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Abstract

Excess weight and physical inactivity are modifiable risk factors for breast cancer. Behavioral
intervention is particularly important among women with an elevated risk profile. This trial tested
an intervention that trained women to use a self-monitoring website to increase activity and lose
weight. Women with BMI>27.5 kg/m? at elevated breast cancer risk were randomized to the
intervention (N=71) or usual care (N=34). The intervention group received telephone-based
coaching and used web-based self-monitoring tools. At 6 months, significant weight loss was
observed in the intervention group (4.7% loss from starting weight; SD=4.7%) relative to usual
care (0.4% gain; SD=3.0%) (p<.0001). By 12 months, the intervention group had lost 3.7% of
weight (SD=5.4%), compared to 1.3% (SD=4.2) for usual care (p=.003). At 12 months,
accelerometer-measured moderate-to-vigorous physical activity increased by 12 min/day (SD=24)
compared to no change in usual care (p=.04. In summary, this web- and phone-based approach
produced modest but significant improvements in weight and physical activity for women at
elevated breast cancer risk.
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With 232,000 incident cases per year, breast cancer is the most common cancer among US
women (American Cancer Society, 2013). Excess weight is an established risk factor for
post-menopausal breast cancer, with a body mass index (BMI) =28 kg/m? associated with
34% higher risk among women who have never taken hormone replacement therapy (Heo et
al., 2015). Similarly, 10-20% of breast cancer cases are attributable to insufficient physical
activity (Brenner, 2014; Lee et al., 2012). Interventions for weight management and physical
activity promotion therefore present a valuable opportunity to reduce breast cancer risk. This
may be particularly true for women who have already been identified as being at elevated
risk due to family history, reproductive factors, and or a previous biopsy. An observational
study among women at elevated risk (those for whom a first-degree relative had recently
been diagnosed with breast cancer) found that 41% of women improved one or more health
behaviors (diet, physical activity, alcohol intake and/or smoking) and that those with a
greater perception of risk were more likely to make these changes (Lemon et al., 2004).
While many weight loss and lifestyle trials have been conducted in breast cancer survivors
(Demark-Wahnefried et al., 2012; Greenlee et al., 2013; Patterson et al., 2015; Rock et al.,
2015) and in the general population of healthy women (Heshka et al., 2003; Jakicic et al.,
2003; Silva et al., 2010), little work has been conducted specifically with women at elevated
breast cancer risk.

Although caloric restriction is arguably the single most important component of successful
weight loss (Johns et al., 2014), promotion of increased moderate-intensity physical activity
has been shown to contribute to weight loss among post-menopausal women (Befort et al.,
2011; Friedenreich et al., 2011; Jakicic et al., 2003) and plays a key role in weight loss
maintenance (Dombrowski et al., 2014; Swift et al., 2014). The theory-based behavior
change technique most strongly associated with successful dietary and physical activity
change is the use of self-monitoring, particularly when augmented with one or more
additional self-regulatory techniques (such as goal-setting, frequent behavioral feedback, or
review of goals) (Abraham & Michie, 2008; Michie et al., 2009; Michie et al., 2011). The
use of self-regulatory techniques for physical activity has also been shown to improve
maintenance of weight loss, as compared to a standard behavioral intervention (Nicklas et
al., 2014). Although detailed logging of food intake and physical activity can be
burdensome, a variety of consumer-based technologies (e.g., websites, apps) are now
available which can markedly reduce the time and effort required. By entering information
online, users can receive automatically calculated estimates of caloric intake and energy
expenditure to assist them in their weight loss efforts. A recent systematic review and meta-
analysis reported that integrating eHealth components with traditional intervention
approaches can enhance intervention efficacy (Hutchesson et al., 2015). One such approach
is the use of telephone-based coaching, which has been shown to be an effective method of
supporting dietary change (Pierce et al., 2004; Tucker et al., 2008) to support and enhance
the impact of web-based weight loss tools.

