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Abstract

Studies have reported conflicting results on the association between body mass index (BMI)
and prognosis of colorectal cancer. Therefore, we have conducted a meta-analysis of pro-
spective studies, which examined the association of pre- and post-diagnostic BMI with colo-
rectal cancer-specific mortality and all-cause mortality in patients with colorectal cancer. We
searched Medline and EMBASE database published between 1970 and September 2014.
A total of 508 articles were identified, of which 16 prospective cohort studies were included
for the current meta-analysis. The analysis included 58,917 patients who were followed up
over a period ranging from 4.9 to 20 years (median: 9.9 years). We found that being under-
weight before cancer diagnosis was associated with increased all-cause mortality (Relative
risk [RR]: 1.63, 95% Cl: 1.18-2.23, p < 0.01) and being obese (BMI > 30 kg/m?) before
cancer diagnosis was associated with increased colorectal cancer-specific mortality (RR:
1.22,95% CI: 1.003-1.35, p < 0.01) and all-cause mortality (RR: 1.25, 95% ClI: 1.14—1.36,
p < 0.01). On the other hand, being underweight (RR: 1.33, 95% CI: 1.20-1.47, p < 0.01),
obese (RR: 1.08, 95% Cl: 1.03-1.3, p < 0.01), and class II/Ill obese (BMI > 35 kg/m?; RR:
1.13,95% CI: 1.04-1.23, p < 0.01) after diagnosis were associated with significantly in-
creased all-cause mortality. Being obese prior to diagnosis of colorectal cancer was associ-
ated with increased colorectal cancer-specific mortality and all-cause mortality, whereas
being obese after diagnosis was associated with increased all-cause mortality. The associ-
ations with being underweight may reflect reverse causation. Maintaining a healthy body
weight should be discussed with colorectal cancer survivors.

Introduction

Each year, over 1.2 million new cases of colorectal cancer are reported, resulting in 600,000
deaths. Colorectal cancer has become the third most common cancer in the world, making it
the fourth leading cause of cancer mortality [1]. One of the primary risk factors for colorectal
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cancer is obesity, a condition typically assessed using a scale known as the body mass index
(BMI) [2-4]. A recent meta-analysis that systematically reviewed 23 studies (168,201 partici-
pants) reported that participants with a BMI greater than 25 kg/m?* had a 24% increased preva-
lence of colorectal adenomas [5]. Another recent meta-analysis with 41 studies also found that
obesity was associated with a 33% increased risk of colorectal cancer among 8,115,689 partici-
pants [6]. The association between BMI and prognosis of colorectal cancer is less clear.

Understanding the association between BMI and the prognosis of colorectal cancer is highly
important to provide body weight guidelines for colorectal cancer patients. Studies have clearly
identified that being underweight is associated with increased risk of death, probably due to
cancer progression-associated weight loss [7-10]. However, the association between being
overweight and the risk of mortality is less clear. Baade et al. [7] and Kuiper et al. [11] reported
that colorectal cancer patients who were overweight had 25% and 55% improved colorectal
cancer-specific mortality, respectively. On the other hand, other studies reported no difference
in the risk of mortality among overweight compared with normal weight colorectal cancer pa-
tients [8,10,12]. Inconsistent findings also been observed among studies which examined the
association between being obese and the prognosis of colorectal cancer; some reported in-
creased mortality [12,13] while others reported reduced mortality among obese colorectal can-
cer patients [7]. Due to these mixed findings, it is difficult for oncologists to provide evidence-
based guidelines for ideal body weight for colorectal cancer patients. Because these inconsisten-
cies could be due to small sample sizes and time of BMI measurement (before or after diagno-
sis), a meta-analysis is needed.

Recently, Parkin et al. [35] comprehensively performed and reported systemic review analy-
sis to study the impact of body adiposity on prognosis of colorectal cancer. Although being
underweight is one of the important prognostic factors for colorectal cancer patients, Parkin
et al. [35] did not study the association between being underweight and prognosis of colorectal
cancer patients. Therefore, we performed a meta-analysis of prospective cohort studies to iden-
tify the association between BMI (before and after diagnosis) including being underweight and
the prognosis of colorectal cancer patients, including colorectal cancer-specific mortality and
all-cause mortality.

Methodology

Search Strategy

This meta-analysis study followed the guidelines provided by the preferred reporting items for
systemic review and meta-analyses [2]. We conducted an extensive search for articles that stud-
ied the association between BMI and colorectal cancer mortality. The electronic databases
MEDLINE and EMBASE were used to search eligible studies published in English language
peer-reviewed journals from January 1970 to September 2014.

The search terms (used in various combinations) were ‘body mass index (BMI)’ ‘colorectal
cancer’, ‘colon cancer’, ‘rectal cancer’ ‘mortality’, ‘survival’, ‘over all survival, ‘cancer-specific
survival’, ‘disease free survival’, and ‘prognosis free survival’. Also, we completed a manual
search of references cited in the selected articles and review articles to explore for any further
relevant studies. All potentially relevant studies were archived in an Endnote X6 database.

Eligibility Criteria

The selected articles were independently screened in an unblinded standardized manner by
two authors (JL and JYJ). Any discrepancies regarding eligibility for study selection were re-
evaluated by further discussion involving all four authors (JL, JYJ, JAM and EG) in order to
reach consensus. The studies were assessed for eligibility using both inclusion and exclusion
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criteria. The inclusion criteria required that studies had a prospective study design and con-
tained data that addressed all-cause mortality and colorectal cancer-specific mortality, with
data on pre-diagnosis BMI or post-diagnosis BMI. Two case-control studies, which were con-
verted to a survival cohort with recalled body weight, were included in this analysis [7,12]. In
the case of multiple published reports on the same study population, only the study with the
longest follow-up was included.

Data Extraction

This analysis followed the Meta-analysis of Observational Studies in Epidemiology (MOOSE)
guidelines for meta-analysis of observational studies [14]. To ensure compliance with MOOSE
guidelines, all selected studies were double checked by two authors (JL and JY]). Any discrep-
ancies with the extracted data led to further discussion among the four authors in order to
reach consensus (JL, JY], JAM, and EG). Data extraction in this meta-analysis recorded the fol-
lowing elements: last name of the first author, publication year, country in which the study was
performed, sample size, number of deaths, age at baseline, gender, assessment method for the
BMI measurement (self-reported vs. measured), adjustment factors, relative risks (RRs) with
corresponding 95% confidence intervals (CI), and duration of follow-up.

