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Abstract

Background Breast cancer survivors rank fatigue (e.g.,
decreased vitality) as their number one concern affect-
ing quality of life. Excess adiposity is associated with
decreased vitality in breast cancer survivors, yet weight
loss intervention trials report inconsistent effects on this
parameter.

Methods This is a secondary analysis of the Exercise and
Nutrition to Enhance Recovery and Good Health for
You trial, in which 692 overweight or obese breast cancer
survivors <5 years from diagnosis, initiated weight loss
interventions, and completed assessments semi-annually
for 2 years. Assessments included the Godin Leisure-
Time Exercise Questionnaire and the SF-36 MOS vitality
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subscale as an inverse measure of fatigue. Multilevel
structural equation models estimated the direct effects of
physical activity on vitality and indirect effects through
body mass index (BMI) changes.

Results Within-person findings show that at assessments
with greater physical activity, BMI was significantly lower
(B=-0.07, p <0.001) and vitality was higher (B = 0.22,
p < 0.001). However, there was no direct relationship
between lower BMI and higher vitality (B = —0.11,
p = 0.262) after controlling for the relationship of phys-
ical activity with BMI and physical activity with vitality.
The between-person indirect effect of physical activity
change through BMI change to vitality was significant
(B = 0.03, p < 0.001). Participants whose physical ac-
tivity was above the mean (B = 0.37, p < 0.001) and
whose BMI was below the mean (B = —1.05, p < 0.001)
were more likely to report greater vitality.

Conclusion Improvements in vitality are primarily asso-
ciated with increases in physical activity rather than BMI
changes in this trial. Vitality was lower among survivors
with higher BMI, although within-individual changes in
BMI had no effect on vitality. Physical activity and weight
loss share mechanistic links to vitality with physical ac-
tivity potentially increasing (e.g., in an additive or syn-
ergistic manner) the effect of BMI reduction on vitality.

Keywords Fatigue « Weight loss * Breast cancer survivor *
Physical activity

Introduction
More than 3 million women in the USA are living with a

history of breast cancer [1]. Many of these women experi-
ence persistent fatigue (e.g., decreased vitality) months
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to years after their cancer diagnosis, which exacerbates
postcancer disability and reduces quality of life [2-5].
Importantly, breast cancer survivors rank decreased vi-
tality as the number one patient-reported outcome of
priority related to quality of life [6]. Inflammation and
impairments in immune response, hypothalamic-pitui-
tary axis, neuroendocrine, and metabolic function that
are initiated and potentially moderated by cancer ther-
apies have been associated with loss of vitality [7-11].
These are contributors in addition to demographic char-
acteristics (e.g., age), cognitive-behavioral symptoms, ex-
cess body weight, and reduced physical endurance that
are also notable contributors to this complaint [7, 12].
However, optimizing therapeutic strategies for increasing
vitality in cancer survivors is limited by an incomplete
knowledge of the complex, multifactorial etiologies re-
sponsible for vitality loss. Hence, the National Cancer
Institute has identified this knowledge gap as a high re-
search priority [11, 13].

Multiple randomized trials have reported beneficial
effects of aerobic physical activity on vitality in cancer
survivors [7, 14]. Based on the biobehavioral theoretical
model of vitality loss (conceptualized as fatigue) pro-
posed by Al-Majid and Gray [12], exercise after a cancer
diagnosis prevents, reverses, or attenuates the vitality loss
through biological, psychobehavioral, and functional
mechanisms. Although several of these mechanisms may
also play a role in the association between excess body
weight and vitality in breast cancer survivors [7], no prior
model related to this symptom has specifically integrated
the potential differential effects of physical activity and
weight loss. This absence is noteworthy because weight
loss intervention trials have reported inconsistent effects
on vitality [15, 16]. Moreover, little is known about the
independent effects of physical activity and body weight
as exemplified by a single cross-sectional study reporting
that body mass index (BMI) and physical activity were
independently associated with vitality in endometrial
cancer survivors [17]. A better understanding of these
relationships in longitudinal cohorts in which body
weight and physical activity are changing over time will
improve our knowledge base and could result in novel
therapeutic targets. Furthermore, the etiologic factors
proposed in multiple theoretical models related to feel-
ings of vitality (including those not cancer-specific) have
applicability to other chronic conditions [18].

