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Abstract
Purpose We have a limited understanding of the objectively
determined physical activity levels of cancer survivors at the
population level. Further, we have even less of an under-
standing of this behavior by weight status (i.e., normal
weight, overweight, and obese). Therefore, the purpose of
this study was to describe accelerometer-assessed physical
activity levels among US cancer survivors and to do so
across weight status.
Methods Data from the 2003–2006 NHANES was used.
One hundred twenty-six adult cancer survivors wore an
accelerometer for ≥4 days, with weight status determined
from measured body mass index.
Results Approximately 13 % of cancer survivors were suf-
ficiently active (i.e., met current physical activity guide-
lines). Results were not significant for light-intensity
physical activity; however, results showed that obese cancer
survivors engaged in 47 % less MVPA than normal weight
cancer survivors (rate ratio=0.53; 95 % CI, 0.29–0.93).
Conclusion Most adult cancer survivors are insufficiently
active and obese cancer survivors engage in less MVPA than
their counterparts.
Implications for Cancer Survivors Health care professionals
are encouraged to increase cancer survivors’ awareness of
the minimum levels of MVPA needed for optimal health,

particularly among obese cancer survivors. Additionally,
cancer survivors should also be informed of the positive
health outcomes associated with light-intensity physical
activity.
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Introduction

Regular physical activity participation may help to reduce
the risk of cancer, particularly breast, prostate, colon, rectal,
lung, endometrium/uterus, ovarian, and pancreatic cancer
[1]. Currently, there are more than 11 million US cancer
survivors and 5-year survival rates continue to improve [2].
Regular participation among cancer survivors is especially
important as they may have increased risk of late medical
effects from their cancer and regular engagement in physical
activity may help to reduce cancer recurrence and cancer-
related mortality [3, 4]. An important first step in the devel-
opment, implementation, and evaluation of effective physi-
cal activity interventions for cancer survivors is to
understand their physical activity patterns. Although studies
have described physical activity patterns among cancer sur-
vivors, the studies have primarily been small in scale (e.g.,
nonrepresentative samples) and/or used nonobjective mea-
sures of physical activity [5–14]. Subjective measures of
physical activity are prone to considerable measurement
error [15]. As a result, we have a limited understanding of
the activity patterns of cancer survivors at the population
level. Therefore, the first objective of this study was to
describe the objectively determined physical activity pat-
terns of US adult cancer survivors.

In addition to promoting physical activity among cancer
survivors, preventing excessive weight gain among cancer
survivors is particularly important as excessive weight gain
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has been shown to increase the recurrence of cancer [3]. To
help prevent such weight gain after cancer diagnosis and
treatment, patients are encouraged to engage in physical
activity, which has been shown to reduce adiposity [16].
For oncologists and other health care professionals to effec-
tively promote physical activity among cancer patients and
cancer survivors, it is important to understand the physical
activity patterns of cancer survivors across weight status
(i.e., normal weight, overweight, and obese). This informa-
tion can help health care professionals develop targeted and
effective strategies to increase the physical activity levels of
cancer survivors, which is particularly important as there are
a limited number of studies reporting lifestyle advice for
cancer survivors. At this point, there is little population data
that describes the activity patterns of cancer survivors across
weight status. As a result, the second objective of this study
was to describe objectively measured physical activity
levels by weight status (normal weight, overweight, and
obese) among US cancer survivors.

Methods

Design and participants

Data from the present study were obtained from the 2003–
2006 National Health and Nutrition Examination Survey
(NHANES). NHANES is an ongoing survey conducted by
the Centers for Disease Control and Prevention that uses a
representative sample of non-institutionalized US civilians,
selected by a complex, multistage probability design. The
multistage design consists of four stages, including the
identification of counties, segments (city blocks), random
selection of households within the segments, and lastly,
random selection of individuals within the households.
The survey examines a nationally representative sample of
approximately 5,000 individuals each year, with data col-
lected in 15 counties across the country each year. Briefly,
participants were interviewed in their homes and then sub-
sequently examined in mobile examination centers by
NHANES personnel. Further details about NHANES can
be found elsewhere [17]. NHANES study procedures were
approved by the National Center for Health Statistics ethics
review board, with informed consent obtained from all
participants prior to data collection.

