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ORIGINAL CONTRIBUTION

Effects of Home-Based Diet and Exercise
on Functional Outcomes Among Older,
Overweight Long-term Cancer Survivors
RENEW: A Randomized Controlled Trial
Miriam C. Morey, PhD
Denise C. Snyder, MS, RD, CSO
Richard Sloane, MPH
Harvey Jay Cohen, MD
Bercedis Peterson, PhD
Terryl J. Hartman, PhD, MPH
Paige Miller, MS
Diane C. Mitchell, MS, RD
Wendy Demark-Wahnefried, PhD, RD

IN 2008, THE CENTERS FOR MEDI-
care & Medicaid Services de-
clared mobility maintenance and
functional independence among at-

risk older individuals as the sole pri-
ority in aging research.1 Older cancer
survivors represent an important tar-
get because cancer and its treatment are
associated with accelerated functional
decline.2 Furthermore, cancer survi-
vors face increased risk for second ma-
lignancies, and other chronic diseases
such as cardiovascular disease, osteo-
porosis, and diabetes, all of which are
associated with increased functional
limitations.3-5

The practice of healthy lifestyle be-
haviors may reduce risk for disease and
functional decline. However, many
older cancer survivors report poor life-
style behaviors, and few meet recom-
mended health promotion guidelines.
While most older cancer survivors are
nonsmokers, their dietary and physi-
cal activity behaviors are suboptimal.6

Although cancer survivors report high
interest in exercise-related and diet-
related interventions, this is most pro-

Author Affiliations are listed at the end of this ar-
ticle.
Corresponding Author: Miriam C. Morey, PhD, Duke

University and VA Medical Center, 508 Fulton St,
GRECC 182, Durham, NC 27705 (morey@geri.duke
.edu).

Context Five-year survival rates for early stage colorectal, breast, and prostate can-
cer currently exceed 90% and are increasing. Cancer survivors are at greater risk for
second malignancies, other comorbidities, and accelerated functional decline. Life-
style interventions may provide benefit, but it is unknown whether long-term cancer
survivors can modify their lifestyle behaviors sufficiently to improve functional status.

Objective To determine whether a telephone counseling and mailed print material–
based diet and exercise intervention is effective in reorienting functional decline in older,
overweight cancer survivors.

Design, Setting, and Participants Randomized controlled trial of 641 over-
weight (body mass index �25 and �40), long-term (�5 years) survivors (aged 65-91
years) of colorectal, breast, and prostate cancer, who were randomly assigned to an
intervention group (n=319) or delayed intervention (control) group (n=322) in Canada,
the United Kingdom, and 21 US states. Individuals were recruited for the Reach out
to Enhance Wellness (RENEW) trial from July 1, 2005, through May 17, 2007.

Intervention A 12-month, home-based tailored program of telephone counseling
and mailed materials promoting exercise, improved diet quality, and modest weight
loss. The control group was wait-listed for 12 months.

Main Outcome Measures Change in self-reported physical function on the Short-
Form 36 physical function subscale (score range, 0-100; a high score indicates better
functioning) from baseline to 12 months was the primary end point. Secondary out-
comes included changes in function on the basic and advanced lower extremity func-
tion subscales of the Late Life Function and Disability Index (score range, 0-100), physi-
cal activity, body mass index, and overall health-related quality of life.

Results The mean baseline Short-Form 36 physical function score was 75.7. At the
12-month follow-up, the mean function scores declined less rapidly in the interven-
tion group (−2.15; 95% confidence interval [CI], −0.36 to −3.93) compared with the
control group (−4.84; 95% CI, −3.04 to −6.63) (P=.03). The mean baseline basic lower
extremity function score was 78.2. The mean changes in basic lower extremity func-
tion were 0.34 (95% CI, −0.84 to 1.52) in the intervention group compared with −1.89
(95% CI, −0.70 to −3.09) in the control group (P=.005). Physical activity, dietary be-
haviors, and overall quality of life increased significantly in the intervention group com-
pared with the control group, and weight loss also was greater (2.06 kg [95% CI, 1.69
to 2.43 kg] vs 0.92 kg [95% CI, 0.51 to 1.33 kg], respectively; P� .001).

Conclusion Among older, long-term survivors of colorectal, breast, and prostate can-
cer, a diet and exercise intervention reduced the rate of self-reported functional de-
cline compared with no intervention.

Trial Registration clinicaltrials.gov Identifier: NCT00303875
JAMA. 2009;301(18):1883-1891 www.jama.com
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nounced among younger cancer sur-
vivors with a relatively recent cancer
diagnosis.7 We previously showed posi-
tive trends in reversing functional de-
cline with a home-based physical ac-
tivity and dietary intervention among
182 older adults with newly diag-
nosed cancers.7 It is unknown whether
long-term cancer survivors, whose can-
cer diagnoses are in the distant past,
would partake and benefit from a simi-
lar intervention.

