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Abstract

The risk of young-onset colorectal adenomas and cancer (yCRAC) in adults less than 50 years of age is increasing. We conducted
a systematic review and meta-analysis of epidemiologic studies to identify lifestyle and clinical risk factors associated with yCRAC
risk. We searched Medline, EMBASE, and Cochrane Database of Systematic Reviews for studies which: used an epidemiologic
study design, involved individuals with yCRAC, evaluated at least | lifestyle or clinical factor, and applied multivariable regression
approaches. We critically appraised the quality of included studies and calculated pooled measures of association (e.g. odds ratio
[OR]) and 95% confidence intervals (Cl) using random-effects models. We identified 499 articles in our search with 9 included in a
narrative synthesis and 6 included in a meta-analysis. We found in the pooled analysis that smoking and alcohol consumption were
lifestyle factors associated with yCRAC, as were clinical factors including obesity elevated blood glucose, elevated blood pressure,
and elevated triglycerides. We identified lifestyle and clinical risk factors associated with risk of yYCRAC, which have potential
implications for informing preventive efforts and modifying screening to target at-risk populations.
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(obesity, elevated blood glucose, elevated blood pressure, ele-
vated triglycerides) and 2 chronic conditions (type II diabetes,
metabolic syndrome) which are associated with yCRAC diag-
nosis and advanced yCRAC diagnosis.

Highlights
What Do We Already Know About This Topic?

Young-onset (diagnosis before age of 50 years) colorectal ade-
nomas and cancer (yCRAC) incidence is increasing, although
current population-based screening programs do not always
capture this group. It is necessary to identify whether sub-
groups of individuals under the age of 50 years are at increased
risk of yCRAC, in order to enhance surveillance for certain
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groups at increased risk due to lifestyle and clinical factors and
comorbid chronic conditions.

How Does This Research Contribute to the Cancer
Control Field?

In this systematic review and meta-analysis, we identify 2 life-
style factors (smoking, alcohol consumption), 4 clinical factors
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What Are Our Research’s Implications Toward Theory,
Practice, or Policy?

Given our findings from our systematic review and meta-
analysis, we suggest that clinicians and policy makers should
consider making population-based colorectal cancer screening
programs available to younger adults with certain risk factors
and/or comorbid diseases that place them at greater risk of
yCRAC. Current colorectal cancer screening programs do not
currently capture all individuals at greater risk, which may be
contributing to the greater incidence of yCRAC currently
observed.

Introduction

Colorectal cancer (CRC) is a heterogeneous disease of the
colon and rectum that typically develop from adenomatous
polyps or adenomas.' In 2018 it was reported that of the 18.1
million new cases of cancer, CRC accounted for 10.2% and
among 9.6 million cancer-related deaths, CRC accounted for
9.2%.> CRC has negative impacts on physical health,’ life
expectancy,” finances,” and psychosocial health.®

Generally CRC has been considered a disease of older
adults, with the Canadian Task Force on Preventive Health
Care recommending screening for adults aged 50 years and
older, and the American Cancer Society recommending screen-
ing for adults aged 45 years and older.”®* However, there is
growing evidence that the risk of young-onset CRC and ade-
noma (yCRAC) in adults under the age of 50 years is increas-
ing. In 2019, using data from Cancer Incidence in Five
Continents, Siegel et al. showed increasing risk of yCRAC
particularly in high-income countries with cross-sectional
age-standardized CRC incidence for adults 20-49 years ranging
from 3.5 (95% confidence interval [CI] 3.2 to 3.9) per 100,000
in India to 12.9 (95% CI 12.6-13.3) per 100,000 in Korea, with
the average annual percentage change (AAPC) as high as 4.2
(95% CI 3.4-5.0).°

Despite these data on increasing risk of yCRAC, reasons for
this increase have not been systematically evaluated. With
respect to CRC at any age at diagnosis, certain modifiable risk
factors have been found to be predictive of CRC onset. In their
2017 review, Kerr et al. reported obesity as a risk factor for
CRC'® which was supported by Avgerinos et al. who in 2019
proposed potential biological mechanisms linking obesity to
CRC, including abnormalities in signaling pathways, the role
of insulin-like growth factors, sex hormones, and adipocyto-
kines, chronic low-grade inflammation, and alterations in cir-
cadian rhythms and nutrient intake.'' More recently, a 2019
review by Murphy et al.'? reported that obesity, smoking, and
alcohol consumption are predictors of CRC onset. However, no
review to date has examined which risk factors are related to
yCRAC, especially in light of aforementioned increasing risk.
Thus, our objective was to conduct a systematic review and
meta-analysis of epidemiological studies examining risk fac-
tors associated with yCRAC.

