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a b s t r a c t 

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 

2 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. 

. Introduction 

Colorectal cancer (CRC) is the third most common malignancy 

nd the second leading cause of cancer death worldwide, account- 

ng for over 1.8 million new cases and approximately 881, 0 0 0 

eaths in 2018 [1] . Cardiovascular disease (CVD) is another leading 

ause of death and chronic disability for all regions of the world 

 2 , 3 ]. Although initially thought of as two separate disease entities,

merging evidence has suggested that there may be some common 

eatures linking both of them [ 4 , 5 ]. Several studies have demon-

trated that patients with coronary heart disease are at a higher 

isk of developing CRC [6–8] . 

Nonmodifiable risk factors, including age, sex and race, are un- 

ontrollable features that have been demonstrated to influence in- 

idence rates of both CRC and CVD [ 9 , 10 ]. It is well known that

besity, smoking, diabetes mellitus, hypertension and dyslipidemia 

re common risk factors for CVD [11] . In previous studies, obe- 

ity, increased body mass index (BMI), smoking and diabetes have 

een demonstrated to be associated with increased risk of CRC 

12–17] . However, these meta-analyses included studies only pub- 

ished before 2012. Furthermore, data on hypertension and dys- 

ipidemia are limited and rather inconsistent. While several cohort 

tudies reported a positive association between hypertension and 

RC [ 18 , 19 ], Siddiqui et al. [20] and Suchanek et al. [21] showed

hat hypertension was not associated with risk of CRC. Some stud- 

es reported an increased risk of CRC in subjects with higher serum 

riglyceride and total cholesterol [ 19 , 22 , 23 ] whereas other studies

ound nonsignificant or inverse association [24–26] . 

In the present study, we conducted a systematic review and 

eta-analysis of prospective cohort studies to evaluate the associ- 

tions between major cardiovascular risk factors and the incidence 

f CRC, paying particular attention to the strength of the associa- 

ion by individual risk factor. 

. Materials and methods 

.1. Search strategy 

We systematically searched Medline databases, EMBASE and 

eb of Science from inception to June 14, 2020 for studies on 
2 
he association between cardiovascular risk factors and CRC. The 

etailed search strategy is presented in supplement. All reference 

ists from the main reports, relevant reviews and previous meta- 

nalyses were hand searched for additional eligible studies. 

.2. Study selection 

Titles and abstracts of retrieved articles were independently 

creened by two authors (Zhang C and Cheng Y). Articles deemed 

otentially eligible by either reviewer were retrieved for full-text 

tudies were included if they 1) were prospective cohort studies. 

) evaluated the association between at least one of the cardiovas- 

ular risk factors and the incidence of colonic, rectal or colorec- 

al cancer. 3) reported results with relative risk (RR) or hazard ra- 

io (HR) with 95% confidence intervals (CIs) or provided sufficient 

ata to calculate these. In case of multiple publications from the 

ame population, we included the data from the most informative 

ne (with sufficient baseline characteristics and most comprehen- 

ively adjusted risk estimates). The detailed exclusion criterion is 

resented in supplement. 

.3. Date extraction and quality assessment 

Data extraction was conducted independently by two authors 

Zhang C and Cheng Y) with disagreements resolved by consen- 

us. The following characteristics of each eligible study were ex- 

racted: the first author’s name, year of publication, geographi- 

al location, population source, mean follow-up time, mean age at 

aseline, gender category, methods for assessment of exposure and 

utcome, number of events, number of participants, RR with cor- 

esponding 95% CIs and covariates adjusted for in the multivariable 

nalysis. 

We used the Newcastle-Ottawa quality assessment scale (NOS) 

27] to evaluate the quality of included studies. In the current 

tudy, we considered a study awarded six or more points as a high- 

uality study. Discrepancies were resolved by discussion. 

