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Preface to ”Effect of Diet and Physical Activity on

Cancer Prevention and Control”

Close to 20 million people around the world are diagnosed with cancer on an annual basis. Thus,

there is no doubt that the burden of cancer is significant, and it is a leading cause of morbidity and

mortality worldwide. Diet, physical activity, and weight management are increasingly recognized

as key factors that can influence cancer prevention, progression, and survival. Moreover, these

lifestyle factors also play an important role in mitigating symptoms and comorbidities that result

from cancer and its treatment. As nutrition and exercise scientists, we are delighted to be joined

by others who devote their careers to the discovery of novel dietary and physical activity-related

factors, as well as interventions aimed at cancer prevention and control. It is our pleasure to serve as

editors for this book, and we are grateful to all the researchers who have submitted their scientific

findings to be included in this compendium. We also are grateful to the managing editors who

helped to assemble this important work, Ms. Lindsey Guo and Toki He. As you will find, the

order of articles follows the cancer continuum. The book begins with the role of diet and exercise

in the primary prevention of cancer in both normal and high-risk individuals and then focuses on

preventing neoplastic progression in those who are newly diagnosed with the disease. Later chapters

center on dietary and physical activity as key factors in cancer survivorship, finally concluding with

works attributing dietary and physical activity factors on cancer survival. We hope that you will

enjoy and value these offerings.

Wendy Demark-Wahnefried and Christina Dieli-Conwright

Editors
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Abstract: Alcohol and physical inactivity are risk factors for a variety of cancer types. However,
alcohol use often co-occurs with physical activity (PA), which could mitigate the cancer-prevention
benefits of PA. Alcohol is integrated into the culture of one of the most popular physical activities for
adults in the United States (U.S.), golf. This study examined how alcohol use was associated with
total PA, golf-specific PA, and motives for golfing in a national sample of golfers in the U.S. Adult
golfers (n = 338; 51% male, 81% White, 46 ± 14.4 years) self-reported alcohol use, golfing behavior
and motives, and PA. Most (84%) golfers consumed alcohol, averaging 7.91 servings/week. Golf
participation, including days/week, holes/week, and practice hours/week, was not associated with
alcohol use. Golfers with stronger social motives were 60% more likely to consume alcohol. Weekly
walking (incident risk ratio (IRR) = 7.30), moderate-to-vigorous PA (MVPA; IRR = 5.04), and total
PA (IRR = 4.14) were associated with more alcohol servings/week. Golfers’ alcohol use may be
higher than the general adult population in the U.S. and contributes 775 extra kilocalories/week, a
surplus that may offset PA-related energy expenditure and cancer-protective effects. Alcohol use
interventions targeting golfers may facilitate weight loss and reduce cancer risk, especially for golfers
motivated by social status.

Keywords: alcohol drinking; sports; golf; motivation; cancer prevention; social hierarchy

1. Introduction

Alcohol is a Group 1 carcinogen that directly increases the risk of a multitude of
cancers, including increasing the risk of breast and colon cancer by 40–60% [1,2]. Alcohol
also represents a calorically dense (7 kcals/g), discretionary source of energy that may
promote passive over-consumption of calories [3]. It accounts for up to 10% of total energy
intake in adults, and heavier alcohol use increases weight gain and obesity risk [3–7].
Overweight and obesity account for 40% of all cancer diagnoses due to the negative effects
of obesity on cancer onset, growth, survival, and metastasis [8,9]. The effects of alcohol
consumption on obesity indirectly increase cancer risk [8,9]. Given that over half of U.S.
adults consume alcohol [10], alcohol consumption may be a potential behavioral target for
addressing energy imbalance, obesity, and cancer risk.

While alcohol use is associated with increased risk for obesity and many cancers, physical
activity (PA) is associated with lower body mass index and reduced cancer risk [11,12].
Interestingly, despite these opposing effects, research indicates that PA and alcohol use
often co-occur, such that physically active adults are more likely to consume alcohol [13–15].
This antagonistic clustering of PA with alcohol use is unusual given that health behaviors
typically co-occur synergistically just as health risk behaviors tend to co-occur [16–19]. This
antagonistic co-occurrence of PA and alcohol use means that PA may mitigate the obesity
and cancer-related risks of alcohol use or that alcohol use may undermine the protective
value of PA against obesity and cancer.

Nutrients 2021, 13, 1856. https://doi.org/10.3390/nu13061856 https://www.mdpi.com/journal/nutrients1
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The co-occurrence of PA and alcohol use may be more pronounced in certain types
of PA, such as golf, that have incorporated alcohol into the sport’s culture and where the
proverbial “19th hole” involves a trip to the bar. Golf is the second most popular sport
among U.S. adults, with more than 24 million Americans participating annually (more
than the population of every state except California and Texas) [20]. Golf could provide a
unique context for examining the antagonistic clustering of PA and alcohol use, but little is
known about alcohol use in golfers. This study aimed to characterize alcohol use in golfers
and investigate associations between golfers’ alcohol consumption and PA, both in general
and specific to golf participation, and whether golfers’ alcohol consumption was associated
with the reasons people participate in golf, i.e., their golfing motives, such as golfing for
fun, health, competition, or social reasons [21–24].

Cross-sectional research in youth, college students, and the general population consis-
tently supports a positive association between moderate alcohol use and PA [13–15]. This
association persists across age groups, levels of PA, and levels of drinking. Longitudinal
studies examining within-person associations between alcohol use and PA have mixed
findings, with findings indicating a positive [25,26], negative [27], or no association [28–30].
Most previous research has focused on adolescents or college-aged students [13,15,28,30]
(for an exception see Conroy et al. [25]). Additionally, previous studies have focused on
total PA volume or intensity-specific duration [13,15]. Only a handful of studies have
tested for differences in alcohol use as a function of sport type, and none has examined
associations between alcohol use and the magnitude of participation in a specific type
of PA. Given that some types of PA are conducive to alcohol use, examining alcohol use
within people who regularly engage in a specific type of PA would shed more light on the
PA–alcohol use association.

Golf is potentially compatible with concomitant alcohol consumption given its rela-
tively slow pace and light intensity, and few sports have integrated alcohol as seamlessly
into their experience as golf, where golfers can consume alcohol during and after a round.
Golf engages a large proportion of the American population, with 24 million Americans
golfing at over 14,000 golfing facilities throughout the U.S. [20]. Many golfers cite the
social aspect of golfing as a primary reason for their interest and continued engagement in
golfing [21–24]. Golf typically involves small groups, golfers walk or ride in a cart together
throughout the course, and many courses include clubhouses that afford opportunities for
socializing before or after a round [21–24]. Some clubs sell alcohol from both the clubhouse
and beverage carts that drive around the course. This combination of the social nature of
golf and the ready availability of alcohol at courses makes golf an interesting type of PA to
study when examining the co-occurrence of PA and alcohol use in adults.

Golfers’ motives for engaging in the sport are broad and include competition with
themselves and others, exercise and health benefits, social benefits, relaxation/stress relief,
and enjoyment [21–24]. Likewise, common drinking motives include social, enhancement,
coping, and conformity motives [14]. Understanding why individuals engage in golf may
deepen researchers’ understanding of associations between PA and alcohol use, particularly
if both behaviors share underlying motivational origins [14,27]. The social nature of golf
could also influence alcohol use [13]. We propose that motives for participating in physical
activities, such as golf, may be linked with alcohol use. Social motives for golf in particular
may be associated with greater alcohol use during or after a round of golf. Social behavior
can be oriented either toward getting along (i.e., affiliative motives) or getting ahead (i.e.,
status or dominance motives) [31]. We contend that the strength of these social motives
may be associated with alcohol use.

The purpose of this study was to characterize golfers’ alcohol use and identify behav-
ioral and motivational characteristics of golfers associated with higher alcohol use. The
three aims involved testing how golfers’ alcohol use is associated with (1) participation
in golf-specific activity (e.g., practice frequency), (2) golfing motives, and (3) overall PA
volume and intensity-specific durations. We hypothesized that golfers would consume
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more alcohol if they (1) engaged in more golfing-specific activities, (2) reported higher
levels of social motives for golfing, and (3) engaged in more PA overall.

2. Materials and Methods

2.1. Participants and Procedures

Participants were adult golfers recruited from a Qualtrics survey panel. We purpo-
sively sampled across the adult lifespan (using a rectangular age distribution of individuals
18 to 70 years old), by gender (50% male), and by race/ethnicity (75% non-Hispanic White,
25% Hispanic or minority). Individuals who golfed at least 18 holes per month in June–
August 2019 were eligible to participate. Participants completed the Qualtrics survey online
from 27 May–3 June 2020. This study was approved by the Institutional Review Board
of Pennsylvania State University (Protocol #: STUDY00014980). Participants provided
informed consent to participate in the study.

2.2. Measures
2.2.1. Demographics

Demographic characteristics were assessed using self-reports of age in years, sex (male
or female), ethnicity (Non-Hispanic or Hispanic), race (American Indian/Alaska Native,
Asian, Native Hawaiian/Pacific Islander, Black, White, or two or more races), marital status
(married/cohabitate, widowed, divorced, separated, never married), employment status
(never employed, not employed but looking, employed part-time, employed full-time,
or retired), and education (no schooling, preschool to Grade 12, high school graduate
or equivalent, some college/no degree, Associate’s degree, Bachelor’s degree, Master’s
degree, professional degree (Medical Doctor [MD], Doctor of Dental Surgery [DDS], etc.),
or doctorate degree). Race was collapsed into a dichotomous variable of White or “Other”
race. Marital status was collapsed into a dichotomous variable of married/cohabitate or
not married. Employment status was collapsed into three categories: employed full-time,
employed part-time, or unemployed/retired. Education status was collapsed into three
categories: some college/Associate’s degree, Bachelor’s degree, or post-graduate degree.

2.2.2. Alcohol

Participants reported the total number of servings consumed over the past week by
type of alcohol (beer, wine, liquor, non-caffeinated mixed drink, caffeinated mixed drink
with regular soda, caffeinated mixed drink with diet soda, and caffeinated mixed drink
with an energy drink). Response options ranged from 0 to 15+ servings in increments of 1.
Total alcohol servings/week was calculated as the sum of all drink types. Participants
were categorized as exceeding the threshold for moderate alcohol consumption if they
consumed more than 7 (women) or 14 (men) alcohol servings/week [32].

2.2.3. Golf Participation

Participation in golfing-related activities was assessed separately for spring (March/
April/May), summer (June/July/August), and fall (October/November/December). For
each season, participants indicated the average number of days/week they played golf
(0 to 7 days in increments of one), the average number of holes/week played (0 to 90+ holes
in increments of 9), and the average number of hours/week spent practicing golfing at a
driving range or putting green (0 to 10+ hours in increments of one). Principal components
analysis with oblique rotation revealed three underlying factors for participation in golfing-
related activities: (1) days/week, (2) holes/week, and (3) practice hours/week. Based on
those results, scores were averaged across seasons to estimate the daily frequency of golfing
(α = .83), typical holes/week (α = .89), and the duration of practice hours/week (α = .88).

2.2.4. Golf Motives

Participants rated the importance of 16 different golf motives on a scale ranging from
0 (not at all important) to 5 (extremely important). Sample motives included “playing

3
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better than others”, “socializing with my playing partners”, “preventing injury”, “enjoying
a leisurely time on the course”, and “challenging myself”. Principal components analysis
with oblique rotation reduced responses to four correlated factors: social status (5 items,
α = .76), health (4 items, α = .69), enjoyment (4 items, α = .71), and skill (3 items, α = .66).

2.2.5. Physical Activity

Past-week PA was measured using the International Physical Activity Question-
naire Short Form (IPAQ-SF) [33]. The IPAQ-SF is a widely used self-reported measure of
PA demonstrating acceptable reliability and validity across different populations [34,35].
Participants reported the frequency and average daily duration of past-week vigorous-
intensity PA, moderate-intensity PA, and walking. Weekly durations at each intensity
level (=frequency × daily duration) were screened for outliers greater than three standard
deviations below or above the sample mean. Outliers were all above the sample mean
and were winsorized to three standard deviations above the mean for each weekly du-
ration variable (vigorous: n = 6, moderate: n = 7, walking: n = 10). Duration of weekly
moderate-to-vigorous PA (MVPA) was calculated as the sum of the winsorized values for
weekly vigorous and moderate PA. Participants were classified as meeting PA guidelines
if they participated in at least 150 min of moderate PA per week, 75 min of vigorous PA
per week, or any combination thereof [36]. In accordance with the IPAQ scoring protocol,
total weekly PA volume was calculated as the sum of vigorous, moderate, and walking
durations weighted for energy expenditure at each intensity [37]. Due to their non-normal,
positively skewed distribution, Box-Cox transformations [38] were applied to normalize
the distributions of weekly walking duration (λ = 0.26), weekly MVPA duration (λ = 0.34),
and total weekly PA volume (λ = 0.30).

2.3. Data Analyses
2.3.1. Quality Assurance

Prior to hypothesis testing, data were screened to identify participants whose data
should be excluded from the final analytic data set. In total, 366 individuals completed the
Qualtrics survey, and 16 participants were removed during primary screening for providing
responses that caused concern regarding the validity of their responses. Participants were
removed during primary screening due to providing nonsense responses for write-in
variables (e.g., “Kzkzmx”. “Yshysusy”; n = 12), selecting the maximum value for weekly
servings for all types of alcohol beverages (resulting in an implausible total of 105 drinks
per week; n = 1), implausible responses to health history questions (n = 2), or all of the
above (n = 1). Primary screening resulted in a sample of 350 participants. Next, as a part of
secondary screening, participants who reported playing no golf across all three seasons
(i.e., 0 days, 0 holes, 0 practice hours; n = 3) were listwise deleted for ineligibility. Secondary
screening also examined the primary outcome variable, total alcohol servings/week, for
outliers greater than three standard deviations above the mean. Outliers for alcohol
servings/week were treated as missing. Due to the fact that alcohol servings/week was the
primary outcome variable, any participant with missing data for alcohol servings/week
(n = 9) was listwise deleted from the data set.

2.3.2. Hypothesis Testing

Regression models were used to examine the associations between demographic
characteristics, golf participation, golf participation plus golf motives, weekly walking
duration (hours/week), weekly MVPA duration (hours/week), total PA volume (MET
hours/week), and alcohol servings/week. In the first step of the analysis, we estimated
a series of intercept-only models of alcohol servings/week to determine the best fitting
model. The models tested included Gaussian, Poisson, negative binomial, zero-inflated
Poisson (ZIP), and zero-inflated negative binomial (ZINB) [39,40]. Akaike information
criterion (AIC) and Bayesian information criterion (BIC) values, the log-likelihood ratio
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test (LRT, for nested models), and the Vuong test (for non-nested models) were used to
determine the model of best fit [40–42].

In the second step of the analysis we extended the model by adding age (sample mean
centered), sex, race, and ethnicity to the logit and count models as demographic predictors
of alcohol use, due to variability in alcohol use by age, sex, race, and ethnicity. In the
third step of the analysis, the demographics model was expanded by adding five sets of
predictors of interest: golf participation (days/week, holes/week, practice hours/week),
golf participation plus motives, weekly walking duration, weekly MVPA duration, and
total weekly PA volume. Golfing variables and PA were added to the logit and count
models. All models were fit in R version 4.0.0 [43].

3. Results

The final analytic sample comprised 338 participants (51.2% male, 90% non-Hispanic,
81% White) with a mean age of 46 years (standard deviation [SD] = 14.4). Table 1 summa-
rizes the demographic characteristics of the sample. As shown in Figure 1, the sample was
recruited from across the United States.

Table 1. Participant demographics.

Demographics Participants (n = 338)

Age in years (Mean ± SD) 46 ± 14.4
Sex (n (%))

Male 173 (51.2)
Female 165 (48.8)

Ethnicity (n (%))
Non-Hispanic 304 (89.9)

Hispanic 34 (10.1)
Race (n (%))

White 275 (81.4)
Other Race 1 63 (18.6)

Marital Status (n (%))
Married/Cohabitated 224 (66.3)

Not Married 2 114 (33.7)
Employment Status (n (%))

Employed Full-Time 205 (60.6)
Employed Part-Time 35 (10.4)

Unemployed/Retired 3 98 (29.0)
Education (n (%))

Some College or less 4 131 (38.8)
Bachelor’s Degree 129 (38.2)

Post-Graduate Degree 5 78 (23.1)

Notes: SD = standard deviation. 1 Other race includes American Indian/Alaska Native (n = 4, 1.2%), Asian
(n = 22, 6.5%), Native Hawaiian/Pacific Islander (n = 1, 0.3%), Black (n = 30, 8.9%), and two or more races (n = 6,
1.8%). 2 Not married includes widowed (n = 6, 1.8%), divorced (n = 31, 9.2%), separated (n = 4, 1.2%), and never
married (n = 73, 21.6%). 3 Unemployed/Retired includes “never employed” (n = 3, 0.9%), “not employed but
looking” (n = 25, 7.4%), and “retired” (n = 72, 21.3%). 4 Some College or less includes “Less than a high school
education” (n = 1, 0.3%), “High school education or GED” (n = 30, 8.9%), “some college/no degree” (n = 64,
18.9%), and “Associate’s degree” (n = 36, 10.7%). 5 Post-Graduate Degree includes “Master’s degree” (n = 62,
18.3%), “Professional degree” (e.g., MD, DDS, etc.) (n = 9, 2.7%), and “Doctorate degree” (n = 7, 2.1%).
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Figure 1. Geographic distribution of sample throughout the U.S.

Table 2 summarizes participants’ alcohol servings/week and weekly PA. Most partici-
pants (86%) met PA guidelines, and a quarter of all participants exceeded the threshold for
moderate alcohol consumption [32].

Table 2. Physical activity and alcohol use behaviors 1.

Range (Min–Max) Mean ± SD Median (1QR, 3QR)

Physical Activity Intensity—Hours per Week
Walking 0–35.5 7.1 ± 8.0 4.6 (2.0, 8.8)

Moderate Physical Activity 0–37.5 6.4 ± 8.0 4.0 (1.5, 8.0)
Vigorous Physical Activity 0–36.2 6.2 ± 7.1 4.0 (1.5, 8.0)

Moderate to Vigorous Physical Activity 2 0–64.1 12.8 ± 13.6 8.7 (4.0, 15.6)
Total Physical Activity 3 0–104.3 19.7 ± 18.1 14.6 (7.3, 24.0)

Physical Activity Volume per Week 4

Walking 0–117.2 23.5 ± 26.4 15.1 (6.6, 28.9)
Moderate Physical Activity 0–150.2 25.6 ± 32.2 16.0 (6.0, 32.0)
Vigorous Physical Activity 0–290.0 49.4 ± 56.8 32.0 (12.0, 64.0)

Moderate to Vigorous Physical Activity 5 0–440.1 75.0 ± 77.2 52.5 (24.0, 96.5)
Total Physical Activity Volume 6 0–537.1 98.5 ± 92.4 73.2 (35.7, 125.1)

Alcohol Servings per Week
Beer 0–15 2.2 ± 3.6 1.0 (0.0, 3.0)
Wine 0–15 1.5 ± 2.3 1.0 (0.0, 2.0)

Liquor 0–14 0.8 ± 1.6 0.0 (0.0, 1.0)
Mixed Drink—All 7 0–26 2.3 ± 4.2 0.0 (0.0, 3.0)

Total Servings per Week 8 0–31 6.8 ± 7.3 4.0 (1.0, 10.0)

Notes: Min = minimum; Max = maximum; SD = standard deviation; 1QR = first quartile; 3QR = third quartile. 1 n = 338. 2 Sum of
winsorized values for vigorous and moderate hours per week. 3 Sum of winsorized values for vigorous, moderate, and walking PA hours
per week. 4 Physical activity volume is based on weighted energy expenditure at each intensity level in MET hours per week [37]. 5 Sum of
winsorized values for vigorous and moderate MET hours per week. 6 Sum of winsorized values for vigorous, moderate, and walking PA
MET hours per week. 7 Sum total of all four types of mixed drinks: non-caffeinated, caffeinated with regular soda, caffeinated with diet
soda, and caffeinated with an energy drink. 8 Sum total of all types of alcoholic beverages.

Table 3 summarizes golf participation and motives. Participants’ golf participation
was similar across the three seasons (days/week: r = 0.59–0.64, p < .01; holes/week:
r = 0.67–0.79, p < .01; practice hours/week: r = 0.70–0.73, p < .01).

Fit statistics for the intercept-only model indicated that the ZINB model was the
model of best fit. AIC and BIC values were lowest for the ZINB model (AIC = 2004.007,
BIC = 2015.476) compared to the Gaussian (AIC = 2307.579, BIC = 2315.225), Poisson
(AIC = 3540.811, BIC = 3544.634), negative binomial (AIC = 2014.753, BIC = 2022.399), and
ZIP (AIC = 2803.65, BIC = 2811.296). The LRT test confirmed the log-likelihood values
were significantly better for the ZINB model than the ZIP model (X2 = 801.64, p < .001).
The Vuong test confirmed the ZINB model fit better than the negative binomial model
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(z = −1.94, p = .03). Figure 2 shows that the ZINB distribution accounted best for the
zero-inflation and overdispersion of alcohol servings/week. Therefore, all subsequent
analyses treated the outcome variable following a ZINB modeling approach. Post hoc
comparisons of model fit confirmed that, when including predictor variables, the ZINB
provided the best fit for all models.

Table 3. Golf participation and motives 1.

Overall Spring Summer Fall

Days per Week (Mean ± SD) 1.8 ± 1.2 1.9 ± 1.4 2.0 ± 1.3 1.6 ± 1.4
Holes per Week (n (%))

9 holes/week - 58 (17.2) 53 (15.7) 57 (16.9)
18 holes/week - 161 (47.6) 157 (46.4) 133 (39.3)
27 holes/week - 25 (7.4) 33 (9.8) 26 (7.7)
36 holes/week - 49 (14.5) 51 (15.1) 40 (11.8)

>36 holes/week - 23 (6.8) 31 (9.2) 19 (5.6)
Not applicable - 22 (6.5) 13 (3.8) 63 (18.6)

Holes per Week (Mean ± SD) 2 21.1 ± 13.6 21.5 ± 14.6 23.3 ± 15.1 18.4 ± 15.4
Practice Hours/Week (Mean ± SD) 1.8 ± 1.7 1.9 ± 1.9 1.8 ± 1.8 1.6 ± 1.8

Years Golfed (n (%))
Less than one year 12 (3.6)

1–5 Years 74 (21.9)
6–10 Years 74 (21.9)

11–15 Years 31 (9.2)
More than 15 Years 147 (43.5)

Golf Motives 3

Social Status (Mean ± SD) 2.4 ± 1.0
Health (Mean ± SD) 3.6 ± 0.9

Enjoyment (Mean ± SD) 3.9 ± 0.8
Skills (Mean ± SD) 3.7 ± 0.9

Notes: SD = standard deviation. 1 n = 338. 2 Calculated by recoding categorical values for holes per week to
numeric values (i.e., 0 = 9 holes/week → 9 holes/week), and then averaging the numeric values. 3 Principal
components analysis of 16 questions assessing golf motives revealed four underlying factors. Participants’ average
scores on each factor were calculated by taking their average for all of the items for a given factor.

 

Figure 2. Models for alcohol servings per week.

In the intercept-only model, participants were estimated to consume 7.91 alcohol
servings/week (95% CI: 6.95, 8.91). The baseline odds of participants abstaining from
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alcohol during the prior week was 0.16 (95% CI: 0.08, 0.24). Table 4 presents the estimated
model parameters for the demographics, golf participation, and golf participation plus
golf motives. The reference group for each model was participants who were the mean
age (46 years), female, non-Hispanic, and White. None of the demographic variables was
associated with alcohol servings/week or the odds of abstaining from alcohol during the
prior week.

3.1. Golf Participation and Motivation

As shown in Table 4, when the three golf participation variables were simultane-
ously entered into the ZINB model, those variables were not associated with alcohol
servings/week or the odds of abstaining from alcohol during the prior week. When golf
motives were added to that model, each one unit increase in social status motives increased
the odds of a participant consuming alcohol by 60% (95% CI: 0.00, 1.90). None of the other
motives for golfing was associated with alcohol servings/week or the odds of abstaining
from alcohol during the prior week.

Table 4. Zero-inflated negative binomial models with demographics, golf participation, and golf participation plus motives
predicting alcohol servings per week 1.

Demographics Model Golf Participation 2 Golf Participation + Motives 2

Logit Model λ (SE) λ (SE) λ (SE)

Intercept −1.70 (0.41) ** −0.97 (0.58) −2.77 (1.99)
Age 3 0.03 (0.02) 0.03 (0.02) 0.02 (0.02)
Male −0.03 (0.44) −0.09 (0.47) 0.51 (0.61)

Hispanic −0.44 (1.09) −0.03 (0.98) 0.22 (0.96)
Other Race −0.93 (1.01) −0.89 (1.05) −14.4 (1027.22)

Golf Days per Week - −1.67 (1.70) −0.79 (0.61)
Golf Holes per Week - 0.07 (0.08) 0.04 (0.03)

Golf Practice Hours per Week - 0.09 (0.20) 0.17 (0.22)
Social Status - - −0.52 (0.26) *

Health - - 0.81 (0.55)
Enjoyment - - 0.17 (0.38)

Skills - - −0.50 (0.42)

Count Model β (SE) β (SE) β (SE)

Intercept 1.88 (0.10) ** 1.52 (0.15) ** 1.55 (0.31) **
Age 3 −0.01 (0.01) −0.01 (0.01) −0.001 (0.01)
Male 0.20 (0.12) 0.24 (0.12) * 0.20 (0.13)

Hispanic 0.31 (0.19) 0.27 (0.19) 0.28 (0.19)
Other Race 0.16 (0.15) 0.15 (0.15) 0.11 (0.15)

Golf Days per Week - 0.01 (0.07) 0.02 (0.07)
Golf Holes per Week - 0.01 (0.01) 0.01 (0.01)

Golf Practice Hours per Week - 0.07 (0.05) 0.07 (0.05)
Social Status - - 0.04 (0.07)

Health - - −0.05 (0.10)
Enjoyment - - −0.07 (0.09)

Skills - - 0.09 (0.09)
Log (theta) 0.30 (0.15) * 0.32 (0.18) 0.30 (0.14) *

Notes: SE = standard error; ** p < .01; * p < .05. 1 n = 338. 2 Age, sex, ethnicity, and race were included in all models. The reference group
is mean age, female, non-Hispanic, and White. 3 Age was mean-centered so that a one unit increase in age corresponds with a one-year
increase in age above the sample mean (46 years of age).

3.2. Physical Activity Duration and Volume

Table 5 presents the estimated model parameters for the weekly walking duration
(hours/week), weekly MVPA duration (hours/week), and total weekly PA volume (MET
hours/week). Each one unit increase in walking duration (Box-Cox transformed) was
associated with 7.30 times more alcohol servings/week (95% CI: 1.79, 32.24). Each one-unit
increase in MVPA duration (Box-Cox transformed) was associated with 5.04 times more
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alcohol servings/week (95% CI: 2.38, 12.32). Each one-unit increase in total PA volume
(Box-Cox transformed) was associated with 4.14 times more alcohol servings/week (95%
CI: 2.17, 7.97). None of the PA variables was associated with odds of abstaining from
alcohol during the prior week.

Table 5. Zero-inflated negative binomial models with physical activity intensity and total physical activity volume predicting
alcohol servings per week 1.

Walking Hours per Week 2 MVPA Hours per Week 2 Total PA Volume per Week 2

Logit Model λ (SE) λ (SE) λ (SE)

Intercept −2.43 (0.74) ** −1.14 (0.57) * −1.45 (1.03)
Age 3 0.03 (0.02) 0.02 (0.02) 0.03 (0.02)
Male −0.01 (0.45) −0.03 (0.42) −0.04 (0.42)

Hispanic −0.06 (1.02) −0.53 (1.05) −0.41 (1.18)
Other Race −9.50 (85.14) −0.97 (1.00) −1.64 (2.80)

Walking Hours per Week (Lambda) 4 2.99 (2.52) - -
MVPA Hours per Week (Lambda) 5 - −1.32 (1.31) -

Total PA Volume per Week (Lambda) 6 - - −0.29 (1.37)

Count Model β (SE) β (SE) β (SE)

Intercept 1.43 (0.17) ** 1.26 (0.17) ** 0.95 (0.24) **
Age 3 −0.01 (0.01) −0.01 (0.01) −0.01 (0.01)
Male 0.23 (0.12) * 0.20 (0.11) 0.20 (0.11)

Hispanic 0.31 (0.19) 0.26 (0.18) 0.26 (0.19)
Other Race 0.07 (0.15) 0.10 (0.15) 0.06 (0.16)

Walking Hours per Week (Lambda) 4 1.99 (0.63) ** - -
MVPA Hours per Week (Lambda) 5 - 1.62 (0.36) ** -

Total PA Volume per Week (Lambda) 6 - - 1.42 (0.33) **
Log (theta) 0.29 (0.13) * 0.44 (0.14) ** 0.42 (0.17) *

Notes: SE = standard error; ** p < .01; * p < .05. 1 n = 338. 2 Age, sex, ethnicity, and race were included in all models. The reference group
is mean age, female, non-Hispanic, and White. 3 Age was mean-centered so that a one unit increase in age corresponds with a one-year
increase in age above the sample mean (46 years of age). 4 Walking hours per week was entered into model using the Box-Cox transformed
value. 5 MVPA (moderate-to-vigorous) hours per week was entered into model using the Box-Cox transformed value. 6 Total PA (physical
activity) volume per week is based on weighted energy expenditure at each intensity level in MET hours per week [37] and was entered
into model using the Box-Cox transformed value.

3.3. Additional Analyses

Exploratory analyses examined potential moderation of PA associations with alcohol
servings per week by demographic variables. In the golf participation model, the negative
association between golf days/week and the odds of abstaining from alcohol during the
prior week was significantly greater with increasing age (λ = 0.10, standard error [SE] = 0.05,
p = 0.03) (Table S1). In the walking duration model, the effect of walking on increasing
servings was significantly smaller in males than females (β = −2.61, SE = 1.25, p = 0.04)
(Table S2). Likewise, total PA volume was positively associated with servings/week, but
this association was significantly smaller in males than females (β = −1.22, SE = 0.57,
p = 0.03) (Table S3). Additionally, the positive association between total PA volume and
alcohol servings/week was significantly smaller with increasing age (β = −0.04, SE = 0.02,
p < 0.05) (Table S3). Post hoc comparisons of model fit confirmed that, when including
predictor variables, the ZINB provided the model of best fit for all models.

4. Discussion

The objective of this study was to characterize golfers’ alcohol use and identify be-
havioral and motivational characteristics of golfers associated with increased alcohol use.
Results provided three new insights into the antagonistic co-occurrence of these behaviors.

First, our findings indicate that alcohol use is common among golfers, with over 80%
reporting at least one standard serving of alcohol in the past week. By way of comparison,
data from the 2007–2016 National Health and Nutrition Examine Survey (NHANES) and
the 2018 National Survey on Drug Use and Health indicated that 66% or 55% of adults
in the U.S. used alcohol in the past week or year, respectively [10,44]. Although we did
not compare our sample with a matched sample of non-golfers, these results suggest that
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golfers may be more likely to consume alcohol than the general population. Additionally,
our sample of golfers were estimated to consume 7.91 alcohol servings/week; whereas, the
2007–2016 NHANES data indicated that adult drinkers consume a median of 1.8 alcohol
servings/week. Similarly, Conroy et al. found that adults across the lifespan reported
less than 5 alcohol servings per week [25]. As such, it appears that golfers may be more
likely to both consume alcohol and to consume a larger volume of alcohol than the general
population, making them a potential target for harm reduction interventions [45]. The
level of alcohol consumption among golfers, combined with the prolonged sun expo-
sure associated with this activity [46,47], makes golfers an important target for cancer
prevention interventions.

This larger volume of alcohol consumption among golfers is also problematic
because alcohol is a calorically dense, discretionary source of energy [3]. Assuming
that golfers consumed a standard drink with 14 g of alcohol per serving, our sample con-
sumed an estimated 775 kcal/week of discretionary energy from alcohol alone
(7 kcal/g alcohol × 14 g alcohol/serving × 7.91 servings = 755 kcal). Previous research
suggests that accumulating small energy imbalances over time may increase the risk
for obesity, specifically identifying 100 kcal/day as the energy gap in the U.S. that should
be targeted for primary obesity prevention [48]. That the golfers in our sample exceeded
this 100 kcal/day from alcohol alone is concerning given the potential for alcohol to
increase obesity risk in adults after accounting for other risks factors, including PA partici-
pation [3–7]. Furthermore, 31% of female golfers and 20% of male golfers were classified
as consuming heavy amounts of alcohol (data not shown), which increases weight gain
and obesity risk [3–7]. The association of PA with increasing alcohol consumption was also
more pronounced in females than males. These findings suggest that PA-related energy
expenditure may not offset alcohol-related energy intake even among individuals who
regularly engage in a sport, such as golf, that appears to facilitate alcohol consumption. As
such, alcohol use in golfers, and particularly female golfers, may undermine the protective
value of PA against obesity and cancer risk [8,9].