Methods

Search Strategy and Study Selection

We searched Ovid MEDLINE (1946-present), Ovid EMBASE
(1974-present), and the Cochrane Database of Systematic
Reviews via Ovid (1995-present) in May 2019 for peer-
reviewed studies, published in English, that met the following
criteria: used an epidemiologic study design (e.g. cohort, case
control, and cross-sectional design), included a population or
sample of individuals with yCRAC, primarily under the age of
50 years but considering other age cut-offs, and evaluated risk
factors for yCRAC which for purposes of our study we are
defining according to the World Health Organization as factors
that increase the likelihood of an individual developing a dis-
ease.'® Furthermore, for our purposes we considered as risk
factors: 1) lifestyle related factors (e.g. smoking, alcohol con-
sumption); 2) clinical factors (e.g. obesity, elevated blood glu-
cose levels, elevated blood pressure, and elevated
triglycerides); and 3) comorbid conditions (e.g. type 2 diabetes,
metabolic syndrome). We further restricted our inclusion for
studies that assessed independent associations between risk
factors and yCRAC, based on the use of multivariable regres-
sion methods in analyses. Our search strategy for MEDLINE
and EMBASE databases is given in Table 1, was designed by a
health sciences librarian, and was conducted in May 2019. The
searches were conducted again in November 2019 using the
same search methods, and no new studies meeting inclusion
criteria were identified. We conducted backward hand search-
ing for all systematic reviews identified in the database
searches and hand searched reference lists of included articles.
Title and abstract screening, and full-text screening, was con-
ducted by the first author. The first author discussed whether to
include articles that passed full-text screening with an indepen-
dent researcher.

Data Extraction and Data Analysis

We extracted information on study characteristics including
year and country of publication, age range to define yCRAC,
sample size, and sex distribution. We extracted information on
the type of risk factor (e.g. smoking, blood glucose level, type 2
diabetes), method for assessing the risk factor (e.g., self-report,
measurement by a clinician), measurement of the risk factor
(e.g., consumption levels for lifestyle factors, cut-off values for
clinical factors, diagnostic criteria for comorbidities), and
reported univariate and multivariable measures of association
(e.g., odds ratio [OR], relative risk [RR]) and corresponding
95% CI with yCRAC.

We conducted a narrative synthesis of findings from
included studies. Additionally, where similar measures of asso-
ciation for a risk factor were reported in at least 2 studies, we
included these in subsequent meta-analyses to calculated
pooled measures of association and 95% CTs. We used STATA
version 15 software for the meta-analysis."*
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Table I. Search Strategy for MedLine and Embase.

Terms

Medline search

I colorectal neoplasms/ or adenomatous polyposis coli/ or colonic neoplasms/ or sigmoid neoplasms/ or rectal
neoplasms/ or duodenal neoplasms/ or ileal neoplasms/ or jejunal neoplasms/

2 ((colon or Rect*) adj3 (cancer* or neoplasm¥)).tw, kf.

3 (colorectal adj3 (cancer* or neoplasm*)).tw, kf.

4 lor2or3

5 risk/ or logistic models/ or protective factors/ or risk factors/

6 (risk or protective or determinants).tw, kf.

7 Soré

8 4and7

9 case-control studies/ or retrospective studies/ or cohort studies/ or follow-up studies/ or longitudinal studies/ or
prospective studies/ or cross-sectional studies/

10 (cohort or case control or cross-sectional).tw, kf.

