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This article has an accompanying continuing medical education activity, also eligible for MOC credit on page e1500. Upon completion of this
activity, successful learners will be able to, 1) Identify potential risk factors for early-onset colorectal cancer; and, 2) Explain the importance of
establishing risk factors for this unique patient population.

BACKGROUND & AIMS:

METHODS:

RESULTS:

CONCLUSIONS:

Despite the widespread increase in the incidence of early-onset colorectal cancer (EoCRC), the
reasons for this increase remain unclear. The objective of this study was to determine risk
factors for the development of EoCRC.

We conducted a systematic literature review and meta-analysis of studies examining non-
genetic risk factors for EoCRC, including demographic factors, comorbidities, and lifestyle
factors. Random effects meta-analyses were conducted for risk factors that were examined in at
least three studies. Heterogeneity was investigated using the Q-test and I statistic.

From 3304 initial citations, 20 studies were included in this review. Significant risk factors for
EoCRC included CRC history in a first-degree relative (RR 4.21, 95% CI 2.61-6.79), hyperlipid-
emia (RR 1.62, 95% CI 1.22-2.13), obesity (RR 1.54, 95% CI 1.01-2.35), and alcohol consumption
(high vs. non-drinkers) (RR 1.71, 95% CI 1.62-1.80). While smoking was suggestive as a risk
factor, the association was not statistically significant (RR 1.35, 95% CI 0.81-2.25). With the
exception of alcohol consumption, there was considerable heterogeneity among studies (I* >
60%). Other potential risk factors included hypertension, metabolic syndrome, ulcerative co-
litis, chronic kidney disease, dietary factors, sedentary behaviour, and occupational exposure to
organic dusts, but these were only examined in one or two studies.

The results of this study advance the understanding of the etiology of EoCRC. High-quality
studies conducted on generalizable populations and that comprehensively examine risk fac-
tors for EoCRC are required to inform primary and secondary prevention strategies.
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orldwide, colorectal cancer (CRC) is the third

most commonly diagnosed cancer and the
fourth leading cause of cancer-related death." Although
the risk of CRC increases with age, approximately 10%
of newly diagnosed cases occur in adults younger than
the age of 50, termed early-onset colorectal cancer
(EoCRC).” Furthermore, despite a decrease in the inci-
dence of CRC among older age groups,”* an increase in
the incidence of EoCRC has been observed in recent de-
cades in Canada,3 the United States,* and in several other
countries including Australia, Brazil, China, Japan, and
the United Kingdom.” A systematic review of all studies
examining population-level trends in the incidence of
EoCRC reported similar findings.®

The reasons for these increasing trends in EoCRC are
unclear. Although similar in magnitude between men and
women,” some evidence suggests that the increases have
been more pronounced among Caucasians.” In addition,
the heterogeneity in the rise in cases and the variable
tumor sites involved in the colorectum between

Abbreviations used in this paper: BMI, body mass index; Cl, confidence
interval; CRC, colorectal cancer; EOCRC, early-onset colorectal cancer;
NOS, Newcastle-Ottawa Scale; RR, relative risk.
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countries provide support for environmental and life-
style factors to be potential contributors.” Because of the
widespread nature of this increasing health problem and
the magnitude of loss to young people when diagnosed
with these more aggressive cancers,” these unfavorable
changes in the epidemiology of EoCRC is a global concern
and an important topic of investigation.

The majority of EoOCRC cases are diagnosed outside of
CRC screening programs. As such, these cancers are
typically diagnosed at later stages, where prognosis is
worse compared with CRCs diagnosed earlier.® EoCRC
tumors commonly have poorer cell differentiation and a
higher prevalence of signet ring cell histology and are
more often located in the left side of the colon when
compared with older-onset CRC.” Although 30% of
EoCRC occurs among those with a family history of CRC
or a genetic predisposition, the majority of cases are
sporadic and possibly exacerbated by environmental or
lifestyle factors.’

Establishing risk factors for EoCRC is an important
exercise, because it can inform both primary prevention
efforts aimed at behavior modification and secondary
prevention strategies such as targeted screening ap-
proaches for high-risk individuals. Several review articles
on EoCRC have been published and have qualitatively
summarized the evidence on potential risk factors for
EoCRC.%'*'" To our knowledge, there has only been one
study that has quantitatively summarized risk factors for
EoCRC with a meta-analysis. In their review, Breau and
Ellis'* examined the association of clinical and lifestyle
factors with the development of early-onset colorectal
adenomas and cancer together. Because many colorectal
adenomas do not develop into CRC, it is important to
determine risk factors for EOCRC alone. In addition, there
have been several articles that have examined risk fac-
tors for EoCRC that have been published recently.
Therefore, the objective of this study was to determine
risk factors for EoCRC and to quantify the magnitude of
risk associated with these risk factors through a quan-
titative synthesis of the evidence base. In addition to
summarizing the literature, this review sought to high-
light gaps in knowledge that can be targeted for future
research investigations on risk factors for EoCRC.

Methods

Literature Search, Eligibility Criteria, and
Screening

The protocol for this systematic review and meta-
analysis was registered with PROSPERO
(CRD42020185557) and was conducted according to the
guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses'® and Meta-analysis of
Observational Studies in Epidemiology recommenda-
tions."* We systematically searched MEDLINE and
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What You Need to Know

Background

Despite the widespread increase in the incidence of
early-onset colorectal cancer (EoCRC), the reasons
for this increase remain unclear.

Findings

Significant risk factors for EoCRC include colorectal
cancer history in a first-degree relative, obesity,
hyperlipidemia and alcohol consumption, while
smoking is a suggestive risk factor.

Implications for patient care

The results of this study can inform primary pre-
vention programs and targeted screening to reduce
the incidence of EoCRC and associated mortality.

Embase databases from inception to August 5, 2020 with
a search strategy that was developed by D.E.O and R.L.S.
in collaboration with a research librarian at the Univer-
sity of Calgary. The full search strategy is provided in the
Supplementary Material. Abstract and title screening was
conducted by S.T., K.C., and J.F. Any conflicts were
resolved by D.E.O. Full-text screening was performed by
D.E.O and R.L.S, and any conflicts were resolved by
consensus.

To be eligible for inclusion, studies had to report
findings from an observational study that examined the
relationship of non-genetic factors that may increase the
risk of developing EoCRC, defined as CRC diagnosed
before the age of 50. Eligible risk factors included life-
style or environmental factors, reproductive factors,
comorbidities, or demographic characteristics. Any pro-
spective or retrospective cohort studies, case-control
studies, or cross-sectional studies were eligible for in-
clusion. During full-text screening, only published studies
that compared risk factors between EoCRC cases and
healthy individuals younger than the age of 50 were
eligible for inclusion. Studies were excluded if they (1)
only examined risk factors for advanced polyps or com-
bined advanced polyps with CRC in the outcome defini-
tion, (2) compared characteristics between EoCRC cases
and older-onset cases, (3) compared incidence rates of
EoCRC for a specific cohort with standardized incidence
rates in the general population, (4) did not report an
effect estimate or values necessary to derive effect esti-
mates, or (5) were not published in English. Reviews and
meta-analyses were also excluded, but their bibliogra-
phies were searched. Reference lists of the included ar-
ticles and studies that cited the included articles were
examined for potential inclusion by D.E.O. In addition,
meta-analyses on risk factors for CRC were examined to
determine whether there were any studies that per-
formed subgroup analyses among subjects younger than
50 years of age.
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Data Extraction

D.E.O and R.L.S. extracted information on author, year
of publication, geographic location, study design, sample
size, definition of EoCRC, outcomes examined, sex of the
participants, ethnicity of the participants, and risk factors
examined. The referent category, effect estimates, and
95% confidence intervals (Cls) for exposure categories of
each risk factor were extracted. Only effect estimates that
were adjusted for at least age and sex were extracted. All
of the extracted information was stored in an Excel file
(Microsoft, Redmond, WA) and was checked for accuracy
by D.E.O and R.LS.