Reach out to Enhance Wellness
(RENEW) is a randomized controlled
trial that tested a home-based diet
and exercise intervention on reorient-

ing the functional trajectory of older,
long-term survivors of breast, pros-
tate, and colorectal cancer. Over-
weight and obese cancer survivors
were targeted for this study because
of the increase in obesity among
older adults,8 and the likelihood that
obesity would further compromise
functional status. Change in physical
function over 12 months in the inter-
vention group compared with the
control group served as the primary
end point. Secondary end points
included measures of physical activ-
ity, body mass index (BMI; calculated
as weight in kilograms divided by

height in meters squared), and overall
health-related quality of life.

METHODS
Study Design

Methods of the RENEW trial have been
published elsewhere.9 In brief, this ran-
domized controlled trial compared a 12-
month diet and exercise intervention
delivered via telephone counseling and
tailored mailed materials with a de-
layed intervention control group. The
research protocol was approved by the
Duke University institutional review
board and the North Carolina Central
Cancer Registry, and written consent
was obtained from all study partici-
pants.

Study Participants

The FIGURE depicts the multitiered
screening and enrollment process. The
trial relied on self-referred partici-
pants and those ascertained from the
North Carolina Central Cancer Regis-
try. A total of 67 161 individuals with
breast, prostate, and colorectal cancer
diagnosed at least 5 years ago and cur-
rently aged 65 years or older with no
evidence of progressive disease or sec-
ond cancers were identified. After com-
paring case lists to state mortality tapes
and conducting further follow-up, du-
plicates were found and those de-
ceased or with missing contact infor-
mation were excluded for potential
contact. Cases whose physicians de-
nied permission to contact their pa-
tients also were excluded. Study let-
ters of invitation were mailed to 20 015
individuals. Of these, 2156 expressed
interest in participation and received a
consent form and brief questionnaire
to screen for eligibility. Responses were
received from 1208 individuals of
whom 567 individuals were deemed in-
eligible because they (1) were institu-
tionalized; (2) had a BMI of less than
25 or greater than 40; (3) had a severe
hearing or speaking impairment; (4)
were non-English speaking or writ-
ing; (5) had contraindications to un-
supervised exercise (angina, myocar-
dial infarction �6 months, congestive
heart failure, chronic obstructive pul-

Figure. Flow of Participants Through the Study

319 Randomized to intervention
group

322 Randomized to delayed
intervention group (control)

107 Self-referred cases verified
by oncologists

67 054 Cases received from
cancer registry

2156 Responded to study invitation and were
mailed screening and consent forms

20 015 Received a mailed study invitation

641 Randomized

948 Screening forms not returned
567 Forms returned but ineligible

207 Medical exclusions
190 Currently exercising at goal
144 Not overweight
26 Morbidly obese

17 859 Never responded or refused
to participate
17 486 Never responded

373 Refused to participate

319 Patients included in
primary analysis

322 Patients included in
primary analysis

269 Completed 12-mo follow-up
50 Dropouts

28 Lack of interest
10 Illness
7 Family illness or death
5 Lost to follow-up

289 Completed 12-mo follow-up
33 Dropouts

15 Lack of interest
10 Illness
2 Family illness or death
6 Lost to follow-up

47 146 Excluded
35 454 Were deceased,

duplicate cases, or had
new malignancies or
incomplete contact
information

11 692 Cases not approved
by physician
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monary disease, plan to have a hip or
knee replacement, walker or wheel-
chair use, recent stroke with hemipa-
resis); or (6) were already performing
more than 150 minutes of moderate to
vigorous exercise per week (already
meeting recommended physical activ-
ity guidelines). A total of 641 individu-
als were deemed eligible and random-
ized with the block randomization
method (by a statistician with no par-
ticipant contact) by race, cancer type,
and sex with even distribution into an
intervention (n=319) or delayed inter-
vention control group (n=322). Par-
ticipants were recruited from July 1,
2005, through May 17, 2007. Race or
ethnicity was defined and provided by
the cancer registry. For the few partici-
pants who self-referred to the study,
race or ethnicity was provided by either
the approving clinicians or self-report
using the following categories: white
(not of Hispanic origin), black (not of
Hispanic origin), Hispanic, or other.
Race/ethnicity was assessed to deter-
mine the generalizability of the study
and other factors such as participation
and adherence.