I 9orl0

12 8and |1

13 “age of onset”/

14 (early onset or young onset).mp. [mp=title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier, synonyms]

I5 13 or 14

16 12 and I5

17 young.tw, kf.

I8 13orl4o0r 17

19 12 and 18

Embase search

I colorectal neoplasms/ or adenomatous polyposis coli/ or colonic neoplasms/ or sigmoid neoplasms/ or rectal
neoplasms/ or duodenal neoplasms/ or ileal neoplasms/ or jejunal neoplasms/

l or2or3

risk factor/
(risk or protective or determinants).tw, kw.
Sor6or7

OV OONONUTAWN

colorectal tumor/ or exp colon tumor/ or exp rectum tumor/ or colorectal adenoma/
((colon or rect* or colorectal) adj3 (cancer* or neoplasm*)).tw, kw.

risk/ or logistic models/ or protective factors/ or risk factors/

case-control studies/ or retrospective studies/ or cohort studies/ or follow-up studies/ or longitudinal studies/ or

prospective studies/ or cross-sectional studies/
10 case control study/ or population based case control study/ or cohort analysis/ or cross-sectional study/
I (cohort or case control or cross-sectional).tw, kw.

12 9orl0orll

13 “age of onset”/

14 onset age/

I5 (early onset or young).tw, kw.
16 13orl14orl5

17 4and 8and 12 and 16

Quality Assessment

Quality assessment was conducted by 2 researchers using the
Newecastle-Ottawa Quality Assessment Scales for case control
studies, cohort studies, and cross-sectional studies.!>!® The
scale used depends on the study design and studies were rated
on a numerical score of a maximum of 8 (for cohort and case-
control studies) or 7 (for cross-sectional studies). The assess-
ments were based on: case and control selection, comparability
of the cases and controls, and methods for ascertainment of the
exposure of cases and controls to the risk factor of interest (case
control studies) and outcome (cohort and cross-sectional

studies). A score above 5 is considered “Good” quality, 3 to
5 “Fair” quality, and 0 to 2 “Poor” quality.'”

Results

Study Selection and Characteristics

Initial searches identified 989 articles, with an additional article
identified through backward reference searching (see Figure 1).
Once duplicates were removed, 499 articles underwent title and
abstract screening, and 27 articles underwent full-text screen-
ing. Nine articles were included in the narrative synthesis, and
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Figure |. PRISMA diagram for systematic literature search.

6 articles were included in the meta-analysis. Table 2 sum-
marizes study characteristics including quality assessment
scores which ranged from 6 to 8, indicating good quality.'”
Most studies (n = 5) examined cases under the age of 50
years,'®?? one study examined cases under the age of 49
years,* one study examined cases under the age of 40 years,**
one study examined cases among those aged 25-42 years® and
one study examined cases in those aged 20-29 years and 30-39
years separately.”® With respect to yCRAC outcomes evalu-
ated, 7 studies defined any diagnosis of yCRAC to be any
patient with either an adenoma or cancer.'®*!'2® Lee et al.
2019'® included any patient with a diagnosis of a sessile ser-
rated adenoma, thus this study is included only in the narrative
synthesis and not the meta-analysis, as it is not necessarily
equivalent to the criterion for yCRAC used in other studies.
Six studies'??***%¢ assessed advanced yCRAC as outcome
with 5 of these?*2>**2¢ providing a definition of an adenoma

more than 10 mm in diameter or with villous or tubulovillous
structure, or dysplasia or cancer. Kim et al. (2019)"° used less a
less inclusive criterion for advanced cancer, as they only con-
sidered tumors with a diameter greater than 10 mm.

