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Purpose

Little is known about the association of recreational physical activity or leisure time spent sitting
with survival after colorectal cancer diagnosis. This study examined the associations of prediag-
nosis and postdiagnosis recreational physical activity and leisure time spent sitting with mortality

among patients with colorectal cancer.
Patients and Methods

From a cohort of adults without colorectal cancer at baseline in 1992-1 993, we identified 2,293
participants who were diagnosed with invasive, nonmetastatic colorectal cancer up to mid-2007.
At baseline, before their cancer diagnosis, and again after their cancer diagnosis, participants
completed detailed questionnaires that included information concerning recreational physical

activity and leisure time spent sitting.
Results

During a maximum follow-up of 16.1 years after colorectal cancer diagnosis, 846 patients with
colorectal cancer died, 379 of them from colorectal cancer. Engaging in 8.75 or more metabolic
equivalent (MET) hours per week of recreational physical activity (equivaient to approximately 150
minutes per week of walking) compared with fewer than 3.5 MET hours per week was associated
with lower all-cause mortality (prediagnosis physical activity: relative risk [RR], 0.72; 95% Cl, 0.568
to 0.89; postdiagnosis physical activity: RR, 0.58; 95% Cl, 0.47 to 0.71). Spending 6 or more hours
per day of leisure time sitting compared with fewer than 3 hours per day was associated with
higher all-cause mortality (prediagnosis sitting time: RR, 1.36; 95% Cl, 1.10 to 1.68; postdiagnosis

sitting time: RR, 1.27; 95% Cl, 0.99 to 1.64).

Conclusion

More recreational physical activity before and after colorectal cancer diagnosis was associated
with lower mortality, whereas longer leisure time spent sitting was associated with higher risk

of death.

J Clin Oncol 31:876-885. © 2013 by American Society of Clinical Oncology
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There is growing evidence from randomized, clini-
cal trials that exercise is safe and well-tolerated by
patients with cancer during and after treatment."?
Exercise also enhances quality of life and improves
physical functioning among colorectal cancer
survivors.> The association between recreational
physical activity and mortality among colorectal
cancer survivors is unclear.*® Of three studies with
prediagnosis assessments of recreational physicalac-
tivity, two assessed activity approximately 6 months
to 2 years before colorectal cancer diagnosis and
reported no association with mortality,”” whereas
the third study evaluated activity an average of 5
years before colorectal cancer diagnosis and re-
ported a modest inverse association.’ In contrast,
studies of postdiagnosis recreational physical activ-
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ity among colorectal cancer survivors have consis-
tently shown markedly lower risks of mortality
among more-active relative to less-active patients.””
No study has yet assessed the association of sitting
time on mortality among colorectal cancer survi-
vors, although data suggest positive associations of
sitting time with colorectal cancer incidence'®** and
all-cause mortality.">"¢

Several expert committees have provided phys-
ical activity guidelines for cancer survivors."’"?
These recommendations are similar to guidelines
for primary cancer prevention and include theaccu-
mulation of 150 or more minutes per week of
moderate-to-vigorous intensity physical activity
and the avoidance of inactivity. Given the current
absence of data from randomized controlled trials,
studies drawn from well-characterized prospective
cohort studies are needed to help establish the
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evidence base for physical activity and sitting time recommendations
among cancer survivors. In this study, we assessed the association of
recreational physical activity and leisure time spent sitting, before and
after cancer diagnosis, on all-cause and cause-specific mortality
among patients with invasive, nonmetastatic colorectal cancer.

Study Cohort

Men and women in this study were identified from among the 184,194
participants in the Cancer Prevention Study-IT (CPS-II) Nutrition Cohort.
The CPS-II Nutrition Cohort is a prospective study of cancer incidence that
was initiated in 1992.202! The CPS-II Nutrition Cohort is approved by the
Emory University institutional review board. At enrollment onto the Nutri-
tion Cohort, participants completed a 10-page epidemiologic questionnaire.
Follow-up questionnaires were mailed in subsequent years to update informa-
tion and to learn of newly diagnosed cancers.