A second contribution of this study was the finding that social status motives for
golf are associated with alcohol use. The social context has been proposed as a potential
explanation for associations between alcohol use and PA [13]. Golf is inherently social,
and many golfers participate in golf because of its social nature [21–23]. We assessed four
underlying motives for golfing, including social status, health, enjoyment, and skills. Of
these four motives, golfing for social status motives increased the odds of consuming
alcohol by 60%. The other three motives were not associated with alcohol use. Golfing for
social status represents a more extrinsic form of motivation, and previous work has shown
that more extrinsic forms of motivation for alcohol use are more strongly associated with
drinking than autonomous motivation [14]. It is also possible that individuals who golf to
attain social status may share similar motives for their alcohol use, corresponding with both
the proposal that PA and alcohol use may derive from common underlying motives [14],
and the finding that individuals who report higher levels of social motives for drinking
report drinking more frequently [30]. Finally, alcohol consumption could be a coping
mechanism for managing the stress created by seeking greater social status [14,49]. Further
research examining golfing and alcohol use motives could help identify the mechanisms
underlying the association between golfing for social status and alcohol use.

A third contribution of this research involved the examination of participation in a
specific type of PA with alcohol use. Other studies have examined associations between
alcohol use and sport participation in general [50,51], but, to our knowledge, these are the
first findings to characterize alcohol use among participants in a specific type of PA. The
findings provide preliminary support for the assertion that the type of PA an individual
engages in may be associated with their alcohol use [13,14]. In the case of golf, alcohol use
may be facilitated by the culture of the sport. Along with the ready availability of alcohol
at clubhouses and beverage carts, several alcoholic beverages are named after professional
golfers, and professional golfers celebrate winning The Open Championship by drinking

10



Nutrients 2021, 13, 1856

their favorite alcoholic beverage out of the Claret Jug [52]. Similar to golf, some cycling
and running events encourage concurrent PA and alcohol use (e.g., beer mile, hash runs).
That alcohol consumption is a fixture of golf culture is concerning given the link between
alcohol use and cancer risk [1,2,53–55].

The sampling and analytic approaches were noteworthy strengths of this study. This
sample was recruited to represent the U.S. population with respect to sex, race, and ethnicity.
In contrast, prior work has relied on more homogeneous samples, which were typically
limited to adolescents or young adults. The modeling strategy we applied accounted for
the distributional features of count-based alcohol use data. This modeling approach, which
previous researchers recommended to use when studying MVPA data [56] (which has
distributional characteristics similar to alcohol use data), allowed us to address the zero-
inflated and over-dispersed nature of alcohol use data. This analytic approach strengthens
conclusions by distinguishing the processes that separate teetotalers from drinkers and
those that separate light from heavy drinkers. Similar approaches have been applied with
intensive longitudinal data but have rarely been applied in cross-sectional analyses of
physical activity and alcohol use [25,28–30].

Notwithstanding those strengths, individual minority racial groups were not recruited
in large enough samples to test whether race moderated associations. The survey also
assessed alcohol use over the prior week, and it is unclear how representative that week
was of typical consumption (though error variance due to over-/under-reporting alcohol
use was assumed to be random). Given that data were collected during the COVID-19
pandemic, participants’ alcohol use may have been higher than normal [57,58], and their
PA and golf participation may have been lower than normal [59–62]. A third limitation was
that data were collected via self-report at a single occasion, introducing the potential for
recall and self-report biases. Future research should consider incorporating device-based
measures of PA, alcohol use, or both. Incorporating intensive longitudinal measures of PA
and alcohol use in golfers would also help to uncover the temporality of the associations
between PA, golf participation, and alcohol use in golfers, as well as the long-term effects
of PA and alcohol use on energy balance, obesity, and cancer risk. It is possible that these
findings were due to unmeasured third variables associated with golfing and alcohol use,
or they could be an artifact of aggregating behaviors across time. Capturing real-time
data would help eliminate these possibilities and identify the temporal sequence of the
association between alcohol use and golfing.

5. Conclusions

In sum, drawing on a national sample of golfers who were purposively sampled to
represent the adult population in sex, race, and ethnicity, this study revealed that alcohol
use is frequent among golfers and, consistent with prior research, was greater among those
engaged in more overall PA. Although alcohol use was not associated with the intensity
of golf engagement, golfers motivated by social status were more likely to consume any
alcohol and to consume more alcohol than others. Alcohol use among golfers may represent
a public health concern due to its potential to increase discretionary energy intake, promote
energy imbalance and weight gain, and mitigate some of the obesity and cancer protective
effects of PA. Future research should explore the consequences of alcohol-related energy
intake on golfers’ body composition and cancer risk to determine whether golf culture
warrants a targeted intervention to decrease obesity and cancer risk.
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Abstract: Postmenopausal breast cancer is the most common obesity-related cancer death among
women in the U.S. Insulin resistance, which worsens in the setting of obesity, is associated with
higher breast cancer incidence and mortality. Maladaptive eating patterns driving insulin resistance
represent a key modifiable risk factor for breast cancer. Emerging evidence suggests that time-
restricted feeding paradigms (TRF) improve cancer-related metabolic risk factors; however, more
flexible approaches could be more feasible and effective. In this exploratory, secondary analysis, we
identified participants following a low-glucose eating pattern (LGEP), defined as consuming energy
when glucose levels are at or below average fasting levels, as an alternative to TRF. Results show that
following an LGEP regimen for at least 40% of reported eating events improves insulin resistance
(HOMA-IR) and other cancer-related serum biomarkers. The magnitude of serum biomarkers changes
observed here has previously been shown to favorably modulate benign breast tissue in women
with overweight and obesity who are at risk for postmenopausal breast cancer. By comparison, the
observed effects of LGEP were similar to results from previously published TRF studies in similar
populations. These preliminary findings support further testing of LGEP as an alternative to TRF
and a postmenopausal breast cancer prevention strategy. However, results should be interpreted
with caution, given the exploratory nature of analyses.

Keywords: eating physiology; food intake regulation; blood glucose; metabolism; weight management;
obesity; adherence

1. Introduction

High obesity rates among women in the United States and worldwide are leading to a
continued rise in obesity-related cancers, most notably postmenopausal breast cancer [1],
which is the leading cause of obesity-related cancer deaths among women in the U.S. [2].
Research shows that excessive weight gain and obesity are significant risk factors for
postmenopausal breast cancer among women with and without increased genetic risk [3–9].
Postmenopausal breast cancer and obesity are linked through insulin resistance—a key
modifiable risk factor. By losing weight, women with obesity improve their metabolic- and
cancer-related risk biomarkers, including insulin resistance and insulin-signaling adipokines,
and circulating pro-inflammatory cytokines that promote tumorigenesis [10,11].
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In a seminal Phase II feasibility study of a 6-month intensive lifestyle intervention
conducted in postmenopausal overweight and obese women at increased risk for breast
cancer, Fabian et al. demonstrated that weight losses of at least 10% effectively reduced
serum biomarkers, including insulin resistance (HOMA-IR), at a magnitude that favorably
modulated benign breast tissue biomarkers [12,13]. While intensive lifestyle interventions
that promote chronic energy restriction, such as that implemented in Fabian’s study, are
effective at improving outcomes related to cancer risk in both women at high risk and
breast cancer survivors [11,14,15], they are resource-intensive, and similar interventions
reported poor long-term adherence. Thus, post-intervention weight regains often hinder
long-term treatment effectiveness [16–18]. This and other research suggest that alternative
weight loss and cancer prevention approaches with clinically meaningful outcomes are
essential.

Intermittent fasting paradigms have become increasingly popular among researchers
and health-conscious individuals. These eating paradigms aim to align meal-timing with
circadian rhythms. Restricting the consumption of energy intake to a daily timespan of
4–10 h (e.g., time-restricted feeding, TRF) enhances synchronization between the central
circadian clock (synchronized by light) and peripheral circadian clocks (entrained by
nutrient intake) [19,20]. Desynchronization of the central and peripheral circadian clocks
was shown to negatively impact insulin sensitivity [21] and beta-cell function [22–24].
Compared to chronic energy restriction, human and animal models have shown that TRF
reduces metabolic disease risk by improving metabolic homeostasis [25]. Despite published
support for TRF to improve metabolic outcomes, meta-analyses of research conducted in
women and men (mean age range: 21–77 years) with and without metabolic abnormalities
over a median of 6 to 8 weeks concluded that TRF has only modest effects on weight
(−1.7 to −0.1 kg) and metabolism [26,27], which could limit its utility as a cancer prevention
strategy. Moreover, research and healthcare communities acknowledge that TRF and other
fasting paradigms might be inappropriate, unacceptable, or result in lower adherence over
time among some individuals [28–30]. As such, it is reasonable to explore alternative eating
paradigms that are effective and may be more broadly adopted.

Eating when pre-prandial (pre-meal) glucose levels are low (“low-glucose eating
pattern”) is an evidence-based strategy to improve maladaptive eating patterns. Research
shows that eating without physiological hunger is a modifiable health risk behavior associ-
ated with excessive weight gain and increased metabolic risk [31,32]. Consistent with this
research, we have shown that individuals with obesity are over-sensitive to changes in glu-
cose levels [32] and that low-glucose eating patterns (defined by personalized thresholds)
can be taught as an effective self-regulation strategy that promotes weight control [33,34].
Glucose-guided eating (GGE; historically referred to as hunger training) is a timed eating
intervention that teaches people to differentiate between physiological hunger and the
hedonic desire to eat [35]. In an intervention setting, individuals taught to eat by the GGE
paradigm self-monitor their glucose levels using continuous glucose monitors (CGM) or
commercially available glucometers and are instructed to eat when two conditions are met:
(a) the desire to eat arises and (b) their glucose levels are at or below their personalized
threshold. Typically, this training regimen is implemented for 3–4 weeks while people
practicing GGE learn to associate symptoms of hunger with their personalized glucose
threshold. The GGE paradigm does not rely on glucose as a valid proxy for hunger for
GGE. Rather, it is that, to promote metabolic homeostasis, energy intake should not occur
when circulating glucose is the primary source of fuel [32].

The modification of glucose eating patterns by GGE is feasible [33,36] and has re-
sulted in clinically significant, average weight loss of 7.4% in 5 months and improve-
ments in eating behavior (including reductions in hedonic eating) and cancer-related
risk biomarkers [34,36–39]. GGE has resulted in improvements in whole-body insulin
sensitivity by 31% (Matsuda index, 7.1 ± 4.1 to 9.4 ± 5.2) in non-diabetic, lean adults
(BMI = 23 ± 4 kg/m2) [38]. Insulin resistance is the most important modifiable risk factor
for postmenopausal breast cancer and is caused by obesity and maladaptive eating patterns.
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Insulin resistance has downstream effects on insulin signaling (e.g., IGF-1), adipokines
(including adiponectin), and circulating pro-inflammatory cytokines that promote tumori-
genesis [40,41]. GGE has shown a beneficial effect on insulin sensitivity is greater than that
noted in the study by Fabian et al. [12], suggesting that GGE could be more effective at
reducing insulin resistance than weight loss alone. Similar to TRF, GGE has an advantage
over intensive lifestyle weight loss programs in that it does not promote chronic energy re-
striction and it requires minimal human resources. This affords GGE the possibility of wide
dissemination. There is a great potential benefit of the GGE intervention in postmenopausal
breast cancer prevention, and this needs examination.

The key aspect of the GGE intervention is eating when glucose is low, defined as
under one’s personalized glucose threshold. The goal of the current study is to explore the
impact of low- vs. high-glucose eating patterns on changes in body weight and the selected
serum biomarkers of breast cancer risk after 16 weeks and compare these results with
those reported in recent TRF studies in similar populations of older women and with the
intensive lifestyle intervention conducted by Fabian et al. in postmenopausal overweight
and obese women at increased risk for breast cancer. The findings of the current study are
intended to support further testing of GGE to promote a low-glucose eating pattern as a
strategy to reduce breast cancer risk in postmenopausal women. Therefore, this exploratory,
secondary analysis aims to examine the potential effect of a low-glucose eating pattern on
postmenopausal breast cancer risk.

2. Materials and Methods

Project Take Charge [42] was a 16-week, 2-arm randomized controlled trial in 50
women at risk of postmenopausal breast cancer. Take Charge aimed to assess the feasibility
of adding GGE to a highly disseminated, comprehensive weight-loss intervention, the
Diabetes Prevention Program (DPP) [43]. As a standalone intervention, the DPP results in
weight losses typically observed in traditional weight-loss interventions of 4–7% [44]. In
Project Take Charge, it was hypothesized that, if feasible, the addition of GGE to the DPP
versus the DPP alone could synergistically improve weight loss and effects on biomarkers
of cancer risk similar to earlier work [12]. Forty-six women completed the Take Charge
trial (86%), which found that GGE was feasible, but the planned analyses (group × time
ANCOVA adjusting for baseline measures) did not result in a synergistic effect when added
to the DPP on changes in body weight or the cancer-related serum biomarkers assessed
in the parent study, including those reported in the current study [42]. As such, data
from women in the DPP-only and DPP + GGE groups were merged. Interestingly, in
post-hoc analyses described in the current study, we found that women assigned to both
the DPP-only and the DPP + GGE interventions changed their eating patterns in a manner
consistent with GGE.

As part of a randomized feasibility study, GGE was added to a 16-week version of the
DPP intervention that targeted women at risk of postmenopausal breast cancer (defined, in
part, as Gail model lifetime risk > 20% or 5-year risk > 1.66%) [45]. Participants (N = 50) were
predominantly White, non-Hispanic older women who were well-educated; lived in the
Houston, Texas, metropolitan area; and had a BMI > 27 kg/m2. This study was approved by
the Institutional Review Board and registered at clinicaltrials.gov (NCT03546972). Women
provided informed consent prior to initiating the study.

The Project Take Charge protocols were fully described elsewhere [42]. Briefly, as part
of Project Take Charge, anthropometric measures (weight and height) and metabolic and
cancer risk biomarkers (total cholesterol, HDL, LDL, VLDL, triglycerides, HbA1c, fasting
glucose, fasting insulin, insulin resistance by HOMA-IR, CRP, adiponectin, IGF-1) were
collected at baseline (week 0) and post-intervention (week 16). Weight (light clothing) and
height (without shoes) were measured in duplicate using calibrated equipment to within
0.2 kg and 0.3 cm by trained study staff at baseline, 8 weeks, and 16 weeks. Metabolic and
breast cancer risk biomarkers were assessed at baseline and 16 weeks. Fasting blood draws
were conducted and processed for analysis according to standardized laboratory protocols
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at The University of Texas MD Anderson Cancer Center and nearby Labcorp location.
Insulin resistance was assessed as HOMA-IR using fasting glucose and insulin levels by
the following equation: (Fasting Glucose (mg/dL) X Fasting Insulin (mU/L)/405 [46].

The women enrolled in Project Take Charge additionally provided blinded CGM data
using Dexcom G5 (Dexcom, Inc., San Diego, CA, USA) at week 0 (baseline), week 8, and
week 16 (post-intervention) for up to 10 days at a time. From the collected CGM data,
the mean amplitude of glycemic excursions (MAGE) was calculated using EasyGV [47]
as a measure of glycemic variability. The women were trained to record their dietary
intake and mealtimes using the combination of a familiar and commercially available
diet tracker (MyFitnessPal) and self-captured food photographs shared via email. Diet
tracking apps, including MyFitnessPal, were found to be a valid means of assessing energy
and nutrient intakes [48,49]. Time-stamped dietary intake was concurrently collected
with blinded CGM data for up to 7 days at all three time points. Reported mealtimes
were confirmed by the study dietitian using the time-stamped food photos that were
matched to MyFitnessPal records. Dietary intake (energy and macronutrient composition)
was estimated by transferring the digital diet records into the University of Minnesota
Nutrition Data System for Research (NDSR) software. The dietary data transfer was
conducted by the study dietitian trained to use NDSR and audited for quality control by
the study PI. Dietary records with mealtimes were then merged with the CGM data within
5 min of the time-stamped meals. Discrete eating events were defined as energy intake
from foods or beverages of greater than 25 kcals and occurring more than 15 min apart.
Women were included in this exploratory analysis if they provided at least 3 valid days of
blinded CGM data and time-stamped dietary intake at week 16. A valid day was defined as
having at least 2 time-stamped eating events with corresponding CGM data. This resulted
in an analytical subgroup of N = 19 women.

Women were categorized into eating patterns based on week 16 dietary and CGM
data. Those who consumed at least 40% of their recorded meals when their pre-prandial
glucose levels were below their personalized threshold will be referred to as following a
“low-glucose eating pattern (LGEP)”; whereas those who ate less than 40% of their meals
when pre-prandial glucose was below their threshold will be referred to as following a
“high-glucose eating pattern (HGEP)”. The threshold of 40% eating events was chosen to
define the groups post hoc to maximize between-group differences in reductions of HOMA-
IR at 16-weeks. LGEP and HGEP were quantified at all three time points using blinded
CGM was calculated as the percentage of reported eating occasions where a participant’s
glucose was equal to or less than their computed, personalized threshold (reflected by the
average of two, fasted 5 am glucose levels were collected using blinded CGM during the
initial week run-in period).

Outcomes between the original intervention groups were similar. Specifically, the
intervention groups (DPP-only vs. DPP + GGE) had comparable changes from baseline to
16 weeks in weight (−5.0 kg vs. −4.9 kg) and HOMA-IR (−0.3 vs. −0.4). Therefore, for this
analysis, the data from the DPP-only and DPP + GGE groups were combined. The 16-week
changes in weight and serum biomarkers were compared between women in the LGEP and
HGEP groups using SPSS version 28. The means, standard deviations, medians, and ranges
are reported here and compared to findings from Fabian et al. [12] and published TRF
studies in comparable study populations [50,51]. The p-values or other tests of significance
were not reported due to the secondary and exploratory nature of this analysis. TRF studies
were identified using MedLine. Only those articles with predominantly older women at or
near an age consistent with the onset of menopause (>45 years) were considered.

3. Results

Table 1 shows that this analytical sample of women (N = 19) were predominantly
older, White, non-Hispanic, college-educated women, with a BMI in the obese range at
baseline. Out of the 19 women with CGM and dietary data, eight (42%) were identified as
following a low-glucose eating pattern at post-intervention (week 16) and categorized in
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the LGEP group. Women in the LGEP were comparable demographically to those in the
HGEP group with modestly greater BMI (Table 1).

Table 1. Baseline characteristics of participants according to glucose eating pattern.

Low-Glucose Eating Pattern High-Glucose Eating Pattern

N N = 8 N = 11
DPP + GGE group, n (%) 5 (63%) 6 (55%)

White, non-Hispanic, n (%) 8 (100%) 11 (100%)
Married, n (%) 7 (88%) 11 (100%)

College educated, n (%) 8 (100%) 10 (90%)
Age (years) 59.4 ± 7.0 61.9 ± 4.9

Body mass index (kg/m2) 32.6 ± 6.2 36.0 ± 7.0
Values are mean ± standard deviation unless otherwise indicated. GGE = Glucose-Guided Eating; DPP = Diabetes
Prevention Program.

At baseline (prior to starting the intervention), nearly 70% of reported eating events
occurred when glucose was above fasting levels (“HGEP”). By week 8 in the LGEP
group, the majority of reported eating events occurred when glucose levels were below
the personalized thresholds (approximately 60%). This change in the LGEP group was
maintained at week 16. In the HGEP, fewer reported eating events occurred when glucose
levels were below personalized thresholds from baseline to mid-intervention to post-
intervention (Figure 1).

Figure 1. Glucose eating patterns over 16 weeks. Error bars represent standard deviation.

Women in the LGEP group experienced notable improvements in adiponectin, HOMA-
IR, fasting insulin, and glycemic variability (calculated as the mean amplitude of glycemic
excursions or MAGE) (Figure 2). These changes were evident without substantial differ-
ences in energy intake (−323 kcal vs. −445 kcal) or weight loss (−7.4 vs. −5.8 kg) for
LGEP vs. HGEP at post-intervention week 16 (Supplementary Table S1). Additionally,
LGEP women showed marked reductions in CGM mean glucose levels, as exemplified in
Figure 3.
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Figure 2. Effect of a low- vs. high-glucose eating pattern on weight, energy intake, and metabolic outcomes at 16 weeks.
Bars represented the mean value. IGF-1 = Insulin-like growth factor 1, MAGE = mean amplitude of glycemic excursions,
CRP = c-reactive protein, HOMA-IR = homeostasis model assessment-estimated insulin resistance.

Figure 3. Changes in glucose levels between baseline and 16 weeks for one participant. Summary of 5 days of CGM data
at baseline (orange) and 8 days of CGM data at week 8 (blue) after 16 weeks of following a low-glucose eating pattern
for a woman with a normal range glycated hemoglobin level (HbA1c = 5.1%) at baseline. Solid lines represent the mean
glucose; the shaded areas are standard deviations. This participant followed the low-glucose eating pattern for 18% of
eating events at baseline, 91% at week 8, and 76% at week 16. Her baseline fasting glucose of 104 mg/dL and was 84 mg/dL
at week 16, a 19% reduction. Her low-glucose eating was present for more eating events than other participants and thus is
not representative of all participants, but shows the large change in 2-h glucose levels observed in an individual without
prediabetes. low-glucose eating pattern (LGEP).

When results of this study are compared to those from published TRF interventions in
similar populations, it suggests that LGEP induces nominally larger average weight loss
and reductions in HOMA-IR and fasting insulin that is not explained by changes in energy
intake (Table 2). The comparison of LGEP to the intensive lifestyle intervention led by
Fabian et al. [12] highlights the potential of an LGEP to induce changes in fasting insulin,
HOMA-IR, CRP, and adiponectin, that might similarly translate into favorable modulation
of benign breast tissue.
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Table 2. Comparison of LGEP to previously published research in similar populations.

LGEP (4 Months) TRF 4HR (2 Months) TRF 6HR (2 Months) TRF 8HR (3 Months)
ILI, >10% Weight
Loss (6 Months)

Current study Cienfuegos, 2020 [50] Cienfuegos, 2020 [50] Gabel, 2018 [51] Fabian, 2013 [12]
N N = 7 N = 16 N = 19 N = 23 N = 24

Participants
Postmenopausal

women at risk for
BrCa without DM

90% women 90% women 87% women
Postmenopausal

women at risk for
BrCa without DM

BMI inclusion (kg/m2) >27 >30 >30 >30 >25
Age (years), mean ± SD 59 ± 7 49 ± 2 46 ± 3 50 ± 2 57 ± 5

Body weight (kg) −7.4 (−8%) −3.0 (−3%) −3.0 (−3%) −3.0 (−3%) −12.8, (−16%)
Fasting glucose (mg/dL) −3.3, (−3%) −5.0 (−6%) −2.3 (−2%) +3 (+4%) −3.0, (−3.0%)
Fasting insulin (μIU/mL) −6.6, (−32%) −2.3 (−19%) −1.9 (12%) −2.6 (−31%) −3.7, (−57%)

Insulin resistance (HOMA-IR) −0.7, (−32%) −0.8 (−29%) −0.5 (−12%) −0.6 (−38%) −0.5, (−56%)
IGF-1 (nM) +7.8, (+8%) NR NR NR +0.6, (+6%)

Adiponectin +1.8 (+26%) NR NR NR +3.5, (+31%)
TNF-α (pg/mL) NR −2.4 (−29%) −0.4 (−3%) NR −0.2, (−4%)
CRP (μg/mL) −0.5 (−33%) NR NR NR −1.0, (−39%)

Energy intake (kcals) −323 (−16%) −528 (−30%) −566 (−29%) −341 (−20%) −387, (−21%)
Macronutrient composition as

percentage of energy intake (fat,
carbohydrates, protein)

36%, 47%, 18% 36%, 46%, 18% 40%, 40%, 20% 37%, 46%, 17% 20%, 60%, 21%

Values are mean (%) unless otherwise indicated. LGEP = Low-glucose eating pattern; TRF = time-restricted eating; ILI = intensive lifestyle
intervention; BrCa = breast cancer; DM = diabetes mellitus; BMI = body mass index; HOMA-IR = homeostasis model assessment-estimated
insulin resistance; IGF-1 = Insulin-like growth factor 1; TNF-α = Tumor necrosis factor; CRP = c-reactive protein, NR = not reported.

4. Discussion

This study supports the potential efficacy of a low-glucose eating pattern (LGEP) to im-
prove metabolic and cancer risk biomarkers, including insulin resistance, in older women.
Importantly, these data support a viable alternative to TRF for improving health outcomes.
Furthermore, the positive metabolic effects of an LGEP might be achieved without eating
all meals under the personalized glucose threshold, further supporting the flexibility of
LGEP and the robust effects of LGEP in relation to metabolic health. Specifically, following
LGEP at ≥40% of eating events is associated with significant improvements in weight and
serum markers of cancer risk over time. These findings are similar to previously reported
findings of the GGE intervention, where modest protocol adherence was associated with
clinically relevant weight loss and improvements in eating behavior [38]. However, this
is the first analysis to examine the association between LGEP and serum biomarkers of
breast cancer risk. Importantly, the magnitude of observed improvements in HOMA-IR in
response to LGEP was comparable to those previously shown to impact postmenopausal
breast cancer risk at the tissue level. We feel these preliminary findings support further
testing of LGEP as a breast cancer prevention strategy.

Comparing our results to those from TRF studies suggests that LGEP could be as
effective or more effective at reducing the risk of postmenopausal breast cancer. We
hypothesize that GGE could effectively teach women to follow LGEP to achieve these
outcomes. The results shown here suggest it is worthwhile to conduct a clinical trial aimed
at comparing the effects of these interventions on biomarkers of postmenopausal breast
cancer. Key features of such a trial should include adherence for a range of population
groups and durability of effects after the intervention has ceased. A previous pilot study
showed that GGE is acceptable from a patient perspective and outlined adherence barriers
and enablers [39]. Further examination and direct comparison of participants’ barriers and
challenges to adherence and unwanted side effects in response to GGE and TRF will be
needed to confirm GGE as an acceptable alternative to TRF. Comparison of our results to
those of Fabian et al. [12] suggests that the magnitude of changes in weight and cancer-
related biomarkers produced by LGEP, consistent with GGE, particularly changes in fasting
insulin, HOMA-IR, and adiponectin, could have meaningful changes in benign breast
tissue indicative of reduced postmenopausal breast cancer risk.

Of note, this and the related Project Take Charge studies to exemplify the benefit of
using biological feedback (here glucose levels) to motivate and support effective behavior
change (here maladaptive eating patterns). While systematic reviews demonstrated the
utility of glucose monitoring in obesity research [52], limited research has been conducted
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to examine the mechanisms of action by which biological feedback motivates positive
health behavior change [53]. One possibility is that GGE may act through the Health Belief
Model; wherein, people experience a change in perceived risk by associating their dietary
intake to health risk outcomes. Future research will be needed to understand and leverage
the use of biological feedback as a cancer prevention strategy better [54].

Strengths of this study include objective quantification of LGEP through passive
glucose monitoring and the range of biomarkers tested. However, this analysis is limited
by our small, homogeneous sample, which limits the generalizability of our findings.
Our findings are most appropriate for hypothesis driving rather than hypothesis testing,
and results should be interpreted with caution given the exploratory nature of analyses.
Furthermore, the TRF studies were of shorter duration than the current study, which could
have implications on comparing the magnitudes of observed effects. It is also unclear
why women in Project Take Charge, who were randomized to the DPP-only intervention,
changed to their LGEP without additionally receiving the GGE intervention. Future DPP
intervention research could test the robustness of these findings. While other clinical
trials have tested GGE as a standalone intervention [34,36], following an LGEP, which
is promoted by GGE, has not been objectively examined as it was here. As such, it will
be important to test the effect of GGE as a standalone intervention (vs. the DPP + GGE)
on LGEP and metabolic- and cancer-related biomarkers to ensure the robustness of these
preliminary findings in larger and more diverse samples. Furthermore, while 40% of eating
events is an achievable change in eating patterns that were sufficient to drive improvements
in metabolic outcomes in this group, further research is needed to confirm the adherence
level needed for favorable outcomes.

5. Conclusions

This exploratory analysis of the impact of LGEP on weight and metabolic markers of-
fers direction for the next steps in testing GGE as an intervention to prevent postmenopausal
breast cancer. The adherence goal of 40% offers a feasible target for future GGE interven-
tions and potential for health benefits, most critically a reduction in risk of postmenopausal
breast cancer.
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Abstract: Nutrition and exercise interventions are strongly recommended for most cancer patients;
however, much debate exists about the best prescription. Combining fasting with exercise is rela-
tively untouched within the oncology setting. Separately, fasting has demonstrated reductions in
chemotherapy-related side effects and improved treatment tolerability and effectiveness. Emerging
evidence suggests fasting may have a protective effect on healthy cells allowing chemotherapy to
exclusively target cancer cells. Exercise is commonly recommended and attenuates treatment- and
cancer-related adverse changes to body composition, quality of life, and physical function. Given
their independent benefits, in combination, fasting and exercise may induce synergistic effects and
further improve cancer-related outcomes. In this narrative review, we provide a critical appraisal of
the current evidence of fasting and exercise as independent interventions in the cancer population and
discuss the potential benefits and mechanisms of combined fasting and exercise on cardiometabolic,
body composition, patient-reported outcomes, and cancer-related outcomes. Our findings suggest
that within the non-cancer population combined fasting and exercise is a viable strategy to improve
health-related outcomes, however, its safety and efficacy in the oncology setting remain unknown.
Therefore, we also provide a discussion on potential safety issues and considerations for future
research in the growing cancer population.
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1. Introduction

The majority of cancer patients at diagnosis, during treatment, and while in remission
will experience cancer- and treatment-related physiological and psychological side effects
including, but not limited to, undesirable alterations in body composition, increase in
cardiometabolic biomarkers, and reductions in quality of life [1]. In many cases, the
occurrence of these physiological and psychological outcomes may be more detrimental
than the cancer itself and can potentially lead to a poorer prognosis, development of other
comorbidities, and pre-mature mortality [2–4]. Despite these risks, the benefits of oncology
treatments frequently outweigh the risk of side effects [5,6]. While cancer- and treatment-
related side effects are likely to occur for majority of patients, the risks of developing severe
side effects are often related to patient characteristics such as obesity, functional status,
nutritional intake, presence of comorbidities, and genetic predispositions [7–12]. With
the exception of genetics, these characteristics are largely modifiable via energy balance
interventions, which can provide patients with the opportunity to prevent or improve
cancer- and treatment-related side effects, resulting in improved overall quality of life.
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Energy balance interventions include the manipulation of exercise and dietary habits
to alter a person’s energy expenditure and intake, respectively. The adoption of such
strategies, albeit tailored to the specific outcome desired (e.g., calorie deficit diet and high
volume exercise for weight loss), is growing across various cancer populations and has been
shown to improve cancer- and treatment-induced adverse changes in body composition,
functional status, inflammatory environments, and prevent obesity-related comorbidities
such as cardiovascular disease, type 2 diabetes, and metabolic syndrome [13,14]. Despite
many studies highlighting the effectiveness of energy balance interventions for cancer
patients, there is still much debate about the most appropriate prescriptions. Combined
fasting and exercise is one such prescription that is growing in interest within the oncology
field based on their respective independent benefits.

