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Simple Summary: Obesity is a rising health epidemic in breast cancer survivors and associated with
multiple negative health sequalae and increased mortality. Delay Discounting (DD) is a behavioral
economic measure of an individual’s valuation of future outcomes. While higher DD correlates
with obesity in the general adult population, valuation of the future may impact cancer survivors
differently due to their unique experiences. We assessed cross-sectional associations between DD,
BMI, and healthy lifestyle behaviors in an exploratory analysis of 89 women with hormone receptor
positive non-metastatic breast cancer. We found higher DD to be associated with obesity and
decreased frequency of vegetable consumption. Future studies should investigate DD as a therapeutic
target for novel behavioral interventions in breast cancer survivors affected by obesity. This may
improve valuation of the future, increase healthy lifestyle behaviors, and facilitate weight loss to
promote overall health and longevity in this population.

Abstract: Obesity in breast cancer (BC) survivors is associated with increased mortality. Delay
discounting (DD) is a behavioral economic measure of how individuals value future outcomes. Higher
DD correlates with obesity in the general population. Valuation of the future may be associated with
obesity differently in cancer survivors. This study evaluated the relationship between DD and obesity
in BC survivors. We report an exploratory analysis assessing cross-sectional associations between
DD, BMI, and lifestyle behaviors (vegetable and fruit consumption, exercise) related to obesity in
89 women with hormone receptor positive non-metastatic BC. Multivariate linear regression analysis
examined demographic and lifestyle behavior variables associated with both BMI and DD. Greater
willingness to wait for larger, delayed rewards (lower DD) was significantly associated with lower
BMI (standardized beta = −0.32; p < 0.01), independent of age, race, income, time since diagnosis,
and menopausal status. There was no significant association between DD and fruit consumption or
exercise frequency. Vegetable consumption was significantly associated with lower DD (standardized
beta = 0.24; p < 0.05). Higher DD is associated with obesity and decreased frequency of vegetable
consumption in BC survivors. Future studies should investigate DD as a therapeutic target for
behavioral interventions to facilitate weight loss and promote longevity in this population.
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1. Introduction

World-wide, breast cancer (BC) is the most commonly diagnosed cancer in women,
with an estimated 2.3 million new cases in 2020 [1]. Outcomes are significantly improving
in early stage BC, with an approximate five-year survival rate of 90% [2], leading to a
growing population of greater than 3.8 million women in the United States who are BC
survivors [3]. In addition to the risk of cancer recurrence and mortality, BC survivors also
face other unique challenges associated with treatment such as obesity, depression, and a
rising incidence of cardiovascular disease which can negatively impact long-term health [4].
Optimization of modifiable cancer risk factors through encouragement of healthy lifestyle
behaviors is at the cornerstone of consummate cancer survivorship care.

Obesity is a rising health epidemic in the United States [5] and excess adiposity is
a known risk factor for BC development. Additionally, there is an increased risk of BC
recurrence and mortality associated with excess body weight in BC survivors [6–9]. For
example, in a meta-analysis of 82 studies including 213,075 breast survivors, a 41% increase
in mortality was demonstrated in women who were obese at the time of cancer diagnoses [8].
Obesity in BC survivors is also correlated with other adverse health sequelae, including an
increased risk of second primary malignancies [10], and negative impact on multiple quality
of life factors, such as chronic fatigue, sexual dysfunction, body image, lymphedema, and
neuropathy [11]. Additionally, there is an increased risk of chronic medical conditions
known to be associated with increased adiposity such as cardiovascular disease and insulin
resistance with resulting diabetes [11,12]; the presence of these comorbidities is a substantial
cause of shortened survival in this population. Weight loss is, therefore, a highly impactful
therapeutic target in BC survivorship. However, weight loss interventions in BC survivors
have been associated with mixed outcomes in success and suboptimal adherence [13–15].
Novel approaches to improve long-term patient engagement and adherence of healthy
lifestyle choices through identification of basic decision-making processes and intervention
with behavioral modification may promote durable weight loss and its resulting long-term
health benefits.

Delay discounting (DD) is a behavioral economic measure that describes the degree
to which individuals value future outcomes [16]. When given a choice between a larger
reward in the future or a smaller more immediate reward in the present, many individuals
will prefer the latter, particularly as the delay to the more beneficial outcome increases [17].
Individuals with higher, or more rapid, DD rates therefore have an increased bias for
immediate gratification and a greater devaluation of future outcomes [16,18]. For example, a
person with a high rate of DD may be more likely to choose to eat a delicious, but unhealthy
meal now, rather than consider an option which could positively impact future fitness and
health. High DD rates are implicated across many maladaptive health behaviors [19–22]
in the behavioral science literature, including those related to obesity, such as sedentary
behavior [23], poor glycemic control [24,25], and poor dietary choices (consumption of
obesogenic foods and increased caloric intake) [26,27]. Predictably, higher DD rates are
correlated with obesity [27,28]. Thus, consistent with the experimental medicine approach
to behavior change research [29], DD may serve as a therapeutic target in obesity; that
is, interventions that reduce DD may, in turn, facilitate weight loss. Such methods to
engage DD as a target for weight loss are being implemented as an emerging treatment
approach [30–33], but there is a paucity of data regarding the association between DD,
obesity, and behavioral choices among those who have experienced a cancer diagnosis.