Study Quality Assessment

Study quality was evaluated by using a modified
version of the Newcastle-Ottawa Scale (NOS) for case-
control and cohort studies.'® The NOS is a quality scale
that judges studies on the basis of 3 broad categories: (1)
the selection of study groups, (2) the comparability of the
groups, and (3) the ascertainment of exposure and
outcome. In the original NOS, the comparability of the
groups is scored either a 1 (adjusted for the most
important confounder) or 0 (did not adjust for the most
important confounder). Because this study was focused
on a broad set of exposures, we modified this category to
be scored from 0 to 2. A score of 2 corresponds to
adjusting for the majority of established risk factors for
CRC (>75% of the risk factors), a score of 1 corresponds
to adjusting for a few established risk factors for CRC
(<75% of the risk factors), and a score of 0 corresponds
to adjusting for none of the established risk factors for
CRC besides age and sex. A list of established risk factors
that were considered is included in the Supplementary
Material. Variables were considered adjusted for if
eliminated from the final model through backwards
elimination, stepwise selection, or change-in-estimate
approaches. Because the NOS is only designed to eval-
uate study quality of case-control or cohort studies, we
used an adapted version for the cross-sectional studies
included in this review.'® We categorized study quality
on the basis of their total score: low (0-3), moderate
(4-6), and high (7-9). D.E.O and R.L.S. rated the quality
of the studies, and discrepancies were resolved through
discussion and consensus.

Statistical Analysis

For the purposes of this study, hazard ratios and odds
ratios were treated as estimates of relative risk. DerSi-
monian and Laird random-effect models were used to
pool effect estimates for risk factors that were examined
in at least 3 studies. Heterogeneity was investigated with
the Q-test and I* statistics. Subgroup analyses or meta-
regressions were not performed because of small
numbers of studies included in each meta-analysis. To
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test for publication bias, we visually reviewed funnel
plots and used Egger’s weighted linear regression for
meta-analyses that contained at least 5 studies.”” We
also used the trim and fill approach as a sensitivity
analysis because the Egger’s test is underpowered in
meta-analyses with few studies.

For obesity, we pooled effect estimates for body mass
index (BMI) greater than 30 kg/m? compared with the
lowest referent category in each study (typically
18.5-24.9 kg/m?). Two studies that examined BMI were
not included in the obese BMI meta-analysis because
one only examined BMI >25 kg/m? compared with
<20 kg/m?'? and the other examined BMI as a contin-
uous variable.'” The latter study did not provide enough
information to determine an effect estimate for an obese
BMI. For alcohol consumption, we pooled effect esti-
mates for the highest study defined category compared
with never drinkers. For cigarette smoking, we pooled
effect estimates for the highest study defined category
compared with never smoking. All analyses were per-
formed by using the R computing framework (http://
www.r-project.org).

Results

Study Inclusion and Characteristics of Included
Studies

In total, 3304 unique articles were identified during
the initial literature search, of which 177 articles plus 7
additional studies from reference lists underwent full-
text review. After full-text review, a total of 20 studies
examining at least one risk factor for EoCRC were
retained, and 14 of these studies were included in the
meta-analysis. The most common reasons for exclusion
during the full-text review were lack of relevance (n =
82), incorrect study population (n = 31), or inappro-
priate comparator (n = 29) (Figure 1).

Characteristics of the 20 retained studies exam-
ining the risk of developing EoCRC associated with
demographic characteristics, comorbidities, or lifestyle
factors are presented in Table 1.18-37 A total of 47,692
EoCRC cases were examined in these studies, with 6
of the 20 studies also examining subsites of CRC. Of
the studies included in this review, 13 were con-
ducted in North America, 3 in Europe, 3 in Asia, and 1
in Australia. Ten of the studies were case-control, 8
were cohort studies, and 2 were -cross-sectional
studies.

Study Quality

The majority of included studies were of moderate
quality, with the exception of 6 studies that were deemed
to be of high quality.”********7 Most studies (n = 15)
failed to adequately control for confounding, because few
comprehensively adjusted for CRC risk factors. Nearly
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half of the case-control studies (n = 4) used hospital-
based controls, and more than half of the cohort
studies (n =5) used an unrepresentative cohort. Half of
the studies (n = 10) used self-report to ascertain expo-
sure to potential risk factors for EoCRC. A detailed
description of study quality by specific domains of the
modified NOS is presented in Supplementary Tables 1, 2,
and 3.

Demographics

Ten studies examined the association of demographic
factors with the development of EoCRC. The associations
with the development of EoCRC for demographic factors
that were examined in at least 3 studies are displayed in
Figure 2. Male sex (pooled relative risk [RR] = 1.59; 95%
Cl, 1.23-2.07), Caucasian ethnicity (RR = 1.31; 95% CI,
1.06-1.62), and a history of CRC in a first-degree relative
(RR = 4.21; 95% CI, 2.61-6.79) were all significantly
associated with the development of EoCRC. There was
considerable heterogeneity among risk estimates for all
the examined demographic factors (I* >60%). There was
some indication of publication bias as implied by the trim
and fill method for male sex and Caucasian ethnicity
(Supplementary Figures 1 and 2). There was little evi-
dence of publication bias for the family history of CRC
meta-analysis (Supplementary Figure 3). Two studies
examined the relationship of education with the

development of EoCRC, and the studies had conflicting
results."®* One study examined the relationship of age
with the development of EoCRC and observed a signifi-
cant increased risk with increasing age (continuous
variable).”” Three other studies presented enough in-
formation to obtain crude estimates for age, but the age
cutoffs varied (Supplementary Table 4).