Secondary analyses in large prospective cohorts pro-
vide a cost-efficient opportunity to address this limita-
tion. The Exercise and Nutrition to Enhance Recovery
and Good Health for You (ENERGY) trial enrolled
692 overweight or obese breast cancer survivors within
S years of diagnosis, initiated participation in weight loss
interventions, and completed assessments semi-annually
for 2 years [19]. The primary goal was to achieve and
maintain 7% weight loss and 60 minutes of moderate

physical activity per day. Participants were randomized
to receive a high intensity, 52-contact counseling inter-
vention for weight loss (group, telephone, and email
counseling with print materials), or a less-intensive,
two-contact session attention control condition that pro-
vided similar diet and exercise advice [19]. At 6 months, a
significantly higher percentage of body weight was lost in
the intensive versus the nonintensive arms (—6.3 + 0.02%
vs. —1.25 + 0.02%; p < 0.0001); differences remained
statistically and clinically significant at 24 months
(—4.25%£0.03%vs. —1.43 £ 0.03%,; p < 0.0001). Moreover,
women within the intensive arm reported a baseline to
6-month increase in the SF-36 vitality subscale, going
from a mean (standard error of measurement) value of
60.5 (1.36) to 65.1 (1.20), whereas the increase among
the nonintensive arm was more modest, that is, from
60.5 (1.37) at baseline to 62.4 (1.23) at 6 months [15].
Importantly, the within-group mean change in vitality,
although modest, reached a threshold of clinical signifi-
cance (p = 0.0508) [19]. The SF-36 vitality subscale has
been validated as an inverse measure of fatigue, making it
a useful general measure of energy and fatigue [20]. The
ENERGY trial’s prospective design, large sample size,
and adequate variability in vitality offer a unique op-
portunity to apply advanced statistical procedures (e.g.,
multilevel structural equation modeling) to identify the
independent effects of BMI reduction versus increased
physical activity on the trajectory of vitality in breast
cancer survivors. We hypothesized that physical activity
and BMI changes could serve as potential mediators of
the relationship between the initial status of vitality and
the change in vitality by study end as described in the
heuristic model provided in Fig. 1 (i.e., physical activity
would be directly related to vitality and indirectly related
through the mediating effect of BMI).

Methods

ENERGY was a two-arm, single-blinded randomized
controlled trial, the methods and primary outcomes
of which have been published previously [19, 21]. The
study was conducted at four sites across the USA (the
University of California, San Diego, the University
of Colorado, Washington University in St Louis, and
the University of Alabama at Birmingham) and was

Physical Physical Physical
activity — activity — activity —
weight change weight change weight change

Baseline Month 6 Month 12 Month 24
vitality vitality vitality vitality

Fig. 1 A heuristic conceptual model for testing weight change and
physical activity predictors of vitality during a weight loss trial in
breast cancer survivors.
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approved and monitored by the institutional review
boards at each institution, as well as an independent
Data Safety and Monitoring Board.

Study participants were adult women, age 21 years
or older with a diagnosis of breast cancer within the
previous 5 years. Eligible women were those with stage
IC-IIIB disease who had completed primary treatment,
though some were still receiving endocrine therapy. All
participants were either overweight or obese, BMI of
25 to 45 kg/m?. Exclusion criteria were as follows: diag-
noses of other malignancies besides breast cancer and
nonmelanoma skin cancer, serious psychiatric illness,
and any medical condition or circumstances substan-
tially limiting moderate physical activity or ability to ad-
here or respond to either of the interventions. All eligible
women provided written consent and were randomly
assigned to either the intensive or nonintensive (control)
intervention arms. The study sample for this secondary
analysis included 432 women with data available on the
primary variables examined in this study through the
evaluated time points of baseline, 6 months, 12 month,
and 24 months (physical activity, BMI, vitality), as the
18-month ENERGY assessments did not include the vi-
tality (SF-36) measure. The measures examined in this
secondary analysis are described below.