Fasting is the purposeful avoidance of food, and in some cases drink, for a specific
amount of time. Fasting is an ancient practice and has been used for medical purposes
since the fifth century B.C. with Hippocrates recommending abstinence from food or
drink for patients presenting with specific symptoms of illness [15]. Today, fasting is
practiced for a variety of reasons including religious, health, and ritualistic purposes
(Table 1). Within oncology, fasting has been evaluated as a potential intervention to alleviate
treatment-related toxicities and symptoms, and to potentially impact body composition
and cardiometabolic outcomes in people with cancer [16,17]. Despite a limited number of
trials with the majority including small sample sizes, studies have found fasting to be a safe
intervention while receiving treatment for cancer [18–21]. Long-term fasting (e.g., several
weeks/months of reduced energy intake with fasting periods >72 h), may not be feasible
in oncology care due to its potential to increase risk of undesirable weight loss in cancer
patients [22]. However, shorter-term fasting (e.g., interventions completed over several
weeks/months utilizing fasting periods of 12 to 72 h with ad libitum feeding during fed
hours) may be feasible for cancer patients. It is important to note that fasting-mimicking
diets have been studied as a mechanism to improve risk factors associated with cancer-
related outcomes [23,24], however, this type of fasting differs from intermittent fasting in
that they do not have specified windows of eating, but rather promote a low-calorie diet
with a specific meal plan, as such this type of diet is not discussed in the current review.
Exercise has also been deemed a safe and feasible intervention within various oncology
settings with the majority of current evidence in breast, prostate, lung, and colorectal
patients [14]. While not yet a consistent strategy utilized within oncology standard of
care, there is strong evidence indicating exercise improves health-related quality of life,
various psychosocial outcomes such as anxiety and depression, cancer-related fatigue,
and cardiorespiratory fitness and muscular strength among various cancer patients on
treatment and in remission [25,26]. Furthermore, although preliminary, several studies have
reported that exercise may play a role in improving treatment tolerance and efficacy (e.g.,
relative dose intensity and treatment delivery, tumor size, and long-term survival) [27–31].

Table 1. Definitions of different types and concepts of fasting and exercise.

Type/Concept Definition

Fasting-related

Intermittent energy restriction

Restricting energy intake to approximately 60–75% below energy requirements for
short periods, followed by periods with normal energy intake. One example is the
5:2 diet, consisting of approximately 5 days of eucaloric (a diet that provides the
number of calories to maintain your body weight) feeding and approximately

2 days of a very-low-calorie diet per week.
Long-term fasting Temporarily fasting, typically for a period >72 h.

Short-term fasting Temporarily fasting, typically for a period between 12 and 72 h. An example of
this type of fasting is alternate day fasting.

Time-restricted feeding
Reducing food intake to a set number of hours each day (e.g., eating in a <10 h

daily period). One method of time restricted feeding is Prolonged overnight
fasting whereby time-restricted feeding occurs overnight.
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Table 1. Cont.

Type/Concept Definition

(Alternate definition) the practice of consuming ad libitum
energy within a restricted window of time and fasting thereafter

(upwards of 12–16 h).

Religious fasting

Intermittent fasting exists in some religious practices. These
include the Black Fast of Christianity most often practiced

during Lent, Varta (Hinduism), Ramadan (Islam), Yom Kippur
and other fasts (Judaism), Fast Sunday (Latter-day Saints), Jain
(Buddhist) fasting. Religious fasting practices may only require
abstinence from certain foods or last for a short period of time

and cause negligible effects.

Fasting-mimicking diet Maintaining a fasting-like state by periodically consuming a
very-low-calorie, low-protein diet (not necessarily fasting)

Exercise-related

Exercise Planned and structured, and repetitive bodily movement in
order to improve or maintain physical health outcomes [32].

Physical activity Any bodily movement produced by skeletal muscles that results
in energy expenditure [32].

Physical inactivity
Not performing sufficient amounts of moderate- and

vigorous-intensity activity (MVPA), i.e., not meeting specified
physical activity guidelines [33].

Sedentary behavior
Any waking behavior characterized by an energy expenditure

≤1.5 metabolic equivalent tasks (METs) while in a sitting,
reclining or lying posture [33].

As a combined entity, fasting and exercise have been shown to induce synergistic
effects on improved metabolic outcomes such as body composition, cholesterol, and insulin
sensitivity in non-cancer populations [34]; although much of the research examining the
interaction of fasting and exercise has been carried out in sports performance and acute
settings [35]. However, there is a growing interest for how combined fasting and exercise
interventions may be optimized for health and therapeutic benefits in oncology settings,
based on the current evidence in the non-cancer population and their independent benefits
established within the cancer population [14,35–37]. In this review, we summarize the
current evidence on the independent effects of fasting and exercise in cancer settings
and discuss the potential impacts and mechanisms of combined fasting and exercise
interventions on cardiometabolic, body composition, patient-reported outcomes, and
cancer-related outcomes. We also discuss the potential safety issues of combined exercise
and fasting in cancer patients and suggest considerations for future research in this setting.

2. What Metabolic Changes Occur during Fasting and Exercise?

The combination of fasting and exercise can drastically change how our bodies utilize
and synthesize fuel sources. It is important to understand the physiological changes that
occur during this state before identifying the potential beneficial outcomes that a combined
fasting and exercise strategy may induce among cancer patients.

The act of consuming food provides our bodies with nutrients that are broken down
and utilized as fuel in order to survive. However, when food is not supplied, the body relies
on processes of biosynthesis as well as stored glycogen, fats, and proteins as metabolic
fuel substrates [38]. Therefore, the metabolic substrates, and their catabolic or anabolic
pathways, differ in a fed state from a fasted state and is likely one of the key mechanisms
responsible for many of the changes observed when undertaking fasting compared to a
fed intervention [39,40]. In a fed state, the body predominantly utilizes glucose from the
recently consumed meal as the primary source of fuel via glycolysis, oxidative phospho-
rylation, and carbohydrate oxidation [38,41,42]. In a fasted state, glucose and glycogen
stores are depleted, so fats become the primary source of fuel via lipolysis and fat oxida-
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tion [38,42,43]. Gluconeogenesis and ketogenesis are also increased in a fasted state to
ensure the homeostasis of organs that only use glucose or ketones as fuel [38].

The preferential fuel source of the body is further altered when exercise is included and
is dictated by exercise completed in a fed or fasted state, the type of meal consumed before
exercise, and the intensity and duration of exercise [44,45]. For example, when exercising
in a fed state, glucose is the predominant source of fuel; however, when compared to
consuming a meal with a high glycemic index (GI), a low GI meal is associated with lower
rates of glycolysis [44]. Fuel for exercise in a fasted state comes from increased fat oxidation,
particularly the breakdown of intramyocellular triacylglycerol (IMTG) [43]. Regardless
of a fed or fasted state, the metabolic substrate utilization is similar at intensities >70% of
VO2max or durations of continuous exercise >2 h [45]. These acute differences in metabolic
substrate utilization highlight that timing of a fasting period and exercise bout, when
undertaking a combined fasting and exercise intervention, may be of critical importance as
it is unclear how timing will impact the long-term benefits of a combined intervention [36].

3. Effect of Fasting, Exercise, and Combined Fasting and Exercise

The potential mechanisms and impacts of combined fasting and exercise in cancer
patients are illustrated in Figure 1. Briefly, exercise during a fasted state in cancer patients
can maximize glucose regulation, lipid oxidization, and systemic inflammation to improve
each of the suggested outcomes including cardiometabolic markers, body composition,
patient-reported outcomes, and cancer-related outcomes. We discuss below the indepen-
dent mechanisms and effects of fasting and exercise and then the effects of potential benefits
of combined fasting and exercise by each outcome.

 

Figure 1. Potential mechanisms and impacts of combined fasting and exercise in cancer patients. Up arrow refers to an
increase in the component, down arrow refers to a decrease, and the side ways arros refer to no change.

3.1. Cardiometabolic Biomarkers

With advances in diagnosis programs, treatments, and general awareness of cancers
and their signs and symptoms, the 5-year survival rates of many cancer types have im-
proved over recent decades [46]. However, systemic cancer treatments such as chemother-
apy and hormonal therapy, may induce cardiometabolic dysregulation (e.g., insulin re-
sistance, dyslipidemia), which can also lead to the development of other comorbidities,
poorer quality of life, and sometimes pre-mature mortality [4]. Therefore, it is important to
identify interventions that can improve cardiometabolic biomarkers such as insulin-related
markers and lipid profiles.
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3.1.1. Fasting

As previously discussed, when in the fasted state the body transitions to utilizing
glycogen stores for energy in an effort to maintain glucose homeostasis. Insulin-like growth
factor-1 (IGF-1) is a primary mediator of growth hormone and has significant metabolic
effects. Obesity has been attributed to 15–20% of cancer-related deaths where obese
individuals often present with higher levels of IGF-1 which has been identified as a potential
mechanism associating obesity with increased cancer risk and disease progression [47–49].
Several studies utilizing short-term fasting have demonstrated a reduction in IGF-1 with
some also observing a reduction in insulin [50]. In women with breast cancer, data analysis
from the Women’s Healthy Eating and Living Study showed that each 2 h increase in
overnight fasting was associated with a significant reduction in hemoglobin A1C (HbA1c)
(β = −0.37; 95% CI, −0.72 to −0.01) [51]. A growing body of literature suggests short-term
fasting may play a role across the cancer continuum to improve outcomes, such as treatment
toxicity and efficacy, through normalization of metabolic markers, with several clinical
trials of short-term fasting underway in cancer patients [21]. Importantly, obesity and high
levels of insulin and IGF-1, in addition to a diagnosis of diabetes mellitus are associated
with worse survival in cancer [52–55]. While the current evidence is mostly focused on
insulin and glucose pathways, the effects of fasting on lipid profiles are underexplored in
cancer settings, which warrants further investigations.

3.1.2. Exercise

Cardiometabolic changes are widely studied within the oncology field as many sys-
temic cancer treatments result in side effects that alter metabolic homeostasis (e.g., androgen
deprivation therapy causing insulin resistance) [56,57]. Such metabolic dysregulations
can have a devastating effect and lead to an increased risk of cancer progression, most
commonly documented for breast, colorectal, prostate, and endometrial cancers, and devel-
opment of other comorbidities, in direct and indirect mechanisms including obesity [58,59].
Aerobic exercise increases the rate of glucose uptake into the contracting skeletal muscles,
up to 2–3 fold, primarily through the regulation of GLUT4 glucose transporters, which
improves insulin sensitivity and lowers circulating insulin levels [60]. Resistance training
that induces muscle hypertrophy and qualitative adaptation can also improve insulin
resistance by enhancing the expression of glucose transporters and mitochondrial oxidative
capacity [61]. More evidence, therefore, supports the synergistic effects of aerobic and
resistance training on insulin sensitivity and glucose metabolism [62]. For blood lipid levels,
oxidation of triglycerides and fatty acids progressively increases during aerobic exercise
to generate energy sources, especially at a lower intensity (~45% of VO2max), however,
this process heavily depends on the individuals’ fitness and the rates of other substrate
oxidation at different exercise intensities [63]. Resistance exercise may elicit lower energy
expenditure during a single bout of exercise than aerobic exercise [64], however, the training
effects of resistance exercise, including maintenance or improvement of muscle mass and
density, higher resting metabolic rate, and increased fat metabolism, also contribute to the
reduction in circulating lipid levels (e.g., reduced total cholesterol, low-density lipoprotein
(LDL), and triglycerides, and increased high-density lipoprotein (HDL)), which further
establish the additive benefits of combined aerobic and resistance exercise [65,66].

3.1.3. Combined Fasting and Exercise

There is no current evidence describing the effect combined fasting and exercise
interventions have on lipid levels in the cancer population. Therefore, we draw on non-
cancer examples to propose the potential benefits a combined intervention may have on
cardiometabolic outcomes of cancer patients. Exercising in the fasted state, compared to a
fed state, appears to be more effective at manipulating lipid levels given the increase in
lipoprotein lipase activity in the non-cancer population [67]. Bhutani et al. [68] assessed
the effect of a 12-week combined fasting and exercise intervention on lipid levels of non-
cancer obese participants utilizing aerobic exercise and alternate day fasting where 25%
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of their daily energy intake was consumed on the “fast” days between 12–2 p.m. and
ate ad libitum on the “fed” days. The authors reported no change in total cholesterol or
triglyceride concentrations for any group; however, the combined fasting and exercise
group significantly reduced LDL (−12 ± 5%) and increased HDL (18 ± 9%) concentrations,
compared to no change in the fasting-only, exercise-only, and control groups. The combined
fasting and exercise group also demonstrated favorable changes in the proportion of small
LDL and HDL particles, further emphasizing the cardio-protective effects of this type of
intervention, compared to either fasting or exercise alone. In contrast, Cho et al. [69] did
not find any changes in total cholesterol, LDL, and HDL between groups, although they
did employ a shorter intervention of 8 weeks utilizing combined aerobic and resistance
exercise but had a similar alternate day fasting regime as Bhutani et al. [68]. However,
Cho et al. [69] did report a significant difference in triglyceride concentrations where
combined fasting and exercise-induced a decrease, compared to an increase for the control
group. Both studies significantly decreased fat mass, so the change in lipid levels cannot be
attributed to the intervention itself, but is potentially dependent on fat mass change. This
has been suggested to be the case among cancer patients where men with prostate cancer
on androgen deprivation therapy (ADT) undertaking an exercise-only study demonstrated
an improvement in triglycerides, but was dependent on a loss in fat mass [70]. Further
research is required into the best prescription to manipulate lipid levels in cancer patients,
particularly as it relates to the timing of a meal in a fasting and exercise intervention, and if
a loss in fat mass is required to alter the lipid profile.

Evidence suggests that an increase in total fat mass, with a particular impact of high
concentrations of IMTG, is a significant contributor to the development of insulin resistance
in both cancer and non-cancer populations and could be a key target area when trying to
improve metabolic outcomes [36,71–73]. The timing of an exercise bout in relation to the fed-
period may be of high importance when trying to optimize the impact of a combined fasting
and exercise intervention on fat mass and IMTG to improve insulin resistance and glycemic
control given the changes in substrate utilization experienced in the varying fasted, fed,
and exercising states [67]. Combined fasting and exercise can significantly reduce total fat
mass, as described later in the body composition section [68,69]. Similarly, an acute bout of
exercise in a fasted state, compared to a fed state, can induce a ~60% depletion in IMTG in
type I muscle fibers, as it is a readily available source of fats for fuel [43,74]. Consequently,
these superior changes in fat mass and IMTG may contribute to desired improvements in
insulin resistance. For example, within the non-cancer population, Cho et al. [69] reported
no between-group differences in HOMA-IR, a measure of insulin resistance, across four
assessed groups (combined fasting and exercise, fasting-only, exercise-only, and control),
although there was a trend for a between-group difference at baseline (p = 0.063) where
those in the combined intervention group had a mean score of 2.23 ± 0.72, and the control
group 0.97 ± 0.45. However, over the 8-week intervention, the combined fasting and
exercise group had a non-significant mean decline of −1.12 ± 0.68, whereas the control
group had a significant 1.10 ± 0.97 increase. While there are no standardized cut-off points
for insulin resistance as defined by HOMA-IR, a score <1.5 has consistently been identified
as insulin sensitive with superior metabolic outcomes [75–78]. Therefore, the observed
change, while not statistically significant, may be of clinical relevance and needs to be
further evaluated, particularly within the context of fat mass loss given the combined
fasting and exercise group lost significantly more fat mass than the control (−3.2 ± 0.5
versus −0.3 ± 0.8 kg), although IMTG was not examined. Furthermore, it is unclear if
the exercise bout in the combined fasting and exercise group was completed on fasting
days only, feeding days only, or a combination. Understanding the timing of fasting and
exercise as well as meal consumption prior to exercise may provide further insights into
why we see participants who respond and do not respond to lifestyle interventions and is
an important factor to consider during a combined fasting and exercise intervention.

Another potential mechanism for combined fasting and exercise to improve insulin
resistance and glycemic control is through the increase in GLUT4 protein and AMPK activ-
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ity. Van Proeyen et al. [79] recruited young healthy male participants who all undertook
a 6-week hypercaloric high-fat diet and were randomized to either high-fat diet control,
exercise in a fasted state, or exercise in a carbohydrate-fed state where both exercise groups
completed 4 aerobic exercise sessions per week at ~70–80% heart rate maximum. The
authors reported that exercise in a fasted state alleviated the negative effects of a high-fat
diet on glucose tolerance and insulin sensitivity, and was attributed to the increase in
GLUT4 protein and AMPK activity in the fasted exercise group, compared to no change in
the carbohydrate-fed exercise, and high-fat diet control groups. However, it is unclear if
similar long-term results would be observed if the carbohydrate-fed exercise group were to
also undertake a fasting component, yet, still eat prior to exercise. Nevertheless, this study
highlights that in the absence of healthy dietary advice and an iso- or hypocaloric state,
undertaking exercise after an overnight fast has a positive effect on insulin sensitivity and
glycemic control. This type of intervention is worth further exploring for cancer patients
who may be eating poorly and do not want to change their dietary intake given they are
already undergoing a substantial number of changes, as such a fasting component with
no dietary advice may result in increased compliance to the intervention. However, the
benefit of improving dietary intake should not be completely dismissed.

3.2. Body Composition

An increase in fat mass and decline in lean mass loss often occurs in cancer patients as
a result of hospitalization and extended bedrest, increased stress-related eating, decreased
physical activity, or as a result of treatment [80,81]. Within the cancer population, the
quantity and distribution of fat mass and lean mass are influential in the effectiveness of
treatment, development and severity of cancer- and treatment-related side effects, and pro-
gression of cancer [80,82–84]. Changes in fat mass and lean mass can also play critical roles
in the development of cardiometabolic outcomes, previously described, and contribute
to the development of comorbidities and further reducing the health and well-being of a
cancer patient [2–4]. Therefore, implementing lifestyle-based intervention strategies, such
as fasting and exercise, to improve body composition, or prevent cancer- or treatment-
induced worsening of body composition, is critical to a cancer patient’s care. Here, we
discuss the impact fasting, exercise, and combined fasting and exercise interventions have
on fat mass and lean mass among cancer patients and the potential mechanisms involved.

3.2.1. Fasting

Body composition changes as they relate to fasting appear to be associated with
the length of time fasting occurs. In a pilot crossover study among cancer patients un-
dergoing chemotherapy, comparing cycles of short-term fasting to normocaloric diet, a
significant loss in mean fat mass (measured by bioelectrical impedance) (−0.63 ± 0.23;
95% CI −1.09–(−0.17); p = 0.008) was observed which lead to a significant weight loss
during moderate short-term fasting (−0.84 ± 0.26; 95% CI −1.35–(−0.33); p = 0.002) [50].
Aside from fat mass, body composition remained stable. Mean body weight and mean
fat mass were 71.4 ± 12.3 kg and 23.0 ± 8.8 kg at the beginning and 69.8 ± 11.6 kg and
21.4 ± 8.4 kg at the end of the intervention, respectively [50]. Other studies corroborate
these findings for lack of weight change using short-term fasting [16]. In these studies, after
the fasting days, an increase in weight was commonly resulting in achievement of base-
line weight [16,50,85]. These early studies suggest interventions that include short-term
fasting carry a low risk of negatively impacting body composition and therefore likely the
better option for cancer patients, particularly those at risk of weight loss leading to a poor
prognosis (e.g., lung cancer).

3.2.2. Exercise

The changes in body composition followed by exercise training have been widely
investigated in cancer settings. Particularly, most exercise oncology research with body
composition outcomes has focused on lean mass in prostate cancer patients receiving
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ADT [86], where patients often experience significant declines in lean mass [87,88]. A recent
meta-analysis of 21 clinical trials in prostate cancer patients reported that exercise, primarily
resistance exercise, significantly reduced fat mass by 0.6 kg and increased lean mass by
0.5 kg after a mean intervention period of 20 weeks [89]. Resistance exercise is effective in
improving, or at least maintaining, lean mass by counteracting impaired anabolic signal
pathways and inhibiting the cellular atrophy mechanism during ADT [90]. Fat mass has
been more commonly investigated in patients with breast or colon cancer given the strong
links between adipocytokines/obesity-related markers and these cancers [91]. Although
several studies have demonstrated the significant loss of fat mass after exercise [92–96],
this is commonly a result of the control group continuing to increase fat mass as opposed
to the exercise intervention inducing a significant fat mass decline. Additionally, fat mass is
more commonly a primary outcome of interest in combined physical activity (e.g., meeting
physical activity guidelines) and dietary studies [97,98]. Overall, there is generally a lack
of evidence on body composition outcomes other than ADT settings, and the findings are
not consistent and heavily depend on the modes and intensities of exercise [86,99].

3.2.3. Combined Fasting and Exercise

Given the strong connection between obesity, or excess fat mass, and cancer devel-
opment and progression, weight loss, or more importantly fat mass loss, is often a key
consideration as part of a cancer patient’s care [100]. By combining fasting and exercise,
there is some evidence that such an intervention will have a synergistic effect on fat mass
loss due to increased fat oxidation and energy expenditure over intake [68,69]. Within the
non-cancer obese population, two randomized control studies have been conducted where
body composition changes were compared between four groups: combined fasting and
exercise, fasting-only, exercise-only, and a control group [68,69]. Cho et al. [69] reported
fat mass to significantly decrease in both the combined intervention (−3.2 ± 0.5 kg) and
fasting-only (−3.2 ± 0.6 kg) groups compared to control (−0.3 ± 0.8 kg). The exercise group
also significantly decreased fat mass (−1.7 ± 0.5 kg) compared to baseline, but not the
control group. While Bhutani et al. [68] also reported both the combined intervention and
fasting-only groups to reduce fat mass, the combined intervention group had a superior
loss (−5.0 ± 1.0 kg versus 2.0 ± 1.0 kg). While the studies utilized similar alternate day
fasting regimens, they differed in exercise modes (combined aerobic and resistance versus
aerobic-only) and lengths of intervention (8 versus 12 weeks), which likely contributed
to the variation in fat mass results. These studies indicate the potential feasibility of a
combined fasting and exercise intervention to improve fat mass in obese individuals, but
how this translates to the obese cancer population is unknown. It must be highlighted that
combined fasting and exercise can induce fat mass loss, independent of total weight loss, by
prescribing an energy balance or surplus during feeding hours [79,101]. This is important
for the cancer population as weight loss can sometimes be a red flag for poor prognosis
(e.g., cachexia), or is not recommended during treatment such as radiation therapy as it
could result in day-to-day movement of organs, therefore, decreasing radiation accuracy
if image-guided radiation is not used [102,103]. Further research is required into the best
prescription of combined fasting and exercise interventions for cancer patients and its effect
on fat mass changes both dependent and independent of total weight loss.

The pathways involved in lean mass changes (e.g., Akt/PKB-mTor signaling) are
down-regulated in fasting-only interventions leading to an increase in muscle protein
breakdown; however, with the addition of exercise, Akt/PKB-mTor signaling is reactivated,
leading to lean mass maintenance, although this has only been shown in murine models [34].
The ability to significantly increase lean mass while undertaking a combined fasting and
exercise intervention is unclear. Resistance exercise and protein supplementation are known
strategies to induce lean mass hypertrophy [104,105]. However, while in an energy deficit
state, anabolic suppression (i.e., a blunted training response) during resistance training
has been previously demonstrated even in the presence of protein supplementation and
adequate daily protein intake of 1.2 g·kg−1 body weight and may explain the lack of lean
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mass hypertrophy reported in combined fasting and exercise interventions [106,107]. In the
same way, fasting and exercise interventions may be able to reduce fat mass independent
of weight loss by manipulating energy intake during fed hours, the same concept may
apply to achieving an increase in lean mass. Tinsley et al. [108] examined non-cancer
resistance-trained females and compared three groups over 8 weeks: combined fasting and
resistance exercise with a calcium β-hydroxy β-methylbutyrate supplement, combined
fasting and resistance exercise with a placebo, where both groups undertook time-restricted
fasting regimens, and a non-fasting control diet with a placebo. All groups also received
daily protein supplementation. The study demonstrated a significant increase in lean
mass (1.0–1.4 kg) over the 8-week period for all groups compared to baseline with no
between-group differences. All groups significantly increased their total energy intake
during the intervention, which may have contributed to the significant increase in lean
mass observed in contrast to other combined fasting and exercise studies that had an
energy balance or deficit [40,68,69]. Moreover, this study was conducted in young, trained
female participants and its applicability to the male, un-trained, and cancer populations
is limited. Further research is required to examine the best prescription of exercise mode,
nutrient supplementation, and total energy intake to induce a significant increase in lean
mass while undergoing a combined fasting and exercise intervention.

3.3. Patient-Reported Outcomes

Pain, fatigue, anxiety, depression, and sleep disturbances are among the most com-
monly identified detrimental patient-reported outcomes of cancer and cancer-related treat-
ment [109–111]. Here, we discuss the impact of fasting, exercise, and combined fasting and
exercise-based interventions have on these outcomes in cancer patients and the potential
mechanisms involved.

3.3.1. Fasting

Commonly experienced symptoms as a result of cancer and its treatment including
fatigue, gastrointestinal disturbances, and pain have all been preliminarily examined as
potential patient-reported outcomes that may be improved as a result of short-term fasting.
A case series of 10 patients with various types of cancer demonstrated that fasting in
combination with chemotherapy is feasible and eluded to the potential for fasting to reduce
fatigue, weakness, and gastrointestinal side effects [20]. In a pilot study among breast and
ovarian cancer patients undergoing chemotherapy, women randomized to either undergo
short-term fasting in the first half of their chemotherapy cycle followed by their usual diet
or vice versa with short-term fasting followed in the second half of the chemotherapy cycles.
For both groups in the fasted state, quality of life and fatigue scores both improved [16].
A pilot study by Zorn et al. [50] found a modified short-term fast during chemotherapy
reduced stomatitis, headaches, weakness, and overall total toxicities score. Although
there have been a limited number of studies, initial findings of the impact of fasting on
patient-reported outcomes in cancer are promising.

3.3.2. Exercise

There is strong evidence on the benefits of exercise on numerous patient-reported out-
comes during and after cancer treatment [25], such as health-related quality of life [112,113],
cancer-related fatigue [114,115], and anxiety and depression [116]. The mechanisms of
the positive impacts of exercise on psychosocial distress may include direct psychological
interpositions, such as providing a constructive distraction and reducing time on rumina-
tion, directing energy positively, and improving the feeling of control over cancer [117], as
well as biological pathways, such as releasing β-endorphins and circulating levels of neu-
rotrophic factors (BDNF) [118]. For cancer-related fatigue, engaging in exercise, although
counterintuitive, plays a significant role in reducing acute and chronic fatigue, which is
superior compared to paratheatrical agents or psychological interventions [115]. Potential
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mechanisms include reducing elevated pro-inflammatory cytokines, normalizing circadian
rhythm dysregulation, and improving impaired muscle oxidative capacity [119].

3.3.3. Combined Fasting and Exercise

Independently, both fasting and exercise are associated with improved patient-reported
outcomes (e.g., quality of life, fatigue, depression), in both cancer and non-cancer pop-
ulations [16,120]. However, the effect of a combined fasting and exercise intervention
on patient-reported outcomes is not well described. The study by Albrecht et al. [37],
described further in the cancer-related outcomes section, is the only study that describes
the effect of combined fasting and exercise on patient-reported outcomes among cancer
patients. The ovarian cancer patient that was examined in this case study reported an
improvement in feelings of anxiety, perceived stress, and emotional functioning. While
this case study highlights the potential for a combined fasting and exercise intervention
to improve patient-reported outcomes, it cannot be dismissed that an improvement was
observed due to the feeling of hope that may have come from entering a study with the
intention of improving disease outcomes.

3.4. Cancer-Related Outcomes

Lifestyles that contain an increased amount of physical activity and the consumption
of a healthy diet are well-established modifiable factors that decrease a person’s risk of
cancer development [121]. Given this relationship, research has increased in examining
the role of exercise and nutrition after a cancer diagnosis in the progression of cancer
and the effectiveness of cancer-related treatment. Termed the Warburg Effect, cancer cells
rely on aerobic glycolysis deriving most of their energy from glucose converted to lactate
for energy followed by lactate fermentation, even when oxygen is available [122]. As
such, a shift in energy metabolism from glycolytic metabolism to oxidative phosphory-
lation, which occurs in a fasted state, may be a means by which cancer growth rate is
altered [123]. Therefore, combined fasting and exercise has the potential to provide this
needed change in metabolism to combat cancer [21,124]. Here, we discuss the impact
fasting, exercise, and combined fasting and exercise-based interventions have on cancer
progression and recurrence, and treatment tolerance and effectiveness and the potential
mechanisms involved.

3.4.1. Fasting

Broadly in humans, studies of long-term calorie restriction, including or excluding
long-term fasting periods, have demonstrated a reduction in metabolic and hormonal
factors associated with cancer risk [125–127]. However, long-term fasting (e.g., >72 h) is
not practical in the oncology care space as it may lead to unacceptable weight loss in cancer
patients [22]. Short-term fasting (e.g., 12–72 h) may be feasible for cancer patients. In
mice, shorter periods of fasting have been shown to slow cancer growth as effectively as
long-term fasting without compromising body weight [128–130] with the effects of the
short-term fasting improving differential stress response between healthy somatic cells
and cancer cells [19,128,129,131,132]. The mechanism by which this is occurring is through
a protective response in healthy cells wherein nutrient deprivation (fasting) shuts down
pathways promoting growth in order to provide energy in maintenance and repair path-
ways that contribute to resistance to chemotherapy, a phenomenon knowing as ‘differential
stress resistance’ [16,133,134]. Alternatively, due to mutations in oncogenes, tumor cells
are unable to activate this protective response because of uncontrolled activation of growth
pathways. In order for tumors to maintain their high rate of growth, an abundance of nu-
trients are required and thus short-term fasting leads to increased sensitivity of tumor cells
to chemotherapy [128–130]. This increased sensitivity is hypothesized to be a promising
strategy to enhance the efficacy and tolerability of chemotherapy [19]. For example, in
another study examining the feasibility of dose escalation fasting (24, 48, and 72 h) over
the course of a chemotherapy cycle, patients who fasted for ≥48 h had a trend towards
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reduced neutropenia compared to patients who only fasted for 24 h periods with the 48 h
fasting group also reducing leukocyte damage [18]. In a pilot study of short term fasting
in HER-2 negative breast cancer patients, those who were randomized to the short term
fasting intervention, compared to unfasted women, experienced reduced hematological
toxicities 7 days post-chemotherapy administration (p = 0.007, 95% CI 0.106–0.638 and
p = 0.007, 95% CI 38.7–104 for erythrocyte and thrombocyte counts, respectively) [19]. Pa-
tients undertaking short-term fasting, compared to non-fasted patients, have also been
shown to have fewer postponements of chemotherapy [50]. Finally, in a secondary analysis
of women with breast cancer participating in the Women’s Healthy Eating and Living
Study women who fasted <13 h/night had a 36% increased risk of recurrence (HR, 1.36;
95% CI 1.05–1.76) compared to those who fasted ≥13 h per night [51].

As use of immunotherapy increases in oncology, fasting demonstrates some promise
in preclinical studies as a potential modality to bolster antitumor immunity. Prolonged
overnight fasting was found to reduce IGF-1 levels and protein kinase A activity in a variety
of cell populations in mice leading to signal transduction changes in long-term hematopoi-
etic stem cells [135]. Further, multiple cycles of fasting lessened immunosuppression and
chemotherapy-induced mortality. In both in vivo and in vitro studies in mice with colorec-
tal cancer, alternate day fasting for two weeks inhibited tumor growth without causing a
reduction in body weight, suppressed M2 polarization of tumor-associated macrophages
inhibiting tumor growth through decreased levels of adenosine, and increased autophagy
of tumor cells [135,136]. Further research is required into the differing effects that such
types of fasting may have on cancer-related outcomes.

