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ABSTRACT

Background: Emerging data have suggested colorectal cancer (CRC) often coexists with cardiovascular
diseases, but whether cardiovascular risk factors play a role in CRC remains unclear. We performed a sys-
tematic review and meta-analysis to better illustrate the associations between cardiovascular risk factors
and CRC.

Methods: We searched EMBASE, MEDLINE and Web of Science databases from inception up to June 14,
2020. Prospective cohort studies were included if they evaluated the association between at least one of
cardiovascular risk factors and CRC incidence, containing sufficient data to obtain relative risk (RR) and
95% confidence interval (CI). We performed separate meta-analyses for each cardiovascular risk factor
using random-effect model. PROSPERO registration number: CRD42020175537.

Findings: Data from 84 studies, reporting 52, 348, 827 individuals and 384, 973 incident cases were in-
cluded in the analysis. Overall, the risk of CRC was 1.31(95% CI, 1.21-1.42) for obesity, 1.14 (95% CI, 1.09-
1.20) for per 5 kg/m? increase in body mass index, 1.18 (95% CI, 1.14-1.23) for former smoker, 1.20 (95%
CI, 1.11-1.30) for current smoker, 1.25 (95% CI, 1.16-1.35) for diabetes, 1.07 (95% CI, 1.02-1.12) for hyper-
tension. The summary RRs of CRC for the highest versus lowest quartiles of total cholesterol, triglyceride,
low-density lipoprotein were 1.12 (95% CI, 1.03-1.22), 1.18 (95% CI, 1.04-1.35), 0.85 (95% CI, 0.62-1.17) re-
spectively and the pooled RR for the lowest versus highest quartile of high-density lipoprotein was 1.14
(95% CI, 1.02-1.28).

Interpretation: Unfavorable cardiovascular risk factors are associated with increased risk of CRC, which
may provide novel insight into the screening strategies of CRC in patient with these risk factors.

© 2021 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Evidence before this study

Cardiovascular disease and colorectal cancer are the two
leading causes of death around the world. Previous studies
have suggested the coexistence of these two conditions. It re-
mains unclear whether cardiovascular risk factors play a role
in colorectal cancer.

Added value of this study

With the large sample size and the generalized popula-
tion, our study confirmed that obesity, increased body mass
index and smoking were associated with increased risk of
CRC. Our study also demonstrated that less well-described
risk factors including hypertension, triglycerides, total choles-
terol and high-density lipoprotein were also associated with
higher risk of CRC. Low-density lipoprotein was not signifi-
cantly associated with CRC risk.

Implications of all the available evidence
The findings may have great clinical significance on new

screening strategies for CRC especially for individuals with
unfavorable cardiovascular risk factors.

1. Introduction

Colorectal cancer (CRC) is the third most common malignancy
and the second leading cause of cancer death worldwide, account-
ing for over 1.8 million new cases and approximately 881, 000
deaths in 2018 [1]. Cardiovascular disease (CVD) is another leading
cause of death and chronic disability for all regions of the world
[2,3]. Although initially thought of as two separate disease entities,
emerging evidence has suggested that there may be some common
features linking both of them [4,5]. Several studies have demon-
strated that patients with coronary heart disease are at a higher
risk of developing CRC [6-8].

Nonmodifiable risk factors, including age, sex and race, are un-
controllable features that have been demonstrated to influence in-
cidence rates of both CRC and CVD [9,10]. It is well known that
obesity, smoking, diabetes mellitus, hypertension and dyslipidemia
are common risk factors for CVD [11]. In previous studies, obe-
sity, increased body mass index (BMI), smoking and diabetes have
been demonstrated to be associated with increased risk of CRC
[12-17]. However, these meta-analyses included studies only pub-
lished before 2012. Furthermore, data on hypertension and dys-
lipidemia are limited and rather inconsistent. While several cohort
studies reported a positive association between hypertension and
CRC [18,19], Siddiqui et al. [20] and Suchanek et al. [21] showed
that hypertension was not associated with risk of CRC. Some stud-
ies reported an increased risk of CRC in subjects with higher serum
triglyceride and total cholesterol [19,22,23] whereas other studies
found nonsignificant or inverse association [24-26].