RENEW Intervention

The RENEW intervention consisted of
a personally tailored workbook and se-
ries of quarterly newsletters, along with
a program of telephone counseling and
automated prompts (ie, 15 sessions and
8 prompts over the 12-month period).9

Costs for materials (including devel-
opment), telephone counseling, and
postage were $1000 per person. The in-
tervention was theoretically based using
the social cognitive theory and trans-
theoretical models.10

After assignment to the RENEW
intervention, participants received a
personalized workbook. The introduc-
tory pages featured bar graphs com-
paring participants’ current lifestyle
behaviors and weight status with rec-
ommended levels. These pages also
recommended 15 minutes of strength
training exercise every other day; 30
minutes of endurance exercise each
day; consumption of at least 7 servings
(for women) or 9 servings (for men)

of fruits and vegetables per day11;
restriction of saturated fat to less than
10% of energy intake; and a 10%
weight loss goal during the 12-month
study period. Workbook chapters pro-
vided standardized content on ex-
ercise and a healthy calorie-restricted
diet. Participants also received a
pedometer, exercise bands (3 levels of
resistance), an exercise poster depict-
ing 6 lower extremity strength exer-
cises, a table guide to food portioning
(Portion Doctor, Portion Health Prod-
ucts, St Augustine Beach, Florida), and
personalized record logs to self-
monitor daily exercise and dietary
intake (including a fat gram booklet to
assist with self-monitoring).

Each participant was assigned a
health counselor for the 12-month pe-
riod. Counseling sessions were con-
ducted weekly during the first 3 weeks,
every other week for 1 month, and then
monthly. Each telephone session was
15 to 30 minutes in duration and served
to enhance social support and self-
efficacy. During each telephone call the
counselor worked with the partici-
pant to monitor progress, provide re-
inforcement, explore strategies in over-
coming barriers, field questions, direct
participants to appropriate resources,
and establish future goals. Automated
telephone messages by the study prin-
cipal investigator (W.D-W.) provided
additional, intermittent reinforcement.

Every 12 weeks, participants re-
ceived a tailored 2-page progress-
report newsletter with a motivational
greeting, a graph depicting behavioral
change in the target behaviors related
to the RENEW goals, and a sign-off
message that was tailored to the par-
ticipant’s readiness to change behav-
ior. Like many studies with lifestyle in-
terventions,12 a delayed intervention,
wait-list control was used in this study.

Outcomes

The primary outcome, change in
functional status between baseline
and 12 months, was assessed using
the physical function subscale of the
Medical Outcomes Study Short-Form
36 (SF-36) questionnaire as an indica-

tor of overall physical function.13 The
physical function subscale assesses
the effect of health on the perfor-
mance of activities ranging from basic
self-care to vigorous physical activity
and has been widely used with good
construct validity and sensitivity to
change.14 Given that lower extremity
function is central to the maintenance
of independence,15,16 function also
was assessed using the basic and
advanced lower extremity function
subscales of the Late Life Function
and Disability Index.17,18 In addition,
the entire SF-36 questionnaire was
administered at each wave of data col-
lection, thus providing health-related
quality-of-life outcomes on general
health, pain, vitality, social function-
ing, physical and emotional roles, and
mental health. Raw data from all of
these scales are normalized and range
from 0 to 100 with higher scores indi-
cating better function.

Secondary outcomes related to tar-
get behaviors of physical activity, diet,
and weight loss. Physical activity was
assessed using the Community Health
Activities Model Program for Seniors
questionnaire,19 which was developed
for use in older adults, has been tested
with home-based interventions, and is
sensitive to change.20 For this study,
strength and endurance items were
scored separately as indicators of the
physical activity target behaviors.
Dietary intake data were averaged
from 2 unannounced 24-hour recalls
at baseline and at 12 months using
the interactive Nutrition Data System
for Research software, version 2006
(Nutrition Coordinating Center, Min-
neapolis, Minnesota). Self-reported
height and weight were collected for
estimation of BMI and weight loss.

Other items collected on the sur-
veys included a count of the 6 most
prevalent medical conditions (arthri-
tis, hypertension, heart problems, cir-
culatory problems, osteoporosis, and
cataracts), a checklist of 22 symp-
toms, social support, income, smok-
ing status, and cancer treatment. All
surveys were conducted at baseline and
at 12 months by interviewers at the Diet
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Assessment Center of Pennsylvania
State University, who had no knowl-
edge of the study’s design or out-
comes. Additional short quarterly sur-
veys were conducted for self-reported
physical function.

