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Abstract

Background: Mounting evidence indicates that obesity may be associated with the risk of colorectal cancer (CRC). To
conduct a systematic review of prospective studies assessing the association of obesity with the risk of CRC using meta-
analysis.

Methodology/Principal Findings: Relevant studies were identified by a search of MEDLINE and EMBASE databases before
January 2012, with no restrictions. We also reviewed reference lists from retrieved articles. We included prospective studies
that reported relative risk (RR) estimates with 95% confidence intervals (CIs) for the association between general obesity
[measured using body mass index (BMI)] or central obesity [measured using waist circumference (WC)] and the risk of
colorectal, colon, or rectal cancer. Approximately 9, 000, 000 participants from several countries were included in this
analysis. 41 studies on general obesity and 13 studies on central obesity were included in the meta-analysis. The pooled RRs
of CRC for the obese vs. normal category of BMI were 1.334 (95% CI, 1.253–1.420), and the highest vs. lowest category of WC
were 1.455 (95% CI, 1.327–1.596). There was heterogeneity among studies of BMI (P,0.001) but not among studies of WC
(P = 0.323).

Conclusions: Both of general and central obesity were positively associated with the risk of CRC in this meta-analysis.
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Introduction

Colorectal cancer (CRC) is one of the most common cancer in

the Western World [1]. Recent decades have witnessed a rapid

increase in CRC morbidity in rapidly developing countries like

China, especially in major cities where significant lifestyle

alterations have occurred [2]. Several studies have demonstrated

that lifestyle factors, such as smoking, obesity, physical inactivity,

or a high-fat/low-fiber diet, might contribute to the aetiology of

CRC [3,4,5]. The prevalence of overweight and obesity is

increasing dramatically in most parts of the world, which are

important for CRC prevention [6].

The relationship between obesity and the risk of CRC has been

assessed by a large number of studies and review papers

[7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,

29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,

50,51]. However, the magnitude of the association has varied

widely across studies and the findings have been inconsistent.

Moreover, no overall quantitative estimate has previously been

reported due to different sociodemographic characteristics of

participants or study methodologies in each individual study.

Meanwhile, the effects of these contributing factors on the

heterogeneity of the magnitude of the association were not clear

and have not been systematically analyzed.

The aim of this review was to evaluate the evidence from

prospective studies on general obesity [measured using body mass

index (BMI)] or central obesity [measured using waist circumfer-

ence (WC)] and the risk of CRC by summarizing it quantitatively

with a meta-analysis approach.

Methods

Search Strategy
The literature search was conducted prior to January 2012 in

the MEDLINE and EMBASE databases, including articles that

were ahead of publication. Only studies published in English were

included. The following keywords and/or Medical Subjecgt

Heading (MeSH) terms were used in searching: [body mass index,

BMI, obesity, overweight, or waist circumference (WC)], and

(colorectal cancer or colon cancer or rectal cancer). This

systematic review was planned, conducted, and reported in

adherence to the standards of quality for reporting meta-analysis

[52].
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Eligibility Criteria
Citations selected from this initial search were subsequently

screened for eligibility. Studies were included in the meta-analysis

if they met the following criteria: (1) prospective design; (2) the

study of interest was the measurement of body mass index (BMI)

or the waist circumference (WC) for participants; (3) the outcome

of interest was colorectal, colon, or rectal cancer; and (4) the

relative risk (RR) estimates with 95% confidence intervals (CIs) (or

data to calculate these) were reported. Where data sets were

overlapping or duplicated, only the most recent information was

included. All identified studies were reviewed independently for

eligibility by two authors.

Data Extraction
Data were extracted independently by two authors and cross-

checked to reach a consensus. The following variables were

recorded: the first author’s last name, publication year, country

where the study was performed, study period, participant sex and

age, sample size, measured anthropometry and range of BMI or

WC, variables adjusted for in the analysis, and RR estimates with

corresponding 95% CIs for the obese vs. normal categories of BMI

or the the highest vs. lowest categories of WC for participants. The

study quality was assessed using the 9-star Newcastle-Ottawa Scale

[53].

Statistical Analysis
Study-specific RR estimates were combined using a random-

effects model, which considers both within-study and between-

study variation. Statistical heterogeneity among studies was

evaluated with the Q and I2 statistics [54]. Sensitivity analysis

was performed to evaluate the stability of the results. Each

study involved in the meta-analysis was deleted each time to

reflect the influence of the individual data-set to the pooled

RRs.

