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Abstract

The association of obesity on survival among patients with colorectal cancer (CRC) has not been
well characterized. We investigated the association of pre-diagnostic body mass index (BMI)/
waist-hip ratio (WHR) and total/cause-specific mortality in CRC patients. This study included
1,452 patients who participated in two large cohort studies and were diagnosed with CRC during
follow-up period. Participants were measured for anthropometrics and interviewed to collect
relevant information at baseline, prior to any cancer diagnosis. Data on site-specific cancer
incidence and cause-specific mortality were obtained via in-person surveys and annual record
linkage with cancer and vital statistics registries. Cox proportional hazard models were used to
evaluate the associations of BMI and WHR with survival. A total of 547 participants died during
the follow-up period, including 499 who died of CRC. Relative to normal BMI (18.5 to < 25.0
kg/m2), obesity (BMI =30 kg/m?) was associated with increased mortality resulting from all
causes (Hazard Ratio (HR) = 1.5, 95% Confidence Interval (Cl): 1.1-2.1) and CRC (HR = 1.5,
95% ClI: 1.1-2.1). Elevated risk of death was also found among underweight patients (BMI <18.5
kg/m2), although not all risk estimates were statistically significant. Overweight BMI (25.0 to <
30.0 kg/m?) was not associated with risk of death among CRC patients, nor was WHR. In
conclusion, pre-diagnostic BMI was associated with survival among CRC patients following a U-
shape pattern; obesity was associated with high mortality after CRC diagnosis. These findings
provide support for maintaining healthy weight to improve the survival of CRC patients.

Keywords
body mass index; waist-hip ratio; colorectal cancer; survival; obesity

"Corresponding author: Wei Zheng, MD, PhD, Vanderbilt Epidemiology Center, Vanderbilt University School of Medicine, 2525
West End Avenue, 8th Floor, Nashville, TN 37203-1738, USA. Phone: (615) 936-0682; Fax: (615) 615-343-0719.
wei.zheng@vanderbilt.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wang et al. Page 2

Introduction

Colorectal cancer (CRC) is the third most common cancer in the world. The five-year
survival rate remains low, particularly in developing countries.1=3 With the exception of
tumor characteristics, few prognostic factors have been established for CRC. Therefore, it is
important to identify additional prognostic factors that may affect survival in CRC patients.

Both general obesity, typically measured by body mass index (BMI), and abdominal obesity,
typically measured by waist to hip ratio (WHR), are associated with a high risk of
developing CRC.#-8 However, only a few studies have investigated the potential influence of
obesity on CRC survival, and their results are inconsistent.”~14 In some studies, an elevated
risk of overall mortality was observed in CRC patients with high BMI compared to those
with normal BML.7-2 In other studies, however, high BMI was not associated with or was
even associated with a reduced risk of mortality in CRC patients.1%-12 Some studies found
that BMI was associated with increased mortality only in a specific sex subgroup, or that the
association varies with tumor location, molecular subtype or cancer stage.:7-13.15 Even
fewer studies have assessed the association of WHR on CRC mortality, and some of these
studies reported that abdominal obesity may better predict all-cause and colorectal cancer
mortality than BM1.6.16

Most studies that evaluated the association of obesity with CRC prognosis were conducted
in European descendants. The role of obesity on cancer survival has been less well studied
among East Asians who, in general, have a lower prevalence of overall obesity but higher
prevalence of central obesity compared to those of European descent. It has been reported
that Asians may have a higher level of visceral fat than European descendants at the same
BMI level and thus are more vulnerable to insulin resistance.1’ To date, only four studies
have evaluated the possible influence of obesity on CRC survival among Asian
populations.18-21 However, these previous Asian studies had small sample sizes, did not
adjust for potential confounders, and did not evaluate the association of central obesity with
CRC survival.

The aim of the present study is to investigate the influence of pre-diagnosis BMI and WHR
on all-cause and CRC-specific mortality using the resources of two large cohort studies, the
Shanghai Women’s Health Study (SWHS) and the Shanghai Men’s Health Study (SMHS).