All study participants were pro-
vided with a telephone number to re-
port any significant changes in health
status. Changes in health also were as-
sessed during each counseling call and
during each of the outcome assess-
ments and surveys. When appropri-
ate, medical clearance was obtained for
continuation or cessation of the inter-
vention. Health events were classified
by the investigative team who were
blinded to group assignment, and who
classified events as serious vs not seri-
ous, and either not attributable, possi-
bly attributable, or attributable to the
intervention.

Statistical Analyses

The sample size was set at 544 to give
the t test (2-tailed � level of .05) at
least 80% power to detect a group dif-

ference of 3.9 in change in the physi-
cal function subscale from baseline to
1 year. An SD of 16.2 was assumed.
Data from the intervention develop-
ment study helped to determine these
calculations.21 Under the assumption
that at most 15% of the participants
would drop out by 1 year, the sample
size was inflated to 640. While physi-
cal function was the primary out-
come, group differences in 17 second-
ary outcomes also were tested. The �
level for these 17 tests was controlled
at an overall 2-sided level of .05 using
the procedure by Holm.22 Finally,
whether the groups differed on the
percentage of participants who met
study goals for the behavioral out-
comes was examined. These analyses,
using logistic regression models, were
considered exploratory and P values
are presented without reference to an
� level.

Covariate-adjusted group effects for
17 of the 18 continuous outcomes
were tested with the general linear
model after verifying the approximate
normality of the residuals. Duration
of endurance exercise had a skewed
distribution and the group effect on
this outcome was tested with the pro-
portional odds logistic regression
model23 by transforming number of
minutes into a 10-level ordinal vari-
able. The following covariates were
included in all models regardless of
their P values: baseline value of the
outcome, age, race, number of comor-
bidities, number of symptoms, educa-
tion, cancer type, BMI, and physical
function (SF-36 subscale score).
These covariates were selected a priori
based on their clinical significance.
Dropouts were included in all analy-
ses by imputing change across time to
be zero. Sensitivity analyses also were
conducted by testing the group effect
in only those who did not drop out.
Group means are presented with stan-
dard errors (SEs); differences between
group means are presented with 95%
confidence intervals (CIs). Covariate-
adjusted and unadjusted P values for
the group effect are presented. All
analyses were performed using SAS

statistical software, version 9.1 (SAS
Institute Inc, Cary, North Carolina).

RESULTS
Study participants largely resided in 21
US states, although a small number of
participants were from Canada and the
United Kingdom. Characteristics of the
study sample are presented in TABLE 1.
Despite efforts to attract an ethnically
diverse sample, like most lifestyle in-
tervention studies our sample was
largely white and a majority reported
some college education.24 Further-
more, participants differed from non-
respondents in age (younger), sex
(more females), cancer type (fewer co-
lorectal cancer cases), and time elapsed
since diagnosis (more proximal).

The 3 most prevalent medical con-
ditions reported were arthritis, hyper-
tension, and circulatory problems, and
the most frequently cited symptoms
were shortness of breath with exer-
tion, muscle cramps, and sleep prob-
lems. The mean baseline physical func-
tion score of 75.7 is comparable with
the median score for men and women
aged 65 years or older.14 The mean base-
line score of 78.2 on the basic lower ex-
tremity scale indicated that study par-
ticipants had relatively few difficulties
in performing basic tasks (ie, going up
and down a flight of stairs, stepping up
and down from a curb, or using a step
stool). But the mean score of 53 on the
advanced lower extremity scale indi-
cated more difficulties in the perfor-
mance of advanced tasks such as walk-
ing a mile, going up and down stairs
without a handrail, and running a short
distance to catch a bus or train.

Of 641 individuals randomized, 558
(87%) completed the 12-month follow-
up. Attrition was within the projected
rate (15%) used for power calcula-
tions and reasons for withdrawal are
listed in the Figure. Differences be-
tween dropouts and individuals com-
pleting the 12-month intervention were
examined by age, race, education, num-
ber of comorbidities and symptoms,
BMI, cancer type, physical function, and
study group. There were more drop-
outs in the intervention group com-

Table 1. Baseline Characteristics of
Participants

No. (%) of
Participantsa

Intervention
(n = 319)

Control
(n = 322)

Age, mean (SD), y 73.0 (5.0) 73.1 (5.1)

White race 284 (89.0) 285 (88.5)

Male sex 147 (46.1) 145 (45.0)

Some college education 201 (63.0) 194 (60.2)

No. of comorbidities,
mean (SD)

2.0 (1.3) 2.0 (1.2)

Current smokers 17 (5.3) 20 (6.2)

Cancer type
Breast 143 (44.8) 146 (45.3)

Prostate 131 (41.1) 130 (40.4)

Colorectal 45 (14.1) 46 (14.3)