Measures
Covariates

Data on cancer stage, date and age at diagnosis, and
type of treatment were obtained from cancer regis-
tries and/or excerpted from the participant’s medical
record. Participants self-reported their menopausal
status at baseline. Comorbidities were ascertained using
the Lifetime Medical Conditions Questionnaire, which
measures the presence of 13 common medical condi-
tions at the time of assessment [22]. Comorbidity was
summarized as 0, 1 condition, or 2 or more conditions.
Other self-reported covariates included smoking status
at baseline categorized as yes/no, beta-blocker/calcium
channel blocker use at baseline (yes/no), highest educa-
tional attainment, and race and ethnicity. Study arm also
was examined as a covariate.

The Center for Epidemiologic Studies Depression
Scale was used to assess depressive symptomology and
asks participants how often in the past week they have
experienced the symptom (responses range from “rarely
or none” to “most or all days”) [23, 24]. The scale is
scored by tallying all 20 items with a possible range of
0-60 (higher scores indicating more depressive symp-
toms). The Breast Cancer Prevention Trial Symptom
Scales measured concurrent and late effects of cancer and
its treatment [25]. Eighteen items measure the degree to

which eight domains of symptoms bother a survivor “on
average, over the last 4 weeks”: hot flashes (two items),
nausea (two items), bladder control (two items), vaginal
problems (two items), musculoskeletal pain (three items),
cognitive problems (three items), weight problems (two
items), and arm problems (two items) [25]. Response
options range from “not at all” to “extremely.” Total sum
scores of the depression and symptom scales were used
as continuous time-varying covariates.

Primary Independent (Exposure) Variable (X)

The primary independent variable (e.g., factor initi-
ating the hypothesized chain of events) for this lon-
gitudinal mediation analysis was physical activity as
measured by the modified Godin Leisure-Time Exercise
Questionnaire (i.e., physical activity as a result of en-
gagement in the intervention effects on vitality inde-
pendently [direct effect] and through its effects on BMI
[indirect effect]). The instrument captures data on both
frequency and duration of moderate-to-vigorous phys-
ical activity, which were used to calculate weekly minutes
of moderate + vigorous physical activity [26]. Physical
activity was chosen as the primary independent variable
to determine its relationship with vitality independent
of and mediated by BMI changes occurring with the
intervention.

Mediator (M) Responsible for the Indirect Effect of the
Primary Independent Variable on the Outcome Measure

Protocols established for NHANES III were adopted for
BMI assessment in this study [27]. Height was measured
without shoes at baseline only using a fixed stadiometer
upon inhale. Weight was measured in light clothing and
without shoes using a calibrated scale. BMI was then
calculated for each time point and used as a continuous
variable. BMI was hypothesized as a potential mediator
of vitality because it was the primary outcome for the
original ENERGY trial and has demonstrated associa-
tions with vitality and physical activity in prior studies
[7, 17, 28].

Outcome Measure (Y)

The primary outcome of energy/fatigue was measured
using the four-item vitality subscale of the Medical
Outcomes Survey Short Form—36-item questionnaire
(SF-36) [29]. The four items were preceded by “How
much of the time during the past four weeks...” and in-
clude the following questions: “did you feel full of pep?”;
“did you have a lot of energy?”; “did you feel worn
out?”’; and “did you feel tired?”. Item responses range
from all of the time to none of the time, and the subscale
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is scored according to published methods, with higher
values indicate greater energy and less fatigue. Because
vitality was measured at baseline, 6 months, 12 months,
and 24 months, we focus on those measurement points
for analysis.

Statistical Analysis

Frequencies and means and standard deviations were
evaluated for categorical and continuous covariates
measured at baseline, respectively. Univariate analyses
were conducted at each time point for the independent
variable (originating mediator of the intervention effects;
moderate-to-vigorous physical activity), mediator of the
independent variable (BMI), and outcome (vitality).
Pearson correlations were also conducted for both the
within-person and between-person levels.

Multilevel structural equation models were used to
estimate the direct effects of physical activity (X) on vi-
tality (Y) and indirect effects through BMI (M). A multi-
level approach was used to account for between-person
(level 2; j) and within-person (level 1; i) effects (Fig. 1)
that are present in repeated measures [30, 31]. The
advantages of multilevel structural equation models
over regular multilevel regression analyses include more
effective estimation of complex models at multiple lev-
els of analysis, allow for examination of the contextual
effects across the multiple levels, and allow for testing
of direct and indirect effects at both the within- and
between-person levels.