The Newcastle-Ottawa Scale (NOS) procedure was used to assess the quality of the study
[4]. The NOS procedure was selected as it provides an easy and convenient tool for the quality
assessment of non-randomized studies to be used in a systematic review. This assessment ex-
amined the following items: clarity of BMI measurement (pre-diagnosis and post-diagnosis),
adjustment for intermediate factors (e.g., age, stage and tumor differentiation), duration of fol-
low-up, study endpoints (colorectal cancer-specific mortality and overall mortality), represen-
tativeness of the exposed cohort, and adequacy of follow-up of cohorts (Tables 1 & 2).

Statistical Analysis

Individual study RRs were directly extracted from the published reports, and inserted into the
Comprehensive Meta-Analysis Version 1.25 software program that computed fixed and ran-
dom-effect model parameters and 95% confidence intervals (CIs). Statistical heterogeneity
across the sampled studies was tested using the Q statistic, and inconsistency was quantified by
the I° statistic. When performing meta-analysis, fixed effect models were used when selected
studies for meta-analysis were homogenous. On the other hand, random-effect models with
forest plots were used for meta-analysis when selected studies were not homogeneous. In fur-
ther sub-analysis, additional meta-analyses were performed for genders and site of diseases. To
assess for publication bias, a visual inspection of the funnel plot was conducted to find the rela-
tionship between the study results and precision. Trim and fill analyses were used to test the
potential influence that unpublished studies could have on the summary RR estimates. Statisti-
cal significance was tested using a p-value of < 0.05. All statistical analyses were performed
using Comprehensive Meta-Analysis Version 1.25 software (Biostatic, Inc., Englewood, NJ,
USA).

Results
Literature Search

Using explicit inclusion and exclusion criteria, 16 articles were selected for this meta-analysis.
Details of the selection process are presented (Fig. 1). The initial search yielded 508 articles.
Among these, 465 were excluded because they were: duplicated studies, not reporting colorectal
cancer-specific mortality or all-cause mortality, review or meta-analysis studies, or not a
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Table 1. Prospective cohort studies of pre-diagnosis BMI (kg/m?) and survival outcomes in colorectal cancer (CRC) patients.

First author (year), Follow- Sample characteristics Measure of RR (95% CI) Adjustment factors
name of study, up (gender, age, location of BMI
country period tumor, number of events)
(years)
Doria-Rose (2006) [22], 9.4 years 633 CRC cases (females, post- 5 year before Age, stage, PMH use, and
Wisconsin Cancer menopausal) aged 38-74 years, interview smoking
Reporting System, U.S. 280 deaths and 147 CRC (1990-1992)
A
CRC-specific
mortality
Stage I-Ill <20.0 1.60
(0.88—
2.92)
20.0-24.9 1
25.0-29.9 1.30
(0.89—
1.89)
>30 1.50
(0.88—
2.55)
All-cause
mortality
<20.0 1.50
(0.92—
2.45)
20.0-24.9 1
25.0-29.9 1.20
(0.90—
1.60)
>30 1.50
(0.88—
2.55)
Prizment (2010) [15], 20 years 1,096 females CC aged 56—89 Self-reported Stage, age, education, smoking,
lowa Women’s Health years 493 deaths and 239 CC BMI at baseline first course treatment surgery,
study, U.S.A. deaths in 1986 chemotherapy, and radiation
CRC-specific
mortality
Stage I-Ill <18.5 1.84
(0.84—
4.03)
18.5-24.9 1
25.0-29.9 1.18
(0.87—
1.52)
>30 1.35
(1.00-
1.82)
All-cause
mortality
<18.5 1.89
(1.01-
3.53)
18.5-24.9 1
25.0-29.9 1.12
(0.89—
1.41)
(Continued)
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Table 1. (Continued)

First author (year), Follow- Sample characteristics Measure of RR (95% CI) Adjustment factors
name of study, up (gender, age, location of BMI
country period tumor, number of events)
(years)
>30 1.45
(1.14-
1.85)
Kuiper (2012) [11], 11.9 1,339 females aged 57-72 5.8 years Age, study arm, time from
Women’s Health years years, 1,082 CC, 257 RC, 265 before diagnosis to measurement, pre-
Initiative,U.S.A. deaths, 171 CRC-specific deaths  diagnosis diagnostic BMI, tumor stage,
(1993-1998) ethnicity, education, alcohol,
smoking, and hormone therapy
use
CRC-specific
mortality
Stage I-IV 18.5-24.9 1
25.0-29.9 0.77
(0.52—
1.13)
>30 1.17
(0.80-
1.72)
All-cause
mortality
18.5-24.9 1
25.0-29.9 0.90
(0.66—
1.23)
>30 1.19
(0.88—
1.62)
Pelser (2014) [18], 5 years 4,213 CC and 1,514 RC aged Self-reported Age, lag time, gender,
NIH-AARP Diet and 68.4-70.5 years, 1,273 deaths BMI at baseline education, family history of
Health Study, U.S.A. (856 CRC deaths, 125 other (1995-1996) colon cancer, cancer stage, and
cancers, 108 Cardiovascular first course of treatment
disease, 184 other cause) (surgery, radiation,
chemotherapy)
CRC-specific
mortality

among colon
cancer cases

Stage I-IV 18.5-24.9 1

25.0-29.9 0.97
(0.82—
1.15)

>30 1.15
(0.96—
1.39)

All-cause

mortality

18.5-24.9 1

25.0-29.9 1.02
(0.88-
1.17)

>30 1.19
(1.02—
1.39)

(Continued)
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Table 1. (Continued)

