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Abstract: Previous studies have shown a strong coexistence of colorectal neoplasia (CRN) and
cardiovascular diseases (CVD). This study was aimed to summarize the available evidence on
association of CVD risk with early CRN detection in asymptomatic populations. PubMed, Web of
Science, and Embase were systematically searched for eligible studies published until Dec 20,
2019. Studies exploring the associations of recommended CVD risk assessment methods (e.g., risk
scores, carotid artery plaque, and coronary artery calcium score [CACS]) with risk of CRN were
included. Meta-analyses were conducted to determine the overall association of CVD risk with the
CRN. A total of 12 studies were finally included. The association of carotid artery plaque with the
risk of colorectal adenoma (AD) was weakest (pooled odds ratio [OR)] 1.27, 95% confidence
interval [CI), 1.12, 1.45]. Participants with CACS>100 had about 2-fold increased risk of AD than
those with CACS=0. The pooled ORs were 3.36 (95% ClI, 2.15, 5.27) and 2.30 (95% CI, 1.69,
3.13) for the risk of advanced colorectal neoplasia (AN) and AD, respectively, in participants with
Framingham risk score (FRS)>20%, when compared to participants at low risk (FRS<10%). FRS
might help identify subgroups at increased risk for AN, but further studies are needed.
Keywords: cardiovascular disease, risk assessment, colorectal neoplasia

Introduction
Both colorectal cancer (CRC) and cardiovascular diseases (CVD) are the leading
causes of mortality and morbidity worldwide."* Previous studies have shown
a strong coexistence of colorectal neoplasia (CRN) and CVD, probably due to the
shared risk factors (e.g., smoking, obesity, and metabolic syndrome) and pathophy-
siological mechanisms (e.g., chronic inflammation and oxidative stress).”’
Current guidelines® '° recommend assessing the CVD risk in healthy people using
risk estimation scores such as Framingham Risk Score (FRS),'""> PROCAM, " and the
pooled cohort equation,'* which are based on individuals’ medical history and easily
available laboratory data. In addition, assessment of subclinical atherosclerosis by
imaging modalities could be added as risk modifiers to help make clinical decisions
for borderline- or intermediate-risk adults.®* '® Routine use of imaging modalities is not
recommended for CVD risk assessment in clinical practice due to the medical costs or
invasiveness, but incorporation of imaging data such as the ankle-brachial index (ABI),
coronary artery calcium score (CACS), and carotid artery plaques (CAP), could

improve the prediction of CVD risk.">"”
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Various risk scores have also been developed for predict-
ing advanced colorectal neoplasia (AN). 18-24 Although several
studies®® have reported that elevated blood lipids, the well
documented CVD risk factor, and history of CVD were asso-
ciated with increased risk of CRC, the majority of risk scores
developed for AN did not include them into the models.*’
Recent studies have reported the associations between CVD
risk assessment and risk of'1 CRN. Higher FRS, estimating
the 10-year risk of developing coronary heart disease
(CHD),""'? was significantly associated with the higher risk
of AN (FRS >20% vs. FRS<10%, odds ratio [OR], 4.12, 95%
confidence interval [CI]: 1.36-12.52).”® ABI was associated
with 13-fold increased risk of AN in a recent study.”” CAP and
CACS were also found to be positively related to the increased
risk of adenoma (AD) and AN in several studies®®>>.

Given a number of shared risk factors and mechanisms
between CVD and CRC, and the emerging epidemiological
evidence of association between CVD risk and CRC, there is
a possibility that CVD risk assessment could help trigger CRC
screening. Therefore, the aim of this review was to provide an
overview of the CVD risk assessment methods and their asso-
ciations with the risk of CRN. Fully understanding of the
current knowledge and existing gap might promote better
prevention and treatment for CVD and CRC. Circulating and
urinary biomarkers have either no or only limited value when
added to CVD risk estimation score systems,®** thus only
score models and imaging methods recommended as risk
modifiers (ABI, CACS and CAP) in the guidelines®'° were
included in this review.

Materials and Methods

This systematic review was conducted following the procedure
recommended by the Cochrane Collaboration® and was
reported according to the Preferred Reporting Items for
and Meta-Analyses (PRISMA)
checklist.*® Ethical approval and patient informed consent

Systematic  Reviews
were not necessary, since all the data included in the current
study were obtained from previously published studies.