In the present study, we conducted a systematic review and
meta-analysis of prospective cohort studies to evaluate the associ-
ations between major cardiovascular risk factors and the incidence
of CRC, paying particular attention to the strength of the associa-
tion by individual risk factor.

2. Materials and methods
2.1. Search strategy

We systematically searched Medline databases, EMBASE and
Web of Science from inception to June 14, 2020 for studies on
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the association between cardiovascular risk factors and CRC. The
detailed search strategy is presented in supplement. All reference
lists from the main reports, relevant reviews and previous meta-
analyses were hand searched for additional eligible studies.

2.2. Study selection

Titles and abstracts of retrieved articles were independently
screened by two authors (Zhang C and Cheng Y). Articles deemed
potentially eligible by either reviewer were retrieved for full-text
studies were included if they 1) were prospective cohort studies.
2) evaluated the association between at least one of the cardiovas-
cular risk factors and the incidence of colonic, rectal or colorec-
tal cancer. 3) reported results with relative risk (RR) or hazard ra-
tio (HR) with 95% confidence intervals (Cls) or provided sufficient
data to calculate these. In case of multiple publications from the
same population, we included the data from the most informative
one (with sufficient baseline characteristics and most comprehen-
sively adjusted risk estimates). The detailed exclusion criterion is
presented in supplement.

2.3. Date extraction and quality assessment

Data extraction was conducted independently by two authors
(Zhang C and Cheng Y) with disagreements resolved by consen-
sus. The following characteristics of each eligible study were ex-
tracted: the first author’s name, year of publication, geographi-
cal location, population source, mean follow-up time, mean age at
baseline, gender category, methods for assessment of exposure and
outcome, number of events, number of participants, RR with cor-
responding 95% Cls and covariates adjusted for in the multivariable
analysis.

We used the Newcastle-Ottawa quality assessment scale (NOS)
[27] to evaluate the quality of included studies. In the current
study, we considered a study awarded six or more points as a high-
quality study. Discrepancies were resolved by discussion.

2.4. Data synthesis and analysis

We calculated summary RRs using random-effects models of RR
or HR from each study. When RRs were available, we used the
most comprehensively adjusted risk estimates reported in the pub-
lications. When the actual RR was not available, we calculated RRs
with 95% Cls from raw data. To enable a consistent approach to
analysis for triglycerides, total cholesterol, low-density lipoprotein
cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-
C), RRs for each study were transformed to involve comparisons
between the 4th quartile and 1st quartile using methods previ-
ously described [28,29]. Heterogeneity across studies was assessed
using I? (95% CI) statistic, applying the following interpretation for
: <50%, low heterogeneity; 50-75%, moderate heterogeneity; >
75%, high heterogeneity [30].

The publication bias was evaluated by the funnel plot and
quantified by Begg’s test [31] and Egger’s test [32]. The Duval
and Tweedie nonparametric trim and fill procedure [30] was fur-
ther used to adjust for the publication bias. Briefly, this method
firstly trimmed off the asymmetric outlying part of the funnel
plot after estimating how many studies are in the asymmetric
part. The symmetric remaining studies were applied to estimate
the true center of the funnel. Then, using the true center as the
axis of symmetry, studies trimmed in the first step were firstly
added back to the trimmed funnel plot, and the same number
of projected studies which are symmetric to those trimmed stud-
ies were also added to the funnel plot. Final pooled estimate was
obtained based on the filled funnel plot [33]. Several sensitivity
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6651 Potentially relevant articles identified
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6285 Non-original articles or irrelevant publications
excluded after review of titles and abstracts

366 Full manuscripts retrieved

282 Articles were excluded
89 of cross-sectional, case-control, nested case-control, case-cohort and retrospective design
22 of duplicate study
28 of duplicate cohort
27 of low quality
26 of CRC mortality
10 of colorectal adenoma
79 of no enough data to estimate relative risk and 95% confidence interval
1 of populations with a history of cardiovascular diseases

84 Independent studies included in the meta-
analysis

Fig. 1. Flowchart of study selection.

analyses were conducted to test the robustness of the main find-
ings and assess the potential sources of heterogeneity. First, fixed-
effect meta-analysis was used to evaluate the consistency of the
main results from random-effect model. Second, to explore the im-
pact of study quality, we conducted sensitivity analyses by impor-
tant quality components including subjective representativeness
(population/community-based or occupational-based), the method
of case determination (measured or self-reported), mean follow-up
(=10 years or < 10 years), covariates adjusted for in the multivari-
able analysis (>3 factors or < 3 factors) and NOS (> 6 or < 6).
Finally, we excluded individual study estimates 1 at a time to ex-
amine the influence of each study on the overall RR. All statisti-
cal analyses were performed with Stata software, version 10 (Stata
Corp, College Station, Texas). p < 0.05 was considered statistically
significant.

