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Abstract
Objectives: This pilot trial tested the effect of adding a multi-level, technology-based
physical activity intervention module to a standard survivorship care plan for breast
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and colorectal cancer survivors. The objective of this analysis was to determine
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whether the physical activity module improved health-related quality of life, sleep,
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and factors key to lasting behavior change (eg, social support, self-efficacy).
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Methods: Breast and colorectal cancer survivors (n = 50) were enrolled alongside a
support partner. Survivors were assigned to receive a standard survivorship care plan
either alone or augmented by a 12-week multi-component physical activity module.
The module included a Fitbit tracker (with the physical activity data integrated into
the electronic health record for clinician review) and customized email feedback.
Physical activity was measured using the ActiGraph GT3X+. Psychosocial outcomes
included the SF-36, FACT, ISEL, PROMIS sleep measures, and physical activity
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beliefs. Data were analyzed using linear mixed modeling.
Results: Cancer survivors were aged 54.4 ± 11.2 years and were 2.0 ± 1.5 years from
diagnosis. Relative to comparison, the intervention was associated with moderate-tolarge improvements in physical health (effect size: d = 0.39, 95% CI = 0.0, 0.78), mental health (d = 0.59, 95% CI = 0.19, 0.99), sleep impairment (d = 0.62, 95% CI = −1.02,
−0.22), and exercise self-efficacy (d = 0.60, 95% CI = 0.20, 1.0).
Conclusions: The intervention delivered meaningful improvements in survivors' quality of life, social support, and sleep impairment. If replicated in a larger sample, adding
a technology-supported physical activity module to survivorship care plans may be a
practical strategy for supporting healthy survivorship.
Trial registration: ClinicalTrials.gov#: NCT02677389.
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2.1

|

Participants and randomization

Over 90% of breast cancer patients and 90% of colorectal cancer

The trial had a two-arm parallel randomized controlled design. Fifty

patients will survive past 5 years1,2 and there are 3.8 million breast

cancer survivor and support partner dyads were enrolled (n = 100

and 1.5 million colorectal cancer survivors in the United States.3

total). This pilot focused on breast and colorectal cancers due to the

While recent evidence suggests that quality of life has been improving

feasibility constraints in recruiting from more than two groups of

4

among these cancer survivors, a significant proportion still have clini-

oncology providers. Inclusion criteria for cancer survivors were:

