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Abstract 

Purpose:  Colorectal neoplasm and ischemic heart disease (IHD) share common risk factors. However, clinical guid-
ance about screening or surveillance of colorectal neoplasm in patients with IHD has not been made. The aim of this 
study was to investigate the relationship between IHD and the development of colorectal neoplasm.

Methods:  A systematic literature review was conducted using the core databases (MEDLINE through PubMed, 
EMBASE, and the Cochrane Library). The data about the association between IHD and the development of colorectal 
neoplasm were extracted and analyzed using odds ratio (OR). A random effect model was applied. The methodo-
logical quality of the enrolled studies was assessed by the Newcastle–Ottawa Scale. Publication bias was evaluated 
through the funnel plot with trim and fill method, Egger’s test, and the rank correlation test.

Results:  A total of 3069 patients from 4 non-randomized studies were enrolled. IHD was associated with colorectal 
neoplasm (OR 1.869, 95 % CI 1.375–2.542, p < 0.001). Sensitivity analyses showed consistent results. Publication bias 
was not detected.

Conclusion:  Patients with IHD is associated with colorectal neoplasm, which warrants screening or surveillance of 
colorectal neoplasm in this group of patients.
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Background
Colorectal cancer and ischemic heart disease (IHD) are 
one of the leading causes of death worldwide. Colorectal 
cancer is the third most common cause of mortality due 
to cancer (Begg and Mazumdar 1994). IHD is responsible 
for about one-third of mortality over age 35 (Borenstein 
et al. 2009). There have been reports about common risk 
factors shared by these two conditions, such as diabetes, 
smoking, dyslipidemia, or sedentary life style (includ-
ing alcohol and smoking) (Botteri et  al. 2008; Cai et  al. 
2015; Chan et  al. 2006; Chan et  al. 2007; Crosara Teix-
eira et al. 2014). Among the various risk factors, obesity 

and visceral fat accumulation are getting attention with 
related conditions including cardiovascular, metabolic, 
and cancerous diseases (Deeks et al. 2003). Insulin resist-
ance and chronic inflammation by obesity and visceral fat 
accumulation have been assumed as a mechanism for the 
development of colorectal neoplasm (including colorectal 
cancer and its precursor adenoma) and IHD (DerSimo-
nian and Laird 1986; Duval and Tweedie 2000). Although 
many epidemiologic studies related to this topic, clini-
cal guidance about screening or surveillance of colorec-
tal neoplasm in patients with IHD has not been made. 
The aim of this study was to investigate the relationship 
between IHD and development of colorectal neoplasm.
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Methods
Literature search
MEDLINE (through PubMed), EMBASE, and the 
Cochrane Central Register of Controlled Trials (CEN-
TRAL) in the Cochrane Library were searched using 
common keywords related to colorectal neoplasm and 
IHD (from inception to December 2015). Medical Sub-
ject Headings (MeSH) were used because all 3 databases 
permit searches using MeSH terminology. The keywords 
included ‘ischemic heart disease’, ‘coronary artery dis-
ease’, ‘colorectal neoplasm’, ‘colorectal cancer’, and ‘colo-
rectal tumor’ using Boolean operators. Only publications 
on human subjects were sought, and the bibliographies 
of relevant articles were also reviewed to identify addi-
tional studies. The language of the publications was not 
restricted.

Selection criteria
We included randomized or non-randomized studies that 
met the following criteria: 1. the study was designed to 
evaluate the prevalence of IHD in patients with colorec-
tal neoplasm or vice versa, or 2. the study was designed 
to evaluate the association between IHD and colorec-
tal neoplasm. The exclusion criteria were as follows: (1) 
incomplete data, (2) review article, or (3) abstract-only 
study.

Selection of relevant studies
Two of the authors (C.S.B. and G.H.B.) independently 
evaluated the eligibility of all studies retrieved from the 
databases based on the predetermined selection crite-
ria. The abstracts of all identified studies were reviewed 
to exclude irrelevant articles. Full-text reviews were 
performed to determine whether the inclusion criteria 
were satisfied by the remaining studies. Disagreements 
between the two evaluators were resolved by discussion 
or by consultation with a third author (D.J.K.).