First author (year), Follow- Sample characteristics Measure of RR (95% CI) Adjustment factors
name of study, up (gender, age, location of BMI
country period tumor, number of events)
(years)
CRC-specific
mortality
18.5-24.9 1
25.0-29.9 0.92
(0.70—
1.22)
>30 1.04
(0.75—
1.44)
All-cause
mortality
18.5-24.9 1
25.0-29.9 0.85
(0.68—
1.07)
>30 1.00
(0.77-
1.30)
Campbell (2012) [16], 16 years 2,303 (1,291 males & 1,012 7 years before Age, sex, smoking status, BMI,
Cancer Prevention females) aged younger than 65 diagnosis physical activity, red meat
Study-Il Nutrition to older than 80 years, 380 CRC- (1992-1993) intake, tumor stage, and
Cohort, U.S.A. specific deaths, 851 All-cause Self-reported education
deaths, 153 Cardiovascular BMI
disease specific deaths
CRC-specific
mortality
Stage II-ll Female
<18.5 0.83
(0.25,
2.76)
18.5-24.9 1
25.0-29.9 1.19
(0.80,
1.78)
>30 1.52
(0.96,
2.41/
Male
<18.5 0
18.5-24.9 1
25.0-29.9 1.06
(0.77,
1.48)
>30 1.31
(0.88,
1.95)
Both
<18.5 0.67
0.21,
2.12)
18.5-24.9 1
(Continued)
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Table 1. (Continued)

First author (year),

name of study,
country

Fedirko (2014) [35],
European Prospective
investigation into
Cancer and Nutrition
(EPIC), European

Follow-
up
period
(years)

4 years

Sample characteristics
(gender, age, location of
tumor, number of events)

3,924 CRC case 1, 309 deaths

(1,043 CRC deaths)

Stage I-IV

Measure of
BMI

BMI at baseline
(1992—-1998)

RR (95% CI)

25.0-29.9

>30

All-cause
mortality

Female
<18.5

18.5-24.9
25.0-29.9

>30

Male
<18.5

18.5-24.9
25.0-29.9

>30

Both
<18.5

18.5-24.9
25.0-29.9

>30

CRC-specific
mortality

<25

1.09
(0.85,
1.40)

1.35
(1.01,
1.80)

1.74
(0.85,
3.58)

1.22
(0.95,
1.63)

1.42
(1.01,
2.00)

1.40
(0.55,
3.56)

0.97
(0.79,
1.19)

1.21
(0.94,
1.57)

1.53
(0.88,
2.66)

1.06
(0.90,
1.25)

1.30
(1.08,
1.58)

Adjustment factors

Sex, age at diagnosis, smoking
status, year of diagnosis, CRC
state, grade, tumor location,
alcohol consumption, sex-
specific categories of physical
activity, and intake of fish and
shellfish, and fruits and

vegetables.

(Continued)
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Table 1. (Continued)

First author (year), Follow- Sample characteristics Measure of RR (95% CI) Adjustment factors
name of study, up (gender, age, location of BMI
country period tumor, number of events)
(years)
25.0-29.9 1.06
(0.87—
1.28)
>30 1.28
(1.00—
1.63)
All-cause
mortality
<25 1
25.0-29.9 -
>30 1.32
(1.12-
1.56)

Table 1 is a summary of pre-diagnosis studies. This assessment examined the following items: clarity of BMI measurement before diagnosis, adjustment
for intermediate factors (e.g., age, stage and tumor differentiation), duration of follow-up, study endpoints (colorectal cancer-specific mortality and overall
mortality), representativeness of the exposed cohort, and adequacy of follow-up of cohorts.

Abbreviations: BMI, body mass index; RR, risk ratio; Cl, confidence interval; CRC, colorectal cancer; RC, rectal cancer; CC, colon cancer; PMH, post-

menopausal hormone

doi:10.1371/journal.pone.0120706.t001

prospective cohort study. The remaining 43 potentially relevant studies were examined more
closely and an additional 27 studies were excluded from analysis because of lack of information
on BMI and the risk of mortality. Finally, 16 articles were selected for this meta-analysis based
on these specific exclusion and inclusion criteria (Tables 1 and 2). The total sample size of pa-
tients with colorectal cancer in this meta-analysis was 58,917, encompassing both pre-diagnosis
BMI and post-diagnosis BMI. The follow-up period ranged from 4.9 to 20 years (median: 9.9
years).

Study Characteristics

Studies included in the meta-analyses used different BMI ranges for their underweight, refer-
ence overweight, and obese group. Among studies included in the meta-analysis, the range of
BMI for underweight was < 18.5 kg/m2 (Dignam et al. [12], Prizment et al. [15], Baade et al.
[7], Campbell et al. [16], Chin et al. [17], Kuiper et al. [11], Pelser et al. [18], and Schlesinger
etal. [21]), <20 kg/m2 (Meyerhardt et al. [8], Doria-Rose et al. [22], Sinicrope et al. [23],

and Sinicrope et al. [13]), < 21 kg/ m? (Meyerhardt et al. [9] and Meyerhardt et al. [10]), and
<25 kg/m2 (Fedirko et al. [19] and Boyle et al. [20]).

The ranges used to define obesity categories also varied among studies. Four studies
[9,12,13,23] of post-diagnosis BMI subdivided obesity as class I (30-34.9 kg/mz) and class II/
IIT (BMI > 35 kg/m?). To address these variances in categories, an additional meta-analysis
was conducted to determine whether the diverse categories for the reference group influenced
the results. The additional meta-analysis was conducted to compare results involving all studies
without considering the differences in reference categories (18.5-24.9 kg/m?, 20-24.9 kg/m?,
21-24.9 kg/m?, and < 25 kg/m?) and obesity categories. This comparison analysis was con-
ducted in most cases, but not in every case because the number of studies did not allow the

PLOS ONE | DOI:10.1371/journal.pone.0120706 March 26, 2015 8/25
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Table 2. Prospective cohort studies of post-diagnosis BMI (kg/m?) and survival outcomes in colorectal cancer patients.