The randomized controlled trial reported here examined the effects of a phone- and web-
based intervention for weight loss and physical activity among women at elevated risk for
future breast cancer. The intervention strategy was first tested in a 12-week pilot trial among
51 women, and was found to be associated with significant improvements in weight and
accelerometer-measured physical activity as compared to a usual care group (Cadmus-
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Bertram et al., 2013). The current study was then conducted to test the intervention in a
larger sample across a longer time period of one year. The goal of the study was to
determine the effect of the intervention on weight change (primary outcome) and
objectively-measured physical activity (secondary outcome).

Methods

This randomized controlled trial tested a phone- and web-based lifestyle intervention, versus
a usual care group, for weight and physical activity among middle-aged and older women at
elevated risk for developing breast cancer. Data were collected from 2011-2014 and all
procedures were approved by the University of California, San Diego (UCSD) Human
Research Protections Program. Sample size was determined based on pilot research
(Cadmus-Bertram et al., 2013).

Participants

Participants were 105 women aged 40—75 years with BMI >27.5 kg/m2. Women were
eligible if they had a previous history of ductal or lobular carcinoma in situ (DCIS/LCIS) or
a Gail model score of =1.7. The Gail model is a standard risk assessment tool that
incorporates age, family history, age at menarche, age at first live birth, and previous biopsy
to estimate the 5-year risk of incident breast cancer. A score of 1.7 refers to a 1.7% risk of
developing breast cancer within the next 5 years and is used as a standard cutoff for elevated
risk (Gail et al., 1989; Gail et al., 2007). Women were excluded if they were performing
>150 min/week of moderate-to-vigorous intensity physical activity (MVVPA), were currently
enrolled in another dietary or physical activity trial, did not have access to high speed
internet, or were not fluent in English. Participants were excluded if they reported that they
had any medical or psychological condition or other problem that would interfere with
participation (e.g., advanced osteoarthritis, cardiac problems, severe depression).

Participants were recruited through the mammography clinic at the Moores Cancer Center at
the University of California, San Diego. Identification of potential participants was
facilitated by the Athena UCSD Breast Imaging Registry, a project of the University of
California Athena Breast Health Network. Those patients from the registry who met the
criteria for age, BMI, and breast cancer risk (or history of DCIS/LCIS) were contacted by
telephone to solicit their interest and eligibility. Those who were both eligible and interested
were then scheduled for a baseline visit at the Moores UCSD Cancer Center.

Baseline Visit

At the baseline visit, the study coordinator obtained written informed consent from the
participant, measured her height and weight, and provided materials for the completion of
the web-based Baseline Questionnaire. The participant was taught how to wear the
ActiGraph accelerometer and provided with a return mailer.

Randomization

A computerized randomization scheme was used to randomly assign each participant with
2:1 probability to either the phone- and web-based intervention group or to a usual care
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group. Randomization was blocked on age and BMI. Randomization was conducted by the
UCSD Biostatistics and Bioinformatics Shared Resource and codes were provided to the
study coordinator. Participants were informed of group assignment via telephone and sent
intervention materials via postal mail.

Intervention Group

Participants assigned to the intervention group received a 12-month weight loss intervention
that focused on the development and practice of self-monitoring and self-regulatory skills.
Participants were asked to perform 150 minutes/week of moderate-to-vigorous intensity
physical activity and to restrict calories at a level sufficient to induce initial weight loss of 1-
2 Ibs/week (approximate deficit of 500 kcal/day), although it was understood that not all
participants would attain this rate of weight loss. Dietary goals emphasized increased intake
of fruits, vegetables, and fiber, and decreased intake of unhealthy fats and refined grains. The
first 3—-6 months of the intervention were focused on weight loss (goal: 10% loss from
baseline weight), with the remaining 6-9 months focused on maintenance.

