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Abstract
Purpose To explore the feasibility, adherence, safety and potential efficacy of Every Day Counts; a randomized pilot trial 
designed for women with metastatic breast cancer (MBC) framed by the American Cancer Society nutrition and physical 
activity (PA) guidelines
Methods Women with clinically stable MBC were recruited to complete an interview, dual energy X-ray absorptiometry 
imaging and phlebotomy at baseline and post-intervention. Multidimensional quality of life, symptom burden, lifestyle 
behaviors (nutrition and PA) and biomarkers of prognosis were procured and quantified. Women were randomized to the 
immediate intervention or a waitlist control arm. The 12-week intervention included a curriculum binder, lifestyle coach-
ing (in-person and telephone-based sessions) and intervention support (activity monitor, text messaging, cooking classes.) 
Women in the waitlist control were provided monthly text messaging.
Results Forty women were recruited within 9 months (feasibility). Women in the immediate intervention attended 86% of 
all 12 weekly coaching sessions (adherence) and showed significant improvements in general QOL (p = 0.001), and QOL 
related to breast cancer (p = 0.001), endocrine symptoms (p = 0.002) and fatigue (p = 0.037), whereas the waitlist control did 
not (all p values ≥ 0.05) (efficacy). PA significantly increased for women in the intervention compared to control (p < 0.0001), 
while dietary changes were less evident across groups due to high baseline adherence. No significant changes in biomark-
ers or lean mass were noted, yet visceral adipose tissue declined (p = 0.001). No intervention-related injuries were reported 
(safety). Qualitative feedback strongly supports the desire for a longer intervention with additional support.
Conclusions Lifestyle interventions are of interest, safe and potentially beneficial for women with MBC. A larger trial is 
warranted.
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Introduction

Despite advances in the treatment and management of 
early stage breast cancer (BC), ~ 20–30% of the 3 million 
US patients with BC will develop metastatic disease, sig-
nifying BC spread to the bone, liver, lung and other dis-
tal locations [1]. Additionally, 6–10% (13,776–22,096) of 
women with metastatic breast cancer (MBC) present with 
de novo disease, reflecting distal BC metastases at the time 
of initial diagnosis. Recent analyses highlight de novo dis-
ease is increasing among women aged 25–39, particularly 

non-Hispanic white and African-Americans (AA) [2]. Due 
to the integration and expansion of targeted therapies, the 
median survival for women with recurrent and de novo 
MBC has increased substantially [3–8]. In fact, the number 
of women living with MBC has doubled in the last decade 
[7]. Nevertheless, there is an on-going perception that the 
majority of these women struggle with weight loss, cancer 
cachexia and frailty, which is often inaccurate for many liv-
ing with this disease. Although symptom burden is a chal-
lenge, numerous women with MBC frequently endorse com-
plaints of weight gain and general physical deconditioning 
associated with on-going anti-neoplastic treatments [9].

Breast cancer treatment is associated with adverse body 
composition changes, specifically gains in adipose tissue and 
reductions in strength and lean mass (LM; also known as 
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skeletal muscle) [10, 11]. No clear consensus exists on the 
etiology of these changes; however, BC treatment, lifestyle 
habits and menopausal status, likely in combination, are all 
implicated [10]. Excess adiposity contributes to inflamma-
tion and insulin-resistance, which are theorized to promote 
tumor progression and loss of LM [12, 13]. Low levels of 
LM are associated with chemotherapy toxicity, increased 
symptom burden, and compromised survival in women 
with MBC [14, 15]. For women with early-stage BC, health 
behavior changes targeting reductions in adiposity and/
or increases in muscle strength and LM lead to improve-
ments in QOL and symptom reports, as well as prognostic 
changes serum biomarkers [16–20], mitochondrial function 
[21] and potentially novel microRNA [22]. Thus, interven-
tions promoting favorable body composition changes would 
likely have numerous benefits for women with MBC, yet this 
remains largely unexplored. Typically, women with MBC 
are excluded from nutrition and/or PA intervention trials 
under the assumptions that: (1) exercise could be unsafe 
or pose additional burdens, (2) changes in lifestyle habits 
would have little impact on quality of life (QOL) or disease 
trajectory, or (3) women with MBC lack interest in such 
trials. We designed Every Day Counts to challenge and test 
these assumptions, hypothesizing women would demonstrate 
trends for improvements in QOL and lean mass.

Methods

Study design

Every Day Counts (EDC) was a 12-week randomized, wait-
list controlled trial designed primarily to evaluate the fea-
sibility, adherence and safety of an intervention promoting 
the American Cancer Society (ACS) nutrition and physical 
activity (PA) guidelines [23] in women with clinically sta-
ble MBC. Our secondary objective was to assess its short-
term impact on patient reported outcomes and physical per-
formance. We also explored biomarkers of inflammation, 
mitochondrial function and conducted a nested study to 
examine the additive benefits of extending the intervention 
to 16-weeks. Informed by our developmental work [9], EDC 
reflected essential adaptations of our previously successful 
lifestyle interventions [24–28] in a novel population. The 
ethical review board of the Medical College of Wisconsin 
(MCW) and other participating institutions reflective of the 
investigative team approved this study. This trial was regis-
tered on clinicaltrials.gov (NCT03824145.)