First author (year), name Follow- Sample characteristics Measure of BMI RR (95% Adjustment factors
of study, country up (gender, age, disease Cl)
period stage, location of tumor,
(years) number of events)
Meyerhardt (2003) [10], 9.4 years 3,759 CC (females & males; BMI measured on Age, race, baseline,
Intergroup Trial 0089, U.S. stage Il & Ill) aged younger day 1 of performance status, bowel
A. than 50 to older than 70 chemotherapy obstruction, bowel perforation,
years (1988-1992) Duke stage, presence of
peritoneal implants,
predominant macroscopic
pathologic feature, and
completion of chemotherapy
All-cause
mortality
Stage II-lll Female
<21 1.08(0.87—
1.35)
21-24.9 1
25.0— 1.18(0.94—
27.49 1.49)
27.5-29.9 1.23(0.95-
1.60)
>30 1.34(1.07-
1.67)
Male
<21 1.33(1.05-
1.67)
21-24.9 1
25.0— 1.03(0.87—
27.49 1.22)
27.5-29.9 0.96(0.78-
1.17)
>30
Both
<21 1.15(0.98—
1.35)
21-24.9 1
25.0— 1.10(0.95-
27.49 1.26)
27.5-29.9 1.05(0.90-
1.24)
>30 1.11(0.96—
1.29)
Meyerhardt (2004) [8], 9.9 years 1,688 females & males RC, BMI measured on Age, sex, race, baseline
National Cancer Insititue- Inclusion Age and Number of day 1 of performance status, bowel
0114, U.S.A. Deaths not Reported chemotherapy obstruction, extent of bowel
(1990-1992) wall invasion, and number of
positive lymph nodes
All-cause
mortality
Stage II-lI Female
<20 1.29(0.87—
1.91)
20-24.9 1
25.0— 0.75(0.49—
27.49 1.16)
(Continued)
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Table 2. (Continued)

First author (year), name Follow- Sample characteristics

of study, country up (gender, age, disease
period stage, location of tumor,
(years) number of events)

Dignam (2006) [12], 11.2 4,288 females CC aged
National Surgical Adjuvant years younger than 40 to older
Breast and Bowel Project than 60 years, 1697 total
randomized trials, U.S.A. deaths (1,159 CC deaths &
538 non-CC deaths)
Stage I-IlI
Meyerhardt (2008) [9], 5.3 years 1,053 females & males CC

CALGB 89803, U.S.A. aged 55-64 years, 261

death

Measure of BMI RR (95%

cl)

27.5-29.9
>30

Male
<20

20-24.9

25.0—
27.49

27.5-29.9
>30

Both
<20

20-24.9

25.0—
27.49

27.5-29.9
>30

BMI measured at
diagnosis (1989—
1994)

All-cause
mortality

<18.5

18.5-24.9
25.0-29.9

30-34.9
>35

Self-reported BMI at
6 month after
adjuvant
chemotherapy
(1999-2001)

0.89(0.61—
1.33)

0.94(0.66—
1.33)

1.62(1.08—
2.43)

1

1.07(0.86—
1.33)

0.99(0.79—
1.25)

1.19(0.94—
1.52)

1.43(1.08—
1.89)

1

0.97(0.80—
1.17)

0.95(0.78—
1.15)

1.09(0.9-
1.33)

1.49(1.17—
1.91)

1

1.02(0.91—
1.14)

1.11(0.96—
1.28)

1.28(1.04—
1.57)

Adjustment factors

Treatment, age, sex, race,
performance status, number of
positive lymph nodes, and
presence of bowel obstruction

Sex, age, depth of invasion
through bowel wall, number of
positive lymph node, presence
of clinical perforation at time of
surgery, presence of bowel
obstruction, baseline CEA,
grade of tumor differentiation,
baseline performance status,
treatment arm, weight change
between first and second
questionnaire, BMI at the time
or second questionnaire, and
time between study entry and
completion of second
questionnaire

(Continued)
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Table 2. (Continued)

First author (year), name Follow-

of study, country up
period
(years)

Sinicrope (2010) [23], 8 years

National Cancer Institute
and conducted by Mayo
Clinic/North Central
Cancer Treatment Group
and the Southwest
Oncology group, U.S.A.

Sample characteristics
(gender, age, disease
stage, location of tumor,
number of events)

Stage IlI

4,381 females & males aged
average 60.4 years, 1,833
death

Stage II-lI

Measure of BMI

BMI measured at
study entry
Inclusion years not
reported

RR (95%
cl

All-cause
mortality

<21

21-24.9

25.0-
27.49

27.5-29.9

>30

All-cause
mortality

Female
<20

20-24.9

25.0—
27.49

27.5-29.9
>30

Male
<20

20-24.9

25.0-
27.49

27.5-29.9
>30

Both
<20

20-24.9

25.0-
27.49

27.5-29.9

>30

1.07(0.61—
1.87)

1

0.72(0.50—
1.03)

0.90(0.61—
1.34)

0.87(0.54—
1.42)

1.32(1.05—
1.67)

1

1.18(0.94—
1.49)

1.24(1.01—
1.53)

1.11(0.84—
1.45)

1.14(0.81—
1.61)

1

0.82(0.71—
0.95)

0.94(0.78—
1.15)

1.35(1.02—
1.79)

1.24(1.03—
1.5)

1

0.90(0.8—
1.00)
1.07(0.93—
1.23)

1.19(0.98—
1.45)

Adjustment factors

Age, stage, treatment and

gender

(Continued)

PLOS ONE | DOI:10.1371/journal.pone.0120706 March 26, 2015

11/25



@’PLOS ‘ ONE

Association between Body Mass Index and Prognosis of Colorectal Cancer

Table 2. (Continued)

First author (year), name Follow-

of study, country up
period
(years)

Baade (2011) [7], 4.9 years

Queensland, Australia

Chin (2012) [17], China 5 years

Sample characteristics
(gender, age, disease
stage, location of tumor,
number of events)

1825 (1,089 males and 736
females) aged 20 to older
than 70 years, 1163 colon
cancer, 662 rectal cancer,
462 deaths, 345 CRC-
specific deaths

Stage I-lI

Measure of BMI

Self-reported BMI at
5 months after
diagnosis (2003—
2004)

2,765 females & males aged BMI measured after

average 61.4 + 13.9 years,

Stage I-lI

diagnosis (1995—
2003)