cally relevant levels of post-treatment stress, depression, anxiety and

(a) patient of the UW Health system, (b) 28-75 years of age,

lower quality of life.5,6 Proposed mechanisms stem from cancer-

(c) diagnosed with Stage I-III colorectal cancer or female breast cancer

related psychosocial distresses such as a heightened fear of

within the past 5 years, (d) finished with primary treatment (com-

7

8

and difficulty

pleted all definitive cancer surgery, [neo]adjuvant chemotherapy

resuming social life.9 Physical issues such as fatigue, pain, and func-

and/or radiation), (e) had a computer, tablet, or smartphone and inter-

tional impairments can reduce quality of life,10 while changes in body

net access, (f) could exercise safely, (g) fluent in English, and (h) willing

image and sexuality affect emotional health.11,12 Post-treatment can-

and able to attend study visits. Exclusion criteria were (a) recurrent or

cer survivors also have a high prevalence of sleep-wake disturbances

metastatic disease, (b) previously received a survivorship care plan,

that adversely affect their quality of life.13

(c) performing >100 minutes/week of MVPA, (d) unable to identify a

recurrence,

concerns about family and finances,

Regular physical activity (PA) is a safe and effective way to

support partner. Survivors were recruited through the UW's Carbone

improve physical and psychological health in cancer survivors.14 Sev-

Comprehensive Cancer Center. A randomization scheme in REDCap23

eral randomized trials among breast cancer survivors have shown that

assigned dyads with equal probability to standard survivorship plan-

PA improves physical functioning and quality of life and reduced

ning either alone (comparison group) or augmented with the PA mod-

fatigue.15-18 Similarly, for colorectal cancer survivors, systematic

ule (intervention group). The randomization sequence was generated

reviews report benefits of PA on a range of health-related quality of

by L.C.B. and uploaded to REDCap. Participants were enrolled by

19

Due to these benefits, guidelines for PA are

B.V.R. and P.D. Randomization was stratified by cancer type (breast vs

typically included in the survivorship care planning (SCP) document

colorectal) and chemotherapy (yes/no). Chemotherapy was chosen as

that many cancer survivors receive at the end of primary treatment.20

a stratification criterion due to its role in risk of late effects that affect

However, general lifestyle recommendations are unlikely to result in

quality of life.24 The primary aim of the trial was feasibility; sample

life (HRQOL) outcomes.

21

sustained behavior change

unless augmented by additional behavior

change support.
This study reports psychosocial outcomes from a pilot randomized trial that used a novel approach—implementing a technology-

size was determined based on the secondary aim (change in MVPA),
to enable us to estimate the SD to a precision (CI half-width) of ±22%.
The trial was completed as planned after reaching the target
sample size.

based PA intervention as an add-on module to standard-of-care
survivorship care planning—in a sample of insufficiently active posttreatment cancer survivors diagnosed within the past 5 years. The

2.2

|

Survivorship care planning

module, which included Fitbit trackers with data imported into the
electronic health record (EHR), email feedback, and a support partner,

Survivors in both groups received a survivorship care plan, which was

was designed to be scalable and accessible. The main outcomes—

reviewed with a provider either in the clinic or over the phone. Care

feasibility and changes in PA—have been reported previously.

plans contained a written script on the benefits of PA for cancer survi-

Specifically, survivors in the intervention group increased moderate-

vors and PA recommendations of 150 minutes/week of MVPA.25

to-vigorous-intensity physical activity (MVPA) by 69 ± 84 minutes/
week vs a 20 ± 71 minutes/week.22 For this analysis, we hypothesized
that the PA module would deliver improvements in health-related
quality of life and sleep relative to standard care planning alone. Fur-

2.3 | Multi-level technology-based physical activity
module (intervention group)

thermore, we hypothesized that because the module would improve
factors that are key to lasting PA behavior change, namely social sup-

Dyads in this group received a 12-week, multi-component interven-

port, self-efficacy, processes of change, and decisional balance.

tion. Participants were asked to gradually increase their MVPA to
150 minutes/week and daily steps to 10 000. Due to the exclusion of
individuals currently performing >100 minutes/week of MVPA, all

2

|

METHODS

survivors were in the contemplation or preparation stages of the
Transtheoretical Model.26 Both dyad members received the following

Data collection occurred from August 2016 to January 2018. All pro-

four components: (a) Fitbit tracker (Charge HR or Charge 2, which are

cedures were approved by the University of Wisconsin-Madison

comparable with respect to key features); (b) educational handbook,

Health Sciences Institutional Review Board. Informed consent was

adapted from our previous trial,22 addressing benefits of PA for cancer

obtained from all participants.

survivorship, self-efficacy and goal-setting, and instructions on how to

3
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use the Fitbit to reach the study goals; (c) Social support: survivors

being (range = 0-24) and functional well-being (range = 0-28). They also

and support partners were asked to assist each other in achieving and

completed the FACT breast cancer subscale (BCS) or colorectal cancer

maintaining their activity goals (eg, exercising together, providing

subscale (CCS) with a score ranges of 0-40 and 0-28 respectively, with

encouragement, helping a spouse find time to exercise); and

higher scores indicating better quality of life.29 Sleep was measured

(d) coaching emails sent by study staff to each dyad member at 1, 2,

using the Patient Reported Outcomes Measurement Information Sys-

4, and 8 weeks. Although other consumer-based activity trackers (eg,

tem's (PROMIS) 8-item short forms for sleep disturbance and sleep-

Garmin, Apple Watch) offer monitoring of MVPA minutes, we chose

related impairment. Raw scores were rescaled to standardized t-scores

the Fitbit because (a) it has the most validation data; (b) integrates

ranging from 28.9-76.5 for sleep disturbance and 30-80.1 for sleep-

with the Fitabase research platform; (c) had an Epic flowsheet avail-

related impairment, with higher scores reflecting worse sleep.30

able to pull data into the EHR; and (d) can be used on multiple platforms (eg, computer, Android, iOS). Fitbit data was tracked via
Fitabase (Small Steps, LLC) and used to tailor e-mail coaching to each