Patient population and recruitment

To participate, adult (≥ 18 years) females with histologically 
confirmed MBC had to be deemed clinically stable by their 

medical oncologist defined as follows: anticipated life expec-
tancy of at least ≥ 12 months, no unintentional weight loss, 
no new symptoms or change in performance status (ECOG 
0–1) for the past 30 days, no clinical (including laboratory) 
or radiologic evidence of disease progression (past 30 days), 
no changes in anti-neoplastic therapies (previous or antici-
pated next 30 days), and no reports of severe pain preclud-
ing practical and safe participation (≥ Grade 3 per the NCI 
CTCAE)] [29]. In addition, women were required to have 
access to a mobile phone with unlimited text messaging, 
able to participate in moderate PA and strength training, 
and non-compliant with the ACS nutrition and PA rec-
ommendations (i.e., consuming < 5 fruits and vegetables/
day, ≤ 90 min/week moderate exercise (which allows for 
progress to 150 min/week), and/or < twice/week of resist-
ance exercise training (RET).) Women with < 12 months of 
life anticipated, receiving appetite stimulants and/or steroids 
were not approached. Women not medically cleared by their 
oncologist or already adherent to the ACS lifestyle guide-
lines were ineligible. Recruitment methods included letters 
sent to directly to women with MBC describing the pro-
gram and oncologist/nurse referrals within the cancer center. 
To support a broader inclusion of women, members of the 
community advisory board were encouraged to use ‘word of 
mouth’ recruiting. Further, brochures and/or study advertise-
ments were sent to medical oncologists at local community 
hospitals and EDC was promoted on targeted social media 
outlets (non-public Facebook breast cancer support groups) 
in the greater Milwaukee, WI area.

Randomization

Following the baseline interview and using a random digit 
generator, women were randomized to the immediate inter-
vention or waitlist control group. Randomization allocation 
was stored and maintained in a secured password protected 
server. To ensure blinding, only the biostatistician and pro-
ject coordinator had access; data collectors (phlebotomy, 
questionnaire, diet) and investigators did not.

Every Days Counts intervention

EDC was a 12-week behavioral intervention rooted in 
social cognitive theory (SCT) addressing adoption of the 
ACS nutrition and PA guidelines for cancer survivors, 
including: (1) consumption of whole grains and 5+ fruits 
and vegetables daily, and (2) engagement in a minimum 
of 150 min of moderate PA and 2 sessions of resistance 
exercise training (RET)/week. A certified, licensed ath-
letic trainer (LAT, ATC, CES) experienced in lifestyle 
counseling spearheaded: (1) four supervised aerobic/
RET sessions, (2) weekly individual telephone sessions 
based on the EDC program intervention manual; and (3) 
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intervention support. Attendance at each scheduled (in 
person or telephone session) was tracked. If the participant 
failed to show up (in person or telephone session) and did 
not respond to text or voicemail to reschedule, this was 
deemed a “no show” and used to assess adherence.

Prior to session 1, the coach created an RET program 
tailored to the participant’s strength. Using the baseline 
physical assessment data and guided by normative scores 
for strength [30, 31], the health coach recommended upper 
and lower extremity and core exercises based on a prede-
termined list of activities targeting these areas (e.g. curls, 
squats, lunges, planks.) At the first supervised interven-
tion session, the health coach delivered the EDC program 
binder, reviewed program structure, and provided nutrition 
education and PA/RET guidance tailored to the partici-
pant’s perceived level of conditioning. The EDC binder 
addressed knowledge (e.g., plant-based eating), attitudes 
(e.g., understanding barriers and facilitators to healthy eat-
ing and PA), and behavioral strategies (e.g., self-monitor-
ing) (Table 1). The EDC binder also contained recipes, a 
plant-based eating and PA self-monitoring form, and other 
materials to support adherence, reinforcement and review. 
Telephone sessions began with information on the weekly 
theme, discussion of previous week’s achievements and 
challenges, a review of adherence using nutrition and PA 
tracking, and setting one SMART weekly goal for nutri-
tion and one for PA/RET. The supervised exercise portion 
included: (1) guiding participant in her choice of appro-
priate modes of moderate PA to work toward engaging in 
30 min most days of the week (e.g., walking, biking), (2) 
assessing proper type and intensity of RET for safe condi-
tioning, and (3) instructing and observing participants in 
the correct execution of RET. RET exercise using appro-
priately prescribe exercise bands were progressed indi-
vidually by altering load (reps/set) or band (resistance), 
using a combination of participant feedback (e.g., “feels 
too easy,” “not challenging”), consistency of program 
adherence via verbal feedback and data from the tracking 
device. Guidance was also provided on endurance activi-
ties (e.g., increasing step goals or time spent walking.)

In support of self-monitoring and intervention adherence, 
participants received a Fitbit™ activity tracker (Charge or 
Charge HR), exercise bands, cooking utensils and twice 
weekly text messages (weeks 1–12) focused on self-efficacy, 
outcomes expectations, social support and/or resources or 
self-monitoring tools. These strategies were successfully 
applied in our previous lifestyle interventions [32, 33]. 
Women were also provided the opportunity to attend three 
interactive cooking classes focused on simple plant-based 
meals (1 salad, 1 side dish, 1 main course). These group 
classes, held at a community location, served to: increase 
skills and comfort with preparing plant-based meals and 
promote dietary adherence [34].

Every Day Counts waitlist control

Participants in the waitlist control group received a monthly 
text message thanking them for their participation in the 
study and reminding them of their intervention start. Fol-
lowing the 12-week waitlist control period, women in this 
group were offered the intervention and all supportive mate-
rials. This design was selected based on critical feedback 
from a community advisory board, who strongly believed 
all women should have access to the intervention.