3.4.2. Exercise

A body of preclinical evidence has demonstrated the direct impacts of exercise in
suppressing tumor progression and metastasis [137,138], yet, evidence within the clinical
setting is lacking. The underlying mechanisms are still unclear, however, several plausible
mechanisms include the acute increase in the concentrations of immune cells (e.g., natural
killer cells, monocytes, and neutrophils), the muscle-to-cancer crosstalk through muscle
contraction-derived cytokines (e.g., interleukin-6 and SPARC), and the downregulation of
tumorigenesis pathway through catecholamine (e.g., epinephrine). These mechanisms also
interdependently suppress tumor growth by enhancing mobilization and redistribution of
cytotoxic immune cells into the tumor cells [139,140]. Another mechanism that has been
identified in which exercise can improve cancer-related outcomes is through increased
tumor vascular permeability and angiogenesis. Recent preclinical studies showed that
repeated bouts of aerobic exercise enhanced treatment efficacy and thereby suppressed clin-
ical tumor progression by improving tumor vascular permeability and angiogenesis, which
caused oxygen delivery and drug penetration into tumor cells [141,142]. This mechanism
is plausible as hypoxic status is one of the key characteristics of tumor microenvironment
(TME), which increases treatment resistance to the tumors and can be reversed by the
improvements of vascular functions during aerobic exercise. Lastly, emerging evidence
has demonstrated that maintaining or improving lean mass during chemotherapy may im-
prove chemotherapy tolerance and completion in cancer patients [27,143]. Systemic cancer
drugs are primarily distributed and metabolized (i.e., pharmacokinetics) by blood flow and
perfusion in lean tissues, however, treatment dosages are typically determined by estimated
total body surface area (BSA) without considering body composition [144,145]. Cancer
patients with identical BSA may present substantial differences in body composition, which
is associated with chemotherapy toxicity and efficacy [146]. Therefore, resistance training
to improve body composition (i.e., increased lean mass and decreased fat mass) as well
as potentially muscle quality (i.e., reduced IMTG content) [88] poses a great potential to
enhance treatment outcomes. Nevertheless, only preliminary evidence exists and very
little is known about how exercise may mediate the response to cancer therapy in patients,
where further preclinical and clinical exercise research is warranted.
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3.4.3. Combined Fasting and Exercise

Despite the independent impacts of fasting and exercise, the effect of a combined
fasting and exercise intervention on cancer-related outcomes is largely unknown. To our
knowledge, only one study has been conducted in the cancer population that utilized a
combined fasting and exercise intervention [37]. This proof of concept case study, which
examined a woman with recurrent stage III ovarian cancer in a watch and reevaluate phase
of treatment, evaluated the effect of the intervention on ovarian tumor growth as well
as health-related quality of life and psychological symptoms. The intervention involved
an 18 h fast, low-fat meal, flaxseed oil and caffeine supplements, and 90 min of treadmill
walking repeated daily across a 3-day period where the patient was housed in a research
facility and completed once a month for 3 months. This intervention was selected to slow
cancer progression based on the proposed mechanisms where it would create the best
environment to induce the optimal free fatty acid (FFA) level of 1 to 2 nM maintained over
an extended period of time, and that unsaturated fats (flaxseed oil) has a cytotoxic effect
having been demonstrated in preclinical studies [147,148]. On the days where emesis did
not occur, four out of seven of the study days, FFA concentrations reached this desired level
for ≥4 h. However, CA125, a marker used to monitor ovarian cancer progression, continued
to increase over the course of the study period, although a computed tomography scan
indicated no sign of cancer progression. Given the study design, conclusions about the
effect a combined fasting and exercise intervention has on tumor outcomes is limited.
The role FFAs play in cancer prognosis is complex and the mechanisms are not fully
understood [149]. Further research is required into the previously identified independent
mechanisms of fasting and exercise, and how combining these interventions may have a
superior, synergistic effect, in altering TME and treatment tolerance and efficacy.

4. Safety with Intervention Implementation

Though fasting and exercise have independently been shown to have low adverse
events and are generally safe in cancer populations, intervention safety should be addressed
for future research and implementation. When various periods of fasting were utilized
prior to and up to 24 h post-chemotherapy, patients commonly reported negative symptoms
including headaches, nausea, dizziness, and fatigue, though these were not severe enough
to be considered an adverse event [18]. Additionally, when intermittent fasting is not
managed, it can cause malnutrition, eating disorders, and severe damage to organs [150]. It
is unclear how exercise in combination with fasting may escalate these negative outcomes
among cancer patients, particularly during treatment. Furthermore, the combination of
exercise and fasting may be detrimental in maintaining body composition for patients who
already have a low BMI or cachexia. The risks of being underweight, compounded with
the possible combined impact of fasting and exercise on weight loss and fat mass loss, may
further impair treatment efficacy and result in a poorer prognosis [102,103]. Given these
safety concerns, it is crucial that future studies are thoroughly designed to mitigate these
risks and to promote the prospective desired health benefits of fasting and exercise among
cancer patients.

5. Future Research and Key Considerations

The sparsity of research with multimodal fasting and exercise interventions among
cancer survivors lends to a plethora of future investigations to improve research in this area.

5.1. Timing of Intervention Delivery

While studies have shown that exercise after an overnight fast has beneficial effects
on insulin sensitivity and glycemic control, it is not clear how the timing of treatment
may interact [36,79]. Long-term impacts of the timing of this relationship of fasting and
exercise are not well established with respect to treatment. It is also not clear at what point
in the cancer diagnosis trajectory that this combined intervention may be most beneficial.
Perhaps an opportune time to intervene includes an emphasis on the pre-surgical window.
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For example, there may be a benefit to a staggered approach of intermittent fasting prior
to surgery followed by exercise or there may be synergy between the two modalities that
would prove advantageous to improving the TME between diagnosis and surgery.

5.2. Alternative Intervention Modalities

Consideration of the individual components of a lifestyle intervention and how they
are prescribed to best support cancer patients and health outcomes is a key element when
considering how to prescribe fasting and exercise. Within the recent Physical Activity
Guidelines for Americans, a primary recommendation is to break up a prolonged period of
sedentary activities by sitting less and moving more [151]. An intervention that focuses on
reducing sedentary behaviors may be easier to implement and be more appealing than a
strictly supervised exercise prescription. Likewise, the implementation of fasting, where
the patient has to limit their food intake for a certain period of time, as opposed to changing
the type of food they consume, may be more appealing and easier to adhere to.

5.3. Treatment and Diagnosis Considerations

Intervention effects may vary by type of cancer diagnosis and cancer-related treat-
ments. Additional scientific exploration requires investigating the effect by diagnosis
given the variability in symptom management (i.e., cancers of the gastrointestinal system).
Furthermore, variability in intervention benefits may alter based on pre-existing chronic
conditions whereby more vulnerable cancer patients with comorbidities such as diabetes
or cardiovascular disease may experience a greater benefit. Cancer-related treatment his-
tory is of further consideration as said treatments may negatively alter lifestyle behaviors
and increase risk of comorbid conditions providing an opportunity to intervene with a
combined fasting and exercise approach.

5.4. Cultural Relevancy/Religious Considerations

The mechanisms of fasting in culture are not novel. As mentioned in Table 1, the prac-
tice of fasting exists in a variety of religions and cultures. While a few studies have utilized
combined fasting and exercise interventions during Ramadan, the impacts of the combined
intervention are not clear [40]. To our knowledge, there is a lack of investigations focusing
on other types of religious fasting in combination with exercise in our literature search.
Therefore, future research needs to consider cultural fasting practices when designing
lifestyle intervention studies.

5.5. Age Considerations

The impact of fasting and exercise interventions among cancer patients across the
lifespan with particular focus on adolescent and young adults, and older cancer survivors
warrants investigations [40,79]. The combined impact of exercise and fasting may be
particularly impactful for these more vulnerable, understudied populations at high risk for
poor cancer outcomes, premature aging, and exacerbated comorbidities [40].

5.6. Ongoing Trials

Few ongoing trials are underway examining the impacts of combined exercise and fast-
ing among various populations with only one study focusing on cancer patients (Table 2).
The intervention designs were heterogeneous, varying in the number of days per week
fasting is incorporated, duration of fasting (i.e., number of fasted hours per day), and
modalities of exercise (i.e., aerobic, resistance, or both) [152–158]. The target populations
were diverse, with the majority of the studies targeting a combined young adult and older
adult population. Of the studies we identified, most focused on overweight and obese
populations with and without comorbidities (e.g., diabetes). Contrary to the design of
the studies we have previously reviewed, only one of the identified ongoing trials tar-
geted healthy, young adults, [157] indicating the importance and expansion of this area of
research in clinical populations.
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The identified ongoing studies are investigating outcomes of interest that will be
crucial for understanding the physiological effects and implementing combined fasting
and exercise interventions. The majority of the ongoing trials examine the impact of
a combined intervention on change in cardiometabolic biomarkers, including insulin
sensitivity, insulin resistance, HbA1c, hepatic function, glucose concentrations, lipoprotein
lipase, and lipid profiles [152–158]. Other notable outcomes of interest are changes in body
composition, quality of life, cognitive/memory-related measures, physical function, and
other patient-reported outcomes. The impact from these ongoing trials will benefit the
collective understanding of the effect of combined fasting and exercise across the lifespan
in vulnerable cancer populations, and will be important to inform the effectiveness, safety,
and feasibility of these interventions in future trials.

6. Conclusions

Independently, fasting and exercise are well-tolerated among cancer patients, and
while they both induce independent benefits, when combined, their additive or synergistic
effects on cardiometabolic, body composition, patient-reported, and cancer-related out-
comes are unknown within the cancer population. Many cancer patients experience cancer-
and treatment-related side effects, many of which have been demonstrated to be managed,
improved, or prevented with energy balance interventions. We are proposing combined
fasting and exercise as a potentially viable strategy that may benefit cancer patients and im-
prove cardiometabolic, body composition, patient-reported, and cancer-related outcomes,
but much research is required in this area before it is deemed safe and feasible within
this population.
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Abstract: Green leafy vegetables (GLV) may reduce the risk of red meat (RM)-induced colonic DNA
damage and colorectal cancer (CRC). We previously reported the primary outcomes (feasibility)
of a 12-week randomized controlled crossover trial in adults with habitual high RM and low GLV
intake with body mass index (BMI) > 30 kg/m2 (NCT03582306). Herein, our objective was to report
a priori secondary outcomes. Participants were recruited and enrolled in 2018, stratified by gender,
and randomized to two arms: immediate intervention group (IG, n = 26) or delayed intervention
group (DG, n = 24). During the 4 week intervention period, participants were provided with frozen
GLV and counseled to consume 1 cooked cup equivalent daily. Participants consumed their normal
diet for the remaining 8 weeks. At each of four study visits, anthropometrics, stool, and blood
were taken. Overall, plasma Vitamin K1 (0.50 ± 1.18 ng/mL, p < 0.001) increased, while circulating
8OHdG (−8.52 ± 19.05 ng/mL, p < 0.001), fecal 8OHdG (−6.78 ± 34.86 ng/mL, p < 0.001), and
TNFα (−16.95 ± 60.82 pg/mL, p < 0.001) decreased during the GLV intervention compared to control
periods. Alpha diversity of fecal microbiota and relative abundance of major taxa did not differ
systematically across study periods. Further investigation of the effects of increased GLV intake on
CRC risk is warranted.

Keywords: chemoprevention; colorectal cancer; diet; green leafy vegetables; red meat; 8-hydroxy-
2′deoxyguanosine

1. Introduction

The most recent global estimates of cancer incidence and mortality place colorectal
cancer (CRC) as the fourth most prevalent and second deadliest cancer worldwide [1]. The
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World Cancer Research Fund International Continuous Update Project (CUP) scientists’
2017 meta-analysis of 111 prospective cohort studies supported the relationships between
increased risk of CRC with increased red and processed meat intake, as well as decreased
risk of CRC with increased vegetable intake [2]. In 2015, approximately 38.3% of new CRC
cases were directly attributed to suboptimal diets in the United States [3]. This high-meat,
low-vegetable “Western” dietary pattern is most common in developed and developing
countries and is directly associated with CRC risk [4], with a recent meta-analysis of 28
studies indicating a 30% increased risk of CRC for adults consuming this dietary pattern [5].

Excess adiposity has been recognized as another modifiable risk factor for colon cancer
for more than two decades [6]. In a 2018 CUP meta-analysis of 47 cohort studies with
7,393,510 participants, increased body weight, body mass index (BMI), waist circumference,
and waist-to-hip ratio were all independently associated with increased CRC risk in both
men and women [7]. Since dietary behaviors are more easily improved than body composi-
tion [8], it is imperative to determine which dietary approaches and public health messages
produce the greatest risk reduction. Based on our survey of 990 adults in the United States,
a slight majority of respondents indicated they would not be willing to forego red meat
(RM) consumption, and only 14.5% of men and 14.9% of women indicated that they did
not like green leafy vegetables (GLV) [9]. Therefore, risk reduction may be more feasible
via addition of GLV, rather than omission of RM.

A series of preclinical studies indicate that chlorophyll in GLV prevents the cytotoxic
and carcinogenic effects of heme in RM [10–13], which is mediated by the microbiota
residing in the colon [14,15]. 8-hydroxy-2′-deoxyguanosine (8-OHdG) is a marker of
DNA damage associated with increased adenoma risk [16], which we aim to use as a
proxy for cytotoxicity observed in preclinical models. High-sensitivity C-reactive protein
(hsCRP) [17] is associated with elevated Proteobacteria [18] and has been linked with
increased risk of colon cancer [19,20] and mortality [21]. Similarly, interleukin-6 (IL-6) has
been implicated in colon cancer prognosis [22], metastasis [23], and mortality [24]. A 23-
week plant-based diet (<50 g animal products/day) significantly reduced IL-6 and tumor
necrosis factor-α (TNFα) in 89 obese adults [18], which corresponded with a decrease in
Proteobacteria and an increase in Bifidobacterium. Since TNFα is produced primarily in
response to lipopolysaccharide [25], a structural component of Gram-negative bacteria,
it may also be a marker for mucosal health. In addition to the ability of chlorophyll to
bind heme, it is hypothesized that the high flavonol content of GLV promotes the growth
of several short-chain fatty acid-producing bacterial genera, which are associated with
cytoprotective effects in the colon [26].

We sought to directly study the preliminary effects of increased GLV consumption in
adults with increased BMI consuming a Western dietary pattern. The primary outcomes
of this 12-week crossover trial were previously reported, indicating feasibility of accrual
and retention, with adherence slightly below target but acceptable [27]. Herein, we report
biological outcomes that may be relevant to CRC risk reduction, which include cytokines,
gut microbiota, and Vitamin K1 as an objective measure of intervention adherence.

2. Materials and Methods

2.1. Study Design and Aims

Detailed methods have been described previously [27]. The study was approved
as protocol #18-180 EP 1806 by the Auburn University Institutional Review Board. It
was conducted in accordance with the Declaration of Helsinki and pre-registered on
ClinicalTrials.gov (NCT03582306). The aims of this report were determined a-priori and
are included in the ClinicalTrials registry. The aim of this paper is to report all biological
data relevant to oxidative DNA damage, inflammation, and microbiota.
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2.2. Participant Recruitment and Informed Consent

Participants were recruited via email from July to September 2018 in the Auburn-
Opelika area in east Alabama. Interested individuals completed an online eligibility survey
which included food frequency questionnaire questions to assess habitual RM and GLV
consumption and were contacted for follow-up by study staff. Eligibility criteria were
(1) current low-GLV consumption (<2 servings/day); (2) current high-RM consumption
(>5 servings red meat/week); (3) high BMI (>30 kg/mP2 P); (4) willing to maintain normal
prescription and/or supplement intake; (5) willing to adhere to dietary protocol; (6) ability
to store and cook study foods; (7) English speaking and reading ability. Participants
were excluded if they had a previous diagnosis of CRC or used oral or IV antibiotics,
corticosteroids, immunosuppressive agents, or commercial probiotics within the last four
weeks. Written informed consent was obtained prior to any post-screening data collection.

2.3. Randomization and Interventions

Randomization occurred after the completion of baseline assessment. Participants
were stratified by gender into blocks of four, with each participant in successive order
receiving the gender-specific envelope with the group assignment, which was generated
by KSS [19]. Enrollment was conducted by KSS and ADF, and ADF assigned participants
to intervention groups. All participants received the intervention in random order: either
immediately (first four weeks of the 12-week study) or delayed (last four weeks of the
12-week study). During the intervention period, participants were provided with frozen
GLV purchased by study staff directly from local retailers. Participants were given a recipe
book and instructed to consume 1 cup cooked GLV daily (including spinach, kale, collards,
mustard greens, and turnip greens). Additionally, they were encouraged not to alter
any other elements of their diet, including red meat consumption. During the four-week
washout and control periods, participants were asked to consume their habitual diet.

2.4. Data Collection

All biological measures were obtained at baseline and repeated every four weeks,
with subjective measures obtained at each time point and reported previously [27]. Sub-
jective measures included the Food Acceptability Questionnaire (FAQ) [28–30], Dietary
Habits and Colon Cancer Beliefs Survey (DHCCBS) [9], the International Physical Activity
Questionnaire (IPAQ) [31]. IPAQ data report frequency and duration of physical activity
by intensity level and reports minutes sitting. Thus, we combined physical activity data
to report total active minutes and total sitting minutes. Two 24 h dietary recalls were
obtained at each timepoint by a dietetics student or Registered Dietitian. Recalls were
entered by study staff into the Automated Self-Administered 24-Hour Dietary Assessment
tool (ASA24) [32]. Calorie and macronutrient values reported for each time point represent
the average of the two recalls obtained.

Height and weight were measured using standard procedures and used to calculate
BMI; waist and hip circumferences were measured using a standard tape measure at each
time point [33]. Body composition was analyzed using a handheld Body Impedance Analysis
(BIA) instrument (Omron HBF-306C, Omron Healthcare, Inc. Lake Forest, IL, USA).

Frozen fecal samples were obtained by study staff at each visit after participants
collected them at their home using commode specimen collectors and sterile collection
tubes and stored in their home freezers immediately. Patients reported the consistency of
their stool using the Bristol Stool Forms Scale (BSFS) [34]. Samples were stored at −80 ◦C
until further processing. Microbial genomic DNA was isolated using standard methods and
kits from Zymo Research (Irvine, CA, USA), and the 250 base pair V4 region of the rRNA
gene amplified by polymerase chain reaction and sequenced using the Illumina Miseq (San
Diego, CA, USA). The informatic analyses were performed using the Quantitative Insight
into Microbial Ecology (QIIME) suite, version 1.7 as modified by Kumar et al. (2014) [35,36].

Phlebotomy was performed by a trained phlebotomist; sera and plasma were sepa-
rated in their respective collection tubes, aliquoted, and frozen at −80 ◦C until analysis.
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Oxidized guanine species (8-hydroxy-2′-deoxyguanosine [8-OHdG], 8-hydroxyguanosine,
and 8-hydroxyguanine) were measured in fecal water to determine the genotoxicity of the
lumen and concurrent oxidative stress in the plasma via enzyme-linked immunosorbent
assay (ELISA) from StressMarq Biosciences (Victoria, Canada). To normalize fecal water
concentrations, solid concentration was determined based on BSFS responses. BSFS re-
sponses fall into 7 types of stool, which is commonly compressed into 3 categories: 1: hard
and lumpy (Types 1–2); 2: normal consistency (Types 3–5); and 3: loose and watery (Types
6–7) [37]. Previous research indicates stool classification type is correlated with water
concentration, and estimated water content can be predicted with knowledge of stool type
(1: 67%; 2: 72%; 3: 77%) [38]. Therefore, to determine solid concentration, we multiplied
stool sample weight by the remaining percentage (out of 100%) and divided the calculated
solid weight by total sample weight. This solid concentration value was then used to
uniformly dilute samples for fecal water analyses. CRP and IL-6/TNFα were measured
via ELISA kits from RayBiotech (Peachtree Corner, GA, USA) and ABCam (Cambridge,
UK) respectively.

LC–MS/MS was used to analyze plasma vitamin K1. Phylloquinone (K1) and its
deuterated internal standard, Vitamin K1-d7, were purchased from Sigma Aldrich (St. Louis,
MO, USA) Stock solutions of the analyte and deuterated internal standard were prepared
by dissolving each compound in MeOH: CH3Cl (2:1). Calibration and quality control
(QC) samples were made from stock solutions and UV-treated (for vitamin K depletion),
pooled plasma. The calibration range consisted of thirteen levels from 0.024–100 ng/mL.
At the time of analysis, 300 μL aliquots of plasma were transferred to 1.8 mL polypropylene
centrifuge tubes and spiked with 10 μL of the internal standard (30 ng/mL). Ice-cold
acetonitrile (900 μL) was added to each tube and vortexed for fifteen seconds. Samples
were then centrifuged at 1500 rpm for fifteen minutes at 4 ◦C, and the supernatant was
subsequently transferred to glass vials. The samples were dried under a stream of N2 and
reconstituted in 100 μL of MeOH: CH3Cl (2:1). Twelve microliters of the reconstituted
solution was injected for analysis. An Agilent Technologies 1290 Infinity UPLC coupled
via Agilent Jetstream electrospray ionization (AJ-ESI) to the 6460 Triple Quadrupole Mass
Spectrometer (Agilent Technologies, Santa Clara, CA, USA) was used for the plasma anal-
ysis of vitamin K1. Samples were injected (2 μL) onto a reversed-phase Zorbax SB-C8
column, 1.8 μm, 2.1 × 50 mm (Agilent Technologies); the column temperature was kept at
40 ◦C. The mobile phase consisted of [A] 0.1% formic acid in 5mM NH4 formate and [B]
0.1% formic acid in methanol introduced at a flow rate of 0.5 mL/min. Chromatographic
separation was achieved using gradient elution. The solvent composition was maintained
at 70% [B] for the first 0.5 min, increased and held at 95% [B] from 1.5–10.5 min, and
decreased back to 70% from 10.5–11 min. The AJ-ESI ion source was operated in positive
ion mode, and the QQQ scan type used for analysis was multiple reaction monitoring
(MRM). The transitions used for the quantification of vitamin K1 and internal standard
vitamin K1-d7 were 451.3–186.95 and 458.4–194.1, respectively. Nitrogen was used as the
drying gas (10 L/min at 350 ◦C), nebulizer (45 psi), and collision gas; the capillary voltage
was set as 4500 V. The LLOQ for the method was determined as 2.9 pg. Intra- and inter-day
accuracy and precision were assessed by analyzing six replicates of QC samples at the
concentrations of 0.20, 3.13, and 50 ng/mL on three consecutive days. Calculated accuracy
and precision within 15% (20% for LLOQ) were considered acceptable.

2.5. Statistical Analysis

The primary outcomes were feasibility, which included accrual, retention, and adherence.
Thus, power analysis was based on adherence. Setting alpha = 0.05, beta = 0.20, and n = 44 (as-
suming 10% attrition), 93% adherence would have resulted in a Cohen’s D = 0.80 [39]. Analysis
of all biological outcomes were, therefore, exploratory and defined a priori at clinicaltrials.gov
(https://clinicaltrials.gov/ct2/show/NCT03582306, accessed on 1 December 2020).

Statistical analyses were conducted in SPSS 24.0 (IBM Corp. Released 2016. IBM
SPSS Statistics for Windows, Version 24.0. Armonk, NY, USA: IBM Corp.) with study arm
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allocation blinded to analysis. Descriptive statistics were obtained for study participants,
who were compared using independent sample t-tests for continuous variables and chi-
square tests for categorical variables. WMM conducted statistical analyses and was blinded
to intervention assignment.

Treatment effects for biomarkers were analyzed with multi-variate analysis of covari-
ance (MANCOVA) models which included fixed factors for treatment condition, study
arm, period, and participant. Since participants were block-randomized by gender, this
factor was also included in the models. Outcome measures that substantially deviated
from normality were log-transformed prior to analysis. Statistical significance threshold
was set at p = 0.05. Baseline measures at each period for the relevant biomarker measures
were included as covariates to increase power and adjust for differences in pretreatment
levels. In addition to accounting for the within-subjects design, the MANCOVA modeling
also makes possible the simultaneous estimation of treatment effects and carryover effects.
The latter was estimated by the coefficients for the study arm. Differences in measures at
the beginning of each period across treatment conditions were assessed using t-tests.

Microbiome analysis was conducted as described previously by Frugé et al. [40].
One-way Analysis of Variance (ANOVA) and Kruskal–Wallis tests adjusted with false
discovery rates (FDR) were used to compare between-group and group x time differences
in microbiota.

3. Results

3.1. Study Participant Characteristics

Fifty participants were recruited and enrolled in the trial lasting from July 2018 to
December 2018. The CONSORT diagram can be found in the 2019 report by Frugé et al. [27].
Baseline characteristics of study participants are shown in Table 1. Participants were mostly
in their late forties and early fifties and had an average BMI of 36.2 (Class II obesity) and
body fat percentage of 38.7. Based on food frequency questionnaire data from the study
screener, participants consumed ten servings of red meat and less than one half a serving
of green leafy vegetables weekly at baseline. Most participants were female (62%) and
non-Hispanic White (80%). Randomization was only stratified by gender, and a larger
proportion of African American participants were allocated to the delayed group (p = 0.035).
Twenty-three out of 50 participants had graduate and/or professional degrees, and eight
had an associate degree or lower, with the majority in the latter category being randomized
to the delayed intervention. The majority (58%) of participants were married. In the first
four weeks of the study, one participant withdrew consent and one participant was lost to
follow-up after illness not related to the study—both were in the immediate intervention
group. Forty-eight participants completed the study, forty of whom had complete biological
sample data for analysis. Over the course of the study, no clinically or statistically significant
changes were observed with regard to weight, BMI, and body fat percentage.

At baseline, participants consumed 2083 ± 559 calories, coming from 86 ± 26 g protein,
93 ± 33 g fat, and 226 ± 75 g carbohydrate, with no differences in calories or macronutrients
between groups. Additionally, no significant changes in total calories or any macronutrients
were observed across time points. Participants reported an average total weekly active
time of 928 ± 1494 min, with no significant changes across time points, though total active
minutes trended downward over the course of the study (−230 ± 1048, p = 0.109). Total
sitting time was 429 ± 195 for all participants, with the immediate group reporting more
sitting time at baseline (502 ± 198 vs. 356 ± 165 min, p = 0.011). No significant differences
in sitting time were observed across all other time points.
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Table 1. Characteristics of participants in a randomized controlled crossover high green leafy
vegetable dietary intervention.

Total Immediate Delayed

(n = 50) (n = 26) (n = 24)
——– Mean (SD) ——– P

Age (years) 48 (13.1) 47 (13) 49 (13) 0.649
Body Mass Index (kg/m2) 36.2 (4.7) 35.2 (4.6) 37.3 (4.8) 0.123
RM servings per week 10.3 (5.0) 10.5 (4.8) 10.2 (5.4) 0.846
GLV servings per week 0.21 (0.25) 0.20 (0.26) 0.22 (0.23) 0.852

——– N (%) ——– P
Gender 1.000

Male 19 (38) 10 (39) 9 (38)
Female 31 (62) 16 (61) 15 (62)

Race 0.035
African American 10 (20) 2 (8) 8 (33)
White 40 (80) 24 (92) 16 (67)

Education 0.050
Associate degree or less 8 (16) 1 (4) 7 (29)
Bachelor’s degree 19 (38) 11 (42) 8 (33)
Advanced degree(s) 23 (46) 14 (54) 9 (38)

Marital Status 0.775
Married 29 (58) 16 (62) 13 (54)
Not currently Married 21 (42) 10 (38) 11 (46)

3.2. Circulating Biomarkers

Changes in circulating biomarkers are delineated in Table 2. On average, Vitamin K1
increased (p < 0.001) and plasma 8OHdG decreased (p < 0.001) during the intervention
compared to control periods. Changes in the expected direction were observed in both
groups, and these changes remained statistically significant in both the immediate and
delayed intervention groups. Compared to the control period, fecal 8OHdG decreased
during the intervention for the immediate (p < 0.001) and delayed (p < 0.001) groups. In
the immediate group, TNFα decreased non-significantly, but reached significance in the
delayed group during the intervention (p = 0.011) as well as compared to the control period
(p < 0.001). In the delayed group, IL-6 increased significantly following the intervention
compared to the control period (p < 0.001) but was not significantly altered in the immediate
group (p = 0.242). No significant changes were observed for CRP.

Analysis of covariance tables for biological outcomes within participants are displayed
in Table 3. Plasma 8OHdG significantly decreased between intervention and control pe-
riods, (F(1, 33) = 11.020, p = 0.002, ηp2 = 0.250). Statistical significance was maintained
after controlling for intervention arm (F(1, 33) = 4.482, p = 0.042, ηp2 = 0.120) and base-
line 8OHdG values (F(1, 33) = 8.077, p = 0.008, ηp2 = 0.197). Vitamin K1 levels differed
significantly on treatment (F(1, 33) = 70.408, p < 0.001, ηp2 = 0.681).
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Table 2. Changes in circulating biomarkers of participants in a randomized controlled crossover high green leafy vegetable
dietary intervention.

Baseline
Intervention

Change
Control
Change

All participants (n = 40) Mean (SD) Mean (SD) p-value 1 Mean (SD) p-value 1 p-value 2

Vitamin K1 (ng/mL) 0.1 (0.27) 0.48 (0.8) 0.0005 0.04 (0.72) 0.757 <0.001
8OHdG (ng/mL) 41.81 (18.18) −8.05 (14.11) 0.001 1.25 (11.5) 0.507 <0.001
Fecal 8OHdG (μg/mL) 24.31 (54.52) −12.06 (39.66) 0.040 −5.29 (29.41) 0.219 <0.001
TNFa (pg/mL) 156.15 (43.5) −22.49 (47.41) 0.005 −5.21 (35.31) 0.369 <0.001
IL6 (pg/mL) 5.07 (3.17) 0.97 (3.46) 0.083 0.9 (5.13) 0.285 <0.001
CRP (pg/mL) 3251 (3965) 870 (3884) 0.926 −601 (3679) 0.321 0.945

Immediate Group (n = 21)
Vitamin K1 (ng/mL) 0.06 (0.18) 0.79 (0.97) 0.001 −0.10 (0.75) 0.550 0.004
8OHdG (ng/mL) 45.56 (22.02) −11.23 (16.25) 0.005 4.74 (12.18) 0.090 0.003
Fecal 8OHdG (μg/mL) 38.33 (73.85) −24.92 (53.23) 0.031 −6.41 (39.24) 0.432 <0.001
TNFa (pg/mL) 166.48 (56.68) −22.54 (57.58) 0.088 −14.85 (41.51) 0.117 0.203
IL6 (pg/mL) 4.56 (2.09) 0.7 (3.67) 0.395 1.42 (3.06) 0.046 0.242
CRP (pg/mL) 3543 (4657) −204 (4981) 0.853 −1249 (4516) 0.220 0.922

Delayed Group (n = 19)
Vitamin K1 (ng/mL) 0.15 (0.34) 0.14 (0.33) 0.072 0.20 (0.67) 0.231 <0.001
8OHdG (ng/mL) 36.95 (10.2) −4.54 (10.64) 0.079 -3.06 (9.2) 0.189 <0.001
Fecal 8OHdG (μg/mL) 10.29 (14.51) 0.8 (5.92) 0.514 -4.16 (14.99) 0.187 <0.001
TNFa (pg/mL) 143.53 (8.1) −22.42 (34.42) 0.011 6.69 (21.36) 0.215 <0.001
IL6 (pg/mL) 5.68 (4.11) 1.28 (3.27) 0.106 0.26 (6.95) 0.877 <0.001
CRP (pg/mL) 2893 (3005) 101 (2599) 0.867 200 (2136) 0.704 0.902

1 within-group change during the 4-week period; 2 within-group comparison between intervention and control periods using normalized data.

Table 3. Analysis of Covariance results for biological outcomes within participants in a randomized controlled crossover
high green leafy vegetable dietary intervention.

Variables# F p-Value ηp2

Vitamin K1
Treatment 70.408 <0.001 0.681

Treatment*Gender 1.239 0.274 0.036
Treatment*Pre-Intervention Vitamin K1 0.468 0.499 0.014

Treatment*Arm 9.055 0.005 0.215
8OHdG

Treatment 11.020 0.002 0.250
Treatment*Gender 1.462 0.235 0.042

Treatment*Pre-Intervention 8OHdG 8.077 0.008 0.197
Treatment*Arm 4.482 0.042 0.120

Fecal 8OHdG
Treatment 2.256 0.142 0.061

Treatment*Gender 1.894 0.177 0.051
Treatment*Pre-Intervention Fecal 8OHdG 0.780 0.383 0.022

Treatment*Arm 2.550 0.119 0.068
TNFa

Treatment 13.713 0.001 0.294
Treatment*Gender 0.000 0.985 0.000

Treatment*Pre-Intervention TNFa 12.281 0.001 0.271
Treatment*Arm 6.629 0.015 0.167

IL6
Treatment 8.897 0.005 0.212

Treatment*Gender 0.185 0.670 0.006
Treatment*Pre-Intervention IL6 0.191 0.665 0.006

Treatment*Arm 4.299 0.046 0.115
CRP

Treatment 1.513 0.227 0.044
Treatment*Gender 1.119 0.298 0.033

Treatment*Pre-Intervention CRP 1.625 0.211 0.047
Treatment*Arm 0.036 0.850 0.001
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3.3. Microbial Diversity and Taxa

At baseline, no differences in alpha diversity were observed between groups. Over
the course of each four-week period, no changes in alpha diversity beyond those expected
due to sampling variability were observed for either group. Figure 1a reports the mean
and 95% confidence interval for the observed species at each time point by group.

Figure 1. (a) Observed species of bacteria in stool samples collected from participants across all times points. There was
no effect of time (p = 0.391) or group × time (p = 0.600). Points are means, and bars represent 95% confidence intervals.
(b) Relative abundance of top five genera in stool samples collected at baseline of participants in a randomized controlled
crossover high green leafy vegetable dietary intervention.