Among participants with no history of colorectal cancer at baseline, we
identified 3,491 participants diagnosed with invasive colon or rectal cancer by
the end of incidence accrual in June 2007. Colorectal cancer diagnoses were
verified through medical records or linkage with state cancer registries when
medical records could not be obtained. Among the 3,491 identified patients
with colorectal cancer, exclusions were based on cancer identified through the
National Death Index (NDI)?? that could not be verified with cancer registries
(n = 211); prior diagnosis of cancer at baseline, other than nonmelanoma skin
cancer (n = 367); implausible diagnosis date (n = 8); nonadenocarcinoma
histology (n = 46); missing or implausible body mass index (BMI) at baseline
(n = 36); missing recreational physical activity and leisure time spent sitting at
baseline (n = 15); diagnosis and death dates on the same day (n = 2);
unknown stage at diagnosis (n = 129); and metastatic disease on diagnosis
(n = 384). Consistent with previous survival studies from this cohort,?>%*
patients with metastatic colorectal cancer were excluded. These patients are
generally excluded from prognosis studies of lifestyle factors because of the
potential for overt illness to have an impact on both mortality and the lifestyle
factor of interest and because few patients with advanced disease would beable
to return a postdiagnosis questionnaire. Thus, 2,293 men and women were
included in analyses of prediagnosis physical activity.

In analyses of postdiagnosis recreational physical activity and leisure time
spent sitting, patients who died within 6 months of returning their first post-
diagnosis questionnaire were excluded because their activity and sitting time
would have been plausibly affected by occult disease or overt illness (45 deaths
for sitting time, 32 deaths for physical activity; no patients died within 6
months of returning the prediagnosis survey). Of the 2,262 patients with
prediagnosis assessments of recreational physical activity, 1,800 (80%) also
reported their postdiagnosis activity levels. Likewise, of the 2,236 patients with
prediagnosis assessments of leisure time spent sitting, 1,656 (74%) also re-
ported their postdiagnosis sitting time.

Assessment of Recreational Physical Activity, Leisure Time
Spent Sitting, and Relevant Covariables

Self-reported recreational physical activity was recorded on the baseline
questionnaire (1992-1993) and updated on follow-up surveys in 1997, 1999,
2001, and 2005. On each survey that included physical activity questions, the
same modes of physical activity were queried (ie, walking, jogging, lap swim-
ming, tennis, cycling, aerobics, and dancing); however, the categories for
“hours per week” sometimes differed. On the 1992-1993 baseline survey, the
check-box categories for weekly duration of physical activities were “none,” “1
to 3 hours,” “4 to 6 hours,” and “7+ hours.” On the 1997 follow-up survey, the
corresponding categories were “none,” “1 hour,” “2 to 3 hours,” and “4+
hours.” On the 1999, 2001, and 2005 surveys, the categories were “none,” “1to
19 minutes,” “20 to 59 minutes,” “1 hour,” “1to L5 hours,” “2 to 3 hours,” “4
to 6 hours,” “7 to 10 hours,” and “11+ hours.” In this analysis, the categories
from the more detailed surveys were combined to reflect the categories from
the less detailed 1997 survey.

www.jco.org

Recreational physical activity was categorized in this analysis as less than
3.5 (referent group), 3.5t0 8.74, and 8.75 or more metabolic equivalent (MET)
hours per week. Detailed calculations for MET hours per week have been
described previously.'#?* The MET hours per week categories in this study
translate to less than 1 hour of walking per week, 1 hour to less than 2.5 hours
of walking per week, and 2.5 hours or more of walking per week (ie, meeting
the physical activity recommendation for cancer survivors'"'7-17), respectively.

Self-reported leisure time spent sitting was recorded on the 1992-1993
baseline and on the 1999, 2001, and 2005 surveys with questions that included
daily time (in minutes or hours) in the past year spent driving or sittingina car,
sitting on a bus, or sitting on a train; sitting and watching television; and sitting
at home reading. Sitting time categories in this analysis were defined as less
than 3 hours per day, 3 to less than 6 hours per day, and 6 or more hours
per day.

