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Abstract
Purpose Previous studies in cancer survivors have examined
behavioral correlates of physical activity (PA), but no study to
date has adopted a broader social-ecological framework in
understanding PA. This study examined the associations
among demographic, medical, social-cognitive, and environ-
mental correlates of meeting PA guidelines among kidney
cancer survivors (KCS).
Methods All 1985 KCS diagnosed between 1996 and 2010
identified through a Canadian provincial registry were mailed
a survey that consisted of medical, demographic, and social-
cognitive measures, as well as PA as measured by the Godin
Leisure Time Exercise Questionnaire. Environmental con-
structs were also assessed for both self-report and objective
measures using geographic information systems (GIS). A se-
ries of binary logistic regression analyses were conducted in
this cross-sectional study.

Results Completed surveys with geographical information
were received from 432 KCS with Mage=64.4±11.1 years,
63.2 % male, and 82.2 % having localized kidney cancer. In
the final multivariate model, meeting PA guidelines was asso-
ciated with disease stage (OR=0.25, p=.005), having drug
therapy (OR=3.98, p=.009), higher levels of instrumental at-
titudes (OR=1.66, p=.053), higher levels of intention (OR=
1.72, p=.002), and the perceived presence of many retail
shops in the neighborhood (OR=1.37, p=.032).
Conclusions Meeting PA guidelines in KCS were associated
with various aspects of the social-ecological model.
Implications for Cancer Survivors Understanding the social-
ecological correlates for PA can provide insight into future
interventions designed to increase PA in KCS. Prime targets
for PA promotion should consider treatment-related factors,
promote the benefits of PA, and enhance positive perceptions
of the built environment.
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Introduction

Physical activity (PA) has beneficial effects on overall quality
of life (QoL), cancer-specific concerns, fatigue, and pain
across many cancer survivor groups [1] including kidney can-
cer survivors (KCS) [2]. Despite the established benefits of
PA, the majority of cancer survivors are not meeting public
health PA guidelines [3, 4], including KCS [2]. Previous re-
search examining the correlates of PA in cancer survivors has
been based on individual and interpersonal factors such as
psychosocial, medical, and demographic variables [5–12].
While these factors do have merit in explaining PA, larger
contextual factors such as environmental factors have been
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recognized as important determinants of PA and require fur-
ther study in this population [13, 14].

Social-ecological models of health behavior emphasize the
interplay between individuals and their social and physical
environments [15, 16]. Specifically, a social-ecological frame-
work proposes multiple levels of influence, including individ-
ual (e.g., attitudes, self-efficacy, intentions), interpersonal
(e.g., social support from family and friends), and physical
environmental (e.g., perceived neighborhood aesthetics, per-
sonal safety, built environment) factors for understanding and
changing health behaviors [15]. Central to this ecological per-
spective is the assumption of the interaction and reciprocal
causation among the various levels [17]. Knowledge about
the comprehensive set of factors influencing PA can inform
the development of multilevel interventions to offer the best
level of success [13]. Intervention studies have focused largely
on these individual characteristics with little emphasis on the
perceived and objective built environment [18]. Environmen-
tal attributes such as access to services, street connectivity,
safety, and land use mix as determinants of PA have been
examined in apparently healthy adults [14, 18], but no study
has specifically examined the role of the built environment for
PA in cancer survivors.

A recent systematic review examined the determinants and
exercise maintenance in adult cancer survivors from a socio-
ecological perspective [19]. Of the 18 studies included in the
review, 12 focused on the determinants of exercise and six
studies centered on determinants of exercise maintenance after
intervention completion. The majority of the studies examined
demographic and clinical factors (e.g., age, stage of disease,
date of diagnosis), psychological factors (e.g., motivational
variables, QoL), physical factors (e.g., muscular strength,
body composition), whereas few studies examined social fac-
tors (e.g., family support) and environmental factors (e.g.,
location of fitness center). There was evidence for a positive
relationship between physical determinants such as exercise
history and exercise adherence, with insufficient evidence of
an association for most demographic and clinical factors with
exercise adherence and maintenance. Inconsistent findings
were found for exercise adherence in terms of gender; type
of treatment; psychological factors including perceived be-
havioral control (PBC), stage of change, self-efficacy, extra-
version; physical factors such as cardiovascular fitness; and
environmental factors such as fitness center location. In addi-
tion, inconsistent findings were noted for exercise mainte-
nance such as age, education, self-efficacy, fatigue, attitude,
QoL, intention, PA intervention adherence, body mass index,
baseline PA, and cardiovascular fitness [19].