There were no differences between groups in bacterial taxa at baseline. Five of the
most prevalent genera were within the Firmicutes phylum and are reported in Figure 1b.
Relative abundance at the phyla level for all participants were Firmicutes (84.7 ± 11.2%),
Actinobacteria (8.9 ± 9.5%), Proteobacteria (3.4 ± 6.6%), Verrucomicrobia (1.4 ± 2.4%), and
Bacteroidetes (1.1 ± 1.7%). Seven of the ten most abundant genera were Firmicutes. Baseline
relative abundance of the five most abundant genera are reported in Figure 1a. Post-hoc
Kruskal–Wallis tests compared operational taxonomic units (OTUs) between groups at each
time point and within groups from pre- to post-intervention. Bray-Curtis dissimilarity tests
with p < 0.05 were only observed between groups at the end of the first four-week period;
no OTUs differed between groups after False Discovery Rate correction (Figure 2).

Figure 2. Relative abundance of 5 major phyla within groups across all time points. No significant differences were observed
between the immediate and delayed groups within phyla or across timepoints within phyla.
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4. Discussion

This is the first trial to assess the effects of a dietary intervention high in GLV in adults
with elevated BMI and high habitual RM consumption who are at increased risk for CRC.
We report several often-cited biomarkers but capitalize on the novelty of measuring 8OHdG
in both plasma and fecal water, the latter of which has not been reported to date. While our
primary outcomes report noted subjective increases in GLV and Vitamin K consumption,
we additionally measured plasma Vitamin K1 as an objective measure of adherence to the
protocol. Finally, we report on the microbial structure of stool samples and the (lack of)
changes to the microbiome over the course of the 12-week study.

It is imperative to note that Vitamin K1 analyses indicate that there was a significant
drop-in for participants during the control periods (i.e., participants continued or began
consumption of GLV off protocol). The raw data suggest that five participants in the imme-
diate group continued high GLV consumption throughout the entire study (anecdotally,
reports of decreased indigestion and improved gastrointestinal function led participants to
continue their newly formed GLV habit) and ten subjects in the delayed group voluntarily
began consuming GLV either prior to or during the first four weeks of the study. A short-
coming in our study implementation was that we did not tell participants to avoid GLV
during the recruitment and consent process. Nonetheless, the treatment*arm interaction
for Vitamin K1 and 8OHdG is significant because the delayed group was also less adherent
during the intervention period and did not experience the significant changes in Vitamin
K1 and 8OHdG that were observed in the immediate group. Therefore, the effects of the
intervention on biomarkers were likely diminished by non-adherence to the protocol.

Vitamin K1 was above detectable limits in only eight participants at the initial study
visit, indicating that our screening method assessing habitual GLV intake was reliable. The
significant increase in Vitamin K1 during the intervention for both immediate and delayed
groups suggests meaningful adherence to the protocol. A weeklong intervention providing
100 g broccoli daily reported a two-fold increase in plasma Vitamin K1 [41]. In our study,
seven of 18 objectively adherent participants in the immediate group had undetectable
Vitamin K1 levels after the 4-week washout period. Given the observation that Vitamin K1
levels can be increased in seven days and diminished in 28 days or less, it is clear that the
potential benefits of GLV might require sustained consumption. Estimating a minimally
therapeutic dose of GLV is warranted, though it is already established that a number of
genetic variants affect Vitamin K1 absorption and metabolism [42].

Several DNA damage metabolites including 8OHdG have been measured, most
prominently in urine, for decades. Since plasma or urinary levels of these metabolites are
heavily influenced by kidney function and excretion, these measures have limited value as
a cross-sectional screening tool [43]. Conversely, plasma 8OHdG is a promising biomarker
in assessing longitudinal exposure to oxidative stress with relevance for cancer prevention
and control [44] given its relevance to mutagen formation and carcinogenesis [45].

Few diets and dietary supplement interventions have assessed changes in 8OHdG in
urine and even fewer in plasma. Urinary 8OHdG was decreased (p = 0.041) after 4 weeks of
agraz (berry juice/nectar, 200 mL) supplementation in 40 women with metabolic syndrome
participating in a crossover trial [46]. In a study of 50 men and women with metabolic
syndrome randomized to receive 30 g mixed nuts daily for 12 weeks vs. control, urine 8-oxo-
7-hydro-2′-deoxyguanosine (8-oxodG) decreased significantly more in the intervention group
(−2.42 nmol/mmol creatinine, p < 0.001) compared to the control group [47]. Though we did
not assess blood pressure or insulin sensitivity to determine metabolic syndrome in our study
participants, age and BMI were comparable to participants in both of these studies.

An 8-week vegetable (300 g) and polyunsaturated oil (25 mL) supplemented dietary in-
tervention did not decrease urinary 8-oxodG and 8-oxo-7,8-dihydroguanosine (8-oxoGuo);
however, DNA damage assessed through peripheral blood mononuclear cells indicated
lower double-stranded DNA breaks in 54 patients with diabetes [48]. The only comparable
study assessing plasma 8OHdG was in postmenopausal women (n = 48) receiving 22 g
blueberry powder daily vs. placebo, in which investigators observed a decrease in plasma
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8OHdG at four (p = 0.04) but not eight weeks [49]. In addition to Vitamin K1, GLVs contain
glucosinolates, carotenoids, folate, and other DNA-protective compounds [50]. Since all of
the above-cited interventions contained phytochemical- and antioxidant-rich foods and
supplements, the reduction in oxidative DNA damage observed in our study could also
be expected.

In designing this clinical trial, we hypothesized that the dietary fiber in GLV would
support the function and integrity of the intestinal epithelium, which would be mediated
by bacteria and result in decreased systemic inflammation [51]. In short, lipopolysaccharide
from Gram-negative bacteria activate Toll-like receptor 4, increasing intestinal permeability,
immune activation, and production of TNFα [25,52]. While CRP is a non-specific cytokine,
a recent meta-analysis observed that increased CRP is associated with risk of CRC [19];
elevated IL-6 has been associated with CRC recurrence [22].

These cytokines have been measured in numerous diet and dietary-supplement in-
terventions aimed primarily at cardiometabolic and diabetes-related outcomes. Relevant
studies typically observe decreases in one or two, but rarely all three of these cytokines.
These interventions include grape and grapeseed extracts, tart cherry juice, and avocado,
as well as supplements aimed to modulate microbiota using synbiotics, kefir, and resistant
starch [53–62]. Our observed trend in TNFα reduction may be spurious given the relative
stability of the gut microbiota during the 12-week study.

Though there were statistically significant changes in some of these biomarkers,
minimum clinically important difference (MCID) for prevention of CRC have not been
established. Associations between risk, progression, and/or mortality of CRC with these
biomarkers have been observed and can inform but not validate MCID at this time.
Thus, we propose the following MCIDs: plasma 8OHdG—11 ng/mL [16], serum TNFa—
30 pg/mL [63], serum IL6—3 pg/mL [63], serum CRP—1750 pg/mL [64]. Plasma 8OHdG
was the only biomarker in our study that had changes close to the proposed MCID, but
longitudinal studies are needed to validate each of these.

The relative abundance of Firmicutes in our sample is higher than our lab has previ-
ously observed in overweight and obese men and women in the southeastern U.S. [40,65].
Since alpha diversity measured by observed species was also lower, it is unlikely that a
potential overgrowth of species after collection caused an increase in relative abundance
of Firmicutes. Nonetheless, we hypothesized the exponential increase in dietary fiber
and bioactive plant compounds from GLV during the intervention period would increase
microbial diversity [66]; however, diversity remained relatively constant for all participants
throughout our study.

Three of the top five genera (Figure 2) are known butyrate producers; within these
genera are species in Clostridium Clusters IV and XIVa [67]. Increased abundance of
these bacteria that convert otherwise unabsorbable carbohydrates (soluble fibers, resistant
starches, etc.) into absorbable short-chain fatty acids result in greater amounts of energy
harvested from food by the host [68] and may contribute to obesity [69]. More specifically,
species within the Faecalibacterium, Ruminoccocus, and Roseburia genera produce butyrate,
which is beneficial to epithelial cells; however, the healthy phenotype results in a marked
increase in Bacteroidetes [70], which was not observed in our participants. Recently,
abundance of Blautia has been inversely associated with visceral fat area in both men and
women [71]. Posthoc analysis of our data did not support this finding, possibly because
our study population had BMI > 30, leaving no lean comparators.

Limitations

Because participants were recruited primarily from within the faculty and staff of a
university in the southeastern United States, adults with a bachelor’s degree or higher were
overrepresented (48%) compared to the national (31.5%) and state (24.9%) averages [72,73].
Twenty percent of participants were African American, which is lower than the state (26.8%)
but higher than the national average (13.4%) [72,73]. Thus, adherence and effects of the
intervention may not be generalizable to other populations.
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Though the crossover design in this study allowed us to maximize potential effects
given our modest sample size, the high rate of drop in both prior to and after intervention
periods diluted many of the trends, which did not reach statistical significance in biomark-
ers. A brief pre-trial run-in control period may have prevented the initial drop-in by some
and allowed more time to educate participants on the value of strictly adhering to protocol
not only during the intervention but in the control period as well. Since we were the first
group to report fecal 8OHdG, our methods may not have been sensitive enough to adjust
for the water content of original samples; thus, these results should be interpreted with
caution. Nonetheless, though not powered to detect changes in biomarkers, plasma and
fecal 8OHdG as well as serum TNFα were significantly decreased by the intervention,
which warrants further investigation.

5. Conclusions

This randomized controlled crossover dietary intervention is the first to report poten-
tial benefits of increasing green leafy vegetable consumption in adults at increased risk for
CRC. Because of the small sample size resulting from powering the study for feasibility,
the results are exploratory and should be interpreted with caution. Nonetheless, plasma
and fecal 8OHdG, a biomarker of DNA damage, and serum TNFα were decreased by the
intervention in conjunction with increased plasma Vitamin K1, the objective measure of
dietary adherence. The direction of key effects and the heterogeneity of the effects evidence
across individuals suggest that a larger study is warranted. Additionally, it is important
to determine whether this can be replicated in a larger, more diverse population and to
further explore the relationship between decreased 8OHdG and CRC risk reduction.
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Abstract: There is substantial overlap in risk factors for the pathogenesis and progression of breast
cancer (BC) and cardiovascular disease (CVD), including obesity, metabolic disturbances, and chronic
inflammation. These unifying features remain prevalent after a BC diagnosis and are exacerbated by
BC treatment, resulting in elevated CVD risk among survivors. Thus, therapies that target these risk
factors or mechanisms are likely to be effective for the prevention or progression of both conditions.
In this narrative review, we propose time-restricted eating (TRE) as a simple lifestyle therapy to
address many upstream causative factors associated with both BC and CVD. TRE is simple dietary
strategy that typically involves the consumption of ad libitum energy intake within 8 h, followed by
a 16-h fast. We describe the feasibility and safety of TRE and the available evidence for the impact of
TRE on metabolic, cardiovascular, and cancer-specific health benefits. We also highlight potential
solutions for overcoming barriers to adoption and adherence and areas requiring future research. In
composite, we make the case for the use of TRE as a novel, safe, and feasible intervention for primary
and secondary BC prevention, as well as tertiary prevention as it relates to CVD in BC survivors.

Keywords: breast cancer; cardiovascular disease; time-restricted eating; time-restricted feeding;
intermittent fasting; metabolic syndrome; fasting

1. Introduction

Breast cancer is the most common malignancy among women worldwide, with 1 in
8 North American women expected to be diagnosed in their lifetime [1]. While there is
no single biological target for the primary prevention of breast cancer, diet, adult weight
gain, and obesity are estimated to be responsible for up to 50% of cases [2–5]. Metabolic
dysfunction, signified by presence of hyperglycemia, dyslipidemia, hypertension, and
abdominal obesity, is primary driver in the risk of type 2 diabetes and cardiovascular
diseases [6]. However, in the past decade, metabolic dysfunction has also emerged as an
underlying determinant of the relationship between obesity and breast cancer risk [7–10].
Other systemic factors associated with overweight/obesity and cardiovascular disease,
such as chronic inflammation [11] and oxidative stress [12], are also associated with breast
cancer risk [13–17]. Thus, strategies for the primary prevention of breast cancer are also
likely to impact the risk of cardiovascular and metabolic diseases.

Fortunately for those who receive a breast cancer diagnosis, the death rate for early
stage (non-metastatic) breast cancer has dropped by over 40% in the last 40 years [18].
Concomitant to improved cancer survival, the death rate due to cardiovascular disease has
increased and now approaches the rate of cancer death [19]. In fact, women diagnosed
with breast cancer are at a 2 to 3-fold elevated risk of cardiovascular-related death rela-
tive to the general population perpetually after their diagnosis [19]. While the elevated
cardiovascular risk partially arises from the presence of pre-existing shared risk factors, it
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is also compounded by breast cancer treatments that result in direct toxicity to the heart
(‘cardiotoxicity’), metabolic dysfunction, as well as lifestyle toxicity (i.e., physical inactivity,
poor diet, weight gain [20,21]). The biological and behavioral sequelae resulting from breast
cancer treatment can persist long into the survivorship period, as evidenced by the excess
risk of cardiovascular death increasing to >5-fold at 10+ years after diagnosis [19]. In the
20 years following a breast cancer diagnosis, the risk of recurrence of breast cancer ranges
from 10–38% depending on diagnosis characteristics [22]. Similar to primary prevention
of breast cancer, risk factor targets for secondary prevention as it relates specifically to
prevention of cancer recurrence, second cancers, and cancer mortality include poor diet [23],
physical inactivity [24] and obesity [25,26]. Thus, after a breast cancer diagnosis, lifestyle
intervention strategies for secondary prevention will also have overlap with tertiary pre-
vention as it relates to addressing the cardiovascular and metabolic sequelae of treatment
and prevention of the related diseases.

The multi-faceted and intertwined risk profile for breast cancer and cardiovascular
disease thus creates a shared opportunity to reduce the risk of both conditions by treating
their shared underlying biological and behavioral mechanisms. In this context, therapies
that target multiple possible biologic and behavioral mechanisms or pathways for these
conditions will be the most effective for prevention.

Intermittent fasting is a relatively new dietary intervention that has recently gained
substantial public interest. There are multiple different formats including alternative day
fasting (i.e., restriction of caloric intake on 2 to 5 days/week alternated with ad libitum
consumption), periodic prolonged fasting (i.e., 24 h to one week), and repeated daily fasting.
The latter, referred to as Time Restricted Feeding (for animals) or Time-Restricted Eating
(TRE) (for humans), involves the consumption of ad libitum energy intake within a set time
window, ranging from 4–10 h, but most commonly 8 h. This is followed by a water-only
fast for the remaining time in the 24-h period, typically 16 h (i.e., “16:8 TRE”). As 16:8
TRE requires relatively minor lifestyle changes and has simple instructions [27], it may
be feasible as a long-term lifestyle intervention. Importantly, TRE has numerous health
benefits that are relevant to the primary, secondary, and tertiary prevention of breast cancer.
The purpose of this narrative review is to describe all relevant peer reviewed literature on
the potential for TRE as a therapy for primary and secondary prevention of breast cancer,
secondary prevention as it relates to recurrence or cancer mortality, as well as tertiary
prevention as it relates to cardiovascular disease in breast cancer survivors.

2. TRE Health Benefits and Mechanisms

2.1. Body and Fat Mass

Body mass is an important determinant of metabolic health, which is often signified
by the absence of elevated cholesterol, triglycerides, blood pressure, blood sugar and waist
circumference. Body mass index (BMI) is most often used to classify the level of health risk
associated with body mass relative to height. Notably, having even a modest increase in
body mass, such that BMI exceeds 25 kg/m2, as defined by having overweight, is a predictor
of postmenopausal breast cancer [28], breast cancer mortality [29] and cardiovascular
disease in women [30]. Accumulation of fat mass in particular is the driver of increased
risk of breast cancer in postmenopausal women, as this is the main source of estrogen in
the body after menopause [31]. Likewise for risk of cardiovascular disease, body fat is a
stronger predictor than the more generalized measure of BMI [32]. In addition, weight
gain is common after a breast cancer diagnosis, with 50–96% of women reporting weight
gain during breast cancer treatment [33]. While weight gain is typically associated with an
increase in both fat mass and fat-free mass, following a breast cancer diagnosis, the more
common pattern observed is an increase in fat mass, but a decrease in fat-free mass [33,34].

Preclinical data have highlighted the significance of the timing of food intake in
weight gain [35,36]. The circadian rhythm is the oscillation of physiological rhythms
between activity and rest, feeding and fasting, nutrient utilization and storage drive by the
natural day/night cycle [37]. The brain and nearly every peripheral organ have circadian
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timekeeping mechanisms that impact their function [38]. Late dinner times, late-night
snacking, or eating during the night (as is common in night or shift workers) can chronically
disrupt circadian rhythms, impacting gene expression and lead to metabolic dysfunction
and disease including obesity [37]. Shortening the length of the eating window and
skewing intake away from the evening/night helps to re-align food intake with the natural
24-h human cycle of feeding and fasting [39]. TRE thereby resets the body’s peripheral
clocks, which results in improved oscillations in gene expression and enhanced energy
metabolism [37].

A 16:8 ad libitum TRE protocol typically results in 20–30% spontaneous caloric restric-
tion and mild weight loss of 1–4% over 1–12 weeks without the need to count calories [40]. A
recent meta-analysis of 12 TRE intervention studies lasting 4–12 weeks with 294 participants
reported an overall significant weight reduction of −0.9 kg (95% CI, −1.71 to −0.10) [41].
In a subgroup analysis of five studies including patients with metabolic abnormalities
(i.e., overweight/obesity, pre-diabetes, metabolic syndrome), the weight loss was greater
(−3.19 kg, 95% CI, −4.62 to −1.77) [41]. Longer duration studies of TRE are needed to
determine if the amount of weight lost induced by TRE can meet or exceed the com-
monly accepted clinically relevant threshold of 5% of baseline weight [42,43]. The same
meta-analysis also reported significant reductions in fat mass with TRE (−1.58 kg, 95% CI,
−2.64 to −0.51) while preserving fat-free mass (−0.24 kg, 95% CI, −1.15 to 0.67) measured
by bioelectrical impedance or dual-energy X-ray absorptiometry [41]. This is an important
finding for the long-term viability of TRE as a health intervention, because weight loss
interventions typically result in concomitant decreases in both fat and fat-free mass [44].

Preliminary evidence suggests that TRE reduces fat in ‘ectopic’ regions of the body
(e.g., visceral, liver, intermuscular) [38,45–47]. Relative to whole-body fat mass or BMI,
these specific locations of fat deposition are much more strongly linked to the primary risk
of cardiovascular disease and breast cancer [48,49], and the risk of cardiovascular, breast
cancer, and all-cause mortality among breast cancer survivors [50–52]. Given that breast
cancer therapies, including chemotherapy, targeted therapy, and hormonal therapy, have
been shown to result in rapid and persistent accumulation of visceral, liver, and intermus-
cular fat [53,54], TRE may be a promising therapy to employ during active treatment to
prevent this metabolic toxicity. While there is interest in the use of intermittent fasting
during chemotherapy treatment for breast cancer, the strategies employed to-date have
involved longer periods of fasting (24–72 h), which are safe but potentially not widely
feasible among humans [55]. The approach of a shortened window for eating each day with
TRE may be more palatable for patients and may still provide protective effects against
treatment toxicity including ectopic fat accumulation. The use of intermittent fasting
during active treatment may also be effective for secondary prevention of cancer based
on preliminary findings that nutrient deprivation sensitizes cancer cells to the damaging
effects of chemotherapy [56,57].

2.2. Oxidative Stress and Inflammation

Oxidative stress and chronic inflammation are unifying features in the pathogenesis
and progression in both cancer and cardiovascular disease and their shared risk factor of
obesity [58]. Oxidative stress is a disrupted balance between the production of damaging
reactive oxygen species and antioxidant defenses [59]. Accumulating evidence implicates
the DNA damage and mutations of tumor suppressor genes associated with oxidative stress
and reactive oxygen species as critical initial events in carcinogenesisis [60]. One study
reported a relationship between higher levels of oxidative stress, as assessed by plasma
lipoperoxides, and a two-fold greater risk of breast cancer recurrence (relative risk = 2.10,
95% CI 1.10–4.00) [17]. Elevated oxidative stress is also implicated in various types of
cardiovascular disease, primarily through effects on endothelial function and myocardial
calcium handling, which contribute to hypertension and/or arrhythmia [61]. Preliminary
evidence suggests that TRE may reduce oxidative stress in men with pre-diabetes [62] and
healthy men [63], but more evidence is needed in women with chronic disease. Notably,
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while excess body mass is associated with oxidative stress, TRE-induced weight loss was
not a requisite for reduced oxidative stress in prediabetic men [62].

Obesity is said to be a state of chronic inflammation. Chronic inflammation promotes
malignant transformation of cells, carcinogenesis, and progression and is a precursor to
stroke, as well as mediates all stages of atherosclerosis and other cardiovascular disease
events [58,64]. One pilot study of a 4-week 16:8 TRE intervention observed no significant
changes in c-reactive protein [65], a marker of systemic inflammation. Conversely, two other
studies employing longer durations of daily fasts (14–15 h) or intervention length (8 weeks)
have observed significant decreases in the proinflammatory markers interleukin (IL)-6
and IL-1β [66,67]. Further, the reduction in proinflammatory markers was independent of
weight loss in one study [66]. More research is needed to better elucidate the dose response
effects of TRE on inflammation.

2.3. Metabolic Syndrome

Metabolic syndrome is a constellation of metabolic disturbances including hyper-
glycemia, dyslipidemia, hypertension, and abdominal obesity, that increase the risk of
heart disease, stroke, and type 2 diabetes. Metabolic syndrome also appears to play an
important role in breast cancer. A recent meta-analysis showed that women with metabolic
syndrome have a 52% increased risk of breast cancer [68]. Among women diagnosed with
breast cancer, metabolic syndrome increases the risk of recurrence or distant metastases
and breast cancer mortality [69,70].

Glucose metabolism specifically has also recently emerged as a key biological mech-
anism in breast cancer development [71]. Biologic mechanisms underpinning this rela-
tionship include glucose-mediated upregulation of oncogenic pathways in non-malignant
breast cells [72] and insulin resistance-related promotion of cellular proliferation and inhibi-
tion of apoptosis [73]. A meta-analysis reported that the clinical manifestation of impaired
glucose control, type 2 diabetes, increases the risk of breast cancer by 23% [74]. The diagnos-
tic blood marker for the diagnosis of diabetes, hemoglobin A1c, which provides a measure
of the average blood glucose concentration over the previous 8–12 weeks, is associated with
risk of breast cancer independent of diabetes [75], and the risk of cardiovascular disease in
women without diabetes [76].

Two prospective cohort studies illustrate the potential for TRE to improve chronic
glucose control as a strategy for primary and tertiary prevention of breast cancer. Among
2212 women with elevated BMI, each 3-h increase in habitual overnight fast time was
associated with 19% lower odds of elevated hemoglobin A1c [77]. Among 2413 breast
cancer survivors without diabetes, habitual overnight fasting duration was inversely
associated with hemoglobin A1c [78]. Few TRE intervention studies have measured
hemoglobin A1c, likely because the length of most interventions to-date (≤12 weeks) are
not long enough to impact this chronic marker. However, one study with a 10-h eating
window in patients with metabolic syndrome reported that hemoglobin A1c significantly
decreased among those with elevated baseline levels ≥5.7% without a concurrent change
in physical activity [79]. Further, a meta-analysis of 10 TRE intervention studies with
238 participants reported a statistically significant but modest reduction in fasting blood
glucose (−2.96 mg/dL, 95% CI, −5.60 to −0.33) [41].

The individual components of metabolic syndrome are also linked to both breast can-
cer and cardiovascular disease. Hypertension is one of the main causal risk factors related
to cardiovascular disease [80] with a strong, positive dose–response relationship with the
risk of death from ischemic heart disease and stroke [81]. Breast cancer risk is also associ-
ated with hypertension, with several meta-analyses reporting a 7–38% higher risk of breast
cancer among women with hypertension compared to normotensive women [82,83]. A
meta-analysis of six TRE studies with 97 participants found modest but clinically significant
decreases in systolic (−3.07 mmHg, 95% CI, −5.76 to −0.37) and diastolic (−1.77 mmHg,
95% CI, −4.51 to 1.07) blood pressure [41]. Importantly TRE may reduce blood pressure
independent of weight loss [40].
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Dyslipidemia, defined as elevated total or low-density lipoprotein (LDL) cholesterol,
or low high-density lipoprotein (HDL) cholesterol, is another important metabolic risk
factor. Research regarding the association between blood lipid levels and breast cancer
incidence is mixed. Some studies have suggested an inverse relationship between lipid
levels and breast cancer risk [84,85] while others have shown a positive association [86,87].
This discrepancy may be explained by inclusion of women taking cholesterol-lowering
drugs (statins), as these treatments have been shown to reduce breast cancer incidence,
recurrence, and mortality [88]. While there are still some discordant results, research tends
to suggest that the level of HDL is inversely associated with breast cancer risk [89,90]. In
contrast, the detrimental effect of elevated cholesterol on cardiovascular disease risk is
well established [91]. A meta-analysis of 14 TRE studies with 343 participants reported
significant reductions in triglycerides (−11.60 mg/dL, 95% CI, −23.30 to −0.27), but highly
variable effects on LDL (0.05 mg/dL, 95% CI, −4.77 to 4.87) and HDL (1.01 mg/dL, 95%
CI, −1.52 to 3.55). It is possible that favorable changes to LDL would be evident once
clinically significant weight loss (>5% from baseline) is attained with longer adherence to
TRE [40]. A number of shorter duration (1–8 weeks) TRE studies have reported significantly
increased HDL levels, while others have not, potentially related to concomitant changes
in metabolism that require further study [40]. While TRE may result in favorable changes
to some aspects of the lipid profile, larger sample sizes and studies with longer TRE
intervention duration are required to confirm these effects.

The final component of the metabolic syndrome, abdominal obesity, is measured by
elevated waist circumference (≥88 cm for women), a simple and practical anthropometric
measure. The primary driver of the relationship between abdominal obesity and poor
metabolic health is the volume of visceral fat. As discussed earlier, visceral adiposity is
strongly linked to the development of cardiovascular disease and breast cancer [48,49] and
related mortality [50–52]. Three studies employing 8–10-h eating windows for 12 weeks
among individuals with obesity or metabolic syndrome reported a statistically significant
decrease or trend in measures of visceral fat via dual-energy X-ray absorptiometry [45,47],
and bioelectrical impedance [79]. Given these positive preliminary findings and the impor-
tance of this outcome, the effect of TRE on visceral fat merits further study.

2.4. Auxiliary Health Behavior Benefits

Physical activity is an important protective factor for breast cancer incidence [92,93],
breast cancer mortality [94] and cardiovascular disease incidence and mortality [95] (in-
cluding in breast cancer survivors) [96] Therefore, a concomitant reduction in physical
activity, as has been known to occur with participation in a moderate or severe calorie
restriction diet [97], could attenuate or mute the benefits of calorie restriction on prevention
of breast cancer or cardiovascular disease. While evidence is preliminary, TRE does not
appear to alter physical activity levels [45,47,98,99]. In fact, two studies have found that
a TRE intervention without physical activity may modestly improve physical function in
middle-aged and older adults [100,101]. Improved physical function could have down-
stream effects of increasing habitual physical activity, but this requires longer duration
studies in targeted populations with poor physical function.

When TRE or other forms of intermittent fasting or caloric restriction are combined
with a purposeful exercise training intervention, additive or synergistic favorable effects
on a number of health outcomes relevant to breast cancer and cardiovascular disease have
been reported, including cardiorespiratory fitness, body composition, fasting insulin and
glucose, and insulin-like growth factor-1 [102–106]. For example, the addition of 16:8 TRE
to a structured resistance training intervention in healthy women resulted in a significantly
greater reduction in fat mass and percent body fat than resistance training alone and a
similar gain in fat-free mass [107]. Therefore, in populations who are physically able, a
combined intervention of TRE and exercise training may provide enhanced benefits for the
primary, secondary, and tertiary prevention of breast cancer.
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Shortening the eating window to follow TRE may incidentally result in dietary behav-
ior changes that are independently linked to breast cancer incidence including reduced
caloric intake as already discussed, as well as reductions in alcohol consumption and
late-night snacking on sweet [2,3,108–110]. Among 99 healthy individuals or those with
obesity, self-reported sleep quality but not duration was improved after following 16:8 TRE
for 12 weeks [111].

2.5. Cancer-Specific Biological Effects

Disruption of circadian rhythms can be associated with abnormal cellular division
associated with tumorigenesis [112]. Disruptions to the circadian rhythm are linked to
breast cancer development through altered expression of circadian genes in the breast tissue
in addition to the associated impaired glucose metabolism discussed earlier. Circadian
clocks in the breast regulate the expression of numerous genes, and when disrupted can
alter breast biology and promote cancer [112]. The potential link between shift work and
risk of breast cancer illustrates this relationship. Women who have long-term exposure to
rotating night and day work shifts, such as nurses or doctors, may have an increased risk
of breast cancer [113]. Re-aligning the circadian clocks will result in improved oscillations
in gene expression and enhanced energy metabolism. TRE may help to accomplish this
through re-establishing the oscillations in the feeding-fasting cycle, but the effects of TRE
have not been studied in shift workers who are also exposed to severe disruptions to
oscillations in the sleep-wake cycle.

The regular exposure to a fasting period induced by TRE also has benefits for cel-
lular health. Regular fasting activates cell signaling pathways and integrated adaptive
responses between and within organs that increase the expression of antioxidant defenses,
DNA repair, protein quality control, mitochondrial biogenesis, autophagy, and reduces
inflammation [39]. This adaptive response confers resistance to oxidative and metabolic
stress and the removal/repair of damaged molecules [39]. Through these mechanisms,
TRE has the potential to modify biological mechanisms in common for a wide range of
chronic disorders including, cancer, cardiovascular disease, diabetes, and neurodegenera-
tive disorders [39]. Specific to cancer, there is evidence that repeated fasting can reduce cell
proliferation, cancer progression, and metastases [114].

One compelling finding directly relevant to breast cancer is that breast cancer survivors
without diabetes who reported habitually fasting overnight for less than <13 h, had a 36%
higher risk of breast recurrence (local, regional, or distant recurrence, or new primary)
(hazard ratio, 1.36, 95% CI, 1.05 to 1.76) [78]. In this prospective cohort study that followed
2413 breast cancer survivors for 7.3 years, [78] there were trends toward lower hazard
of breast cancer-specific mortality (hazard ratio, 1.21, 95% CI, 0.91 to 1.60) and all-cause
mortality (hazard ratio, 1.22, 95% CI, 0.95 to1.56) as well [78]. In addition to the total length
of the nightly fasting duration, eating after 8 pm appeared to be a potential determinant
of risk, as it was associated with increased chronic inflammation and higher BMI among
these breast cancer survivors [78].

2.6. Heart Failure

There is preliminary evidence that TRE may be effective in primary and secondary
prevention of heart failure. An observational study of 2001 patients undergoing cardiac
catheterization without prior myocardial infarction or heart failure reported that prolonged
nightly fasting or religious fasting was associated with a 71% reduced incidence of heart
failure (adjusted hazard ratio, =0.29, 95% CI, 0.11 to 0.81) and a trend toward reduced
incidence of myocardial infarction (adjusted hazard ratio, =0.69, 95% CI, 0.44 to 1.09) [115].
A prospective observational study of 249 individuals with heart failure with reduced
ejection fraction during Ramadan reported that stricter adherence to the daily fasting was
associated with stabilization of heart failure symptoms [116].
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3. TRE Safety

Fasting has been employed for various lengths of times safely for centuries. Fasting
for religious reasons is common in two of the most prevalent religions worldwide: Judaism
and Islam. Fasting durations employed by individuals following these religious practices
is often much more prolonged than for TRE. For example, over the 30 days of Ramadan,
individuals fast for anywhere from 10 to 21 h per day depending on their location in the
world. In Judaism, personal fasting is undertaken as an act of penance. The most famous
fast day of Judaism is Yom Kippur, which consists of a 25-h fast. These religious fasts
differ from TRE in that they require total abstinence from food and drink, including water.
Water-less fasting has been associated with a state of dehydration [117]. Nonetheless,
despite the lack of water, fasting during Ramadan [116,118] and Yom Kippur [119,120]
has been found to be relatively safe even for individuals with chronic conditions such as
kidney transplant recipients [118], heart failure [116], and diabetes [119,120].

A 2020 systematic review reported that TRE did not cause major adverse events or
negatively impact eating disorder symptoms among adults with obesity, metabolic syn-
drome, or diabetes [40]. Within adults with type 2 diabetes [98,121,122] or pre-diabetes [62],
TRE with 15–20 h fasting periods does not cause occurrences of hypoglycemia. In addition,
one study reported no impact of TRE on psychological well-being (e.g., depression, anxiety,
or stress) [121].