Materials and Methods

Study cohort

The SWHS and the SMHS are two on-going, population-based, prospective cohort studies,
conducted in Shanghai, China. Details of the study designs and baseline questionnaires have
been published previously.22:23 Briefly, women aged 40-70 years and men aged 40-74
years, who were permanent residents of the study communities, were approached for the
study by trained interviewers. At baseline recruitment, anthropometric measurements
(including weight, height, and circumferences of waist and hips), information on socio-
demographic characteristics, lifestyle factors, and medical history were collected through in-
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person interviews. BMI was calculated as weight in kilograms divided by the square of
height in meters. WHR was calculated as waist circumference divided by hip circumference.

The SWHS recruited 74,942 women from 1997 to 2000 (participation rate 92.7%), and the
SMHS recruited 61,480 men from 2002 to 2006 (participation rate 74.0%). These two
cohorts have been followed up through a combination of in-person surveys every 2—4 years
and annual record linkage with the population-based Shanghai Cancer Registry and the
Shanghai Vital Statistics Registry to identify incident cancer cases and cause-specific
mortality, with nearly complete follow-up. Cancer cases were verified by home visits and
review of medical records and pathological slides. Clinical information was obtained by
review of medical charts. By December 31, 2013, 1,627 cohort members had been diagnosed
with incident CRC. 14 patients were excluded because of missing information for
anthropometric measurements. In order to reduce potential biases due to reverse causality,
161 subjects diagnosed within 2 years of follow-up were excluded. Of the remaining 1,452
eligible patients, 894 were diagnosed with colon cancer and 558 were diagnosed with rectal
cancer. There were 573 men and 879 women with CRC in this analysis. On the average,
BMI was assessed about 8 years before CRC diagnosis for the patients included in this
analysis. The study was approved by the relevant institutional review boards for human
research. Written, informed consent was obtained from all participants.

Statistical analysis

The primary endpoints were death from any cause and death from CRC after CRC
diagnosis. BMI was categorized according to WHO criteria: underweight, < 18.5 kg/m?;
normal weight, 18.5 to < 25.0 kg/m?; overweight, 25.0 to < 30.0 kg/m?; and obese, =30
kg/m2. WHR was categorized by sex-specific quartiles. The normal weight and lowest WHR
were used as reference categories. Follow-up time began on the date of CRC diagnosis and
ended on the date of death or December 31, 2013, whichever came first. Differences in
socio-demographic characteristics and other risk factors by pre-diagnosis BMI and WHR
categories were evaluated using a t-test for continuous variables and a chi-square test for
categorical variables. The Kaplan-Meier method was used to estimate survival rates, and the
log-rank test was performed to test the differences. Hazard ratios (HRs) and 95% confidence
intervals (95% ClIs) were calculated using Cox proportional hazards models to evaluate the
associations of pre-diagnosis BMI and WHR with hazard of death after adjusting for
potential confounders. The validity of the proportional hazards assumption was evaluated by
creating multiplicative interaction terms between both BMI and WHR and time and
comparing Cox models with and without interaction terms using the likelihood ratio test. We
identified potential confounders using prior knowledge regarding the association between
factors (both lifestyle and clinical) that are potentially related to both BMI and survival, and
the 10% change-in-estimate criterion. The following factors were adjusted for in final
models: age at diagnosis, sex, income level, cigarette smoking, Charlson comorbidity index,
and TNM stage. Adjusting for treatment did not change the results appreciably and thus the
final models did not adjust for treatment. We also examined the association for BMI and
WHR continuously using restricted cubic spline models with five knots (i.e., 5th, 25th, 50th,
75th, and 95th percentiles) for both all-cause and CRC-specific mortality.24 All analyses
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were performed using SAS, version 9.4 software (SAS Institute, Inc., Cary, NC), and all
tests of statistical significance were set at £< 0.05 for two-sided analyses.

The mean follow-up time was 3.4 years after diagnosis of CRC (median, 2.3 years; range,
2.01 days to 14.1 years). After excluding patients who died in the first two years of follow-
up, 547 deaths were documented, of which 499 were due to CRC. The distribution of socio-
demographic and other characteristics across BMI and WHR measurements are shown in
Table 1. There were no meaningful differences across categories of BMI and WHR for
smoke, doing exercise, family history of CRC, subsite of CRC, TNM stage or treatment.
Underweight participants were more likely to be regular smokers, and obese participants
were more likely to be older, less educated and had lower income. Compared to participants
in the lowest category of WHR, participants with a high WHR were more likely to be older,
less educated, had lower income, and have severe comorbidity.