An estimation of potential publication bias was executed by

the funnel plot. Funnel plot asymmetry was assessed by the

method of Egger’s linear regression test, a linear regression

approach to measure funnel plot asymmetry on the natural

logarithm scale of the RR [55]. Publication bias was also

evaluated graphically using Begg’s funnel plot. All statistical

tests were performed with the STATA software, version 11.0

(Stata Corporation, College Station, Texas). P,0.05 was

considered statistically significant.

Results

Literature Search
A flow diagram of our literature search is shown in Figure 1.

Total searches yielded 5916 entries. Following the removal of 2531

duplicates, 3385 titles and abstracts were assessed and 341 articles

appeared to be potentially relevant for inclusion in the review. 298

articles were excluded for the following reasons: no original articles

besides editorials, comments, reviews or meta-analysis (n = 208);

BMI or WC not measured (n = 35); duplicate reports from the

same study population (n = 8); no data on CRC (n = 4); or

associations of BMI or WC with CRC risk not reported/not

derivable from reported data (n = 5). The remaining articles,

including 41 on BMI [7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,

22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,

43,44,45,46,47] and 13 on WC [7,12,17,22,23,24,26,28,35,

36,42,45,47] (11 article reported both the BMI and WC

[7,12,17,22,23,24,26,28,35,36,42]), were included in the

meta-analysis.

Study Characteristics
The 41 studies on BMI measurement were published between

1992 and 2012 (Table 1) and involved a total of 85935 cases and

8115689 participants. Of these 41 studies, 17 were conducted in

the United States, 12 in Europe, 7 in Asia, 4 in Australia and 1 in

Canada. The 13 studies on WC measurement were published

between 1995 and 2012 (Table 2) and comprised a total of 6546

cases and 817449 participants. Of those 13 studies, 7 were

conducted in the United States, 3 were conducted in Europe, and

3 in Australia. Most studies provided risk estimates that were

adjusted for age (36 studies), smoking (32 studies), physical activity

(23 studies), alcohol consumption (23 studies). Fewer studies were

adjusted for energy intake (9 studies), NSAID/aspirin use (8

studies), folate (7 studies), calcium (6 studies), diabetes (6 studies).

Very few studies adjusted for CRC screening.

Obese vs. Normal Category of BMI
The multivariable-adjusted RRs for each study and combina-

tion of all studies for the obese vs. normal categories of BMI levels

are shown in Figure 2. Results from the studies on BMI levels in

relation to CRC risk were inconsistent. The pooled RRs of CRC

for the obese vs. normal categories of BMI levels were 1.334 (95%

CI, 1.253–1.420). There was high heterogeneity among studies

(P,0.001, I2 = 68.9%), so we conducted subgroup meta-analysis

and sensitivity analysis to explore the sources of heterogeneity.

Through omitting one study at a time and calculating the pooled

RRs for the remainder of the studies, there were no changes in the

direction of the effect when any one study was excluded. For

example, when we excluded the study wrote by Engeland et al.

(the study that carried the most weight) from the analysis, the

summarized RR remained significant (RR = 1.344, 95%CI:

1.258–1.436), and the heterogeneity was still significant

(P,0.001). This analysis confirmed the stability of the positive

association between BMI and the risk of CRC. The same method

was also suitable for the following analysis.

High vs. Low Category of WC
The multivariable-adjusted RRs for each study and combina-

tion of all studies for the high vs. low categories of WC levels are

shown in Figure 3. The pooled RRs of CRC for the high vs. low

categories of WC levels were 1.455 (95% CI, 1.327–1.596). There

was no statistically significant heterogeneity among the studies of

WC measurement (P = 0.323, I2 = 10.8%).

Stratifying Analysis
Stratifying by geographic region, the pooled RRs of CRC for

the obese vs. normal categories of BMI were 1.465 (95% CI,

1.325–1.619) for studies conducted in the United States, 1.250

(95% CI, 1.149–1.360) for studies conducted in Europe, 1.351

(95% CI, 1.181–1.546) for studies conducted in Asia, and 1.203

(95% CI, 1.003–1.445) for studies conducted in Australia. The

pooled RRs of CRC for the highest vs. lowest categories of WC

level were 1.612 (95% CI,1.379–1.885) for studies conducted in

the United States, 1.368 (95% CI, 1.215–1.541) for studies in

Europe, and 1.506 (95% CI, 1.216–1.865) for studies in Australia.

There was no statistically significant heterogeneity among studies

of BMI (United States: P = 0.052, I2 = 34.8%; Asia: P = 0.165,

I2 = 25.1%; Australia: P = 0.350, I2 = 10.3%) and among studies of

WC levels (United States: P = 0.227, I2 = 24.3%; Europe:

P = 0.520, I2 = 0%; Australia: P = 0.345, I2 = 6.0%), with stratifi-

cation by geographic region (Table 3). However, there was high

heterogeneity among studies from Europe (P,0.001, I2 = 77.5%)

among studies of BMI.