Valuation of the future in cancer survivors may be altered by a number of unique
factors, such as an adjusted mortality perception, financial toxicity from cancer diagnoses
and treatment, and cancer-related psychosocial consequences. For instance, cancer sur-
vivors may experience psychologic effects including posttraumatic stress and a fear of
cancer recurrence [34,35]. The latter may be prevalent in nearly all cancer survivors and
can persist despite completion of therapy and considerable time since diagnoses [35,36].
Moreover, a traumatic experience and the resulting negative impact on overall well-being
may produce a sense of foreshortened future and perception of early mortality [37]. An
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individual’s discount rate may also be impacted by distinct cancer-specific factors, such
as diagnosis, stage, treatment history, and time since diagnosis. For example, in a study
of cancer survivors of multiple cancer types, time since cancer diagnoses was negatively
associated with DD rate (p = 0.01), suggesting that DD is elevated soon after diagnosis and
decreases with time [38]. The multitude of these complex factors may all impact valuation
of the future and potentially decrease an individual’s commitment to long-term goals and
rewards related to health.

Focused investigation of DD in cancer survivors is critical to better elucidate its role as
a potential therapeutic target for weight loss in this population. In a study of 1001 survivors
across several types of cancers, including breast, lung, sarcoma, genitourinary, and others,
participants were recruited to assess associations between DD and multiple lifestyle behav-
iors [38]. Lower DD rates were associated with several healthy lifestyle behaviors (lower
alcohol consumption, no cigarette or other tobacco use, no tanning bed use, attending
annual primary care visits), highlighting the applicability of this behavioral principle to
cancer survivorship. Notably, no significant interaction was found between DD rate and
Body Mass Index (BMI), or between DD rate and physical activity or vegetable consump-
tion. An important limitation of this study in specific regard to the association between
DD and BC was the heterogeneous cohort of survivors, as different cancers are known
to be associated with different prognoses and unique survivorship goals. A minority of
patients were BC survivors (n = 175, 17.5%) and approximately half of the sample was
of male gender. Notably, there was no investigation of whether cancer type could be a
predictor of the interaction between DD and health behaviors. Thus, focused assessment of
DD and lifestyle behaviors in BC survivors is warranted to better ascertain the relationship
to adiposity, nutrition, physical activity, and specific cancer characteristics (e.g., stage, time
since diagnoses).

A pilot study from our investigational team was the first to study DD specifically in a
BC survivor cohort and demonstrated DD as a predictor of adjuvant endocrine therapy
non-adherence in 89 participants. This study found that treatment adherence was higher
in participants showing greater willingness to wait for larger, delayed rewards (i.e., lower
DD) (standardized beta = 0.328, p = 0.005) [39]. These findings suggest that DD does impact
lifestyle behaviors in BC survivors similar to other populations and strategies to reduce
DD may be efficacious to improve long-term survival. Herein, we describe additional
exploratory analyses in this cohort to investigate the cross-sectional association between DD,
BMI, and healthy lifestyle behaviors associated with energy balance. We hypothesized that
increased BMI and associated negative lifestyle behaviors in BC survivors are associated
with higher DD, similar to that observed in individuals without cancer [23,26–28]. Such
findings could prompt further, longitudinal studies of this association, and ultimately, the
development of novel behavioral strategies for weight loss in this population to address an
unmet clinical need in BC survivorship.

2. Materials and Methods
2.1. Study Design and Eligibility

Patients were recruited from a large, community-based healthcare system in the
Roanoke, VA area. Key eligibility criteria included: (1) women with stage 1–3 non-recurrent
hormone receptor positive invasive BC treated with curative intent in the last five years,
(2) currently prescribed or recommended adjuvant oral endocrine therapy (tamoxifen, anas-
trozole, letrozole, or exemestane) with or without ovarian suppression, and (3) 18–80 years
old. Patients who were prescribed endocrine therapy for metastatic disease and those
suffering from physical (e.g., non-ambulatory) or cognitive (e.g., dementia) impairments
that may interfere with medication self-administration were excluded. All participants
completed informed consent prior to study enrollment. The Carilion Clinic Institutional
Review Board approved all study procedures.

The primary aim of this study was to evaluate cross-sectional associations between
DD and endocrine therapy non-adherence. We previously reported these findings which
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demonstrate that greater rates of DD were significantly associated with poorer adherence to
endocrine therapy [39]. To assess the relationship between DD and obesity, we undertook
several exploratory analyses, which we describe herein: to evaluate the cross-sectional
correlation between (i) DD and BMI, (ii) BMI and positive lifestyle behaviors, and (iii) DD
and positive lifestyle behaviors.

Weight and height were collected by self-report. BMI was calculated based on the
formula: BMI = weight (kg)/height (m)2. During a single 90–120 min session, participants
completed a questionnaire to collect information encompassing demographics, cancer
diagnoses and treatment, and healthy lifestyle behaviors. The latter included information
on consumption of fruit and vegetables (number of servings per day; six categories: ranging
from less than one serving a day up to five or more servings a day) as well as exercise
frequency (moderate intensity physical activity; six categories: never, less often than once a
year, a few times a year, a few times a month, a few times a week, daily or almost daily).
Next, participants completed the five-trial, adjusting-delay task [39] to assess DD of both
$100 and $1000 (order randomized). This method has been validated and is accepted in
the behavioral science literature as a reliable means by which to measure DD [27,28,33].
Two amounts were examined because DD varies with the amount of reward [18]. Thus,
analyses of multiple amounts provide more generalized estimates of choice. In this task,
participants made repeated, hypothetical choices between a larger amount ($100 or $1000,
depending on task iteration) available after a delay and half of this amount ($50 or $500)
available immediately. Across trials, the delay to the larger amount is titrated based on
previous choices until reaching an indifference delay (possible range: 1 h–25 years, in
approximately logarithmic intervals), at which point the subjective value of both options is
approximately equal. The indifference delay in this task serves as a measure of Effective
Delay 50 (ED50), or the delay required for the larger reward to lose 50% of its value [39,40].
The dependent measure of DD was ED50 (in days). Longer ED50 values reflect less
discounting (i.e., greater willingness to wait). ED50 values were non-normally distributed
(positive skew) and were natural log transformed prior to analysis.