Literature Search Strategies

PubMed, Embase and Web of Science were searched up to
December 20, 2019 to identify the relevant papers. The
searched items were presented in the Appendix, which
mainly covers expressions for CVD risk score models,
recommended imaging modalities, CRN, and discriminatory
accuracy or strength of association. After removal of dupli-
cates, titles and abstracts of records were screened according
to the inclusion and exclusion criteria. Full texts of the

remaining publications and reference lists were scrutinized.
Studies that fulfilled the pre-defined criteria were included.

Inclusion and Exclusion Criteria

We required that included studies meet the following cri-
teria: 1) published as an original research article in a peer-
reviewed journal; 2) cardiovascular risk has been assessed
using either score models or imaging methods recom-
mended as risk modifiers (ABI, CACS and CAP) in the
guidelines;(3) only included participants who were con-
sidered asymptomatic; 4) reported the association of CVD
risk assessment results with the risk of CRN. Studies were
excluded if they were published as conference proceed-
ings, dissertations or abstracts only or were not published
in English. PICO eligibility criteria for this review were
presented in the supplementary Table S1.

Data Extraction

Two authors (Y.C. and X.C.) independently performed
data extraction of all included studies. The following
information was abstracted: author, publication year,
study period, number of participants, age, number of
males, outcome (AD, AN, and so on), data source (med-
ical records, questionnaires or both), CVD risk assessment
and association index/discriminatory accuracy (OR, hazard
ratio [HR], specificity, sensitivity, or area under the recei-
ver operator characteristic curve values]). In case of any
disagreement, consensus was obtained by discussion.

Quality Assessment in Eligible Studies

Risk of bias and applicability were assessed according to
Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2).” QUADAS-2 evaluates the risk level of
bias composed of four basic components: 1) patient selection;
2) index test; 3) reference standard; 4) flow and timing.
Clinical applicability is also assessed for the first three com-
ponents. The risk of bias and concerns regarding applicability
for each study was then rated as “high,” “low,” or “unclear.”

Statistical Analysis

We pooled ORs for the same CVD risk assessment index
using R statistical software (version 3.6.2) and the R “meta”
package (version 4.9-8). For FRS and CACS, ORs were
pooled separately for different levels of scores using the
lowest level as reference. Two kinds of outcomes (AD and
AN) were reported in the studies using FRS for CVD risk
assessment, and thus, ORs were pooled separately for dif-
ferent outcomes. Heterogeneity across studies was evaluated
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using Cochrane’s Q statistic with P value and the I” statistic.
If significant heterogeneity was observed (I > 50% or
Pqstatistics < 0.10), a random-effects model was used to
calculate pooled estimates, otherwise a fixed-effects model
was used.” Two-sided P values of 0.05 or lower were
considered to be statistically significant.

Results

Literature Search Results

A total of 7391 records were obtained in the initial search,
including 1124 citations from PubMed, 4283 citations from
Embase, and 1984 citations from Web of Science. After
removal of duplicates (n=1609) and exclusion due to our
pre-defined criteria (n=5727), 55 records were qualified for
full-text assessment. Forty-four records were excluded due
to the inclusion and exclusion criteria. Finally, a total of 12
studies28 333843

through cross-references were included. The detailed infor-

including one study which was identified

mation of the selection process was presented in Figure 1.

)

Study Characteristics

Table 1 summarized the basic characteristics of the
included studies published between 2011 and 2019. Of
the 12 included studies, nine were from Korea, and the
other three studies were from Japan, Austria, and
Turkey, respectively. The study periods stretched from
2006 to 2017, with sample sizes ranging from 192 to
4871. Only one was designed as a prospective study,*’
and the others were cross-sectional studies. Most studies
included participants aged older than 50 years, and only
one study enrolled subjects aged <50 years.’” In addi-
tion, most studies were predominantly in men with
proportions of males among participants ranging from
51.2% to 91.1%. Four CVD risk assessment methods
(ABI, CAP, CACS and FRS) were used in the included
studies. All studies explored the role of CVD risk
assessment method on the detection of AD, and some

of them also focused on high
3032 504 AN 28:29.38.42.43

colorectal risk
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Figure | Flowchart of inclusions of studies about relation of CVD risk to CRN.