Twenty thousand four hundred seventy (20,470) partici-
pants provided data in the 2003–2006 cycles. Participants
were asked if they had ever been told by a doctor or health
care professional that they had cancer or malignancy of any
kind. Only participants with certain types of cancer were
included in the analyses, specifically cancer sites that are asso-
ciated with physical activity. Based on the Physical Activity
Guideline Advisory Committee Report [1], physical activity

has been shown to be associated with the following cancer
sites: breast, prostate, colon, rectal, lung, endometrium/uterus,
ovarian, and pancreatic. However, in the present study, few
participants had pancreatic, rectal, ovarian, or lung cancer;
therefore, only participants known to have been diagnosed with
breast, colon, prostate, and endometrium cancer were included.
Of the 2003–2006 NHANES participants, 9,752 had sufficient
accelerometry data. Among these, 239 were diagnosed with
breast, colon, prostate, or uterine cancer. Participants who had
been diagnosed with cancer within 5 years were excluded from
analyses of the present study as it is possible that they were still
receiving treatment for their cancer, which ultimately may
influence their activity patterns. After excluding those with a
diagnosis of cancer within 5 years (or if it was not possible to
determine time since diagnosis due to missing data), 132
remained. Lastly, after excluding those with missing data on
the weight status variable or the covariates, 126 remained,
which comprised the analytic sample ranging in age between
34 and 84 years.

Based on the study design and use of sample weights,
these cancer survivors represent a population-weighted sam-
ple of 2,295,003 adult cancer survivors. Information on the
use of sample weights to generate population weighted
estimates is available elsewhere [18]. Briefly, each person
in the NHANES dataset is assigned a sample weight. This
sample weight is created using three steps [19]: first, the
base weight is calculated for each person which takes into
consideration the participant’s probability that their county,
city block, household, and then her/himself is selected;
second, the sample weight is adjusted for non-response
(i.e., whether they were a non-respondent to either the
interview portion and/or the exam portion); and third,
post-stratification adjustment is made to the sample weights
to match the 2000 US Census population.

Measurement of physical activity

Participants who were not prevented by impairments of
walking or wearing an accelerometer were issued an
ActiGraph 7164 accelerometer. Participants were asked to
wear the accelerometer during waking hours (and while not
in water [e.g., shower and swimming]) on the right hip for
7 days following their examination. The accelerometer was
affixed to an elastic belt worn around the waist. The output
of an accelerometer is activity counts, which are proportion-
al to an individual’s acceleration. The accelerometer output
is digitized using an analog-to-digital converter, and once
digitized, the signal passes through a digital filter that de-
tects accelerations ranging from 0.05 to 2.00 g in magnitude
with frequency responses ranging from 0.25 to 2.5 Hz to
filter motion outside normal human movement. The filtered
signal is then rectified and summed over a pre-determined
epoch period. After the activity count is sorted into an
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epoch, it is stored in the internal memory and then the
integrator is reset to zero. Detailed information on the
ActiGraph accelerometer can be found elsewhere [20]. For
the present study, accelerometry data was collected in 1-min
epoch intervals, with data presented as 1-min bouts. Time
spent at different physical activity intensities was assessed,
including light, moderate, and vigorous physical activity in-
tensity. Activity counts between 100 and 2,019 counts per
minute were used to classify time spent in light-intensity
physical activity; activity counts ≥2,020 but <5,999 were con-
sidered moderate intensity; and activity counts ≥5,999 were
considered vigorous-intensity activity [21]. Participants were
classified as meeting physical activity guidelines if they en-
gaged in 150-min of moderate intensity or 75-min of vigorous-
intensity physical activity per week or some combination of the
two [22].

To account for a combination of moderate and vigorous-
intensity physical activity, minutes of vigorous intensity per
week were multiplied by 2 before being added to time spent
at moderate intensity per week [23], as vigorous-intensity
physical activity (6 + metabolic equivalents) is two times the
energy cost than moderate-intensity physical activity (3–5.9
metabolic equivalents). For the analyses described here, and
to represent habitual physical activity patterns, only those
participants with at least 4 days with 10 or more hours per
day of monitoring data were included in the analyses [21].
Non-wear was defined by a period of a minimum of 60
consecutive minutes of zero activity counts, with the allow-
ance of 1–2 min of activity counts between 0 and 100 [21].