2.5.3

|

Process outcomes

dyad member based on personalized goals and recent progress, to
help set updated goals, and provide suggestions for individuals to sup-

Four instruments were used to assess relevant factors that support

port their dyad partner. Additionally, each survivor's Fitbit data (steps/

lasting PA behavior change. Perceived social support was assessed

day) was linked to their health record via the patient portal and was

using the Interpersonal Support Evaluation List (ISEL), consisting of

viewable from the clinician side of EHR.

four sub-scales: appraisal support (the perceived availability of
another person to offer advice/information), tangible support (perceived availability of aid, material, or instrumental support), self-

2.4 |
group)

Attention control components (comparison

esteem (self-perceptions through social comparisons), and belonging
(perceived availability of others for companionship). Sub-scale scores
were summed (range = 0-30), with a higher score reflecting stronger

Survivors and support partners assigned to the comparison group

social support.31 The self-efficacy for PA scale measured confidence

received the following components, intended to support retention

in performing PA in a variety of situations; scores range from 1-5 with

and reduce differences in the level of attention provided to each

higher scores indicating greater self-efficacy.32 Processes of behavior

group: (a) the 2015 US Dietary Guidelines for Americans, which was

change used 10 sub-scales to measure increasing knowledge of PA,

27

reviewed with each dyad at the randomization visit ; (b) standardized

awareness of risks of inactivity, caring about consequences of PA,

e-mails at 1, 2, 4, and 8 weeks with information on healthy eating and

comprehending benefits of PA, increasing activity opportunities,

stress management (PA coaching was not provided).

substituting alternatives with PA, enlisting social support for PA,
rewarding oneself for being active, committing oneself to be active,
and reminding oneself to be active. Scores range from 1-5 with

2.5

Measures

|

greater scores reflecting higher likelihood that the individual is trying
to change their PA-related thinking and behavior.32 Decisional balance

2.5.1

Participant characteristics

|

used 16 items to assess perceived benefits and barriers to PA.32

Demographic characteristics were self-reported. Height and weight
were measured using standard protocols described previously.22 Diag-

2.6

|

Data analyses

nosis and treatment details were abstracted from the EHR to REDCap.
Physical activity was measured at baseline and 12-weeks using the

Baseline characteristics were compared using t tests and χ 2 tests.

ActiGraph GT3X+, worn on the hip during waking hours for seven con-

Intervention effects were examined using linear mixed effects regres-

secutive days. Details of PA measurement were described previously.22

sion models. Effect size (Cohen's d) was also computed. Additionally,
95% confidence intervals are presented for all longitudinal analyses.
All analyses were performed in SAS 9.4 (SAS, Cary, North Carolina). In

2.5.2

Quality of life and sleep outcomes

|

sensitivity analyses, adjusting for age and chemotherapy as covariates,
results did not meaningfully change for any outcome.

Two quality of life instruments were used: the SF-36 Health Survey
and the Functional Assessment of Cancer Therapy (FACT). The SF-36
has eight sub-scales (physical functioning, role limitations due to physi-

3
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cal health problems, bodily pain, general health perceptions, mental
health, role limitations due to emotional problems, social functioning
28

and vitality).

3.1

|

Participant characteristics

Scores range from 0 to 100 with higher scores reflecting

better health. The FACT has four sub-scales: physical well-being

Fifty cancer survivors were enrolled between August 2016 and

(range = 0-28), social/family well-being (range = 0-28), emotional well-

November 2017 (Figure 1). As shown in Table 1, survivors were 96%

4
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F I G U R E 1 CONSORT diagram
showing flow of participants through the
trial

women, 29-73 years of age, and 94% were non-Hispanic whites.