Data collection

At baseline (prior to randomization) and post-intervention 
(12-weeks) two 60-min assessments were completed, involv-
ing: (1) an interview and (2) physical measurements (dual 
energy X-ray absorptiometry [DXA], strength, anthropomet-
rics) and phlebotomy. During the interview, women com-
pleted questionnaires quantifying QOL (Functional Assess-
ment of Cancer Therapy—Breast [FACT-B] [35]), symptom 
burden (fatigue [36], pain [37, 38], sleep [39], mood [40]) 
and lifestyle factors (Godin leisure time exercise [41], stress 
[42], self-efficacy [43], social support [35]). Physical meas-
ures included standardized measures of weight and height to 
calculate BMI (weight [kg]/height  [m]2.) Body composition 
(adipose and lean mass) were measured by DXA (GE Lunar 
Medical Systems, enCORE software version 14.10.022.) 
Whole body scans were performed and analyzed by a trained 
technician blind to study group or outcomes, following cali-
bration with the manufacturer’s phantom. Visceral fat mass 
was estimated from the android region; a region of interest 
automatically defined using the methods of Kaul et al. [44] 
Three 24-h diet recalls (24DR) were completed in person 
and/or via telephone by the MCW CTSI Registered Dietitian 
using the 5-pass methodology within the week of interview 
[45]. Dietary data were collected and entered into Nutrition 
Data System for Research to detect changes in target dietary 
intake patterns (i.e., F/V, red meat, alcohol.) [46]. Handgrip 
dynamometry (Jamar Plus handgrip) was completed for all 
participants following standard study procedures [47]. Other 
physical performance measures were completed in a subset 
of participants (e.g., sit to stand, bicep curls, calf raises, 
planks.) Blood biospecimens were acquired after an over-
night fast to profile inflammatory biomarkers implicated in 
carcinogenesis (e.g., C-reactive protein (CRP), interleukin-6, 
tumor necrosis factor). Samples were sent immediately to 
assess mitochondrial function (Seahorse XF Analyzer, Agi-
lent, CA) or processed and stored at − 80 °C until the time 
of batch analyses (Eve Technologies, Calgary, AB. Canada). 
For purposes of this project, spare respiratory capacity (a 
measurement of mitochondrial integrity and energetics) was 
considered a representative parameter of overall mitochon-
drial health.
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Statistical analyses

Descriptive statistics were reported for all outcomes of 
interest at baseline and 12 weeks, including QOL, symp-
toms, body composition and lifestyle behaviors by group. 

We defined feasibility as meeting 100% of our recruitment 
goal, adherence as attending at least 75% of telephone 
coaching sessions and 2/3 exercise training sessions, and 
efficacy as evidenced by trends in improvements QOL 
for women in the intervention vs. the control groups. To 

Table 1  Baseline characteristics 
for women with metastatic 
breast cancer participating in 
Every Day Counts

Continuous variables are compared using t-tests and categorical variables are compared using Chi-square 
tests
BMI body mass index, GED General Educational Diploma, HER2 human epidermal growth factor receptor 
2
a De novo disease reflects women with metastatic breast cancer who initially presented with distant metas-
tasis

Characteristic All
(N = 35)

Intervention
(n = 17)

Waitlist control
(n = 18)

p value

Age, years 55.11 ± 12.25 54.41 ± 11.12 55.78 ± 13.51 0.747
Weight, kg 80.04 ± 17.66 78.36 ± 18.89 81.62 ± 16.80 0.594
Height, cm 165.38 ± 5.10 165.78 ± 5.08 164.99 ± 5.24 0.655
BMI, kg/m2 29.35 ± 6.70 28.59 ± 7.19 30.07 ± 6.33 0.522
BMI category (n, %) 0.650
 < 18.5 1 (2.9) 1 (5.9) 0 (0.0)
 18.5–24.9 10 (28.6) 6 (35.3) 4 (22.2)
 25.0–29.9 9 (25.7) 4 (23.5) 5 (27.8)
 ≥ 30.0 15 (42.9) 6 (35.3) 9 (50.0)

Race/ethnicity (n, %)
 Non-Hispanic white 32 (91.4) 14 (82.4) 18 (100.0) 0.104
 Hispanic 4 (11.4) 3 (17.6) 1 (5.6) 0.338
 Black 3 (8.6) 3 (17.6) 0 (0.0) 0.104
 Other 0 (0.0) (0.0) (0.0)

Education (n, %) 0.243
 High school graduate or GED 4 (11.4) 4 (23.5) 0 (0.0)
 Associate’s degree or 2-year certificate 6 (17.1) 3 (17.6) 3 (16.7)
 College graduate 11 (31.4) 4 (23.5) 7 (38.9)
 Graduate or professional degree 10 (28.6) 5 (29.4) 5 (27.8)
 Other 4 (11.4) 1 (5.9) 3 (16.7)

Employment status (n, %) 0.346
 Working part/full time 11 (31.4) 7 (41.2) 4 (22.2)
 Unemployed 12 (34.3) 4 (23.5) 8 (44.4)
 Retired 12 (34.3) 6 (35.3) 6 (33.3)