Weight status

The first objective of the study was to describe activity patterns
among adult cancer survivors. The second objective was to
describe activity patterns across weight status. Bodymass index
(BMI) was calculated frommeasuredweight and height (weight
in kilograms divided by the square of height in meters).
Participants were considered to have normal weight if there
BMIwas <25 kg/m2; overweight was defined as a BMI≥25 and
<30 kg/m2; and obese was defined as a BMI≥30 kg/m2 [24].

Other measurements

For the second objective examining activity patterns across
weight status, various covariates were included in the analytic
model based on previous research showing these variables to
associate with physical activity and/or weight status [21,
25–28]. A questionnaire administered in the home was used
to obtain information on age, gender, race–ethnicity, poverty-
to-income ratio (PIR), and whether they had been told by a
health care professional that they had coronary heart disease,
stroke, or arthritis. As a measure of socioeconomic status, a
PIR value below 1 is considered below the poverty threshold.

The PIR is calculated by dividing the family income by the
poverty guidelines, which is specific to the family size, year
assessed, and state of residence. Lastly, accelerometer wear
time was included as a covariate as it can influence activity
estimates.

Data analysis

Statistical analyses were performed using Stata (version 12.0,
College Station, TX). Where appropriate (i.e., when the cell
size was large enough [e.g., >100]), procedures from sample
survey data (e.g., using sample weights) were used to account
for the complex survey design used in NHANES; these anal-
yses were computed using Stata’s survey commands (e.g.,
“svy:”), with unweighted estimates generated from analyses
by not using “svy” commands. New sample weights were
created for the combined NHANES cycles following analyt-
ical guidelines for the continuous NHANES [29]. Specifically,
the 4-year MEC sample weights (i.e., 2003–2006) were cre-
ated by dividing the 2-year MEC sample weights by 2. In the
situation where an analysis resulted in a stratum with a single
cluster, the variance contribution from a stratum with a single
cluster was centered at the overall cluster mean.

Means and standard errors were calculated for continuous
variables and proportions were calculated for categorical
variables. Multivariate assessment of the association be-
tween MVPA and weight status was examined using a
negative bionomial regression as MVPA (outcome variable
expressed in integral minutes) failed tests of normality. Rate
ratios from the negative binomial model represent the rate of
events for each variable in the model while holding the other
variables in the model constant. One model was computed,
with the weight status variable, along with the covariates,
entered into the model. For the weight status variable, nor-
mal weight served as the referent group.

To examine the association between light-intensity physical
activity (outcome variable) and weight status, a multivariate
linear regression was employed. Covariates in the linear re-
gression and negative bionomial models included age, gender,
race–ethnicity, PIR, coronary heart disease, stroke, arthritis,
and accelerometer wear time. Statistical significance was
established at the p<0.05 level.

Results

Among the analyzed sample (n=126), the mean (SE) age was
68.3 years (1.1); 76.8 % (2.9) were female; 84.8 % (2.8) were
non-Hispanic white; mean PIR was 2.8 (0.1); mean BMI was
28.9 kg/m2 (0.7); 7.1 % (2.6) had coronary heart disease;
5.6 % (2.5) previously had a stroke; 58.0 % (4.9) had arthritis;
and 26.2, 38.4, and 35.2 %, respectively, were normal weight,
overweight, and obese.
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With regard to the first objective, accelerometer-determined
physical activity levels across cancer sites are shown in
Table 1. Given the relatively small sample for each cancer site,
unweighted estimates are provided for each separate cancer
site. However, a weighted estimate is provided for all cancers
combined. The findings showed that these cancer survi-
vors (n=126), representing a population weighted sam-
ple of 2,295,003, engaged in 295, 10, and 0.4 min/day,
respectively, of light, moderate, and vigorous-intensity
physical activity. Additionally, 12.6 % of cancer survi-
vors were sufficiently active (i.e., met current physical
activity guidelines).

The second objective of the present study was to
examine the association between physical activity and
weight status. After controlling for age, gender, race–
ethnicity, PIR, coronary heart disease, stroke, arthritis,
and accelerometer wear time, the negative binomial
regression results showed that obese cancer survivors
engaged in 47 % less MVPA than normal weight can-
cer survivors (rate ratio=0.53; 95 % CI, 0.29–0.93)
(Table 2). Significant covariates included age, gender,
coronary heart disease, and stroke, suggesting that
those who were older, female, and had a history of
coronary heart disease or stroke engaged in less phys-
ical activity than their counterparts. Notably, there was
no association between light-intensity physical activity
and weight status.