2.2. Statistical Analyses

Demographic variables are summarized using means (standard deviations), medians
(interquartile ranges), and frequencies (percentages), where appropriate. Univariate linear
regression analysis was performed to identify explanatory variables, including demograph-
ics and healthy lifestyle behaviors (exercise frequency, fruit and vegetable consumption),
associated with BMI. To identify an optimal subset of factors associated with BMI, we used
multivariate regression and performed an exhaustive model selection search and identified
the final model as that with the lowest Bayesian Information Criterion (BIC). Similarly,
multivariate regression with model selection were performed to predict discounting (ED50
$100 and ED50 $1000). Results are reported using standardized betas and p-values. A
p-value < 0.05 was considered significant in this study.

3. Results

A total of 89 participants completed this study, of which details have been previously
published [39]. Table 1 describes the baseline demographic, lifestyle, and clinical charac-
teristics of the cohort. The mean age at diagnosis was 58.7 years (range: 33–77) and the
mean time since diagnoses was 2.5 years. The majority (n = 58, 65%) of participants were
post-menopausal and of white race (n = 85, 96%). Most individuals were with stage 1
(n = 39, 44%) or stage 2 (n = 25, 28%) BC. The mean BMI was 29.8 kg/m2 (SD 6.6). A
total of 29 (33%) patients in this cohort were overweight; 38 (43%) patients were obese.
Adjuvant aromatase inhibitor (anastrozole, letrozole, or exemestane) was the most com-
mon endocrine therapy prescribed (n = 53, 60%), with the remainder receiving adjuvant
tamoxifen (n = 36, 40%).
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Table 1. Baseline demographic, lifestyle, and clinical characteristics of study participants (n = 89).

Characteristics Values

Age (years) mean (SD) 58.7 (10.2)

Sex Female 89 (100%)

Race n (%)
Black or African American 2 (2.2)

White 85 (95.5)
Other 2 (2.2)

Ethnicity, not Hispanic or Latino n (%) 88 (98.9)

Education n (%)
8th grade or less 1 (1.1)

High school graduate/GRE 11 (12.4)
Some college 28 (31.5)

College graduate 23 (25.8)
Graduate or professional degree 26 (29.2)

Income ($1000) mean (SD) 95.6 (65.3)

Substance Use
Tobacco use n (%) 3 (3.4)

Drug use n (%) 2 (2.2)
Alcohol consumption a Risk Level; n (%) Low Risk; 89 (100%)

Menopausal status b n (%)
Post-menopausal 58 (65.2)
Peri-menopausal 20 (22.5)
Pre-menopausal 11 (12.4)

BMI (kg/m2) mean (SD) 29.8 (6.6)

Body Weight n (%)
Normal (BMI < 25 kg/m2) 22 (24.7)

Overweight (BMI 25 to <30 kg/m2) 29 (32.6)
Obese (BMI ≥ 30 kg/m2) 38 (42.7)

Breast Cancer Clinical Stage c n (%) 39 (43.8)
Stage 1 25 (28.1)
Stage 2 4 (4.5)
Stage 3 21 (23.6)

Unknown

Time Since Diagnoses (years) mean (SD) 2.5 (1.7)

Oral Endocrine Therapy n (%) 53 (59.6)
Aromatase Inhibitor d 36 (40.4)

Tamoxifen

Vegetable Consumption (servings/day) Median (IQR) 3 (2–4)

Fruit Consumption (servings/day) Median (IQR) 3 (2–3)

Exercise Frequency Median (IQR) 5 (4–6)
1 = never

2 = less often than once a year
3 = a few times a year

4 = a few times a month
5 = a few times a week

6 = daily or almost daily

Baseline Delay Discounting (log
indifference delay) Mean (SD)

$100 ED50 5.38 (1.89)
$1000 ED50 5.69 (2.14)

a Alcohol consumption based on Alcohol Use Disorders Identification Test (AUDIT) [41]; b Menopausal status
was based on patient report; c Stage at diagnosis was obtained through medical records and was only available
for patients recruited through physician referral (n = 68); d Aromatase inhibitor included anastrozole, letrozole, or
exemestane; Abbreviation Legend: SD standard deviation; IQR interquartile range.
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For DD, the mean natural log ED50 was 5.38 (1.89) and 5.69 (2.14) for ED50 $100
and $1000, respectively. For context, these values correspond to raw values of 217.02
and 295.89 days, respectively, indicating that the $100 and $1000 rewards lost half of their
subjective value in approximately 7–10 months. High ED50 values (i.e., lower DD) were
associated with lower BMI (ED50 $100, standardized beta = −0.32, p = 0.002; ED50 $1000,
standardized beta = −0.28, p = 0.008) and this effect was independent of age, race, income,
time since diagnosis, and menopausal status (Figure 1). The median frequency of healthy
lifestyle behaviors included 3 (IQR 2–4) vegetable servings/day, 3 (IQR 2–3) fruit serv-
ings/day, and exercise a few times a week (IQR a few times a month to daily or almost daily).
Exercise frequency (standardized beta = −0.36, p < 0.001), fruit consumption (standardized
beta = −0.32, p = 0.002), and vegetable consumption (standardized beta = −0.24, p = 0.024)
were significantly associated with lower BMI. Model selection identified the most probable
model to include ED50 $100 (standardized beta = −0.25, p = 0.009), exercise frequency
(standardized beta = −0.28, p = 0.006), and fruit consumption (standardized beta = −0.22,
p = 0.029).
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Figure 1. High discounting rate was independently associated with increased BMI (A): ED50 $100,
p = 0.002; (B): ED50 $1000, p = 0.008).