Time since diagnosis, months 43.3 ± 38.5 40.7 ± 32.0 45.6 ± 44.3 0.712
De novo disease, yes (n, %)a 17 (48.6) 10 (58.8) 7 (38.9) 0.238
Estrogen receptor+, yes (n, %) 26 (76.5) 11 (64.7) 15 (88.2) 0.225
HER2+, yes (n, %) 10 (29.4) 3 (17.6) 7 (41.2) 0.132
Current treatment
 Endocrine, yes (n, %) 14 (45.2) 7 (46.7) 7 (43.8) 0.870
 Chemotherapy, yes (n, %) 8 (25.8) 3 (20.0) 5 (31.3) 0.685
 Immunotherapies, yes (n, %) 22 (71.0) 11 (73.3) 11 (68.8) 1.000

Number of metastatic sites, (n, %)
 Bone 22 (62.9) 11 (64.7) 11 (61.1) 0.826
 Liver 9 (25.7) 3 (17.6) 6 (33.3) 0.443
 Lung 9 (25.7) 3 (17.6) 6 (33.3) 0.443
 Brain 2 (5.7) 2 (11.8) 0 (0.0) 0.229
 Other 10 (28.6) 5 (29.4) 5 (27.8) 1.000
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assess safety, adverse events (i.e., intervention-related 
injuries) were monitored throughout the study period. 
Linear mixed models with an interaction term to account 
for differences in trend over time between groups and a 
random effect to account for correlation of repeated meas-
ures within each woman were used to assess each outcome. 
Compound symmetry covariance structures were assumed 
for the correlation from the same woman across time. Sta-
tistical significance of the difference between outcomes for 
the immediate and waitlist control groups were from the 
interaction term and the within group comparisons used 
the corresponding contrasts terms. No formal power calcu-
lations were conducted a priori; 40 women were recruited 
taking into consideration the duration of the parent study 
and to demonstrate feasibility. A significance level of 0.05 
was used and statistical analysis was performed using SAS 
v9.4 (SAS Institute, Cary, NC).

Results

A total of 78 women were screened and 40 women were 
consented in 9 months (January–September, 2018.) Written 
letters or referrals from oncologists provided the greatest 
participant yields (n = 34/40), followed by our community 
engagement efforts (n = 6/40). Thirty-five women completed 
the 12-week study contributing evaluable data. (Fig. 1) On 
average, participants were: 55 years of age (± 12), white 
(91%), employed full-time (32%), retired or on disability 
(68%), had bone (63%), liver (26%) or lung metastases 
(26%), and were 3.6 (± 3.2) years after MBC diagnoses. 
Overall attendance was 86% during the 12-week interven-
tion: 93% for in-person sessions and 84% for telephone ses-
sions. No adverse events (injuries related to the intervention) 
occurred; however, three of the women (2 Intervention, 1 

Fig. 1  Flow of participants for 
the Every Day Counts: a ran-
domized pilot intervention for 
women with metastatic breast 
cancer

Screened via telephone 

(N=78) 

Ineligible                      (n=38) 

ACS compliant                      (n=5) 

Clinically unstable                  (n=9) 

Enrollment Closed                 (n=3) 

Enrolled in other lifestyle program       (n=4) 

Not interested                      (n=7) 

Not Stage 4 BC                    (n=2) 

Scheduling conflicts                   (n=1) 

Unable to Locate                  (n=6) 

Transportation                      (n=1) 

Eligible / Consented                     (n=40) 

Randomization 

(n=40) 

Immediate Intervention 

(n=17) 

Waitlist Control 

(N=18) 

Completed Intervention 

(n=17) 

Completed Intervention 

(n=14) 

Completed Control 

(n=17) 

Drop outs                    (n=5) 

Scheduling conflicts (n=2) 

Disease recurrence  (n=3) 
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Waitlist control) developed new symptoms/disease progres-
sion during the study, something expected given the unpre-
dictable nature of MBC.

In line with our secondary objective, we evaluated patient 
reported outcomes, with an intentional focus on QOL 
(Table 2). Using the FACT-General, significant increases 
in QOL were reported between groups (p = 0.003) and for 
women in the intervention group (p = 0.001), which were 
largely driven by improvements in physical (p = 0.003), 
emotional (p = 0.01) and functional well-being (p = 0.06). 
When we examined symptoms unique to BC and endocrine 
treatment, only women in the intervention arm reported 
significant within group improvements for BC (p = 0.001) 
and Endocrine symptoms (p = 0.002), whereas. women in 
the waitlist control did not (p = 0.356 and p = 0.450, respec-
tively.) Fatigue improved for women in the intervention 
group (p = 0.037), but not between groups (p = 0.107). Find-
ings related to mood were mixed. Significant declines in 
depression were noted between groups (p = 0.03) and for 
women in the intervention (p = 0.010), yet anxiety and per-
ceived stress significantly declined for all women, regardless 
of group (all p values < 0.05).

By design, this was not a weight-loss study; thus, declines 
in body weight or BMI were not observed. Trends in energy 
intake declined for women in the intervention and increased 
for those in the waitlist control, yet these differences were 
not statistically different within or between groups (Table 3). 
Although improvements in body composition were targeted, 
no significant changes between or within groups were noted 
for fat or lean mass. Visceral fat mass decreased between 
and within all groups (all p values < 0.05), however. Using 
applicable DXA cut points, 20% (n = 7) and 14% (n = 5) 
of women were classified as sarcopenic pre vs. post-inter-
vention, respectively (p = 0.938); none of these women 
had obesity. Considering sarcopenia is ideally defined as 
compromises in lean mass and strength [48], the significant 
increases in handgrip strength for women in the intervention 
(p = 0.002) vs. waitlist control (p = 0.163) were deemed clin-
ically meaningful. The Godin results support women in the 
intervention spent significantly more time engaged in PA pre 
vs. post-intervention (p < 0.001), which was significantly dif-
ferent compared to those in the waitlist control (p < 0.001).