Years since cancer
diagnosis,
mean (SD)

8.5 (2.7) 8.7 (2.7)

Body mass index,
mean (SD)b

29.1 (3.3) 29.2 (3.6)

Short-Form 36 physical
function subscale
score, mean (SD)c

75.9 (18.7) 75.6 (19.1)

aUnless otherwise indicated.
bCalculated as weight in kilograms divided by height in me-

ters squared.
cThe range of possible scores is 0 to 100; a high score in-

dicates better functioning.
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pared with the control group (50 vs 33;
P=.04) and dropouts had a higher BMI
(mean [SD], 29.1 [0.14] vs 29.9 [0.40];
P=.05) than individuals completing the
12-month intervention.

Change in Physical Function
For the SF-36 physical function sub-
scale, the control group experienced a
mean score change of −4.84 (95% CI,
−3.04 to −6.63), which was more than

double that of the intervention group
(−2.15 [95% CI, −0.36 to −3.93];
TABLE 2). There was a statistically sig-
nificant difference between study
groups in basic lower extremity func-

Table 2. Group Means and Differences Between Group Means for All Outcomesa

Outcomes

Mean (SE)

Mean Group
Difference
(95% CI)

P Value of Group Effect Holm
Procedure
� Levelc

Intervention
(n = 319)

Control
(n = 322)

Unadjusted AdjustedbBaseline
Change
at 12 mo Baseline

Change
at 12 mo

Primary outcome
SF-36 physical function

(range, 0-100)
75.9 (1.1) −2.15 (0.9) 75.6 (1.1) −4.84 (0.9) 2.69

(0.17 to 5.21)
.03 .03

Secondary outcomes
LLF basic lower extremity

function (range, 45.6-100)
78.4 (0.8) 0.34 (0.6) 78.1 (0.9) −1.89 (0.6) 2.24

(0.56 to 3.91)
.005 .005 .005

LLF advanced lower extremity
function (range, 0-100)

52.8 (0.8) −0.37 (0.5) 52.9 (0.8) −2.30 (0.6) 1.92
(0.45 to 3.39)

.01 .02 .006

Behavioral targets
Duration of strength training

exercise, min/wk
(range, 0-600)d

7.0 (2.1) 18.7 (2.4) 11.5 (2.5) 0.5 (2.7) 18.21
(11.21 to 25.21)

�.001 �.001 .003

Duration of endurance exercise,
min/wk (range, 0-149)

24.6 (2.1) 36.3 (4.9) 28.7 (2.3) 23.4 (5.6) 12.89
(1.89 to 27.58)

.003 .004 .004

Strength training exercise
frequency, sessions/wk
(range, 0-7)

0.5 (0.1) 1.4 (0.2) 0.5 (0.1) 0.2 (0.1) 1.12
(0.70 to 1.54)

�.001 �.001 .003

Endurance exercise frequency,
sessions/wk (range, 0-15)

1.6 (0.1) 1.6 (0.2) 1.8 (0.2) 0.5 (0.2) 1.05
(0.39 to 1.72)

.005 .005

Daily servings of fruits and
vegetables (range, 0-15.80)

3.72 (0.1) 1.24 (0.14) 3.54 (0.1) 0.13 (0.11) 1.11
(0.76 to 1.47)

�.001 �.001 .003

Saturated fat intake, g/d
(range, 2-57 g)

19.6 (0.5) −3.06 (0.51) 19.32 (0.5) −1.07 (0.49) −1.99
(−0.58 to −3.40)

�.001 .002 .004

Weight, kg (range, 59.1-125.5 kg) 85.7 (0.7) −2.06 (0.19) 84.7 (0.7) −0.92 (0.2) −1.14
(−0.59 to −1.69)

�.001 .004

Body mass index (range, 25-47)e 29.1 (0.2) −0.69 (0.07) 29.2 (0.2) −0.31 (0.08) −0.38
(−0.19 to 0.57)

�.001 .004

Health-related quality of life on SF-36
General health (range, 15-100) 71.8 (0.9) 0.77 (0.72) 72.6 (0.9) −1.94 (0.80) 2.71

(0.58 to 4.84)
.02 .03 .007

Pain (range, 10-100) 72.2 (1.2) −0.78 (1.07) 72.6 (1.2) −3.19 (1.22) 2.40
(−0.79 to 5.59)

.13 .16 .02

Vitality (range, 0-100) 61.9 (0.9) −0.47 (0.89) 61.5 (1.0) −2.42 (0.98) 1.95
(−0.64 to 4.55)

.09 .10 .01

Social functioning (range,
12.5-100)