Linear regression models were used to estimate ED50 from health behaviors. Exer-
cise frequency (ED50 $100, standardized beta = 0.13, p = 0.242) and fruit consumption
(ED50 $100, standardized beta = 0.15, p = 0.164) were not associated with DD rate; how-
ever, vegetable consumption was significantly associated with lower DD rate (ED50 $100,
standardized beta = 0.24, p = 0.026). Upon model selection, only age (ED50 $100, standard-
ized beta = 0.28, p = 0.004) and household income (ED50 $100, standardized beta = 0.38,
p < 0.001) were associated with DD rate.

4. Discussion

In this study of women with non-metastatic hormone receptor positive BC, we found
a significant cross-sectional association between elevated DD and increased BMI in an
exploratory analysis. This relationship is consistent with previously reported findings
in the general adult population affected by increased BMI [27,28]. Thus, the association
between DD and obesity persists despite the unique challenges faced by individuals with
a cancer diagnosis. However, it contrasts the findings of Sheffer and colleagues, who
did not observe a significant association between these variables in a mixed cohort of
cancer survivors [38]. This suggests that the effect of DD may be different amongst cancer
survivor populations. Particularly, diagnoses of distinct cancer types may impact future
thinking on choice differently. This may be related to considerable variations in prognoses,
symptom burden, and quality of life based on specific cancer diagnoses. For example, BC
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patients have a higher cure rate and live longer compared with individuals with many other
solid tumor malignancies of a similar stage [2]. Thus, research on behavioral mechanisms
underlying decision making in cancer patients may benefit from studies that either focus
on individual cancer diagnoses or examine a potential moderating role of diagnosis type.

If the association between DD and obesity in BC survivors is confirmed in longitudinal
studies, DD may be engaged as a therapeutic target, and both established and investiga-
tional behavioral therapeutic interventions have demonstrated success to decrease DD
rate [42,43]. For example, one promising behavioral intervention is episodic future thinking
(EFT), derived from the emerging science of prospection. In EFT, individuals generate and
simulate personally meaningful and detailed future events to increase valuation of the
future. The goal is to shift temporal orientation to the present [44]. EFT has successfully
reduced DD rate in obese individuals [31,33,45–47], leading to effects of negative energy
balance, including decreased caloric intake, diminished consumption of energy-dense
foods, improved diet quality, and weight loss [30–33,45,48–50]. For example, Sze et al.
observed that in an EFT study in obese participants, delivered by smartphone, there was
a favorable decrease in energy intake and reduction in weight in adults following the
four-week intervention compared with control [30]. Additionally, a brief EFT intervention
implemented in participants of the present study demonstrated that DD is also amendable
to reduction in BC survivors as compared to a control condition [39]. Based on these
findings and the preliminary data presented in this report, implementation of behavioral
interventions such as EFT to target DD for weight loss and promotion of positive lifestyle
behaviors may also hold promise as a clinical tool in cancer survivors. These interventions
may be adapted in future studies, with the goal to improve impactful clinical endpoints
related to obesity in cancer survivors.

This study is not without limitations. The results of this cross-sectional analysis
provide insight into potential mechanisms underlying increased weight in BC survivors,
but cannot determine causality. Furthermore, the objectives studied were exploratory
and additional, prospective research specifically powered to assess for these effects in a
cohort of BC survivors with obesity is warranted. Longitudinal assessment of adiposity
collected serially would also provide a more comprehensive understanding of obesity
and DD following a cancer diagnosis. Namely, changes in weight and body composition
following a cancer diagnosis is not uncommon and can have important clinical implications.
These additional data could inform the optimal design of behavioral interventions to target
DD for weight loss. Our investigative team is currently evaluating the prospective effects
of DD and related targeted interventions on weight loss after a breast cancer diagnosis
(NCT05012176). In addition, we did not find a consistent, statistically significant difference
between DD rate and healthy lifestyle behaviors assessed in this study. While increased
vegetable consumption was associated with lower discounting, there was no significant
relationship between discounting and the other lifestyle behaviors. This may be related
to the small sample size. Additionally, the potential to introduce recall bias exists with
the use of self-report questionnaires. Future studies should incorporate validated, higher-
resolution measures to provide a more comprehensive understanding of the relationship
between discounting, physical activity, and energy consumption. For example, portion
size, calorie consumption, diet quality, and exercise intensity/time are measures which can
provide greater precision to estimate net energy balance and may clarify the link between
discounting and lifestyle behaviors. Therefore, further investigation to assess the role of
physical activity and dietary factors as a potential mediator of the association between DD
and obesity should be pursued using robust measurements (e.g., fitness tracking, food
frequency questionnaires) and in a larger cohort of patients.

The study population also lacked socioeconomic and racial diversity and the majority
of participants were post-menopausal. Additionally, there was limited diversity in the BC
subtype, as all participants presented with hormone receptor positive BC. Advanced BC
stage was also underrepresented (4% with stage 3 BC). Given that research supports obesity
is associated with multiple negative health sequalae in BC survivors regardless of receptor
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subtypes and stage [6–8,51], future studies should include a more diverse sample of these
characteristics to ensure generalizability of the reported findings.