Discussion

The aim of this study was to describe the activity pattern of
cancer survivors and describe these patterns across weight
status and weight control practices. Major findings of this
study are threefold: (1) cancer survivors are insufficiently
active, with 87 % of cancer survivors not engaging in the
recommended levels of physical activity; (2) obese cancer
survivors engaged in less MVPA than their counterparts;
and (3) there was no association between light-intensity
physical activity and weight status.

With regard to our first objective, most cancer survivors
are insufficiently active and may be at risk for the negative
health outcomes associated with physical inactivity. These
findings are similar to those by Smith et al. [30] who
showed that 95 % of cancer survivors did not meet objec-
tively determined physical activity guidelines. However,
these authors used the 1996 physical activity recommenda-
tion of the Surgeon General who indicated that individuals
were sufficiently active if they engaged in at least 30-min of
moderate-intensity physical activity on most and preferably
all days of the week or at least 20-min of vigorous-intensity
physical activity on at least 3 days a week [31]. Our findings
are likely slightly different because we used the updated
2008 government guidelines [22], which state that individ-
uals can meet guidelines if their total summed physical
activity over a week period is at least 150 min of moderate

Table 1 Physical activity estimates among US cancer survivors, 2003–2006 NHANES

Mean (SE) % (SE)

Type of cancera LPA (min/day) MPA (min/day) VPA (min/day) % Meeting PA guidelinesb

Breast (n=54) 296 (11.7) 8.2 (1.4) 0.3 (0.2) 9.2 (3.9)

Colon (n=17) 313.9 (22.3) 11.3 (3.5) 0.7 (0.7) 17.6 (9.5)

Prostate (n=36) 276.9 (13.4) 11.5 (2.3) 0.01 (0.01) 13.8 (5.8)

Uterus (n=22) 304.9 (24.5) 9.8 (2.2) 0 18.1 (8.4)

All cancers combined (n=126) 294.8 (8.2) 10.2 (1.5) 0.4 (0.1) 12.6 (3.2)

Weight status

All cancers combined (n=126) Normal weight (BMI<25 kg/m2) Overweight (25<BMI<30) Obese (BMI≥30 kg/m2)

LPA (min/day) 302.0 (17.4) 301.8 (11.6) 281.9 (17.2)

MPA (min/day) 15.3 (4.6) 8.8 (1.6) 7.8 (1.4)

VPA (min/day) 1.1 (0.9) 0.2 (0.2) 0.1 (0.1)

% Meeting PA guidelinesb 24.1 (9.3) 8.9 (4.9) 8.0 (5.5)

When adding up the sample size for each of the individual cancers it is larger than the sample size for all cancers combined (n=126) because some
participants reported having multiple types of cancer

LPA light-intensity physical activity, MPA moderate-intensity physical activity, VPA vigorous-intensity physical activity, MVPA moderate-to-
vigorous-intensity physical activity, BMI body mass index
a Unweighted estimates are reported for individual types of cancer due to relatively small sample size. Weighted estimates are reported for “all
cancers combined”
b Defined as engaging in at least 150 min of moderate intensity or 75 min of vigorous-intensity physical activity per week, or some combination of
the two
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intensity or 75 min of vigorous-intensity physical activity, or
some combination of the two. Extending the work of Smith
et al. [30], the present study also reports objectively mea-
sured light-intensity physical activity levels among cancer
survivors which, to our knowledge, have not been previous-
ly reported in the literature. Although there is considerable
evidence showing the benefits of moderate-to-vigorous-in-
tensity physical activity, at this point, we have a limited
understanding of the potential health benefits associated
with light-intensity physical activity. However, emerging
evidence suggest that light-intensity physical activity may
be associated with favorable health outcomes. For example,
Loprinzi and colleagues [32] showed that light-intensity
physical activity was associated with various cardiovascular
disease risk factors, along with the metabolic syndrome, in a
dose–response manner. These findings showed that in the
general population, individuals engaging in over 450-
min/day of light-intensity physical activity were 45 % less
likely to have metabolic syndrome.

