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Abstract

Objectives  Although overweight body mass is an estab-
lished risk factor for colorectal cancer incidence, few
studies have examined the association between body mass
index (BMI) and mortality after colorectal cancer diagno-
sis. We examined survival in a group of postmenopausal
women according to BML.

Methods Using the Wisconsin Cancer Reporting System
we identified and enrolled 633 postmenopausal women
aged 38-74 years who were diagnosed with colorectal
cancer in 1988-1991. These women were interviewed by
telephone; vital status was ascertained via Wisconsin death
certificates. Cox proportional hazards regression was used
to estimate multivariate risks of colorectal cancer-specific
and all-cause mortality.
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Results Both underweight (BMI <20.0 kg/mz) (Hazard
Ratio (HR) 2.3, 95% Confidence Interval (CI) 1.0-5.4) and
obese (BMI > 30.0 kg/mz) women (HR 2.1, 95% CI 1.1-
3.8) were at increased risk of colon cancer death, as
compared to normal weight women (BMI 20.0-24.9 kg/
m2). No association was observed for those with rectal
cancer. Approximately 50% increases in all-cause mortal-
ity were observed among underweight and obese women
with colorectal cancer. Postmenopausal hormone use did
not appear to modify these associations.

Conclusions Underweight and obese postmenopausal
women with colon cancer were at increased risk of death,
though comorbidities may partially account for this risk.

Keywords Body mass index - Colorectal cancer -
Mortality
Introduction

Multiple studies have reported an increased risk of colo-
rectal cancer with increasing body mass index (BMI)
[1-24]. However, this association has been found more
consistently in men than in women, and further to be
stronger in magnitude in men [2, 3, 7, 8, 15, 16, 18, 20, 22—
24]. The weaker association in women may be due to the
modifying effects of endogenous and exogenous estrogen
[3, 4]. Since heavier women have higher levels of estrogen
[25], and because estrogen is inversely associated with
colorectal cancer [26-28], the higher circulating levels of
estrogen in overweight and obese postmenopausal women
may partially counteract the negative consequences of
elevated BMI.
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Fewer studies have examined the relationship between
BMI and survival following the diagnosis of colorectal cancer
[29-31], and results of these studies have been less consistent.
For colon cancer, Slattery et al. [31] found the highest risk of
all-cause mortality among both the thinnest and the heaviest
individuals, while Meyerhardt et al. [29] reported an in-
creased risk of death in underweight men, and an increasing
risk with increasing BMI in women. In a similar analysis of
rectal cancer cases, Meyerhardt et al. [30] found an increased
risk of overall mortality among underweight men and women,
but no suggestion of increased mortality among those who
were overweight and obese. To our knowledge, no previous
study has examined colorectal cancer-specific mortality fol-
lowing cancer diagnosis according to BMI.

We sought to examine the impact of BMI on colorectal
cancer-specific and all-cause mortality in a population-
based sample of postmenopausal women with colorectal
cancer who had participated in a case-control study in
Wisconsin. Further, we investigated the potentially modi-
fying influence of postmenopausal hormone (PMH) use on
BMI-related survival.

Methods

Study subjects were women aged less than 75 years who
had a diagnosis of colorectal cancer reported to the Wis-
consin Cancer Reporting System in 1990 or 1991 (including
cancers diagnosed in 1988-1991), and who participated in a
case—control study of risk factors for incident colorectal
cancer [11]. The women completed a telephone interview
that elicited information regarding basic demographics and
risk factors for colorectal cancer, including weight 5 years
prior to interview and tallest height attained. A woman’s
current weight at the time of interview was not ascertained.
Interviews were conducted between 1990 and 1992, and
occurred a median of 13 months (range 4-28 months) fol-
lowing diagnosis. Overall participation of the cases was
approximately 75%; about 15% of cases died prior to at-
tempted contact, and the remainder of non-participants
represent either physician or subject refusals [11].

Data were available from 714 cases. Of these, 21 cases
did not report their height and/or weight at the interview and
were excluded. An additional 60 women were premeno-
pausal at the time of diagnosis and were also excluded, as
the sample size did not permit a thorough evaluation of BMI
and subsequent mortality among premenopausal colorectal
cancer cases. The remaining 633 cases, ranging in age from
38 to 74 years, were included in this analysis.