Methodological quality
The methodological quality of the enrolled studies was 
assessed using the Newcastle–Ottawa Scale (NOS) for 
non-randomized studies. The NOS is categorized into 
three parameters: the selection of the study population, 
the comparability of the groups, and the ascertainment 
of the exposure or outcome. Each parameter consists of 
subcategorized questions: selection (N = 4), comparabil-
ity (N = 1), and exposure or outcome (N = 3) (Egger et al. 
1997; Ellenberg 1994). Stars awarded for each item serve 
as a quick visual assessment for the methodological qual-
ity of the studies. A study can be awarded a maximum of 
nine stars, which indicates the highest quality. Two of the 
authors (C.S.B. and G.H.B.) independently evaluated the 

methodological quality of all studies, and any disagree-
ments between the two evaluators were resolved by dis-
cussion or by consultation with a third author (D.J.K.). 
Sensitivity analyses were performed.

Statistics
Comprehensive Meta-Analysis (CMA) software (ver-
sion 2.2.064, Biostat; Borenstein M, Hedges L, Higgins 
J and Rothstein H. Englewood, NJ, USA) was used for 
this meta-analysis. We calculated the odds ratios (ORs) 
with 95  % confidence intervals (CIs) using 2 ×  2 tables 
whenever possible from the original articles in order to 
calculate the association between IHD and colorectal 
neoplasm. Heterogeneity was determined using the I2 
test developed by Higgins, which measures the percent-
age of total variation across studies (Frishman et al. 2001). 
I2 was calculated as follows: I2 (%) = 100 × (Q − df )/Q, 
where Q is Cochrane’s heterogeneity statistic and df sig-
nifies the degree of freedom. Negative values for I2 were 
set to zero, and an I2 value over 50 % was considered to be 
of substantial heterogeneity (range 0–100 %) (Hedges and 
Olkin 1985). Pooled-effect sizes with 95 % CIs were cal-
culated using a random effects model and the method of 
DerSimonian and Laird because of methodological het-
erogeneity (Higgins and Thompson 2002). These results 
were confirmed by the I2 test. A fixed effects model using 
the inverse variance-weighted (Woolf ’s) method was 
used in the sensitivity analyses, including cumulative and 
one-study-removed analyses, based on the assumption of 
a common effect size shared by the studies within each 
subgroup (Higgins et al. 2003; Hong et al. 2010). Signifi-
cance was set at p = 0.05 in both models. Publication bias 
was evaluated using Begg’s funnel plot, Egger’s test of the 
intercept, Duval and Tweedie’s trim and fill, and Begg 
and Mazumdar’s rank correlation test (Larsson et  al. 
2005; Lloyd-Jones et  al. 2010; Neugut et  al. 1998; Siegel 
et al. 2012; Stang 2010).

Results
Identification of relevant studies
Figure 1 illustrates a flow diagram of how relevant studies 
were identified. A total of 1921 articles was identified by 
a search of 3 core databases. In all, 592 duplicate stud-
ies and an additional 1313 studies were excluded during 
the initial screening through a review of the titles and 
abstracts. The full texts of the remaining 16 studies were 
then thoroughly reviewed. Among these studies, 12 arti-
cles were excluded from the final analysis. The reasons for 
study exclusion during the final review were as follows: 
review article (N = 2), incomplete data (N = 8), and let-
ter (N = 2). The remaining 4 studies (4 non-randomized 
studies) were included in the final analysis.
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Characteristics of studies
Within the 4 studies (Crosara Teixeira et  al. 2014; Der-
Simonian and Laird 1986; Sterne and Egger 2001; Stone 
et al. 2014), we identified a total of 3069 patients (includ-
ing 914 colorectal neoplasm cases and 546 IHD cases). 
The clinical characteristics of the patients in the included 
studies are shown in Table 1. The included studies were 
published between 1998 and 2010. All the enrolled stud-
ies were performed as non-randomized manner. Only 1 
study (DerSimonian and Laird 1986) adopted prospective 
observational setting and remaining other studies (Cro-
sara Teixeira et  al. 2014; Sterne and Egger 2001; Stone 
et  al. 2014) were performed in a retrospective manner. 
Three studies (Crosara Teixeira et al. 2014; DerSimonian 
and Laird 1986; Stone et al. 2014) were conducted in Asia 
and 1 study (Sterne and Egger 2001) was conducted in 
the US. Three studies (Crosara Teixeira et al. 2014; Sterne 
and Egger 2001; Stone et  al. 2014) were conducted as a 
single center setting, whereas only 1 study (DerSimonian 
and Laird 1986) was conducted as a multicenter setting. 
All the included studies were written in English.