We used person-mean centering for the exogenous
variables (physical activity and BMI) to establish
between-person effects and facilitate interpretation.
Overall and time point-specific means of physical activity
(X) and BMI (M) were calculated for each person. Level
2 (between-person) is equal to the person-mean centered
and Level 1 is the person mean. Covariates included age
at survey (continuous), study arm, education, race/eth-
nicity, stage at diagnosis, treatment received, smoking
status, self-reported use of beta-blocker/calcium channel
blocker, and comorbidities as dummy variables. Time-
varying covariates included continuous measures of de-
pression and symptom scores.

The first step was to fit the between-person and with-
in-person relationship of physical activity (X) to BMI
(M). In the second step, we fit the between- and with-
in-person relationship between physical activity (X) and
vitality (Y). Next, we fit the between- and within-person
relationship between BMI (M) and vitality (Y). Finally,
we fit the full between- and within-person physical ac-
tivity (X) to BMI (M) to vitality (Y) mediation model.
Indirect effects were estimated as products of coefficients
linking physical activity (X) to BMI (mediator) and to
vitality (outcome) [32, 33]. Random intercepts were
used, allowing correlation among time points. Monte

Carlo bootstrapping was used to construct 95% confi-
dence and test for significance [34]. SAS V9.4 (Cary, NC)
was used for data management, and Mplus V7.4 with
TYPE=TWOLEVEL was used for the multilevel struc-
tural equation model [35].

Alternative models

We tested four alternative models to the one presented
in this article. Although we chose BMI because it was
the primary outcome for the ENERGY trial, it was
possible that body weight change or change in percent
body weight may have provided greater variability,
thus improving the model. Hence, the first alterna-
tive model included weight (in pounds) as the medi-
ator instead of BMI and the second alternative model
included percent weight change from baseline. Also,
weight loss can contribute to greater physical activity
uptake by reducing the work load of weight-bearing
physical activity. As such, the third alternative model
examined the potential for BMI to serve as the inde-
pendent variable and physical activity to act as medi-
ator with a similar fourth alternative model including
body weight as the independent variable, instead of
BMI. We compared Akaike Information Criterion
(AIC) and Bayesian Information Criterion (BIC) of
the original model with the alternative models (lower
values indicate better fit).

Results
Sample Characteristics

Sample characteristics are provided in Table 1. The mean
age at baseline was 57 (SD = 9.1) years. The majority of
the participants were non-Hispanic White and had a col-
lege education or higher. Approximately one third were
former smokers, 31% had one comorbidity, and the ma-
jority reported using a beta-blocker or calcium channel
blocker at baseline. Half of the participants were diag-
nosed at Stage 11, and most received both chemotherapy
and radiation therapy.

Means, Standard Deviation, and Pearson Correlations

Table 2 shows physical activity, BMI, and vitality, which
demonstrated significant but small-to-moderate corre-
lations at baseline. The strength of correlation between
these variables declined over the assessment periods,
but correlations between time points within a measure
remained significant.

The mean vitality score increased from 61 to 67 from
baseline to 6 months and then declined to 64.9, and 64.5
for 12 and 24 months (Table 2 and Fig. 2C). Physical ac-
tivity also showed a similar pattern of increasing from
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Table 1 Sample characteristics
Overall Analytic sample
(N=692) (N=432)
Age at survey
Mean 56.2 57.3
Standard deviation (SD) 9.5 9.1
Range 30-82 30-82
Months between primary treat-
ment and study entry
Mean 25.2 26.0
SD (range) 16 (0-68) 16.5 (0-68)
Race/ethnicity
Non-Hispanic White 547(79.0) 343 (79.4)
African American 71 (10.3) 38 (8.8)
Hispanic 46 (6.6) 30 (6.9)
Mixed/other 28 (4.0) 19 (4.4)
Education
High school or less 99 (14.3) 58 (13.4)
More than high school, but 183 (26.5) 112 (25.9)
not college graduate
College graduate 190 (27.5) 108 (25.0)
Postgraduate degree 220 (31.8) 154 (35.7)
Smoking status
Never 448 (64.7) 281 (65.1)
Former 220 (31.8)  139(32.2)
Current 24 (3.5) 12 (2.8)
Stage at diagnosis
I 210(30.4) 147 (34.0)
11 358 (51.7) 214 (49.5)
111 124 (17.9) 71 (16.4)
Treatment received
Neither radiation nor 54 (7.8) 32(7.4)
chemotherapy
Chemotherapy only 136 (19.7) 85 (19.7)
Radiation only 111 (16.0) 79 (18.3)
Both chemotherapy and 391 (56.5) 236 (54.8)
radiation
Comorbidities
0 153 (22.1) 92 (21.3)
1 205(29.6)  135(31.3)
2+ 334 (48.3) 205 (47.4)
Medication
Beta-blocker/calcium channel 410 (59.3) 248 (57.0)
blocker use at baseline
Breast cancer symptom scale at
baseline
Mean (SD) 2.1(0.5) 2(0.5)
Range 1-4 1-4
Depression scale (CES-D) at
baseline
Mean (SD) 10.6 (7.1) 9.8 (6.8)
Range 2-49 2-49