Future studies should investigate the effect of toxicities related to anti-cancer therapies
on the uptake of healthy lifestyle behaviors and influence on DD. This is highly relevant
in the modern era of breast cancer management given the rapid expansion of adjuvant
treatments in cancer survivors to decrease recurrence risk; these treatments are not without
side effects. We previously reported the adverse effects and associated severity related
to endocrine therapy in this patient cohort [39]. The presence of aromatase inhibitor-
induced musculoskeletal symptoms should be a particular area of future research, as this
toxicity could impact physical activity and associated metabolic endpoints. Additionally,
future studies should evaluate the unique psychological profile of individuals, including
psychiatric diagnoses and psychologic support received following a cancer diagnosis. These
factors may influence personal motivation to adhere to healthy lifestyle choices and an
individual’s valuation of future health outcomes [52].

5. Conclusions

The current study suggests an association between DD and obesity in BC survivors
and supports DD as a potential therapeutic target for weight loss. Additional research to
elucidate the role of this behavioral mechanism in unhealthy lifestyle choices related to
positive energy balance is indicated. Additionally, this relationship should be assessed in a
more diverse BC survivorship cohort to confirm reproducibility. These findings support
the potential for innovative behavioral therapies that target DD to promote weight loss
and the associated long-term health benefits in BC survivors affected by increased weight.
A randomized clinical trial by our research team implementing remotely delivered EFT
intervention by smartphone is currently ongoing with these objectives (NCT05012176). If
this strategy is feasible and efficacious to promote weight loss, improve diet quality, and
reduce systemic inflammatory markers, additional investigation will be pursued across
multiple cancer survivorship cohorts, as weight reduction in obesity is a pervasive target in
optimal cancer survivorship care.

Author Contributions: Conceptualization, J.E.V. and J.S.; Data curation, A.T. and J.S.; Formal anal-
ysis, A.T.; Funding acquisition, J.E.V. and J.S.; Investigation, J.S., J.E.V., A.T., S.S., M.L. and J.S.S.;
Methodology, J.S., J.E.V. and J.S.S.; Project administration, J.S.; Supervision, J.S.; Visualization, J.S.,
J.E.V., A.T., S.S., M.L. and J.S.S.; Writing—original draft, J.S.S. and J.E.V.; Writing—review and editing,
J.S., J.E.V., A.T., S.S., M.L. and J.S.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by a pilot feasibility grant from the Center for Health Behav-
iors Research, Fralin Biomedical Research Institute and Carilion Clinic to foster interdisciplinary
collaborations in the study of health behaviors.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Virginia Tech Carilon
Clinic (protocol number 2574, date of approval June 2018).

Informed Consent Statement: Informed consent for this study was provided by all participants.

Data Availability Statement: The authors confirm that the data supporting the findings of this study
are available within the article and/or the tables and figures. Additional derived data supporting the
findings of this study are available from the corresponding author, Jennifer Vaughn MD, on request.

Acknowledgments: The authors wish to thank the physicians of Blue Ridge Cancer Care, Decca
Knight, and the Suzan G. Komen Virginia Blue Ridge leadership for their advice and assistance
with recruitment. The authors would also like to acknowledge the Transdisciplinary Research in
Energetics and Cancer (TREC) Training Workshop R25CA203650 (PI: Melinda Irwin).

Conflicts of Interest: The authors have no conflict of interest to report.



Cancers 2022, 14, 1134 9 of 10

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: GLOBOCAN

estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics. CA Cancer J. Clin. 2020, 70, 7–30. [CrossRef]
3. Miller, K.D.; Nogueira, L.; Mariotto, A.B.; Rowland, J.H.; Yabroff, K.R.; Alfano, C.M.; Jemal, A.; Kramer, J.L.; Siegel, R.L. Cancer

treatment and survivorship statistics. CA Cancer J. Clin. 2019, 69, 363–385. [CrossRef]
4. Runowicz, C.D.; Leach, C.R.; Henry, N.L.; Henry, K.S.; Mackey, H.T.; Cowens-Alvarado, R.L.; Cannady, R.S.; Pratt-Chapman, M.L.;

Edge, S.B.; Jacobs, L.A.; et al. American Cancer Society/American Society of Clinical Oncology Breast Cancer Survivorship Care
Guideline. J. Clin. Oncol. 2016, 34, 611–635. [CrossRef]

5. Flegal, K.M.; Kruszon-Moran, D.; Carroll, M.D.; Fryar, C.D.; Ogden, C.L. Trends in Obesity Among Adults in the United States,
2005 to 2014. JAMA 2016, 315, 2284–2291. [CrossRef] [PubMed]

6. Pierobon, M.; Frankenfeld, C.L. Obesity as a risk factor for triple-negative breast cancers: A systematic review and meta-analysis.
Breast Cancer Res. Treat. 2013, 137, 307–314. [CrossRef]

7. Sparano, J.A.; Wang, M.; Zhao, F.; Stearns, V.; Martino, S.; Ligibel, J.A.; Perez, E.A.; Saphner, T.; Wolff, A.C.; Sledge, G.W.; et al.
Obesity at diagnosis is associated with inferior outcomes in hormone receptor-positive operable breast cancer. Cancer 2012,
118, 5937–5946. [CrossRef] [PubMed]