2.5. Role of funding sources

The funders of the study had no role in the study design, data
collection, data analysis, data interpretation or writing of the re-
port. The corresponding author had full access to all the data in
the study and had final responsibility for the decision to submit
for publication.

3. Results
3.1. Study selection and baseline characteristics

From a total of 6651 potentially relevant studies identified by
the search we assessed 366 full-text articles, leaving 84 articles fi-
nally included in the meta-analysis (Fig. 1). Study characteristics
is presented in Table 1 with detail information in etable 1-9. The
general findings of this study are summarized in Fig. 2. Overall, 52,
348, 827 participants were included in this study to exam the risk
of CRC in individuals with cardiovascular risk factors compared to

those without, with 384,973 incident cases of CRC. The mean age
of participants at entry was 46.6 years (ranging from 17.4 to 72.9
years in each study). The selected studies were published between
1986 and 2019. Of them, 36 studies were conducted in Europe, 29
in North American, 17 in Asia and 2 in Oceania.

With respect to study quality, 67% of included studies were
deemed high-quality (NOS > 6). Of the 84 included studies, 52
were population-based studies, 12 were community-based stud-
ies and 20 studies were sampled from occupational populations.
The exposure of risk factors was measured in 42 studies, was self-
reported in 29 studies, and was determined by other methods
(combination of measurement and self-reported data/medical his-
tory/current medication/physician-diagnosis) in 13 studies. Fifty-
eight studies provided adjusted RRs, 45 of them adjusted for age
and 34 adjusted for at least 3 of the most important confounding
factors (BMlI/obesity, smoking, alcohol, physical activity and diet).
Twenty-three studies reported unadjusted RRs and 3 studies did
not provide adjusted confounders.

3.2. Obesity/BMI

A total of 14,583,001 participants with 112,391 events were in-
cluded to investigate the association between obesity/BMI and the
risk of CRC. Overall, the pooled RRs of CRC were 131 (95% (I,
1.21-1.42) for obesity, 1.14 (95% CI, 1.09-1.20) for 5unit increment
in BMI, with evidence of high heterogeneity across these studies
(2 = 83.9%, P < 0.01 for obesity, > = 85.1%, P < 0.01 for BMI in-
crement) (Fig. 3A and B). Risk estimates of CRC associated with
obesity or BMI did not materially change after analyses with fixed-
effect models, inclusion of population/community-based studies,
high-quality studies, studies with measured height and weight,
studies with mean follow-up duration more than 10 years, yet high
heterogeneity was still present (etable 10). The omission of any one
study did not appreciably change the pooled RR, and the estimates
in each case were well within the confidence limits of the overall
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Fig. 2. Central Illustration of the Association Between Cardiovascular Risk Factors and Colorectal Cancer.

estimate (etable 10). However, when the analysis of increased BMI
and CRC was confined to studies with follow-up of more than 10
years, the pooled RRs showed no substantial change, but no evi-
dence of heterogeneity was observed (> =0.0%, P = 0.44) (etable
10). There was no evidence of publication bias with funnel plots,
Egger’s test or Begg’s test (eFig. 1A and 1B).