Narrative Synthesis

Lifestyle risk factors evaluated included smoking in 7 stud-
ies,'®2%2426 and alcohol consumption in 5 studies'®2%2%2°
Smoking and alcohol consumption were established through
self-report. Self-reported smoking was either dichotomous
(current or past smoker vs. non-smoker)*® or in tertiles (current
smoker, past smoker, never smoker).'®%? Alcohol consumption
was determined by classifying participants as never drinkers,
less than once per week, 1-2 times per week, and 2 or more
times per weekls; or as non-drinkers, non-heavy drinkers, or

heavy drinkers (drinking alcohol more than 4 times per
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week)"'??° or drinking more than 140 grams per week®* or more

than 20 grams per day®® or more than 40 grams per day.**
Finally, a single study by Rosato et al.>* evaluated the associ-
ation between consumption of certain foods and micronutrients
and risk of yYCRAC. For example, they report that eating a diet
high in processed meats increased the risk of yCRAC
(OR = 1.56, 95% CI 1.11-2.20) and a diet high in beta-
carotene (OR = 0.52, 95% CI 0.37-0.72) and vitamin E
(OR = 0.38, 95% CI 0.26-0.58) decreased the risk of yCRAC.
However, they did not examine any lifestyle factors or clinical
risk factors that allowed for comparison with other studies.
Clinical risk factors evaluated included obesity, elevated lev-
els of blood glucose, blood pressure, and triglycerides. Obesity
(defined by most studies as a BMI or body mass index equal to or
greater than 25 kg/m?) was evaluated in 6 studies,'®***2°
except for one study, which defined obesity as a BMI greater
than 23kg/m*?* All measures, including height and weight to
determine BMI, were obtained by trained health professionals.
Elevated blood glucose was examined in 3 studies, and was
defined as either a fasting blood glucose level of 100 mg/dL or
more or prescription for glucose-lowering drugs,'*® or a fasting
blood glucose level of 100mg/dL or more or a HbA1C level of
6.5% or more.>* Elevated blood pressure or hypertension was
defined as a blood pressure equal to or greater than 140/
90mmHg** or a blood pressure equal to or greater than 130/85
mmHg or use of antihypertensive drugs.***® Additionally, in one
study, the authors did not define the criterion they used for
classifying participants as having hypertension.?! Finally, Kim
etal. 2019'° examined systolic and diastolic blood pressure sep-
arately and did not provide a criterion for elevated blood pres-
sure. Elevated blood triglycerides was evaluated in 5 studies with
4 of these defining this factor as blood triglyceride levels at or
greater than 150 mg/dL'*?%?*2¢ and one study?' not providing a
clear definition. Finally, although comparatively less studied,
also evaluated were chronic conditions including metabolic syn-
drome in 3 studies****?° and type 2 diabetes in 2 studies.

Meta-Analysis

. - 19,21,22,242 . . :
Six studies'**'%?*2¢ were included in the meta-analysis and

we calculated pooled OR’s to describe the association between
the following risk factors and both any diagnosis of yCRAC
and advanced yCRAC: 1) cigarette smoking, 2) alcohol con-
sumption; 3) obesity (BMI of 25 or greater); 4) elevated blood
glucose; 5) elevated blood pressure; and 6) elevated blood
triglycerides . Of note, in one study by Kim et al. (2019),%
ORs were reported separately for their 20-29 year old cohort
and the 30-39 year old cohort, and as such, we separately
entered corresponding ORs for each age group into relevant
meta-analyses.

Lifestyle Factors (Smoking, Alcohol)

Among lifestyle factors, smoking was the most commonly
evaluated risk factor in 5 studies, and all studies considered a
participant a current smoker if they reported consuming

cigarettes on a regular basis.!??!22:242¢ Three studies
examined the association between smoking and any yCRAC
diagnosis, and resulted in a pooled OR of 1.69 (95%
CI 1.44-1.99).2%2%2¢ Likewise, 4 studies examined the associ-
ation between smoking and an advanced yCRAC diagnosis,
and the pooled OR was 1.56 (95% CI 1.23-1.98).!9-21:22:26
Alcohol consumption was examined in 4 studies.!?*2:242°
Researchers used different criteria to define excessive alcohol
consumption including more than 20 grams per day,?® more
than 40grams per day,”* more than 140 grams per week,** and
consumption of more than 4 times per week.'® Three studies
examined the association between alcohol consumption and
yCRAC diagnosis,”****¢ and the pooled OR was 1.48 (95%
CI 1.40-1.57). Three studies examined the association between
alcohol consumption and advanced yCRAC diagnosis,'*-*22°
and resulted in a pooled OR of 1.46 (95% CI 1.27-1.69). These
results are presented in Figure 2, displaying Forest Plots for
each pooled OR.