At this point, it is unclear what dose of physical activity
is associated with favorable health outcomes among cancer
survivors. However, based on the results of Loprinzi and
colleagues [32] in the general population, it is likely that
cancer survivors are not engaging in sufficient levels of
light-intensity physical activity to obtain meaningful health
benefits as the average minutes per day of light-intensity

physical activity observed in the present study was only
295. Given that light-intensity physical activity levels were
not different across weight status underscores the importance
of promoting this intensity level among cancer survivors,
which, compared to higher intensity levels, may be a more
palatable intensity level given the potential medical side effects
associated with cancer, age-related declines in physical activity,
and other comorbidities and/or secondary conditions that some
cancer patients may have. It is not surprising that light-intensity
levels were not different across weight status, as current gov-
ernment guidelines do not include light-intensity level physical
activity recommendations.

Based on the present findings, cancer survivors who are not
trying to lose or maintain their weight, in particular, may be in
need of counseling to promote physical activity. Clinicians are
well suited to promote physical activity among cancer survi-
vors and are encouraged to do so using evidenced-based
counseling strategies [33], such as motivational interviewing,
which have been shown to be effective among cancer survivors
[34]. Rather than providing traditional advice to be active or
simply telling the patient to be active, motivational
interviewing involves a patient-centered approach that ex-
plores the individual’s perspective and potential ambivalence
to changing their behavior. In motivational interviewing, the
counselor, for example, uses open-ended questions, reflective
listening, affirmation, provision of summary statements, and

Table 2 Association between
weight status and physical ac-
tivity among US cancer survi-
vors, 2003–2006 NHANES
(n=126)

Italics indicate statistically sig-
nificant association (p<0.05)

Two models were computed: one
for MVPA and one for LPA. For
each model, physical activity
served as the outcome variable,
with the independent variables
including: weight status, age,
race–ethnicity, gender, poverty-
to-income ratio, coronary heart
disease, stroke, arthritis, and ac-
celerometer wear time

MVPA moderate-to-vigorous-in-
tensity physical activity, LPA
light-intensity physical activity

Variable MVPA rate ratio (95 % CI) LPA coefficient (95 % CI)

Weight status

Normal weight Referent Referent

Overweight 0.71 (0.41–1.23) 6.9 (−32.9–46.8)

Obese 0.53 (0.29–0.93) −19.4 (−65.2–26.3)

Covariates

Age (years) 0.96 (0.94–0.98) −2.5 (−3.7 to −1.3)
Race–ethnicity

Non-white 0.88 (0.61–1.26) 10.6 (−30.4–51.8)

White Referent Referent

Gender

Male Referent Referent

Female 0.57 (0.39–0.85) 9.1 (−32.5–50.7)

Poverty-to-income ratio 1.06 (0.89–1.26) 0.1 (−13.7–14.0)

Coronary heart disease (CHD)

Yes 0.36 (0.15–0.84) −32.5 (−82.8–17.7)

No Referent Referent

Stroke

Yes 0.35 (0.13–0.91) −38.8 (−88.8–11.1)

No Referent Referent

Arthritis

Yes 0.77 (0.52–1.15) −11.8 (−50.3–26.6)

No Referent Referent

Accelerometer wear time (h/day) 0.96 (0.82–1.13) 18.1 (8.0–28.3)
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eliciting change talk. For detailed information on delivering
motivational interviewing, the reader is referred to the work of
Resnicow [35–37] and the text by Miller and Rollnick [38].

Limitations to the present study include the cross-
sectional study design, which does not allow for changes
in physical activity to be determined over time. However,
despite this limitation, major strengths of this study include
employing an objective measure to determine time spent in
light, moderate, and vigorous-intensity physical activity,
describing activity estimates among cancer survivors, and
describing these estimates across weight status in a sample
of US cancer survivors.

In summary, the majority of US cancer survivors do not
engage in sufficient levels of physical activity; obese cancer
survivors engage in less MVPA than their counterparts; and
light-intensity physical activity levels do not appear to differ
across weigh status. Further efforts are needed to promote
physical activity among cancer survivors, particularly
among obese cancer survivors. Future investigations are
also encouraged to determine the specific dose of physical
activity (for both light-intensity and MVPA) needed to elicit
improvements in favorable health outcomes among cancer
survivors. Additionally, it would be of interest for future
research to determine whether race–ethnicity, adiposity, and
drug treatment, for example, moderate the association be-
tween weight status and physical activity behavior.
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