3.3. Smoking

Sixteen studies reporting the risk estimates of CRC for both cur-
rent and former smokers versus never smokers were included for
this analysis, involving 2247,122 participants and 25,378 events.
Overall, the pooled RRs for former versus never smokers and cur-
rent versus never smokers were 1.18 (95% Cl, 1.14-1.23), 1.20 (95%
Cl, 1.11-1.30) respectively (Fig. 3C and D). We observed consistent
increased risks of CRC both in former smokers and current smokers
when analyses were repeated using fixed-effects model, including
high-quality studies, population/community-based studies, studies
with mean follow-up time more than 10 years, studies with ad-
justment for 3 or more confounding factors (etable 11). Between-
study heterogeneity was statistically significant in the analyses for
current smokers but not for former smokers (I* ranged from 47.7%
to 67.9% for current smokers and 0.0% to 14.2% for former smok-
ers, etable 11). The sensitivity analyses demonstrated no meaning-
ful differences in the RRs upon omission of each study from the
primary analyses (etable 11). There was no statistical evidence of
publication bias for former smokers (Begg's, z = 1.13, P = 0.26; Eg-
ger's, t = 1.36, P = 0.20) and current smokers (Begg's, z = 0.86,
P = 0.39; Egger’s, t = 0.65, P = 0.52) (Data not shown).

3.4. Diabetes mellitus

For diabetes mellitus, eighteen studies were included for the
analyses, reporting 71,672 events among 9805,955 participants.
The overall pooled RR for CRC risk associated with diabetes was
1.25 (95% (I, 1.16-1.35), with moderate between-study heterogene-
ity (I2 73.7%, P < 0.01) (Fig. 4A). The summary RRs did not
vary substantially after analyses with fixed-effect model, inclu-
sion of population/community-based studies, high-quality studies
or studies with mean follow-up time more than 10 years, with
moderate-to-high heterogeneity across studies (etable 12). There
was no evidence of heterogeneity after excluding three largest
studies (I = 0.0%, P = 0.63) (data not shown). A sensitivity analy-
sis of omitting 1 study in each turn showed no substantial change
on the results with pooled RRs ranging from 1.20 to 1.27 (etable
12). No significant publication bias was observed according to the
Begg’s test (z = 0.98, P = 0.33) or Egger’s test (t = 1.18, P = 0.26)
(data not shown).

3.5. Hypertension

Thirteen studies reporting 24,074,347 individuals and 162,495
incident cases were included to evaluate the risk for CRC among
participants with hypertension. Overall, participants with hyper-
tension experienced an increased risk for developing CRC com-
pared to those with normotension [RR=1.07 (95% CI, 1.02-1.12)
for random-effects model; RR=1.05 (95% CI, 1.02-1.07) for fixed-
effects model] (Fig. 4B). There was low heterogeneity across the
studies (12=22.2%, P = 0.22) (Fig. 4B). The findings from the sen-
sitivity analyses showed that risk estimates changed little based
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A Source,y Cases  Subjects RR (95% CI) B Source,y Cases Subjects RR (95% CI)
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Wang et al, 2019 2204 508362 1.46 (122, 1.75) Song et al, 2008 1045 170481 1.22 (1.08,1.37)
Bjorge et al, 2019 3264 221274 - 0.92 (0.81, 1.05) Steins Bisschop etal, 2014 2008 328781 1.13(1.07,1.20)
Doubeni etal, 2012 7676 506488 ] 1.20 (1.14, 1.26) Noh et al, 2019 087 30367 105 (0.9, 1.22)
Rapp et al, 2005 802 145951 —— 1.63 (1.6, 1.97) Andreasson et al, 2019 937 27504 1.14 (1.04, 1.25)
Song et al, 2008 1045 170481 —L— 1.35 (1.02, 1.78)
Oh et al, 2005 2516 781283 ——— 1.28 (0.87, 1.90) Overall, random-effects 1.14 (1.08, 1.20)
Larsson et al, 2006 496 45906 1.33(1.01, 1.74) I-squared = 85.1%, P < 0.001
Moore et al, 2004 306 7566 4 1.28 (0.95, 1.71) . ;
Overall, random-effects 1.31(1.21,1.42) 5 4
I-squared = 83.9%, P < 0.001
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C D
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Sturmer etal, 2000 351 22011 | S 1.49 (117, 1.89) Stirmer etal, 2000 351 22011 — - 1.81(1.28, 2.55)
Knekt et al, 1998 457 56973 1.02 (0.74, 1.39) Knekt et al, 1998 457 56973 . 1.13 (0.91, 1.39)
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Fig. 3. Forest Plots for Colorectal Cancer Incidence (A) Summary Relative Risks for Obesity; (B) Summary Relative Risks for Per 5 kg/m? Increase in Body Mass Index; (C)
Summary Relative Risks for former smokers versus Nonsmokers; (D) Summary Relative Risks for current smokers versus Nonsmokers.