baseline to 6 months, declining at 12 months, and stabi-
lizing at 24 months (Fig. 2A). The mean BMI declined
from baseline to 12 months while showing a slight in-
crease at 24 months (Fig. 2B). Fig. 2D shows the z scores
of each measure at each time point, demonstrating that
while rates of increase or decline were variable over time,
higher vitality scores were reported with greater physical
activity and lower BMI.

At baseline, vitality was significantly correlated with
depressive symptoms (r = —0.57, p < 0.0001) and breast
cancer symptom scores (r = —0.50, p < 0.0001; results
not presented in table). Correlations at 6 months, 12, and
24 remained similar for depressive symptom (6 month
r=—0.60, 12 month r = —0.61, 24 month r = —0.67, all
p <0.0001) and breast cancer symptom scores (6 month
r=—0.53, 12 month r = —0.49, 24 month r = —0.52, all
» <0.0001).

Within-Person Model

The standardized path estimates of within-person model
are shown in Table 3 and Fig. 3, Level 1. Findings show that
at assessments where participants reported higher physical
activity, BMI was significantly lower (B = —0.07, p < 0.001)
and vitality was significantly higher (B = 0.22, p < 0.001).
However, there was no direct relationship between lower
BMI and higher vitality (B = —0.12, p = 0.167) after con-
trolling for the relationship of physical activity with BMI
and physical activity with vitality. The within-person in-
direct effect of physical activity change through BMI
change to vitality was significant (B = 0.03, p < 0.001).
Table 3 displays the 95% confidence intervals for all effects.

Between-Person Model

Table 3 and Fig. 3, Level 2 display the standardized path
estimates of the between-person model. Participants
with higher than average physical activity (B = 0.37,
» <0.001) and lower than average BMI (—1.05, p <0.001)
were more likely to have greater vitality. Furthermore,
the between-person indirect effect of physical activity
change through BMI change to vitality was significant
(B=0.10, p <0.001).

The contextual indirect effect was not significant,
indicating that some of the significant mediation is
reduced after controlling for repeating physical ac-
tivity measurements and repeating BMI measurements
(B = 0.01, p = 0.262). In the full model of BMI-to-
vitality relationship, there was significant between-per-
son effect and no significant within-person effect. Thus,
vitality was lower, on average, for persons reporting
higher BMI compared with others, but vitality on a
given visit was not related to whether BMI was higher
than usual on that visit.
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Table 2 Correlations, means, and standard deviations of within-person and between-person measures