(d = 0.45), role limitations due to emotional problems (d = 0.60), social

Average time since diagnosis was 2.0 ± 1.5 years and most (90%)

functioning (d = 0.51) and vitality (d = 0.61) and small improvement in

were breast cancer survivors. Thirty-two percent had Stage 1 cancer;

bodily pain (d = 0.15) relative to the comparison group (see Table 2

50.0% had Stage 2, and 18.0% had Stage 3. All had undergone sur-

for 95% CIs). Among the aggregate scores, mental health improved

gery; 64% received chemotherapy and 72.0% received radiation.

significantly in the intervention group relative to the comparison

Mean BMI was 32.2 ± 7.4 kg/m2, which is generally comparable to

group (d = 0.59). The results from FACT-B (breast cancer) corrobo-

national averages for this age group.33

rated the findings from the SF-36. Physical well-being measured by
the FACT-B improved more in the intervention group relative to comparison (d = 0.56). Emotional well-being (d = 0.54) and the breast can-

3.2

|

Health-related quality of life and sleep

cer subscale (d = 0.48) also showed a medium standardized mean
difference between groups. Results from FACT-C are not presented

Across all eight domains of SF-36, from baseline to 12-weeks, survi-

due to the small number of colorectal cancer survivors enrolled. There

vors in the intervention group showed medium to large improvements

was a greater reduction in both sleep disturbance and impairment

in physical functioning (d = 0.40), role limitations due to physical

among the cancer survivors in the intervention group from baseline to

health problems (d = 0.43) general health (d = 0.88), mental health

12-weeks relative to the comparison group. Both scales were

5
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TABLE 1

Baseline characteristics of cancer survivors
Total
Mean ± SD or N (%)

Intervention
Mean ± SD or N (%)

Comparison
Mean ± SD or N (%)

50

26

24

Sex (% female)

48(96.0%)

26(100.0%)

22(91.7%)

.23

Age

54.4 ± 11.2

52.5 ± 12.2

56.5 ± 9.8

.21

% with a college degree

43(86%)

23(88.5%)

20(83.3%)

.70

BMI (kg/m2)

32.2 ± 7.4

32.4 ± 6.2

33.4 ± 6.5

.56

Non-Hispanic White

47(94.0%)

25(96.2%)

22(91.7%)

Hispanic

1(2.0%)

1(3.9%)

0(0.0%)

Black

1(2.0%)

0(0.0%)

1(4.2%)

More than one race

1(2.0%)

0(0.0%)

1(4.2%)

MVPA min/week

170 ± 131

174 ± 123

165 ± 142

.80

MVPA in 10+ min bouts

15 ± 26

19 ± 29

11 ± 22

.27

N

P

General characteristics

Race/ethnicity

.37

Physical activity

Steps/day

5252 ± 2237

5318 ± 2115

5181 ± 2405

.83

9.2 ± 3.6

9.3 ± 3.5

9.14 (3.74)

.89

Tumor type (breast)

45(90.0%)

25(96.2%)

20(83.3%)

.18

Years since diagnosis

2.0 ± 1.5

1.9 ± 1.4

2.0 ± 1.7

.72

Sedentary time (hrs/day)
Cancer characteristics

Stage

.08

I

16(32.0%)

11(42.3%)

5(20.8%)

II

25(50.0%)

9(34.6%)

16(66.7%)

III

9(18.0%)

6(23.1%)

3(12.5%)

Chemotherapy

32(64.0%)

14(53.9%)

18(75.0%)

.12

Radiation

36(72.0%)

20(76.9%)

16(66.7%)

.42

Treatment

associated with medium effect sizes, with impairment (d = −0.62)

(d = 1.12), enlisting social support for PA (d = 1.12) and reminding

improving more than disturbance (d = −0.46).

oneself to be active (d = 0.95).