on different inclusion and exclusion criteria, but heterogeneity was
still present (etable 12). We observed potential publication bias ac-
cording to asymmetric funnel plot and the Egger’s test (t = 2.26,
P = 0.05) but not according to Begg’s test (z = 0.55, P = 0.58) (data
not shown). To evaluate the influence of potential publication bias,
we used the trim and fill method with six additional imputed stud-
ies to balance the funnel plot and calculated an adjusted pooled
random-effects RR, which did not show a statistically significant
association between hypertension and CRC [RR=1.04 (95% CI, 0.99-
1.09)], suggesting the positive association may dissipate when we
considered the effects of publication bias (efigure 3).

3.6. Dyslipidemia

The analyses involving 25,908,256 participants and 178,121
events were conducted to explore the association between CRC in-
cidence and dyslipidemia. In a comparison of individuals in the
highest quartile of baseline levels of serum lipid levels, the risk
of CRC was 1.12 (95%CI, 1.03-1.22) for total cholesterol, 1.18 (95%
Cl, 1.04-1.35) for triglyceride, 0.85 (95% CI, 0.62-1.17) for LDL-C
(Figs. 4C, D and 5B). And the risk of CRC for individuals in the
lowest versus highest quartile of HDL was 1.14 (95% Cl, 1.02-1.28)
(Fig. 5A).

The positive association between total cholesterol and CRC in-
cidence persisted in analyses with population/community-based
studies, studies with an average follow-up of 10 years or more
(I statistic ranging from 28.6% to 45.2%), but dissipated in anal-
ysis with studies adjusted for at least 3 confounding factors

(etable 13). When we repeated analyses of triglyceride and CRC
in population/community-based studies, high-quality studies, and
studies with longer follow-up duration (> 10 years), the pooled
RRs still reached statistical significance (etable 13). However, the
RRs became nonsignificant when we used fixed-effect models or
included studies adjusted for 3 or more confounding factors (etable
13). With respect to the relationship of HDL-C and CRC, the in-
verse association was still observed when we restricted the meta-
analysis to population-based studies, high-quality studies or full
adjusted studies (etable 14). However, exclusion of study by Choi
et al. [18] yielded nonsignificant summary RRs [RR=1.11 (95% CI,
0.98-1.26)](etable 14).

Publication bias was not suggested in analyses of total choles-
terol and HDL-C according to Begg’s test and Egger’s test (data not
shown). However, for triglyceride, there was indication of publica-
tion bias with Egger’s test (t = 3.81, P = 0.00) and the asymmetry
of funnel plot but not Begg’s test (efigure 4). A sensitivity analysis
using the trim and fill method was performed with 7 additional
studies, which produced a pooled RR of 1.00 (95% CI, 0.88-1.13),
suggesting that the relationship of triglyceride and CRC may be in-
terpreted with caution (efigure 4).

4. Discussion

In this meta-analysis with a large sample size (more than 52
million participants), we found that major risk factors for cardio-
vascular diseases were associated with increased risk of colorectal
cancer. Our findings extend the results of previous reports, not only
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Source,y Cases Subjects RR (95% CI)

Folsom et al, 2008 180 13117 —
Pan et al, 2018 1911 508892
Ma et al, 2018 3000 134763

1.13 (0.71, 1.84)
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1.27 (1.05, 1.52)