The intervention was delivered via 18, 30-minute phone-based health coaching sessions
delivered by trained lay coaches following a protocol previously shown to be effective in
achieving major dietary change (Madlensky et al., 2008; Newman et al., 2005; Pierce et al.,
2007), physical activity promotion (Cadmus-Bertram et al., 2013), and short-term weight
loss (Cadmus-Bertram et al., 2013). Each participant was matched with a single coach to
provide continuity throughout the intervention. The schedule of these sessions was designed
to provide maximum support and training during the early phase of behavior change,
followed by a gradual transition to greater self-reliance. The initial call was scheduled in
Week 1; participants then received twice weekly calls in Weeks 2—-3, weekly calls in Weeks
5-8, biweekly call in Weeks 10-12, monthly calls in Weeks 16—24, and quarterly calls in
weeks 28-52. The intervention was based on Social Cognitive Theory (Bandura, 1986) and
followed a phased, step-wise approach focused on (a) helping the person to establish a series
of short-term goals and (b) assisting the participant to evaluate performance in a manner that
would maintain or improve self-efficacy. Each call included a specific behavioral focus.
Example topics include meal planning, increasing vegetable intake, reducing refined
carbohydrates, dining out, increasing daily steps, increasing moderate-intensity physical
activity, managing stress, and proper sleep. Each participant received a manual that included
detailed information on these topics.

Participants were taught to self-monitor their diet and physical activity using the free website
Sparkpeople.com, which offers online food and physical activity logs. To speed the process
of logging dietary intake, Sparkpeople’s dietary tracker offers a large database of nutritional
data for various food items and the ability to save frequently consumed meals or
combinations of foods. As foods are entered, the user is provided with daily totals for
calories and macronutrients. The website also has forums where users can obtain social
support and motivation as well as share recipes and tips. Participants were taught how to set
up an account, use basic features (e.g., entering daily steps), log food intake, and interpret
caloric and macronutrient feedback. This feedback could be viewed simultaneously by the
counselor and participant to facilitate discussion during coaching calls. The coaching
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sessions allowed for sufficient flexibility to provide website training at a pace appropriate to
the individual participant. A basic step-counting pedometer was provided as an intervention
tool to assist with physical activity monitoring.

Usual Care Group

Measures

Participants assigned to the usual care group received a copy of the US Dietary Guidelines
for Americans. To maintain engagement with the study and reduce loss to follow-up, they
also received a brief 15-minute telephone call every three months. These calls did not
include in-depth coaching or recommendations for diet or physical activity change. The
coach would simply re-establish rapport with the participant, ask whether the participant had
reviewed the materials and which sections had been most helpful. If a participant mentioned
a personal weight loss goal, this was acknowledged but not followed with specific
recommendations or coaching.

Anthropometrics—A standard stadiometer was used to measure height to the nearest
0.1 cm. The measurement was taken twice and the mean of both readings was used. Weight
was measured on a digital scale to the nearest 0.1 kg. Height was measured at the baseline
visit only; weight was taken at the baseline, 6-month, and 12-month study visits.

Questionnaires—Prior to randomization, participants completed an online
questionnaire, which assessed demographics, technology use, and medical history.

Physical activity assessment—Prior to randomization and again at 12 months, each
participant wore an ActiGraph GT3X+ accelerometer (ActiGraph, Pensecola, FL) on the hip
during their waking hours for 7 consecutive days. At both time points, data were promptly
downloaded after the 7-day wear period and screened for completeness and irregularities.
Participants were asked to re-wear the accelerometer if it was not worn for at least 10 hours
per day for 5 days. Ninety consecutive zeroes were designated as non-wear time and
standard calibration thresholds were used to aggregate data into minutes spent in light,
moderate, and vigorous activity using the Freedson cutpoints (Freedson et al., 1998). The
accelerometer also provided data for the amount of time spent in bouts (=10 continuous
minutes) of moderate-to-vigorous intensity physical activity. It was worn at baseline and 12
months but was not used at 6 months in order to reduce participant burden.