8. Chan, D.S.; Vieira, A.R.; Aune, D.; Bandera, E.V.; Greenwood, D.C.; McTiernan, A.; Navarro Rosenblatt, D.; Thune, I.; Vieira, R.;
Norat, T. Body mass index and survival in women with breast cancer-systematic literature review and meta-analysis of 82
follow-up studies. Ann. Oncol. 2014, 25, 1901–1914. [CrossRef] [PubMed]

9. Vance, V.; Mourtzakis, M.; McCargar, L.; Hanning, R. Weight gain in breast cancer survivors: Prevalence, pattern and health
consequences. Obes. Rev. 2011, 12, 282–294. [CrossRef] [PubMed]

10. Wijayabahu, A.T.; Egan, K.M.; Yaghjyan, L. Uterine cancer in breast cancer survivors: A systematic review. Breast Cancer Res.
Treat. 2020, 180, 1–19. [CrossRef]

11. Sheng, J.Y.; Sharma, D.; Jerome, G.; Santa-Maria, C.A. Obese Breast Cancer Patients and Survivors: Management Considerations.
Oncology 2018, 32, 410–417.

12. Lu, L.J.; Gan, L.; Hu, J.B.; Ran, L.; Cheng, Q.F.; Wang, R.J.; Jin, L.B.; Ren, G.S.; Li, H.Y.; Wu, K.N.; et al. On the status of β-cell
dysfunction and insulin resistance of breast cancer patient without history of diabetes after systemic treatment. Med. Oncol. 2014,
31, 956. [CrossRef]

13. Ligibel, J.A.; Basen-Engquist, K.; Bea, J.W. Weight Management and Physical Activity for Breast Cancer Prevention and Control.
Am. Soc. Clin. Oncol. Educ. Book 2019, 39, e22–e33. [CrossRef] [PubMed]

14. Pierce, J.P.; Natarajan, L.; Caan, B.J.; Parker, B.A.; Greenberg, E.R.; Flatt, S.W.; Rock, C.L.; Kealey, S.; Al-Delaimy, W.K.;
Bardwell, W.A.; et al. Influence of a diet very high in vegetables, fruit, and fiber and low in fat on prognosis following treatment
for breast cancer: The Women’s Healthy Eating and Living (WHEL) randomized trial. JAMA 2007, 298, 289–298. [CrossRef]
[PubMed]

15. Chlebowski, R.T.; Blackburn, G.L.; Thomson, C.A.; Nixon, D.W.; Shapiro, A.; Hoy, M.K.; Goodman, M.T.; Giuliano, A.E.;
Karanja, N.; McAndrew, P.; et al. Dietary fat reduction and breast cancer outcome: Interim efficacy results from the Women’s
Intervention Nutrition Study. J. Natl. Cancer Inst. 2006, 98, 1767–1776. [CrossRef]

16. Bickel, W.K.; Yi, R. Temporal discounting as a measure of executive function: Insights from the competing neuro-behavioral
decision system hypothesis of addiction. Adv. Health Econ. Health Serv. Res. 2008, 20, 289–309. [PubMed]

17. Green, L.; Myerson, J. A discounting framework for choice with delayed and probabilistic rewards. Psychol. Bull. 2004,
130, 769–792. [CrossRef] [PubMed]

18. Green, L.; Myerson, J.; McFadden, E. Rate of temporal discounting decreases with amount of reward. Mem. Cognit. 1997,
25, 715–723. [CrossRef] [PubMed]

19. Bickel, W.K.; Athamneh, L.N.; Basso, J.C.; Mellis, A.M.; DeHart, W.B.; Craft, W.H.; Pope, D. Excessive discounting of delayed
reinforcers as a trans-disease process: Update on the state of the science. Curr. Opin. Psychol. 2019, 30, 59–64. [CrossRef]

20. Bickel, W.K.; Odum, A.L.; Madden, G.J. Impulsivity and cigarette smoking: Delay discounting in current, never, and ex-smokers.
Psychopharmacology 1999, 146, 447–454. [CrossRef]

21. Madden, G.J.; Petry, N.M.; Badger, G.J.; Bickel, W.K. Impulsive and self-control choices in opioid-dependent patients and
non-drug-using control participants: Drug and monetary rewards. Exp. Clin. Psychopharmacol. 1997, 5, 256–262. [CrossRef]
[PubMed]

22. Bradford, W.D. The association between individual time preferences and health maintenance habits. Med. Decis. Mak. 2010,
30, 99–112. [CrossRef] [PubMed]

23. Tate, L.M.; Tsai, P.F.; Landes, R.D.; Rettiganti, M.; Lefler, L.L. Temporal discounting rates and their relation to exercise behavior in
older adults. Physiol. Behav. 2015, 152, 295–299. [CrossRef] [PubMed]

24. Epstein, L.H.; Paluch, R.A.; Stein, J.S.; Quattrin, T.; Mastrandrea, L.D.; Bree, K.A.; Sze, Y.Y.; Greenawald, M.H.; Biondolillo, M.J.;
Bickel, W.K. Delay Discounting, Glycemic Regulation and Health Behaviors in Adults with Prediabetes. Behav. Med. 2020,
47, 194–204. [CrossRef]