We leveraged this pilot study to address concerns related 
to the length of the EDC intervention and to explore poten-
tially important serum and cellular changes in a novel popu-
lation. Specifically, we extended the EDC intervention to 
16 weeks for women in the waitlist control who were inter-
ested (n = 14) to see if they derived additional benefit com-
pared to women who completed the 12-week intervention. 
QOL results were similar; however, women in the 16-week 
program displayed more favorable, non-significant trends 
for lean mass gain, fat mass loss, and biomarker changes 
and significantly greater increases in strength (sit to stands, 

planks, bicep curls.) Due to unforeseen challenges regarding 
the analyses of blood biospecimens, we did not have com-
plete data on all participants pre vs. post-intervention. We 
also encountered issues with the timely transport of blood 
biospecimens and reliable machinery, and thus, we were 
only able to explore mitochondrial function at in a subset 
of women (n = 12). Spare respiratory capacity increased by 
a mean 69.7% (± 165.6, p = 0.24), signifying important cel-
lular changes in muscle functioning associated with inter-
vention participation.

Discussion

Every Day Counts was implemented following our develop-
mental work in a small group of women with MBC who pro-
vided novel insights on the unmet needs of this population 
[9]. Our present pilot study results support: (1) feasibility 
as evidenced by participant interest (78 women contacted 
and screened) and 100% of our enrollment goal (n = 40 in 
9 months vs. our projected 15 months); (2) adherence as 
evidenced by 86% of women completing all 12 coaching 
sessions (84% of telephone and 93% in-person sessions) 
and documentation of improved exercise and dietary behav-
iors; and (3) potential efficacy as evidenced by significant 
improvements in QOL. These pilot findings also reinforce 
the safety of a dietary and PA intervention in this population. 
Given the common prevalence of bone metastases in women 
with MBC, the lack of intervention-related injuries is clini-
cally important. Further, our preliminary findings reinforce 
the impact of lifestyle behaviors on QOL and symptom bur-
den; key somatic reports with potential to complement and 
support treatment tolerance.

A variety of methods are available to quantify changes 
in QOL; however, we specifically chose the FACT tools 
because they afforded us the opportunity to directly com-
pare our findings to a similar patient population. In doing 
so, we discovered our participants’ baseline scores for 
physical, social, emotional and functional well-being were 
higher compared to a larger, more heterogeneous sample of 
women with MBC [49], but below those for physical, social 
and functional well-being when compared to a normative 
sample compromised largely of women with early stage 
BC [50]. Considering our participants were required to be 
clinically stable and not near the end of life, these findings 
are not surprising. Interestingly, intervention participants 
reported significant improvements in physical well-being 
post-intervention achieving scores on par with those in the 
normative sample (22.7 vs. 22.1, respectively.) [50]. We 
suspect these increases were partially driven by clinically 
significant improvements in fatigue (> 3 points) [51]. Studies 
in women with early-stage BC support the positive and sus-
tained impact of lifestyle (nutrition and/or PA) interventions 
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Table 2  Comparison of quality of life and lifestyle behaviors between the intervention (n = 17) and waitlist control (n = 18) groups in the Every 
Day Counts intervention

FACT  Functional Assessment of Cancer Therapy, PROMIS Patient-Reported Outcomes Measurement Information System, HADS Hospital Anx-
iety and Depression Scale, MOS Medical Outcomes Study
a Generalized linear models were used to adjust for a within person effect. All p values are model based and missing data are indicated, if appli-
cable
b The FACT General is comprised of the four subscales—physical, emotional, social and functional well being
c Higher scores on the FACT instruments reflect higher quality of life, including the breast, endocrine symptoms and fatigue subscales

Variable Baseline Post-intervention Difference between base-
line to post-intervention

Between groups
p  valuea

Within groups
p  valuea

FACT-generalbc 77.0 (19.4) 80.2 (19.3) 3.9 (7.1) 0.003
 Intervention 76.0 (20.5) 80.7 (19.6) 6.2 (7.9) 0.001
 Waitlist control 78.0 (19.0) 79.8 (19.6) 1.8 (5.8) 0.280

Physical well being 20.0 (5.7) 21.4 (5.7) 1.6 (3.4) 0.009
 Intervention 20.5 (5.6) 22.7 (4.6) 2.7 (3.2) 0.003
 Waitlist control 19.6 (5.9) 20.3 (6.4) 0.7 (3.3) 0.394

Emotional well being 16.5 (5.7) 17.7 (5.8) 1.4 (3.0) 0.020
 Intervention 15.9 (5.7) 17.5 (5.1) 2.1 (3.5) 0.012
 Waitlist control 17.0 (5.9) 17.9 (6.4) 0.9 (2.5) 0.216

Social well being 21.6 (6.1) 21.2 (6.2) − 0.3 (3.2) 0.620
 Intervention 20.8 (6.6) 20.7 (6.4) 0.1 (3.6) 0.916
 Waitlist control 22.4 (5.6) 21.7 (6.2) − 0.8 (2.9) 0.335

Functional well being 18.9 (5.5) 19.9 (5.6) 1.2 (2.7) 0.066
 Intervention 18.8 (5.8) 19.9 (5.4) 1.4 (3.0) 0.0623
 Waitlist control 19.0 (5.4) 20.0 (5.9) 1.0 (2.6) 0.147