Statistical Analysis

All statistical analyses were conducted using SAS version 9.4 (SAS; Cary, NC). Baseline
characteristics between the two groups were assessed using t-tests and chi-squared tests.
Changes in anthropometric measures between groups were analyzed using a longitudinal
model controlling for baseline level of the anthropometric variable. Changes in physical
activity measures between groups were analyzed using a longitudinal model using the
subject’s day level activity and controlling for ActiGraph wear time. Three physical activity
variables were used: minutes/day of total physical activity (includes light-, moderate-, and
vigorous-intensity activity), minutes/day of total MVPA (includes moderate- and vigorous-
intensity activity), and minutes/day of MVVPA performed in bouts of 10 minutes or more,
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which corresponds to the type of activity prescribed by national physical activity guidelines
(Office of Disease Prevention and Health Promotion, 2008). All longitudinal analyses were
carried out with a subject-level random intercept using an unstructured covariance model, as
determined by model AIC comparisons. All outcome variables were modeled on a linear,
continuous scale with one exception. Physical activity in bouts was analyzed using a
negative binomial regression model to account for the heavy right skew and over-dispersed
nature of the variable. While analysis of physical activity was carried out using day level
data (minutes per day), descriptive statistics (mean, SD, and range) are presented in average
minutes per day, calculated by taking the mean value of each subject’s day level activity.

In the analysis of physical activity and percent weight loss, we used total accelerometer-
measured activity (or total MVPA) at the 12-month follow-up as our outcome variable and
percent weight loss as the independent variable due to the repeated nature of the day-level
activity measurements. This model was used to assess the association between the two
variables and model estimates were obtained for activity at varying levels of weight loss.
Percent weight loss was calculated as the percent change in weight at 12 months compared
to the baseline and both activity models controlled for baseline activity (total activity or total
MVPA).

Demographic characteristics were not included as covariates because baseline analysis
revealed that the randomization had been successful in eliminating demographic differences
by treatment group. This choice was confirmed by sensitivity analysis. Missing data were
accounted for in the longitudinal random effects models by using a likelihood-based
estimation method, which uses all available data and does not ignore subjects with missing
data.

A total of 105 women were enrolled in this randomized trial (intervention: N=71; usual care:
N=34) (Figure 1). Full six-month data were available for 65 intervention group participants
(92%) and 30 usual care group participants (88%). Complete twelve-month data were
available for 59 intervention group participants (81%) and 29 usual care group participants
(85%).

Baseline characteristics

Participants were, on average, 60.3 years of age (SD=6.2) (Table 1). The mean Gail Model
score was 2.6 (SD=1.2), indicating an average 2.6% likelihood of developing invasive breast
cancer within 5 years. Fifty-three percent of participants had undergone at least one biopsy
and 78% had at least one first-degree relative with breast cancer. Mean BMI was 32.1 kg/m?
(SD=4.0) and 86% were daily internet users. At baseline, participants were performing 10
min/day (SD=13) of accumulated MVPA and only 39% of participants had at least one 10-
minute bout/week of MVPA. The study groups did not differ with respect to baseline
characteristics, including accelerometer wear time. Among the intervention group, 87% of
participants completed at least 11 of the 12 calls in the first six months and 64% completed
at least 15 of the 18 calls across the entire 12-month intervention.
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Weight

At 6 months, the intervention group had lost an average of 3.9 kg (SD=3.8), compared to a
gain of 0.3 kg (SD=2.6) in the usual care group (between-group p<.001) (Table 2). At 12
months, weight loss from baseline was 2.9 kg (SD=4.3) in the intervention group, compared
to 1.2 kg (SD=3.8) in the usual care group (between-groups p=.06). As a proportion of
starting body weight, the intervention group lost 4.7% of baseline weight by 6 months
compared to a 0.4% increase in the usual care group (p<.001); this narrowed to 3.7% and
1.3% loss for the two groups at 12 months (p=.003). The apparent slight re-gain of weight
during months 6-12 in the intervention group was not statistically significant (p=.67),
however the small 1.2 kg loss in the usual care group was significant (p=.01).