For this analysis, the 1992-1993 physical activity and sitting time ques-
tions served as the prediagnosis assessments at a mean of 7 years before cancer
diagnosis (median, 6.8 years). The first surveys completed after the patients’
colon or rectal cancer diagnoses were used for the postdiagnosis assessment.
The postdiagnosis assessments occurred 1.7 and 2.3 years (means) after cancer
diagnosis for physical activity and sitting time, respectively (physical activity
median, 1.4 years; sitting time median, 1.9 years).

Information on first course of cancer treatment was obtained by self-
reported questionnaires that were mailed to participants after their initial
report of colorectal cancer. A participant could report surgery, chemotherapy,
or radiation, or any combination thereof as a first course of cancer treatment.
No data on treatment could be obtained from the approximately one third of
participants who did not return this questionnaire.

Study Outcomes

Vital status, cause of death, and date of death were ascertained through
linkage to the NIDI for deaths up to December 31, 2008.%2 Cause of death has
been obtained for 99.3% of all known deaths in the CPS-II Nutrition Cohort.
The primary outcome in this study was all-cause mortality. The secondary
outcome was colorectal cancer—specific mortality (International Classification
of Diseases, 9th Revision [ICD-9]: 153, 154; ICD, 10th Revision [ICD-10]:
C18, C19, C20). Tertiary outcomes were cardiovascular disease (CVD)—
specific mortality (ICD-9: 390-459; ICD-10: 100-199) and deaths from all
noncolorectal and non-CVD causes combined (eg, all other causes of death).
The cause-specific outcomes were mutually exclusive, defined according to the
singular underlying cause of death on the NDI record.

Statistical Analysis

Age-adjusted and multivariable-adjusted relative risks (RRs) and 95%
Cls were calculated by using Cox proportional hazards models to estimate the
associations of recreational physical activity and leisure time spent sitting with
all-cause, colorectal cancer—specific, CVD-specific, and all other causes of
death. The stratified Cox procedure was used to adjust for age at diagnosis
within 1-year strata. The multivariable Cox models included recreational
physical activity, leisure time spent sitting, BMI, education, red meat intake,
smoking status, tumor stage, and sex. Recreational physical activity and leisure
time spent sitting were mutually adjusted. Further adjustment for other vari-
ables (eg, time elapsed from baseline to colorectal cancer diagnosis, nonrecre-
ational physical activity, family history of colorectal cancer, prevalent CVD or
respiratory disease, aspirin or nonsteroidal anti-inflammatory drugs, and first-
course cancer treatment) made no appreciable difference to the RR estimates
and were not included in the final models.

Follow-up time for prediagnosis recreational physical activity and
leisure time spent sitting began on the date of colon or rectal cancer
diagnosis and ended on the date of death or December 31, 2008, whichever
came first. Follow-up time for postdiagnosis recreational physical activity
and leisure time spent sitting began on the date the postdiagnosis question-
naire was returned.

Whether the associations of physical activity or sitting time with mortal-
ity differed by sex, age, subsite in the colorectum, stage, BMI, education,
smoking status, and red meat intake was examined via the likelihood ratio test.
In sensitivity analyses, we excluded deaths that occurred within 2 years of
colorectal cancer diagnosis, deaths that occurred within 2 years of returning a
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survey, participants who were still employed, and participants whose postdi-
agnosis surveys were returned within 1 year of cancer diagnosis. All Pvalues are
two-sided; P values less than .05 are considered statistically significant.

Participant Characteristics at Baseline

The distributions of baseline characteristics by MET hours of
recreational physical activity are provided in Table 1. There were no
marked differences across recreational physical activity categories for
age at colorectal cancer diagnosis, self-reported race, family history of
colorectal cancer, leisure time spent sitting, hypertension, diabetes, or
any of the pathologic or clinical characteristics, including stage. Dif-
ferences across recreational physical activity categories were noted for
sex, education, smoking, red meat intake, and BML

Follow-Up Time and Mortality Outcomes

There were 2,293 men and women included in this analysis with
Surveillance, Epidemiology, and End Results (SEER) —staged localized
or regional colorectal adenocarcinoma, and the mean follow-up time
from cancer diagnosis to death or end-of-study was 6.8 years (mini-
mum, 2 days; maximum, 16.1 years). Among the participants who
were alive at the end of follow-up, the mean follow-up time was 8.1
years (minimum, 1.5 years; maximum, 16.1 years). By the end of the
follow-up period, 846 deaths occurred from all causes, of which 379
were attributed to colorectal cancer, 152 to CVD, 127 to other cancers,
49 to respiratory disease, and 139 to all remaining causes combined.