Breast cancer subscale 105.8 (22.2) 111.7 (21.1) 6.8 (10.9) 0.001
 Intervention 105.8 (22.4) 117.0 (15.3) 13.2 (10.8) 0.001
 Waitlist control 105.8 (22.8) 107.8 (24.2) 2.1 (8.5) 0.356

Endocrine symptoms subscale 163.1 (29.6) 170.5 (28.1) 8.7 (17.7) 0.007
 Intervention 164.3 (30.7) 179.1 (18.5) 17.7 (19.9) 0.002
 Waitlist control 162.1 (29.6) 164.2 (32.7) 2.1 (13.0) 0.450

Fatigue subscale 29.0 (7.1) 30.4 (6.5) 1.6 (5.6) 0.107
 Intervention 29.7 (7.2) 32.4 (5.3) 3.1 (5.5) 0.037
 Waitlist control 28.3 (7.2) 28.6 (7.1) 0.3 (5.5) 0.813

PROMIS pain interference 16.0 (7.6) 15.1 (6.6) − 1.1 (5.6) 0.197
 Intervention 15.8 (6.3) 13.6 (4.4) − 2.6 (5.8) 0.076
 Waitlist control 16.2 (8.8) 16.4 (8.0) 0.3 (5.1) 0.830

PROMIS pain intensity 6.5 (2.4) 6.6 (2.3) 0.0 (1.6) 0.091
 Intervention 6.3 (2.2) 5.9 (2.1) − 0.6 (1.0) 0.118
 Waitlist control 6.7 (2.6) 7.3 (2.3) 0.6 (1.8) 0.117

HADS depression 4.1 (3.5) 3.3 (3.3) − 0.9 (2.2) 0.031
 Intervention 4.5 (3.9) 3.2 (3.1) − 1.5 (1.9) 0.010
 Waitlist control 3.7 (3.2) 3.4 (3.6) − 0.3 (2.4) 0.587

HADS anxiety 6.2 (4.5) 5.2 (4.5) − 1.2 (2.2) 0.021
 Intervention 6.5 (4.1) 5.8 (3.9) − 1.1 (2.0) 0.085
 Waitlist control 5.9 (5.0) 4.6 (5.1) − 1.3 (2.5) 0.024

Perceived stress 15.8 (6.8) 13.1 (8.0) − 2.8 (3.8) 0.001
 Intervention 16.9 (5.7) 14.0 (6.2) − 3.1 (3.5) 0.003
 Waitlist control 14.8 (7.7) 12.3 (9.4) − 2.5 (4.1) 0.001

MOS social support 4.3 (0.8) 4.3 (0.8) 0.1 (0.2) 0.3182
 Intervention 4.2 (0.8) 4.2 (0.9) 0.1 (0.3) 0.290
 Waitlist control 4.3 (0.8) 4.4 (0.8) 0.1 (0.1) 0.278
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Table 3  Comparison of body composition, biomarkers, physical measures and lifestyle behaviors between the intervention (n = 17) and waitlist 
control (n = 18) groups in the Every Day Counts intervention

Variable Baseline Post-intervention Difference between base-
line to post-intervention

p  valuea 
between 
groups

p  valuea 
within 
groups

Appendicular skeletal muscle index, kg/m2 7.0 (1.3) 7.0 (1.2) − 0.0 (0.3) 0.687
 Intervention 6.9 (1.4) 6.8 (1.3) − 0.1 (0.4) 0.474
 Waitlist control 7.2 (1.3) 7.2 (1.2) 0.0 (0.2) 0.631

BMI, kg/m2 29.3 (6.7) 29.5 (6.4) 0.0 (0.9) 0.814
 Intervention 28.6 (7.2) 29.1 (7.1) 0.1 (0.8) 0.599
 Waitlist control 30.1 (6.3) 30.0 (6.0) − 0.1 (0.9) 0.719

Weight, kg 80.0 (17.7) 80.1 (17.2) − 0.2 (2.4) 0.894
 Intervention 78.4 (18.9) 78.7 (19.0) − 0.2 (1.9) 0.729
 Waitlist control 81.6 (16.8) 81.4 (15.9) − 0.2 (2.8) 0.752

Lean mass, kg 42.4 (6.1) 42.0 (5.8) − 0.4 (1.5) 0.278
 Intervention 41.5 (6.4) 40.9 (5.9) − 0.5 (1.6) 0.159
 Waitlist control 43.2 (6.0) 42.9 (5.6) − 0.3 (1.4) 0.448

Fat mass,  kgb 34.6 (12.7) 34.9 (12.4) 0.3 (1.8) 0.704
 Intervention 34.0 (13.9) 34.3 (13.4) 0.3 (1.7) 0.570
 Waitlist control 35.1 (11.9) 35.4 (11.9) 0.3 (2.0) 0.541

Total body fat, %b 42.3 (6.8) 42.7 (6.8) 0.4 (1.2) 0.127
 Intervention 42.1 (7.1) 42.7 (7.0) 0.5 (1.3) 0.094
 Waitlist control 42.4 (6.6) 42.8 (6.8) 0.3 (1.2) 0.242

Visceral fat mass,  gb 1381 (883) 1289 (969) − 89 (168) 0.001
 Intervention 1393 (896) 1289 (1025) − 99 (181) 0.004
 Waitlist control 1369 (899) 1289 (953) − 81 (162) 0.001