.4. Data synthesis and analysis 

We calculated summary RRs using random-effects models of RR 

r HR from each study. When RRs were available, we used the 

ost comprehensively adjusted risk estimates reported in the pub- 

ications. When the actual RR was not available, we calculated RRs 

ith 95% CIs from raw data. To enable a consistent approach to 

nalysis for triglycerides, total cholesterol, low-density lipoprotein 

holesterol (LDL-C) and high-density lipoprotein cholesterol (HDL- 

), RRs for each study were transformed to involve comparisons 

etween the 4th quartile and 1st quartile using methods previ- 

usly described [ 28 , 29 ]. Heterogeneity across studies was assessed 

sing I 2 (95% CI) statistic, applying the following interpretation for 

 

2 : < 50%, low heterogeneity; 50–75%, moderate heterogeneity; > 

5%, high heterogeneity [30] . 

The publication bias was evaluated by the funnel plot and 

uantified by Begg’s test [31] and Egger’s test [32] . The Duval 

nd Tweedie nonparametric trim and fill procedure [30] was fur- 

her used to adjust for the publication bias. Briefly, this method 

rstly trimmed off the asymmetric outlying part of the funnel 

lot after estimating how many studies are in the asymmetric 

art. The symmetric remaining studies were applied to estimate 

he true center of the funnel. Then, using the true center as the 

xis of symmetry, studies trimmed in the first step were firstly 

dded back to the trimmed funnel plot, and the same number 

f projected studies which are symmetric to those trimmed stud- 

es were also added to the funnel plot. Final pooled estimate was 

btained based on the filled funnel plot [33] . Several sensitivity 
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Fig. 1. Flowchart of study selection. 
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nalyses were conducted to test the robustness of the main find- 

ngs and assess the potential sources of heterogeneity. First, fixed- 

ffect meta-analysis was used to evaluate the consistency of the 

ain results from random-effect model. Second, to explore the im- 

act of study quality, we conducted sensitivity analyses by impor- 

ant quality components including subjective representativeness 

population/community-based or occupational-based), the method 

f case determination (measured or self-reported), mean follow-up 

 ≥10 years or < 10 years), covariates adjusted for in the multivari- 

ble analysis ( ≥3 factors or < 3 factors) and NOS ( ≥ 6 or < 6).

inally, we excluded individual study estimates 1 at a time to ex- 

mine the influence of each study on the overall RR. All statisti- 

al analyses were performed with Stata software, version 10 (Stata 

orp, College Station, Texas). p < 0.05 was considered statistically 

ignificant. 

.5. Role of funding sources 

The funders of the study had no role in the study design, data 

ollection, data analysis, data interpretation or writing of the re- 

ort. The corresponding author had full access to all the data in 

he study and had final responsibility for the decision to submit 

or publication. 

. Results 

.1. Study selection and baseline characteristics 

From a total of 6651 potentially relevant studies identified by 

he search we assessed 366 full-text articles, leaving 84 articles fi- 

ally included in the meta-analysis ( Fig. 1 ). Study characteristics 

s presented in Table 1 with detail information in etable 1–9. The 

eneral findings of this study are summarized in Fig. 2 . Overall, 52, 

48, 827 participants were included in this study to exam the risk 

f CRC in individuals with cardiovascular risk factors compared to 
3 
hose without, with 384,973 incident cases of CRC. The mean age 

f participants at entry was 46.6 years (ranging from 17.4 to 72.9 

ears in each study). The selected studies were published between 

986 and 2019. Of them, 36 studies were conducted in Europe, 29 

n North American, 17 in Asia and 2 in Oceania. 

With respect to study quality, 67% of included studies were 

eemed high-quality (NOS ≥ 6). Of the 84 included studies, 52 

ere population-based studies, 12 were community-based stud- 

es and 20 studies were sampled from occupational populations. 

he exposure of risk factors was measured in 42 studies, was self- 

eported in 29 studies, and was determined by other methods 

combination of measurement and self-reported data/medical his- 

ory/current medication/physician-diagnosis) in 13 studies. Fifty- 

ight studies provided adjusted RRs, 45 of them adjusted for age 

nd 34 adjusted for at least 3 of the most important confounding 

actors (BMI/obesity, smoking, alcohol, physical activity and diet). 

wenty-three studies reported unadjusted RRs and 3 studies did 

ot provide adjusted confounders. 