3.3

4

|

Process variables

|

DI SCU SSION

Two of the four items on the social support scale showed a greater

The survivors in the intervention group improved their general health

improvement among the survivors in the intervention group relative

and vitality, both of which are important constructs of physical func-

to comparison: tangible (d = 0.53) and belonging (d = 0.55) scores

tioning in SF-36. Of note, we also found evidence that the two com-

were associated with medium effect sizes. However, appraisal

posite scores in SF-36 (physical and mental health) were associated

(d = 0.13) and self-esteem (d = 0.12) scores did not improve and were

with fairly large positive changes in the intervention group relative to

associated with lower effect sizes and confidence intervals that

the comparison. These findings were corroborated by scores from the

included zero (see Table 3 for 95% CIs). The participants improved on

FACT-B scale, wherein emotional well-being improved significantly in

the self-efficacy scale more in the intervention group relative to the

the intervention group relative to the comparison group. These asso-

comparison (d = 0.60). Survivors in the intervention group also

ciations are consistent with previous research among cancer survi-

showed a significantly greater improvement in three constructs of

vors.34,35 Despite the small sample size in our study, these favorable

processes of behavior change as compared to the comparison group

findings hold promise for future research on the use of physical activ-

(P = .00). These three were substituting alternatives with PA

ity programs as an add-on module to survivorship care planning.