Clinical Risk Factors (Obesity, Elevated Blood Glucose,
Elevated Blood Pressure, Elevated Triglycerides)

Researchers in the 6 studies included in the meta-analy-
sig!?21:22:24-26 4150 examined risk factors associated with
yCRAC and advanced yCRAC that were determined by clin-
ical measurements by trained interviewers. With respect to
obesity, studies examined the association between elevated
BMI and yCRAC (n = 4 studies)®***2® and advanced yCRAC
(n = 4 studies).'®?!*>2® All studies applied having a BMI
equal to or greater than 25 kg/m? as the criterion for obe-
sity,'921-242¢ except for one study,”> which used a BMI equal
to or greater than 23 kg/m” as the obesity criterion. When we
pooled the ORs, the pooled OR for obesity and any yCRAC
diagnosis was 1.45 (95% CI 1.37-1.52) and the pooled OR for
obesity and advanced yCRAC diagnosis was 1.26 (95% CI
1.04-1.54) (see Figure 3). When examining the association
between elevated blood glucose and any yCRAC diagnosis or
an advanced yCRAC diagnosis, the pooled OR for elevated
blood glucose and any yCRAC diagnosis was 1.69 (95% CI
1.27-2.25) and the pooled OR for elevated blood glucose and
advanced yCRAC diagnosis was 1.60 (95% CI 1.30-1.96).All
studies'®**?® defined an elevated blood glucose level as a
fasting blood glucose level at or above 100 mg/dL. Three stud-
ies evaluated elevated blood pressure and its association with
any yCRAC diagnosis****?® and 3 studies evaluated the asso-
ciation between elevated blood pressure and an advanced
yCRAC diagnosis.>'**%® Authors also used variable criteria
for determining elevated blood pressure: (1) a systolic blood
pressure of 130 mmHg or greater and/or a diastolic blood pres-
sure of 85 mmHg or greater, or using antihypertensive
drugs®*?%; (2) a systolic blood pressure of 140 mmHg or
greater and/or a diastolic blood pressure of 90 or greater®*; or
(3) the authors did not specify the criterion for elevated blood
pressure.”! When we pooled the ORs, the pooled OR for any
yCRAC diagnosis was 1.56 (95% CI 1.31-1.86) and the pooled
OR for an advanced yCRAC diagnosis was 1.51 (95% CI
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1.14-2.01).Finally, 3 studies examined the association between
elevated triglycerides and any yCRAC diagnosis,*>**%¢ and 3
studies examined the association with an advanced yCRAC
diagnosis.*"**2° The criterion for elevated triglycerides was
a measured value of 150 mg/dL,****?® or the authors did not
specify a minimum value.?' The pooled OR for elevated trigly-
cerides and any yCRAC diagnosis was 1.51 (95% CI 1.41-
1.62), and the pooled OR for elevated triglycerides and an
advanced yCRAC was 1.60 (95% CI 1.07-2.38).

Chronic Conditions (Type 2 Diabetes, Metabolic
Syndrome)