Dankner etal, 2016 18251 2186196 . 1.47 (1.40, 1.53)
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Jee et al, 2005 742 1298385 HE- 1.13 (1.03, 1.23)
Rapp et al, 2006 677 140813 — 1.06 (0.76, 1.47)
Seow et al, 2006 636 61320 A 1.50 (1.20, 1.80)
Ogunleye etal, 2009 223 28731 0.95(0.33, 2.73)
Larsson et al, 2005 41 45550 e 1.49 (1.14, 1.96)
Limburg etal, 2005 870 34972 —t— 1.40 (1.10, 1.80)
Singh et al, 1998 157 32051 1.24 (0.70, 2.20)
Schoen et al, 1999 93 5201 1.40 (0.80, 2.40)
Nilsen et al, 2001 730 75219 1.05 (0.46, 2.41)
Campbell et al, 2010 2809 154975 - 1.13(0.93, 1.38)
Atchison et al, 2011 34814 4501578 1.16 (1.09, 1.24)
He etal, 2010 3549 199142 1.19 (1.09, 1.29)
Yeh et al, 2012 286 18280 1.41(0.81,2.44)
Overall, random-effects <> 1.25(1.16, 1.35)
I-squared = 73.7%, P < 0.001
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Source,y Cases Subjects RR (95% CI)
Chyou et al, 1996 453 7945 : 0.86 (0.59, 1.25)
GAARD et al, 1997 292 62173 1.05 (0.74, 1.49)
Chandler et al, 2016 198 15602 H 1.21(0.80, 1.84)
Sturmer et al, 2006 494 22071 0.85(0.57, 1.16)
Stocks et al, 2010 4695 578700 1.26 (1.09, 1.45)
Ahn et al, 2009 507 29093 0.87 (0.68, 1.12)
Tulinius et al, 1997 338 22946 -i—.— 1.39 (1.05, 1.84)
Térnberg et al, 1986 839 92898 +.— 1.29 (1.04, 1.60)
Iso et al, 2009 506 33368 1.08 (0.85, 1.36)
Waulaningsih et al, 2012 3982 540309 1.16 (0.91, 1.47)
Schatzkin et al, 1988 130 12488 0.70 (0.37, 1.31)
Kitahara et al, 2011 12004 1189719 1.09 (1.03, 1.16)
Muka et al, 2016 248 6628 159 (1.09, 2.32)
Overall, random-effects 1.12(1.03, 1.22)
|-squared = 43.2%, P = 0.048
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Source,y Cases Subjects RR (95% CI)
Kabat et al, 2012 81 4862 ( 1.14 (0.47,2.77)
Bowers et al, 2006 410 28983 1.18 (0.96, 1.44)
Choi et al, 2018 148467 22809722 . 1.04 (1.02, 1.07)
Inoue et al, 2009 312 27724 0.95 (0.74, 1.23)
Stirmer et al, 2006 494 22046 —1a— 1.10 (0.90, 1.30)
Stocks et al, 2010 4695 578700 1.12(0.91,1.37)
Luetal, 2015 2044 143477 -l 1.18 (1.05, 1.32)
Ahmed et al, 2006 194 14109 1.35(1.00, 1.80)
Lietal, 2019 394 104333 1.04 (0.82, 1.31)
Harding et al, 2015 468 20468 1.29 (1.01, 1.64)
Rosengren et al, 1998 150 7396 1.25(0.83, 1.89)
Kreger et al, 1992 161 5209 1.08 (0.73, 1.61)
Christakoudi et al, 2019 4625 307318 1.00 (0.94, 1.07)
Overall, random-effects 1.07 (1.02, 1.12)
I-squared = 22.2%, P=0.219 I
5 75 1 2 4
Source,y Cases Subjects RR (95% Cl)
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Fig. 4. Forest Plots for Colorectal Cancer Incidence (A) Summary Relative Risks for Diabetes; (B) Summary Relative Risks for hypertension; (C) Summary Relative Risks for
Individuals in the highest quartile versus those in the lowest quartile of Total Cholesterol; (D) Summary Relative Risks for Individuals in the highest quartile versus those in

the lowest quartile of Triglyceride.

to evidence that participants with established risk factors consis-
tently experienced increased risks of CRC, but also to show posi-
tive associations between CRC and less well-described risk factors.
Of note, LDL-C was not significantly associated with CRC risk.