RR (95%
cl

CRC-
specific
mortality
<185

18.5-24.9
25.0-29.9

>30

All-cause
mortality

<18.5

18.5-24.9
25.0-29.9

>30

CRC-
specific
mortality

Female
<18.5

18.5-24.9
25.0-29.9

>30

Male

Adjustment factors

Age, sex, stage at diagnosis,
smoking, site of tumor, and
treatment (surgery only vs.
surgery and adjuvant therapy)

1.74(0.85,
3.58)

1

0.75
(0.59-
0.97)

1.34
(0.70-
2.58)

2.29
(1.47-
3.59)

0.75
(0.61—
0.94)

0.94
(0.51-
1.74)

Tumor, nodes, and metastasis
stage, age, gender,
comorbidities,
carcinoembryonic antigen,
hemoglobin, albumin,
operative timing, postoperative
morbidity, tumor location,
histologic type, and histologic
grade

1.16(0.75-
1.82)

1

0.96(0.60—
1.43)

1.11(0.84—
1.43)

(Continued)
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Table 2. (Continued)

First author (year), name Follow- Sample characteristics Measure of BMI RR (95% Adjustment factors
of study, country up (gender, age, disease Cl)
period stage, location of tumor,
(years) number of events)
<18.5 1.46(0.84—
2.52)
185249 1
25.0-29.9 0.96(0.69-
1.32)
>30 1.21(0.83-
1.77)
Both
<18.5 1.33(0.94—
1.87)
185249 1
25.0-29.9 0.96(0.76—
1.2)
>30 1.06(0.80—
1.41)
All-cause
mortality
Female
<18.5 1.55(1.11-
2.16)
185249 1
25.0-29.9 0.95(0.71—
1.27)
>30 0.99(0.69—
1.41)
Male
<18.5 1.55(1.03-
2.35)
185249 1
25.0-29.9 0.77(0.58-
1.01)
>30 0.91(0.66—
1.25)
Both
<18.5 1.58(1.23—
2.05)
185249 1
25.0-29.9 0.84(0.65-
1.09)
>30
Kuiper (2012) [11], 11.8 676 females aged 57-72 BMI measured 0.8 Age, study arm, time from
Women'’s Health Initiative, years years, 54 CRC-specific years after diagnosis to measurement,
U.S.A. deaths, 101 All-cause deaths diagnosis (1993— pre-diagnostic BMI, tumor
1998) stage, ethnicity, education,
alcohol, smoking, and
hormone therapy use
CRC-
specific
mortality
(Continued)
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Table 2. (Continued)

First author (year), name Follow-

of study, country up
period
(years)

Campbell (2012) [16],
Cancer Prevention Study-
Il Nutrition Cohort, U.S.A.

6.8 years

Sample characteristics
(gender, age, disease
stage, location of tumor,
number of events)

Stage I-IV

1,957 (1,291 males & 1,012
females) aged younger than
65 to older than 80 years,
273 CRC-specific deaths,
683 All-cause deaths, 135
Cardiovascular disease
specific deaths

Stage I-lI

Measure of BMI

Self-reported
measured after
diagnosis (1992—
1993)

RR (95%
cl

18.5.0—
24.9

25.0-29.9
>30

All-cause
mortality

18.5.0—
24.9

25.0-29.9

>30

CRC-
specific
mortality
Female

<18.5

18.5-24.9
25.0-29.9

>30

Male
<18.5

18.5-24.9
25.0-29.9

>30

Both
<18.5

18.5-24.9
25.0-29.9

>30

All-cause
mortality

Adjustment factors

1

0.45(0.22—
0.92)

0.95(0.49—
1.85)

0.78(0.47—
1.27)

1.09(0.65—
1.83)

Age, sex, smoking status,
BMI, physical activity, red
meat intake, tumor stage, and
education

0.39(0.12,
1.32)

1

0.81(0.50,
1.31)

1.09(0.60,
2.01)

2.48
(0.55,11.3)

1

0.91(0.61,
1.34)

1.29 (0.82,
2.01)

0.64(0.25,
1.60)

1

0.87(0.65,
1.17)

1.14 (0.81,
1.60)

(Continued)
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Table 2. (Continued)

First author (year), name Follow- Sample characteristics Measure of BMI RR (95% Adjustment factors
of study, country up (gender, age, disease Cl)

period stage, location of tumor,

(years) number of events)

Female

<18.5 1.19(0.65,
2.18)

18.5-249 1

25.0-29.9  0.84(0.60,
1.16)

>30 1.19 (0.79,
1.78)
Male
<18.5 2.78(1.29,
5.96)
18.5-24.9 1
25.0-29.9 0.82(0.66,
1.03)
>30 0.89(0.67,
1.18)
Both
<18.5 1.30(0.82,
2.06)
18.5-249 1
25.0-29.9 0.83(0.70,
1.00)
>30 0.93 (0.75,
1.17)
Sinicrope (2013) [13], 7.8 years 25.291 females & males BMI measured at Age, stage, treatment, and sex
ACCENT Group aged 43-71 years CC study entry
database, U.S.A. Inclusion years not
reported
All-cause
mortality
Stage I-lI Female
<20 1.12(1.00-
1.25)
20-24.9 1

25.0-29.9 1.05(0.97-
1.14)

30-34.9 1.10(0.99-

1.23)
>35 1.07(0.93—
1.24)
Male
<20 1.39(1.21—
1.60)
20-24.9 1
25.0-29.9 0.95(0.87—
1.02)
30-34.9 1.10(1.99-
1.2)

(Continued)
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Table 2. (Continued)

First author (year), name Follow-

of study, country up
period
(years)

Boyle (2013) [20], The 5.9 years

Western Australia Bowel
Health Study, Australia

Sample characteristics
(gender, age, disease
stage, location of tumor,
number of events)

918 females & males aged
40-79 years CRC, 224
deaths (69 females &155
males)

Stage I-IV

Measure of BMI

BMI measured 1
year before study
enrolment

RR (95%
cl

>35

Both
<20

20-24.9
25.0-29.9

30-34.9

>35

CRC-
specific
mortality

Both
(Stage 1V)

<25
25.0-29.9

>30

Both
(Stage
I-111)

<25
25.0-29.9

>30

All-cause
mortality

Both
(Stage 1V)

<25
25.0-29.9

>30

Both
(Stage
I-111)