90.2 (1.0) −1.29 (1.05) 90.8 (0.9) −5.05 (1.22) 3.75
(0.58 to 6.92)

.02 .03 .008

Mental health (range, 32-100) 85.6 (0.7) 0.50 (0.53) 86.3 (0.7) −2.04 (0.74) 2.54
(0.75 to 4.33)

.08 .01 .006

Physical role (range, 0-100) 75.7 (1.9) −2.43 (2.02) 78.6 (1.9) −4.68 (2.14) 2.25
(−3.54 to 8.05)

.30 .32 .03

Emotional role (range, 0-100) 92.1 (1.2) −0.73 (1.32) 92.0 (1.2) −0.62 (1.38) −0.11
(−3.86 to 3.64)

.98 .93 .05

Abbreviations: CI, confidence interval; LLF, Late Life Function and Disability Index; SF-36, Short-Form 36.
aBecause the observed means and covariate-adjusted means were almost identical, only the observed means are shown. Both covariate-adjusted and unadjusted P values for the test

of the group effects are given. Missing 1-year outcomes were imputed to the baseline value.
bAll models were adjusted for baseline value of the outcome, age, race, number of comorbidities, number of symptoms, education, cancer type, body mass index, and SF-36 physical

function subscale score.
cThe Holm procedure first ranks the 17 P values from lowest to highest. The first (lowest) P value has to be less than .003 (.05/17) to be statistically significant and to permit continuation

to the other t tests. The Holm procedure continues sequentially in this fashion using � levels of .003 (.05/16), .003 (.05/15), . . . , and .05 (.05/1) for the remaining 16 tests, respectively.
dLight strength training for 600 minutes is an outlier (next highest value is 210 minutes). Because we were unable to validate the accuracy of this data point, it was included in the analysis.

Inclusion or exclusion of this data point made no difference on the estimates of the P value.
eCalculated as weight in kilograms divided by height in meters squared.
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tion as function changed negligibly in
the intervention group (mean, 0.34
[95% CI, −0.84 to 1.52]), whereas the
control group showed a decrease (−1.89
[95% CI, −0.70 to −3.09]; P=.005). Ad-
vanced lower extremity function fol-
lowed a similar pattern but did not
achieve statistical significance. Sensi-
tivity analyses were performed by test-
ing the group effect in only those who
did not drop out. P values from these
sensitivity analyses were similar to those
from analyses using imputed data.

Change in Targeted Behaviors

There were significant differences be-
tween the intervention and control
groups for all targeted behaviors ex-
cept endurance exercise frequency, in-
dicating successful uptake of the inter-
vention (Table 2). Duration of strength
training exercise increased in the in-
tervention group (mean [SE], 18.7 [2.4]
minutes per week) and remained stable
in the control group (mean [SE], 0.5
[2.7] minutes per week). Likewise, du-
ration of endurance exercise minutes
increased in the intervention group
(mean [SE], 36.3 [4.9] minutes per
week) and was stable in the control
group (mean [SE], 23.4 [5.6] minutes
per week). The mean (SE) intake of
fruits and vegetables increased by 1.24
(0.14) daily servings in the interven-
tion group and by 0.13 (0.11) daily
servings in the control group. The mean
(SE) consumption of saturated fat de-
creased by 3.06 (0.51) g per day in the
intervention group and by only 1.07
(0.49) g per day in the control group.
Furthermore, participants in the inter-
vention group reported a mean weight
loss of 2.06 kg (95% CI, 1.69-2.43 kg),
which was more than twice that re-
ported by the control group (0.92 kg;
95% CI, 0.51-1.33 kg).

In exploratory analyses, the groups
were compared by percentage of par-
ticipants meeting study goals at 12
months. At baseline, only 8% of the
sample was doing strength training
exercise at the recommended number
of minutes. At 12 months, the mean
(SE) percentage of participants per-
forming recommended strength train-

ing was 28% (0.03%) in the interven-
tion group and 11% (0.02%) in the
control group (P� .001). The screen-
ing criteria excluded individuals per-
forming more than 150 minutes per
week of endurance exercise at base-
line, but at the 12-month follow-up, a
mean (SE) of 15% (0.02%) of partici-
pants in the intervention group and
11% (0.02%) in the control group
were meeting weekly national guide-
lines for endurance exercise (P=.07).
At baseline, 6% of participants met
fruit and vegetable guidelines but at
12 months, a mean (SE) of 16%
(0.02%) of the intervention group and
4% (0.01%) of the control group met
the guidelines (P� .001). At baseline,
36% of participants consumed fewer
than 10% of total calories from satu-
rated fat; at 12 months, the mean (SE)
percentage of participants meeting
this guideline was 49% (0.03%) in the
intervention group and 38% (0.03%)
in the control group (P=.001).