In line with previous studies, our study also confirmed the pos-
itive associations between obesity, increased BMI, smoking, dia-
betes and CRC. Although obesity has been an established risk factor
for CRC, it often coexists with other metabolic abnormalities such
hyperglycemia, dyslipidemia and hypertension, which may medi-
ate this association between obesity and CRC risk [34-36]. Re-
cent studies found that obese individuals without metabolic ab-
normalities which were referred to “metabolically health obesity
(MHO) ” had no increased risk of incident CRC whereas those with
“metabolically unhealthy obesity (MUO)” showed a higher risk of
CRC, raising special concern of MUO [35]. Consistent with these
findings, our study included obese individuals with at least one
of metabolic abnormalities and did observe a 31% greater risk of
CRC. Additionally, the coexistence of risk factors may be associated
with an additive effect. In a prospective cohort study, the HRs of
CRC increased with the increasing number of metabolic syndrome
components [18]. Therefore, when assessing the CRC risk, a com-
prehensive evaluation of the associated risk factors is warranted.

Regarding smoking, data were inconclusive. In studies reported
by Limburg et al. and Gram et al., the positive association between
smoking and CRC was significant for former smokers but not for
currents smokers [37,38], while in our study, this association ex-
isted both in former and current smokers. This discrepancy may

be ascribed to limited data obtained from female smokers only in
studies by Limburg et al. and Gram et al., which could not be di-
rectly extrapolated to male smokers or general populations. With
regard to hypertension, studies were sparse and inconclusive. In a
report from the Physician’s Health Study, no increased risk of CRC
was observed in participants with hypertension [39]. Likewise, in a
population-based cohort study from Japan, it was also shown that
hypertension was not significantly associated with higher risk of
CRC [40]. However, these studies involved a restricted subgroup
of the general population and were based on self-reported blood
pressures, which could potentially bias the results. On the contrary,
in a more generalized population, we did observe a 7% increased
risk of CRC in those with preexisting hypertension.

Although dyslipidemia is an established risk factor for car-
diovascular disease and several type of cancers, the relationship
on dyslipidemia and CRC still remains unclear [11,41,42]. In the
present analysis, we found increased risk of CRC in participants
with elevated serum cholesterol, triglyceride and decreased HDL-C.
In contrast, a study based on Japanese-American men followed for
over 20 years demonstrated that increased serum cholesterol lev-
els were associated with decreased risk of colon cancer. Of note,
the inverse association was only present for colon cancer cases di-
agnosed within the first 10 years but not statistically significant for
colon cancer diagnosed after 10 years [43]. This suggested that the
relationship may be more complex and changed with the follow-
up duration. Long follow-up of our study, with all but one study
followed up for more than 10 years may lead to a more reliable
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Source,y Cases Subjects RR (95% Cl)
Kabat et al, 2012 81 4862 L 1.03 (0.54, 1.96)
Choi et al, 2018 148467 22809722 - 1.25(1.16, 1.32)
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Chandler et al, 2016 198 15602 = 1.59 (1.02, 2.44)
Lu et al, 2015 2044 143477 - 1.11 (0.95, 1.30)
Ahn et al, 2009 507 29093 —y—— 0.99 (0.76, 1.28)
Woulaningsih et al, 2012 3982 540309 —— 0.77 (0.59, 1.00)
Ahmed et al, 2006 194 14109 = 1.32 (0.85, 2.12)
Li et al, 2019 394 104333 = 1.41 (0.76, 2.65)
Harding et al, 2015 468 20468 E 1.32 (0.95, 1.81)
Overall, random-effects <> 1.14 (1.02, 1.28)
I-squared = 43.4%, P = 0.052
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I-squared = 50.8%, P=0.107
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Fig. 5. Forest Plots for Colorectal Cancer Incidence (A) Summary Relative Risks for Individuals in the lowest quartile versus those in the highest quartile of High-density
lipoprotein; (B) Summary Relative Risks for Individuals in the highest quartile versus those in the lowest quartile of Low-density lipoprotein.

conclusion. Inconsistent with our results, Li et al. observed no sig-
nificant association between CRC and elevated triglyceride or de-
creased HDL-C in a population-based cohort study of Chinese men
[44]. These could be interpreted with the small number of cases
(394 CRC cases) and relatively short follow-up duration (median,
8.9 years). With respect to LDL-C, the evidence is limited and in-
conclusive. Consistent with our results, a meta-analysis involved
only 3 studies on the relationship between LDL-C and CRC, found
a nonsignificant risk of CRC associated with LDL-C.