Adjusted HRs for all-cause and CRC-specific mortality by selected demographic and

clinical characteristics are shown in Table 2. In addition to cancer stage, age at diagnosis,
sex, and income were associated with both all-cause and CRC-specific mortality. In Kaplan-
Meier curves showing survival rates according to pre-diagnosis BMI, underweight and obese
participants had higher CRC-specific (log-rank p<0.001) and all-cause mortality (log-rank p
<0.001) (Figure 1).

No violation of the validity of the proportional hazards assumption was observed.
Multivariable-adjusted HRs for all-cause and CRC-specific mortality by pre-diagnosis BMI
categories are shown in Table 3. In men and women combined, pre-diagnosis obese BMI
compared with normal BMI was associated with 54% higher risk of all-cause death and 51%
higher risk of CRC-specific death. Underweight was also associated with an elevated
mortality, although the HRs were not statistically significant likely due to a small sample
size. No statistically significant increases in hazard of death were found in the overweight
group. When BMI was considered as a continuous variable by using restricted cubic splines,
a nadir of the U-shaped association of BMI with all-cause mortality was observed at BMI of
20-25 kg/m?2 (Pfor non-linearity = 0.0001; Figure 2). A similar pattern was observed for
BMI and CRC-specific mortality (Supplemental Figure 2).

When stratified by sex and subsite of CRC, the association between pre-diagnosis obese
BMI and mortality was more pronounced for women (all-cause: HR = 1.68, 95% CI: 1.16—
2.44; CRC-specific: HR = 1.63, 95% CI: 1.11-2.41) than men, and the HR for the
association of underweight BMI with all-cause mortality was significant only among
patients diagnosed with rectal cancer (all-cause: HR = 2.01, 95%CI: 1.05-3.84). However,
neither test for interaction by sex or CRC subsite was statistically significant (£=0.70)
(Table 3).

We also examined the association of pre-diagnosis obese BMI relative to normal BMI with
CRC-specific mortality across the strata of other potential predictors of survival, including
cancer stage, physical activity, income and smoking status (Figure 3). Due to a small number
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of events among female smokers (n=6), analyses among female smokers were not
conducted. There was no evidence for significant effect measure modification by any of
these variables (all 2 for heterogeneity > 0.05). Additionally, we conducted survival analyses
stratified by diagnosis within 8 years of follow-up and diagnosis after 8 years; however the
results were very similar in these two strata (all 2 heterogeneity > 0.05; Figure 3).

No significant association was found between pre-diagnosis WHR and all-cause (highest
relative to lowest WHR quartile: HR =0.94, 95%Cl: 0.81-1.10) or CRC-specific mortality
(highest relative to lowest WHR quartile: HR = 0.94, 95% CI: 0.80-1.10) in multivariable-
Cox regression analyses (Table 4) or the Kaplan-Meier survival analysis (all-cause: log-rank
p=0.78; CRC-specific: log-rank p=0.71; Supplementary Figure S1). All Pvalues for
interaction by sex and CRC subsite were 0.18 or higher (Table 4). Analyses using
continuous variables also revealed no significant association of WHR with total and CRC-
specific mortality (Supplemental Figures 3 and 4). In stratified analyses, no evidence was
found for potential effect modification on the association of WHR and CRC survival
outcomes (all P heterogeneity > 0.05; Supplementary Figure S5).

Discussion

In these two prospective cohort studies, pre-diagnostic BMI was associated with survival
among CRC patients following a U-shape pattern; both underweight and obesity determined
prior to cancer diagnosis was associated with increased all-cause and CRC-specific mortality
compared with normal BMI, whereas no significant association was observed for overweight
BMI (25 — 29.9 kg/m?). No significant association was observed between WHR and
mortality outcomes in this study.

Only a few studies investigated the association between pre-diagnosis BMI and CRC
survival, and the results were not consistent, but generally, high BMI is associated with poor
survival results.”9:11.16.25 T recent papers showed differences in association between
BMI and CRC survival. Kocarnik et al. found that overweight (BMI 25.0-29.9) was
associated with increased mortality among patients with Stage | disease, and decreased
mortality among those with Stages 11-1V diseasel3. Kroenke et al. observed that BMI
measure at the time of cancer diagnosis was associated with CRC mortality in a nonlinear
fashion, but compared with the BMI group of 18.5 to <23.0, a reduced mortality was found
for each of higher BMI groups (23.0 to <25.0, 25.0 to <28.0 and 28.0 to <30.0)14. Because
BMI was measured at the time of cancer diagnosis, a potential bias due to reverse causation
is a concern. In general, similar to our results, most previous European studies indicate a U-
shaped pattern of association for the relation between BMI and mortality.