Body mass index (BMI) was categorized as less than
20.0, 20.0-24.9, 25.0-29.9, and 30.0 or more kilograms per
meter squared. These categories correspond roughly to
“underweight”, “normal weight”, “overweight”, and
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“obese” as defined by the World Health Organization [32].
Additional data needed for analysis was obtained from the
Wisconsin Cancer Reporting System, including stage of
colorectal cancer at diagnosis and tumor location within the
colorectum. Vital status and cause of death were ascer-
tained using Wisconsin death certificates through 31
December 2002. Linkage of study participants’ data to data
from the death certificate files was accomplished using the
same criteria used by the National Death Index (i.e. mat-
ches based on social security number, name, and/or birth-
date), which has been shown to be an accurate, efficient
method of identifying deaths among study participants
[33]. Cause of death information was determined using
codes according to the International Classification of Dis-
eases (version 9 for deaths through 1998, version 10
thereafter).

The association between BMI and all-cause and colo-
rectal cancer-specific mortality was assessed using the
Kaplan—Meier product-limit estimator. Cox proportional
hazards models were used to assess the risk of death
according to BMI while adjusting for potentially con-
founding factors. For all Cox models, the reference cat-
egory for BMI was the normal weight group. There was
some suggestion that the proportional hazards assumption
was violated for the age at diagnosis and stage of disease
variables, so we stratified on these variables in the Cox
models (age <60, 60-69, or =70 years; localized, re-
gional, distant, or unknown stage). Stratification allows
the baseline hazard function to vary for differing levels of
a covariate, allowing Cox models to accommodate cova-
riates for which the proportional hazards assumption is
violated [34]. All models were also adjusted for PMH use
and smoking (never, former, or current for both vari-
ables). Potentially confounding factors were decided upon
a priori based on their possible associations with both
BMI and colorectal cancer and/or all-cause mortality. In
addition to the above variables, family history, sigmoid-
oscopy history, marital status, education, race, and alcohol
consumption were considered as potentially confounding
factors, but none had much effect on the BMI risk esti-
mates, and were therefore not retained in the final models.
Separate Cox models for colon and rectal cancer and also
for each tumor stage were fit to assess whether the
association between body mass and survival differed by
tumor site or stage. Finally, we considered Cox models
that evaluated PMH use as an effect modifier of the BMI-
survival association. The reference category for the
interaction model included women of normal weight who
had never used postmenopausal hormones. Due to small
sample size, the overweight and obese BMI categories
were combined for the model with BMI-PMH interaction
terms. The significance of the interaction was evaluated
using the likelihood ratio test.
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Results

The 633 cases of colorectal cancer were followed for
mortality over a mean of 9.4 years (range 0.9-
14.7 years). During the course of follow-up there were
280 deaths, of which 147 were due to colorectal cancer.
Characteristics of the cases are shown in Table 1. PMH
use, smoking, and history of screening by sigmoidoscopy
tended to decrease with increasing body mass. The

cancer stage distribution was most advanced among
those of normal weight. There was a tendency for
underweight individuals to be slightly older, and obese
individuals to be less educated and somewhat less likely
to consume alcohol. Family history of colorectal cancer
was more common in those of greater than normal
weight. The cases were almost exclusively white, and the
proportion of married individuals was similar across BMI
categories.

Table 1 Baseline characteristics of postmenopausal Wisconsin women with colorectal cancer, by body mass index