41.3 ± 9.6

49.4 ± 7.6

Social functioning

Vitality

70 ± 13.9

47.6 ± 8.9

Sleep impairment

44.7 ± 9.3

47.0 ± 8.6

76.1 ± 13.6

28.7 ± 6.3

118.1 ± 20.2

23.0 ± 5.1

19.6 ± 3.7

22.5 ± 5.6

24.5 ± 3.8

89.5 ± 15.2

55.5 ± 8.5

28.9 ± 3.3

49.8 ± 8.9

51.7 ± 9.2

45.6 ± 8.3

51.9 ± 7.4

4.1 ± 10.4

2.6

12.5
4.3

−0.1
−0.2

−6.1
−7.8

−3.6 ± 9.8

0.6

0.3

9.3

2.8

−0.1

0.3

1.6
2.9

−1.1
−0.6

8.9
3.1

−0.6

8.9

−8.1

7.2

6.5

−0.2

−2.9 ± 6.8

4.8 ± 9.8

2.1 ± 5.0

6.2 ± 13.8

1.3 ± 3.2

1.1 ± 3.8

0.2 ± 2.9

1.4 ± 3.6

3.3

−15.8

−11.9 ± 8.9
6.1 ± 6.5

0.1

3.7 ± 8.2

1.5

−2.7

4.0 ± 5.8

−0.1 ± 6.2

6.4
8.5

−3.1
2.7

13.4

5.8

8.4

0.2

0.4

0.2

5.6 ± 6.7

1.6 ± 11.0

6.8 ± 15.3

3.1 ± 6.3

4.3 ± 9.5

49.5 ± 9.3

49.5 ± 7.6

67.4 ± 14.9

24.9 ± 7.1

109.5 ± 19.5

20.2 ± 4.8

20.9 ± 2.5

21.2 ± 5.2

22.3 ± 6.6

84.6 ± 13.3

52.4 ± 7.0

43.3 ± 7.8

50.5 ± 6.9

49.9 ± 9.5

50.2 ± 7.1

46.5 ± 6.6

49.8 ± 9.7

45.9 ± 10.6

47.1 ± 7.4

46.5 ± 7.1

52.0 ± 10.5

49.5 ± 9.3

68.9 ± 16.0

25.2 ± 8.0

110.2 ± 22.9

20.7 ± 5.0

19.9 ± 2.7

21.4 ± 6.2

23.1 ± 4.4

85.1 ± 16.3

53.3 ± 10.1

27.4 ± 4.2

48.6 ± 10.0

49.7 ± 12.5

45.0 ± 11.6

46.7 ± 6.2

50.1 ± 11.3

46.6 ± 10.4

47.7 ± 8.6

47.6 ± 8.9

12-weeks
Mean ± SD

2.1 ± 8.5

0.4 ± 7.4

0.8 ± 6.5

0 ± 3.2

0.9 ± 9.7

1.1 ± 3.7

−0.6 ± 2.5

0.7 ± 3.2

−0.3 ± 2.3

0.9 ± 7.8

1.3 ± 8.8

−1.7

5.8

3.9

4.0

−3.1

1.6
−2.4

5.7

2.9

0.6

2.3

0.9

−1.6

−3.9

−0.8

−1.9

−0.8

−1.4

4.8

5.2

−2.6
−3.0

−12.9

−19.4

2.5

−5.3

−1.4 ± 8.8
−16.2 ± 7.4

−0.6
4.5

−3.7

2.6

−8.9

−4.8 ± 9.3

3.4

4.5

−1.3
−2.0

3.6

−3.0
−3.0

3.8

−1.4

95% CI

0.4 ± 9.3

0.3 ± 5.1

0.2 ± 7.3

1.6 ± 6.5

0.3 ± 7.5

1.2 ± 5.9

Change
Mean ± SD

*P-value from the mixed effects regression model and for comparing changes from baseline to 12-weeks between intervention and comparison groups.
a
FACTG total = Physical+Social/family+Emotional+Functional.
b
FACTB total = Physical+Social/family+Emotional+Functional+Breast Cancer sub-scale.
c
FACTB Trial Outcome Index = Physical+Functional+Breast Cancer sub-scale.

46.8 ± 10.3

Sleep disturbance

Sleep

26 ± 6.5

Breast cancer subscale

Trial outcome indexc

111 ± 20

21.4 ± 5.6

Functional well-being

FACT-B totalb

22.8 ± 5.0

18.1 ± 4.9

Social/family well-being

Emotional well-being

22.6 ± 4.1

Physical well-being

FACT-G totala

85.0 ± 15.7

46.8 ± 9.9

Role-emotional

FACT

48.4 ± 9.0

Mental health

46.8 ± 9.9

51.1 ± 11.6

48.8 ± 10.4

46.1 ± 8.8

Bodily pain

General health

Aggregate mental health

50.7 ± 9.5

43.5 ± 10.9

Role-physical

52.4 ± 5.0

48.2 ± 7.3

Physical functioning

52.1 ± 7.9

46.6 ± 8.7

95% CI

Baseline
Mean ± SD

Change
Mean ± SD

Baseline
Mean ± SD

12-weeks
Mean ± SD

Comparison group

Intervention group

Mean changes in health-related quality of life and sleep related outcomes in cancer survivors