In apparently healthy adults, a review of 18 reviews iden-
tified a small number of correlates including reported health,
intention to exercise, male sex, self-efficacy, past exercise be-
havior, recreation facilities and locations, transportation envi-
ronments, and aesthetics [13]. Among older adults, previous

studies have reported a positive relationship between presence
of nearby destinations and older adults’ walking for transpor-
tation [20, 21]. However, a recent systematic review found
limited associations between the physical environment (e.g.,
quality of sidewalks, access to parks) and PA in older adults
(≥65 years) [22]. Given that KCS are an older population,
similar relationships may exist with select correlates of PA
that are found in older adults, with medical correlates playing
a more central role in KCS.

There has been only one study that used an ecological
model of health behavior in colorectal cancer survivors, but
this study focused on examining potential barriers to PA into
subcategories including physical environment, social environ-
ment, personal attributes, and disease-specific barriers [23].
Disease-specific barriers (e.g., fatigue) were perceived as the
greatest barrier to PA followed by personal attributes (e.g.,
already active enough), whereas the physical environment
(e.g., lack of suitable facilities) was the least salient barrier.

To the best of our knowledge, no study to date has exam-
ined the correlates of PA behavior in a single cancer type (i.e.,
KCS) from a population-based and social-ecological ap-
proach. In a previous study of KCS by our research group
using the full dataset (n=703), we examined the correlates
of PA using the theory of planned behavior (TPB) [24]. While
this previous study did find the utility of the TPB in explaining
PA, it only focused on individual-level variables, rather than
larger contextual factors such as the environment. Further-
more, previous studies have relied on self-report of environ-
mental attributes, and although these measures are related to
PA behavior [13, 14, 23], objective measures of environmen-
tal attributes such as the use of geographic information sys-
tems (GIS) are warranted to provide an understanding of the
opportunities and resources for PA situated within the neigh-
borhood. The purpose of this study is to examine the associ-
ations between demographic, medical, behavioral, and envi-
ronmental correlates of PA in KCS using several aspects of the
social-ecological model including individual, social-cogni-
tive, and the perceived and built environment variables. We
hypothesized that individual correlates (i.e., demographic,
medical, social-cognitive variables) may be more proximal
predictors of meeting PA guidelines in KCS.

Methods

Geographical context

The province of Alberta spans 661,185 km2 with a population
of 3,645,257 [25]. Of the total population of 3,645,257, 83 %
(3,030,402) and 17 % (614,885) reside in urban and rural
areas, respectively [25]. Approximately 90 % of Alberta is
part of North America’s interior plain, with heavily forested
areas and peat lands in the north, grasslands in the south, and
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parkland in the east and central areas. In the western boundary
of the province, mountains and foothills comprise the remain-
der of the province [26]. The province of Alberta has two
major cities: Edmonton and Calgary.

Study design and participants

The design and methods of the survey have been reported
elsewhere [2]. The study employed a cross-sectional design
with a mailed, self-administered survey. Eligibility for the
study included (a) 18 years or older, (b) ability to understand
English, (c) currently residing in Alberta, and (d) diagnosed
with kidney cancer in Alberta between 1996 and 2010. All
1985 KCS from the Alberta Cancer Registry who met our
eligibility criteria were mailed the survey between May and
September 2010. Ethical approval was obtained from the Al-
berta Cancer Board Research Ethics Board and the University
of Alberta Health Research Ethics Board.

Measures

Demographic information Demographic variables were
assessed using self-report and included age (coded as B0^
for <65 years and coded as B1^ for ≥65 years), sex (coded 0
for male and coded 1 for female), education level (coded 0 for
some/completed high school and coded 1 for some/completed
university), marital status (coded 0 for not married and coded
1 for married/common law), employment status (coded 0 for
unemployed and coded 1 for employed full-/part-time), eth-
nicity (coded 0 for other and coded 1 for white), and body
mass index (BMI) was coded as 0 for healthy weight and
coded 1 for overweight/obese.

Medical information Medical variables were also assessed
using self-report and included time since diagnosis (coded 0
for <60 months and coded 1 as ≥60 months), disease stage
(coded 0 for localized and coded 1 for metastatic), surgery
treatment (coded 0 for no and coded 1 for yes), drug treatment
(coded 0 for no and coded 1 for yes), and current disease status
(coded 0 for disease free and coded 1 for existing disease).