Typically, in the process of losing fat mass through a calorie restricted diet, patients can
experience a decrease in fat-free or lean mass that contributes to 20–35% of the total weight
lost, depending on baseline weight [123]. However, a meta-analysis of ten TRE intervention
studies with 241 participants showed no change in fat-free/lean mass (−0.24 kg, 95%
CI, −1.15 to 0.67) without significant heterogeneity among the results of the included
studies [41]. However, these findings may differ when TRE is performed for longer
duration, especially if it results in clinically significant weight loss. In longer duration TRE
interventions or in patient populations with baseline low lean mass or frailty, concurrent
prescription of regular physical activity (especially resistance exercise training) and high
protein intake (1.25–1.50 times the recommended dietary allowance) are recommended to
help to reduce the concomitant loss of lean mass [123].

4. TRE Feasibility

Typically, self-directed dietary regimens involving caloric restriction and/or macronu-
trient manipulation require patients to self-monitor and adjust their dietary intake, which is
highly burdensome for some individuals [124] and can be inaccurate [125]. Self-monitoring
and adjusting dietary intake require estimating calorie content or food volume, weighing
each individual ingredient, reading food labels, and/or referencing an electronic nutrition
database [125]. Individuals commonly underestimate the caloric value of different food
items, by as much as 28% on food items over 500 calories in one study [126]. Weighing
each ingredient increases accuracy, but requires the purchase of a food scale, and is tedious,
and therefore may not be associated with high adherence. Patients following a ‘free-living’
diet where they purchase their own food and aim to follow a specific prescribed calorie
intake or macronutrient ratio will typically need to reference an electronic food database to
determine the calorie and macronutrient of different foods. This requires internet access
and technological skills that create a barrier in older populations and/or rural areas. An al-
ternative method of reading food labels and self-calculating intake is hampered by reported
deficits among adults’ understanding of nutrition labels [127]. A dietary program that
provides pre-measured meals and snacks offers a high level of convenience and removes
the need for self-monitoring but is associated with significant cost.

In contrast, TRE is simple to prescribe and follow. It requires minimal instruction and
no specialized training or equipment (e.g., a food scale). This in turn results in minimal
administrative time and costs for health care practitioners to prescribe TRE. Contrary to
other caloric restrictive diets, which can include changes to the macronutrient content
of the diet, TRE diets allow participants to continue enjoying the foods they habitually
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consume. This makes it easier to implement for patients and does not increase food-
related costs. There are also free phone applications available to assist patients to track
their eating window (e.g., https://www.zerofasting.com/ and https://www.bodyfast.
de/en/), but this is not required to be able to follow TRE. The low cost and simplicity
of TRE as an intervention reduce common barriers to the adoption and maintenance of
lifestyle therapies.

5. TRE Adherence and Barriers

A recent systematic review demonstrates that adherence to TRE is high, typically
80–90%, including among individuals with obesity, metabolic syndrome, and diabetes for
4–12 weeks [40]. Other studies have reported even higher rates of adherence, including
98% adherence to five weeks of TRE in one small study of 8 men with prediabetes [62].
Furthermore, dropout rates from TRE studies are lower than in other formats of intermittent
fasting (~10 vs. 20%) and much lower than caloric restriction (up to 33%) [128]. While it
is likely that the lower dropout rate from studies would translate to greater real-world
adherence, there is no research evidence to-date to confirm that TRE is associated with
long-term adherence. Individuals following TRE have reported feelings of increased energy,
well-being, self-awareness, sleep quality, health-related quality of life and enhanced ability
to avoid snacking in the evening [99,111]. These positive qualitative experiences may
enhance willingness and motivation to maintain adherence to TRE.

The primary barriers to longer-term adherence to TRE include incompatibility with
family/social life and work schedules [98]. One potential solution suggested by patients
who had followed TRE was allowing a more flexible protocol (e.g., weekends off, cus-
tomized eating window) [128]. Animal data suggest that time-restricted feeding during the
week with ad libitum weekend feeding (even with access to high fat and sugar) is similarly
effective to continuous (every day) time-restricted feeding for reducing fat mass, improving
insulin resistance and normalizing triglyceride levels [129]. To our knowledge, no studies
have been published using a weekday only TRE model in humans. However, the positive
results from studies reporting 80–90% TRE adherence suggest that, at minimum, one day
off from TRE per week is likely to still provide substantial health benefits. It has been
suggested that a priori prescription of a planned hedonic goal deviation (e.g., one ‘cheat’
day per week) will enhance long-term adherence to the intervention by enhancing moti-
vation to persist, improving emotional experience, and helping with self-regulation [130].
Therefore, a pre-emptive prescription of TRE for only 5–6 days of the week may be an
effective strategy that should be further explored.

A wide variety of TRE protocols with different timing and lengths of the eating
window and total durations have been shown to offer metabolic health benefits [39,40].
This accumulated evidence can be used to deduce that there is room for flexibility in TRE
protocols to address personal preferences. Accounting for preferences through personalized
intervention approaches fosters patient autonomy, enjoyment, and adherence [131,132] A
personalized TRE protocol has been suggested in the literature as a strategy to enhance
long-term adherence [133]. Potential personalization modifications with evidence for
health benefits [39] include a) personalizing the eating window time of day as long as it
ends ≥3 h prior to bedtime, and if possible, at or prior to 8 pm; b) personalizing the eating
window length to 4–10 h (8 being most common); c) performing TRE on 5–7 continuous
days per week. Future research is needed to evaluate the effect of combining two or more
of these components of personalization to determine the breadth of flexibility possible for
the implementation of TRE as a long-term health behavior.

6. Implications and Future Directions

The potential benefits of TRE as a therapy for primary and secondary breast cancer
prevention, and tertiary prevention as it relates to cardiovascular disease in breast cancer
survivors are three-fold:

72



Nutrients 2021, 13, 3476

1. TRE directly improves many of the biological and behavioral mechanisms under-
pinning the development of breast cancer and cardiovascular disease. For example,
obesity has been found to have a strong causal relationship with primary and sec-
ondary prevention of breast cancer and cardiovascular disease and related mortality.
Shared features of the pathogenesis and progression of both conditions that may
mediate obesity include oxidative stress and chronic inflammation. Metabolic syn-
drome, a constellation of metabolic disturbances including hyperglycemia, elevated
triglycerides, low HDL, hypertension, and abdominal obesity, is well established to
increase the risk of cardiovascular disease and has an emerging strong link to breast
cancer. While further research is needed to confirm efficacy on all of these specific
outcomes, the available evidence suggests that TRE has promising positive effects on
inflammation, oxidative stress, and metabolic health.

2. TRE directly addresses some of the safety and feasibility concerns associated with
existing dietary interventions. Mainly, while existing weight loss interventions tend
to result in loss of lean mass contributing to 20–35% of total weight loss, TRE has
been found to result in decreases in fat mass while sparing lean mass. TRE also
removes barriers to participating in dietary interventions, by not requiring tedious
calorie counting or use of technology. Preliminary evidence and biological plausibility
suggest that personalization of a TRE protocol to an individual’s preferences or
lifestyle may enable long-term adherence while still offering health benefits. There
are also no costs associated with this intervention. This may be why adherence rates
have been reported to be much higher than other dietary interventions, with one
study reporting adherence as high as 98%. To-date, most TRE studies have been
8–12 weeks in duration, but due to its simplicity and potential for high adherence,
it could be an effective strategy to ameliorate the well-known issue of long-term
adherence to health behaviors, especially with allowance of protocol modifications
for personal preferences.

3. TRE is safe. Many studies evaluating the practice of fasting during Ramadan and Yom
Kippur suggest that, even without consuming water, it can be safe for individuals with
chronic conditions such as diabetes and heart failure. It is also likely safe to perform
during chemotherapy treatment for breast cancer, based on evidence that longer
periods of fasting have been shown to be safe and tolerable, but this requires further
research. In addition, no TRE studies have reported the occurrence of major adverse
events nor hypoglycemia even among individuals with diabetes. Instead, individuals
following TRE have reported positive feelings of increased energy, well-being, and
self-awareness.

This accumulating evidence for the potential of TRE to positively impact the devel-
opment and progression of breast cancer, cardiovascular, and metabolic diseases merits
further research, but leaves a number of remaining questions. First, given the short dura-
tion of most TRE studies published to-date, interventions with a longer duration and a
longer follow-up period are needed to determine the potential for long-term adherence
and sustainability of this dietary intervention. Future research should aim to address
barriers identified for TRE, such as incompatibility with social or personal life and work
schedules. There are potential solutions to overcome these barriers such as personalizing
the eating window length and timing and/or incorporating cheat days, that still need to be
empirically tested. Lastly, TRE has not been experimentally tested in patients with cancer
or cardiovascular disease. Nonetheless, this review described promising observational
evidence in these populations and positive experimental evidence on the effects of TRE on
biological and behavioral mechanisms underpinning these conditions. In composite, these
data suggest that TRE may be an easy and novel lifestyle interventions for the primary
and secondary prevention of breast cancer, as well as tertiary prevention as it relates to
cardiovascular disease in breast cancer survivors.
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Abstract: Despite remarkable improvements in screening, diagnosis, and targeted therapies, cancer
remains the second leading cause of death in the United States. It is increasingly clear that diet
and lifestyle practices play a substantial role in cancer development and progression. As such,
various dietary compositions have been proposed for reducing cancer risk and as potential adjuvant
therapies. In this article, we critically assess the preclinical and human trials on the effects of the
ketogenic diet (KD, i.e., high-fat, moderate-to-low protein, and very-low carbohydrate content) for
cancer-related outcomes. The mechanisms underlying the hypothesized effects of KD, most notably
the Warburg Effect, suggest that restricting carbohydrate content may impede cancer development
and progression via several pathways (e.g., tumor metabolism, gene expression). Overall, although
preclinical studies suggest that KD has antitumor effects, prolongs survival, and prevents cancer
development, human clinical trials are equivocal. Because of the lack of high-quality clinical trials,
the effects of KD on cancer and as an adjunctive therapy are essentially unknown. We propose a set
of research recommendations for clinical studies examining the effects of KD on cancer development
and progression.

Keywords: ketogenic; cancer; adjuvant therapy

1. Introduction

Despite continued advances in screening, early diagnosis, and treatment, cancer
remains the most dreaded of human maladies [1]. Surpassed only by heart disease as the
leading cause of death in the United States, it is estimated that there will be 1,898,160 new
cases and 608,570 deaths in 2021. The most common cancer sites are prostate, lung and
colorectal for men; and breast, lung, and colorectal for women [2]. Lung cancer is the
leading cause of cancer deaths for both sexes and is projected to remain so until 2040 [3],
and likely well beyond.

Although tobacco remains the primary contributing factor for cancer development,
other environmental factors, such as diet and lifestyle, play an extensive role. In 2015, it was
estimated that diet accounts for approximately 30% of the attributable risk for cancer [4,5].
In 2017, the CDC estimated that 40% of all cancers are related to overweight and obesity
(55% in women and 24% in men), with at least 13 different types of cancer linked to
obesity (the most strongly linked were liver, endometrial, esophageal, and kidney) [6].
Although it is well-established that obesity associates strongly with both cancer incidence
and mortality, it is less clear whether adiposity itself is the cause of or marker (byproduct)
of underlying metabolic dysregulation that creates the conditions where cancer can develop
and thrive [7]. The prevailing view has long been that positive energy balance resulting
from excess energy consumption, lower energy expenditure, or both contribute to excess
adiposity and subsequent manifestations of chronic disease, including cancer. However,
emerging evidence suggests that dietary macronutrient composition may play a more
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extensive role than excess adiposity, per se in the development of cancer [8–12]. For
example, high carbohydrate diets that are highly processed with added sugar have been
shown to produce a hormonal milieu and metabolic derangements which promote the
development of cancer and other chronic diseases. By extension, one might ask whether
regulation of the quantity and/or quality of carbohydrates might mitigate cancer risk
and/or cancer-related outcomes in those who develop cancer.

While several diets (e.g., vegan, Mediterranean) and dietary regimens (e.g., caloric
restriction, intermittent fasting [13]) have been proposed as strategies for cancer prevention
and as adjuvant therapies to standard-of-care cancer treatments, we provide a theoretical
framework and preliminary evidence from preclinical and clinical studies on how the
ketogenic diet (KD) may provide benefits in the prevention and treatment of cancer. Be-
cause there are several recent narrative, systematic, and meta-analytic reviews of KD for
cancer [14–18], we focus on critically evaluating the state of the knowledge and provide
a set of research recommendations to enhance the rigor and replicability of KD–cancer
clinical applications and randomized clinical trials.

2. Ketosis and Spectrum of Ketogenic Diets (KD)

Nutritional ketosis has been defined as “the intentional restriction of dietary carbohy-
drate intake to accelerate the production of ketones and to induce a metabolic effect that
stabilizes blood sugar, minimizes insulin release, and thereby mitigates the downstream
anabolic and tumorigenic effects of longstanding insulin resistance [19] (p. 99).” Because
maintaining stable blood glucose levels is essential for survival, even in the context of
severe carbohydrate restriction, glucose can be synthesized from non-glucose substrates
(e.g., certain amino acids) by hepatic gluconeogenesis (GNG). As part of a strategy to
reduce the deleterious consequences and potentially lethal effects of unregulated protein
depletion, mammals (including humans) evolved an efficient method to store excess en-
ergy. In a period of excess energy consumption, triglycerides consumed in the diet and
produced from glucose and/or glucose in liver are transported to adipose where they are
mobilized during prolonged fasting or starvation. Fatty acids released from triglycerides in
adipose tissue are then transported to liver where they enter mitochondria and are partially
diverted for ketone production—a primary source of energy in the brain during starvation
as free fatty acids are unable to cross the blood–brain barrier and thus provide only a small
amount of energy.

The classic KD is characterized by high-fat, moderate-to-low protein, and very-low
carbohydrate content [20]. This translates into a dietary composition of about 90% fat, 2%
carbohydrate, and 8% protein. As implied above, KD received its name because this diet
induces physiologic ketosis which is manifested by increased concentrations of ketone
bodies and decreased glucose and insulin concentrations in blood [21]. KD’s beneficial
effects have been observed in a range of conditions including epilepsy and other neurologic
diseases, obesity, type 2 diabetes, polycystic ovary syndrome, and cardiovascular disease
(see [22,23] for a recent review).

The classic ketogenic diet consists of a ratio between fats and non-fats (carbohydrates +
proteins) of 3:1 or 4:1. The major variations include: (1) Very Low-Calorie Ketogenic
Diet is time-limited (~12 weeks) calorically restrictive (600–800 kcal), characterized by
a minimum protein content (≥75 g/day), limited carbohydrate content (30–50 g/day),
and a fixed amount of fat (20 g/day, mainly from olive oil and omega-3 fatty acids);
and (2) the Low Glycemic Index Diet characterized by intake of a higher quantity of
carbohydrates (60–80 g/day) from low glycemic index sources (e.g., lentils, chickpeas, bran
cereals, carrots). Although not, strictly speaking, a KD, the Low Glycemic Index Diet has
been effective in treating some forms of epilepsy and headaches [24] (it is thought that this
diet, with its less restrictive carbohydrate intake, is unlikely to have beneficial effects on
cancer [25]).
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3. KD as a Therapeutic for Cancer: Hypothesized Mechanisms

While it is beyond the scope of this work to provide a comprehensive review of the
proposed biological mechanisms by which a KD might confer benefits as a cancer therapy,
(see [7,14,26–28] for more detailed expositions), we provide a brief and highly simplified
overview, with particular emphasis on the rationale for proposing the potential value of
a KD.

Despite their rapid proliferation, cancer cells use no more oxygen than non-cancer
cells for oxidative purposes. Instead, they use about 10 times more glucose and produce
about 70 times the rate of lactic acid than do normal cells. In other words, even with ample
oxygen available, most cancer types derive energy from anaerobic glycolysis [29]. The
reason that the vast majority (about 80%) of all cancers shift from oxidative phosphorylation
to glycolysis (i.e., the Warburg Effect [30]) is unknown although it is speculated that doing
so must confer a survival advantage (perhaps the acidic environment imposed by lactic acid
is well tolerated by cancer cells, promoting further growth and spread to other organs [31]).
Because the shift to glycolysis is manifested at the onset of tumorigenesis, many consider it
one of the hallmarks of cancer [32]. Indeed, the Warburg Effect indirectly contributed to
PET imaging, as the scan measures glucose disposal by cells (cancer cells take up far more
glucose than surrounding cells, allowing contrasts in imaging).

Other factors, so-called nutrient sensors (e.g., insulin, insulinlike growth factor (IGF-1),
mammalian target of rapamycin (mTOR), AMP-activated protein kinase (AMPK)) operate
in the Warburg Effect, with their pathways playing important and complimentary roles in
cellular proliferation and cancer expression [33–37].

Other potential metabolic pathways proposed as to why KD may confer benefits
include the possibility that severely restricting carbohydrate intake alters mitochondrial
function, the regulation of gene expression, the production of reactive oxygen species, the
amino acid metabolism of cancer cells, angiogenesis and the vascularization of the tumor
environment [38,39].

In summary, the primary rationale for proposing a KD as prevention or for treatment
of cancer is to deprive cancer cells of their primary energy source, glucose, thereby inter-
rupting the elaborate processes of nutrient sensors and other factors that are activated by
the presence of glucose and insulin and appear to play important roles in their development
and proliferation.

4. Preclinical Studies of KD for Cancer

Some animal models of cancer suggest that KD might be an efficacious cancer therapy
when used alone or as an adjuvant to conventional therapies [14]. Specifically, some
studies report that KD delays tumor development, slows growth, and increases survival
time (e.g., [40,41]). Another set of studies show that KD may make tumor cells more
vulnerable to the combination of chemotherapy and radiation as well as enhance the effects
of targeted therapy (i.e., PI3K inhibitors) in tumor models [42]. However, other studies
report increased tumor growth in rat models of kidney cancer [43] and mouse models of
BRAF V600E-positive melanoma [44].

Li and colleagues [45] recently conducted a meta-analysis of 17 published animal
studies to estimate KD’s potential antitumor effects. They found that KD, alone or in
combination with caloric restriction, significantly reduced both tumor weight (standard
mean difference [SMD] −2.45, p = 0.027) and volume (SMD = −0.76, p = 0.012) as well
as prolonging survival time (SMD = 1.76, p = 0.003). Additional analyses suggested that
KD ratio of 4:1 (i.e., severe carbohydrate restriction) was associated with the greatest
increase in survival time (see also, [14,46,47]). Finally, the authors found that KD’s efficacy
varied as a function of several factors, prompting them to conclude, “In summary, the
pre-clinical evidence pointed toward an overall antitumor effect of the KD in animal studies
currently available with limited tumor types. The efficacy of KD on tumorigenesis appears
to be influenced by several factors, including cancer type or subtype, genetic background,
cell line and/or model system, composition of the KD and tumor-associated syndromes.
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Therefore, more preclinical studies should be performed to elaborate the antitumor effect
of KD in the future [45] (p. 11).”

5. Clinical Studies of KD and Cancer

Despite the promising results of KD from preclinical studies, there have been few
human trials to isolate the effects of KD on cancer-related outcomes (most have focused
on tolerability and safety [48]). For example, in a 4-week pilot study Fine et al. evaluated
the safety and feasibility of a KD in 10 patients with different cancers [27]. Among the
patients whose disease remained stable or partially remitted, they found ketone levels (i.e.,
serum beta-hydroxybutyrate [βHB]) on average, that were threefold higher compared with
those with progressive disease. To date, most applications of KD in human cancers has
been as an adjunctive therapy in conjunction with standard of care (i.e., chemotherapy,
radiotherapy, and/or surgery). Recent evaluations of the literature conducted by Weber and
associates (29 trials) [14], Talib et al. (14 trials) [48] and Yang and colleagues (6 trials) [15]
Sremanakova and associates [18] (11 trials), Plotti et al. [49] (4 trials), and Romer and
associates [16] (45 trials) among patients, virtually all being adults (i.e., 18 years of age
and older), with a variety of cancers (e.g., glioblastoma, glioblastoma and gliomatosis
cerebri, breast cancer, liver, pancreato-biliary cancer, lung and pancreatic, head and neck,
colorectal cancer, and mixed cancer sites reported a wide range of favorable outcomes
including progression-free survival, increased survival rate, increased rates of response to
conventional treatment (i.e., stable disease after 6-week diet) [49], and enhanced quality
of life (please see Table 1 for summary of clinical trials). While safe and well-tolerated by
the majority of patients, some report side effects, including nausea, constipation, vomiting,
hypoglycemia, and fatigue that may compromise adherence to KD [13,20]. Overall, while
is has been found that KD may be beneficial for varying types of cancers as it relates to
tumor characteristics, survival and side effects [50], it is important to underscore that, as
described below, the trials were of varying methodological quality, which inhibits our
ability to draw definitive conclusions on the effects of KD as an adjunctive therapy.

Table 1. Summary of Clinical Studies of KD and Cancer.

Cancer Type(s) Sample Size Dietary Intervention Study Duration Results/Outcomes References

Prostate
N = 45

Arm A: N = 27
Arm B: N = 18

Arm A: A low-carbohydrate diet, goal:
(≤20 g per day), estimated actual

carbohydrate intake: 37 g/day;
Arm B: Control group (no dietary

intervention)

6 months
-Weight loss

-BMI reduction
-Waist circumference reduction

[51]

Breast cancer
N = 60

Arm A: N = 30
Arm B: N = 30

Arm A: Medium-chain triglycerides
(MCT) based ketogenic diet (6%

calories from Carbohydrates [CHO],
19% protein, 20% MCT, 55% fat);

Patients received 500 mL of MCT oil
from the Nutricia Company every 2

weeks
Arm B: Standard Diet (55%

CHO, 15% protein, and 30% fat)

3 months
-Weight loss

-BMI reduction
-Reduction in body fat

[52]

Ovarian/endometrial
cancer

N = 45
Arm A: N = 25
Arm B: N = 20

Arm A: Ketogenic diet (70% (≥125 g):
25% (≤100 g): 5% (<20 g) energy per

day from fat, protein, and
carbohydrates)

Arm B: American Cancer Society diet
(ACS: high in fiber, low in fat)

Individual diet advice from certified
dietitians. Weekly emails or phone
calls. One face-to-face meeting after

baseline assessment

3 months

-Self-reported improvement in
energy levels (intervention

group)
-Fewer cravings for starchy

foods and fast-food fats
-Reduction in total body

[53,54]

Rectal cancer, head
and neck cancer

Breast cancer

N = 81
Arm A: N = 20
Arm B: N = 61

Arm A: ketogenic diet with additional
consumption of non-glucogenic

amino acids
Arm B: no dietary intervention

30–40 days -Decreased fat mass [55]
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Table 1. Cont.

Cancer Type(s) Sample Size Dietary Intervention Study Duration Results/Outcomes References

Pancreatic cancer
Duodenal cancer

Common bile duct
cancer

Ampulla of Vater
cancer Cholangio-

carcinoma
Neuroendocrine

tumor

N = 19
Arm A: N = 10
Arm B: N = 9

Arm A: Ketogenic diet (3–6%, 14–27%;
70–80% energy per day from

carbohydrates, protein, and fat)
served as three meals and three

snacks per day
Arm B: usual Korean diet (55–65%,

7–20%, 15–30% energy per day from
carbohydrates, protein and fat) served

as three meals per day

12 days -Decreased body cell mass higher
in General Diet arm [56]

Glioblastoma
multiforme

N = 53
Arm A: N = 6
Arm B: N = 47

Arm A: self-administered KD
Arm B: unspecified standard

American diet

Duration:
3–12 months

- Two patients with grade 1
constipation, 4 patients with

grade 1 fatigue, 1 patient with
grade 2 fatigue, 1 patient with

deep venous thrombosis during
treatment, 1 patient with

asymptomatic hypoglycemia, 1
patient with nephrolithiasis no
grade 3 and higher toxicities or

symptomatic hypoglycemia
-Weight loss on

non-calorie-restricted KD: 1 to
27 Ibs

-Weight loss on calorie-restricted
KD: 46 Ibs

[57]

Fearon et al. [44]
Ovarian, Lung,

Gastric
N = 5

Crossover study:
Nasogastric tube feeding: normal,

balanced regimen on days 1–6
KD containing same total calorie and

protein on days 7–13

13 days -Increase in body weight [58]

Diverse
Recruited patients

N = 12
Analyzed patients

N = 10

KD with targeted CHO intake below
5% of total energy intake, written

menus and samples of
CHO-restriction products

were provided

28 days

-Five patients with grade
2 fatigue, 5 patients with grade 1
constipation, 1 patient with grade

1 leg cramps
-Weight loss

- Decreased caloric intake
-Adherence: 5 of 12 patients

completed all 28 days of the diet

[27]

Diverse

Analyzed patients
N = 78

Arm A: N = 7
Arm B: N = 6

Arm C: N = 65

Arm A: full adoption of a
non-specified KD, patients informed
about a single company producing

KD-related food
Arm B: partial adoption of a

non-specified KD, patients informed
about a single company producing

KD related food
Arm C: patients who did not adopt

a KD

Not specified

1. Reduction in TKTL 1 was
associated with adopting a KD;

2. Correlation between
improvement in cancer status

category and full adoption of a
KD (χ2 = 33.26; df = 4;

p = 0.00001

[59]

Diverse Analyzed patients
N = 6

Self-administered KD (recommended
CHO intake < 50 g/day) during the
course of RT/RCT; patients received
basic information on KD; counseling

at least once per week

Patient-dependent
from 32 to 73 days -Decreased fat mass [60]

Glioblastoma

Assessed for
eligibility: N = 57

Randomized: N = 12
Arm A: N = 6
Arm B: N = 6

Retention at 12 weeks.
N = 4

Arm A: N = 3
Arm B: N = 1

Arm A: MCTKD (75%; 15%; 10% of
energy per day from fat, protein and
carbohydrates, with 30% of fat from

MCT nutritional products)
Arm B: MKD (80%; 15%; 5% of energy

per day from fat, protein and
carbohydrates)

12 weeks

1. Arm A: Three patients retained
for 3 months (drop-out = 50%)

Arm B: One patient retained for 3
months (drop-out = 83%)

2. GHS at baseline: Arm A:
patients who later withdrew:

72.2 ± 20.7; patients who
retained: 75 ± 6.8

Arm B: patients who later
withdrew: 70 ± 13.8; patients

who retained: 80 ± 0
GHS: at week 6: Arm A: patients

who withdrew at week 6:
41.7 ± 0; patients who

retained: 66.7 ± 0
Arm B: patients who withdrew at

week 6: 50 ± 0; patients who
retained: 100 ± 0

3. Adverse events during the first
6 weeks:

Arm A: diarrhea (n = 1, CTCAE
grade 1), nausea (n = 1, CTCAE

grade 1), vomiting (n = 1, CTCAE
grade 2), dyspepsia (n = 1,

CTCAE grade 1)
Arm B: vomiting (n = 1, CTCAE
grade 1), dry mouth (n = 1 MKD,

CTCAE grade 1)

[61]
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Table 1. Cont.

Cancer Type(s) Sample Size Dietary Intervention Study Duration Results/Outcomes References

Glioblastoma
Enrolled: N = 6

Completed
intervention: N = 4

MKD (70%: 3–5% (≤20 g) energy per
day from fat and carbohydrates;

protein consumption was not
restricted

12 weeks
-Constipation in two patients,

resolved with dietary
modification

[62]

Glioblastoma
Included patients

N = 20
Evaluable for

efficiency N = 17

KD with CO intake < 60 g/day,
additionally highly fermented

yoghurt drinks and two different
plant oils were provided to be

consumed at will.
No calorie restriction, patients were
instructed to always eat to satiety

Until progression
of the disease

-Three out of 20 patients
discontinued the diet after

2–3 weeks without progression,
due to reduced QoL

- Body weight reduction
-Diarrhea, constipation, hunger

and/or demand for glucose were
present in some patients during

the diet

[63]

Diverse
Enrolled: N = 16

Completed
intervention: N = 5

KD with CHO limited to 70 g per day
and 20 g per meal

Two oil–protein shakes consumed in
the morning and in the afternoon

12 weeks

-11/16 Patients discontinued the
diet

- 3/11 were unable to adhere to
the diet,

-6/11 discontinued due to
progressive disease

-2/11 died from progressive
disease

- reported side effects included
increase in appetite loss,

constipation, diarrhea and
fatigue during the diet

- QoL was low at baseline and
stayed relatively stable during
the intervention; worsening of
fatigue, pain, dyspnea and role

function but emotional
functioning and insomnia

improved slightly

[64]

Diverse

Enrolled: N = 17
Drop-out before first

analysis: N = 6
Completed

intervention: N = 4

Modified Atkins Diet with 20 to 40 g
of CHO and restricted consumption of

high CHO foods no restrictions for
calories, protein or fats

16 weeks

-13/17 patients discontinued the
diet before 16 weeks

-weight loss
-Reported adverse effects

included: hyperuricemia (N = 7),
hyperlipidemia (N = 2), pedal
edema (N = 2), anemia (N = 2),

halitosis (N = 2), pruritus (N = 2),
hypoglycemia (N = 2),
hyperkalemia (N = 2),
hypokalemia (N = 2),

hypomagnesemia (N = 2), flulike
symptoms/fatigue (N = 2)

[65]

Glioblastoma
multiforme

Phase A: N = 9
Phase B: N = 8

Completed
intervention N = 6

Phase A: Fluid KD with a 4:1 ratio (4 g
fat versus 1 g protein plus

carbohydrates, 90% energy from fat)
Patients were allowed a snack with
the same 4:1 diet ratio once a day
Phase B: Solid-food KD (diet ratio
1.5–2.0:1) with MCT; (70% energy
from fat with the consistency of an

emulsion)

14 weeks

-6/9 patients included in phase A
completed the 14 weeks KD
- Reported adverse effects

included: constipation (n = 7),
nausea/vomiting (n = 2),

hypercholesterolemia (n = 1),
hypoglycemia (n = 1), low

carnitine (n = 1) and diarrhea
(n = 1). CTCAE grade 2:

hallucinations (n = 1), allergic
reaction (n = 1) and wound

infection (n = 1)

[66]

Glioma N = 29
MAD with a 0.8–1:1 ratio (0.8-1 g fat

to 1 g carbohydrate plus protein
Duration: 6 weeks

6 weeks

-28/29 patients completed the
6-week diet

- Reported adverse events: Grade
2 constipation (n = 1), grade 1

fatigue and nausea were present
in the patients

-Decreased BMI for all patients

[67]

Lung
Enrolled patients:

N = 7
Completed

intervention: N = 2

KD with 90%; 8%; 2% of energy per
day from fat, protein and

carbohydrates. All meals prepared for
the patients

42 days

-Weight loss
- Reported adverse events

included: constipation, diarrhea,
nausea, vomiting and fatigue;

hyperuricemia

[68]

Pancreas N = 2

KD with 90%; 8%; 2% of energy per
day from fat, protein and

carbohydrates. All meals readily
prepared for the patients

34 days

-1/2 patients completed the
intervention

2. Reported adverse events
included: Constipation, diarrhea,
nausea and vomiting, 1 patient

experienced dehydration
-Weight loss

[68]
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Table 1. Cont.