.2. Obesity/BMI 

A total of 14,583,001 participants with 112,391 events were in- 

luded to investigate the association between obesity/BMI and the 

isk of CRC. Overall, the pooled RRs of CRC were 1.31 (95% CI, 

.21–1.42) for obesity, 1.14 (95% CI, 1.09–1.20) for 5unit increment 

n BMI, with evidence of high heterogeneity across these studies 

 I 2 = 83.9%, P < 0.01 for obesity, I 2 = 85.1%, P < 0.01 for BMI in-

rement) ( Fig. 3 A and B). Risk estimates of CRC associated with 

besity or BMI did not materially change after analyses with fixed- 

ffect models, inclusion of population/community-based studies, 

igh-quality studies, studies with measured height and weight, 

tudies with mean follow-up duration more than 10 years, yet high 

eterogeneity was still present (etable 10). The omission of any one 

tudy did not appreciably change the pooled RR, and the estimates 

n 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. 
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stimate (etable 10). However, when the analysis of increased BMI 

nd CRC was confined to studies with follow-up of more than 10 

ears, the pooled RRs showed no substantial change, but no evi- 

ence of heterogeneity was observed ( I 2 = 0.0%, P = 0.44) (etable 

0). There was no evidence of publication bias with funnel plots, 

gger’s test or Begg’s test (e Fig. 1 A and 1B). 

.3. Smoking 

Sixteen studies reporting the risk estimates of CRC for both cur- 

ent and former smokers versus never smokers were included for 

his analysis, involving 2247,122 participants and 25,378 events. 

verall, the pooled RRs for former versus never smokers and cur- 

ent versus never smokers were 1.18 (95% CI, 1.14–1.23), 1.20 (95% 

I, 1.11–1.30) respectively ( Fig. 3 C and D). We observed consistent 

ncreased risks of CRC both in former smokers and current smokers 

hen analyses were repeated using fixed-effects model, including 

igh-quality studies, population/community-based studies, studies 

ith mean follow-up time more than 10 years, studies with ad- 

ustment for 3 or more confounding factors (etable 11). Between- 

tudy heterogeneity was statistically significant in the analyses for 

urrent smokers but not for former smokers ( I 2 ranged from 47.7% 

o 67.9% for current smokers and 0.0% to 14.2% for former smok- 

rs, etable 11). The sensitivity analyses demonstrated no meaning- 

ul differences in the RRs upon omission of each study from the 

rimary analyses (etable 11). There was no statistical evidence of 

ublication bias for former smokers (Begg’s, z = 1.13, P = 0.26; Eg- 

er’s, t = 1.36, P = 0.20) and current smokers (Begg’s, z = 0.86, 

 = 0.39; Egger’s, t = 0.65, P = 0.52) (Data not shown). 
4 
.4. Diabetes mellitus 

For diabetes mellitus, eighteen studies were included for the 

nalyses, reporting 71,672 events among 9805,955 participants. 

he overall pooled RR for CRC risk associated with diabetes was 

.25 (95% CI, 1.16–1.35), with moderate between-study heterogene- 

ty ( I 2 = 73.7%, P < 0.01) ( Fig. 4 A). The summary RRs did not

ary substantially after analyses with fixed-effect model, inclu- 

ion of population/community-based studies, high-quality studies 

r studies with mean follow-up time more than 10 years, with 

oderate-to-high heterogeneity across studies (etable 12). There 

as no evidence of heterogeneity after excluding three largest 

tudies ( I 2 = 0.0%, P = 0.63) (data not shown). A sensitivity analy-

is of omitting 1 study in each turn showed no substantial change 

n the results with pooled RRs ranging from 1.20 to 1.27 (etable 

2). No significant publication bias was observed according to the 

egg’s test ( z = 0.98, P = 0.33) or Egger’s test ( t = 1.18, P = 0.26)

data not shown). 