Physical activity PA was assessed using a modified version
of the validated leisure score index (LSI) from the Godin
Leisure-Time Exercise Questionnaire (GLTEQ) [27]. Partici-
pants were asked to recall the average number of times per
week and average duration they performed light (minimal
effort, no perspiration), moderate (not exhausting, light per-
spiration), and vigorous (heart beats rapidly, sweating) PA for
a minimum of 10 min per session during free time in the past
month. The percentage of participants meeting the public
health aerobic PA guidelines was calculated based on the PA
guidelines recommended for cancer survivors by the Ameri-
can Cancer Society [3] and the American College of Sports

Medicine [4]. These guidelines recommend that individuals
obtain 75 min of vigorous aerobic PA per week, 150 min of
moderate aerobic PA per week, or an equivalent combination.
Thus, we calculated BPA minutes^ as moderate minutes plus
two times the vigorous minutes. These PA minutes were then
classified into two categories: (1) not meeting PA guidelines
(<150 PA minutes; coded 0) and (2) meeting PA guidelines
(≥150 PA minutes; coded 1).

Social-cognitive variables Social-cognitive factors were
assessed using a modified version of TPB. Prior to completing
the TPB measures, we defined regular PA for participants as
Bmoderate intensity PA (e.g., brisk walking) performed for at
least 150 min per week (2.5 h), OR vigorous intensity PA per-
formed at least 75 min per week (1.25 h).^ The TPB items were
developed based on guidelines recommended by Ajzen [28,
29], as well as previous studies with cancer survivors [30, 31].

Attitude was measured by four items using a 7-point bipo-
lar adjective scale that examined both instrumental (beneficial/
harmful, important/unimportant) and affective (enjoyable/
unenjoyable, fun/boring) components of attitude. The verbal
descriptors were extremely (points 1 and 7), quite (points 2 and
6), and slightly (points 3 and 5). The stem that preceded the
adjectives was BI think that for me to participate in regular PA
over the next month would be…^

Subjective norm was measured by three items rated on a 7-
point Likert scale. The two items that measured injunctive
norm were preceded by the stem BI think that if I participated
in regular PA over the next month, most people who are im-
portant to me would be…^ followed by the scales 1=extreme-
ly discouraging to 7=extremely encouraging and 1=extreme-
ly unsupportive to 7=extremely supportive. There was one
itemmeasuring descriptive norm, which was BI think that over
the next month, most people who are important to me will
themselves participate regularly in PA^ (1=strongly disagree
to 7=strongly agree).

PBC was determined by two items on a 7-point Likert
scale. The specific items were (a) BIf you were really motivat-
ed, how much control would you have over doing regular PA
over the next month^ (1=very little control to 7=complete
control); (b) BIf you were really motivated, how confident
would you be that you could do regular PA over the next
month?^ (1=not at all confident to 7=extremely confident).

Planning was measured using the instrument developed
and validated by Rise et al. [32]. The four items were (1)
BI have made plans concerning ‘when’ I am going to en-
gage in regular PA over the next month;^ (2) BI have made
plans concerning ‘where’ I am going to engage in regular
PA over the next month;^ (3) BI have made plans
concerning ‘what’ kind of regular PA I am going to engage
in over the next month;^ and (4) BI have made plans
concerning ‘how’ I am going to get to a place to engage
in regular PA over the next month.^ All items were rated
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using a 7-point Likert-type scale ranging from 1 (no plans)
to 7 (detailed plans).

Perceived environment Perceived environment characteris-
tics were based on a combination of items from the Neighbor-
hood Environment Walkability Scale (NEWS) [33] and the
International Physical Activity Prevalence Study Environ-
mental Survey Module (IPAPSEM) [34] that have been used
to predict walking in previous research with healthy adults
[35]. The decision on the items was based on measures from
previous research that highlight proximity to retail or recrea-
tion, aesthetics, crime, traffic, and walking infrastructure qual-
ity as key components [36]. Proximity was measured using
the following: (1) BMany shops, stores, markets or other
places to buy things I need are within easy walking distance
of my residence^ and (2) BMy neighborhood has several free
or low cost recreation facilities, such as parks, walking trails,
bike paths, and recreation centers.^ Quality of walking infra-
structure was assessed using the following: BThere are well-
maintained sidewalks on most of the streets in my
neighborhood.^Neighborhood aesthetics was measured using
the following: BThere are many attractive natural sights in my
neighborhood (such as landscaping, views…).^ Traffic was
assessed using the following: BIt feels unsafe to walk along
the streets in my neighborhood because there is so much
traffic.^ Finally, crime was measured with the following:
BThere is a high crime rate in my neighborhood.^ All items
were rated on a 4-point scale from strongly disagree (1) to
strongly agree (4). Higher scores are indicative of favorable
perceptions, whereas lower scores reflect unfavorable percep-
tions of the perceived environment.