<25
25.0-29.9

Adjustment factors

1.16(1.0—
1.35)

1.21(1.11—
1.32)

1

1.10(1.04—
1.17)

1.10(1.02—
1.18)

1.11(1.00-
1.23)

Age, sex, socioeconomic
status, tumor stage and
diabetes, physical activity,
body mass index and smoking

1

1.37(0.55,
3.42)

1.06 (0.31,
3.57)

1

1.53(0.98,
2.38)

1.49(0.92,
2.40)

1

1.37(0.55,
3.42)

1.06 (0.31,
3.57)

1

1.33(0.90,
1.96)

(Continued)
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Table 2. (Continued)

First author (year), name Follow- Sample characteristics Measure of BMI RR (95% Adjustment factors
of study, country up (gender, age, disease Cl)
period stage, location of tumor,
(years) number of events)
>30 1.34(0.88,
2.04)
Schlesinger (2014) [21], 4 years 2,143 females & males 349 Self-reported Age, sex, alcohol
PopGen Biobank, deaths measured after consumption, smoking status,
Germany diagnosis tumor location, family history
of CRC, metastases and other
cancer
All-cause
mortality
Stage I-Ill if colon cancer <185 1.65(0.79,
3.46)
185249 1
25.0-29.9 0.80(0.62,
1.02)
>30 0.84(0.62,

1.14)

Table 2 is a summary of post-diagnosis studies. This assessment examined the following items: clarity of BMI measurement after diagnosis, adjustment
for intermediate factors (e.g., age, stage and tumor differentiation), duration of follow-up, study endpoints (colorectal cancer-specific mortality and overall
mortality), representativeness of the exposed cohort, and adequacy of follow-up of cohorts.

Abbreviations: BMI, body mass index; RR, risk ratio; Cl, confidence interval; CRC, colorectal cancer; RC, rectal cancer; CC, colon cancer; PMH, post-

menopausal hormone

doi:10.1371/journal.pone.0120706.1002

completion of every possible meta-analysis. In none of the comparison was there evident statis-
tically significant heterogeneity.

Association between Pre-Diagnosis BMI and Mortality

Six studies reported an association between pre-diagnosis BMI and colorectal cancer-specific
mortality and all-cause mortality (Fig. 2). Pre-diagnosis underweight was not significantly as-
sociated with colorectal cancer-specific mortality, but was significantly associated with all-
cause mortality (RR: 1.63, 95% CI: 1.18-2.23, p < 0.01). Pre-diagnosis overweight was not asso-
ciated with colorectal cancer-specific mortality and all-cause mortality. Pre-diagnosis obesity
was significantly associated with increased colorectal cancer-specific mortality (RR: 1.22, 95%
CI: 1.003-1.35, p < 0.01) and all-cause mortality (RR: 1.25, 95% CI: 1.14-1.36, p < 0.01).
There was no evidence of publication bias in any analyses. Additionally, there was no apparent
influence of unpublished data in any analyses using the trim and fill method.

Association of Post-Diagnosis BMI with Mortality

Twelve prospective cohort studies were included in this analysis (Fig. 3). Post-diagnosis under-
weight was associated with significantly increased all-cause mortality (RR: 1.33, 95% CI: 1.20-
1.47, p < 0.01). Post-diagnosis overweight was associated with significantly improved colorec-
tal cancer-specific mortality (RR: 0.84, 95% CI: 0.73-0.97, p < 0.05). Though post-diagnosis
overweight was significantly but modestly associated with improved all-cause mortality (RR:
0.93, 95% CI: 0.86-0.997, p < 0.05). Since studies included in examining the association be-
tween post-diagnosis overweight and the risk of all-cause mortality were not homogeneous, we
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N =508

Keywords through Medline &
EMBASE: publication date from
January 1970 to March 2014

Studies excluded (N = 465)
Duplicated studies (N = 230)

y

"| Generally ineligible studies or not a

retrieved

N=43

Potentially relevant studies

prospective cohort study (N = 189)
Review, meta-analysis or guideline

(N =46)

Studies excluded (N =27)

v

A 4

Not reporting BMI or RRs (N = 27)

analysis

N=16

Studies included in this meta-

Fig 1. Flow diagram of the selection process for this meta-analysis. Details of the selection process are presented.

doi:10.1371/journal.pone.0120706.g001

used random effect models and further analyzed the association between overweight and the
risk of mortality according to different categories for normal BMI (18.5-24.9 kg/m” vs. 20—
24.9 kg/m” vs. 21-24.9 kg/m? vs. < 25 kg/m?). When we only included studies that used 20
or 21 kg/m” as the lower limit for normal BMI range, the reduced risk of mortality observed
among overweight participants no longer existed (RR: 0.98, 95% CI: 0.94-1.02, p = 0.32).

Post-diagnosis obesity was significantly associated with all-cause mortality (RR: 1.08, 95%
CI: 1.03-1.13, p < 0.01) while no association was found between post-diagnosis obesity and
colorectal cancer-specific mortality. We further analyzed the association between class II/I1I
obesity (BMI > 35 kg/m?) and the risk of mortality and found significantly increased risk of
all-cause mortality (RR: 1.13, 95% CI: 1.04-1.23, p < 0.01). There was neither evidence of pub-
lication bias in the analyses, nor apparent influence of unpublished data in any analyses using
the trim and fill method.