IL-6, pg/mLc 7.0 (8.5) 5.6 (4.5) − 1.5 (7.0) 0.513
 Intervention 7.3 (8.3) 6.1 (5.2) − 1.7 (6.5) 0.420
 Waitlist control 6.7 (8.9) 5.2 (3.8) − 1.4 (7.6) 0.411

Leptin, ng/mLd 23.9 (19.6) 26.5 (22.4) − 1.1 (9.1) 0.784
 Intervention 22.0 (17.7) 20.4 (15.6) − 1.6 (7.5) 0.489
 Waitlist control 26.0 (21.8) 32.0 (26.2) − 0.5 (10.7) 0.980

TNF-α, pg/mLe 4.9 (2.4) 5.1 (2.4) − 0.1 (0.9) 0.862
 Intervention 5.2 (2.9) 5.4 (3.0) − 0.2 (1.0) 0.593
 Waitlist control 4.6 (1.7) 4.9 (1.7) − 0.0 (0.8) 0.944

C-peptide, pg/mLf 1.9 (0.9) 1.9 (0.8) − 0.1 (0.6) 0.733
 Intervention 1.6 (0.6) 1.6 (0.6) − 0.0 (0.6) 0.936
 Waitlist control 2.2 (1.1) 2.1 (1.0) − 0.1 (0.7) 0.437

Adiponectin, µg/mgg 60.9 (44.2) 59.1 (37.2) − 2.3 (27.0) 0.918
 Intervention 74.5 (53.7) 72.7 (40.7) − 1.8 (28.5) 0.789
 Waitlist control 46.5 (25.8) 46.3 (29.2) − 2.8 (26.3) 0.754

C reactive  proteinh 19.0 (15.7) 15.8 (11.0) − 3.1 (14.5) 0.252
 Intervention 19.5 (17.9) 13.7 (9.6) − 5.8 (17.7) 0.106
 Waitlist control 18.1 (12.1) 19.5 (12.8) 1.4 (3.7) 0.753

Godin leisure time activity 12.2 (16.5) 21.5 (19.2) 9.4 (20.7) < .0001
 Intervention 7.8 (7.6) 29.6 (21.5) 22.3 (19.0) < .0001
 Waitlist control 16.4 (21.3) 14.4 (13.9) − 2.0 (14.7) 0.617

Strength—hand grip, kg
(dominant hand)

54.6 (13.2) 58.5 (11.4) 4.9 (8.4) 0.004

 Intervention 54.7 (13.8) 60.0 (9.4) 7.4 (9.1) 0.002
 Waitlist control 54.4 (13.0) 57.2 (13.1) 2.8 (7.3) 0.163

Energy intake, kcals/dayi 1609 (422) 1628 (484) − 12 (402) 0.281
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on QOL and other BC-specific outcomes [20, 52–56]. Only 
a few studies focus on women with MBC. In an early study 
by Headly et al., these investigators demonstrated that a 
seated exercise intervention in women with MBC initiat-
ing chemotherapy significantly reduced fatigue and slowed 
decline in total and physical well-being scores [57]. More 
recently, Jones [58] and Yee [59] showed that women with 
MBC have reduced cardiopulmonary functioning and lower 
aerobic fitness, reduced muscular strength and less daily PA 
compared to healthy controls. Combining 20 patients with 
bone metastases from prostate and BC, Cormie et al. showed 
improvements in functional ability, lean mass and QOL at 
3- and 6-months following a supervised resistance exercise 
trial [60]. However, two recent studies conducted exclusively 
in women with MBC reported high dropout rates and no sig-
nificant differences in QOL for interventions focused solely 
on aerobic exercise [61, 62]. Our data support women in the 
Every Day Counts intervention exhibited statistically and 
clinically meaningful increases in overall (FACT-G; 3–7 
points) [63] and disease-specific (FACT-Breast; 2–3 points) 

[63] QOL. They also increased their PA levels from ‘insuf-
ficiently active’ to ‘active,’ whereas women in the waitlist 
control remained ‘moderately active,’ albeit on the lower 
end of this interpretive scale [64]. Together, these data high-
light the complexities of this population and emphasize the 
need for carefully structured programs to achieve positive 
outcomes.

Body composition is gaining increasing recognition 
as an important tissue biomarker predictive of prognosis 
and treatment tolerance in women with early [65] and late 
stage BC [14, 15, 66]. Using archived abdominal computed 
tomography (CT) images conducted for clinical purposes, 
Prado [14] and Shachar [15] quantified body composition 
in women with MBC. Results support women with MBC 
who are classified as sarcopenic more often experience 
shorter time to tumor progression and treatment toxicities 
[14], hospitalization, dose-reductions and dose delays [15], 
compared to women without sarcopenia. Within EDC, the 
prevalence of sarcopenia was 20% (n = 7/35) at baseline 
without new incident cases post-intervention (using DXA.) 