Note: Adapted from Moher D, Liberati A, Tetzlaff J, et al.Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6:7.
Creative Commons license and disclaimer available from: http://creativecommons.org/licenses/by/4.0llegalcode.“

Abbreviations: CVD, cardiovascular disease; CRN, colorectal neoplasia.
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Table | Basic Characteristics of Included Studies About Relation of CVD Risk to Colorectal Neoplasia

Study Country | Study Number of | Age Male, Outcome® | Data Cecum CVD Risk

Period Participants | (Years, N (%) Source | Intubation | Assessment
Mean1SD) Rate?

Yamaji Y, 2014%° Japan 2006-2010 | 907 573+87 | 652(71.9) | AD, AN MR+Q | 100% ABI

Kim J, 2019°° Korea 2012-2016 | 4871 547 +84 | 2492(512) | AD, HRA MR+Q | NR CAP

Kim H, 2018*' Korea 20132017 | 548 53.0° 412 (752) | AD MR+Q | 100% CAP

Cha JM, 201 1% Korea 2006-2009 | 192 56 (Median) | 115(59.9) | AD, AN MR NR CAP

Yun KE, 2018 Korea 20102011 | 4859 41.0£7.0 4354 (89.6) | AD, HRA MR+Q | 100% CACS

Choi SH, 2015% Korea 2009-2014 | 398 56.8 + 8.1 290 (729) | AD MR+Q | NR CACS

Yang MH, 2013%° Korea 2006-2009 | 3092 52.5%7.1 2807 (91.1) | AD MR 100% CACS

Kim, HB, 2014* Korea 2007-2010 | 1637 51.7+95 | 981 (59.9) | AD MR NR CACS

Lee YJ, 2019** Korea 20062017 | 754 52.6° 544 (72.1) AD MR+Q | 295% CACS

Lee JY, 2013* Korea 2010 3144 50.5+ 7.8 2068 (65.8) | AD, AN MR+Q | 100% FRS

Niederseer D, 2018% | Austria 20102014 | 1990 587 +9.7 | 982(494) | AD, AN MR+Q | NR FRS

Basyigit S, 20152 Turkey 2014 235 60.3£12.6 126 (53.0) AD, AN MR+Q | 100% FRS

Notes: °It is a retrospective follow-up study, and all the other studies are cross-sectional; ®SD was not reported; “Detected by colonoscopies in all included studies; 4100%
cecum intubation rate: participants with failure of cecum intubation were excluded; NR, not reported; studies mentioned that colonoscopies were extended to cecum in the

methods section, but did not reported the success rate of cecum intubation.

Abbreviations: ABI, ankle-brachial index; AD; colorectal adenoma; AN, advanced colorectal neoplasia; CACS, coronary artery calcium score; CAP, carotid artery plaque;
CVD, cardiovascular disease; FRS, Framingham risk score; HRA, high risk adenoma; MR, medical records; NR, not reported; Q, questionnaires; SD, standard deviation.

Quality Assessment of Studies

The results for the quality of included studies using the
QUADAS-2 tool are presented in Table 2. Regarding
patient selection, one study by Kim et al did not provide
detailed information about patient selection.>' Thus, the
risk of bias and applicability concerns were rated
unclear for this domain in this study. Otherwise, no
major risk of bias or applicability concerns were
identified.

Table 2 Risk of Bias and Applicability Judgements in QUADAS-2

Association of CVD Risk Assessed by
Different Methods with CRC Risk

Table 3 described the details of the CVD risk assessment
methods in the included studies. ABI was associated with
13-fold (95% CI, 2.69, 62.7) increased risk of AN.?’
Three studies reported the weak association between
CAP and risk of AD.*°?'=% One of them also showed
an increased risk of AN in the participants with CAP, but
the results were not statistically significant (OR, 3.10,

Study Risk of Bias Applicability Concerns Total
Patient Index Reference Flow and Patient Index Reference
Selection Test Standard Timing Selection Test Standard
Yamaji Y, 2014’ y \/ J J x/ y \/ 7
Kim J, 2019 y y d J \ \ y 7
Kim H, 2018%' 2 \/ J J ? 3 \/ 5
Cha JM, 201 1% \ V J J J \ y 7
Yun KE, 20183 x/ S V J x/ y S 7
Choi SH, 2015 \/ \/ J J y 3 \/ 7
Yang MH, 2013%° \ V J J J \ y 7
Kim, HB, 2014% x/ S V J x/ y S 7
Lee YJ, 2019* \/ \/ J J y 3 \/ 7
Lee JY, 2013 \ V J J J \ y 7
Niederseer D, 2018% | S V J x/ y S 7
Basyigit S, 2015 \/ \/ J J y 3 \/ 7
Total I 12 12 12 1 12 12