Built environment GIS-based measures were used to charac-
terize the objective built environment. Survey data were
geocoded to the geographic center of the home postal and
provide a reasonable proxy for the home address in urban
settings [37]. Respondents with missing postal code data
(n=162) or residing in rural postal codes (n=109) were ex-
cluded from this study. Rural postal codes are subject to mis-
classification in identifying the location of residence, and they
tend to cover large geographic areas [37]. Network buffers
were compiled based on a distance of 1 km from the partici-
pants’ home postal code centroid and used to examine neigh-
borhood characteristics. The network buffer calculates dis-
tance based on a walking network, which includes streets,
multiuse pathways, and pedestrian walkways. All of the area
within the network buffer or home neighborhood can be
reached within a 1-km walk. The choice of this distance was
informed by previous studies of PA and the built environment
[38, 39].

Neighborhood socioeconomic status (SES) was assessed
using dissemination area (DA) level data on median house-
hold income from census data obtained through Statistics

Canada [40]. Dissemination areas are the smallest geographi-
cal unit where income data are released in Canada and have a
mean size of 0.282 km2 within urban areas of the sample.
Population counts were obtained from Statistics Canada
[40]. Population density was compiled by dividing the total
number of people at census block level by the total area of
land in square kilometers within each buffer. Population den-
sity is a proxy for neighborhood type and may relate to dis-
tances to certain destinations (i.e., shops, recreation centers).

Data on the street network, parks, recreation centers, and
shopping centers were derived from DMTI Route Logistics
dataset (DMTI 2010). Park density was determined by divid-
ing the total area of public parks within the home neighbor-
hood by the total area of the buffer. Public parks include nature
trails, bike paths, playgrounds, athletic fields, and municipal,
provincial, and national parks. Access to shopping and recre-
ational centers was determined by calculating the number of
centers within the home neighborhood. Recreation centers
included private and public fee facilities including physical
fitness clubs, sports and recreation clubs, swimming pools,
yoga/dance studios, bowling centers, golf courses, and sport-
ing arenas.

Characteristics of the street network were also examined.
Street network design varies based on era of development, as
older neighborhoods typically have a more connected street
network with shorter straighter blocks, a higher density of
intersections, and more land dedicated to roadways. While
in more suburban areas, the streets are typically curvilinear,
the roadways are less connected which can increase distances
to destinations. This study examined both the density of local
roads and density of intersections. Local road density was
calculated by dividing the total distance of local roads divided
by the neighborhood area. Intersection density, a measure of
street connectivity, was determined by calculating the number
of three- or four-way intersections per square kilometer. Areas
with a higher intersection density will have a more connected
street network and more route options.

Data analyses

All statistical analyses were performed using SPSS Statis-
tics 22 (IBM Corp., Armonk, NY). Chi-squared analysis
was used to test for group differences between each demo-
graphic and/or medical variable with meeting PA guide-
lines. All demographic and medical variables were either
dichotomized to ensure adequate numbers per cell based
either on clinically relevant cutpoints or balanced statistical
splits. Logistic regression analyses using a hierarchical ap-
proach were conducted given the tenets of an ecological
model. In block 1, demographic variables were entered
including age, sex, marital status, employment status, edu-
cation level, and ethnicity. In block 2, medical variables
were entered including number of comorbidities, months
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since diagnosis, disease stage, BMI, surgery treatment, drug
therapy, and current disease status. Social-cognitive vari-
ables from the TPB were entered in three blocks to account
for the TPB structure and causal ordering of the variables.
Block 3 included planning, block 4 included intention, and
block 5 included affective and instrumental attitudes, de-
scriptive and injunctive norms, and PBC. In block 6, per-
ceived environmental variables were entered including
proximity to retail shops and recreation facilities, aesthetics,
crime, traffic, and walking infrastructure quality. In block 7,
objective measures of the built environment were entered
including mean household income, population density, park
density, number of shopping centers, number of recreation
centers, local road density, and intersection density. The
Omnibus chi-squared test (p< .05) and Hosmer and
Lemeshow test (p>.05) were used to determine model fit.
The Nagelkerke’s R2 was used as an indication of the
amount of variance explained.

Results

Of the 1985 mailed surveys, 331 were returned to sender due
to wrong address, no history of kidney cancer, or deceased. Of
the remaining 1654 surveys, 703 were returned, resulting in a
35.4% completion rate (703/1985) and a 42.5% response rate
(703/1654) excluding the return to sender surveys. For the
current study, we had 432 of 703 (61.5 %) KCS that provide
valid postal codes for the analyses and living in an urban area.
KCS with postal code data were compared to those who did
not provide postal code data, and no demographic andmedical
differences were found.

Previously, responders (n=703) and nonresponders (n=
1282) were compared and no differences in terms of age,
sex, or surgery rate were found [2]. Responders were about
1 year closer to their date of diagnosis compared to nonre-
sponders and had a slightly higher rate of treatment with sys-
temic therapy. Moreover, responders were less likely to have
renal cell carcinoma and more likely to have clear cell
carcinoma.