Association between Post-diagnosis BMI and Mortality in Subgroup
Analysis: Gender

A subgroup analysis was performed to examine whether the association between post-diagno-
sis BMI and risk of mortality differed according to gender (there were too few cases of pre-diag-
nosis BMI for analysis. Post-diagnosis underweight was significantly associated with increased
all-cause mortality in females (RR: 1.17, 95% CI: 1.08-1.28, p < 0.01) and in males (RR: 1.36,
95% CI: 1.02-1.82, p < 0.01). Post-diagnosis overweight was not significantly associated with
increased all-cause mortality in females, but slightly associated with significantly reduced all-
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Colorectal Cancer-Specific Mortality: Underweight vs. Normal weight

Study name Risk Lower Upper Risk ratio and 95% CI
ratio limit limit
Doria-Rose, 2006  1.60 0.88 2.92 =
Prizment, 2010 2.13 0.96 4.73
Campbell, 2013 0.67 0.21 2.13 | &
1.54 0.99 2.40
Test for heterogeneity: 0.2 0.5 1 2 5 10
2
(Q=2.64,P=0.27,1 =24.30%)
Colorectal Cancer-Specific Mortality: Overweight vs. Normal weight
Study name Risk Lower Upper Risk ratio and 95% CI
ratio limit limit
Doria-Rose, 2006 1.30 0.89 1.89
Prizment, 2010 1.18 0.88 1.59 -
Kuiper, 2012 0.77 0.52 1.14
Campbell, 2013 1.09 0.85 1.40
Pelser, 2014 colon  0.97 0.82 1.15 [N —
Pelser, 2014 rectal  0.92 0.70 1.21 =
Fedirko, 2014 1.12 0.97 1.30 —r—
1.05 0.96 1.14 <:'|>
Test for heterogeneity: 0.5 1 2
2
(Q=6.84,P=0.34,1 =12.32%)
Colorectal Cancer-Specific Mortality: Obesity vs. Normal weight
Study name Risk Lower Upper Risk ratio and 95% CI
ratio limit limit
Doria-Rose, 2006 1.50 0.88 2.55 ]
Prizment, 2010 1.30 0.94 1.79 -
Kuiper, 2012 1.17 0.80 1.72 -
Campbell, 2013 1.35 1.01 1.80 -
Pelser, 2014 colon ~ 1.15 0.96 1.38 L
Pelser, 2014 rectal 1.04 0.75 1.44 -
Fedirko, 2014 1.26 1.04 1.52 ——
1.22 1.003 1.35 ==
Test for heterogeneity:
_ _ 2 0100 - 0.5 1 2
(Q=12.68,P=0.00,1 =0.00%)

Fig 2. Relative Risks for the Association between Pre-diagnosis BMI and Colorectal Cancer-Specific and All-cause Mortality. Association between
pre-diagnosis BMI and colorectal cancer-specific mortality and all-cause mortality.

doi:10.1371/journal.pone.0120706.g002
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CRC-specific mortality: Overweight vs. Normal weight

Study name Risk Lower Upper Risk ratio and 95% CI
ratio limit limit
Baade, 2011 0.75 0.58 0.96 . .
Chin, 2012 0.96 0.76 1.21 P
Kuiper, 2012 0.45 0.22 0.92 5
Campbell, 2013 0.87 0.65 1.17 _:::::_
0.84‘1 0.67 0.97 0.5 1 5
Test for heterogeneity:
(Q=5.09,P=0.17, = 41.06%)
CRC-specific mortality: Obesity vs. Normal weight
Study name Risk Lower Upper . . o
ratio limit limit Risk ratio and 95% CI
Baade, 2011 0.70 0.51 0.97 »
Chin, 2012 1.06 0.80 1.41 | B
Kuiper, 2010 0.95 0.49 1.85 g &
Campbell, 2013 1.14 0.81 1.60 &
095  0.80 130 —————
Test for heterogeneity: 0.5 1 2

2
(Q=5.14,P=0.16,1 = 41.68%)

All-cause Mortality: Underweight vs. Normal weight

Study name Risk Lower Upper
ratio limit limit Risk ratio and 95% CI
Meyerhardt, 2003 1.15 0.98 1.35 1
Meyerhardt, 2004  1.43 1.08 1.89
Dignam, 2006 1.49 1.17 1.90
Meyerhardt,2008  1.07 0.61 1.87
Sinicrope, 2010 1.24 1.03 1.50 —_—
Baade, 2011 2.29 1.47 3.58 —
Chin, 2012 1.58 1.22 2.04 7]
Campbell, 2013 1.30 0.82 2.06 7]
Sinicrope, 2013 1.21 1.11 1.32 —-—
Schlesinger, 2014 1.65 0.79 3.45
1.33 1.20 1.47 -
Test for heterogeneity: 0.5
(Q=15.42,P =0.08, 12= 41.62%) Risk ratio and 95% CI

Fig 3. Relative Risks for the Association between Post-diagnosis BMI and Colorectal Cancer-specific and All-cause Mortality. Association between
post-diagnosis BMI and colorectal cancer-specific mortality and all-cause mortality.

doi:10.1371/journal.pone.0120706.9003
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cause mortality in males (RR: 0.93, 95% CI: 0.88-0.98, p < 0.01). Post-diagnosis obesity was
significantly associated with increased all-cause mortality in females (RR: 1.13, 95% CI: 1.05-
1.21, p < 0.01) but only borderline statistically significant in males (RR: 1.05, 95% CI: 0.99-
1.23, p = 0.13). No evidence of publication bias and no apparent influence of unpublished data
using the trim and fill method was observed in any analyses.

Association between Post-diagnosis BMI and Mortality in Subgroup
Analysis: Site of Disease

Because there were insufficient studies to allow subgroup analysis for rectal cancer, this analysis
only included colon cancer. Post-diagnosis underweight was significantly associated with all-
cause mortality in patients with colon cancer (RR: 1.24, 95% CI: 1.16-1.32, p < 0.01). Post-di-
agnosis overweight was not significantly associated with all-cause mortality (RR: 1.04, 95% CI:
0.93-1.18, p = 0.48). Post-diagnosis obesity was associated with significantly increased all-
cause mortality in colon cancer (RR: 1.09, 95% CI: 1.05-1.15, p < 0.01). The analyses did not
show evidence of publication bias nor any apparent influence of unpublished data using the
trim and fill method.

Discussion

Apparently conflicting results on the association between BMI and the risk of mortality in indi-
vidual studies may have resulted from the timing of BMI measurement, specifically whether it
was before or after the cancer diagnosis. Therefore, we performed a meta-analysis of prospec-
tive cohort studies to distinguish the influence of pre- and post-diagnosis BMI on the risk of
mortality in patients with colorectal cancer. Our analysis showed that pre-diagnosis under-
weight and obesity were associated with increased all-cause mortality and post-diagnosis
underweight, class I obesity (BMI 30-34.9 kg/m?) and class II/IIT obesity (BMI > 35 kg/m?)
the increased risk of mortality.