Notes: “_”, High risk; “V”, Low Risk; “?”, Unclear Risk.
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Table 3 Details of the CVD Risk Assessment Methods in the
Included Studies About Relation of CVD Risk to Colorectal
Neoplasia

Study Categories® Outcome | OR [95% CI]
Yamaiji Y, 2014%° | Abnormal ABI | AD 1.76 [0.55, 5.63]
Abnormal ABI | AN 13.0 [2.69, 62.7]
Kim J, 2019°° CAP: Yes AD 1.24 [1.08, 1.43]
CAP: Yes HRA 135 [1.10, 1.65]
Kim H, 2018°' CAP: Yes AD 1.70 [1.04, 2.76]
Cha JM, 2011°% | CAP: Yes AD 1.35 [0.68, 2.68]
CAP: Yes AN 3.10 [0.83, 11.67]
Yun KE, 201832 CACS: >0 AD 1.37 [1.09, 1.70]
CACS: 1-100 | AD 1.26 [1.00, 1.60]
CACS: >100 AD 2,07 [1.31, 3.26]
CACS: >0 HRA 1.98 [1.23,3.19]
CACS: 1-100 | HRA 1.90 [1.15,3.13]
CACS: >100 HRA 2.54 [1.10, 5.89]
Choi SH, 2015 | CACS: >0 AD 1.66 [1.05, 2.64]
CACS: 1-100 | AD 1.80 [1.06, 3.03]
CACS: >100 AD 1.95 [1.05, 3.63]
Yang MH,2013*° | CACS: >0 AD 1.35 [1.12, 1.61]
Kim, HB, 2014* | CACS: I-17 AD 1.44 [0.91,2.33]
CACS: 18-105 | AD 1.88 [1.15,3.01]
CACS: 2106 AD 361 [2.23, 5.74]
Lee Y, 2019**" | CACS: >0 AD HR: 1.29 | [0.80, 2.08]
Lee JY, 2013 FRS: AD 1.66 [1.34, 2.05]
Intermediate
FRS: High AD 226 [1.53, 3.35]
FRS: AN 1.26 [0.85, 1.87]
Intermediate
FRS: High AN 331 [1.94, 5.65]
Niederseer D, FRS: AD 2.34 [1.89, 2.89]
2018% Intermediate
FRS: High AD 2.69 [1.47, 4.90]
FRS: AN 2.93 [1.82, 4.71]
Intermediate
FRS: High AN 2.86 [0.84,9.71]
Basyigit S, 2015%% | FRS: AD 2.89 [1.52, 5.49]
Intermediate
FRS: High AD 1.74 [0.64, 4.12]
FRS: AN 0.04 [0.09, 2.01]
Intermediate
FRS: High AN 4.12 [1.36, 12.52]

Notes: °In participants without adenoma, CACS>0 at baseline (compared to
CACS=0) increased the risk of colorectal adenoma at follow-up colonoscopy
(HR, 1.29, 95% Cl, 0.80, 2.08). "The lowest level was defined as reference.
Abbreviations: ABI, ankle-brachial index; AD, colorectal adenoma; AN, advanced
colorectal neoplasia; CACS, coronary artery calcium score; CAP, carotid artery
plaque; FRS, Framingham risk score; HRA, high risk adenoma; HR, hazard ratio; OR,
odds ratio; Cl, confidence interval.

95% CI, 0.83, 11.67).38 In addition, the presence of CAP
was associated with increased risk of colorectal high risk
adenoma (OR, 1.35, 95% CI, 1.10, 1.65). Four studies
reported ORs for different levels of CACS with CACS=0
as reference.’***%° Highest CACS levels seemed to be
associated with the increased risk of AD with OR ranging
from 1.95 to 3.61. The 10-year CHD risk estimated by
FRS was categorized as low risk (<10%), intermediate
risk (10%--20%), and high risk (>20%).** Participants
with high risk of 10-year CHD had increased risk of
either AD or AN. In the study by Basyigit et al, partici-
pants at high CHD risk had about 4-fold (OR, 4.12, 95%
CL 1.36, 12.52) increased risk of AN.*®