BMI*
<20.0 (n = 48) 20.0-24.9 (n = 270) 25.0-29.9 (n = 219) 30.0+ (n = 96)
No. % No. % No. % No. %
Age at diagnosis (years)
<50 1 2.1 7 2.6 2 0.9 0 0.0
50-59 7 14.6 40 14.8 38 17.4 18 18.8
60-69 19 39.6 135 50.0 108 493 48 50.0
70-74 21 43.8 88 32.6 71 324 30 31.3
Cancer site
Colon 31 64.6 196 72.6 153 69.9 63 65.6
Rectum 17 354 74 274 66 30.1 33 344
Cancer stage
Localized 25 52.1 95 352 85 38.8 41 42.7
Regional 19 39.6 136 50.4 108 493 44 45.8
Distant 3 6.3 19 7.0 12 55 8 8.3
Unknown 1 2.1 20 7.4 14 6.4 3 3.1
PMH" use
Never 33 73.3 187 71.6 161 75.6 72 78.3
Former 5 11.1 43 16.5 43 20.2 15 16.3
Current 7 15.6 31 11.9 9 4.2 5 5.4
Marital status
Unmarried 18 37.5 99 36.7 77 35.2 38 39.6
Married 30 62.5 171 63.3 142 64.8 58 60.4
Race
White 48 100.0 263 97.4 215 98.2 95 99.0
Black 0 0.0 5 1.9 3 14 1 1.0
Other 0 0.0 2 0.7 1 0.5 0 0.0
Education
Some high school 10 20.8 64 23.7 54 24.7 33 344
High school graduate 24 50.0 130 48.1 106 48.4 42 43.8
Some college 10 20.8 51 18.9 43 19.6 14 14.6
>4 years of college 4 8.3 25 9.3 16 73 7 73
Family history of colorectal cancer
No 40 85.1 227 85.7 164 76.3 76 80.9
Yes 7 14.9 38 14.3 51 23.7 18 19.1
History of sigmoidoscopy screening
No 25 532 162 60.0 130 59.6 67 71.3
Yes 22 46.8 108 40.0 88 40.4 27 28.7
Smoking
Never 20 41.7 130 48.1 110 50.2 63 65.6
Former 13 27.1 74 27.4 62 28.3 21 21.9
Current 15 31.3 66 244 47 21.5 12 12.5
Recent alcohol consumption (g/day)
None 13 27.1 48 18.0 53 244 34 358
>0-6.3 22 45.8 147 55.1 100 46.1 41 432
6.4-12.7 9 18.8 38 14.2 36 16.6 10 10.5
12.8+ 4 8.3 34 12.7 28 12.9 10 10.5

* BMI, body mass index (kg/m?); PMH, postmenopausal hormone
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For both colorectal cancer-specific and all-cause mor-
tality, underweight and obese women were at the greatest
risk of death, and normal weight women were least likely
to die during the follow-up period (Figure 1). In the mul-
tivariate Cox proportional hazards models that were strat-
ified on age and stage and adjusted for smoking and PMH
use, the same overall pattern of survival was observed, with
50-60% increases in the risk of death for both underweight
and obese as compared to normal weight women (Table 2).
However, the increased risk of death among underweight
women was present only among those who had never
smoked. Underweight/never-smokers were at a greatly in-

Fig. 1 Colorectal cancer-specific (a) and (a) 8 |
all-cause (b) mortality, by body mass index -
(kg/m?), following the diagnosis of

colorectal cancer in 633 postmenopausal

women, Wisconsin, 1990-2002
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creased risk of both all-cause (HR 3.6, 95% CI 1.8-7.0)
and colorectal cancer mortality (HR 4.4, 95% CI. 1.9-
10.1), while underweight ever-smokers showed no such
increased risk, with HRs of approximately one.

The remaining analyses focused on colorectal cancer-
specific mortality. Similar patterns were observed when the
models were restricted to those with either localized or
regional cancers (there was insufficient sample size to
evaluate the associations with distant disease). For those
with localized disease, the risk of colorectal cancer death
was increased in both underweight (HR 1.3, 95% CI 0.3—
6.7) and obese women (HR 1.8, 95% CI 0.5-6.4). The
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Table 2 Hazard ratios for colorectal cancer-specific and all-cause mortality in postmenopausal Wisconsin women according to body mass index

BMI* # of Cases Colorectal cancer All-cause

# of Deaths HR™" 95% CI* # of Deaths HR™*" 95% CI*
<20.0 45 13 1.6 0.9-3.1 24 1.5 1.0-2.4
20.0-24.9 261 55 1.0 Referent 108 1.0 Referent
25.0-29.9 213 51 1.3 0.9-19 93 1.2 0.9-1.6
>30 92 26 1.5 0.9-2.6 46 1.5 1.0-2.1

4 BMI, body mass index (kg/mz); CI, confidence interval; HR, hazard ratio

® Cox proportional hazards model stratified on age and stage and adjusted for postmenopausal hormone use and smoking

associations were somewhat stronger for those with re-
gional colorectal cancer (HR 2.3, 95% CI 1.0-5.0 for
underweight women, HR 2.1, 95% CI 1.1-4.0 for obese
women).

The increased risk of colorectal cancer death among
both the leanest and the heaviest women was driven by
cancers of the colon; obese and underweight women with
colon cancer experienced a greater than twofold increase in
risk of death due to their cancer (Table 3). This pattern was
present in both left- and right-sided colon cancers (data not
shown). BMI was not associated with rectal cancer mor-
tality (Table 3).

Cox proportional hazards models that included an
interaction term between BMI and current PMH use were
also considered (Table 4). For both women who had ever
or never used PMH, underweight and overweight/obese
women were at greater risk of colorectal cancer death than

normal weight women. There was no evidence of an
interaction between BMI and PMH use (p for interac-
tion=0.75).