Obesity and Risk of Colorectal Cancer
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Among the 32 studies that provided results on BMI levels in

relation to colon cancer risk, the RR was 1.470 (95% CI, 1.348–

1.602). 25 cohort studies on BMI levels and rectal cancer risk were

identified. The RR for rectal cancer was 1.149 (95% CI, 1.099–

1.201). The results showed that a higher BMI results in an equal

increase in risk for colon cancer and rectal cancer. However, there

was high heterogeneity among studies on BMI levels in relation to

colon cancer risk (P,0.001, I2 = 71.3%). Among 9 studies that

provided results on WC levels in relation to colon cancer risk, the

RR was 1.613 (95% CI,1.417–1.837). 5 studies reported RR

estimates for the highest vs. the lowest category of WC levels and

risk of rectal cancer. The RR for rectal cancer was 1.349 (95% CI,

1.114–1.634). There was no statistically significant heterogeneity

among studies of WC (colon cancer: P = 0.573, I2 = 0%; rectal

cancer: P = 0.582, I2 = 0%) with stratification by colon and rectum

(Table 3).

When we stratified the analysis by proximal colon and distal

colon, the pooled RRs of proximal colon cancer (9 studies) and

distal colon cancer (9 studies) for the obese vs. normal categories of

BMI were 1.296 (95% CI, 1.109–1.514) and 1.367 (95% CI,

1.164–1.605), respectively. The results showed that there is a

strong association for higher BMI levels with proximal colon

cancer or distal colon cancer. There was no statistically significant

heterogeneity among studies of BMI (proximal colon cancer:

P = 0.058, I2 = 40.5%; distal colon cancer: P = 0.798, I2 = 0%) with

stratification by proximal colon and distal colon. Meanwhile, the

pooled RRs of proximal colon cancer (2 studies) and distal colon

cancer (2 studies) were 1.873 (95% CI, 1.118–3.136) and 1.942

(95% CI, 1.250–3.017) for the highest vs. lowest categories of WC

levels, respectively. The results showed that a higher WC levels Is

associated with an increased risk for proximal colon or distal colon

cancer. There was no statistically significant heterogeneity among

studies of WC level (proximal colon cancer: P = 0.773, I2 = 0%;

distal colon cancer: P = 0.507, I2 = 0%) with stratifying by

proximal colon and distal colon (Table 3).

Stratifying by sex, the pooled RRs of CRC (28 studies) from

male and female CRC studies for the obese vs. normal categories

of BMI were 1.467 (95% CI,1.363–1.579) and 1.153 (95% CI,

1.078–1.234), respectively. The pooled RRs of CRC from male

and female CRC studies for the highest vs. lowest categories of

WC level were 1.477 (95% CI, 1.300–1.677) and 1.442 (95% CI,

1.296–1.604), respectively. Further stratifying by sex and colon

subsites, the pooled RRs of colon cancer from male and female

CRC studies for the obese vs. normal categories of BMI were

1.547 (95% CI, 1.467–1.632) and 1.228 (95% CI, 1.097–1.374),

respectively. The pooled RRs of colon cancer from male and

female CRC studies for the highest vs. lowest categories of WC

level were 1.812 (95% CI, 1.464–2.242) and 1.498 (95% CI,

1.253–1.791), respectively. Further stratifying by sex and rectum

subsites, the pooled RRs of rectal cancer from male and female

CRC studies for the obese vs. normal categories of BMI were

1.238 (95% CI, 1.112–1.378) and 1.070 (95% CI, 1.006–1.138),

respectively. The pooled RRs of rectal cancer from male and

female CRC studies for the highest vs. lowest categories of WC

level were 1.281 (95% CI, 0.990–1.657) and 1.495 (95% CI,

1.025–2.181), respectively (Table 3). There was no statistically

significant heterogeneity among studies of WC with stratification

by sex and anatomical site. However, there was high heterogeneity

among studies of BMI with stratification by sex and anatomical

site.

Publication Bias
The Egger’s test showed no evidence of publication bias for

BMI (P = 0.166) or WC levels (P = 0.937), respectively (Figure 4
and Figure 5).