We found that being obese before cancer diagnosis was associated with increased colorectal
cancer-specific mortality as well as all-cause mortality and being obese post-diagnosis was asso-
ciated with all-cause mortality in colorectal cancer survivors. In analyzing the impact of post-
diagnosis BMI and the risk of mortality, it is important to understand the reason for the body
weight change. There are two reasons for weight loss in colorectal cancer patients who com-
pleted standard adjuvant therapy: some patients intentionally lose weight through a healthier
diet and exercise, whereas other patients experience weight loss due to progression of cancer or
effects of treatment. Post-diagnosis BMI cannot distinguish between these reasons for weight
loss, which might account for the lack of association between post-diagnosis BMI and the risk
of mortality. However, in our meta-analysis of ten studies, we were able to find significant asso-
ciation between pre-diagnosis obesity and the risk of mortality. We further found higher rela-
tive risk of death due to all cause among patients with class II/IIT obesity (BMI > 35 kg/m?). It
is also important to understand that one of the main causes of death in obese colorectal cancer
patients is cardiovascular disease rather than cancer recurrence [16], which may have contrib-
uted to overall mortality increase.

It is not clearly understood why those who were underweight before or after cancer diagno-
sis have increased risk of mortality. Considering that one of the symptoms of colorectal cancer
is weight loss, patients with more advanced cancer at increased risk of mortality could experi-
ence more weight loss and are more likely to be underweight when cancer was diagnosed [8].
Studies in this area try to account and adjust for reverse causality by restricting the analysis
with a lag period between measurement and time of event; however, such techniques likely can-
not fully eliminate this effect. Furthermore, the reason for the increased risk of mortality
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among those who were underweight could be related to other diseases such as advanced type 2
diabetes [24], cardiac failure [25] and pulmonary diseases [32].

Our finding that being overweight was associated with a lower risk of mortality may not
necessarily be causal but rather reflect that the reference group (“normal weight’) may include
people who might have lost weight due to disease. Although the normal BMI category of 18.5-
24.9 kg/m? is recommended by the World Health Organization (WHO), some studies included
in our meta-analysis used different classifications for normal BMI such as 20 or 21 kg/m” as
the lower cutoff. When we excluded studies that used BMI 18.5 kg/m? as the lower cutoff for
the normal range, we observed that post-diagnosis overweight was not significantly associated
with reduced risk of mortality. A possible reason is that this exclusion reduces the number of
people in the reference group with pre-existing disease or who have lost weight due to progres-
sive colorectal cancer.

The biological mechanism that underlies the association between obesity and colorectal can-
cer mortality is unclear; but several studies have addressed possible mechanisms, mainly relat-
ed to obesity-related hormonal changes. Obesity is associated with elevations in insulin, free
insulin-like growth factors (IGFs), and adipocyte-derived factors that include leptin, TNF-
alpha, IL-6, and reductions in adiponectin [26,27]. Many of these hormonal changes associated
with obesity have been associated with increased incidence of colorectal cancer [14,28-30],
though because of their inter-relations, it has been difficult to conclude which ones are causal.
Studies on these in relation to survival have been scarce, though Wolpin et al. [31] reported
that a higher pre-diagnostic level of C-peptide, which reflects insulin secretion, was associated
with increased colorectal cancer mortality in patients with colorectal cancer (HR: 1.87, 95% CI,
1.04-0.36, p = 0.03). Since physical activity, exercise and reducing body fat have positively in-
fluence on these factors, healthier lifestyle including exercise and maintaining health body
weight should be recommended to improve prognosis of colorectal cancer patients [33]. Sever-
al recent meta-analyses have reported associations between vegetable, aspirin, and supple-
ments, with colorectal cancer risk or mortality, but further study needs to be conducted to find
a consistent association [36,37].

There are strengths and limitations of the current study. First, we only included prospective
cohort studies that would be less susceptible to selection and recall biases. In addition, we have
performed meta-analysis separately addressed BMI before and after diagnosis to obtain associ-
ation with all-cause and colorectal cancer-specific mortality. Combining studies allowed us
greater power to observe associations.

We also have several limitations. The major limitation is the possibility of reverse causa-
tion, which probably precludes us identifying a pure group of healthy normal weight persons.
Thus, we likely underestimated the true impact of obesity on colorectal prognosis because pro-
gressing cancers typically cause weight loss rather than weight gain. A second limitation is that
pre-diagnosis and post-diagnosis BMI are correlated with each other and therefore we cannot
precisely say when of obesity is acting. Nonetheless, since pre-diagnosis BMI is a major deter-
minant of post-diagnosis BMI, it is desirable to maintain normal weight throughout life rather
than relying on weight loss after diagnosis. Another limitation of the study is that several stud-
ies in this meta-analysis used self-reported BMI, though limitation is probably minor as self-
reported BMI was shown to be highly correlated with measured BMI [34]. Finally, BMI alone
may not provide adequate information to classify body fat and lean mass and fat distribution,
and these characteristics can vary significantly based on gender, age, ethnicity, and geographic
region [4,14].

There are additional considerations that might influence the association between body mass
index and colorectal cancer mortality in both pre-diagnosis and post-diagnosis. These factors
include disease severity at diagnosis, prognosis factors, and extend to discern how findings may
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differ across various population groups. The current meta-analysis used RRs that were adjusted
for those factors, including disease severity at diagnosis, prognosis factors, sex, age, etc. Howev-
er, the exact same factors were no uniformly applied throughout all studies. Future meta-analy-
sis studies should conduct more stratified analyses that examine a variety of populations and
examine the effects of other adjustment factors. Additionally, B-Catenin status, which plays an
important role in carcinogenesis of colorectal cancer, also needs to be studied to better under-
stand the mechanism related to adiposity, physical activity, and colorectal cancer [38,39].

In conclusion, the findings of this meta-analysis suggest that both pre- and post-diagnosis
underweight and obesity are associated with increased risk of mortality. Maintaining a normal
body weight should be considered by all individuals including colorectal cancer patients. Inter-
vention studies on the impact of weight control on the risk of mortality in colorectal cancer pa-
tients are needed.
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