Comorbidities

A total of 9 studies examined the association between
pre-existing comorbidities and the development of
EoCRC. The associations with the development of EoCRC
for comorbidities that were examined in at least 3
studies are displayed in Figure 3. Obesity (pooled RR =
1.54; 95% CI, 1.01-2.35) and hyperlipidemia (high levels
of fat - cholesterol and triglycerides in the blood)
(pooled RR = 1.62; 95% CI, 1.22-2.13) were both
significantly associated with the development of EoCRC.
There was considerable heterogeneity among study-
specific estimates for both obesity (I* = 98.7%) and
hyperlipidemia (I* = 96.8%). There was minimal evi-
dence of publication bias for the obesity meta-analysis
(Supplementary Figure 4). There was some evidence of
plot asymmetry from visual inspection for the hyperlip-
idemia meta-analysis, but the trim and fill method did
not indicate any missing studies (Supplementary
Figure 5). Type 2 diabetes was examined in 3
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Table 1. Characteristics of All Studies Investigating Risk Factors for the Development of Early-Onset (<50 Years of Age) Colorectal Cancer

Sample
Study design Early-onset size Sex (% Ethnicity (% Lifestyle
Study and location (period) definition (y) Qutcome (cases) men) Caucasian) Demographics Comorbidities factors
Chen et al, 2020 (United Case-control <50 CRC, colon 4673 51.3 NR None Metabolic None
States) (2006-2015) cancer (proximal syndrome
and distal), rectal
cancer
Dash et al, 2020 (United Cohort <50 CRC 113 0.0 0.0 None BMI, waist Weight change
States) (1995-2013) circumference,
waist to hip,
body shape
index
Elangovan et al, 2020 Cross-sectional <50 CRC 16,090 4.7 58.8 None BMI, diabetes, Smoking
(United States) (2014-2019) hypertension,
hyperlipidemia
Fauchs et al, 1994 Cohort <50 CRC 13 0.0 NR Family history of None None
(United States) (1986-1992) CRC
Gausman et al, 2019 Case-control <50 CRC 269 46.5 55.4 Sex, ethnicity, BMI and None
(United States - (2011-2017) and family hyperlipidemia
New York) history of CRC
Ghadirian et al, 1997 Case-control <50 Colon cancer 118 41.0 NR Family history of None None
(Canada) (1989-1993) CRC
Levi et al, 2017 (Israel) Cohort <45 CRC 1089 100.0 0.0 None BMI None
(1967-2010)
L’Heureux et al, 2019 Case-control <50 CRC, colon 8623 57.2 0.0 None Thyroid None
(Taiwan) (2008-2013) cancer, rectal disorders
cancer
Liu et al, 2018 (United Cohort <50 CRC, colon 114 0.0 NR None BMI Weight change
States) (2004-2008) cancer, rectal
cancer
Low et al, 2020 (United Case-control <50 CRC 651 82.3 55.3 Age and sex BMI, diabetes, Weight loss,
States) (1999-2014) iron deficient smoking, aspirin
anemia use
Negri et al, 1998 (ltaly) Case-control <45 CRC, colon 145 52.4 NR Family history of None None
(1992-1996) cancer, rectal CRC
cancer
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Table 1.Continued

Sample
Study design Early-onset size Sex (% Ethnicity (% Lifestyle
Study and location (period) definition (y) Qutcome (cases) men) Caucasian) Demographics Comorbidities factors
Nguyen et al, 2019 Cohort <50 CRC, colon 118 0.0 92.0 None None Sedentary
(United States) (1991-2011) cancer, rectal behavior
cancer
Peters et al, 1989 Case-control <45 CRC, stratified 147 100.0 89.1 None None Diet, smoking,
(United States - LA (1974-1982) (right-sided, alcohol,
County) traverse/ occupational
descending, physical activity,
sigmoid, rectum) dust exposure,
chemical
exposure,
inhaled
substance
exposure
Rosato et al, 2013 (ltaly Case-control <45 CRC 329 53.4 NR Education, BMI, diabetes Alcohol, physical
and Switzerland) (1985-2009) family history of activity, diet,
CRC vitamins
Samadder et al, 2015 Case-control <50 CRC 7344 52.7 NR Family history None None
(United States - (1980-2010)
Utah)
Sanford et al, 2019 Cross-sectional <50 CRC 239 441 79.5 Sex and BMI Smoking
(United States) (1998-2017) ethnicity
Sondergaard et al, 2013 Cohort <45 CRC 1789 NR NR Education None None
(Denmark) (1978-2009)
St John et al, 1993 Case-control <45 CRC 82 47.8 NR Family history None None
(Australia) (1952-1985)
Syed et al, 2019 (United Cohort <50 CRC 5710 NR NR Sex, ethnicity, BMI, colitis, Tobacco use,
States) (2012-2016) family history of hypertension, alcohol use
cancer, family hyperlipidemia
history of CRC,
family history of
polyps
Wu et al, 2013 (Taiwan) Cohort <50 CRC 36 52.0 0.0 None Chronic kidney None

(2004-2005)

disease

BMI, body mass index; CRC, colorectal cancer; NR, not reported.
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Figure 2.Estimated rela-
tive risk of developing
early-onset colorectal
cancer associated with
male  sex, Caucasian
ethnicity, and a family his-
tory of colorectal cancer.
Cl, confidence interval;
CRC, colorectal cancer.

Author and Year

Author and Year
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Relative Risk [95% CI]

Male ;

Low et al., 2020 : —a— 2.21[1.68, 2.91]
Gausman et al., 2019 —— 1.87[1.39, 2.51]
Sanford et al., 2019 H—l—i 1.22[0.89, 1.67]
Syed et al, 2019 b 1.34[1.27, 1.41]
RE Model (Q = 17.11, df = 3, p = 0.00; I = 82.5%) | ——— 1.59 [1.23, 2.07]
Caucasian Ethnicity ;

Gausman et al., 2019 l—-—4 1.10 [0.84, 1.43]
Sanford et al., 2019 ——— 1.24[0.86, 1.79]
Syed et al, 2019 b 1.48[1.40, 1.57]
RE Model (Q = 5.36, df = 2, p = 0.07; I = 62.7%) - 1.31 [1.06, 1.62]
Family History of CRC :

Gausman et al., 2019 : > 8.61[4.77, 15.55]
Samadder et al., 2015 —a— 2.32[1.91, 2.82]
Rosato et al., 2013 - 4.50 [2.64, 7.68]
Negri et al., 1998 —_— 5.30 [2.34, 12.00]
Fauchs et al., 1994 —a— 3.78[1.99, 7.17]
St. John et al., 1993 : —_— 3.70 [1.50, 9.11]
RE Model (Q = 23.55, df = 5, p = 0.00; I = 78.8%) ———— 4.21 [2.61, 6.79]

I T |
0.8 25 )

Relative Risk [95% ClI]

Relative Risk [95% CI]

Obese BMI
Dash et al., 2020

0.97 [0.55, 1.71]

Elangovan et al., 2020 [ ] 1.83[1.79, 1.88]
Low et al., 2020 —a | 0.69 [0.55, 0.86]
Sanford et al., 2019 )—-—« 1.39[1.00, 1.92]
Syed et al., 2019 - 4.10 [3.79, 4.43]
Liu et al., 2018 —_——y 1.86 [1.13, 3.06]
Levi et al., 2017 p—— 1.43[1.17, 1.75]
RE Model (Q = 475.85, df = 6, p = 0.00; I* = 98.7%) ~—-.—- 1.54 [1.01, 2.35]
Hyperlipidemia

Elangovan et al., 2020 . 1.99 [1.90, 2.09]
Gausman et al., 2019 ———y 0.57 [0.38, 0.83]
Syed et al, 2019 - 2.39[2.23, 2.55]
RE Model (Q = 63.04, df = 2, p = 0.00; I” = 96.8%) —~ecco— 1.61 [1.22, 2.13]

i T |
0.35 1 1.5 4.5

Relative Risk [95% CI]