While less frequently examined, some studies evaluated the
association between clinical conditions, specifically type 2 dia-
betes and metabolic syndrome, and yCRAC or an advanced
yCRAC diagnosis. Two studies*'** examined the association
between type 2 diabetes and advanced yCRAC separately from
a diagnosis of elevated blood glucose. Lee et al.** defined a
diagnosis of type 2 diabetes as a fasting blood glucose of 126
mg/dL or higher or using diabetic drugs, while Jung et al.*' did
not provide a definition. The pooled OR was 1.60 (95% CI
1.32-1.95). Three studies?***?® examined the association
between metabolic syndrome and any diagnosis of yCRAC.
Kim et al. 2019%° used the criteria for metabolic syndrome as
follows: Metabolic syndrome was diagnosed if 3 the following
criteria were satisfied: (1) abdominal obesity; (2) elevated fast-
ing blood glucose (FBG) level greater or equal to 100 mg/dL or
use of glucose-lowering medications; (3) elevated blood pres-
sure or use of antihypertensive drugs; (4) elevated triglyceride
level (greater or equal fo150 mg/dL); and/or (5) reduced high-
density lipoprotein cholesterol level (<40 mg/dL in men and
<50 mg/dL in women). Kwak et al.>* defined metabolic syn-
drome as any combination of 3 or more of the following: (1)
abdominal obesity; (2) elevated blood pressure (greater than or
equal to 130 mm Hg systolic blood pressure or greater than or
equal to 85 mm Hg diastolic blood pressure) or receiving anti-
hypertensive drugs; (3) elevated tryiglycerides (greater than or
equal to 150 mg/dL); (4) elevated fasting plasma glucose
(greater than or equal to 100 mg/dL) or receiving antidiabetic
drugs; and (5) reduced HDL (40 mg/dL in men or 50 mg/dL in
women). Finally, Lee et al. 2016 defined metabolic syndrome
as the presence of >3 of the following criteria: (1) waist cir-
cumference >90 cm in men and >80 cm in women; (2) blood
pressure >130/85 mmHg; (3) fasting plasma glucose >110 mg/
dL; (4) triglyceride levels >150 mg/dL; and (5) HDL choles-
terol < 40 mg/dL for men and < 50 mg/dL for women. The
pooled OR for all 3 studies was 1.56 (95% CI 1.44-1.68).

Discussion

Our systematic review and meta-analysis has demonstrated that
several modifiable lifestyle indicators, (smoking, alcohol con-
sumption), clinical factors (obesity/elevated BMI, elevated blood
glucose, elevated blood pressure, elevated triglycerides), and
chronic conditions (type 2 diabetes, metabolic syndrome) are all

significant predictors of both yCRAC diagnoses and advanced
yCRAC diagnoses. Specifically, pooled ORs for the association
between lifestyle factors of smoking (OR = 1.69, 95% CI 1.44-
1.99) and alcohol consumption (OR = 1.48, 95% CI 1.40-1.57)
and any yCRAC, with similar associations between these factors
and an advanced yCRAC diagnosis, provide confirmatory evi-
dence that these established risk factors for CRC'? also play a
role in the risk of yCRAC. We additionally showed associations
between clinical factors and any diagnosis of yCRAC, including:
obesity (OR = 1.45, 95% CI 1.37-1.52); elevated blood glucose
(OR = 1.69, 95% CI 1.27-2.25); elevated blood pressure (OR =
1.56, 95% CI 1.31-1.86); and elevated triglycerides (OR =
1.51,95% CI 1.41-1.62), with similar results for the associations
between clinical factors and an advanced yCRAC diagnosis.
Finally, we found significant associations between yCRAC and
advanced yCRAC for chronic conditions: type 2 diabetes and
advanced yCRAC diagnosis (OR = 1.60, 95% CI 1.32-1.95),
and metabolic syndrome and any yCRAC diagnosis (OR =
1.56, 95% CI 1.44-1.68). Thus, this systematic review provides
evidence that certain lifestyle and clinical risk factors for CRC,
and chronic conditions, are associated with yCRAC. Key in our
review was the consideration of chronic conditions and its asso-
ciation with yCRAC, indicating that health professionals should
be aware of conditions increasing patients’ risk of yCRAC. It is
important to note that some clinical factors, for example hyper-
tension, elevated blood glucose levels, and obesity, may not
automatically indicate presence of a clinically significant health
condition requiring treatment. However, these factors, when
present in a patient presenting with other risk factors for yCRAC,
may necessitate further clinical investigation or observation.

Other researchers have also found that these risk factors are
associated with CRC incidence in the general population, not
specific to those under the age of 50 years. Kerr et al.'” and
Avreginos et al.'! both found that obesity is related to CRC
diagnosis in older populations, and in their review, Murphy
et al.'? report that obesity, smoking, and alcohol consumption
are associated with CRC diagnoses in all age groups. One
biological mechanism proposed by Avreginos et al. is that
obesity is associated with a higher fat diet, microbiome altera-
tion, and subclinical inflammation, which contributes to greater
risk of developing polyps and eventually colorectal cancer.
However, even with CRC in the general population, there has
been less focus on the contribution of clinical risk factors (ele-
vated blood glucose, blood pressure, and triglycerides) and
chronic disease (type 2 diabetes, metabolic syndrome) to the
risk and burden of CRC.