Within-person

1.PA1*  2.PA2 3. PA3 4.PA4 5.BMI® 6.BM2 7.BM3 8.BM4 9.VAI® 10.VA2 11.VA3 12.VA4
1 1
2 —0.21%** 1
3 —0.38***  —0.08 1
4 —0.20%**  —(0.47**%* —0.27 1
5 —0.29%**  0.05 0.20%**  —0.06 1
6 0.08 —0.20%**  —0.06 0.10 —-0.04 1
7 0.19%**  —0.08 =0.31%%*  0.15%%  —0.60*** 0.18%** ]
8 0.62 0.11 0.07 —0.12%  —0.38***  —(0.59%** —(.22%** 1
9 0.12% 0.04 -0.10 —-0.06 —-0.05 0.02 0.09 —-0.05 1
10 —-0.09 0.10 0.07 —-0.08 0.19¥**  —0.06 —0.15%*  —0.02  0.59%** 1
11 0.01 —-0.02 0.12 —-0.06 0.13* 0.04 —0.11* =0.07  0.57¥** 0.68%** ]
12 —-0.06 —-0.08 —-0.08 0.15%** 0.03 0.11* 0.01 —0.12%  0.50%** (0.58*** (.62%** (.90%**
Visit 1 Visit 2 Visit3  Visit 4
PA  Mean -8.3 5.9 3.17 —-0.07
SD 14.1 15.0 13.3 13.5
BMI Mean 1.0 -0.29 -0.4 -0.08
SD 1.6 0.94 0.93 1.1
VA  Mean 61.1 67.3 64.9 64.5
SD 20.1 18.2 19.5 19.7
Between person
Physical activity BMI
Physical activity 1
BMI —0.26%** 1
Vitality 0.28*** —0.12%**
Mean SD
Physical activity  22.8 15.5
BMI 30.8 4.8
Vitality 62.2 20.3

“PA1-PA4 = moderate-to-vigorous physical activity at time points 1 to 4.
®BM1-BM4 = BMI from time points 1 to 4.
“VA1-VA4: vitality scores from time points 1-4.

*p < 0.05; ¥*p < 0.01; ***p < 0.001.
BMI = body mass index.

Alternative Models

Results for alternative models were consistent with the
model presented, though the model fit indices were
not as strong. The first and second alternative models
with weight and percent body weight change as medi-
ators demonstrated that there were still indirect effects
of physical activity through weight or percent weight
change. The third and fourth alternative models demon-
strated that BMI and weight were directly associated
with vitality as the independent variable (X) and that
there was an indirect effect of BMI and weight on vi-
tality through physical activity during the intervention.

Our original model had improved AIC and BIC values
compared with the four alternative models. Values of the
original model (AIC: 29,645; BIC: 29,823) were lower
than the first (AIC: 40,148; BIC: 40,326), second (AIC:
34,932; BIC: 35,110), third (AIC: 42,028; BIC: 42.206),
and fourth models (AIC: 41,912; BIC: 42,090).

Discussion

Findings from our mediation analysis demonstrate that
improvements in vitality scores during the ENERGY
weight loss intervention are primarily associated with
increases in physical activity rather than changes in
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Fig. 2 Mean scores of moderate-to-vigorous physical activity (MVPA), body mass index (BMI), vitality. (A) Mean physical activity score
across time points; (B) mean BMI score; (C) mean SF-36 vitality score; (D) standardized z scores of physical activity, BMI, vitality.

BMI. This physical activity effect on vitality was par-
tially due to (i.e., mediated by) a lower BMI. Our medi-
ation findings suggest that the magnitude of differences
was greater between survivors rather than across an in-
dividual survivor’s assessments. This is consistent with
the attenuation of cross-sectional associations when

tested in prospective study designs in behavioral change
research [36]. Overall, results support targeting phys-
ical activity as a point of intervention to increase vi-
tality (decrease fatigue) directly during weight loss,
with a small indirect effect occurring through moderate
weight loss.

Table 3 Direct and indirect effects

Between person p value Within person p value
Beta 95% CI Beta 95% CI
Step 1
PA (X) — BMI (M)
Direct -0.09 (=0.11, —=0.07) <0.0001 —0.06 (—=0.08, —0.05) <0.0001
Step 2
PA (X) — vitality (Y)
Direct 0.41 (0.35, 0.46) <0.0001 0.23 (0.18, 0.28) <0.0001
Step 3
BMI (M) — Vitality (Y)
Direct -1.74 (-2.21, —-1.28) <0.0001 —0.26 (=0.44, —-0.07) <0.0001
Step 4: Full
PA (X) —» BMI (M) — Vitality (Y)
Direct: PA (X) —» BMI (M) —-0.10 (=0.12, —0.08) <0.0001 —-0.07 (=0.09, —0.05) <0.0001
Direct: PA (X)— Vitality (Y) 0.37 (0.31, 0.43) <0.0001 0.22 (0.17, 0.27) <0.0001
Direct: BMI (M) — Vitality (YY) —1.05(-1.43, —-0.68) <0.0001 —-0.12 (=0.28, 0.05) 0.253
Indirect: PA (X) —» BMI (M) — Vitality (Y) 0.10 (0.06,0.14) <0.0001 0.03 (0.02, 0.04) <0.0001
Contextual indirect 0.011 (=0.004, 0.019) 0.262