Physical activity

The ActiGraph was worn at baseline and 12 months. The intervention group increased total
accelerometer-measured MVPA by 12 min/day (SD=24) versus no change in the usual care
group (mean=0, SD=11; p=.04) (Table 2). For MVVPA accumulated in bouts of at least 10
minutes, the intervention group increased by 9 min/day (SD=24), versus a decrease of 2
min/day (SD=7) in the usual care group (p=.77). Total physical activity (which includes
light-intensity activity), decreased in both groups from baseline to 12 months. The observed
decrease was 13 min/day (SD=106) in the intervention group and 61 min/day (SD=101) in
the usual care group (the decrease was significantly less in the intervention group (o=.03)).
Wear time did not change significantly within either group between the two time points.

Weight loss by physical activity

After controlling for mean-centered baseline physical activity, mean-centered baseline
weight, and intervention group, the percent weight loss at 12 months was significantly
associated with min/day at 12 months of total physical activity (p=.048), min/day of
accumulated MVPA (p=.041), and min/day of MVPA in bouts (p<.001) (curves for all three
outcomes were comparable, therefore only data for accumulated 12-month MVPA is shown
in Figure 2). Data are presented for both groups together because a similar, significant
relationship between physical activity and weight loss was observed in each group. As
illustrated in the figure, weight loss was associated with completing =16 min/day (112 min/
week) of MVVPA, while MVPA levels <16 min/day were associated with weight maintenance
or gain.

Discussion

Relative to a usual care group, a phone- and web-based self-monitoring intervention was
associated with significant weight loss among women at increased risk for developing breast
cancer. The 6-month weight loss of 3.9 kg was slightly higher than we observed in our 12-
week pilot study, which reported a mean loss of 3.3 kg (SD=4.0) (Cadmus-Bertram et al.,
2013). In this study, the between-group difference in weight change was highest at 6 months.
This decreased somewhat by 12 months, driven by a non-significant re-gain in the
intervention group coupled with a small weight loss in the usual care group. The finding that
participants in the intervention group maintained their weight loss but did not continue to
lose weight may be related to the reduction in the frequency of telephone coaching calls
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during the second half of the year. The 1.2 kg loss observed in the usual care group, while
not expected, may simply be due to the small size of that group (N=34), which renders it
more sensitive to individual observations. Together, our findings are consistent with previous
research with respect to the difficulty in achieving and maintaining substantial weight loss
over time (Peirson et al., 2015).

The intervention effect on MVPA was statistically significant but modest. The intervention’s
heavy focus on dietary change may have resulted in weight loss achieved primarily through
caloric reduction, without large changes in activity level. An alternative explanation is that
participants may have increased their physical activity early in the intervention, then
experienced a degree of regression towards the later months of the study, resulting in a small
12-month change in activity. It should also be noted that because accelerometry removes the
potential for self-report error and bias in physical activity measurement, it typically results in
physical activity estimates that are lower but more accurate than those observed by self-
report questionnaires (Jakicic et al., 2015; Prince et al., 2008). However, this would not
necessarily impact the magnitude of baseline-to-12-month changes. While the usual care
group experienced a substantial decrease in min/day of total physical activity (including all
light, moderate, and vigorous-intensity activity), the intervention was successful in averting
this decline. The lack of an observed increase in total physical activity in the intervention
group (despite no significant change in accelerometer wear time) suggests that participants
may have increased MVPA by displacing light-intensity activity. This is a positive finding
given that the health benefits of MVPA typically exceed those of light-intensity activity
(Kokkinos et al., 2010; Peters et al., 2009). Additional focus on sedentary time is needed and
being addressed in a number of ongoing trials.

This study included a large proportion of women with salient breast cancer risk factors (e.qg.,
previous biopsy, first-degree relative with breast cancer), therefore many women may have
been aware of or concerned about the possibility of increased risk prior to being contacted
by the study. This may result in a more motivated or adherent sample than the general
population of middle-aged and older women. As noted earlier, those with higher breast
cancer risk scores on the Gail model were more likely to complete the study. However
perceived threat of negative health outcomes has been shown to be only a weak predictor of
health behavior (Carpenter, 2010) and receiving information about familial risk of chronic
disease does not necessarily increase motivation to engage in risk-reducing behaviors
(Prichard et al., 2015).