Sample characteristics

The demographic and medical characteristics of participants
are displayed in Table 1. Descriptive statistics for PAvariables
are displayed in Table 2. Overall, 28.5 % of KCS were meet-
ing public health PA guidelines. Chi-squared analyses re-
vealed some demographic and medical group differences for
meeting PA guidelines as illustrated in Table 1. KCS were
more likely to meet PA guidelines if they were female
[χ2(1)=5.62, p=.018], had some/completed university
[χ2(1)=9.14, p=.003], and had localized kidney cancer
[χ2(1)=9.26, p=.002].

Results of the logistic regression for the social-ecological
variables are presented separately for each block (see Table 3).
When analyzing the models separately, demographic variables
such as being female (OR=1.67, 95 % CI=1.08–2.61) and
having some/completed university (OR=1.83, 95 % CI=
1.16–2.89) were significantly related to meeting PA guide-
lines. In terms of medical variables, disease stage was signif-
icantly related to meeting PA guidelines (OR=0.32, 95%CI=
0.15–0.72). Regarding the social-cognitive variables, higher
levels of affective (OR=1.49, 95 % CI=1.10–2.00) and in-
strumental attitudes (OR=2.34, 95 % CI=1.47–3.72), higher
levels of PBC (OR=1.62, 95 % CI=1.29–2.04), higher levels
of planning (OR=1.78, 95 % CI=1.56–2.05), and higher
levels of intention (OR=2.23, 95 % CI=1.91–2.78) were sig-
nificantly related to meeting PA guidelines. In terms of per-
ceived environmental characteristics, land use mix-diversity
(i.e., greater number of shops within walking distance from
home) (OR=1.29, 95 % CI=1.04–1.61) was significantly re-
lated to meeting PA guidelines. Objective built environment
characteristics were not related to meeting PA guidelines in
KCS.

Hierarchical logistic regression consisted of seven models.
Model 1 included demographic variables and has been pre-
sented above where being female and having some/completed
university-level education was associated with meeting PA
guidelines. Model 1 was found to have a good fit based on
the Omnibus test [χ2(6)=16.37, p=.012] and the Hosmer and
Lemeshow test [χ2(8)=9.83, p=.28]. Model 1 explained
5.3 % (Nagelkerke R2) of the variance in PA, with the overall
accuracy of classification of 71.5 % for meeting and not meet-
ing PA guidelines.

Model 2 included both demographic and medical vari-
ables. Model 2 was found to have a good fit based on the
Omnibus test [χ2(13)=28.43, p=.008], but not a good fit
based on the Hosmer and Lemeshow test [χ2(8)=16.94,
p=.031]. Model 2 explained 9.1 % (Nagelkerke R2) of
the variance in PA, with the overall accuracy of classifica-
tion of 71.8 %. Of the demographic and medical variables
included, having some/completed university (OR=1.84,
95 % CI=1.16–2.93) and disease stage (OR=0.35, 95 %
CI=0.15–0.79) were significant predictors of meeting PA
guidelines.

Social-cognitive variables were entered in three steps
(models 3–5). Model 5 included demographic and medical
variables, as well as the social-cognitive variables. Model 5
was found to have a good fit based on the Omnibus test
[χ2(20)=158.48, p<.001] and the Hosmer and Lemeshow test
[χ2(8)=7.66, p=.47]. Model 5 explained 44.0 % (Nagelkerke
R2) of the variance in PA, with the overall accuracy of classi-
fication of 80.1 %. Of the variables included, disease stage
(OR=0.27, 95 % CI=0.11–0.71), having drug therapy
(OR=4.13; 95%CI=1.52–11.17), higher levels of instrumen-
tal attitudes (OR=1.62, 95 % CI=0.99–2.63), and higher
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levels of intention (OR=0.71, 95 % CI=0.59–0.84) were sig-
nificant predictors of meeting PA guidelines.

Model 6 included demographic, medical, social-cognitive,
and perceived environment variables. Model 6 was found to
have a good fit based on the Omnibus test [χ2(26)=165.59,
p<.001] and the Hosmer and Lemeshow test [χ2(8)=7.51,

p=.48]. Model 6 explained 45.7 % (Nagelkerke R2) of the
variance in PA, with the overall accuracy of classification of
81.3 %. Of the variables included, disease stage (OR=0.25,
95 % CI=0.10–0.66), having drug therapy (OR=4.16, 95 %
CI=1.51–11.46), higher levels of instrumental attitudes (OR=
1.68, 95 % CI=1.02–2.76), higher levels of intention (OR=

Table 1 Demographic, medical, and behavioral characteristics of kidney cancer survivors overall and by physical activity status in Edmonton, Alberta,
Canada, May, 2010 (N=432)