http://doi.org/10.3322/caac.21660
http://doi.org/10.3322/caac.21590
http://doi.org/10.3322/caac.21565
http://doi.org/10.1200/JCO.2015.64.3809
http://doi.org/10.1001/jama.2016.6458
http://www.ncbi.nlm.nih.gov/pubmed/27272580
http://doi.org/10.1007/s10549-012-2339-3
http://doi.org/10.1002/cncr.27527
http://www.ncbi.nlm.nih.gov/pubmed/22926690
http://doi.org/10.1093/annonc/mdu042
http://www.ncbi.nlm.nih.gov/pubmed/24769692
http://doi.org/10.1111/j.1467-789X.2010.00805.x
http://www.ncbi.nlm.nih.gov/pubmed/20880127
http://doi.org/10.1007/s10549-019-05516-1
http://doi.org/10.1007/s12032-014-0956-x
http://doi.org/10.1200/EDBK_237423
http://www.ncbi.nlm.nih.gov/pubmed/31099634
http://doi.org/10.1001/jama.298.3.289
http://www.ncbi.nlm.nih.gov/pubmed/17635889
http://doi.org/10.1093/jnci/djj494
http://www.ncbi.nlm.nih.gov/pubmed/19552313
http://doi.org/10.1037/0033-2909.130.5.769
http://www.ncbi.nlm.nih.gov/pubmed/15367080
http://doi.org/10.3758/BF03211314
http://www.ncbi.nlm.nih.gov/pubmed/9337589
http://doi.org/10.1016/j.copsyc.2019.01.005
http://doi.org/10.1007/PL00005490
http://doi.org/10.1037/1064-1297.5.3.256
http://www.ncbi.nlm.nih.gov/pubmed/9260073
http://doi.org/10.1177/0272989X09342276
http://www.ncbi.nlm.nih.gov/pubmed/19675322
http://doi.org/10.1016/j.physbeh.2015.10.003
http://www.ncbi.nlm.nih.gov/pubmed/26440317
http://doi.org/10.1080/08964289.2020.1712581


Cancers 2022, 14, 1134 10 of 10

25. Lebeau, G.; Consoli, S.M.; Le Bouc, R.; Sola-Gazagnes, A.; Hartemann, A.; Simon, D.; Reach, G.; Altman, J.J.; Pessiglione, M.;
Limosin, F.; et al. Delay discounting of gains and losses, glycemic control and therapeutic adherence in type 2 diabetes. Behav.
Process. 2016, 132, 42–48. [CrossRef]

26. Garza, K.B.; Ding, M.; Owensby, J.K.; Zizza, C.A. Impulsivity and Fast-Food Consumption: A Cross-Sectional Study among
Working Adults. J. Acad. Nutr. Diet. 2016, 116, 61–68. [CrossRef]

27. Barlow, P.; Reeves, A.; McKee, M.; Galea, G.; Stuckler, D. Unhealthy diets, obesity and time discounting: A systematic literature
review and network analysis. Obes. Rev. 2016, 17, 810–819. [CrossRef]

28. Amlung, M.; Petker, T.; Jackson, J.; Balodis, I.; MacKillop, J. Steep discounting of delayed monetary and food rewards in obesity:
A meta-analysis. Psychol. Med. 2016, 46, 2423–2434. [CrossRef]

29. Riddle, M.; Science of Behavior Change Working Group. News from the NIH: Using an experimental medicine approach to
facilitate translational research. Transl. Behav. Med. 2015, 5, 486–488. [CrossRef]

30. Sze, Y.Y.; Daniel, T.O.; Kilanowski, C.K.; Collins, R.L.; Epstein, L.H. Web-Based and Mobile Delivery of an Episodic Future
Thinking Intervention for Overweight and Obese Families: A Feasibility Study. JMIR mHealth uHealth 2015, 3, e97. [CrossRef]

31. Daniel, T.O.; Stanton, C.M.; Epstein, L.H. The future is now: Reducing impulsivity and energy intake using episodic future
thinking. Psychol. Sci. 2013, 24, 2339–2342. [CrossRef] [PubMed]

32. Hollis-Hansen, K.; Seidman, J.; O’Donnell, S.; Wedderburn, A.; Stanar, S.; Brande, S.; Epstein, L.H. An ecological momentary
episodic future thinking intervention on mother’s weekly food purchases. Health Psychol. 2020, 39, 159–167. [CrossRef] [PubMed]

33. Sze, Y.Y.; Stein, J.S.; Bickel, W.K.; Paluch, R.A.; Epstein, L.H. Bleak Present, Bright Future: Online Episodic Future Thinking,
Scarcity, Delay Discounting, and Food Demand. Clin. Psychol. Sci. 2017, 5, 683–697. [CrossRef] [PubMed]

34. French-Rosas, L.N.; Moye, J.; Naik, A.D. Improving the recognition and treatment of cancer-related posttraumatic stress disorder.
J. Psychiatr. Pract. 2011, 17, 270–276. [CrossRef] [PubMed]

35. Crist, J.V.; Grunfeld, E.A. Factors reported to influence fear of recurrence in cancer patients: A systematic review. Psychooncology
2013, 22, 978–986. [CrossRef]

36. Deimling, G.T.; Bowman, K.F.; Sterns, S.; Wagner, L.J.; Kahana, B. Cancer-related health worries and psychological distress among
older adult, long-term cancer survivors. Psychooncology 2006, 15, 306–320. [CrossRef] [PubMed]

37. Ratcliffe, M.; Ruddell, M.; Smith, B. What is a “sense of foreshortened future?” A phenomenological study of trauma, trust, and
time. Front. Psychol. 2014, 5, 1026. [CrossRef]

38. Sheffer, C.E.; Miller, A.; Bickel, W.K.; Devonish, J.A.; O’Connor, R.J.; Wang, C.; Rivard, C.; Gage-Bouchard, E.A. The treasure
of now and an uncertain future: Delay discounting and health behaviors among cancer survivors. Cancer 2018, 124, 4711–4719.
[CrossRef]