Beyond this study and our own pilot study, only one previous trial has tested a weight loss
intervention specifically among women known to be at elevated breast cancer risk (Harvie et
al., 2010). Premenopausal women (N=78; mean age = 40) with a family history of breast
cancer (estimated lifetime breast cancer risk 16-40%) were assigned to a 12-month
intervention including group visits and monthly in-person visits with the study dietician. A
modest weight loss (4 kg) was observed at 6 months and maintained at 12 months, with no
changes in the control group. This study is consistent with our findings, suggesting that
while modest weight loss can be achieved, women at elevated risk for breast cancer are no
more likely than other groups to achieve marked weight loss. However, given that obesity
and weight gain are consistently associated with breast cancer risk, over the long term, the
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potential benefit of lifestyle intervention may be driven by prevention of weight gain rather
than substantial weight loss (Ahn et al., 2007; Neuhouser et al., 2015).

Strengths of this study include (a) a randomized design, (b) use of an elevated risk
population, (c) objective assessment of physical activity, and (d) an intervention strategy that
leveraged free, web-based self-monitoring resources to enhance a phone-based coaching
program. Limitations include (a) a sample that was primarily well-educated and non-
Hispanic White, (b) the absence of accelerometer data at the 6-month time point, which
would have provided additional useful information about the trajectory of change in physical
activity during the yearlong intervention, and (c) lack of website usage data that could
provide insight on how participants used the Sparkpeople self-monitoring tools (e.g.,
frequency of logging physical activity or dietary intake).

Since the initiation of this trial in 2012, the consumer market for web-based self-monitoring
has exploded, including many new options including accelerometer-based smartphone apps,
physical activity trackers/ wristbands, and wireless scales (Linde et al., 2015). These tools
offer the opportunity for more accurate and detailed self-monitoring of physical activity and
diet, which may assist with development of self-regulation skills and successful weight loss.
Much more research is needed to determine the best ways to leverage consumer-based self-
monitoring technologies (Levine et al., 2015) and combine them successfully with proven
traditional approaches (Hutchesson et al., 2015), especially in populations at increased risk
of developing cancer or with a history of cancer. This yearlong study affirms and extends the
findings of our 12-week pilot trial, demonstrating that integrating traditional intervention
approaches (e.g., telephone-based coaching) with technology-based self-monitoring tools is
a feasible and effective method for achieving modest weight loss and increased physical
activity in this population.
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Figurel.
Flow of participants through the randomized controlled trial.
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Figure2.
Percent weight loss at 12-months by estimated 12-month moderate-vigorous intensity

physical activity (MVPA); controlling for intervention group, baseline physical activity, and
baseline weight and adjusted for accelerometer wear time. (N=105).
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Baseline characteristics of participants randomized to a weight loss trial (N=105).

Table 1

Intervention Group

Usual Care Group

Mean (SD)or %  Mean (SD) or % prvalue
N 71 34
Demographics
Age 60.0 (6.3) 60.8 (6.2) 55
College degree or higher 67% 82% A1
Non-Hispanic White 83% 94% .22
Married or living as married 66% 76% .29
Adiposity
Weight 84.9 (12.1) 85.3 (13.4) 94
BMI2 (kg/m?) 32.0 (3.6) 322 (4.9) 91
Physical activity
ActiGraph wear time (min/day) 865 (154) 824 (128) .20
Total physical activity? (min/day) 337 (46) 330 (109) 54
Accumulated MVPAC (min/day) 11(13) 9(13) 22
MVPA within 10-min bouts (min/day) 4 (10) 3(10) .50
Technology use
Daily internet user 86% 85% .57
Enjoys computer use 79% 7% .78

aBody mass index
b . . . . .
Includes light, moderate, and vigorous-intensity activity

c . . . . .
Moderate-to-vigorous intensity physical activity
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