Figure 1. Flow diagram of the literature search process. CRC, colorectal cancer; BMI, body mass index; WC, waist circumference.
doi:10.1371/journal.pone.0053916.g001
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Discussion

The present meta-analysis summarizes the results of prospective

studies, including 41 studies [7,8,9,10,11,12,13,14,15,16,17,18,

19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,

40,41,42,43,44,45,46,47] on BMI levels with a total of 85, 935

cases and including 13 studies [7,12,17,22,23,24,26,28,

35,36,42,45,47] on WC levels with a total of 6,546 cases. The

results indicated that higher BMI and WC levels were positively

associated with CRC risk. Analyses stratified by the anatomical site

suggested that both of higher BMI and WC levels caused an equal

increasing risk for colon cancer and rectal cancer. When the

analysis was stratified by proximal colon and distal colon, the

results showed that there was a strong risk for proximal colon

cancer or distal colon cancer higher with high BMI or WC levels.

Stratifying by geographic region, the results revealed that higher

BMI and WC levels were positively associated with CRC risk in

United States, Europe, Asia, or Australia. In additon, when the

analysis was stratified by sex and anatomical site, the results

showed that there was an increased risk of CRC development

associated with higher BMI and WC levels for male or female.

Obesity is considered one important risk factor for many types

of solid cancers, especially for CRC [56]. Previous reviews have

indicated that obesity is associated with 7% to 60% greater risk of

CRC compared with normal weight individuals [3,57]. However,

the mechanisms that might underlie the association between excess

weight and CRC remain unclear. Currently, several possibilities

have been hypothesized. Two hormonal systems – the insulin/

insulin-like growth factor (IGF) axis and adipokines (adiponectin

and leptin) – are the most studied candidates. First, the

involvement of insulin and IGF-1 in colorectal carcinogenesis

has been supported by experimental and clinical studies [58].

Circulating total IGF-I, a major determinant of free IGF-I

concentrations, is associated with increased risk of colorectal

advanced adenomas and cancer [59,60]. The main reason is that

increased free IGF-I with concomitant changes of environment

mitogenesis and anti-apoptosis in the cellular favouring tumour

formation [61]. Moreover, there is an increased risk of CRC

development associated with type 2 diabetes [62]. Second,

previous studies have demonstrated that the fat itself can also

influence CRC risk [63]. Adipocytes and preadipocytes could

promote proliferation of CRC cells [64]. Fatty acid synthase over-

expression has been shown to be associated with CRC phenotype

[65]. Adipokines such as adiponectin, leptin are also associated

with the risk of CRC. Adiponectin as an insulin-sensitizing agent

and a negative regulator of angiogenesis is secreted mainly from

visceral adipose tissue, which could inhibit CRC growth in animal

models, and its circulating concentrations was associated with

CRC risk in clinical trials [66]. Leptin could also favour CRC

growth in vivo and in vitro experiment as a pleiotrophic hormone

being mitogenic, anti-apoptotic, pro-angiogenic, and proinflam-

matory in various cellular systems [67]. The relationship between

circulating leptin concentrations and CRC risk have been

demonstrated [68]. Following those finding, the association

between obese and the risk of CRC has been assessed in several

prospective cohort studies, with most studies showing a statistically

significant positive association.

Meta-analysis is an important tool for revealing trends that

might not be apparent in a single study. Pooling of independent

but similar studies increases precision and therefore increases the

confidence level of the findings [69]. The current meta-analysis

had some advantages. First, the number of total cases were

substantial, which significantly increased the statistical power of

the analysis. Second, our quantitative assessment was based on
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prospective studies, which will minimize the possibility that our

results were due to recall or selection bias. Third, the majority of

the studies included in the meta-analysis evaluated multiple

confounders including dietary pattern, physical activity, alcohol

drinking, smoking, and other factors. The relationships between

BMI/WC and CRC risk in each study were derived after

adjustment at least for age. The pooled estimate was stable and

robust after comprehensive sensitivity analyses. We evaluated the

quality of the eligible studies with the Newcastle Ottawa scale, the

assessment included selection of populations, comparability of

cohorts and ascertainment of outcome. The studies included in

our current article were considered as high quality because the

total score of the studies ranged from 6–9. Finally, the large

number of studies describe the detailed data of subgroup analyses,

permitted us to better understand the effect of obese on various

subgroups.