The age of enrolled patients ranged from 55.8 to 
71.6  years (mean) distributed according to each of the 
study and all the enrolled studies adjusted age for the 

analysis of the association between IHD and colorectal 
neoplasm.

Only 1 study (Sterne and Egger 2001) included solely 
colorectal cancer cases and the remaining studies 
included colorectal neoplasm (Crosara Teixeira et  al. 
2014), advanced colonic lesion (cancer or adenoma with 
villous component, with high-grade dysplasia, or 1 cm or 
larger) (DerSimonian and Laird 1986), or colorectal ade-
noma cases (Stone et al. 2014).

The definition of IHD was made by reviewing of medi-
cal records in 2 studies (Crosara Teixeira et  al. 2014; 
Sterne and Egger 2001), and by CT angiography in 1 
study (Stone et  al. 2014). Only 1 study used coronary 
angiography for the diagnosis of IHD (DerSimonian and 
Laird 1986).

Association between IHD and colorectal neoplasm
The pooled association between IHD and colorectal neo-
plasm showed an OR of 1.869 (95 % confidence interval 
(CI) 1.375–2.542, p  <  0.001) in a random effect model-
based meta-analysis of 4 studies (Fig. 2). According to the 
methodological quality assessment of the enrolled stud-
ies, the mean value of the awarded star was 7 [6 (1 study), 
7 (2 studies), and 8 (1 study)] (Table 2). Because enrolled 

Fig. 1  Flow diagram for identification of relevant studies
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studies showed similar methodological quality, subgroup 
analysis divided by the methodological quality was not 
performed.

Publication bias
A funnel plot for the included studies is illustrated in 
Fig. 3. This plot shows a symmetrical shape. In the pub-
lication bias analysis, Egger’s regression test revealed that 
the intercept was −0.63 [95 % CI −18.17 to 16.91, t-value: 
0.15, df: 2, p = 0.45 (1-tailed) and p = 0.89 (2-tailed)]. A 

Table 1  Clinical data of included studies

OR odds ratio
a  Advanced colonic lesion: cancer or adenoma with villous component, with high-grade dysplasia, or 1 cm or larger

Study OR (95 % CI) Study design Patients Adjust Cancer or  
neoplasm

Country

Neugut et al. (1998) 1.18 (0.73–1.90) Hospital-based  
case–control study

256 patients with 
colorectal cancer 
(18.8 % prior CAD), 
322 controls (14 % 
prior CAD)

Age, gender Cancer US

Chan et al. (2006) 2.12 (1.5–3.0) Hospital-based  
case–control study

1382 (373 patients 
with colorectal neo-
plasms, 168 patients 
with CAD)

Age, gender Neoplasm Hong Kong

Chan et al. (2007) 2.51 (1.43–4.35) Hospital-based  
prospective  
observational study

621 (68 patients with 
advanced colonic 
lesions, 206 patients 
with CAD)

Age, gender Advanced colonic 
lesiona

Hong Kong, China

Yang et al. (2010) 1.96 (1.15–3.35) Cross-sectional  
study

488 men (217 patients 
with adenoma, 79 
patients with signifi-
cant CAD)

Age, smoking, 
metabolic 
syndrome

Adenoma Korea

Fig. 2  Pooled association of IHD and colorectal neoplasm. IHD ischemic heart disease. The size of each square is proportional to the study’s weight. 
Diamond is the summary estimate from the pooled studies (random effect model)

Table 2  Methodological quality of included studies meas-
ured by Newcastle–Ottawa Scale

Study Selection Comparability Exposure or 
outcome

Total

Neugut et al. 
(1998)

☆☆☆☆ ☆☆ ☆ 7

Chan et al. (2006) ☆☆☆☆ ☆ ☆☆ 7

Chan et al. (2007) ☆☆☆ ☆ ☆☆ 6

Yang et al. (2010) ☆☆☆ ☆☆ ☆☆☆ 8
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trim and fill analysis showed that no study was missed 
or trimmed. The rank correlation test indicated a Ken-
dall’s tau of 0.17 with a continuity correction [p =  0.37 
(1-tailed) and p = 0.73 (2-tailed)].