Meta-analyses of Available ORs for
Different CVD Risk Assessment Methods

Meta-analyses were performed in the studies that provided
ORs and their 95% Cls for the same CVD risk assessment
index. The association of CAP with the risk of AD was
weakest (the pooled OR, 1.27, 95% CI, 1.12, 1.45).
A medium level of CACS (CACS: 1-100) was associated
with 1.34-fold increased risk of AD when compared to the
lowest category of CACS (CACS=0). Participants with
CACS>100 had an increased risk of AD, and the pooled
OR was 2.03 (95% CI, 1.40, 2.93). The pooled ORs were
3.36 (95% CI, 2.15, 5.27) and 2.30 (95% CI, 1.69, 3.13) for
the risk of AN and AD, respectively, in participants with
high CHD risk (FRS>20%) when compared to participants
at low CHD risk (FRS<10%). Further details were pre-
sented in Table 4 and in the Supplementary Figures S1-8.

Discussion

This systematic review summarized the associations of
recommended CVD risk assessment methods with risk of
CRN in asymptomatic populations. A total of 12 studies
including four different methods were identified. Among
these methods, FRS was most strongly associated with risk
of both AN and AD. Participants with FRS>20% have
about 3.4-fold and 2.3-fold
and AD, respectively, when compared to participants at
low CHD risk (FRS<10%). Only one study® reported that
abnormal ABI greatly increased the risk of AN, thus it was

increased risk of AN

not included in the meta-analysis.
Both CRC and CVD are thought to develop via
a process of insulin resistance, inflammation and oxidative
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Table 4 Meta-Analysis of Odds Ratios for Different CVD Risk Assessment Tools

Study CVD Risk Assessment Categories® Outcome OR (95% CI)

30,31,38 CAP Yes vs. No AD 1.27 (1.12, 1.45)
32,33,39,40 CACS CACS: >0 vs. CACS=0 AD 1.42 (1.24, 1.61)
32,33 CACS CACS: 1-100 vs. CACS=0 AD 1.34 (1.08, 1.66)
32,33 CACS CACS: >100 vs. CACS=0 AD 2.03 (1.40, 2.93)
28,42,43 FRS Intermediate vs. Low risk AD 2.09 (1.55, 2.83)
28,42,43 FRS High vs. low risk AD 2.30 (1.69, 3.13)
28,42,43 FRS Intermediate vs. Low risk AN 0.71 (0.19, 2.73)
28,42,43 FRS High vs. low risk AN 3.36 (2.15, 5.27)

Note: *The lowest level was defined as reference.

Abbreviations: AD, colorectal adenoma; AN, advanced colorectal neoplasia; CACS, coronary artery calcium score; CAP, carotid artery plaque; CVD, cardiovascular

disease; FRS, Framingham risk score; OR, odds ratio; Cl, confidence interval.

45-4
stress, "7

which might partially explain why they share
a number of risk factors (e.g., alcohol consumption,
tobacco use, physical activity, use of anti-inflammatory
agents, obesity and diabetes mellitus).*>** In addition,
several cellular metabolism-related pathways (eg, AMPK
and PPAR-y), signaling pathways (eg, Wnt signaling path-
way) and genetic pathways (eg, LRP6 mutation and
TCF7L2 polymorphism), are not only associated with
accelerated atherosclerosis and an increased risk of CVD,
but also linked to cancer development and progression.’
Better understanding of these overlaps might promote
shared management of prevention and treatment for both
disorders.

In this review, the strength of associations between
identified CVD risk assessment methods and the risk of
CRN was generally weak except FRS, which was mod-
estly associated with risk of AN (FRS>20% vs.
FRS<10%). FRS was calculated based on age, total cho-
lesterol, high-density lipoprotein cholesterol, smoking sta-
tus, systolic blood pressure and treatment of blood
pressure, which are typically available in the medical
records.** Compared to the more sophisticated risk
calculators®*~**’ for predicting AN, which need variables
such as physical activity, red meat intake and vegetable
consumption, FRS has relatively higher generalizability
and lower recall bias. A recent study has recommended
the combined preventive, screening, and research efforts in
the prevention of both CVD and cancer.”® If participants
with high-risk of CVD predicted by FRS could be recom-
mended to have a screening for CRN, which will help
increase compliance and uptake of CRC screening as
persons who are aware of their increased risk are more
likely to recommendations.

comply with expert

Furthermore, it also maximizes the medical values of the

information participants obtain from a clinical examination
or risk assessment, and thus reduces the time and costs for
health care.