Aggregate physical health

SF-36

TABLE 2

−.62

−.46

.48

.48

.44

.08

.54

−.17

.56

.35

.61

.51

.60

.45

.59

.88

.15

.43

.40

.39

d

−1.02,-.22

−.86,-.07

.09,.88

.09,.88

.04,.84

−.31,.47

.14,.94

−.56,.22

.17,.97

−.05,.75

.22,1.02

.12,.92

.20,1.0

.06,.85

.19,.99

.47,1.29

−.24,.54

.04,.83

.01,.80

0,.78

95% CI for d

.04

.33

.13

.13

.16

.68

.06

.60

.12

.26

.03

.14

.05

.13

.06

.004

.55

.085

.13

.12

P*
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3.1 ± 0.8

24.3 ± 5.0

2.8 ± 0.7

1.9 ± 1.1

3.0 ± 1.0

4.2 ± 0.7

3.6 ± 0.7

3.3 ± 1.1

3.4 ± 0.9

3.3 ± 1.0

3.9 ± 0.9

3.1 ± 1.0

2.6 ± 1.1

3.3 ± 0.9

23.0 ± 4.2

1.6
2.0
3.0
0.7

−1.0
−0.3
−0.1

0.8

−0.3
−0.1

−0.0 ± 0.6

0.3

0.5
−0.5

−0.1 (0.9

0.1

0.0

1.0 ± 1.1

0.4 ± 0.8

0.5 ± 1.0

0.7 ± 1.0

0.8 ± 0.9

0.4

−0.4

−0.0 ± 1.0

0.3 ± 1.0

0.3

−0.5

0.3

1.5

0.8

0.9

1.1

1.2

0.4

0.4

−0.4

−0.1 ± 1.0

0.4

1.6

−1.4
−1.2

0.0 ± 0.9

0.3 ± 1.0

1.4 ± 3.8

0.5 ± 3.3

0.2 ± 3.1

0.1 ± 3.4

1.8 ± 1.1

2.1 ± 0.6

3.5 ± 0.6

2.8 ± 0.8

2.7 ± 1.0

2.9 ± 0.8

2.7 ± 1.1

4.0 ± 1.0

3.1 ± 0.8

2.7 ± 1.1

2.9 ± 0.8

2.7 ± 0.8

22.9 ± 5.3

20.2 ± 3.7

24.4 ± 5.7

23.5 ± 6.1

1.5 ± 1.0

2.3 ± 0.9

3.6 ± 0.8

3.0 ± 1.0

2.4 ± 1.1

2.6 ± 0.9

2.7 ± 0.9

3.7 ± 1.0

3.0 ± 0.8

2.7 ± 0.9

3.1 ± 0.9

2.4 ± 1.0

21.9 ± 6.6

20.2 ± 4.7

22.7 ± 7.1

23.2 ± 6.5

12-weeks
Mean ± SD

0.4
0.4
0.4

−0.2
−0.2
−0.0
−0.3 (1.1)

0.2 ± 0.5

0.1 ± 0.7

−0.8

0.1

−0.6

−0.3 ± 0.8
0.1 ± 0.6

0.2

0.2

−0.5

0.3

−0.2

0.1

0.2

0.3

0.5

0.1

1.0

2.0

−0.1

1.6

−0.2 ± 0.8

−0.4

−0.4

−0.5

−0.3

−0.7

−2.8

−1.9

−2.9

−2.4

95% CI

0.0 ± 0.6

−0.2 ± 0.6

−0.2 ± 0.7

−0.1 ± 1.0

0.1 ± 0.9

−0.3 ± 0.9

−0.9 ± 4.3

0.1 ± 4.4

−1.5 ± 3.2

−0.4 ± 4.5

Change
Mean ± SD

*P-value from the mixed effects regression model and for comparing changes from baseline to 12-weeks between intervention and comparison groups.

2.0 ± 1.0

1.9 ± 0.6

Decisional balance

3.8 ± 0.7

Reminding oneself

2.7 ± 0.9

Substituting alternatives

Committing oneself

2.9 ± 1.0

Increasing health opportunities

2.7 ± 0.9

3.9 ± 1.0

Comprehending benefits

3.0 ± 0.8

3.2 ± 1.2

Caring about consequences

Rewarding oneself

2.6 ± 1.1

Being aware of risks

Enlisting social support

3.3 ± 0.8

Increasing knowledge

Processes of change

Self-efficacy

25.1 ± 4.1

22.6 ± 3.4

Self-esteem

Belonging

26.1 ± 4.3

26.1 ± 5.0

25.6 ± 5.6

25.7 ± 5.8

Appraisal

Tangible

95% CI

Baseline
Mean ± SD

Change
Mean ± SD

Baseline
Mean ± SD

12-weeks
Mean ± SD

Comparison group

Intervention group

Mean changes in social support, self-efficacy, processes of behavior change and decisional balance outcomes in cancer survivors

Social support

TABLE 3

.26

.95

.43

.40

1.12

1.12

.39

.22

.17

.01

−.07

.60

.55

.12

.53

.13

d

−.14,.65

.54,1.37

.04,.83

0,.79

.71,1.55

.71,1.55

0,.79

−.17,.62

−.22,.56

−.38,.40

−.46,.32

.20,1.00

.15,.95

−.28,.51

.13,.93

−.27,.52

95% CI for d

.44

.00

.14

.18

.00

.00

.17

.42

.62

.98

.78

.03

.08

.75

.08

.72

P*
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Another major finding is that the intervention delivered signifi-

postintervention follow-up, thus long-term effects are unknown. Also,

cant improvement in sleep impairment. The measure of sleep distur-

our study used only self-reported measures of sleep variables. In

bance was also associated with a medium effect size, though the

future studies, these could be supplemented by device-measured

difference between the groups was not significant. As previously

sleep. Moreover, our sample was highly educated, predominantly non-

reported, MVPA increased by 69 ± 84 minutes/week in the interven-

Hispanic white, and, due to differences in referral rates, included few

tion group and decreased by 20 ± 71 minutes/week in the compari-

colorectal cancer survivors, limiting generalizability. There is also a

son

group

(P

=

22

.001).