Cancer Type(s) Sample Size Dietary Intervention Study Duration Results/Outcomes References

Desmoid tumor N = 1
TPN consisting of 28 kcal fat/kg body

weight/day, 1.5 g protein/kg body
weight/day; 40 g glucose/day

Desmoid tumor -Body weight increased [69]

Glioma N = 2

ERKD: with a 3:1 ratio of ingested
nutrients (3 g fat versus 1 g protein

plus carbohydrates) 20% restriction of
calories per day

12 months

-Adherence: 1/2 patients
completed the intervention

-Reported headaches
-Initial body weight decrease in

both patients and remained
stable afterward

[70]

Glioblastoma
multiforme N = 1

ERKD delivering 600 kcal per day,
consisting of 42 g fat, 32 g protein and

10 g CHO per day
56 days

-Bodyweight decreased in the
first 14 days of the diet

- Grade 4 hyperuricemia reported,
resulted in diet change to calorie

restricted non-ketogenic diet

[71]

Rectal N = 1

Paleolithic KD, nutrients consumed in
a fat:protein ratio of 2:1 animal fat, red

meats and organ meats were
encouraged, root vegetables were

allowed, all other foods were
prohibited

24 months

-Decreased bodyweight
-Initial decrease in volume after

concomitant radiotherapy
-Tumor volume remained stable
but four hepatic metastases were

detected at the end of the diet

[72]

Diverse N = 12

Single 3 h infusion of glucose-based
(GTPN) or a lipid-based TPN (LTPN)
containing 4 mg glucose/kg/min or 2

mg lipid/kg/min, respectively

3 h
-No statistically significant

stimulation or suppression of
FDG uptake

[73]

Recurrent Breast N = 1

Self-administered high doses of oral
vitamin D3 (10,000 IU/day), and KD

rich in oleic acid.
Duration: 3 weeks

3 weeks
-Progesterone receptor status

positivity increased
-HER2 positivity decreased

[74]

Astrocytoma N = 2

KD with 60%; 20%; 10%, 10% of
energy per day from MCT oil, protein,

carbohydrates and dietary fat plus
additional supplements

8 weeks

-Dose uptake ratio tumor:
decreased normal cortex

decreased
-Adherence: 100% patients were

able to complete the dietary
intervention

[75]

Esophagus
Stomach

Colon-rectum

N = 27
Arm A: N = 9
Arm B: N = 9
Arm C: N = 9

Arm A: glucose-based TPN (100% of
the calorie from dextrose);

Arm B: lipid-based TPN (80% of the
calorie from fat, 20% from dextrose);

Arm C: oral diet
All diets were iso-caloric and

isonitrogenous.
Duration: 2 weeks

2 weeks No statistically significant
changes [76]

Head and neck N = 12 Unspecified Western diet followed by
unspecified KD

Variable, up to
4 days

Decline of mean lactate
concentration in the tumor tissue

during the KD
[77]

Brain

Included: N = 9
intervention: N = 5

retrospectively added
control N = 4

KD based on ready-made formula,
with a 4:1 ratio of ingested nutrients (4

g fat versus 1 g protein plus
carbohydrates)

variable from 2 to
31 months

-Diet tolerated by
4/5 patients,(strict adherence

only in 2 patients)
-Four out of 50 MRI spectroscopy
scans detected ketone bodies in

the brains of the patients
following the KD

[78]

Lung N = 44

Mild KD (patients were encouraged to
avoid high CHO food) in combination

with HBO, hyperthermia and
polychemotherapy administered

during induced hypoglycemia

24 weeks

-Adverse events
reported—during treatment
period: grade 5 neutropenia
(N = 1), grade 3 neutropenia

(N = 3), grade 3 anemia (N = 10),
grade 4 thrombocytopenia

(N = 3), grade 3 fatigue (N = 5),
grade 3 diarrhea (N = 8), grade 3
neuropathy (N = 1), all of which
were attributed to chemotherapy

[79]

Pancreas N = 25

Mild KD (patients were encouraged to
avoid high CHO food) in combination

with HBO, hyperthermia and
polychemotherapy administered

during induced hypoglycemia

Duration: mean
follow-up: 25

months

-Adverse events reported: during
treatment period: grade 3/4
neutropenia (N = 9), febrile
neutropenia (N = 1), grade 3

anemia (N = 7), grade 4
thrombocytopenia (N = 4), grade

3 diarrhea (N = 2), all of which
were attributed to chemotherapy

[80]

Brain N = 8 MAD with20g CHO/day restriction 2-24 months: mean-
13 months

-7/8 completed intervention
-Decreased body weight

-Reduction in seizure frequency
per week

[81]
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Table 1. Cont.

Cancer Type(s) Sample Size Dietary Intervention Study Duration Results/Outcomes References

Glioblastoma
multiforme N = 1

Energy-restricted KD with a 4:1 ratio
of calorie intake (fat versus protein

plus carbohydrates)
Total calories calculated 25%

below BMR

4 months -No metabolically active tumor
detected [82]

Glioblastoma
multiforme N = 1

KD with a 4:1 ratio of calorie intake
(fat versus protein plus

carbohydrates), delivered as
calorie-restricted diet, combined with

intermittent fasting, HBOT, other
novel therapies and SOC treatment

20 months

-Good surgical outcome and
regressive changes in

histopathology
-Decreased body weight

[83]

Diverse N = 6

Very low CHO diet (not further
specified) with a multitude of

supplements, including amino acids
and Vitamin D3 combined with

SOC therapy

Varied

-Shrinkage of tumor or stable
disease was reported during the

intervention
-Subjective improvement

reported in some cases

[84]

Head and neck N = 14

KD with as little CHO as possible
(estimated < 50 g per day), combined

with insulin administration
3 × per day

Not specified
Visible remission after 2–3 weeks,

but rebound effect after 2–3
months on the diet

[85]

Extra-cranial N = 30

KD with as little CHO as possible
(estimated < 50 g per day), combined

with insulin administration
3 × per day

Not specified

Tumor shrinkage in some cases
Improvement in general

condition and positive effects on
clinical symptoms

[86]

Exra-cranial N = 23

KD with as little CHO as possible
(estimated < 50 g per day), combined

with insulin administration
3 × per day

Not specified -Reduced pain severity, fatigue
but deteriorated orientation [87]

Pancreatic cancer
Duodenal cancer

Common bile duct
cancer

Ampulla of Vater
cancer

Neuroendocrine
tumor

N = 18

LCKD: Energy content: 1500 kcal/d,
provided 4% from carbohydrate, 16%

from protein and 80% from fat.
Ketogenic ratio of 1.75:1 (F: C + P

w/w)

4 weeks

-Patients were in a poorer
nutrition state after surgery, but

this was alleviated at week 4;
- LCKD induced ketone body

production
-Week 4, there were no significant

differences in ketone levels

[88]

Glioma
N = 13

newly diagnosed= 6
recurrent=7

KD + MCT + Metformin 850
6 weeks (recurrent)

2 weeks (newly
diagnosed)

Increase in survival rate.
Synergistic interaction between

radiation therapy and KD.
[89]

Invasive Rectal N = 359
KD ≥ 40% kcal fat and
<100 g/day glycemic

load (48)
Not specified Reduced risk of

cancer-specific deaths [90]

Glioblastoma N = 32
KD 50% kcal fat, 25% kcal CHO,

1.5 g/kg protein (17),
CD (15)

3 months
No change in glucose

increased ketosis
No change in body weight

[91]

6. Limitations of Current Literature

Overall, the clinical trial literature on the use of KD as an adjunctive cancer ther-
apy in humans has several important limitations that severely undermines our ability to
make causal inferences concerning the effects of KD on cancer. The common theme of
the limitations revolve around heterogeneity. That is, dramatic variations, within and
between trials on many characteristics such as cancer type, time since diagnosis, patient
characteristics (e.g., age, sex, overall health) KD variations, trial duration, study design,
and outcomes assessment makes it impossible to draw conclusions on the effects on KD. In
a sense, having so much variation in the published trials is a worse state-of-affairs than
simply having an absence of trials because of the challenge in trying to draw conclusions
from inconsistent findings, at least partly driven by the vast heterogeneity and varying
methodological quality. Indeed, because of the vast heterogeneity of the human clinical
trial literature, the validity of the published systematic reviews and meta-analytic reviews
is highly questionable. For this reason, although preclinical evidence suggests favorable
effects of KD, the human trials, to date, are equivocal regarding potential beneficial effects
of KD as an adjunctive therapy, let alone as an intervention to impede cancer growth or
improve survival.
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7. Conclusions and Future Directions

Preclinical studies in multiple strains of mice and types of cancer provide extensive
evidence that the KD decreases tumor growth, prolongs survival, and reverses the process
of cancer cachexia [14]. Clinical studies in humans are much more limited and have largely
focused on small pilot or case studies and few clinical trials (see Table 2 for a summary
of the strength of evidence for pre-clinical and human studies). Because of the promising
effects in preclinical rodent models and the limited number of rigorous human clinical
trials, it is clear that studies are needed in preclinical models and humans to understand
the molecular mechanisms of KD and other low-carbohydrate diets in multiple forms of
cancer. The hypothesized benefit of any low carbohydrate or low glycemic index diet
is that the removal of processed foods containing sugar, added sugar, and lowering of
starch-based carbohydrates reduce the amount of insulin required to clear a meal in the
postprandial state. Since humans spend over 2/3 of their time in a postprandial state,
it is logical to move forward under the supposition that lowering insulin could serve
as a strategy to reduce risk of and progression of cancer. Presumably, decreasing the
presentation of glucose by dietary carbohydrate restriction at the cellular and the epigenetic
programming resulting from elevated insulin concentrations would be expected to reduce
tumorigenesis and progression of cancer. In addition, insulin rapidly activates protein
synthesis by activating components of protein translation such as eukaryotic initiation and
elongation factors along with increasing the cellular content of ribosomes to augment the
capacity for protein synthesis.

Table 2. Overview of Strength of Evidence for Beneficial Effects of the Ketogenic Diet for Cancer and
Related Outcomes in Pre-Clinical and Clinical Studies.

Strength of Evidence

Strong Moderate Weak Unknown

Pre-Clinical Studies

Tumor weight X

Antitumor effect/Tumor growth X

Progression-free survival X

Tumor volume X

Overall survival time X

Cells’ responsiveness to therapy X

Body composition X

Clinical Studies as an Adjunctive Therapy

Tumor weight X

Antitumor effect/Tumor growth X

Progression-free survival X

Tumor volume X

Overall survival time X

Cells’ responsiveness to therapy X

Quality of life X

Body composition X

Studies are also needed to examine the effects of KD in multiple forms of cancer to
determine whether the diet provides synergistic or additive benefits as an adjuvant therapy.
Based on the sparse data available, there is reason to predict that KD could serve as an
adjuvant to reduce tumor formation and progression. In addition, it will be important
to examine tolerability of the KD in different types of cancers and treatments. If certain
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forms of cancers and/or treatments reduce palatability to the point where compliance
is lost, then studies will be severely limited in scope and inference as it relates to the
interpretation of findings. Thus, it will be important that future studies clearly define and
test different levels of carbohydrate on low carbohydrate diets to improve the likelihood of
success and to properly evaluate the effects of these diets on cancer risk and progression. It
should be considered that the few studies which have examined the effects of KD on some
forms of cancer and cancer treatment have observed an attenuation of skeletal muscle loss.
While the mechanisms for this response are not entirely clear, preclinical studies from our
group and others suggest that the ketone, beta-hydroxybutyrate (βHB), inhibits histone
deacetylases which have been shown to preserve muscle in aging rodents [92]. These
findings suggest that KD may reduce cancer cachexia and potentially improve functional
capacity and quality of life while undergoing treatment.

Finally, with the commercial availability of exogenous ketone supplements, future
studies are also needed to examine whether these supplements decrease cancer risk or
progression. Little is known about the long-term effects of exogenous ketones in humans,
but ketone esters and salt supplements transiently raise serum ketones, providing utility as
a potential adjuvant treatment. Non-published observations from our group demonstrate
that ketones consumed at or near the postprandial period reduce circulating levels of
ketones and presumably have little effect on circulating insulin concentrations. Therefore,
innovative dietary strategies with, perhaps, KD with ketone supplementation may be
a favored strategy to increase circulating ketones while reducing insulin concentrations.
Studies are needed to determine whether ketone supplements alone are sufficient, and at
what dose and timing, to improve cancer and cancer-related outcomes.

8. Research Recommendations for Moving the Field Forward

Despite the metabolic rationale and relatively promising results in animal models,
human trials testing KD as an adjunctive cancer therapy have been equivocal, indicating
that we have a long way to go before drawing conclusions about the value of this diet. As
noted above, the few human trials conducted thus far are fraught with methodological
limitations, including, but not limited to, small sample sizes of heterogeneous patients
(e.g., different cancer sites, disease durations, age, sex, comorbidities, among others), the
absence of randomization and control groups, use of different and poorly described KD
protocols, poor assessments of dietary adherence, short durations, and poorly defined and
measured outcomes. The lack of high-quality trials, therefore, impedes both our scientific
understanding and efforts to begin to translate a KD intervention into clinical practice.
Without efforts to resolve these methodological limitations, the potential effects of KD
on any cancer-related variables or outcomes will remain unknown. As noted by Romer
and associates, “To form a final judgment about the efficiency of a KD in Oncology, a
randomized controlled trial with a well-designed control group and sufficient power to
also detect evidence for absence of antitumor effects is necessary [16] (p. 33).” Of course, not
only would high-quality trials be required to detect potential antitumor effects but also on
other important variables such as body composition, circulating insulin and inflammatory
marker concentrations, side effects, functional capacity, survival time, and quality of life.

As such, we suggest that the following research recommendations may be useful
in moving us toward a greater understanding of the effects of KD on cancer and related
outcomes in humans (see also Figure 1).
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Figure 1. Sequential Research Recommendations for Investigating the Effects of the Ketogenic Diet
(KD) on Human Cancers.

• Conduct small, rigorous non-randomized trials with homogeneous patient groups and
common cancer sites to assess whether KD produces a “signal” on selected outcomes
(particularly those related to response to standard care (e.g., effectiveness, side effects))
that would justify the conduct of larger, randomized-controlled trials.

• In randomized-controlled trials, provide sufficient detail of the KD and control diets
(ensuring that they are comparable on vitamins, mineral and other nutrients) so they
could be replicated by other investigators.

• Develop a standardized method to monitor and quantify adherence and tolerance to
the KD (e.g., [93]).

• Develop a set of standardized assessments and outcome measures that include the full
array of relevant variables (e.g., imaging of tumor characteristics, body composition,
quality of life, and survival).

• Distinguish trials based on whether they attempt to isolate the unique effects of KD
versus those which seek to estimate its effects as an adjunctive therapy.

• Examine the effects of exogenous ketones, alone and in conjunction with a KD, to
determine whether they have synergistic or additive effects.

• Because it is unlikely that KD will cure cancer, trials should focus on whether KD
reduces cancer progression or recurrence in those who experience remission through
standard care.

Although outside of the scope of this paper, future studies should also address qualita-
tive data and patient perceptions, such as quality of life assessments, that can be conducted
alongside clinical trials.

Overall, the potential efficacy of KD for human cancers has yet to be determined. The
vast heterogeneity of patients studied, in conjunction with the generally poor method-
ological quality of published trials has clouded our ability to estimate KD’s effects on the
range of possible cancer-related outcomes. Until there is investment in providing adequate
funding to conduct high-quality clinical trials, along with consensus and standardization
around “best practices” among investigators, it is hard to see how our understanding of
the effects of KD on cancer will advance.
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Abstract: Dietary intake is understood to contribute to nutrition impact symptoms (NIS) in patients
with head and neck squamous cell carcinoma (HNSCC). The purpose of this study was to evaluate
the performance of four a priori-defined diet quality indices on the presence of NIS 1 year following
diagnosis using data on 323 participants from the University of Michigan Head and Neck Specialized
Program of Research Excellence (UM-SPORE). Pretreatment dietary intake was measured before
treatment initiation using a food frequency questionnaire. NIS were measured along seven subdo-
mains. Multivariable binary logistic regression models were constructed to evaluate relationships
between pretreatment scores on a priori-defined diet quality indices (AHEI-2010, aMED, DASH,
and a low-carbohydrate score) and the presence of individual symptoms in addition to a composite
“symptom summary score” 1-year postdiagnosis. There were several significant associations between
different indices and individual NIS. For the symptom summary score, there were significant inverse
associations observed for aMED (ORQ5-Q1: 0.36, 95% CI: 0.14–0.88, ptrend = 0.04) and DASH (ORQ5-Q1:
0.38, 95% CI: 0.15–0.91, ptrend = 0.02) and the presence of NIS 1-year postdiagnosis. Higher adherence
to the aMED and DASH diet quality indices before treatment may reduce NIS burden at 1-year
postdiagnosis.

Keywords: survivorship; cancer; nutritional epidemiology; nutrition impact symptoms

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) accounts for roughly 4% of all
new cancer diagnoses in the United States [1]. HNSCC is commonly diagnosed in the
oral cavity, oropharynx, hypopharynx, and larynx and is associated with lifetime expo-
sure to tobacco and alcohol consumption and infection with particular strains of human
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papillomavirus (HPV) implicated, generally, in tumors affecting the oropharynx [2,3]. In
addition to symptomatology arising from tumor morphology and location, side effects
that impact food and oral intake due to cancer treatment are also highly prevalent in this
population. Nutrition impact symptoms (NIS), as they are termed, include but are not
limited to dysgeusia, ageusia, xerostomia, pain, dysphagia, dental problems, mucositis,
and trismus [4]. An estimated 90% of HNSCC patients develop acute NIS due to their
cancer treatment [5]. Consequently, this symptom burden may perpetuate significant
physical, emotional, and psychological issues, hampering the overall quality of life (QOL)
and QOL around eating [6,7]. Nonetheless, evidence on chronic NIS following treatment
remains scant. The report by Ganzer et al. found that NIS, including dysphagia, xerosto-
mia, and altered taste, persisted after three years postchemotherapy in a mixed-methods
study of 10 long-term HNSCC survivors [8]. Chronic NIS may pose significant nutritional
consequences, including reduced nutrient intake and impaired nutritional status, which
is noteworthy, given that this population is disproportionately affected by high rates of
cancer cachexia [9,10].

A posited etiologic mechanism for NIS involves inflammation secondary to cancer
treatment and, in particular, treatment with targeted radiation [11]. While previous studies
have provided that consuming a balanced and healthful diet rich in fruits and vegetables
before treatment may abate inflammation and chronic NIS, research has yet to identify
a generalizable dietary pattern that confers protection by mitigating inflammation after
diagnosis and throughout cancer treatment [9]. Using a multivariate approach for char-
acterizing a posteriori dietary patterns, our research team reported associations between
consuming a primarily “prudent” diet, rich in fruits and vegetables, at pretreatment and
reduced symptom burden at 1-year postdiagnosis [9]. Nevertheless, the purpose of the
present analysis was to assess the capacity of a priori-defined diet quality indices to predict
symptom burden 1-year postdiagnosis, which, for many participants, comes after the
initiation and completion of treatment protocols.

A priori diet quality indices are generally used to measure adherence to a set of
dietary recommendations or guidelines, in contrast to a posteriori methods implemented
to characterize eating behaviors from sample dietary data [12]. An advantage that a priori
indices have over their a posteriori counterparts is their generalizability and their facility
for policy adaptation. Moreover, index scores calculated on different study samples are
directly comparable, whereas a posteriori patterns are not, since they characterize a given
sample. In this analysis, we chose to examine the performance of four a priori diet quality
indices reported previously in the scientific literature. The results of this analysis could be
harnessed to tailor dietary recommendations for HNSCC patients to abrogate the incidence
of NIS and would form, to our knowledge, the first study of a priori diet quality indices
and their relationship to NIS in HNSCC following diagnosis and treatment. The study
hypotheses were that higher adherence to each of the a priori diet quality indices examined
corresponds to lower self-reported chronic NIS 1-year postdiagnosis.

2. Materials and Methods

2.1. Study Population

This was a secondary analysis of clinical and dietary data gathered on participants in
the University of Michigan Head and Neck Specialized Program of Research Excellence
(UM-SPORE) cohort. UM-SPORE is a prospective, longitudinal cohort study of newly
diagnosed patients with HNSCC who presented with primary malignancies in the oral
cavity, oropharynx, hypopharynx, or larynx and entered the study before the initiation of
any treatment for primary HNSCC. Recruitment was conducted through the UM Hospital
System and took place between November 2008 through October 2014, whereby newly
diagnosed HNSCC cases were screened and solicited consent for inclusion into the study.
Informed consent was obtained from all subjects involved in the study. Exclusion criteria
for the study are detailed as: (i) age less than 18 years; (ii) being pregnant; (iii) being a
non-English speaker; (iv) having a previously diagnosed mental disorder; (v) previous or
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concomitant diagnosis of a tumor in the non-upper aerodigestive tract; and (vi) previous
diagnosis with another form of primary HNSCC within the last five years. Upon entry,
participants completed a baseline (pretreatment) food frequency questionnaire (FFQ) and
survey questionnaires ascertaining lifestyle and epidemiologic characteristics. Survey mea-
sures included history of other identified comorbid conditions, smoking status, drinking
status, sleep, physical activity, and depression. All baseline (pretreatment) data collection
was conducted before the initiation of any treatment protocol for HNSCC, and partici-
pants were subsequently followed longitudinally. Annual reviews of electronic medical
records were used to extract clinical factors, including cancer stage, site, and treatment
protocol data.

There were 380 participants with baseline and 1-year NIS data, which also had com-
plete baseline/pretreatment FFQ data. Further exclusions included those with missing
body mass index (BMI) data (n = 8) and those missing data on any other covariates used
in the study (n = 3). Subjects reporting caloric intakes of >5000 kcal/d or <500 kcal/d
(n = 5) were excluded on the premise that these levels of intake are likely implausible,
making these observations unreliable, which may bias the final results [13]. Furthermore,
participants with tumors at sites other than the larynx, oropharynx, hypopharynx, or oral
cavity (n = 31), missing full pages of their pretreatment FFQ (n = 9), and having greater
than 70 blank responses on their FFQ (n = 1) were excluded from the analysis [14]. The
final analytic sample comprised 323 participants. All study procedures were executed in
compliance with standards approved by the University of Michigan Institutional Review
Board (IRB approval number, for which consent was granted for obtaining and analyzing
the data, is HUM00042189) and complied with the Helsinki Declaration of 1975.

2.2. Predictors: Pretreatment a Priori Diet Quality Index Scores

Baseline dietary intake data were collected using the self-administered 2007 Harvard
Adult FFQ, a 131-item semiquantitative FFQ formulated to assess the usual intake of select
foods, beverages, and supplements and is used to compute a profile of average nutrient
intake for a given participant [15,16]. This method affords a practical approach for ranking
the participant sample based on relative food and nutrient intake. Participants were asked
to complete the questionnaire based on what they believe their usual intakes for select
foods and beverages were over the past year. This was prompted through inquiries that
accounted for standard portion sizes and frequency (e.g., 2–4 times per week, 1 medium
banana). Nutrient intakes were computed by taking proportional weights corresponding
to the frequency of intake selected for a given food item, multiplying by the nutrient value
for the portion/serving size established on the questionnaire, and then summing across
all foods [15]. Nutrient composition values were estimated using the Harvard nutrient
database.

Four frequently cited a priori-defined diet quality indices were chosen for the analysis.
These included the Dietary Approaches to Stop Hypertension (DASH), the Alternate
Mediterranean Diet Index (aMED), the Alternative Healthy Eating Index-2010 (AHEI-2010),
and a low-carbohydrate diet index. The choice to use these particular indices arose from
their widespread use in the nutritional epidemiology literature and, specifically, within the
context of chronic disease risk and management [17–19]. Nutrient- and item-specific intake
levels were estimated from the administered Harvard FFQ data and used to calculate diet
quality index scores.

The DASH diet has previously been described and is extensively documented as a
treatment protocol in hypertension. This dietary pattern emphasizes fruits, vegetables,
whole grains, low-fat dairy, nuts, and legumes while limiting intakes of red meat, sweets,
and sugar-sweetened beverages [20]. Concerning nutrient intakes, the DASH diet is charac-
terized by reduced intakes of salt (sodium chloride), saturated and total fat, and increased
intake of foods with high mineral (primarily potassium and magnesium) and micronutrient
value. Calculation of the DASH diet scores was adapted to this cohort using the frame-
work described by Fung et al. [21]. The operationalization of this dietary protocol ranks
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participants according to their average intake in 8 select food group components: fruits,
vegetables, nuts/legumes, low-fat dairy products, whole grains, sodium, red and processed
meats, and sugar-sweetened beverages. Scores for each of the first five listed components
were taken as the quintile ranking for a participant for that food group. Component scores
for the latter three components were assigned antagonistically. Individuals scoring within
the highest quintile of intake were given a score of “1”, whereas those residents to the
lowest quintile of intake were given a score of “5”. Summing scores across all components
allowed us to arrive at the final composite score, which had a maximum value of 40.

The aMED diet quality index is based on the operationalization provided by Fung
et al. [18]. The traditional Mediterranean diet pattern has been characterized by high
intakes of fruits, vegetables, breads, cereals, legumes, high-quality fats (primarily olive
oil) [22]. Moderate to low intakes of red meat, fish, low-fat dairy, and alcohol (primarily
wine) also make up intrinsic components. This dietary pattern is further stipulated by
its limiting of foods with a processed origin. Calculation of the aMED score considers
intake levels of 9 components that were obtained from participant FFQ data: vegetables,
legumes, fruits, nuts, whole grains, red or processed meats, fish, alcohol, and the ratio of
monounsaturated/saturated (UFA/SFA) fat intake. Component scores were based on a
participant’s rank relative to the median intake for that component. That is, those with
intakes greater than the median were given a score of “1”, while those falling below the
median were given a score of “0”. For the meat component, falling above the median intake
resulted in a score of “0”, while ranking below the median gave participants a score of
“1”. Alcohol intakes between 5 and 15 g/d were designated a score of “1” for the alcohol
component. The final composite score was computed by summing scores across all of the
9 components, with a maximum score of 9.

The AHEI was developed in 2002 as an alternative to the Healthy Eating Index (HEI),
which operationalized the 1995 iteration of the Dietary Guidelines for Americans, and was
tailored with the intention of being a more robust indicator of chronic disease risk [19].
This diet quality index was subsequently updated in 2010 and emphasized similar food
components to the aforementioned indices with additional foci on trans fat (as a percentage
of total energy intake), polyunsaturated fatty acids (as a percentage of total energy intake),
and n − 3 (EPA + DHA) fatty acid intake. Similar to the calculation of aMED, it awards
points for the moderate consumption of alcohol. Operationalizing the index relies on
mapping intakes for each food category to a scale ranging from 0 to 10. The scoring
algorithm has been previously described by Chiuve et al., and the maximum attainable
score for any given participant is 110 [19].

Finally, a low-carbohydrate index, standing in as a proxy for a ketogenic diet, was
computed as previously described by Halton et al. [23]. Briefly, percentages of energy intake
from each of carbohydrate, fat, and protein were calculated for the study subjects, and they
were subsequently partitioned and ranked according to quantiles of intake for each category.
For the protein and fat categories, scores were allocated congruently with participant rank
(i.e., a rank of “1” was commensurate to a score of “1”). For the carbohydrate score, scores
were allocated antagonistically (i.e., a rank of 10 resulted in a score of “0”). A theoretical
maximum score of 30 was attainable for this index.

2.3. Covariates

Sociodemographic covariates included age (modeled continuously), sex (modeled
dichotomously), and education status (coded as less than or equal to high school or some
college or more). Behavioral characteristics included in our models consisted of smoking
status (modeled categorically as never, former, or current). The clinical variables were
BMI (modeled dichotomously as <25—normal or underweight—or ≥25—overweight or
obese), tumor HPV infection status (modeled as positive, negative, or equivocal/missing
test), cancer stage (modeled dichotomously as 0, I, II or III, IV), and tumor site (modeled
categorically as larynx, oral cavity, oropharynx, or hypopharynx). All models examining
1-year NIS variables as their outcome were adjusted for their baseline categorical groupings,
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derived from their corresponding scale values at baseline (groups were dichotomized as
outlined below). Lastly, all models adjusted for total energy intake by including total
calories (kcal) as a continuous variable. Treatment modality, sex, and drinking status were
given a priori consideration for inclusion but were omitted given that they previously
were shown to be highly correlated with other covariates among this patient cohort [24].
Nonetheless, subanalyses included examining associations amongst the different treatment
levels to account for any varying effects of particular treatment protocols on NIS, as detailed
below.

2.4. Outcomes: NIS at 1-Year Postdiagnosis

Six levels of NIS (trismus, xerostomia, dysphagia with liquids, dysphagia with solid
foods, difficulty chewing, and taste perception) were assessed and quantified using the
UM Head and Neck Quality of Life (QOL) Questionnaire developed and validated for use
in this patient population by Terrell et al. [25]. This 37-item survey evaluates the landscape
of HNSCC patient QOL by emphasizing four meaningful domains: communication, eating,
emotion, and pain. Six items encompassing the eating subdomain were used to measure
the aforementioned outcome variables, and available responses were provided on a discrete
5-point scale from “not at all bothered” (given a numerical score of “1”) to “extremely
bothered” (indicating a score of “5”). An additional item, assessing the burning pain
and discomfort that characterizes mucositis, was included and extracted from the pain
domain of the questionnaire. Mucositis has been shown to impact dietary intake and thus
was included in the analysis for this reason [9,26]. Responses to each of these individual
items were dichotomized into categories “not at all bothered” and “slightly to extremely
bothered”, as was previously done by members of our research team [27]. A composite
symptom summary measure using 1-year NIS data was developed by taking the sum of
participant responses across these seven items. A maximum value of 35 was attainable
on this index, representing the most severe symptom burden. Subsequently, participants
were dichotomized into groups based on a median-split, with NIS symptom summary
score <12 defined as a low-symptom burden and scores ≥ 12 defining those experiencing
a high-symptom burden. This threshold value was chosen and based on a previous
operationalization of this scale [27].

2.5. Statistical Analysis

Descriptive analyses were performed, examining frequencies and means across de-
mographic, behavioral, and clinical factors. The mean 1-year NIS summary score was
evaluated across relevant epidemiologic characteristics and tabulated. One-way analysis
of variance (ANOVA) was used to assess for significant differences in mean 1-year NIS
summary scores across levels of the characteristics examined. Tukey’s post-hoc mean
separation test was implemented to partition significantly different groups within the
different characteristics examined. Bivariate relationships were evaluated with Pearson
correlation coefficients computed amongst the four a priori diet quality indices chosen for
the analysis.

Continuous and discrete scores from the four a priori diet quality indices were catego-
rized by quintiles. Multivariable binary logistic regression models were fit to evaluate the
associations between each a priori diet quality index score and the relevant outcomes. In
total, there were eight models constructed for each diet quality index score: (i) a separate
model for each of the seven symptoms introduced above and (ii) a model examining the
dichotomized 1-year NIS summary score rank as the outcome of interest. All primary
analytical models adjusted for participant age, smoking status, BMI category, total calories,
educational status, HPV status, cancer stage, tumor site, and the corresponding symptom
score group at baseline. All analyses used the lowest quintile (Q1) of intake as the referent
group. Odds ratios (OR) and their 95% confidence intervals were computed and tabulated.
Tests for linear trend were assessed by assigning the median value of a participant’s cor-
responding quintile and modeling that term as a continuous variable. To assess whether
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single food group or nutrient categories (measured as either servings per day or total mass
in grams) would be able to recapitulate results from models using the composite indices,
sixteen additional models were fit, using quintiles of intake for different categories of foods
and nutrients that, together, make up the components of the calculated indices.

Stratified analyses (for the outcome of 1-year NIS symptom summary score) were
conducted and examined the tested associations across strata for baseline BMI, smoking
status, cancer stage, education, tumor site, and treatment modality (radiation versus no
radiation used). Stratified models used a truncated set of covariates (age, smoking status,
stage, total calories, and HPV status) to ensure adequate model fit and preserve statistical
power with the smaller subsets. A sensitivity analysis, used to evaluate for the potential
of reverse causality explaining our results, was conducted, where models were fitted
separately on subjects reporting no symptoms at study entry/pretreatment (n = 72) and
those with at least some degree of symptomatology at study entry (n = 251). Furthermore,
restricted cubic spline models were fit to visually ascertain the observed relationships,
examine linearity, and assess dose-dependence between each dietary predictor and the
odds of 1-year NIS summary score ≥12. These models used four interior knots, set at the
scores corresponding to quintiles of the respective diet quality index. The median of the
lowest quintile of intake for each diet quality index was used as the referent value when
computing odds ratios from these models. All analyses were conducted at α = 0.05 and
performed in RStudio version 1.4.

3. Results

3.1. Sample Characteristics

Table 1 provides descriptive statistics and means for the analytic cohort. The average
age of the analyzed sample was 60.4 years. Generally, age was larger in the highest
quintile of intake relative to the lowest for each of the four diet quality indices examined.
This cohort contained a majority of males (n = 254; 78.6%). There tended to be a higher
proportion of females within the highest quintile of the diet quality indices compared to
the lowest quintile. Of note, most participants identified as non-Hispanic white (n = 310;
96.9%). BMI was variable across the different indices, and it had no clear relationship with
quintiles of the diet quality indices. Regarding the behavioral variables, proportions of
current smokers tended to be higher within the lowest quintile of the examined indices
and were most pronounced for AHEI-2010 and DASH, whereas former and never smoker
proportions were higher in the highest quintiles of the aMED, AHEI-2010, and DASH
indices. Drinking status across quintiles of the indices also suggested higher proportions of
current consumption within the lowest quintile compared to the highest (this was true for
all indices but most pronounced for aMED and DASH). The differences seen in HPV status
across quintiles of those indices appeared to follow the patterns in smoking status, to an
extent except for the low-carbohydrate index. There were no other appreciable differences
in distributions of participant characteristics.
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3.2. NIS Symptom Summary Scores and Potential Confounders

Concerning the 1-year NIS symptom summary score, the primary analytical outcome,
individuals with lower educational background (≤high school completed) tended to have
a significantly, albeit slightly, higher symptom burden score (p < 0.01). A significant associ-
ation within tumor site was also identified (p < 0.01). More pronounced symptomatology
was reported in participants with oropharynx vs larynx tumors. Subjects classified with
stage III or IV tumors had significantly higher NIS symptom scores than those with tu-
mors staged 0, I, or II (p < 0.01). Additionally, several significant differences in symptom
scores were noted across treatment classes (p < 0.01). All of these described differences are
documented in Table 2.