Change in Health-Related
Quality of Life

Overall health-related quality of life de-
creased in every subscale in the con-
trol group throughout the 12-month
period. In the intervention group, de-
creases in subscale scores were of
lower magnitude and were sustained for
overall health and mental health
(Table 2).

Adverse Events

Changes in health status were identi-
fied at each telephone contact (survey
or counseling) or by self-report. A total
of 201 events were reported, re-
viewed, and classified, with the major-
ity coded as not serious. Because any
cardiac, musculoskeletal, or digestive
concerns were considered possibly at-
tributable to the diet and exercise in-
tervention, 106 of the 201 events were
classified as such. Of these, 32 in-
volved hospitalization and were thus
considered serious. Only 5 events were
considered directly attributable to the
study. One participant experienced in-
creased blood pressure with exercise
(physician clearance was obtained for

continued participation in the study).
The 4 other participants experienced
(1) hip pain with exercise, (2) pulled
hamstring while walking, (3) fall dur-
ing hiking, or (4) calf pain and stiff-
ness while using exercise bands. After
analysis of these events, there were no
differences between the intervention
and control groups in the total num-
ber of events, or in events in any sub-
category.

COMMENT
The major finding of this trial is that
older, overweight long-term cancer sur-
vivors successfully engaged in a behav-
ioral lifestyle intervention that re-
sulted in an amelioration of functional
decline. To our knowledge, this is the
first report of a long-term (ie, 12-
month) intervention directed at main-
taining function in long-term cancer
survivors. The majority of physical ac-
tivity or dietary interventions for can-
cer patients have targeted younger pa-
tients, those undergoing treatment, or
those with recent diagnoses.25

This intervention was ambitious in
that older, long-term cancer survivors
were asked to change both diet and
exercise behaviors. Even with modest
change, they experienced clinically
meaningful improvements in both
physical function and other health-
related quality-of-life domains. The
functional benefits were clinically
meaningful in that global physical
function (as assessed by the SF-36
physical function subscale) declined
by 4.8 points in as little as 12 months
in the control group, but only by half
as much in the intervention group. A
decline of 6.5 points over a 4-year
period is associated with a 10% higher
mortality risk within a subsequent
3-year window.26 A decline of 2 points
is considered too small to be clinically
detectable.26

To our knowledge, no other tele-
phone counseling studies with func-
tional outcomes directed at older adults
have advocated changes in both physi-
cal activity and diet simultaneously.
These findings are in contrast to those
of Kolt et al,27 who found no signifi-

HOME-BASED DIET AND EXERCISE IN LONG-TERM CANCER SURVIVORS

1888 JAMA, May 13, 2009—Vol 301, No. 18 (Reprinted) ©2009 American Medical Association. All rights reserved.

 at Duke University on May 13, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org


cant differences in SF-36 physical func-
tion subscale scores among older adults
in a primary care setting using a tele-
phone counseling intervention of simi-
lar duration; however, it is unknown
whether differences in study findings
are due to differences in sample size and
characteristics or that our interven-
tion also promoted dietary change and
weight loss.

Further evidence of functional ben-
efit is indicated by the measures of lower
extremity functioning, which were tar-
geted for strength training by the in-
tervention. Although the changes ob-
served within the 2 study groups were
modest, participants in the interven-
tion group maintained their lower ex-
tremity function whereas participants
in the control group experienced a de-
cline. A parallel pattern of similar mag-
nitude was observed in these 2 mea-
sures in a group of stroke patients
following a 12-week progressive resis-
tance training program in comparison
with a control group.28

Although the samples in these 2 stud-
ies differ, it is important to note that
our home-based strength training in-
tervention provided only moderate-
to-low doses, and yet was still able to
preserve lower extremity functioning.
The intervention in total not only en-
hanced physical functioning, but over-
all health and quality of life. Previous
cross-sectional studies have found that
quality of life is significantly higher
among cancer survivors who meet pub-
lic health physical activity guidelines,
and results from this study provide
cause-and-effect evidence that sup-
ports this association.29

Maintenance of function is particu-
larly important for older adults. The re-
sults of this study are timely because
the Centers for Medicare & Medicaid
Services declared in 2008 that re-
search aimed at maintaining mobility
and function in at-risk older individu-
als was the only aging priority.1 A com-
parison of older cancer survivors with
age-matched individuals with no can-
cer history found significantly more
functional limitations among those hav-
ing had cancer.30 The 12-month de-

cline in physical function experienced
by the control group in this study would
be comparable with the added burden
of ischemic heart disease.31 Attenua-
tion or reversal of functional decline in
this population is therefore clinically
relevant. Furthermore, the type of in-
tervention (home-based with no re-
quirement for travel or clinic visits) is
likely to appeal to many older adults,
with potential to reach even those in ru-
ral settings.