Variable Overall (N=432) Meeting PA guidelines (n=123) Not meeting PA guidelines (n=309)
No. (%) No. (%) No. (%) p (r)

Age (Mean±SD=64.4±11.1)

<65 years 225 (52.1) 72 (32.0) 153 (68.0) .090

≥65 years 207 (47.9) 51 (24.6) 156 (75.4)

Sex

Male 273 (63.2) 67 (24.5) 206 (75.5) .018

Female 159 (36.8) 56 (35.2) 103 (64.8)

Marital status

Married/common law 346 (80.1) 101 (25.6) 245 (74.4) .51

Not married 86 (19.9) 22 (29.2) 64 (70.8)

Education

Some/completed high school 179 (41.4) 37 (20.7) 142 (79.3) .003

Some/completed university 253 (58.6) 86 (34.0) 167 (66.0)

Employment status

Employed full-/part-time 175 (40.5) 54 (30.9) 121 (69.1) .37

Unemployed 257 (59.5) 69 (26.8) 188 (73.2)

Ethnicity

White 420 (97.2) 120 (28.6) 300 (71.4) .79

Other 12 (2.8) 3 (25.0) 9 (75.0)

BMI (Mean±SD=28.3±5.1)

Healthy weight 107 (24.8) 31 (29.0) 76 (71.0) .90

Overweight/obese 325 (75.2) 92 (28.3) 233 (71.7)

Number of comorbidities

<3 220 (50.9) 68 (30.9) 152 (69.1) .25

≥3 212 (49.1) 55 (25.9) 157 (74.1)

Months since diagnosis (mean±SD=72.3±60.8)

<60 months 206 (47.7) 60 (29.1) 146 (70.9) .77

≥60 months 226 (52.3) 63 (27.9) 163 (72.1)

Disease stage

Localized 335 (82.2) 112 (31.5) 243 (68.5) .002

Metastatic 77 (17.8) 11 (14.3) 66 (85.7)

Surgery treatment

Yes 421 (97.5) 4 (36.4) 7 (63.6) .56

No 11 (2.5) 119 (28.3) 302 (71.7)

Drug treatment

Yes 55 (87.3) 15 (27.3) 40 (72.7) .83

No 377 (12.7) 108 (28.6) 269 (71.4)

Current disease status

Disease-free 368 (85.2) 111 (30.2) 257 (69.8) .062

Existing disease 64 (14.8) 12 (18.8) 52 (81.3)

PA physical activity, BMI body mass index, p (r) Pearson product moment correlation
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1.70, 95 % CI=1.23–2.35), and the presence of many retail
shops in the neighborhood (OR=1.33, 95 % CI=1.01–1.75)
were significant predictors of meeting PA guidelines.

The final model included demographic, medical, social-
cognitive, perceived environment, and built environment var-
iables. Model 7 was found to have a good fit based on the
Omnibus test [χ2(33)=169.02, p<.001] and the Hosmer and
Lemeshow test [χ2(8)=4.57, p=.80]. Model 7 explained
46.4 % (Nagelkerke R2) of the variance in PA, with the overall
accuracy of classification of 80.3%. Of the variables included,
disease stage (OR=0.25, 95 % CI=0.10–0.66), having drug
therapy (OR=3.98; 95 % CI=1.41–11.21), higher levels of
instrumental attitudes (OR=1.66, 95 % CI=1.00–2.78),
higher levels of intention (OR=1.71; 95 % CI=1.23–2.39),
and the presence of many retail shops in the neighborhood
(OR=1.37, 95 % CI=1.03–1.81) were significant predictors
of meeting PA guidelines. These variables were in the range of
small to medium effect sizes [41].

Discussion

This study provides a comprehensive examination of the cor-
relates of PA using a social-ecological approach in KCS. To
the best of our knowledge, this is the first study addressing the
correlates of PA using a social-ecological model that includes
objectivemeasures of the physical environment in KCS and in
any cancer survivor group. Notably, the introduction of the
social-cognitive variables (i.e., TPB) contributed to the largest
variance explained in meeting PA guidelines resulting in a
total variance explained of 44.0 %, but the effect sizes were
small. The addition of the perceived and objective built envi-
ronment characteristics contributed an additional 1.7 and
2.4 % of the variance explained in meeting PA guidelines,
respectively, but the effect sizes were small. This resulted in
a total explained variance of 45.7 % when the perceived en-
vironment characteristics were added. The final model

including the objective built environment characteristics re-
sulted in a total explained variance of 46.4 %, but none of
the objectively measured environmental attributes were sig-
nificant predictors of meeting PA guidelines for KCS. In the
final model, only perceived proximity of retail shops was a
significant predictor of meeting PA guidelines.