Overall, there was no evidence of publication bias in 
this analysis.

Sensitivity meta‑analysis
The cumulative meta-analysis of the enrolled studies 
(Fig. 4) and the one-study-removed meta-analysis of the 
included studies (Fig.  5) in the order of the year pub-
lished showed a consistent result and showed no specific 
outlier.

Discussion
According to this meta-analysis, patients with IHD 
showed significant association with colorectal neoplasm. 
Chronic inflammation by obesity and visceral fat accu-
mulation have been hypothesized as the mechanism 
responsible for both of colorectal neoplasm and IHD, 
although inflammation is considered as minor patho-
physiology in the development of colorectal neoplasm 

(Begg and Mazumdar 1994; DerSimonian and Laird 
1986; Duval and Tweedie 2000).

Although the exact reason of close association with 
IHD and colorectal neoplasm could not be assessed in 
this analysis, interesting association in the prevention 
and treatment of both diseases exists. Aspirin is believed 
to have the primary preventive role in colorectal neo-
plasm, although the optimal dose or duration was not 
determined (Sutton et al. 2000). It is mainly used in the 
prevention of cardiovascular diseases and also for the 
treatment purpose. The recent meta-analysis reported 
that statin use before or after cancer diagnosis is related 
to reductions in overall and cancer-specific mortality in 
colorectal cancer survivors (Tiong and Brieger 2005). 
Statin is also recommended for the primary and second-
ary prevention of cardiovascular diseases (Yang et  al. 
2010). Although the anti-inflammatory effect of these 
drugs solely cannot explain the cardiovascular protec-
tive or cancer preventive effect, these associations do not 
seem to be just coincidence.

This study is the first meta-analysis of the association 
between IHD and colorectal neoplasm. The strength of 
this study is the rigorous literature search, although there 
is a lack of data. When possible, potential modifiers were 
detected within the articles, and sensitivity analyses were 
performed to confirm the robustness of the results. How-
ever, due to the paucity of enrolled studies, subgroup 
analysis was not made.

Despite the strengths, there are several limitations 
in the present study. First of all, substantial methodo-
logical heterogeneity was observed among the included 
studies, which had a potential effect on the pooled 
estimates. The most noticeable modifier was the study 
design. Two retrospective hospital-based case con-
trol studies, 1 hospital-based prospective observa-
tional study, and 1 cross-sectional study was enrolled 
(Table  1). Besides this methodological heterogeneity, 
non-randomized study tends to exaggerate the effects 

Fig. 3  Funnel plot for publication bias. Funnel plot of studies. The line 
in center is the natural logarithm of pooled OR, and 2 oblique lines are 
pseudo 95 % CI. OR odds ratio

Fig. 4  Cumulative meta-analysis of enrolled studies. Diamond is the summary estimate from the pooled studies (Fixed effect model)
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of an intervention, and this type of study is known to 
have an inherent bias (Zheng et  al. 2011). This study 
included only non-randomized studies due to the lack 
of randomized studies relevant to this topic. This could 
be the cause of significant heterogeneity, although 
sensitivity analyses revealed consistent results which 
were no different from those of the main analysis. Sec-
ond, the diversity of the enrolled population could be 
biased. Only 1 study included solely colorectal cancer, 
and other remaining studies included colorectal neo-
plasm, advanced colonic lesion, or colorectal adenoma 
(Table  1). Other sources of heterogeneity could be the 
inconsistent definition of IHD. Only 1 study used coro-
nary angiography, and remaining studies used medi-
cal record review in 2 studies and CT angiography in 
1 study for the detection of IHD. Although the I2 test 
showed no heterogeneity, and sensitivity analyses dem-
onstrated consistent results, these factors could not be 
totally controlled for in this analysis.

The limitations described above could be a cause of 
heterogeneity and bias. Due to the lack of prospective or 
randomized studies on this topic, large-scale, well-organ-
ized, long-term follow-up studies are needed to confirm 
this finding. Studies revealing common molecular patho-
physiologic mechanism might be preferred to confirm 
this result.

 In conclusion, patients with IHD is associated with 
colorectal neoplasm, which warrants screening or sur-
veillance of colorectal neoplasm in this group of patients.
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