BMI body mass index, hs-CRP high sensitivity c-reactive protein, IL-6 interleukin 6, TNF-α tumor necrosis factor alpha
a Generalized linear models were used to adjust for a within person effect. All p values are model based and missing data are indicated, if appli-
cable
b DXA results are based on 34 women at baseline; missing data on one participant in the intervention group
c IL-6 results are based on 34 women at baseline; missing data on one participant in the waitlist group
d Leptin results are based on 31 women at baseline; missing data on one participant in the intervention and one woman in the waitlist
e TNF-α results are based on 29 women at baseline; missing data on one participant in the intervention and five women in the waitlist group
f C-peptide results are based on 32 women at baseline; missing data on three women in the waitlist group
g Adiponectin results are based on 33 women at baseline; missing data on two women in the waitlist group
h CRP results are based on XX women at baseline; missing data on
i Dietary assessment data are based on 32 women; missing data on three women at follow-up
j 14 g of alcohol = 1 serving (e.g., 12 oz of beer, 5 oz of wine, 1.5 oz of distilled spirits)

Table 3  (continued)

Variable Baseline Post-intervention Difference between base-
line to post-intervention

p  valuea 
between 
groups

p  valuea 
within 
groups

 Intervention 1516 (341) 1424 (464) − 136 (350) 0.242
 Waitlist control 1697 (479) 1809 (437) 98 (422) 0.278

Fruits and vegetables, servings/dayi 4.6 (2.1) 5.3 (2.6) 0.6 (2.6) 0.315
 Intervention 4.7 (2.1) 4.9 (3.4) 0.2 (3.1) 0.726
 Waitlist control 4.6 (2.1) 5.6 (1.7) 0.9 (2.3) 0.142

Red or processed meat, servings/dayi 1.3 (1.3) 1.7 (1.4) 0.3 (1.1) 0.164
 Intervention 1.0 (1.0) 1.1 (1.0) 0.1 (1.1) 0.729
 Waitlist control 1.6 (1.4) 2.2 (1.5) 0.5 (1.2) 0.063

% Whole grains/dayi 27.1 (17.5) 31.9 (22.0) 5.0 (22.3) 0.2961
 Intervention 33.1 (18.0) 33.5 (21.8) 1.8 (19.6) 0.8735
 Waitlist control 21.5 (15.5) 30.4 (22.7) 7.8 (24.7) 0.1236

Alcohol, g/dayij 6.7 (11.7) 6.0 (9.8) − 1.2 (6.9) 0.669
 Intervention 4.7 (9.7) 4.0 (8.5) − 1.4 (2.9) 0.488
 Waitlist control 8.5 (13.3) 7.8 (10.8) − 1.0 (9.1) 0.575
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We anticipated that increases in PA with twice weekly RET 
would result in decreased DXA-detected sarcopenia. How-
ever, while increases in strength were observed, we also 
observed overall decreases in lean mass in the intervention 
and waitlist control groups. These findings are in stark con-
trast to Cormie et al. who had a similar intervention window 
(3 months), twice weekly RET and reported significant gains 
in LM, albeit in a mixed population of metastatic breast 
(n = 3) and prostate cancer (n = 17) survivors [60]. During 
the initial design of EDC, we contemplated the potential 
impact of a 12- vs. 16-week intervention on body composi-
tion. Based on the work of Cormie [60], Capozzi [67] and 
Lonbro et al. [68], 12 weeks of RET seemed a sufficient win-
dow to observe lean mass gains. Because these studies did 
not target women with MBC, we conducted a nested study 
within this EDC pilot to extend the 12-week intervention by 
4 weeks for waitlist control participants. The nested study 
findings support more favorable changes in body composi-
tion, physical performance and biomarker trends. Accompa-
nied by the qualitative feedback from our participants, we 
advocate a 16-week lifestyle intervention to better meet the 
quantitative endpoints and desires of this population.

Although this study was methodologically rigorous 
in design and tailored to meet the perceived needs of this 
population, it is not without limitations. First, we lacked 
sufficient measures to comprehensively evaluate changes in 
physical performance. Due to its ease and acceptability, we 
collected handgrip strength for all participants; however, we 
failed to consider other field measures to capture changes 
in other muscle groups until later in the study providing us 
with results for only a subset of participants. Additionally, 
we did not include validated methods to evaluate exercise 
intensity or cardiorespiratory fitness. Second, our study sam-
ple is not representative of all women with MBC. By design, 
we targeted women capable of healthy eating and PA; thus, 
our sample may be ‘healthier’ and reflects an inherent selec-
tion bias in studies of this nature. Further, although we met 
100% of our recruitment goal, we did not adequately engage 
minority participants. Additional community engagement 
efforts are needed. Third, our attempts to explore biomarkers 
of inflammation failed to demonstrate meaningful change. 
Given our small sample size, we suspect some of this may 
be due to a Type II error. Finally, feedback from our partici-
pants highlighted the need for more information on dietary 
change strategies and safety guidelines for RET with bone 
metastases. Interestingly, our exploratory analyses reveal 
moderate to high adherence to several of the dietary com-
ponents of the ACS guidelines at baseline for all partici-
pants (data not shown); thus, it would be difficult to show 
significant improvements. Regardless, targeted messaging 
regarding increasing whole grains and reducing alcohol 
consumption, along with cooking resources (video links, 
more plant-based recipes) provide opportunities for further 

benefit. In addition, reassurance that RET is a safe and rec-
ommended treatment modality for treated and medically sta-
ble bone metastasis [60, 69] should have been shared earlier 
in the intervention to help support the need for more frequent 
and higher load RET to see LM gains.

Conclusions

The design and implementation of Every Day Counts was 
informed by women with MBC; a growing group of cancer 
survivors for whom we have limited evidence to guide their 
lifestyle choices. Results from this pilot highlight the inter-
ests, capabilities and importantly, the safety of a nutrition 
and PA intervention in women with clinically stable MBC, 
providing strong evidence to support favorable improve-
ments in QOL and symptom burden. A larger trial targeting 
a more diverse group of women (racial/ethnic, rural, com-
munity) and adequately powered to explore the mechanistic 
pathways between QOL and lifestyle behaviors is warranted.
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