Figure 3. Estimated rela-
tive risk of developing
early-onset colorectal
cancer associated with an
obese BMI and hyperlipid-
emia. BMI, body mass in-
dex; Cl, confidence
interval.
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Author and Year
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Relative Risk [95% CI]

Alcohol Consumption

Syed et al., 2019 : H 1.71[1.62, 1.80]
Rosato et al., 2013 —_——y 1.56 [1.12, 2.16]
Peters et al., 1989 ] 1.60 [0.70, 3.68]
RE Model (Q = 0.34, df = 2, p = 0.85; I = 0.0%) S 1.71 [1.62, 1.80]
Smoking

Elangovan et al., 2020 - 1.07 [1.04, 1.11]
Low et al., 2020 —— 1.10 [0.89, 1.35]
Sanford et al., 2019 V—a— 1.51[1.10, 2.08]
Syed et al., 2019 H 2.46 [2.33, 2.59]
Peters et al., 1989 < = { 0.90 [0.44, 1.82]
RE Model (Q = 695.29, df = 4, p = 0.00; 1> = 99.4%) S — 1.35 [0.81, 2.25]

Figure 4. Estimated rela-

: tive risk of developing

: early-onset colorectal

[ I I | . .
cancer associated with
0.5 1 1.5 45 alcohol consumption and a

Relative Risk [95% CI]

studies,"®*"*” but only 2 of the studies reported effect
estimates associated with the development of EoCRC;
one study observed a higher risk,! and the other re-
ported a null association.'® Among the remaining studies,
a significantly higher risk of developing EoCRC was
associated with hypertension,”"*> metabolic syn-
drome,®” ulcerative colitis,35 and chronic kidney dis-
ease,35 whereas a lower risk was associated with
hyperthyroidism.*”

Lifestyle Behaviors and Occupational Factors

Nine studies examined the association of lifestyle or
occupational factors with the development of EoCRC. The
associations with the development of EoCRC for lifestyle
factors that were examined in at least 3 studies are
displayed in Figure 4. Alcohol consumption was signifi-
cantly associated with the development of EoCRC
(pooled RR = 1.71; 95% CI, 1.62-1.80), but cigarette
smoking was not significantly associated (pooled RR =
1.35; 95% CI, 0.81-2.25). There was considerable het-
erogeneity among studies included in the meta-analysis
for cigarette smoking (I> = 99.4%) but not for alcohol
consumption (I = 0.0%). There was minimal evidence of
publication bias for both of the meta-analyses
(Supplementary Figures 6 and 7).

Among the remaining studies, a significantly higher
risk of developing EoCRC was associated with sedentary
behavior,?’ processed meat consumption,18 and occu-
pational exposure to organic dusts,’ and suggestive

history of smoking. CI,
confidence interval.

higher risks were associated with sedentary occupa-
tions®’ and consumption of fried food.’” A significantly
lower risk of developing EoCRC was associated with fruit
and vegetable consumption,18'3° fish consump‘cion,18
B-carotene,'® vitamin C,'® vitamin E,'® folate,'® and
aspirin use.”” Physical activity’’ and red meat consump-
tion'” were unrelated to the development of EoCRC.

Discussion

In this systematic review and meta-analysis, male sex,
Caucasian ethnicity, CRC history in a first-degree relative,
hyperlipidemia, obesity, and alcohol consumption were
all significantly associated with a higher risk of devel-
oping EoCRC. Smoking was a suggestive but statistically
non-significant risk factor. With the exception of alcohol
consumption, there was considerable heterogeneity
among included studies. Other potential risk factors that
were less studied included ulcerative colitis, chronic
kidney disease, hypertension, diet-related factors,
sedentary behavior, and occupational exposure to
organic dusts.

Despite several recent reviews on EoCRC%*®
including the clinical management of EoCRC'’ and
society-endorsed reductions in the age of screening in an
attempt to address its incidence,®”*° there is little
knowledge of risk factors for the development of EoCRC.
In this study, we identified several potential risk factors
that could be used for primary and secondary prevention
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of EoCRC and should be investigated in future studies.
For instance, several risk factors for CRC were associated
with EoCRC, and dissemination of these results to the
public could motivate behavioral change. This is espe-
cially true because early-onset cancers tend to be diag-
nosed at later stages, result in more quality life years
lost, and can have long-term health consequences.’’ In
addition, awareness of risk factors for EOCRC can moti-
vate physicians and their patients to be more vigilant of
early symptoms of CRC, such as rectal bleeding, weight
loss, changes in bowel habits, abdominal pain, or iron
deficiency.'” Finally, these potential risk factors should
be used to create simple prediction models for EoCRC
that could be used for targeted screening of high-risk
groups, therefore reducing the incidence of EoCRC
without a widespread change in the age of onset for
screening.

Family history of CRC in a first-degree relative has
been shown to double the overall risk of CRC,*! but this
meta-analysis indicates that family history may be a
stronger risk factor for EoCRC. Individuals with a family
history of CRC are already recommended to undergo
earlier screening compared with the general popula-
tion,'® but future studies should examine whether a
family history of other cancers before the age of 50 is
associated with an increased risk of EoCRC. Studies
examining the family history of other cancers could lead
to more refined targeted screening strategies, particu-
larly if there is a young-onset phenotype. Hyperlipidemia
was the only comorbidity that could be examined in a
meta-analysis and was significantly associated with the
development of EoCRC. Hyperlipidemia has been shown
to be a risk factor for CRC in general,42 and the results
from this study indicate that it could be a stronger risk
factor for EoCRC. More studies are required to confirm
hyperlipidemia as a risk factor for EoCRC, and future
studies should examine the utility of incorporating
cholesterol levels in prediction models for identifying
individuals at high risk for EoCRC, individuals who may
benefit from earlier screening. Inflammatory bowel dis-
ease,”® type 2 diabetes," and hypertension®® have all
been consistently associated with the development of
CRC but have been understudied for EoCRC and require
confirmation as risk factors. Interestingly, one study
examined the risk of CRC associated with chronic kidney
disease and observed a larger increased risk for EoCRC
compared with adults older than the age of 50.°° More
studies are required to confirm this relationship, but
patients younger than 50 with chronic kidney disease
may benefit from earlier screening or enhanced surveil-
lance of early symptoms of CRC.