effective

possibility that the effects on the psychosocial outcomes could have

nonpharmacologic treatment for insomnia and other sleep distur-

occurred through other avenues (eg, frequency of social contact with

bances. Research has shown that by influencing the circadian system,

support partners or study staff) and not entirely through increased

PA results in an increased total sleep time as well as time in deep

PA. In future studies with larger samples, mediation analyses could be

Physical

36

sleep, which improves sleep quality.

activity

is

an

The BEAT Cancer intervention

trial, which examined the effect of a PA intervention on sleep quality

performed to understand the underlying mechanisms responsible for
changes in outcomes.

of breast cancer survivors, found that the intervention was associated
with improvements in several sleep related variables (sleep quality,
sleep disturbances, and daytime dysfunction).37

4.1.2. | Clinical implications

Two of four sub-scales of the social support scale showed significant between-group differences with the intervention group showing

Given the growing numbers of cancer survivors, the positive results

improvements in the “tangible” and “belonging” scores. The improve-

from the present study have important implications for healthy and a

ments in these subscales could be explained by the fact that the inter-

long survivorship of millions. Augmenting the SCP with a more proac-

vention module was aimed at the survivors performing PA with

tive technology-supported PA intervention may be an effective and

support partners who could be spouses, other family members, or fri-

practical strategy for improving psychosocial health of cancer

ends. The survivors in the comparison group were enrolled with sup-

survivors.

port partners but were not provided with any PA support. It is
possible that recreational activity and exercises with support partners
fostered a sense of belonging, friendship, and mutual dependability

4.1.3. | Conclusions

among the survivors. The reason why “appraisal” and “self-esteem”
scores did not change in response to the intervention is not clear and

Survivorship care planning serves as an important tool in outlining

requires further inquiry.

lifestyle recommendations after the completion of primary treat-

The intervention was also hypothesized to affect the processes of

ment. However, research shows that in order for survivors to suc-

behavior change, which are rooted in the stages of motivational readi-

cessfully meet PA recommendations, lifestyle recommendations

ness for change model. These processes of change are the strategies

alone are not sufficient. We previously published a study using the

and techniques that people use to modify their behavior.38 We found

data from the parent pilot randomized controlled trial and showed

that, within processes of behavior change, all the behavioral strate-

that augmenting the SCP with a technology supported PA module

gies, including substituting alternatives, enlisting social support,

results in increased moderate-to-vigorous PA among the survivors.22

rewarding oneself, committing oneself and reminding oneself, were

In addition, in the current study, the intervention has been found to

associated with at least a medium effect size. The cognitive strategies

be positively associated with several psychosocial and quality of life

(increasing knowledge, being aware of risks, caring about conse-

outcomes of survivors. In summary, this pilot study showed a posi-

quences, comprehending benefits), for most part, did not show change

tive effect of the intervention on quality of life of breast cancer

in response to the intervention. This is consistent with previous simi-

survivors.

lar research39 among cancer survivors. Additionally, our intervention
had a significant positive effect on self-efficacy. These results provide
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4.1.1. | Strengths and limitations
ET HICS S TAT E MENT
Strengths include a randomized controlled design and high retention

All procedures performed in the trial were in accordance with the eth-

(94% of survivors at 12 weeks). However, several limitations should

ical standards of the University of Wisconsin Health Sciences IRB

be noted. First, the trial had a short intervention period with no

(protocol 2015-1295) and with the 1964 Helsinki declaration.
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