39. Vaughn, J.E.; Ammermann, C.; Lustberg, M.B.; Bickel, W.K.; Stein, J.S. Delay discounting and adjuvant endocrine therapy
adherence in hormone receptor-positive breast cancer. Health Psychol. 2021, 40, 398–407. [CrossRef]

40. Yoon, J.H.; Higgins, S.T. Turning k on its head: Comments on use of an ED50 in delay discounting research. Drug Alcohol. Depend.
2008, 95, 169–172. [CrossRef]

41. Saunders, J.B.; Aasland, O.G.; Babor, T.F.; de la Fuente, J.R.; Grant, M. Development of the Alcohol Use Disorders Identification
Test (AUDIT): WHO Collaborative Project on Early Detection of Persons with Harmful Alcohol Consumption—II. Addiction 1993,
88, 791–804. [CrossRef]

42. Koffarnus, M.N.; Jarmolowicz, D.P.; Mueller, E.T.; Bickel, W.K. Changing delay discounting in the light of the competing
neurobehavioral decision systems theory: A review. J. Exp. Anal. Behav. 2013, 99, 32–57. [CrossRef]

43. Rung, J.M.; Madden, G.J. Experimental reductions of delay discounting and impulsive choice: A systematic review and meta-
analysis. J. Exp. Psychol. Gen. 2018, 147, 1349–1381. [CrossRef]

44. Schacter, D.L.; Benoit, R.G.; Szpunar, K.K. Episodic Future Thinking: Mechanisms and Functions. Curr. Opin. Behav. Sci. 2017,
17, 41–50. [CrossRef]

45. Dassen, F.C.M.; Jansen, A.; Nederkoorn, C.; Houben, K. Focus on the future: Episodic future thinking reduces discount rate and
snacking. Appetite 2016, 96, 327–332. [CrossRef]

46. Daniel, T.O.; Stanton, C.M.; Epstein, L.H. The future is now: Comparing the effect of episodic future thinking on impulsivity in
lean and obese individuals. Appetite 2013, 71, 120–125. [CrossRef]

47. Stein, J.S.; Sze, Y.Y.; Athamneh, L.; Koffarnus, M.N.; Epstein, L.H.; Bickel, W.K. Think fast: Rapid assessment of the effects of
episodic future thinking on delay discounting in overweight/obese participants. J. Behav. Med. 2017, 40, 832–838. [CrossRef]

48. Hollis-Hansen, K.; Seidman, J.; O’Donnell, S.; Epstein, L.H. Episodic future thinking and grocery shopping online. Appetite 2019,
133, 1–9. [CrossRef]

49. Daniel, T.O.; Said, M.; Stanton, C.M.; Epstein, L.H. Episodic future thinking reduces delay discounting and energy intake in
children. Eat. Behav. 2015, 18, 20–24. [CrossRef]

50. O’Neill, J.; Daniel, T.O.; Epstein, L.H. Episodic future thinking reduces eating in a food court. Eat. Behav. 2016, 20, 9–13. [CrossRef]
51. Liu, K.; Zhang, W.; Dai, Z.; Wang, M.; Tian, T.; Liu, X.; Kang, H.; Guan, H.; Zhang, S. Association between body mass index and

breast cancer risk: Evidence based on a dose-response meta-analysis. Cancer Manag. Res. 2018, 10, 143–151. [CrossRef]
52. Moody, L.; Franck, C.; Bickel, W.K. Comorbid depression, antisocial personality, and substance dependence: Relationship with

delay discounting. Drug Alcohol Depend. 2016, 160, 190–196. [CrossRef]

http://doi.org/10.1016/j.beproc.2016.09.006
http://doi.org/10.1016/j.jand.2015.05.003
http://doi.org/10.1111/obr.12431
http://doi.org/10.1017/S0033291716000866
http://doi.org/10.1007/s13142-015-0333-0
http://doi.org/10.2196/mhealth.4603
http://doi.org/10.1177/0956797613488780
http://www.ncbi.nlm.nih.gov/pubmed/24022653
http://doi.org/10.1037/hea0000817
http://www.ncbi.nlm.nih.gov/pubmed/31682147
http://doi.org/10.1177/2167702617696511
http://www.ncbi.nlm.nih.gov/pubmed/28966885
http://doi.org/10.1097/01.pra.0000400264.30043.ae
http://www.ncbi.nlm.nih.gov/pubmed/21775828
http://doi.org/10.1002/pon.3114
http://doi.org/10.1002/pon.955
http://www.ncbi.nlm.nih.gov/pubmed/16041841
http://doi.org/10.3389/fpsyg.2014.01026
http://doi.org/10.1002/cncr.31759
http://doi.org/10.1037/hea0001077
http://doi.org/10.1016/j.drugalcdep.2007.12.011
http://doi.org/10.1111/j.1360-0443.1993.tb02093.x
http://doi.org/10.1002/jeab.2
http://doi.org/10.1037/xge0000462
http://doi.org/10.1016/j.cobeha.2017.06.002
http://doi.org/10.1016/j.appet.2015.09.032
http://doi.org/10.1016/j.appet.2013.07.010
http://doi.org/10.1007/s10865-017-9857-8
http://doi.org/10.1016/j.appet.2018.10.019
http://doi.org/10.1016/j.eatbeh.2015.03.006
http://doi.org/10.1016/j.eatbeh.2015.10.002
http://doi.org/10.2147/CMAR.S144619
http://doi.org/10.1016/j.drugalcdep.2016.01.009

	Introduction 
	Materials and Methods 
	Study Design and Eligibility 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