Several studies have hypothesized that obesity is
responsible for the increase in EoCRC, because increases
in the prevalence in obesity have occurred in parallel
with the increase in the incidence of EoCRC.***” In this
study we found that an obese BMI was significantly
related to the development of EoCRC, but there was
considerable heterogeneity among risk estimates. Among
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the included studies, all reported an increased risk of
EoCRC associated with obesity, with the exception of 2
studies.”””” Low et al*” observed a lower risk of EoOCRC
associated with obesity; however, BMI was measured at
diagnosis, and weight loss is a symptom of CRC. Dash
et al*’ observed a null relationship for obesity with the
development of EoCRC in a high-quality cohort study
from the Black Women’s Health Study. The lack of a
relationship in that study may indicate a differential
relationship by sex and ethnicity that should be explored
in future studies. Despite only 3 studies examining the
influence of alcohol consumption on the development of
EoCRC, all studies observed similar increased risks of
EoCRC associated with high levels of alcohol consump-
tion. A relationship of EoCRC with alcohol consumption
is plausible because alcohol consumption has been
increasing in several countries including Canada®® and
the United States.”” Future studies should examine the
relationship of binge drinking with the development of
EoCRC, because there has been a generational shift in the
proportion of young adults attending college and uni-
versities where binge drinking is highly prevalent.’®

Breau and Ellis previously published a meta-analysis
that examined the associations of clinical and lifestyle
factors with the development of early-onset colorectal
adenomas and cancer combined. In this study they
observed significant associations for alcohol consump-
tion, smoking, obesity, elevated blood glucose, elevated
blood pressure, and elevated triglycerides from
combining results of 6 studies. It is important to note
that only 2 of the included studies examined associations
with EoCRC alone, which is important because not all
adenomas develop into CRC. In contrast, our study
included 12 studies that examined associations of clinical
and lifestyle factors with EoCRC alone and observed
significant associations with hyperlipidemia, obesity, and
alcohol consumption. In addition, we also included 10
studies that examined the association of demographic
factors with EoCRC, which is informative for risk-
stratified screening of EoCRC.

Several future research directions are warranted in
response to the increasing incidence of EoCRC. First, large
observational studies on generalizable populations that
comprehensively examine potential risk factors are
required. Second, studies that include participants of
various ages should compare the magnitude of risk
associated with different risk factors between EoCRC and
later-onset CRC cases to determine factors that are most
strongly related to EoCRC. Third, studies that examine
nontraditional risk factors, occupational exposures, and
exposures that occur early in the life course are necessary
to determine whether there are exposures unique to
recent cohorts that are driving this increase. Fourth,
simple prediction models for EoCRC should be explored
because these models could be used for targeted
screening of high-risk groups. Fifth, molecular studies on
the genetic and epigenetic profiles of EoOCRC tumors could
inform on the etiology and treatment of EoCRC. Finally,
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studies on treatment patterns and clinical outcomes of
EoCRC using real-world data are necessary to ensure that
these patients are receiving optimal treatment. Indeed,
because clinical trials are unlikely to occur for this patient
population, target trial emulations using real-world data®*
could identify optimal treatment strategies for EoCRC and
ensure that patients are not overtreated, which can have
several long-term consequences.'’

Our study has limitations. First, our search terms
were limited to the title and abstract, because expanding
to the entire text would have resulted in more than
100,000 articles to be reviewed. However, this strategy
does leave the systematic review susceptible to missing
studies on CRC that included a subgroup analysis for
participants younger than the age of 50 within the body
of the text. To mitigate this issue, we reviewed all
reference lists of the included studies, all studies that
referenced the included studies, and examined previous
meta-analyses on CRC risk factors to determine whether
there were any studies with subgroup analyses younger
than the age of 50. This strategy only identified addi-
tional studies for the risk of EoCRC associated with a
family history of CRC. We did find additional studies that
examined age effects, but these studies either examined a
young age group that included individuals older than the
age of 50 or compared the average age of onset across
exposure groups. There is some chance that studies
where an occupational exposure was examined in rela-
tion to multiple cancer types were missed. However,
because most research on EoCRC has occurred recently,
we are confident that the probability of missing a study
with our search strategy was low overall. Second, we
only included studies that were published in English,
which makes it possible that there were some non-
English studies that were omitted. Third, despite there
being a high degree of heterogeneity in the risk estimates
across studies for the majority of risk factors, we were
unable to explore sources of this heterogeneity
(including differences in study design, study quality, or
control for confounding) because of an insufficient
number of studies included in each meta-analysis.
Furthermore, the majority of included studies were of
modest quality, suggesting that the results of this study
could be biased and subject to residual confounding.
Fourth, because of the small number of studies included
in each meta-analysis, it was difficult to determine
whether publication bias was present with formal
methods; therefore, publication bias cannot be ruled out
for any of the analyses. Finally, many of the studies
included in this meta-analysis were conducted on unique
study populations, which make the results difficult to
generalize to heterogeneous populations where targeted
screening approaches would be administered. Although
some of the studies date back to the 1950s, the effect
estimates here present increased risk related to expo-
sure. If the exposures here are indeed true etiologic risk
factors, then their increasing or changing prevalence
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over time may be what is driving increases in rates. Thus,
although the baseline risk in older studies may be lower,
the RR related to the exposure should still be valid.

In conclusion, male sex, Caucasian ethnicity, CRC
history in a first-degree relative, hyperlipidemia, obesity,
and alcohol consumption appear to be risk factors for
EoCRC. High-quality studies conducted on generalizable
populations and that comprehensively examine risk fac-
tors for EoCRC are required to inform primary and sec-
ondary prevention initiatives for EoCRC.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2021.01.037.

References

1. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and
mortality worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer 2015;136:E359-E386.

2. Venugopal A, Stoffel EM. Colorectal cancer in young adults.
Current Treatment Options in Gastroenterology 2019;17:89-98.

3. O’Sullivan DE, Hilsden RJ, Ruan Y, et al. The incidence of
young-onset colorectal cancer in Canada continues to increase.
Cancer Epidemiol 2020;69:101828.

4. Siegel RL, Fedewa SA, Anderson WF, et al. Colorectal cancer
incidence patterns in the United States, 1974-2013. JNCI:
Journal of the National Cancer Institute 2017;109(8).

5. Lui RN, Tsoi KKF, Ho JMW, et al. Global increasing incidence of
young-onset colorectal cancer across 5 continents: a joinpoint
regression analysis of 1,922,167 cases. Cancer Epidemiol Bio-
markers Prev 2019;28:1275-1282.

6. Saad El Din K, Loree JM, Sayre EC, et al. Trends in the epide-
miology of young-onset colorectal cancer: a worldwide sys-
tematic review. BMC Cancer 2020;20:288.

7. Murphy CC, Wallace K, Sandler RS, et al. Racial disparities in
incidence of young-onset colorectal cancer and patient survival.
Gastroenterology 2019;156:958-965.

8. Mauri G, Sartore-Bianchi A, Russo AG, et al. Early-onset colo-
rectal cancer in young individuals. Molecular Oncology 2019;
13:109-131.

9. Pearlman R, Frankel WL, Swanson B, et al. Prevalence and
spectrum of germline cancer susceptibility gene mutations
among patients with early-onset colorectal cancer. JAMA Oncol
2017;3:464-471.

10. Boardman LA, Vilar E, You YN, et al. AGA clinical practice up-
date on young adult-onset colorectal cancer diagnosis and
management: expert review. Clin Gastroenterol Hepatol 2020;
18:2415-2424.

11. Akimoto N, Ugai T, Zhong R, et al. Rising incidence of early-
onset colorectal cancer: a call to action. Nature Reviews Clin-
ical Oncology 2020.