Recreational Physical Activity Before and After
Colorectal Cancer Diagnosis and Mortality

As delineated in Table 2, the highest prediagnosis recreational
physical activity category (8.75 or more MET hours per week) com-
pared with the lowest category (< 3.5 MET hours per week) was
associated with a 28% lower risk of all-cause mortality. The same
comparison for postdiagnosis recreational physical activity resulted in
an RR of 0.58. In cause-specific mortality analyses, only the results for
CVD mortality were statistically significant (prediagnosis RR, 0.60;
postdiagnosis RR, 0.36). Recreational physical activity was modestly
inversely associated with colorectal cancer mortality in both pre- and
postdiagnosis assessments, but the Cls overlapped with 1 in the mul-
tivariable analysis.

Leisure Time Spent Sitting Before and After
Colorectal Cancer Diagnosis and Mortality

Leisure time spent sitting of 6 or more hours per day on the
prediagnosis survey was associated with a statistically significant
36% higher risk of all-cause mortality (Table 3). The RRs for the
associations of prediagnosis sitting time with colorectal cancer
mortality and CVD mortality were nearly similar in magnitude but
were not statistically significant. Postdiagnosis sitting time was
associated with a 27% higher risk of all-cause mortality, although
the lower limit of the CI was 0.99 (P = .06). Postdiagnosis sitting
time was associated with a statistically significant 62% higher risk
of colorectal cancer—specific mortality and a nonstatistically signif-
icant higher risk of CVD mortality.

878 © 2013 by American Society of Clinical Oncology

Recreational Physical Activity and Leisure Time Spent
Sitting Stratified by Other Variables

As shown in Figures 1A and 1B, there was no evidence of heter-
ogeneity for the associations of prediagnosis recreational physical ac-
tivity (Fig 1A) or leisure time spent sitting (Fig 1B) with all-cause
mortality by strata of sex, age, subsite in the colorectum, SEER sum-
mary stage, BMI, education, smoking, or red meat intake. Associa-
tions with postdiagnosis physical activity and sitting time were also
largely consistent across subgroups (data not shown). In post hoc
analysis among patients with distant metastatic disease, associations of
prediagnosis physical activity and sitting time with all-cause mortality
were similar to the reported associations among patients with non-
metastatic disease (data not shown). :

Sensitivity Analyses

In sensitivity analyses, no substantive differences were noted for
associations of recreational physical activity or leisure time spent sit-
ting with all-cause mortality after excluding deaths that occurred
within 2 years of colorectal cancer diagnosis; deaths that occurred
within 2 years of returning the relevant survey; participants who were
still employed; and, in analyses of postdiagnosis activity, participants
whose postdiagnosis surveys were returned within 1 year of cancer
diagnosis (data not shown).

In this prospective study of 2,293 colorectal cancer survivors, meeting
the public health recommendation of 150 minutes or more of
moderate-intensity physical activity per week (ie; 8.75 or more MET
hours per week) was associated with lower risk of all-cause and CVD
mortality. This study is, to the best of our knowledge, the first to show
an association between longer leisure time spent sitting and higher risk
of mortality among colorectal cancer survivors. These associations
persisted when recreational physical activity and sitting time were
assessed before and after colorectal cancer diagnosis, after control-
ling for several potentially confounding variables, including BMI,
smoking, and disease stage, and after performinga series of sensi-
tivity and subgroup analyses. This study adds importantly to the
sparse prospective data on the role of physical activi 5% and sitting
time with mortality for colorectal cancer survivors and provides
evidence to support current recommendations for physical activity
among cancer survivors,"”"?