However, there are some issues that merit our atten-
tion. Firstly, the included studies are all cross-sectional,
which limits the comparisons between FRS and the pre-
viously developed risk prediction models for CRC.
Secondly, FRS has its own limitations. FRS only estimates
10-year CHD risk for all individuals 40 years or older but
not the overall CVD risk. In addition, it is developed based
on the American population, while most of study partici-
pants are Asians in the included studies. Studies have
shown that FRS overestimated CVD risk in the Asian
cohorts.” >* At last, the included studies tended to yield
results with wide CI probably due to the limited number of
participants. The wider the CI, the less the precision. In
summary, higher CVD risk might trigger concurrent CRC
screening, which should be further validated on large-scale
studies, and future studies could consider about using the
overall CVD risk score models developed from data of
local cohorts to predict the risk of CRC.

As for imaging data, the association of CAP or CACS
with risk of AD is not strong enough that imaging index
alone might not be useful for informing early detection of
CRN. Similarly, routine screening with imaging modalities
to predict future cardiovascular events is generally not
recommended in clinical practice, but use of these imaging
techniques has been shown to improve CVD risk assess-
ment and serve as a guide for initiating preventive
therapies.* '° A high CACS can help modify the predicted
risk obtained from FRS alone, especially among patients
in the intermediate-risk category.'® Up to now, only one
risk score developed in the Multi-Ethnic Study of
Atherosclerosis (MESA) study used both CACS and
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traditional risk factors to predict the 10-year CHD risk.>
Inclusion of CACS in the MESA risk score offered sig-
nificant improvements in risk prediction (C-statistic 0.80
vs. 0.75; p < 0.0001). Factors in the risk models like
smoking behaviors and blood lipids are closely related to
the incidence and progression of CVD, but they are not
direct markers of current status of atherosclerosis. This
might help explain why the performance of risk models
is improved by adding markers with anatomical delinea-
tion through imaging technology. Accounting for the
higher performance of the combined use of risk scores
and imaging tools on CVD risk assessment, further studies
could consider about exploring the association of com-
bined form of them with the risk of CRC.

We also observed that less than half of included studies
reported the associations of CVD risk with both risk of AN
and AD.?82%384243 Colonoscopy is considered to as a valid
primary screening tool for CRC, and is able to detect both AD
and AN. The lower prevalence of AN and the limited number
of participants in several included studies might limit the
power to explore the relation of AN with CVD risk, which
could partly explain why most of studies did not include AN
as outcome. Therefore, the findings should be carefully inter-
preted and further validated on large-scale studies.

Our study has some strengths. Comprehensive search
strategies along with well-defined eligibility criteria were
used to help identify relevant articles. In addition, two
reviewers independently extracted data and assessed the
risk of bias in the included studies. However, several limita-
tions should also be addressed. Firstly, the current meta-
analysis was based on observational studies, there were the
possibilities of potential effects of unknown or residual
confounding factors on our results. Secondly, as we only
considered about established CVD risk models and recom-
mended imaging modalities, the potential of other CVD risk
assessment index on the detection of CRN was not summar-
ized and compared in this study. However, it is also reason-
able to just include these methods, since their feasibility and
performance for CVD risk prediction have been well
approved in the clinical practice. Thirdly, cut off values
and group comparisons for the same CVD risk assessment
method varied in the included studies, which limits the
synthesis of results. For example, the cut off values for
CACS are the tertiles of CACS in the study by Kim et al.*’
However, CACS was categorized into three groups with cut
off values at 0 and 100 in the other studies.>**> Therefore,
less studies were included in the meta-analysis, which might
influence the accuracy of the pooled results. Lastly, most of

studies were conducted in Asian populations, which is an
inherent limitation of the included studies. Thus, our find-
ings might not be applicable to other populations, and needs
to be externally validated in racially diverse populations.

Conclusions

To our knowledge, this is the first review that applies
meta-analyses to determining the overall association of
recommended CV risk assessment methods with the risk
of CRN in the asymptomatic population. FRS calculated
based on shared risk factors of CVD and CRC shows
potential to help identify subgroups at increased risk for
AN. Whether the combination of FRS and imaging index
is useful for the optimal evaluation of CRN risk remains to
be solved in the future studies. CVD risk might inform
CRC screening, which needs more research in the future to
validate its feasibility and effectiveness.
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