In the seven-step prediction model, the introduction of the
social-cognitive variables contributed to an additional 34.9 %
of the variance in meeting PA guidelines. These findings are
consistent with previous TPB studies in cancer survivors
where 11–42 % of the variance in PA was accounted for
[6–10, 24, 42, 43]. In a systematic review examining the de-
terminants of exercise adherence and maintenance in cancer
survivors using a socio-ecological approach, inconsistent ev-
idence was found for psychological factors such as stage of
change, attitude, intention, PBC, and self-efficacy with exer-
cise adherence and maintenance [19]. In contrast to this re-
view, Husebo et al. [44] found in their meta-analysis exercise
stage of change, intention, PBC, and subjective norm to be
significant determinants of exercise adherence. These incon-
sistent findings may be attributed to the relatively small sam-
ple sizes and low variability of exercise adherence and main-
tenance. Although most demographic and medical variables
are not modifiable, focusing on social-cognitive factors that
are modifiable could contribute to behavior change in future
PA interventions.

Demographic variables were not significant predictors of
meeting PA guidelines, which was inconsistent with previous
findings in cancer survivors. Speed-Andrews et al. [5] found
that demographic variables such as age, marital status, em-
ployment, education level, and income status were related to
meeting PA guidelines. D’Andrea and colleagues [12] report-
ed colorectal cancer survivors with some college education/
degree and with less than two chronic conditions were more
likely to comply with PA guidelines. The only medical vari-
ables to be significant predictors of meeting PA guidelines in
KCS were having localized disease and drug therapy. This is
consistent with a previous study in colorectal cancer survi-
vors, where those that were disease-free, in better health, had
less comorbidities, and not receiving radiation had higher PA
levels [5]. Our findings were also somewhat consistent with a
previous study in a mixed sample of breast, prostate, and
colorectal cancer survivors, where prostate cancer survivors
were more likely to meet PA guidelines given the type of
treatment they received (i.e., having surgery, but not chemo-
therapy) [6]. There has been limited research in the area of
demographic and medical correlates of PA in KCS, and it is
possible that treatment-related variables also play an important
role in engaging in PA. For example, metastatic KCS often
receive drug therapy in the form of targeted therapy which
avoids harm to healthy cells, which, in turn, has fewer side
effects than standard chemotherapy, and is well tolerated [45].
Many of the treatment-related adverse reactions can be readily

Table 2 Descriptive statistics for physical activity in kidney cancer
survivors in Alberta, Canada, May, 2010 (N=432).

Variable M±SD or n (%)

Average weekly physical activity in the past month

Light minutes 116±233

Moderate minutes 69±136

Vigorous minutes 29±81

Physical activity minutesa 128±235

Public health physical activity categories

Not meeting guidelines 309 (71.5)

Meeting guidelines 123 (28.5)

a Physical activity minutes are calculated as moderate minutes plus two
times vigorous minutes. Light minutes are not included in the calculation
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managed in most cases after a dosage reduction, treatment
interruption, or other supportive care measures, and thus,
KCS may be more motivated to engage in PA [45]. PA inter-
ventions should consider treatment-related correlates of PA,
especially in terms of type and mode of delivery for PA.

Social-cognitive variables including instrumental attitudes
and intention were significant predictors of meeting PA guide-
lines. These correlates are consistent with previous studies in
other cancer survivor groups [5, 7, 8, 10, 46]. In a study of
KCS by our research group using the same dataset but with the
full sample (N=703), Trinh and colleagues [24] reported that
PBC, intention, and planning were significant predictors of
PA, and instrumental attitude, descriptive norm, and PBC
were significant predictors of intention.

Beyond these social-cognitive variables, the only environ-
mental variable to be a significant predictor of meeting PA
guidelines was perceived proximity of retail shops. These
findings parallel previous studies in the general population
of adults where close proximity to retail infrastructure was
associated with walking [35, 47]. None of the objective built
environmental characteristics were significant predictors of
meeting PA guidelines in KCS. Research examining the en-
vironmental correlates of PA in cancer survivors has
remained scant making comparative efforts difficult. There
have been mixed reviews regarding research examining en-
vironmental correlates of PA. Previous reviews in apparently
healthy adults identified a small number of correlates includ-
ing environmental attributes such as recreation facilities and
locations, transportation environments, and aesthetics as cor-
relates of PA [13]. Among older adults, a recent systematic
review found limited associations between the physical en-
vironment (e.g., quality of sidewalks, access to parks) and
PA in older adults (≥65 years) [22]. In another systematic
review of 67 studies examining predictors of PA change
among adults, Rhodes and Quinlan [48] found no associa-
tions between environmental factors such as access, aes-
thetics, and safety with PA change.