Results of other studies on prediagnosis recreational physical
activity and survival after colorectal cancer diagnosis are inconsistent.
In a prospective study of 526 colorectal cancer survivors that assessed
physical activity a median of 5.3 years before cancer diagnosis, the
exercise group compared with a nonexercise group, had 23% and27%
lower risks of all-cause and colorectal cancer mortality, respectively,
although the former estimate was not statistically significant.® In con-
trast, in studies of 573 women’ and 661 men,” in which physical
activity was evaluated approximately 6 months to 2 years before colo-
rectal cancer diagnosis, there were no associations with all-cause or
colorectal cancer mortality. When we repeated our prediagnosis anal-
ysis by using the last physical activity survey completed before colorec-
tal cancer diagnosis (median, 1.6 years prediagnosis), there was a
statistically significant inverse association with all-cause mortality
(= 8.75 MET hours per week compared with < 3.5 MET hours per
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Physical Activity, Sitting Time, and Colorectal Cancer Prognosis

A
Models RR 95% Cl P
All —— 0.72 0.58 to 0.89
Sex :
Female P 0.81 0.631t0 1.23
Male —— 0.68 0.52t0 0.88 .33
Age at diagnosis, years |
<70 —— 0.70 0.49 to 1.00
>70 ——A 0.73 0.55 to 0.96 .90
Colorectal cancer site H
Colon — 0.64 0.50 to 0.82
Rectal — 0.87 0.54 to 1.40 .48
SEER summary stage : Fig 1. (A) Relative risks (RRs) and 95%
Localized —— 0.63 0.45t0 0.89 Cls for deaths from all causes comparing
B Z?g‘oa"s":!_ dox, kglm? —— 0.78 05910 1.04 79 men and women who reported = 8.75
ody mass index, : metabolic equivalent hours per week of
<30 ' ¢ N 0.66 0.5210 0.85 physical activity to less than 3 metabolic
230 3 ' M 0.85 052t01.39 45 equivalent hours per week at baseline in
Education level : 1992-1993. P values for heterogeneity are
High school or less \ : 0.65 0.46 10 0.90 drawn from a 2 df test; results for the
e High schoql y [ 0.81 0.60to 1.11 33 midcategory of physical activity are not
C'%’xgﬁ smoking : 0.65 0.43 10 0.98 shown in the figure. Models are shown for
o : : ' ' the overall association and are stratified by
Ev_er : 0.78 0.60 to 1.02 79 sex, age, colorectal cancer subsite, SEER
Servgngs of reg meat : 0 summary stage, body mass index, educa-
:5 p:rr\‘//vveeeGk o ! 0;2 ggg Io 13; 76 tion level, cigarette smoking status, and
_— P : ' 0410 1. . red meat intake and are adjusted for sex,
0.1 1 10 age at colorectal cancer diagnosis, educa-
. . tion, body mass index, smoking, red meat
Relative Risk (95% Cl) intake, leisure time spent sitting, and tu-
B mor stage. (B} RRs and 95% Cis for
Models RR 95% Cl P deaths from all causes comparing men
. and women who sat for more than 6
All : e 1.36 1.1010 1.68 hours per day in their leisure time to men
Sel);emale ' N 1.39 0.94 t0 2.05 and women who sat for less than 3 hours
H ! ' ' per day at baseline in 1992-1993. Pvalues
A M.’;Ited‘a . ; 1.31 11010 1.70 97 for heterogeneity are drawn from a 2 df
9270 lagnosis, years _ * ; 134 0.94 10 1.93 test; results for the midcategory of sitting
: ¢ . . ! time are not shown in the figure. Models
CoTo7rgctal cancer site ; 1.39 106t01.81 .67 are shown for the overall association and
Colon ; o 1.41 1100 1.81 are stratified by sex, age, colorectal can-
Rectal H R 1'33 0.84 to 2'10 75 cer subsite, SEER summary stage, body
SEER summary stage : : ' : ' mass index, education Ievel,. cigarette
Localized e 154 11110 2.15 smoking status, and red meat intake and
Regional e 1:24 0.92 to 1.66 a4 are adjusted for age at colorectal cancer
Body mass index, kg/m2 : : i diagnosis, education, body mass iqdex.
<30 ’ ;,_‘__‘ 131 1.02 t0 1.67 smolfing, rgc! meat intake, recreational
=230 — ’Y 1.29 07810213 .89 physical activity, and tumor stage.
Education level
High school or less H t——e——— 1.80 1.25t0 2.59
> High school ——— 118 0.89t0 1.55 .82
Cigarette smoking :
Never ———— 1.42 0.98 to 2.05
Ever P 1.39 1.06t01.82 .07
Servings of red meat H
<5 per week e p————i 1.25 0.89to 1.75
> 5 per week | ——— 1.48 1.06t02.08 .26
™ T Y
0.1 1 10
Relative Risk (95% Cl)