.5. Hypertension 

Thirteen studies reporting 24,074,347 individuals and 162,495 

ncident cases were included to evaluate the risk for CRC among 

articipants with hypertension. Overall, participants with hyper- 

ension experienced an increased risk for developing CRC com- 

ared to those with normotension [RR = 1.07 (95% CI, 1.02–1.12) 

or random-effects model; RR = 1.05 (95% CI, 1.02–1.07) for fixed- 

ffects model] ( Fig. 4 B). There was low heterogeneity across the 

tudies ( I 2 = 22.2%, P = 0.22) ( Fig. 4 B). The findings from the sen-

itivity analyses showed that risk estimates changed little based 
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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 

2 Increase in Body Mass Index; (C) 

Summary Relative Risks for former smokers versus Nonsmokers; (D) Summary Relative Risks for current smokers versus Nonsmokers. 

o

s

c

P  

n

w

i

r

a

1

c

3

e

c

h

o

C

(  

l

(

c

s

(

y

(

i

s

R

R

i

1

v

a

a

e

0

t

s

t  

o

u

s

s

t

4

m

v

c

n different inclusion and exclusion criteria, but heterogeneity was 

till present (etable 12). We observed potential publication bias ac- 

ording to asymmetric funnel plot and the Egger’s test ( t = 2.26, 

 = 0.05) but not according to Begg’s test ( z = 0.55, P = 0.58) (data

ot shown). To evaluate the influence of potential publication bias, 

e used the trim and fill method with six additional imputed stud- 

es to balance the funnel plot and calculated an adjusted pooled 

andom-effects RR, which did not show a statistically significant 

ssociation between hypertension and CRC [RR = 1.04 (95% CI, 0.99–

.09)], suggesting the positive association may dissipate when we 

onsidered the effects of publication bias (efigure 3). 

.6. Dyslipidemia 

The analyses involving 25,908,256 participants and 178,121 

vents were conducted to explore the association between CRC in- 

idence and dyslipidemia. In a comparison of individuals in the 

ighest quartile of baseline levels of serum lipid levels, the risk 

f CRC was 1.12 (95%CI, 1.03–1.22) for total cholesterol, 1.18 (95% 

I, 1.04–1.35) for triglyceride, 0.85 (95% CI, 0.62–1.17) for LDL-C 

 Figs. 4 C, D and 5 B). And the risk of CRC for individuals in the

owest versus highest quartile of HDL was 1.14 (95% CI, 1.02–1.28) 

 Fig. 5 A). 

The positive association between total cholesterol and CRC in- 

idence persisted in analyses with population/community-based 

tudies, studies with an average follow-up of 10 years or more 

 I 2 statistic ranging from 28.6% to 45.2%), but dissipated in anal- 

sis with studies adjusted for at least 3 confounding factors 
5 
etable 13). When we repeated analyses of triglyceride and CRC 

n population/community-based studies, high-quality studies, and 

tudies with longer follow-up duration ( ≥ 10 years), the pooled 

Rs still reached statistical significance (etable 13). However, the 

Rs became nonsignificant when we used fixed-effect models or 

ncluded studies adjusted for 3 or more confounding factors (etable 

3). With respect to the relationship of HDL-C and CRC, the in- 

erse association was still observed when we restricted the meta- 

nalysis to population-based studies, high-quality studies or full 

djusted studies (etable 14). However, exclusion of study by Choi 

t al. [18] yielded nonsignificant summary RRs [RR = 1.11 (95% CI, 

.98-1.26)](etable 14). 

Publication bias was not suggested in analyses of total choles- 

erol and HDL-C according to Begg’s test and Egger’s test (data not 

hown). However, for triglyceride, there was indication of publica- 

ion bias with Egger’s test ( t = 3.81, P = 0.00) and the asymmetry

f funnel plot but not Begg’s test (efigure 4). A sensitivity analysis 

sing the trim and fill method was performed with 7 additional 

tudies, which produced a pooled RR of 1.00 (95% CI, 0.88–1.13), 

uggesting that the relationship of triglyceride and CRC may be in- 

erpreted with caution (efigure 4). 