Given that the incidence and prevalence of yYCRAC has been
shown to be increasing in multiple countries,?’ it is important
for health professionals, especially primary care providers, to
be aware of the consequences of the presence of these factors in
a patient, and ultimately CRC screening program recommen-
dations’ may need to consider revising their screening recom-
mendations for those under the age of 50 years whose clinical
risk factors and/or chronic conditions place them at increased
risk of yCRAC. For example, the American Cancer Society
recently lowered their recommended screening age from 50
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years to 45 years, to assist in reducing the number of yCRAC
cases that are not identified through routine screening.”® Our
systematic review raises the possibility that certain groups of
individuals under the age at 50 years may be at increased risk of
yCRAC, and thus screening programs may need to be modified
to address these higher-risk groups. Additionally, there is a
need for health professionals to be better aware of the possi-
bility of yCRAC in their patients when patients present with
yCRAC symptoms and investigate these cases accordingly. For
example, our group recently published a patient-oriented,
multi-method study indicating that yCRAC is frequently mis-
diagnosed in symptomatic patients under the age of 50, leading
to delays in diagnosis and treatment.”® Thus, through both
modifying population-based screening programs, and educat-
ing health professionals as to the risk of yCRAC in patients
under 50, especially for those in higher-risk groups identified in
this systematic review, the burden of this disease in those under
the age of 50 years can hopefully be reduced.

This review and meta-analysis is, to our knowledge, the first
to examine risk factors for CRC specifically in those under the
age of 50. While there were a limited number of published
observational studies meeting study inclusion criteria, and
while authors used differing criteria for both yCRAC and the
risk factors for yCRAC that we examined, this study still makes
a potentially important contribution given the paucity of
research specific to yCRAC and the emerging nature of the
field. We also collaborated with an information specialist in
order to develop a comprehensive literature search across mul-
tiple databases and a detailed search strategy. We also used
MOOSE reporting guidelines for our review and meta-
analysis, which gives further credibility to our results.*® There
were some limitations associated with this study. First, we only
searched for peer-reviewed journal articles, and may have
overlooked unpublished data, such as government reports. Sec-
ond, we excluded studies that examined yCRAC risk factors in
those at increased risk of yCRAC, for example those individ-
uals with genetic disorders that place them at high risk of
developing CRC at an early age. This exclusion criterion was
to help elucidate the associations of lifestyle and clinical fac-
tors and chronic diseases with yCRAC diagnosis. Finally, few
published observational studies were available, and there is a
large heterogeneity, both of the study samples and the criteria
used to define both yCRAC and the risk factors in the study.
However, given the emerging nature of the yCRAC research
field, and the growing clinical need to address the increasing
incidence of yCRAC worldwide,?’ this study still provides a
potentially important contribution to the field, and can assist in
developing future research in this emerging field.

Conclusions

We have demonstrated that lifestyle factors, clinical factors,
and chronic conditions are all associated with yCRAC diagno-
sis, and warrant further attention. While some factors (i.e.
smoking, alcohol consumption, obesity) may be modified
through behavior change interventions, other risk factors (i.e.

elevated blood glucose, blood pressure, and triglycerides) and
chronic conditions (i.e. type 2 diabetes, metabolic syndrome)
may be more difficult to address through these interventions.
These findings suggest that there may need to be more rigorous
screening by primary care providers for these risk factors,
given their association with yCRAC. Eventually, populations
with these elevated risk factors may ultimately require more
stringent screening for colorectal cancer in individuals under
age 50, in order to reduce the burden of this disease and allow
for earlier treatment and better prognosis.

Abbreviations

AAPC: average annual percentage change

CRC: colorectal adenomas and cancer

OR: odds ratio

yCRAC: young-onset colorectal adenomas and cancer
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