Only one study in colorectal cancer survivors has exam-
ined the physical environment as a potential barrier to PA
[23]. For example, limited access to recreation facilities was
not related to achieving sufficient levels of PA [23]. In ad-
dition, one systematic review examining the determinants of
exercise adherence and maintenance among cancer survivors
found that the location of the fitness center was not associ-
ated with exercise maintenance, and inconsistent findings
were noted for location of the fitness center with exercise
adherence [19]. Given that KCS are an older cancer survivor
group, it may be that older adults tend to live in similar
types of areas or in smaller communities such as condomin-
iums or apartment complexes. These types of dwellings may
have easy access to amenities located within the building
premises, and thus, the characteristics of the built environ-
ment may be less relevant for PA [20].T
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PA in KCS is largely explained by social-cognitive factors,
followed by treatment-related factors and the perceived envi-
ronment. It is likely that the inclusion of the social-cognitive
factors influenced the associations for the treatment-related
variables, where the odds ratios increased for disease stage
and drug therapy. These stronger associations in the
treatment-related variables may be contributing to additional
variance when taken together with the social-cognitive vari-
ables. Nevertheless, there were few factors at any of these
levels that explained PA. It is possible that enhancing the
social-cognitive correlates of PA such as the benefits of PA
may be more important for KCS when forming an intention to
engage in PA. This may be due to differences in health and
age, where KCS are more likely to be overweight or obese and
have other comorbidities compared to other survivor groups.
Therefore, KCS may be more likely to intend to engage in PA
if they feel that it would be beneficial. In terms of environ-
mental variables, community planners should consider factors
such as neighborhood design when building new communi-
ties. Overall, few factors may need to be taken into consider-
ation when designing PA interventions in KCS, and it may be
likely that interventions designed for apparently healthy older
adults may result in behavior change in KCS.

Although the built environment was not related to PA in
this sample, we cannot rule out its influence due to methodo-
logical concerns. Both objective and perceived measures of
the physical environment relate differently to PA, and previ-
ous studies suggest that perceptions of the environment are
more strongly related to PA compared to objective measures
[22]. Ecological models have posited that environmental fac-
tors influence behavior directly and indirectly through indi-
vidual perceptions [15]. More research is needed to under-
stand the complex interaction between the objective and per-
ceived environment for predicting PA.

Our study should be interpreted within the context of im-
portant strengths and limitations. To the best of our knowl-
edge, this is the first study examining the relative influence of
demographic, medical, behavioral, and environmental corre-
lates of PA in KCS within a social-ecological model. This also
appears to be the first study to employ both perceived and
objective measures of the physical environment to understand
PA in a large, population-based sample of KCS. Limitations of
our study include the cross-sectional nature of the study in
which causation cannot be implied. Future studies should con-
sider employing longitudinal designs to further understand the
social-ecological correlates of PA in cancer survivors. Another
limitation of our study was the reliance on self-reported mea-
sures of PA which can be subject to recall biases and error.
Given the large number of comparisons made in this study
without adjustment for multiple testing, there may be a possi-
bility of some chance findings. However, many of these find-
ings are consistent with previous research examining predic-
tors of PA with cancer survivors. Future research should

consider objective measures of PA such as accelerometry. Fi-
nally, future research should consider using multiple buffer
radii (i.e., 0.5 km) given that it may contribute to differences
in correlates of meeting PA guidelines in nearby and distant
environments for KCS. Additional analyses were conducted
using a 2 km buffer radius, but there were no differences in the
PA correlates of KCS compared with the 1 km buffer radius.
Obtaining residential addresses are also necessary for future
research to compare KCS residing in rural and urban
locations.

In conclusion, our study found preliminary support for
using the social-ecological framework for understanding PA
in KCS. However, only a few select medical, behavioral, and
perceived environmental factors predicted PA, with social-
cognitive factors largely contributing to KCS meeting PA
guidelines. Our study expands upon previous studies examin-
ing the correlates of PA by considering the physical environ-
ment to gain a comprehensive understanding of these factors
for achieving PA guidelines. PA interventions should still ad-
dress multiple facets of the social-ecological model such as at
the community, organizational, and policy level given its im-
pact on behavior change. Within these multilevel interven-
tions, particular emphasis on social-cognitive factors such as
the benefits of PA may contribute to behavior change. These
interventions should also consider treatment-related factors,
especially disease stage and drug therapy regimes that may
influence the mode and delivery of PA. Few correlates of the
physical environment have been identified, suggesting that PA
interventions targeting environmental attributes could be inef-
fective in behavior change. More research is needed to under-
stand the influence of the built environment on PA, in addition
to demographic, medical, and behavioral factors. Overall, fo-
cusing on social-cognitive aspects of PA may be a more im-
mediate strategy for KCS to achieve PA guidelines for en-
hancing QoL and health outcomes.
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