. Discussion 

In this meta-analysis with a large sample size (more than 52 

illion participants), we found that major risk factors for cardio- 

ascular diseases were associated with increased risk of colorectal 

ancer. Our findings extend the results of previous reports, not only 
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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. 

t

t

t

O

i

b

f

h

a

c

n

(

“

C

fi

o

C

w

C

c

p

b

s

c

i

b

s

r

r

r

w

p

h

C

o

p

i

r

d

o  

p

w

I

o

e

t

a

c

r

u

f

o evidence that participants with established risk factors consis- 

ently experienced increased risks of CRC, but also to show posi- 

ive associations between CRC and less well-described risk factors. 

f note, LDL-C was not significantly associated with CRC risk. 

In line with previous studies, our study also confirmed the pos- 

tive associations between obesity, increased BMI, smoking, dia- 

etes and CRC. Although obesity has been an established risk factor 

or CRC, it often coexists with other metabolic abnormalities such 

yperglycemia, dyslipidemia and hypertension, which may medi- 

te this association between obesity and CRC risk [34–36] . Re- 

ent studies found that obese individuals without metabolic ab- 

ormalities 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 

RC, raising special concern of MUO [35] . Consistent with these 

ndings, our study included obese individuals with at least one 

f metabolic abnormalities and did observe a 31% greater risk of 

RC. Additionally, the coexistence of risk factors may be associated 

ith an additive effect. In a prospective cohort study, the HRs of 

RC increased with the increasing number of metabolic syndrome 

omponents [18] . Therefore, when assessing the CRC risk, a com- 

rehensive evaluation of the associated risk factors is warranted. 

Regarding smoking, data were inconclusive. In studies reported 

y Limburg et al. and Gram et al., the positive association between 

moking and CRC was significant for former smokers but not for 

urrents smokers [ 37 , 38 ], while in our study, this association ex- 

sted both in former and current smokers. This discrepancy may 
6 
e ascribed to limited data obtained from female smokers only in 

tudies by Limburg et al. and Gram et al., which could not be di- 

ectly extrapolated to male smokers or general populations. With 

egard to hypertension, studies were sparse and inconclusive. In a 

eport from the Physician’s Health Study, no increased risk of CRC 

as observed in participants with hypertension [39] . Likewise, in a 

opulation-based cohort study from Japan, it was also shown that 

ypertension was not significantly associated with higher risk of 

RC [40] . However, these studies involved a restricted subgroup 

f the general population and were based on self-reported blood 

ressures, which could potentially bias the results. On the contrary, 

n a more generalized population, we did observe a 7% increased 

isk of CRC in those with preexisting hypertension. 

Although dyslipidemia is an established risk factor for car- 

iovascular disease and several type of cancers, the relationship 

n dyslipidemia and CRC still remains unclear [ 11 , 41 , 42 ]. In the

resent analysis, we found increased risk of CRC in participants 

ith elevated serum cholesterol, triglyceride and decreased HDL-C. 

n contrast, a study based on Japanese-American men followed for 

ver 20 years demonstrated that increased serum cholesterol lev- 

ls were associated with decreased risk of colon cancer. Of note, 

he inverse association was only present for colon cancer cases di- 

gnosed within the first 10 years but not statistically significant for 

olon cancer diagnosed after 10 years [43] . This suggested that the 

elationship may be more complex and changed with the follow- 

p duration. Long follow-up of our study, with all but one study 

ollowed up for more than 10 years may lead to a more reliable 
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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. 
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onclusion. Inconsistent with our results, Li et al. observed no sig- 

ificant association between CRC and elevated triglyceride or de- 

reased 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, 

.9 years). With respect to LDL-C, the evidence is limited and in- 

onclusive. Consistent with our results, a meta-analysis involved 

nly 3 studies on the relationship between LDL-C and CRC, found 

 nonsignificant risk of CRC associated with LDL-C. 

Although we demonstrated an increased risk for CRC in patients 

ith hypertension and dyslipidemia, whether modifications of risk 

actors could reduce the risk of CRC remains uncertain. Results 

rom recent meta-analyses have suggested that treatment of hy- 

ertension could reduce the risk of CRC [ 45 , 46 ]. A meta-analysis
7 
n 2015 by Dai et al. included 11 observational studies indicated 

 6% decreased risk of CRC in angiotensin converting enzyme in- 

ibitors/angiotensin receptor blockers (ACEI/ARB) users compared 

o non-users [45] . An updated meta-analysis in 2020 also sug- 

ested renin-angiotensin system (RAS) inhibitor use was associated 

ith CRC risk decrement [46] , which further indicated hyperten- 

ion may be a causal factor for CRC. For treatment of dyslipidemia, 

 meta-analysis based on eight randomized controlled trials did 

ot find a statistically significant association between statin use 

nd CRC risk, which also indicated the nonsignificant association 

etween LDL-C and the risk of CRC [47] . 