Only two studies to date have evaluated the association between pre-diagnosis WHR and the
survival of patients with CRC, and both of them were conducted in European descendants.
Fedirko et al.% used quintile of WHR cut off points to analyze the association between pre-
diagnosis WHR and survival after colorectal cancer diagnosis, while Prizment et al.16
adopted tertile of WHR as cut off points. Unlike the present study, their results showed that
higher WHR was associated with increased risk of death.6-16 However, in the stratified
analysis by sex of Fedirko’s results, the significant association was observed only in men
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with highest WHR category (WHR>1.01), whereas no significant association was observed
for any WHR groups in women and for other categories in men. Compared to European
descendants, Asians tend to have lower WHR. It is possible that the increased hazard of
death may only be observed in individuals with a very high WHR, which could be difficult
to detect Chinese living in Shanghai. We observed an association of poor survival outcome
with high BMI but not WHR in this study. The reasons for a different association with BMI
and WHR are unclear. BMI is a measure of general obesity while WHR measures primarily
central obesity. Perhaps survival outcomes may be more closely related to general obesity
than central obesity in Chinese CRC patients. Additional research is needed to understand
the mechanisms of the associations observed in this study.

To our knowledge, this is the first cohort study to examine the relationship between pre-
diagnosis BMI/WHR and prognosis in Asian populations with CRC. Four studies have been
conducted in Asian colorectal patients to evaluate BMI measured at cancer diagnosis in
relation to outcome. Results from these studies were conflicting, showing no
association920, a borderline decreased disease-free survival?! or even an improved overall
survivall8 associated with overweight. All these previous studies had small sample sizes,
limiting their ability to rigorously evaluate the association of BMI and mortality among CRC
patients. The previous studies also used different BMI categories in the analysis, making a
direct comparison of their results with ours difficult. Furthermore, these previous studies
assessed BMI at diagnosis rather than pre-diagnostic BMI. Because of possible weight loss
during the cancer development and progression in some patients, reverse causation could
affect the validity of the study results.

When participants were stratified according to tumor location, we found that the BMI-
mortality association did not differ between colon and rectal cancer. While, in a similar
cohort study of CRC with predominantly European-descent participants, pre-diagnosis obese
BMI was associated with higher risk of all-cause mortality among participants with rectal
cancer but not colon cancer.® However, in another study, both underweight and obese
patients were at increased risk of colon cancer death, no association was observed for those
with rectal cancer.” Although it is still unclear whether obesity exerts different impacts on
the prognosis of colon cancer and rectal cancer, it has been suggested that obesity adds to
the technical challenge of pelvic operations in both open and laparoscopic radical
proctectomy.2® Some studies have reported that obesity was associated with shorter disease-
free survival, retrieval of fewer lymph nodes, longer operative times, lower rates of sphincter
preservation, higher rates of postoperative complications, and higher likelihood of local
recurrence in patients with rectal cancer.21:27.28

Except for increasing the risk of suboptimal treatment and complications, the underlying
mechanisms by which obesity affects CRC prognosis are largely unclear. It has been shown
that obesity is associated with insulin resistance and higher levels of circulating insulin, and
insulin could enhance the bioactivity of IGF-I, which can promote cell proliferation and
protect cancer cells from apoptosis.2® Other pathophysiological and biological mechanisms
have also been suggested to impact cancer mortality, including adipokines, obesity-related
inflammatory markers, nuclear factor kappa beta system, and oxidative stresses.30
Furthermore, some studies have demonstrated that the adverse effect of obesity on patient
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survival was modified by specific gene expression.31:32 Some studies have also found that
underweight BMI was associated with increased mortality compared with normal BMI, an
association possibly reflecting underlying comorbidities that increased mortality.”8 In
addition, underweight participants were more likely to develop chemotherapy-related
toxicities and complications33, compromising the effect of cancer treatment.

