 45 years, so
understanding the yield of screening for individuals aged 45-49 years is most relevant. All
17 studies included in this meta-analysis had low risk of bias.

This study has several limitations. Similar to other studies that describe yield of colonoscopy
screening as either part of clinical trials (in which participants self-select and provide
informed consent to participate)88-70 or retrospective studies within opportunistic screening
programs in which participants provide informed consent to undergo a colonoscopy,39-52

it is possible that our results are not generalizable to a truly average-risk, unselected
population. It is possible that individuals with a family history of CRC were included if
they were unaware of their family history or did not report it. However, this likely reflects
clinical practice, given the large proportion of patients who do not know or report their
family history.”1:72 Our results are still generalizable to patients in clinical practice that

are assumed to be average risk and consent to undergo colonoscopy. We were unable to
account or adjust for colonoscopy quality, including equipment (high-definition imaging),
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bowel preparation quality, or endoscopist ADR. However, our time trend analyses suggest
that newer equipment and awareness of quality benchmarks did not impact yield. We

were unable to assess the outcome of serrated or advanced serrated neoplasia because

only 2 of the 17 studies included in our analysis reported serrated neoplasia findings.
Butterly et al” found that 5.9% of individuals aged 45-49 years with low-risk indications
for colonoscopy had a clinically significant serrated polyp. Our study included diverse
international cohorts and identified differences in rates of neoplasia based on geographic
location, thus generalizability to a specific population, such as average-risk individuals in
the United States, may be limited. Although overall participant characteristics, such as race,
ethnicity, smoking status, and obesity, were reported in the original studies, they were not
stratified by age or neoplasia findings, thus we were unable to perform further sub-group
analyses to assess these CRN risk factors. Although our results demonstrate high level of
heterogeneity, it is unlikely a result of outliers because all of the articles were selected
carefully, and the publication bias evaluation did not suggest significant selection bias.

We used random study effects model to adjust for the heterogeneity among the studies.
Sensitivity analysis for our primary end points obtained consistent results. Finally, due to
the cross-sectional nature of the studies included, the rates of CRC were too low to perform
sub-group analyses.

Our study provides robust pooled estimates of the yield of colonoscopy screening in
average-risk individuals younger than 50 years, findings that can inform quality metrics
for targeted ADRSs in adults aged 45-49 years and serve as point estimates and ranges

for simulation models. Large-scale prospective studies in well-defined average-risk young
individuals need to be performed to further characterize sub-groups at higher risk for
neoplasia who would benefit most from earlier screening. Additional work is needed to
assess the impact on cost, risk, and colonoscopy access of entering young individuals with
colorectal neoplasia into polyp surveillance programs.
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WHAT YOU NEED TO KNOW
BACKGROUND AND CONTEXT

Given the rising incidence of colorectal cancer in young adults, multiple professional
societies have recommended lowering the screening age from 50 years to 45 years in
average-risk individuals.

NEW FINDINGS

The prevalence of overall and advanced colorectal neoplasia on screening colonoscopy
for average-risk individuals younger than 50 years is 14% and 2%, respectively. In adults
aged 45-49 years, 18% have any neoplasia and 4% have advanced neoplasia, similar to
rates observed in adults aged 50-59 years.

LIMITATIONS
Included articles represent globally diverse, heterogenous populations and study designs.
IMPACT

Expanding colorectal screening to individuals aged 45-49 years could have a meaningful
impact on colorectal cancer risk reduction.
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neoplasia (EAO-aCRN).
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