12. Breau G, Ellis U. Risk factors associated with young-onset
colorectal adenomas and cancer: a systematic review and
meta-analysis of observational research. Cancer Control 2020;
27:1-11.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 17,
2022. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.


http://www.cghjournal.org
https://doi.org/10.1016/j.cgh.2021.01.037
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref1
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref1
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref1
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref1
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref2
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref2
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref2
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref3
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref3
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref3
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref4
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref4
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref4
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref4
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref5
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref5
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref5
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref5
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref5
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref6
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref6
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref6
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref7
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref7
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref7
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref7
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref8
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref8
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref8
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref8
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref9
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref9
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref9
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref9
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref9
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref10
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref10
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref10
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref10
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref10
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref11
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref11
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref11
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref12
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref12
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref12
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref12
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref12

June 2022

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med 2009;6:e1000097.

Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of
observational studies in epidemiology: a proposal for repor-
ting—Meta-analysis of Observational Studies in Epidemiology
(MOOSE) group. JAMA 2000;283:2008-2012.

Wells G, Shea B, O’connell D, et al, eds. The Newcastle-Ottawa
Scale (NOS) for assessing the quality of nonrandomised studies
in meta-analyses. 2014.

Herzog R, Alvarez-Pasquin MJ, Diaz C, et al. Are healthcare
workers’ intentions to vaccinate related to their knowledge,
beliefs and attitudes? a systematic review. BMC Public Health
2013;13:154.

Egger M, Smith GD, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315:629-634.
Rosato V, Bosetti C, Levi F, et al. Risk factors for young-onset
colorectal cancer. Cancer Causes Control 2013;24:335-341.
Gausman V, Dornblaser D, Anand S, et al. Risk factors associ-
ated with early-onset colorectal cancer. Clin Gastroenterol
Hepatol 2020;18:2752-2759.

Dash C, Yu J, Nomura S, et al. Obesity is an initiator of colon
adenomas but not a promoter of colorectal cancer in the Black
Women’s Health Study. Cancer Causes Control 2020;31:291-302.
Elangovan A, Skeans J, Landsman M, et al. Colorectal cancer,
age, and obesity-related comorbidities: a large database study.
Dig Dis Sci 2020.

Fuchs CS, Giovannucci EL, Colditz GA, et al. A prospective
study of family history and the risk of colorectal cancer. N Engl J
Med 1994;331:1669-1674.

Ghadirian P, Maisonneuve P, Perret C, et al. Epidemiology of
sociodemographic characteristics, lifestyle, medical history, and
colon cancer: a case-control study among French Canadians in
Montreal. Cancer Detect Prev 1998;22:396-404.

Levi Z, Kark JD, Katz LH, et al. Adolescent body mass index and
risk of colon and rectal cancer in a cohort of 1.79 million Israeli
men and women: a population-based study. Cancer 2017;
123:4022-4030.

L’Heureux A, Wieland DR, Weng CH, et al. Association between
thyroid disorders and colorectal cancer risk in adult patients in
Taiwan. JAMA Network Open 2019;2:e193755.

Liu PH, Wu K, Ng K, et al. Association of obesity with risk of
early-onset colorectal cancer among women. JAMA Oncol
2019;5:37-44.

Low EE, Demb J, Liu L, et al. Risk factors for early-onset colo-
rectal cancer. Gastroenterology 2020;159:492-501.e7.

Negri E, Braga C, La Vecchia C, et al. Family history of cancer and
risk of colorectal cancer in Italy. Br J Cancer 1998;77:174-179.
Nguyen LH, Liu PH, Zheng X, et al. Sedentary behaviors, TV
viewing time, and risk of young-onset colorectal cancer. JNCI
Cancer Spectrum 2018;2:pky073.

Peters RK, Garabrant DH, Yu MC, et al. A case-control study of
occupational and dietary factors in colorectal cancer in young
men by subsite. Cancer Res 1989;49:5459-5468.

Samadder NJ, Valentine JF, Guthery S, et al. Family history
associates with increased risk of colorectal cancer in patients
with inflammatory bowel diseases. Clin Gastroenterol Hepatol
2019;17:1807-1813.e1.

Sanford NN, Giovannucci EL, Ahn C, et al. Obesity and younger
versus older onset colorectal cancer in the United States, 1998-
2017. J Gastrointestinal Oncology 2020;11:121-126.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Risk Factors for Early-Onset Colorectal Cancer 1239

Sondergaard G, Mortensen LH, Andersen AM, et al. Social
inequality in breast, lung and colorectal cancers: a sibling
approach. BMJ Open 2013;3.

St John DJ, McDermott FT, Hopper JL, et al. Cancer risk in
relatives of patients with common colorectal cancer. Ann Intern
Med 1993;118:785-790.

Syed AR, Thakkar P, Horne ZD, et al. Old vs new: risk factors
predicting early onset colorectal cancer. World J Gastrointest
Oncol 2019;11:1011-1020.

Wu MY, Chang TC, Chao TY, et al. Risk of colorectal cancer in
chronic kidney disease: a matched cohort study based on
administrative data. Ann Surg Oncol 2013;20:3885-3891.
Chen H, Zheng X, Zong X, et al. Metabolic syndrome, metabolic
comorbid conditions and risk of early-onset colorectal cancer.
Gut 2020.

Hofseth LJ, Hebert JR, Chanda A, et al. Early-onset colorectal
cancer: initial clues and current views. Nature Reviews Gastro-
enterology Hepatology 2020;17:352-364.

Megna B, Shaukat A. Is 45 the new 50? controversies in
lowering the screening age for colorectal cancer. Expert
Review of Gastroenterology & Hepatology 2019;
13:915-917.

Fritsch P, Wong C, Kolber MR. Is 45 the new 50 in colorectal
cancer screening? Can Fam Physician 2020;66:743.

Roos VH, Mangas-Sanjuan C, Rodriguez-Girondo M, et al. Ef-
fects of family history on relative and absolute risks for colo-
rectal cancer: a systematic review and meta-analysis. Clin
Gastroenterol Hepatol 2019;17:2657-2667.e9.

Yao X, Tian Z. Dyslipidemia and colorectal cancer risk: a meta-
analysis of prospective studies. Cancer Causes Control 2015;
26:257-268.

Hnatyszyn A, Hryhorowicz S, Kaczmarek-Rys M, et al. Colo-
rectal carcinoma in the course of inflammatory bowel diseases.
Hereditary Cancer in Clinical Practice 2019;17:18.

Deng L, Gui Z, Zhao L, et al. Diabetes mellitus and the incidence
of colorectal cancer: an updated systematic review and meta-
analysis. Dig Dis Sci 2012;57:1576-1585.

Seretis A, Cividini S, Markozannes G, et al. Association between
blood pressure and risk of cancer development: a systematic
review and meta-analysis of observational studies. Scientific
Reports 2019;9:8565.

Brenner DR, Ruan Y, Shaw E, et al. Increasing colorectal cancer
incidence trends among younger adults in Canada. Prev Med
2017;105:345-349.

Siegel RL, Fedewa SA, Anderson WF, et al. Colorectal cancer
incidence patterns in the United States, 1974-2013. J Natl
Cancer Inst 2017;109.