The strengths of our study include a large sample size, a standardized assessment of
anthropometrics, ability to adjust for a wide range of potential confounding variables, and
the nearly complete follow-up on outcomes. Limitations to our study include a lack of data
on post-diagnosis BMI/WHR information, treatment related complications, and detailed
cancer treatment data. Because men and women were recruited in somewhat different time
periods, potential period effects should be considered when comparing the results between
men and women. Although the pre-diagnosis BMI used in this study was measured at
different times before diagnosis, results from our survival analyses stratified by different
intervals between measurement and diagnosis were very similar.

In conclusion, our cohort study found that pre-diagnostic BMI was associated with survival
among CRC patients following a U-shape pattern; obesity determined prior to cancer
diagnosis was independently associated with poor prognosis for CRC patients, whereas no
statistically significant associations were observed for WHR. These findings indicate the
importance of maintaining a healthy weight which may help to potentially improve
prognosis following a colorectal cancer diagnosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Brief description of the novelty and impact of the work

Previous studies showed an inconsistent association of general obesity and survival in
patients with colorectal cancer (CRC), and this association has been understudied among
Asian populations. Central obesity, as often measured using waist-to-hip ratio, has even
less adequately studied in relation to survival outcome of CRC patients. In our study, pre-
diagnostic BMI was associated with survival among CRC patients following a U-shape
pattern, while no statistically significant associations were observed for WHR.
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Figure 1.
Kaplan-Meier Estimates of Survival Functions for CRC-specific (A) and All-cause (B)

Mortality across BMI Categories Among Patients with Colorectal Cancer in Shanghai
Women’s and Shanghai Men’s Cohorts, 1997-2013.

Dotted line: BMI < 18.5 kg/m?; Dashed line: BMI 18.5-25.0 kg/m?; Gray line: BMI 25.0—
30.0 kg/m?; Black line: BMI = 30.0 kg/m2.

Pvalue: log-rank £<0.001 for both CRC-specific and all-cause mortality.
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Hazard Ratio
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013
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Figure 2.
Dose-response Using Restricted Cubic Spline Model for the Association between Pre-

diagnosis BMI and All-cause Mortality in Shanghai Men’s and Shanghai Women’s Cohorts,
1997-2013. Adjusted by Age at Diagnosis, Sex, Income Level, Smoking Status,
Comorbidity and TNM Stage.

P for non-linearity = 0.0001.
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Variable (Number of events/patients at risk)

TNM stage
I-11 (88 / 573)
111 (165 / 400)
IV (136 / 163)
Physical activity
No (266 / 821)
Yes (233 / 631)
Income
Low (97 / 233)
Middle (371 / 1113)
High (31 / 106)
Male
Nonsmokers (65 / 198)
Smokers (116 /375)
Female
MNonsmokers (312 / 859)
Smokers (6/20)
Interval between interview and cancer diagnosis
<8 yrs (305 / 775)
>=8 yrs (194 / 677)
Interval between interview and cancer diagnosis<8 yrs
Colon cancer (188 / 460)
Rectal cancer (117 / 315)
Interval between interview and cancer diagnosis>=8 yrs
Colon cancer (131 / 434)
Rectal cancer (63 / 243)

b
|

-2 0 2 4 6
Estimated HR for Obese vs Normal (95% CI)*

HR(85%Cl)

2.63 (1.15-6.02)
2.01 (1.15-3.54)
1.06 (0.55-2.05)

1.59 (1.00-2.52)
1.42 (0.85-2.37)

2.25 (1.08-4.70)
1.48 (0.97-2.24)
0.94 (0.12-7.58)

0.71 (0.19-2.65)
1.70 (0.70-4.17)

1.61 (1.07-2.41)
NE

1.55 (0.98-2.46)
1.24 (0.74-2.07)

1.27 (0.68-2.38)
2.03 (1.02-4.07)

1.51 (0.76-3.00)
1.40 (0.58-3.38)

P heterogeneity

0.18

0.75

0.54

0.28

NE

052

0.32

0.89

Figure 3.

Adjusted Hazard Ratios for CRC-specific Mortality between Obese BMI and Normal BMI
Stratified by Stage, Physical Activity, Income, Smoke and Different Intervals between

Measurement and Diagnosis.

HRs: Adjusted by age at diagnosis, sex, income level, smoking status, comorbidity and

TNM stage.

NE = Not estimated due to small number of events.
*HRs and 95% CI for obese BMI compared to Normal BMI.
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