In spite of these advantages, some limitations of the present

meta-analysis should be acknowledged. First, The variations in the

BMI and WC categories between studies is a source of

heterogeneity, and this may possibly lead to less accurate estimates

of risk. Second, the current meta-analysis is unable to solve

problems with confounding factors that could be inherent in the

included studies. Inadequate participants of the confounders might

bias the results in either direction toward exaggeration or

Figure 2. Adjusted relative risks of colorectal cancer for the obese vs. normal category of BMI. The size of each square is proportional to
the weight of the study (inverse of variance). CI, confidence interval; BMI, body mass index; C, colon cancer; R, rectal cancer; F, female; M, male.
doi:10.1371/journal.pone.0053916.g002

Figure 3. Adjusted relative risks of colorectal cancer for the highest vs. lowest categories of WC. The size of each square is proportional
to the weight of the study (inverse of variance). CI: confidence interval; WC, waist circumference; C, colon cancer; R, rectal cancer; F, female; M, male.
doi:10.1371/journal.pone.0053916.g003
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Figure 4. Begg’s funnel plot for Identification of publication bias in all studies for the obese vs. normal category of BMI and risk of
colorectal cancer.
doi:10.1371/journal.pone.0053916.g004

Table 3. The association between general obesity or central obesity and the risk of colorectal cancer stratifying analysis by
geographic region, anatomical subsite, and sex.

BMI WC

RR (95% CI) Heterogeneity (P-value, I2) RR (95% CI) Heterogeneity (P-value, I2)

Anatomical subsite

Colorectal cancer 1.334 (1.253–1.420) ,0.001, 68.9% 1.455 (1.327–1.596) 0.323, 10.8%

Colon cancer 1.470 (1.348–1.602) ,0.001, 71.3% 1.613 (1.417–1.837) 0.573, 0.0%

Proximal colon cancer 1.296 (1.109–1.514) 0.058, 40.5% 1.873 (1.118–3.136) 0.773, 0.0%

Distal colon cancer 1.367 (1.164–1.605) 0.798, 0.0% 1.942 (1.250–3.017) 0.507, 0.0%

Rectal cancer 1.149 (1.099–1.201) 0.048, 29.3% 1.349 (1.114–1.634) 0.582, 0.0%

Geographic region

US 1.465 (1.325–1.619) 0.052, 34.8% 1.612 (1.379–1.885) 0.227, 24.3%

Europe 1.250 (1.149–1.360) ,0.001, 77.5% 1.368 (1.215–1.541) 0.520, 0.0%

Asia 1.351 (1.181–1.546) 0.165, 25.1% NR NR

Australia 1.203 (1.003–1.445) 0.350, 10.3% 1.506 (1.216–1.865) 0.345, 6.0%

Sex

Colorectal cancer

Men 1.467 (1.363–1.579) 0.043, 31.9% 1.477 (1.300–1.677) 0.135, 30.2%

Women 1.153 (1.078–1,234) 0.026, 37.2% 1.442 (1.296–1.604) 0.834, 0.0%

Colon cancer

Men 1.547 (1.467–1.632) 0.585, 0.0% 1.812 (1.464–2.242) 0.308, 15.9%

Women 1.228 (1.097–1.374) 0.014, 46.4% 1.498 (1.253–1.791) 0.955, 0.0%

Rectal cancer

Men 1.238 (1.112–1.378) 0.154, 25.1% 1.281 (0.990–1.657) 0.934, 0.0%

Women 1.070 (1.006–1.138) 0.727, 0.0% 1.495 (1.025–2.181) 0.224, 33.1%

Abbreviations: BMI, body mass index; WC, waist circumference; CI, confidence interval; HR, hazard ratio; NR, not reported.
doi:10.1371/journal.pone.0053916.t003
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underestimation of risk estimates. Although most studies adjusted

for other known risk factors for CRC, unknown confounders

cannot be excluded as a potential explanation for the observed

findings. Third, significant heterogeneity was observed across

studies, which would throw some doubt on the reliability of the

summary RR estimates. This significant heterogeneity might exist

in terms of study design, demographics of participants, ascertain-

ment of anthropometry, duration of follow-ups, and confounders.

We are unable to account for these differences, despite the use of

appropriate meta-analytic techniques with random-effect models.

Moreover, by conducting stratified analysis, we found that the risk

estimates of BMI/WC and the risk of CRC were robust and stable

across various study characteristics. Finally, potential publication

bias is impossible to be completely excluded because small studies

with null results tend not to be published.

In summary, the results from this meta-analysis of prospective

studies demonstrate that BMI and WC levels are both positively

associated with risk of CRC. This positive association also exists in

both men and women, different geographic region, and different

anatomical site. However, available data are still sparse, and in-

depth analyses of the assessed associations in the context of

additional longitudinal studies are highly desirable to enable more-

precise estimates and a better understanding of the role of obesity

in CRC carcinogenesis. The findings from these observational

studies need to be confirmed in large randomized clinical trials in

the future.
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