Bulloch AG, Williams JV, Lavorato DH, et al. Trends in binge
drinking in Canada from 1996 to 2013: a repeated cross-
sectional analysis. CMAJ Open 2016;4:E599-E604.

Grucza RA, Sher KJ, Kerr WG, et al. Trends in adult alcohol use
and binge drinking in the early 21st-century United States: a
meta-analysis of 6 national survey series. Alcohol Clin Exp Res
2018;42:1939-1950.

Krieger H, Young CM, Anthenien AM, et al. The epidemi-
ology of binge drinking among college-age individuals in
the United States. Alcohol Research: Current Reviews 2018;
39:23-30.

Hernan MA, Robins JM. Using big data to emulate a target trial
when a randomized trial is not available. Am J Epidemiol 2016;
183:758-764.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 17,
2022. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1542-3565(21)00087-2/sref13
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref13
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref13
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref14
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref14
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref14
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref14
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref14
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref14
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref15
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref15
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref15
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref16
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref16
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref16
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref16
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref17
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref17
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref17
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref18
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref18
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref18
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref19
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref19
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref19
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref19
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref20
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref20
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref20
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref20
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref21
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref21
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref21
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref22
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref22
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref22
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref22
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref23
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref23
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref23
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref23
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref23
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref24
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref24
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref24
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref24
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref24
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref25
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref25
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref25
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref261
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref261
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref261
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref261
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref26
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref26
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref26
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref28
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref28
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref28
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref29
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref29
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref29
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref30
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref30
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref30
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref30
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref31
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref31
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref31
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref31
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref31
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref32
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref32
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref32
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref32
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref33
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref33
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref33
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref34
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref34
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref34
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref34
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref35
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref35
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref35
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref35
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref36
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref36
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref36
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref36
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref37
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref37
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref37
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref38
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref38
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref38
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref38
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref39
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref39
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref39
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref39
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref39
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref40
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref40
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref41
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref41
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref41
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref41
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref41
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref42
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref42
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref42
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref42
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref43
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref43
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref43
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref43
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref44
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref44
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref44
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref44
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref45
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref45
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref45
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref45
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref46
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref46
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref46
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref46
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref47
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref47
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref47
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref48
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref48
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref48
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref48
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref49
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref49
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref49
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref49
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref49
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref50
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref50
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref50
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref50
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref50
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref51
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref51
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref51
http://refhub.elsevier.com/S1542-3565(21)00087-2/sref51

1240 0’Sullivan et al

Reprint requests

Address requests for reprints to: Darren R. Brenner, PhD, Heritage Medical
Research Building Room 382B, 3300 Hospital Drive NW, Calgary, AB, Canada
T2N 4N1. e-mail: Darren.Brenner@ucalgary.ca; fax: (403) 476-2654.

CRediT Authorship Contributions

Dylan E. O’Sullivan, PhD (Conceptualization: Lead; Data curation: Lead;
Formal analysis: Lead; Methodology: Lead; Visualization: Lead; Writing —
original draft: Lead)

Robert Liam Sutherland (Conceptualization: Equal; Data curation: Lead;
Formal analysis: Supporting; Methodology: Supporting; Writing — review &
editing: Equal)

Susanna Town (Conceptualization: Supporting; Data curation: Lead;
Formal analysis: Supporting; Methodology: Supporting; Writing — review &
editing: Equal)

Kristian Chow (Conceptualization: Supporting; Data curation: Lead; Formal
analysis: Supporting; Methodology: Supporting; Writing — review & editing:
Equal)

Clinical Gastroenterology and Hepatology Vol. 20, No. 6

Jeremy Fan (Conceptualization: Supporting; Data curation: Lead; Formal
analysis: Supporting; Methodology: Supporting; Writing - review & editing:
Equal)

Nauzer Forbes (Conceptualization: Equal; Data curation: Supporting;
Formal analysis: Supporting; Methodology: Supporting; Writing — review &
editing: Equal)

Steven J. Heitman (Conceptualization: Equal; Data curation: Supporting;
Formal analysis: Supporting; Methodology: Equal; Writing — review & editing: Equal)

Robert J. Hilsden (Conceptualization: Lead; Data curation: Supporting;
Formal analysis: Supporting; Methodology: Equal; Resources: Supporting;
Supervision: Supporting; Writing — review & editing: Equal)

Darren R. Brenner (Conceptualization: Lead; Data curation: Supporting;
Formal analysis: Supporting; Methodology: Lead; Resources: Lead; Supervi-
sion: Lead; Writing — original draft: Supporting; Writing — review & editing: Lead)
Conflicts of interest
The authors disclose no conflicts.

Funding

Dylan O’Sullivan is supported by a Canadian Institutes of Health Research
(CIHR) Postdoctoral Fellowship.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 17,
2022. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.


mailto:Darren.Brenner@ucalgary.ca

June 2022 Risk Factors for Early-Onset Colorectal Cancer 1240.e1

Supplementary Material 5.1or2
6.3
Search Strategy 7 4or5
Databases: MEDLINE and Embase 8. 5and 6 and 7
1. exp colorectal neoplasms/ or exp adenomatous 9. Remove duplicates from 8
polyposis coli/ or exp colom(.: neoplasms/ or exp 10. Limit 9 to animals
colorectal neoplasms, hereditary nonpolyposis/
or exp rectal neoplasms/ 11. Limit 8 to (animals and humans)
2. ("colon tumo?r" or "colon dysplasia*" or "colon 12. 10 not 11
{nallgn or c.ol(')'n canc™ or re.ct fumo?"r or 13. 9 not 12
rect* dysplasia*" or "rect* malign*" or "rect*
canc*" or "colorectal tumo?r" or "colorectal 14. Limit 13 to (case reports or comment or editorial
dysplasia*" or "colorectal malign*" or "colorect* or letter or review or congress)
K n * K :
canc*" or "gastro* canc*" or CRC).ti,ab 15. 13 not 14

3. ("young onset" or "early onset" or "young adult*"

or "early-onset” or "young-onset” or "AYA" or Established Risk Factors for Colorectal Cancer

adolescen* O;'u“ggf 50’:,:; "uréder the age Ofig Considered in Confounding Criteria for the
or "younger than or and younger" or "15- ~
49" or "under 40" or "under the age of 40" or Newcastle-Ottawa Scale

"younger than 40" or "under 30" or "under the
age of 30" or "younger than 30" or "under 20" or
"under the age of 20" or "younger than 20").ti,ab.