The exact biologic mechanisms underlying these associations 

re not fully understood, but could to some extend be ascribed 

o chronic inflammation, insulin resistance or oxidative stress. It 
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a

8 
as been demonstrated that obesity, smoking and dyslipidemia are 

ssociated with chronic inflammation and elevated inflammation 

ytokines, which may also mediate the risk of CRC [48–51] . It is 

f note that the effect of smoking on inflammatory cytokines ap- 

eared to persist for several years after smoking cessation [52] . 

his may be a possible explanation for former smokers experienc- 

ng similar increased risks of CRC compared to current smokers in 

ome of the previous studies [ 53 , 54 ]. Diabetes and hypertriglyc- 

ridemia are characterized by hyperinsulinemia and increased lev- 

ls of bioavailable IGF-1, which has been reported to be involved 

n the developmental process of CRC [55–58] . Additionally, it has 

een reported that dysregulated lipid metabolism was associated 

ith increased bile acid excretion and provided energy supply to 

eoplastic cells [58] . Although the mechanistic studies for hyper- 

ension and CRC are limited, the corresponding oxidative stress or 

hronic inflammation could play a role [ 59 , 60 ]. 

Our results have important clinical and public health implica- 

ions. In our study, we pooled the RRs of each included study to 

valuate the strength of association, performed sensitivity analyses 

o test the consistency of the association and discussed the possi- 

le biological mechanism. Additionally, all studies included in our 

nalysis were prospective cohort design which support the tempo- 

ality of exposure preceding outcome. Furthermore, we also added 

he evidence that treatment of some risk factors could reduce the 

isk of CRC. This suggested that cardiovascular risk factors may also 

e causal factors for CRC and more intensive CRC screening pro- 

ram in patients with these risk factors is needed. 

Several limitations of this meta-analysis should be acknowl- 

dged. First, our analysis was restricted to separate risk factors, 

nd the distinct possibility exists that the strength of association 

ay be weaker when using a multifactorial analysis. Second, de- 

pite our attempt to manage cross-study heterogeneity with appro- 

riate meta-analytic techniques, substantial heterogeneity was still 

bserved in the analysis of obesity. However, risk estimates did not 

hange materially in multiple sensitivity analyses, suggesting het- 

rogeneity might not affect the primary results. Third, although we 

ncluded studies attempted to control for various known risk fac- 

ors, the possibility of residual or unmeasured confounding can- 

ot be ruled out. Fourth, there was some evidence of publication 

ias, only in the analyses of hypertension and triglyceride. The fun- 

el plot indicated the presence of missing studies with neutral or 

egative results, suggesting a possible overestimation of the asso- 

iation. Fifth, although our findings were robust and consistent in 

ultiple sensitivity analyses, causality could not be established ac- 

ording to our current data based on observational studies. Sixth, 

ome studies included in our meta-analysis had relatively younger 

atient cohorts and shorter of follow-up duration which may lead 

o a lower incident rate of CRC. However, when we repeated anal- 

ses of studies with more than 10 years follow-up, the pooled 

Rs did not change substantially. Seventh, our meta-analysis was 

ostly based on non-African studies and generalizing these find- 

ngs to African population should be taken with caution and war- 

ants further investigation. 

In conclusion, unfavorable cardiovascular risk factors were as- 

ociated with an increased risk colorectal cancer. However, cau- 

ion is needed in interpreting the association between hyperten- 

ion/triglyceride and CRC since the publication bias is needed to 

e taken into account. Additionally, our data derived from observa- 

ional studies could not directly demonstrated the causal relation- 

hips. Further investigations are warrant to explore whether modi- 

cation of cardiovascular risk factors could benefit CRC prevention. 
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