As noted, improved physical func-
tion was dependent on our ability to
successfully modify unhealthy be-
haviors. This may be particularly rel-
evant because adherence to physical
activity and dietary guidelines tends to
be low in cancer survivors. Data from
the RAND-36 Health Status Inven-
tory indicate that 39% to 47% of can-
cer survivors meet physical activity
recommendations, 15% to 19% meet
recommendations for fruit and veg-
etable consumption, and only 5% meet
recommendations for all behaviors.6

Data from the National Health Inter-
view Survey suggest that adherence to
physical activity is even lower, about
25%, for cancer survivors who are
older.30

Our results are remarkable in that our
intervention participants made im-
provements in all of the targeted be-
haviors. Yet, careful examination of the
data indicates that there is still much
to be done. For example, while min-
utes of endurance physical activity in-
creased significantly in the interven-
tion group compared with the control
group, the mean number of minutes of
endurance physical activity at 12
months within the intervention group
was still low (70 minutes/week) and
only 15% of the sample achieved the
recommended level of 150 or more
minutes of endurance exercise per
week. Newly released physical activ-
ity guidelines acknowledge the chal-
lenges posed by meeting the recom-
mended amounts of physical activity
among individuals with chronic con-
ditions and advise adults with chronic
conditions to be as physically active as
their condition allows.32

Our design had multiple features
worthy of mention. First, we targeted
overweight cancer survivors because
being overweight or obese places indi-
viduals at higher risk for functional
decline. Data from a recently com-
pleted trial of physical activity and
dietary fat intake indicate that over-
weight and obese individuals were
more likely to successfully change
behavior than individuals of normal
weight, which perhaps contributed to
the success of our intervention.33 Sec-
ond, our pilot study provided founda-
tional experience and in designing
this trial we added a lower extremity
strengthening component to enhance
physical function, given the known
association between lower extremity
function and maintenance of indepen-
dence.15 Of note, newly published
physical activity guidelines for older
adults now include recommendations
for strength training.34 We believe suc-
cessful implementation of strength
training in this study played an impor-
tant role in the observed reorientation
of functional trajectory.

This study, however, has some limi-
tations to consider, which may affect
generalizability. First, all of the out-
comes are based on self-report, and it
is possible that some of the behavioral
outcomes are subject to overestima-
tion or underestimation of desired be-
haviors. On the other hand, the fact that
there were no clinical or research vis-
its in this trial enhanced our ability to
deliver the intervention anywhere in the
United States and other English-
speaking countries. Second, our demo-
graphics indicate that this interven-
tion was most likely delivered to highly
motivated individuals.

Recruitment for this study was ex-
tremely difficult and has been detailed
previously.9 It should be noted, how-
ever, that long-term cancer survivors
present a particular challenge to re-
cruitment for the following reasons: (1)
their follow-up with oncologists (who
usually serve as points of entry to on-
cology-based trials) is frequently dis-
continued; (2) their contact informa-
tion may no longer be accurate; (3) they
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may have died; and (4) the teachable
moment that often accompanies a can-
cer diagnosis wanes over time and di-
minishes interest in participating in
clinical trials.35 Despite these chal-
lenges, we were able to overcome ob-
stacles in reaching this population,
which has been previously understud-
ied in survivorship research.36

In conclusion, this study provides data
on a long overlooked, yet important fac-
tion in older long-term cancer survi-
vors. Long-term survivors of colorectal,
breast, and prostate cancer participat-
ing in a diet and exercise intervention re-
duced the rate of self-reported physical
function decline in comparison with a
group receiving no intervention. Fu-
ture efforts should be directed toward
health promotion programs among older
cancer survivors, not only in those who
are well beyond their diagnosis, but also
in those who are more newly diagnosed
and perhaps more motivated to partici-
pate in clinical trials targeting lifestyle
change. Studies also should address
whether overweight older adults with
other conditions might benefit from
similar interventions, especially given the
current paradoxical controversy over
weight loss as beneficial or detrimental
in overweight older adults.37,38 Future
studies should not only assess the effect
on health and well-being, but also
should address cost-related outcomes,
especially given that the economic bur-
den associated with functional decline
and loss of independence is exceed-
ingly high.39
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Compassion is the desire that moves the individual
self to widen the scope of its self-concern to embrace
the whole of the universal self.

—Arnold J. Toynbee (1889-1975)
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