BMI = body mass index; M: Mediator; PA = moderate-to-vigorous physical activity; X = independent variable; Y = outcome variable.
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Indirect: B=0.10 p<0.001

Level 2, Between-person (BP) model

B=-0.10 p<0.001 BMI (M) w‘

Physical activity (X)

Vitality (Y)
B=0.37 p<0.001

Indirect: B=0.03 p<0.001

Level 1, Within-person (WP) model

Physical activity (X)

Fig. 3 Full mediation model (X->M->Y).

Our results are consistent with a cross-sectional study
in endometrial cancer survivors reporting that BMI and
physical activity were both independently associated
with vitality [37]. Our findings also are consistent with
meta-analyses of exercise and cancer trials supporting
greater improvements in vitality with better exercise
adherence [38, 39]. We expanded from these studies by
assessing the pathways through which physical activity
and BMI changes are associated with vitality. While
BMI was not directly associated with vitality at the with-
in-person level in the full mediation model, it should be
recognized that there is greater potential to make changes
in physical activity of much greater magnitude than for
BMI between any two time points, unless drastic weight
loss is pursued via bariatric surgery or very low calorie
diets, which was not the approach in ENERGY. Given
the relationships among physical activity, BMI, and vi-
tality reported herein, the inconsistent effects of weight
loss on vitality in cancer survivors may be due, in part, to
insufficient levels of exercise adherence achieved in the
trials and/or the less prominent role of weight loss in the
etiology of vitality. However, further research is needed
to better elucidate these relationships for the purpose of
optimizing intervention effects on vitality.

Importantly, our data suggest biological, psychobe-
havioral, and functional mechanisms underlying vitality
response that are common to and unique for physical
activity and weight loss. Weight loss in obese individ-
uals may increase vitality by decreasing inflammation,
work load during weight-bearing activities (e.g., am-
bulation), and pulmonary restriction caused by excess
central adiposity (biological and functional factors).
Although physical activity also can reduce inflammation
(biological factor), the magnitude of change is greater
with weight loss [40]. Physical activity also can further
reduce the physiologic strain by improving walking
economy (i.e., greater efficiency in oxygen consumption)
[41], which can increase vitality through greater exercise
self-efficacy [42]. With regard to potential mediators of

Vitality (Y)
B=0.22 p<0.001

vitality unique to physical activity, improved rate pres-
sure product (i.e., indicator of myocardial oxygen de-
mand during exercise based on heart rate and blood
pressure response) has been reported as mediator of vi-
tality in breast cancer survivors (biological factor) [43].
Importantly, the rate pressure product is a marker for
improved hemodynamic responses and autonomic ner-
vous system regulation (including but not limited to the
hypothalamic-pituitary axis response), a hypothesized
etiologic mechanism in vitality (biological factor influ-
encing psychobehavioral symptoms) [7]. Also, our data
are consistent with the proposed mediating role of the
hypothalamic-pituitary axis and psychosocial factors
because poor vitality, depression, and sleep dysfunc-
tion co-occur and often improve with exercise [10, 44].
However, depression worsened in the intensive weight
loss group over time in the ENERGY trial [15] suggesting
that multiple etiologic mechanisms exist for vitality and
possibly explaining the limited effect of weight loss on
vitality in our analyses. Furthermore, we have published
preliminary data suggesting that the gut microbiota may
be a mechanistic link between cardiorespiratory fitness
and vitality in breast cancers survivors [45]. Hence, add-
itional research is needed to determine the interrelation-
ships between weight loss, physical activity, vitality, and
the gut microbiota.