Age, sex, family history of CRC, ethnicity or race,
personal history of polyps, inflammatory bowel disease,
diabetes, obesity, alcohol consumption, smoking, physical
4. (risk* or "risk* factor*" or "determinant*' or inactivity, fruit and vegetable consumption, processed

"cause*" or associat* or relat* or factor*).ti. and red meat consumption, and sedentary behavior.
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Supplementary Figure 1.Funnel plot of relative risk esti-
mates for early-onset colorectal cancer associated with male
sex. Outer dashed lines indicate the triangular region within
which 95% of studies are expected to lie in the absence of
bias. Solid black line corresponds to the summary effect
estimate. Black dots correspond to studies included in this
analysis. White dot corresponds to one unpublished study
suggested by the trim and fill method. The inclusion of this
study changed the summary estimate to 1.35 (95% Cl,
1.29-1.42) from 1.37 (95% CI, 1.31-1.44). Cl, confidence
interval.
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Supplementary Figure 2. Funnel plot of relative risk esti-
mates for early-onset colorectal cancer associated with
Caucasian ethnicity. Outer dashed lines indicate the triangular
region within which 95% of studies are expected to lie in the
absence of bias. Solid black line corresponds to the summary
effect estimate. Black dots correspond to studies included in
this analysis. White dots correspond to 2 unpublished studies
suggested by the trim and fill method. The inclusion of these
studies changed the summary estimate to 1.48 (95% Cl,
1.24-1.77) from 1.31 (95% CI, 1.07-1.62). Cl, confidence
interval.
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Supplementary Figure 3. Funnel plot of relative risk esti-
mates for early-onset colorectal cancer associated with
family history of colorectal cancer. Outer dashed lines indi-
cate the triangular region within which 95% of studies are
expected to lie in the absence of bias. Solid black line cor-
responds to the summary effect estimate. Black dots corre-
spond to studies included in this analysis.
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Supplementary Figure 4. Funnel plot of relative risk esti-
mates for early-onset colorectal cancer associated with
obesity. Outer dashed lines indicate the triangular region
within which 95% of studies are expected to lie in the
absence of bias. Solid black line corresponds to the summary
effect estimate. Black dots correspond to studies included in
this analysis.
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Supplementary Figure 5. Funnel plot of relative risk esti-
mates for early-onset colorectal cancer associated with
hyperlipidemia. Outer dashed lines indicate the triangular re-
gion within which 95% of studies are expected to lie in the
absence of bias. Solid black line corresponds to the summary
effect estimate. Black dots correspond to studies included in
this analysis.
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Supplementary Figure 6. Funnel plot of relative risk esti-
mates for early-onset colorectal cancer associated with
alcohol consumption. Outer dashed lines indicate the trian-
gular region within which 95% of studies are expected to lie in
the absence of bias. Solid black line corresponds to the
summary effect estimate. Black dots correspond to studies
included in this analysis.
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Supplementary Figure 7.Funnel plot of relative risk esti-
mates for early-onset colorectal cancer associated with
smoking. Outer dashed lines indicate the triangular region
within which 95% of studies are expected to lie in the
absence of bias. Solid black line corresponds to the summary
effect estimate. Black dots correspond to studies included in
this analysis.
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Supplementary Table 1. Evaluation of Study Quality and Risk of Bias for Case-Control Studies Included in the Systematic

Review
Author Case Representative Controls Definition Confounding Exposure Method Nonresponse Score
Chen et al, 2020 1 1 1 1 1 1 1 1 8
Gausman et al, 2019 1 1 0 1 1 0 1 1 5
Ghadirian et al, 1997 1 1 1 1 0 1 1 0 6
L’'Heureux et al, 2019 1 1 0 1 1 0 1 1 4
Low et al, 2020 1 0 1 1 1 0 1 1 5
Negri et al, 1998 1 1 1 1 0 0 1 1 6
Peters et al, 1989 1 1 1 1 0 1 1 1 7
Rosato et al, 2013 1 1 0 1 2 1 1 1 6
St John et al, 1993 1 1 0 1 0 1 1 1 6
Samadder et al, 2015 1 1 1 1 0 1 1 1 7

NOTE. All categories were scored on the basis of the Newcastle-Ottawa Scale with the exception of the category “Control for confounding”. Confounding: a score
of 2 corresponds to adjusting for the majority of established risk factors for CRC (>75% of the risk factors), a score of 1 corresponds to adjusting for a few
established risk factors for CRC (<75% of the risk factors), and a score of 0 corresponds to adjusting for none of the established risk factors for CRC besides age
and sex. The summary score for each study was calculated by summing the score from each category.

CRC, colorectal cancer.

Supplementary Table 2. Evaluation of Study Quality and Risk of Bias for Cohort Studies Included in the Systematic Review

Outcome Adequate
Author Representative Nonexposed Exposure not present Confounding Outcome Follow-up follow-up Score
Dash et al, 2020 0 1 0 1 2 1 1 1 7
Faucs et al, 1994 0 1 0 1 2 1 1 1 5
Levi et al, 2019 1 1 1 1 0 1 1 1 7
Liu et al, 2018 0 1 0 1 2 1 1 1 5)
Nguyen et al, 2019 0 1 0 1 2 1 1 1 5
Sondergaard 1 1 1 1 0 1 1 1 7
et al, 2013
Syed et al, 2019 0 1 0 1 0 0 1 1 4
Wu et al, 2013 1 1 1 1 0 1 0 1 6

NOTE. All categories were scored on the basis of the Newcastle-Ottawa Scale with the exception of the category “Control for confounding”. Confounding: a score
of 2 corresponds to adjusting for the majority of established risk factors for CRC (>75% of the risk factors), a score of 1 corresponds to adjusting for a few
established risk factors for CRC (<75% of the risk factors), and a score of 0 corresponds to adjusting for none of the established risk factors for CRC besides age
and sex. The summary score for each study was calculated by summing the score from each category.

CRC, colorectal cancer.
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Supplementary Table 3. Evaluation of Study Quality and Risk of Bias for Cross-Sectional Studies Included in the Systematic

Review
Sample Control for Statistical
Author Representative size Non-respondents  Exposure confounding Outcome test Score
Elangovan 0 1 0 0 0 1 1 4
et al, 2020
Sanford 1 1 0 1 0 0 1 4
et al, 2019

NOTE. All categories were scored on the basis of the adapted version of the Newcastle-Ottawa Scale for cross-sectional studies with the exception of the
category “Control for confounding”. Confounding: a score of 2 corresponds to adjusting for the majority of established risk factors for CRC (>75% of the risk
factors), a score of 1 corresponds to adjusting for a few established risk factors for CRC (<75% of the risk factors), and a score of 0 corresponds to adjusting for
none of the established risk factors for CRC besides age and sex. The summary score for each study was calculated by summing the score from each category.
CRC, colorectal cancer.

Supplementary Table 4. Studies Examining the Effect of Age on the Development of Colorectal Cancer Before Age of 50

Effect estimate (95%

Study Age analysis Adjusted confidence interval)
Elangovan et al, 2020 40-49 vs 20-39 No 0.75 (0.72-0.78)
Levi et al, 2017 36-45 vs <36 No 6.14 (5.42-6.95)
Low et al, 2020 Continuous per year increase Yes 1.05 (1.03-1.07)
Syed et al, 2019 40-49 vs 25-39 No 4.20 (3.95-4.45)
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