Discussion

In these data, there was a suggestion of an increase in both
cancer-specific and all-cause mortality among postmeno-
pausal women with colorectal cancer who were either
underweight (for nonsmokers only) or obese. The increased
risk of cancer death was found exclusively among those
who had colon cancer. These differences in survival oc-
curred despite a more advanced stage distribution in those
of normal weight. There was no evidence that the associ-
ation was strongest among women who were using
postmenopausal hormones, as has been previously noted in
studies examining BMI and colorectal cancer incidence

Table 3 Hazard ratios for colon and rectal cancer mortality in postmenopausal Wisconsin women according to body mass index

BMI* Colon Rectal

# of Cases # of Deaths HR*® 95% CI* # of Cases # of Deaths HR*® 95% CI*
<20.0 29 8 2.3 1.0-5.4 16 5 0.9 0.3-2.9
20.0-24.9 191 30 1.0 Referent 70 25 1.0 Referent
25.0-29.9 149 34 1.5 0.9-2.5 64 17 1.0 0.5-2.1
>30 61 17 2.1 1.1-3.8 31 9 0.6 0.2-1.6

4 BMI, body mass index (kg/mz); CI, confidence interval; HR, hazard ratio

® Cox proportional hazards model stratified on age and stage and adjusted for postmenopausal hormone use and smoking

Table 4 Interaction between body mass index and postmenopausal hormone use for colorectal cancer mortality risk in postmenopausal
Wisconsin women

BMI* PMH? Use®

Never users Ever users

# of Cases # of Deaths HR*® 95% CI* # of Cases # of Deaths HR*® 95% CI*
<20.0 33 9 1.6 0.8-3.5 12 4 22 0.7-6.4
20.0-24.9 187 39 1.0 referent 74 16 12 0.7-2.2
>25.0 233 64 1.4 0.9-2.1 72 13 13 0.7-2.4

4 BMI, body mass index (kg/mz); CI, confidence interval; HR, hazard ratio;, PMH, postmenopausal hormone

® Cox proportional hazards model stratified on age and stage and adjusted for smoking

¢ At the time of diagnosis
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[3, 4]; this finding should be interpreted cautiously, how-
ever, as a relatively small number of women had used
PMH.

There are several limitations to this study that should be
considered in interpreting these findings. First, we had no
information available to us regarding several potentially
confounding or modifying variables. For example, it has
been suggested that physical activity may modify the BMI-
colorectal cancer incidence association, with active indi-
viduals who are overweight experiencing smaller increases
in their risk of colorectal cancer than sedentary ones [35].
Also, the increased risk of death that we observed may be
due at least in part to the presence of comorbid conditions.
If, for example, those with other chronic conditions expe-
rienced weight loss associated with their disease(s), they
may be overrepresented in the lowest BMI class [36], and
further it is possible that these individuals may be less able
to withstand the stressors of cancer surgery and adjuvant
therapy. Neither of these variables was available in these
data.

Second, the cause of death was determined solely by
Wisconsin death certificates. It is possible that misclassi-
fication of the cause of death occurred, either by recording
deaths from other causes as deaths from colorectal cancer
or vice versa. In a study from Minnesota, the sensitivity of
the death certificate in designating colorectal cancer as the
cause of death was 90%, as compared to a gold standard of
medical record review by an expert panel; the corre-
sponding specificity was 99.7% [37]. However, unless
misclassification of the cause of death differed by BMI,
which we consider less likely, this would tend to bias the
hazard ratios towards the null. Additionally, those dying
after leaving the state of Wisconsin would have failed to
have their deaths captured. Migration from Wisconsin does
not appear to have had a large impact on these results,
though, as a prior analysis (which examined deaths through
1998) suggested a loss of approximately 4% of deaths
when death certificate data only were used, as compared to
both death certificates and the National Death Index
(unpublished data).

Third, in order for cases to be included in this study, they
had to survive long enough to be interviewed. Approxi-
mately 15% of cases died prior to contact, which occurred,
on average, about one year after diagnosis. If the association
between BMI and mortality differed for these early deaths,
then this would serve to bias our results. However, the same
general pattern, with both underweight and overweight/ob-
ese patients at increased risk of death, was observed for all
stages of cancer, including those with localized cancers,
very few of whom would have died prior to contact.

And finally, due to sample size, we had limited statis-
tical power to detect associations of the magnitude that
were observed. This was especially problematic in assess-
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ing the potential interaction between BMI and PMH use,
since the number of women who had used postmenopausal
hormones was rather small.