Several other aspects of weight loss intervention de-
livery should be considered for breast cancer survivors,
as well as for other patients with chronic conditions.
First, while we are not able to determine the appropriate
“dose” of physical activity (as well as weight loss) needed
to improve outcomes, this will be important for future
studies to establish benchmarks for clinical recommen-
dations. We might speculate that larger changes in phys-
ical activity could result in improved outcomes up to a
certain point with the threshold for overtraining (which
can cause fatigue) demonstrating individual variability.
The ENERGY trial was not designed to establish dose,
but results from the trial may be useful to consider when
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designing future studies examining this issue. Second,
there is a question of the ideal timing of intervention
delivery (e.g., time from disease diagnosis or completion
of treatment). Specifically, at what point in the cancer
continuum (or chronic disease trajectory) would the
intervention have the largest clinically meaningful effect
and be maintained long term? While some studies have
indicated that time since diagnosis may influence exer-
cise effects on psychosocial outcomes [26], our study
showed that vitality responses to the ENERGY inter-
vention did not differ by time since diagnosis. In a sen-
sitivity analyses, we evaluated the mean physical activity
changes, BMI, and vitality changes over time by whether
the patient was above or below the median time from
treatment to study entry (23 months). We found similar
trends in physical activity over time. At study initiation,
those who were >23 months from treatment had lower
BMI and higher vitality compared with those who were
<23 months (Supplementary Figure 1). So, while baseline
scores may have differed for BMI and vitality, the mag-
nitude of changes was similar over time. Further, current
recommendations suggest that regular physical activity is
important across the disease trajectory [46]. Finally, fu-
ture studies focusing on identifying populations that are
most likely to benefit from the intervention are needed
to most effectively utilize resources, tailor interventions,
and achieve maximum potential gain.

Taken as a whole, the consideration of mediators
within the broad categories of biological, psychobehav-
ioral, and functional factors proposed by Al-Majid and
Gray remains relevant to physical activity [12]. Because
this model was proposed for the purpose of guiding
future physical activity research related to vitality in
cancer survivors, this report highlights the importance
of considering the enhancing or attenuating influence
that weight change may have on etiologic factors when
applied to overweight or obese breast cancer survivors
who are also attempting weight loss. Importantly, our
results may have applicability to other chronic condi-
tions. Individuals with chronic health conditions are
more likely to report reduced vitality with weight loss
often recommended for cardiovascular disease, arthritis,
and diabetes [47, 48]. Given that etiologic mechanisms
of poor vitality in chronic disease populations overlap
with that of cancer survivors [48], the relationships
reported here also should be considered when testing
the effects of interventions including weight loss on
vitality in overweight or obese individuals with other
chronic diseases.

We are the first trial to report multilevel, multivaria-
ble mediation path analysis to better elucidate the inde-
pendent effects of physical activity and weight loss on
vitality in cancer survivors. The study strengths include
a large sample size, prospective data collection strength-
ening cause and effect conclusions, and state-of-the-art

mediation analyses. We acknowledge limitations, which
include measurement of physical activity by self-report
alone, limited generalizability to other populations, and
post-hoc analyses of a trial not originally designed to
test the hypotheses examined here. The magnitude of
within-person mediation effects may have been larger
with alternative measures of weight loss (i.e., body fat
percentage lost), more frequent measurement to de-
tect greater variation, or potentially longer follow-up.
Additionally, all measures were not assessed at the
18-month time point; therefore, we are unable to evaluate
the changes in vitality at this time point.

These limitations notwithstanding, combining phys-
ical activity with weight loss can enhance improve-
ments in vitality occurring with weight loss. Physical
activity and weight loss share mechanistic links to vi-
tality with physical activity potentially increasing (e.g.,
in an additive or synergistic manner) the effect of weight
loss effects on several of these shared mechanisms.
Improvements in cardiorespiratory and muscle fitness
that can be achieved with greater physical activity, es-
pecially structured exercise training, also exist along
with the potential for beneficial effects on autonomic
system regulation and the hypothalamic-pituitary axis.
Further study aimed at understanding the shared and
unique mechanisms will improve the application of the-
oretical models of decreased vitality and inform future
interventions aimed at improving vitality in overweight
and obese breast cancer survivors. Moreover, dietary
changes are essential for successful weight loss, with
physical activity recommended to improve energy bal-
ance and maintain lean body mass. These findings sug-
gest that physical activity also may play a critical role
in increasing vitality during weight loss and may be an-
other reason to encourage breast cancer survivors to be-
come more physically active.
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