Although we demonstrated an increased risk for CRC in patients
with hypertension and dyslipidemia, whether modifications of risk
factors could reduce the risk of CRC remains uncertain. Results
from recent meta-analyses have suggested that treatment of hy-
pertension could reduce the risk of CRC [45,46]. A meta-analysis

in 2015 by Dai et al. included 11 observational studies indicated
a 6% decreased risk of CRC in angiotensin converting enzyme in-
hibitors/angiotensin receptor blockers (ACEI/ARB) users compared
to non-users [45]. An updated meta-analysis in 2020 also sug-
gested renin-angiotensin system (RAS) inhibitor use was associated
with CRC risk decrement [46], which further indicated hyperten-
sion may be a causal factor for CRC. For treatment of dyslipidemia,
a meta-analysis based on eight randomized controlled trials did
not find a statistically significant association between statin use
and CRC risk, which also indicated the nonsignificant association
between LDL-C and the risk of CRC [47].

The exact biologic mechanisms underlying these associations
are not fully understood, but could to some extend be ascribed
to chronic inflammation, insulin resistance or oxidative stress. It
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has been demonstrated that obesity, smoking and dyslipidemia are
associated with chronic inflammation and elevated inflammation
cytokines, which may also mediate the risk of CRC [48-51]. It is
of note that the effect of smoking on inflammatory cytokines ap-
peared to persist for several years after smoking cessation [52].
This may be a possible explanation for former smokers experienc-
ing similar increased risks of CRC compared to current smokers in
some of the previous studies [53,54]. Diabetes and hypertriglyc-
eridemia are characterized by hyperinsulinemia and increased lev-
els of bioavailable IGF-1, which has been reported to be involved
in the developmental process of CRC [55-58]. Additionally, it has
been reported that dysregulated lipid metabolism was associated
with increased bile acid excretion and provided energy supply to
neoplastic cells [58]. Although the mechanistic studies for hyper-
tension and CRC are limited, the corresponding oxidative stress or
chronic inflammation could play a role [59,60].

Our results have important clinical and public health implica-
tions. In our study, we pooled the RRs of each included study to
evaluate the strength of association, performed sensitivity analyses
to test the consistency of the association and discussed the possi-
ble biological mechanism. Additionally, all studies included in our
analysis were prospective cohort design which support the tempo-
rality of exposure preceding outcome. Furthermore, we also added
the evidence that treatment of some risk factors could reduce the
risk of CRC. This suggested that cardiovascular risk factors may also
be causal factors for CRC and more intensive CRC screening pro-
gram in patients with these risk factors is needed.

Several limitations of this meta-analysis should be acknowl-
edged. First, our analysis was restricted to separate risk factors,
and the distinct possibility exists that the strength of association
may be weaker when using a multifactorial analysis. Second, de-
spite our attempt to manage cross-study heterogeneity with appro-
priate meta-analytic techniques, substantial heterogeneity was still
observed in the analysis of obesity. However, risk estimates did not
change materially in multiple sensitivity analyses, suggesting het-
erogeneity might not affect the primary results. Third, although we
included studies attempted to control for various known risk fac-
tors, the possibility of residual or unmeasured confounding can-
not be ruled out. Fourth, there was some evidence of publication
bias, only in the analyses of hypertension and triglyceride. The fun-
nel plot indicated the presence of missing studies with neutral or
negative results, suggesting a possible overestimation of the asso-
ciation. Fifth, although our findings were robust and consistent in
multiple sensitivity analyses, causality could not be established ac-
cording to our current data based on observational studies. Sixth,
some studies included in our meta-analysis had relatively younger
patient cohorts and shorter of follow-up duration which may lead
to a lower incident rate of CRC. However, when we repeated anal-
yses of studies with more than 10 years follow-up, the pooled
RRs did not change substantially. Seventh, our meta-analysis was
mostly based on non-African studies and generalizing these find-
ings to African population should be taken with caution and war-
rants further investigation.

In conclusion, unfavorable cardiovascular risk factors were as-
sociated with an increased risk colorectal cancer. However, cau-
tion is needed in interpreting the association between hyperten-
sion/triglyceride and CRC since the publication bias is needed to
be taken into account. Additionally, our data derived from observa-
tional studies could not directly demonstrated the causal relation-
ships. Further investigations are warrant to explore whether modi-
fication of cardiovascular risk factors could benefit CRC prevention.
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