week; RR, 0.66; 95% CI, 0.54 to 0.79), consistent with our findings
from the 1992-1993 baseline and postdiagnosis questionnaires. Previ-
ous studies on postdiagnosis recreational physical activity”™ are con-
sistent with our findings of lower risk of all-cause mortality among
colorectal cancer survivors who are more physically active.

Reasons for an inverse association between recreational phys-
ical activity and mortality among patients with colorectal cancer
are unclear but might include pathways that involve predisposition
to biologically less aggressive colorectal tumors, independent of

Www.jco,org

disease stage; elements of a training effect whereby physical activity
leads to improved functional capacity to tolerate and complete
surgery and adjuvant treatment; improvements in systemic bio-
markers related to inflammation, oxidative stress, immunity,
growth hormones, insulin, and glucose; improvements in cardio-
vascular health indicators, such as lipoproteins or blood pressure;
other mechanisms; some combination of the above; or chance. It
should be noted that part of the association between recreational
physical activity and lower overall mortality in our study was dueto

© 2013 by American Society of Clinical Oncology 883

Information downloaded from jco.ascopubs.org and provided by at UMD NEW JERSEY on April 28, 2013 from

Copyright © 2013 American S8 1S B3irfie&i Oncology. All rights reserved.




Campbell et al

lower mortality from causes other than colorectal cancer, consis-
tent with studies that show that physical activity is associated with
lower mortality from many chronic diseases.*®

Sitting time is an emerging risk factor for colorectal cancer
incidence!'®'2 and mortality.'>*® No study, to the best of our knowl-
edge, has evaluated the association between sitting time and mortality
among colorectal cancer survivors specifically, or indeed, among any
population of cancer survivors. Thus, these study results of a higher
risk of mortality among participants who sat for more of their leisure
time are novel but should be replicated in other studies. Given the
rarity of data on this topic it may be premature to speculate on a
mechanism to explain this association; however, one relevant pathway
may involve insulin and glucose.””** Sedentary time, objectively mea-
sured by accelerometry, was positively associated with 2-hour plasma
glucose in a study of adults without diabetes.”” A recent meta-analysis
identified associations of television viewing time with higher risks of
type 2 diabetes and CVD."® In this cohort, we previously identified a
higher risk of mortality among patients with colorectal cancer with
diabetes.?* Additional mechanisms may include oxidative stress, vita-
min D, sex hormones, and lipoprotein lipase activity.’**' More stud-
ies are needed to confirm an association between sitting time and
mortality and to identify the mechanisms that connect sitting time
to mortality.

The strengths of this study include its large sample size, prospec-
tive design, and inclusion of detailed information on important con-
founders. An uncommon strength of this study is the ability to
examine both pre- and postdiagnosis reports of recreational physical
activity and leisure time spent sitting. Limitations to this study include
lack of data on cancer recurrence, tumor molecular phenotype,”*>>
and details of treatment. On the basis of the data available, however,
there were no differences in treatment by level of baseline physical
activity. Because all of the studies on this topic to date are observa-

tional, we cannot rule out the possibility that other factors associated
with both physical activity and mortality and not assessed in these
studies may be driving these apparent associations. Randomized, con-
trolled trials will be needed to ultimately establish causation.*®

In conclusion, this study supports public health recommenda-
tions for recreational physical activity and the avoidance of sedentary
time among colorectal cancer survivors. Clinically, physical activity
recommendations should be based on the abilities and overall medical
condition of a patient with cancer.! Our results add to mounting
evidence that physicians should consider counseling colorectal cancer
survivors to adopt a physically active lifestyle aiming to achieve 150
minutes per week or more of moderate intensity activity, such as
walking, and to avoid prolonged sitting.
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