There have been few prior studies examining body size
and risk of death or cancer recurrence following the diag-
nosis of colorectal cancer. Tartter et al. [38] reported
5-year recurrence rates of colon cancer of about 25% of
female cases who were below the median value for BMI in
their hospital-based sample, and 50% for those above the
median (p<0.01). A smaller, non-significant increase in
recurrence was seen among males who were above the
median BMI.

Three previous studies have examined overall survival
following the diagnosis of colon [29, 31] or rectal [30]
cancer. A small study by Slattery et al. (n=411 cases) [31]
found a U-shaped relationship with overall mortality that
was similar to ours, with 30% increases in the risk of death
in men and women for both the first and fourth quartiles of
BMI, as compared to the second quartile. Separate hazard
ratios for men and women were not provided. The other
two studies, by Meyerhardt et al., were conducted in par-
ticipants in randomized trials of different chemotherapy
regimens in stage II and III colorectal cancer patients.
There was no evidence of differing survival between the
treatment arms of the trials, and therefore the survival of all
participants by BMI was compared. In the trial of colon
cancer patients (n=3,438) [29], there was a trend towards
increasing risk of all-cause mortality among normal weight
to obese women (HR for obese women 1.34, 95% CI 1.07-
1.67); a similar though somewhat less pronounced trend for
disease recurrence was also observed. No increase in risk
was observed among underweight women. Men with colon
cancer had the opposite pattern, with an increased risk of
death among underweight men, but no increase in risk
associated with overweight/obesity. Within the rectal can-
cer trial (n=1,688) [30], there was a suggestion of an in-
creased risk of death among underweight women (HR 1.29,
95% CI 0.87-1.91), but no increase in local recurrence,
which led the authors to speculate that death from non-
cancer related causes was driving this finding. Overweight
and obese women with rectal cancer did not experience
higher rates of either death or local recurrence. For men, on
the other hand, there was an increased risk of local rectal
cancer recurrence among those who were of greater than
normal weight.

Our results are consistent with these previous findings of
an increased risk of death for those with colon, but not
rectal, cancer among those who were overweight/obese.
However, as opposed to studies that were based on data
from randomized controlled trials, we also observed an
increased risk of death among underweight patients. Sev-
eral factors may account for this difference. First, ours was
a population-based sample of colorectal cancer cases, while
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trial participants are a highly selected group. Those with
comorbid conditions that might interfere with treatment
were specifically excluded from trial participation. Thus, as
mentioned above, the increased risk we observed among
underweight individuals may have been due at least in part
to comorbid illness. This may have been reflected in the
association in underweight women that was restricted to
those who had never smoked, both for colorectal cancer-
specific and all-cause mortality. Because those who smoke
are generally leaner than those who do not [36], it is pos-
sible that those who are underweight despite being non-
smokers may be an unusual group, and one that is on
average less healthy (i.e. a group more likely to be
underweight as a result of comorbidities that impact upon
mortality). Second, we had access to certain relevant con-
founding variables, including smoking and PMH use, that
were not adjusted for in prior studies of this question.
Third, we focused primarily on deaths due to colorectal
cancer, rather than all-cause mortality and/or local recur-
rence. And finally, our study ascertained weight 5 years
prior to diagnosis, which has both advantages and disad-
vantages. Weight was ascertained for a time that was more
likely to be prior to when occult cancer would have caused
unintentional weight loss, and therefore was a more rep-
resentative measurement of long-term energy balance.
Because the association between obesity and colorectal
cancer may be due to insulin resistance and the resulting
hyperinsulinemia that occur in a condition of long-term
positive energy balance [39], past weight may be the more
relevant measurement for assessing this association. On the
other hand, any short-term impact of body mass at the time
of diagnosis on mortality outcomes could be obscured by
the use of pre-disease weight.

In conclusion, similar to studies of BMI and incident
colorectal cancer, our results and those of others support an
association between overweight and mortality following
the diagnosis of colon cancer. However, there are impor-
tant questions that remain. The differing associations be-
tween the sexes, between pre- and post-menopausal
women, and the risks for underweight individuals need to
be better characterized, so that the underlying biological
mechanisms behind this association can be better under-
stood. And on a public health level, it is not yet clear
whether weight management after cancer diagnosis could
lead to improved survival. This is perhaps the most rele-
vant information for patients who wish to make lifestyle
changes that will enhance their chances of surviving their
cancer.
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