Table 2. Mean 1-year NIS summary score across select demographic, clinical, and behavioral charac-
teristics (n = 323).

Characteristic n Mean NIS Summary
Score (SD)

p a

Age (y)

≥60 169 13.6 (6.0) 0.09
<60 154 14.7 (6.2)

Sex

Male 254 13.9 (5.8) 0.18
Female 69 15 (7.2)

Education

High school or less 91 15.8 (6.4) <0.01 **
Some college or more 232 13.5 (5.9)

Race

Non-Hispanic white 310 14.2 (6.2) 0.72
Other 7 13.9 (6.4)

Unknown 3 13 (4.6)

BMI (kg/m2)

Underweight and normal weight (<25) 101 15 (6.6) 0.08
Overweight and obese (≥25) 222 13.7 (5.9)

Site

Larynx 66 12.4 (5.7)† <0.01 **
Oral cavity 96 13.8 (6.5)

Oropharynx 157 15.1 (6.0) †

Hypopharynx 4 13.2 (3.8)

Stage

0, I, II 104 11.9 (5.7) <0.01 **
III, IV 219 15.2 (6.0)

HPV Status

HPV negative 92 14.4 (6.5) 0.44
HPV positive 71 14.5 (5.9)

Unknown 160 13.8 (6.0)

Treatment

Surgery only 74 11 (5.2) †‡¥ <0.0001 **
Surgery + adjuvant radiation 50 16.3 (6.7) †ψ

Radiation only 27 11.2 (4.5) ψξω

Chemotherapy + radiation 155 15.1 (5.7) ‡ξ

Chemotherapy only 7 21 (8.0) ¥ω

Palliative or unknown 10 15.3 (5.4)
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Table 2. Cont.

Characteristic n Mean NIS Summary
Score (SD)

p a

Smoking Status

Current 106 15.3 (6.5) 0.58
Former 118 13.8 (6.0)
Never 99 13.3 (5.7)

Drinking Status

Current 230 13.8 (5.9) 0.10

Former 71 15.3 (6.1)
Never 22 13.7 (7.8)

a p-value from ANOVA, modeling 1-year NIS summary score by indicated levels of characteristics; ** p < 0.01; In
groups with >2 groups, means sharing a superscript (†, ‡, ψ, ξ, ω, or, ¥) in common are significantly different
from one another.

3.3. Diet Quality Scores

Summary statistics for each of the diet quality indices examined and results of the
correlational analysis are found in Table 3 and Table S1, respectively. Median scores for
the AHEI-2010, aMED, DASH, and the low-carbohydrate index with the analyzed sample
were 58.54 (Min: 22.85, Max: 89.14), 4 (Min: 0, Max: 9), 24 (Min: 10, Max: 37), and 15 (Min:
0, Max: 30), respectively, and were generally commensurate to the estimated sample means.
aMED, DASH, and AHEI-2010 scores all shared Pearson correlation coefficients suggestive
of moderately strong and positive relationships. aMED and DASH scores were weakly and
inversely correlated with the low-carbohydrate score, while the AHEI-2010 shared a weak,
positive correlation with the low-carbohydrate index.

Table 3. Summary statistics for the diet quality index scores within this sample.

Index Mean (SD) Median Minimum Maximum Theoretical (Max, Min)

AHEI-2010 57.99 (58) 58.54 22.85 89.14 (0, 110)

aMED 4.08 (58) 4 0 9 (0, 9)

DASH 23.98 (58) 24 10 37 (8, 40)

Low-Carbohydrate 14.98 (58) 15 0 30 (0, 30)

AHEI-2010: the Alternative Healthy Eating Index-2010; aMED: the Alternate Mediterranean Diet Index; DASH: the Dietary Approaches to
Stop Hypertension.

3.4. NIS Symptom Burden 1-Year Postdiagnosis

We evaluated the associations between consumption along a priori diet quality scores,
derived from FFQs, using multivariable binary logistic regression. These results are refer-
enced from Table 4. When examining the associations between baseline aMED diet quality
index scores and responses to the seven NIS symptom scales at 1-year postdiagnosis, it was
found that higher consumption along this index was strongly and inversely associated with
dysphagia of liquids and, to a lesser extent, with dysphagia of solids, difficulty chewing,
xerostomia, and mucositis. A strong and significant inverse relationship with the NIS 1-year
symptom summary score was also observed (ORQ5-Q1: 0.36, 95% CI: 0.14–0.88, ptrend = 0.04).
Closer adherence to the DASH protocol was significantly inversely associated with all 1-year
symptom scales besides trismus, mucositis, and dysphagia solids. However, the parameter
estimates in all of these models for each of quintiles 2–5 were suggestive of a protective
association that failed to meet the threshold for statistical significance. The strongest in-
verse relationship was that with xerostomia (ORQ5-Q1: 0.27, 95% CI: 0.08–0.85, ptrend = 0.04).
Higher consumption along the DASH index was also potently and significantly inversely as-
sociated with the 1-year NIS summary score (ORQ5-Q1: 0.38, 95% CI: 0.15–0.91, ptrend = 0.02).
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Associations along the AHEI-2010 index were more modest, with the strongest inverse
association seen in xerostomia (ORQ5-Q1: 0.42, 95% CI: 0.14–1.21, ptrend = 0.04). There was
no significant linear trend observed between consumption along AHEI-2010 and the 1-year
symptom summary score, though the parameter estimate for the highest quintile of intake
suggested a nonsignificant inverse association with a blunted effect estimate relative to the
aMED and DASH indices. No significant inverse associations were noted between higher
consumption along the low-carbohydrate index and any of the eight outcomes examined.
Notably, there was a positive association between higher pretreatment consumption of
the low-carbohydrate index and the odds of experiencing dysphagia with liquids at the
1-year mark (ORQ5-Q1: 2.47, 95% CI: 1.06-5.91, ptrend = 0.19). Most of the parameter esti-
mates for the highest quintile of intake in the models considering individual symptoms as
outcomes and low-carbohydrate diet score as the explanatory variable were greater than 1
except for trismus, taste, and mucositis. Though failing to meet the threshold for statistical
significance, the parameter estimates for each of the second, third, and fifth quintiles of
the low-carbohydrate index were all suggestive of a positive association with the 1-year
NIS symptom summary score. The results of the set of restricted cubic splines analyses,
modeling each diet quality index as a continuous variable and subsequently mapping index
scores to their respective odds ratios from spline estimates, are visualized in Figure 1.

Table 4. Multivariable a ORs and 95% CI for association between quintiles of select diet quality index scores with being
slightly to extremely bothered by at 1-year postdiagnosis (adjusted for baseline symptom levels) (n = 323).

Index/Symptom Q1 Q2 Q3 Q4 Q5 ptrend pQ5-Q1

AHEI-2010 n = 65 n = 65 n = 64 n = 65 n = 64

Trismus 1.00 0.90
(0.39–2.06)

0.93
(0.41–2.11)

0.51
(0.21–1.17)

0.65
(0.28–1.54) 0.16 0.33

Xerostomia 1.00 1.07
(0.37–3.04)

0.95
(0.32–2.76)

0.50
(0.17–1.38)

0.42
(0.14–1.21) 0.04 * 0.11

Difficulty chewing 1.00 0.93
(0.40–2.18)

0.86
(0.36–2.01)

0.38
(0.16–0.88) *

0.55
(0.24–1.26) 0.03 * 0.16

Dysphagia liquids 1.00 0.59
(0.26–1.32)

0.58
(0.26–1.28)

0.48
(0.21–1.09)

0.47
(0.19–1.09) 0.07 0.08

Dysphagia solids 1.00 0.77
(0.34–1.77)

0.77
(0.34–1.76)

0.44
(0.19–0.99) *

0.65
(0.28–1.50) 0.15 0.32

Taste 1.00 0.76
(0.31–1.87)

1.03
(0.41–2.63)

0.40
(0.16–0.96) *

0.49
(0.20–1.20) 0.04 * 0.12

Mucositis 1.00 1.45
(0.67–3.16)

1.19
(0.55–2.58)

0.64
(0.30–1.39)

0.81
(0.37–1.78) 0.18 0.61

NIS summary score b 1.00 0.85
(0.37–1.93)

0.89
(0.39–2.03)

0.44
(0.20–0.99) *

0.65
(0.28–1.49) 0.12 0.31

aMED n = 76 n = 55 n = 112 n = 34 n = 46

Trismus 1.00 0.76
(0.33–1.72)

0.69
(0.34–1.39)

0.30
(0.09–0.85) *

0.84
(0.34–2.07) 0.27 0.71

Xerostomia 1.00 0.69
(0.26–1.85)

0.58
(0.24–1.39)

0.28
(0.08–0.95) *

0.30
(0.10–0.92) * 0.01 * 0.04 *

Difficulty chewing 1.00 0.71
(0.31–1.65)

0.58
(0.28–1.18)

0.29
(0.11–0.76) *

0.32
(0.13–0.79) * <0.01 ** 0.01 *

Dysphagia liquids 1.00 0.40
(0.18–0.88) *

0.37
(0.18–0.73) **

0.44
(0.17–1.13)

0.13
(0.04–0.38) ** <0.01 ** <0.01 **

Dysphagia solids 1.00 0.27
(0.11–0.61) **

0.40
(0.19–0.81) *

0.21
(0.07–0.56) **

0.34
(0.13–0.84) * 0.02 * 0.02 *

Taste 1.00 0.44
(0.18–1.07)

0.30
(0.14–0.65) **

0.57
(0.20–1.64)

0.64
(0.24–1.72) 0.60 0.37

Mucositis 1.00 0.69
(0.32–1.47)

0.82
(0.42–1.56)

1.23
(0.50–3.04)

0.39
(0.16–0.91) * 0.18 0.03 *

NIS summary score b 1.00 0.36
(0.16–0.81) *

0.35
(0.17–0.72) **

0.33
(0.12–0.86) *

0.36
(0.14–0.88) * 0.04 * 0.03 *
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Table 4. Cont.

Index/Symptom Q1 Q2 Q3 Q4 Q5 ptrend pQ5-Q1

DASH n = 65 n = 83 n = 76 n = 40 n = 59

Trismus 1.00 0.62
(0.28–1.36)

0.56
(0.25–1.24)

0.50
(0.18–1.33)

0.81
(0.34–1.93) 0.48 0.63

Xerostomia 1.00 0.34
(0.12–0.92) *

0.66
(0.23–1.89)

0.27
(0.08–0.86) *

0.27
(0.08–0.85) * 0.04 * 0.03 *

Difficulty chewing 1.00 0.48
(0.21–1.07)

0.40
(0.17–0.89) *

0.50
(0.18–1.33)

0.39
(0.16–0.95) * 0.06 0.04 *

Dysphagia liquids 1.00 0.48
(0.22–1.03)

0.51
(0.23–1.10)

0.49
(0.19–1.25)

0.37
(0.15–0.90) * 0.04 * 0.03 *

Dysphagia solids 1.00 0.46
(0.21–1.01)

0.43
(0.19–0.95) *

0.45
(0.17–1.18)

0.54
(0.22–1.28) 0.19 0.17

Taste 1.00 0.39
(0.15–0.93) *

0.29
(0.11–0.71) **

0.16
(0.05–0.44) **

0.50
(0.18–1.37) 0.04 * 0.18

Mucositis 1.00 0.84
(0.41–1.74)

0.54
(0.26–1.14)

0.61
(0.24–1.48)

0.61
(0.27–1.37) 0.12 0.23

NIS summary score b 1.00 0.50
(0.22–1.11)

0.31
(0.13–0.68) **

0.35
(0.13–0.92) *

0.38
(0.15–0.91) * 0.02 * 0.03 *

Low-Carbohydrate n = 68 n = 69 n = 72 n = 57 n = 57

Trismus 1.00 1.13
(0.52–2.46)

1.12
(0.51–2.46)

0.60
(0.25–1.41)

0.68
(0.29–1.59) 0.20 0.37

Xerostomia 1.00 2.64
(0.94–7.68)

0.69
(0.26–1.81)

1.57
(0.54–4.69)

1.35
(0.47–3.93) 0.94 0.58

Difficulty chewing 1.00 0.87
(0.40–1.91)

1.17
(0.54–2.55)

0.43
(0.18–0.97) *

1.22
(0.53–2.84) 0.85 0.65

Dysphagia liquids 1.00 2.03
(0.89–4.72)

1.37
(0.60–3.19)

0.92
(0.37–2.26)

2.47
(1.06–5.91) * 0.19 0.04 *

Dysphagia solids 1.00 1.37
(0.63–2.98)

1.21
(0.56–2.65)

0.87
(0.39–1.96)

1.25
(0.55–2.83) 0.90 0.60

Taste 1.00 0.71
(0.30–1.66)

0.58
(0.25–1.33)

0.47
(0.19–1.16)

0.59
(0.24–1.42) 0.15 0.24

Mucositis 1.00 0.75
(0.36–1.57)

0.68
(0.33–1.40)

0.65
(0.30–1.39)

0.87
(0.40–1.89) 0.59 0.72

NIS summary score b 1.00 1.66
(0.77–3.65)

1.24
(0.58–2.65)

0.80
(0.36–1.77)

1.25
(0.56–2.80) 0.92 0.59

a Adjusted for age, tumor site, BMI, education status, cancer stage, smoking status, HPV status, BMI, total calories, and corresponding
baseline symptom score; b Outcome modeled was NIS symptom summary score (generated by taking a subject’s sum of their individual NIS
scores) ≥12 1-year postdiagnosis; * p < 0.05; ** p < 0.01; All evaluated NIS were measured using a discrete scale from “1” (indicating “not at
all bothered”) to “5” (indicating “extremely bothered”) and dichotomized as “not at all bothered” and “slightly to extremely bothered”.

Table 5. Multivariable a ORs and 95% CI for association between quintiles of select food groups and nutrient categories
with NIS symptom summary score ≥12 1-year postdiagnosis (n = 323).

Food Group Q1 Q2 Q3 Q4 Q5 ptrend pQ5-Q1

Legumes (servings/d) 1.00 0.87
(0.44–1.72)

0.79
(0.34–1.81)

0.83
(0.38–1.83)

0.69
(0.33–1.43) 0.34 0.32

Nuts (servings/d) 1.00 0.68
(0.31–1.46)

0.56
(0.25–1.23)

0.61
(0.28–1.32)

0.33
(0.15–0.72) ** 0.01 * 0.01 **

Whole Grains (g/d) 1.00 0.80
(0.36–1.74)

0.73
(0.33–1.58)

0.61
(0.27–1.37)

0.61
(0.25–1.44) 0.24 0.26

Alcohol (g/d) 1.00 0.75
(0.34–1.62)

0.50
(0.23–1.06)

0.90
(0.42–1.92)

1.13
(0.52–2.48) 0.24 0.75

Red and Processed Meats
(servings/d) 1.00 1.94

(0.91–4.18)
1.58

(0.75–3.32)
1.87

(0.83–4.27)
1.48

(0.63–3.47) 0.54 0.37

Total Fruit (servings/d) 1.00 0.53
(0.23–1.19)

0.27
(0.12–0.59) **

0.41
(0.18–0.91) *

0.32
(0.14–0.74) ** 0.03 * 0.01 **
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Table 5. Cont.

Food Group Q1 Q2 Q3 Q4 Q5 ptrend pQ5-Q1

Total Vegetables
(servings/d) 1.00 1.65

(0.76–3.67)
1.41

(0.66–3.02)
0.90

(0.42–1.95)
1.32

(0.59–2.98) 0.95 0.50

UFA/SFA Ratio 1.00 1.16
(0.53–2.55)

0.63
(0.29–1.35)

0.86
(0.39–1.87)

0.66
(0.30–1.44) 0.22 0.29

Sugar-Sweetened Beverages
(servings/d) 1.00 1.33

(0.60–2.92)
0.95

(0.44–2.04)
0.92

(0.42–2.03)
0.54

(0.23–1.24) 0.05 * 0.15

Total Low-Fat Dairy
(servings/d) 1.00 0.81

(0.37–1.78)
0.62

(0.29–1.31)
0.65

(0.29–1.43)
0.59

(0.27–1.28) 0.27 0.18

Total Sodium (mg/d) 1.00 0.79
(0.35–1.73)

0.99
(0.41–2.39)

1.11
(0.41–3.03)

0.65
(0.17–2.38) 0.67 0.51

n-3 Fatty Acids (g/d) 1.00 1.05
(0.48–2.29)

0.93
(0.43–2.01)

0.75
(0.35–1.59)

0.51
(0.23–1.09) 0.04 * 0.08

Trans Fat (% of total kcal) 1.00 0.46
(0.21–0.99) *

0.68
(0.31–1.47)

0.77
(0.35–1.68)

1.10
(0.49–2.48) 0.50 0.82

Total Carbohydrate (g/d) 1.00 1.18
(0.52–2.70)

1.24
(0.49–3.15)

1.45
(0.48–4.41)

0.96
(0.22–4.24) 0.98 0.96

Total Protein (g/d) 1.00 1.09
(0.47–2.50)

0.94
(0.38–2.31)

0.90
(0.32–2.57)

0.47
(0.13–1.74) 0.19 0.26

Total Fat (g/d) 1.00 0.96
(0.42–2.19)

1.21
(0.50–2.95)

1.03
(0.36–2.94)

0.72
(0.18–2.88) 0.70 0.65

a Adjusted for age, tumor site, BMI, education status, cancer stage, smoking status, HPV status, total calories, and baseline NIS symptom
summary score; * p < 0.05; ** p < 0.01.

 

Figure 1. Dose–response relationship between each dietary index, modeled as a continuous variable, and NIS symptom
summary score ≥12 1-year postdiagnosis. All multivariable models were adjusted for the same set of covariates in Table 5.
Restricted cubic splines models were fit to mappings of each of the observations, according to their (A) AHEI-2010, (B) aMED,
(C) DASH, or (D) low-carbohydrate index scores, to their respective odds. The odds corresponding to the median intake
level for each dietary index were set as referents. Dashed lines indicate 95% confidence bounds. The dotted line indicates
OR = 1, which was included for reference.
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3.5. Analyses Using Single Nutrient Explanatory Variables

Modeling nutrient categories or food groups in place of the diet quality indices
resulted in an abundance of non-significant figures (Table 5). There were a few notable
exceptions. Total fruit consumption was strongly and inversely associated with the 1-year
NIS summary score. Moreover, total nut consumption saw a very similar magnitude
of association compared to fruit intake as the explanatory variable. A weaker inverse
association was found for a model considering total n-3 fatty acid intake.

3.6. Subgroup and Sensitivity Analyses

Stratified analyses revealed disparities in several reported associations between diet
quality and 1-year NIS symptom summary score among levels of BMI, smoking status,
cancer stage, HPV status, education attained, tumor site, and treatment modality. The
results of this analysis are found in Table S2. There were few marked distinctions in the
magnitude of associations compared to the results from primary analytical models. Those
reporting lower educational status had significantly stronger magnitudes of association
relative to those in higher education levels for the AHEI-2010, aMED, and DASH indices.
Remarkably, the effect sizes in all tumor site levels were commensurate with the estimates
from the overall model except for the association of the DASH index with 1-year NIS in the
larynx subgroup (note that hypopharynx was omitted from this part of the analysis due to
small sample size, n = 4). When examining levels of stage, the directionality and magnitude
of the associations observed from the primary models were similar to those seen in either
of the binary categories of stage, and the same can be said for the levels of HPV status
examined. In consideration of participant treatment protocol, when evaluating models on
participants who either received some form of radiation or those who did not, effect sizes
for all indices were similar, and no substantial differences were appreciated. Finally, when
models examining the relationships of baseline dietary indices on NIS 1-year postdiagnosis
were fit on a sample subset of individuals entering the study without any symptoms at
baseline, it was found that the parameter estimates were generally consistent with those
from the primary analytical models including all sample subjects (Table S3). Again, the
strongest inverse associations within this subset were found in the higher quantiles of the
DASH and aMED pretreatment index indices. In the case of the DASH index, these findings
suggest a 76% reduction in the odds of significant NIS symptoms 1-year postdiagnosis
for those entering the study without significant symptomatology and adhering closest
to the DASH index compared to those also entering the study with no NIS but with the
poorest adherence to the DASH protocol at study entry. The results were similar in those
presenting with NIS at study entry, and this analysis was performed to evaluate for the
possibility of reverse causation, whereby NIS present at pretreatment may have affected
dietary adherence to the indices and, thus, distorted the relationship between explanatory
variables and the outcomes in this analysis.

4. Discussion

We evaluated associations between four a priori-defined diet quality indices and
found that greater adherence to the aMED and DASH dietary protocols during the year
before treatment were each associated with diminished risks of experiencing self-reported
NIS 1-year postdiagnosis. When analyzing individual NIS separately, it was found that
several NIS were inversely associated with closer adherence to these indices. Overall, the
aMED and DASH indices exhibited the most robust sets and the most numerous inverse
associations when examining individual and overall NIS. The highest adherence category
in each of the aMED and DASH indices exhibited a 64% and 62% reduction, respectively,
in the odds of experiencing significant NIS burden at 1-year postdiagnosis relative to the
lowest quintile of intake. These associations were followed in magnitude and significance
by, to an even lesser extent, the AHEI-2010 index. In contrast, adhering to a ketogenic style,
low-carbohydrate pattern was not associated with mitigations in self-reported NIS at the
1-year time point either when examining the NIS summary score or when analyzing any
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individual NIS. It was apparent that there may potentially be a detrimental influence of this
low-carbohydrate diet quality index on symptom burden within the HNSCC population.
However, these findings would need to be replicated and investigated further in clinical
settings before these conclusions are ascertained.

When stratifying results by relevant participant characteristics reported at baseline,
we found those significant associations were more pronounced in subjects with higher
self-reported attained education status. Nevertheless, it should be acknowledged that
participants in the group reporting greater attained education status (some college or more)
had higher mean scores on all indices examined (results not shown). It is conceivable to
hypothesize that participants in the lower education level were more likely to benefit from
closer adherence to these indices, given potentially lower overall adherence. Reported
associations for subjects who received radiation as part of their treatment protocol did not
appear to diverge appreciably from those who did not receive radiation in their treatment
regimen. This observed phenomenon appears to be somewhat inconsistent with reports in
the literature of radiation-induced dysphagia and impaired swallowing function [12,28].
Notably, no single food groups, nutrients, or nutrient categories, other than total fruit
and nut intakes, demonstrated associations as or more potent as those reported for the
aMED or DASH indices. This highlights the ability of a priori diet quality indices to
act as multidimensional factors that capture synergisms between food components and
consequently significant associations that would otherwise go undetected in single nutrient
or food group analyses.

We previously reported the associations between two a posteriori-derived dietary
patterns and the same outcomes studied herein [27]. To our knowledge, this is the first
study examining the relationships between the four chosen a priori-defined diet quality
indices and those outcomes in the head and neck cancer patient population. Whereas
empirically derived a posteriori dietary patterns, computed through methods such as prin-
cipal components analysis or reduced rank regression, are patterns that are specific to and
describe the populations under scrutiny, a priori-defined composites are routinely based
on sets of predefined or established guidelines, thus underscoring the practicality of these
dietary patterns across different populations. Consequently, identifying a priori indices
that are particularly applicable and beneficial, in a population-specific manner, facilitates
public health messaging and subsequent adoption of those protocols for given populations.
The shrewdness of a priori or a posteriori indices has been extolled for its ability to more
accurately model the complexity of diet as an epidemiologic or clinical exposure in human
studies [29]. There are correlations or interactions amongst nutrients or foods that either
blunt or bolster certain associations. Indeed, we observed this phenomenon in our study
by modeling each nutrient or food category individually and finding that nutrients or food
groups alone did not yield the degree of associations that were, instead, capitulated by
modeling each diet quality indices. This analysis identified the aMED index as the most
robust indicator of baseline diet quality that predicted reduced symptomatology 1 year
following diagnosis. This performance was followed by that of the DASH index with very
similar results.

The DASH diet was developed and demonstrated in 1997 as a dietary intervention for
curbing hypertension-related sequelae [30]. Since its inception, the diet has been validated
in numerous capacities and has drawn noteworthy recognition, being a focal point of
national guidelines, particularly intended for those with hypertension [31]. Nonetheless,
the tenets of the diet are typically in line with what many consider to be a “healthy” diet
not only for hypertension, but for overall well-being and longevity. A Mediterranean
diet is among the most frequently cited dietary patterns in the literature on longevity
and chronic illness [32]. Though the guidelines for adhering to this regimen remain, in
some respects, arcane and ambiguous, the principal emphasis of this pattern lies in the
consumption of foods primarily of plant-based origin, olive oil as the chief lipid source,
with minimal amounts of animal-derived foods and products [33]. Several methods of
quantifying the eating patterns of populations inhabiting the Mediterranean Sea regions
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have been reported in the literature, and the aMED index represents one iteration. In many
respects, DASH and aMED are similar, especially regarding how scores of adherence were
tallied in this analysis. Both indices positively reward the consumption of fruits, vegetables,
nuts, and legumes and castigate the consumption of red and processed meats. However,
there are some notable differences. The DASH index includes additional components
for low-fat dairy and sodium consumptions while not including components for fish and
alcohol intake and a score for the ratio of fat sources in the diet like the aMED index stresses.
In our study, food group subanalyses were not strongly associated with the outcome of NIS
burden 1-year postdiagnosis. There was a nonsignificant downward trend in NIS burden
across quintiles of low dairy intake. However, other food groups that differ across the
indices, such as alcohol intake and sodium, were not predictive of the study’s primary
analytical outcome. Again, this lack of association may relate to the relative advantage of
using dietary patterns over single food groups. However, we posit that the difference in
index algorithms is likely at play when the disparities between the performance of each of
these indices are appreciated.

Alcohol intake is a known independent risk factor for incident HNSCCs, a family of
cancers with strong ties to environmental etiologies, particularly in those cases lacking HPV
seropositivity [34,35]. There have been few findings reported in how alcohol consumption
impacts NIS for HNSCC cases with continuing alcohol use. Nevertheless, considering
the findings that the aMED performed best amongst all indices examined and had an
alcohol component appears to be somewhat consistent with those results reported by
Potash et al. In their study of 283 HNSCC patients at 1-year postdiagnosis, it was reported
that current “social drinkers” had the highest proportion of oral eating function compared
to all other groups [36]. However, those labeled as “problem drinkers” were found to
have compromised oral function compared to the social-drinking group. We can postulate
variability in index performance is due to differences in the way alcohol consumption
is rewarded. However, given the equivocal nature of the current evidence to back this
conjecture, we propose that more research is warranted for delineating the effects of
continued alcohol consumption, postdiagnosis, on HNSCC symptom burden. Further,
it should also be noted that subject classification according to AHEI-2010 is based on
absolute values of intake, whereas aMED and DASH are based on quantiles of intake
within the analyzed sample, which reduces the risk of bias due to misclassification. The
use of a method based on quantile classifications, rather than absolute values of intake, is
substantiated by the fact that FFQ data, which was employed in this analysis, typically
underperforms when the aim is to quantify absolute values of intake accurately but remains
a viable method for ranking or distinguishing study subjects based on relative intake [14].

The potential beneficial effects imparted by higher adherence to either aMED or
DASH indices are presumably mediated by the high consumption of plant-based foods,
providing a food matrix that is ubiquitously filled with anti-inflammatory nutrients and
phytochemical components. The consumption of these foods at baseline is plausibly linked
to blunted symptomatology 1-year postdiagnosis by way of quenched reactive oxygen
species (ROS) that may, otherwise, perpetuate NIS. Mechanistically, the selective and
antagonistic effects of phytochemical agents and other dietary bioactive compounds on
HNSCC in preclinical study designs have been previously described [37,38]. Moreover,
results from a set of randomized control trials investigating the effects of α-tocopherol
and β-carotene on radiation-induced toxicities in HNSCC patients suggested a potential
therapeutic role of foods rich in those nutrients for mitigating NIS [39,40]. This hypothesis
may be further substantiated by the results of analyses considering the low-carbohydrate
index as the primary predictor, which was void of any significant association suggestive of
a protective effect. Given that this index is composed of nutrient components rather than
food groups, it is difficult to ascertain what types of foods contribute to higher adherence
scores. Yet, it is valid to assume that the foods highest in fat and protein and lowest
in dietary carbohydrates are those of animal origin, which include red and processed
meats. Indeed, it was found in bivariate analyses (results not shown here) that total red
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and processed meat intake was positively correlated with the low-carbohydrate index
(r = 0.28, p < 0.001) and that the index baring the strongest inverse relationship with red
and processed meat intake was DASH (r = −0.38, p < 0.001). Red and processed meats are
inherently devoid of phytochemical constituents that produce the anti-inflammatory effects
we discuss and may, instead possess proinflammatory potential [40]. Interestingly, we did
find a significant positive association between closer adherence to the low-carbohydrate
index and increased odds of having dysphagia accompanying liquids, though there was no
significant association with total symptom burden 1-year postdiagnosis. These results were
similar to those reported between the “western” dietary pattern and the same outcome
studied here in our analysis of a posteriori-derived dietary patterns [27].

There are some limitations to our study that are worth stating. Though the longitudinal
design is a strength of the study, the use of baseline data to predict outcomes 1-year
postdiagnosis may be confounded by diet changes implemented within that period. It is
germane to posit that several participants may have adopted “healthier” diet changes in
the intervening time window following their diagnosis. This would, potentially, explain
why significant associations within the low-carbohydrate index were not ascertained, for
instance. Though the 2007 Harvard FFQ, utilized for dietary collection in this study, has
been validated for use in the general population, it has yet to be validated for the HNSCC
population. Moreover, recall bias and other systematic biases accompanying the FFQ
as the principal means of collecting dietary data should not be overlooked. Likewise,
although the UM Head and Neck QOL Questionnaire has been validated in this patient
population, the use of the NIS symptom summary score has not. Lastly, as is the case
with any observational study design, the possibility of residual confounding and reverse
causality cannot be ruled out.

5. Conclusions

Dietary patterns adhering to the guidelines forwarded by the aMED or DASH proto-
cols were significantly associated with decreased odds of aggregate NIS symptom burden
1-year postdiagnosis. Other indices, AHEI-2010 and a low-carbohydrate index, showed
attenuated, null, or in some cases positive associations. In summary, our findings suggest
that promoting consumption of a diet abundant in fruits, vegetables, whole grains, low-fat
dairy, legumes, nuts, while minimal in red and processed meat and sodium levels may
ameliorate aggregate symptom burden in newly diagnosed HNSCC patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13093149/s1, Table S1: Pearson Correlation Coefficients (r) matrix with the diet quality
indices included in this analysis, Table S2: Stratified ORs and 95% CI for associations between quin-
tiles of a priori-defined diet quality index scores with NIS symptom score ≥12 1-year postdiagnosis.
Table S3: ORs and 95% CI for associations between quintiles of a priori-defined diet quality index
scores with NIS symptom summary score ≥ 12 1-year postdiagnosis stratified on the presence of
significant pretreatment NIS.
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Abstract: Harvest for Health is a home-based vegetable gardening intervention that pairs cancer
survivors with Master Gardeners from the Cooperative Extension System. Initially developed and
tested in Alabama, the program was adapted for the different climate, growing conditions, and
population in New Mexico. This paper chronicles the feasibility, acceptability, and preliminary
efficacy of “Southwest Harvest for Health”. During the nine-month single-arm trial, 30 cancer
survivor-Master Gardener dyads worked together to establish and maintain three seasonal gardens.
Primary outcomes were accrual, retention, and satisfaction. Secondary outcomes were vegetable
and fruit (V and F) intake, physical activity, and quality of life. Recruitment was diverse and
robust, with 30 survivors of various cancers, aged 50–83, roughly one-third minority, and two-thirds
females enrolled in just 60 days. Despite challenges due to the COVID-19 pandemic, retention to
the nine-month study was 100%, 93% reported “good-to-excellent” satisfaction, and 87% “would
do it again.” A median increase of 1.2 servings of V and F/day was documented. The adapted
home-based vegetable gardening program was feasible, well-received, and resulted in increased
V and F consumption among adult cancer survivors. Future studies are needed to evaluate the
effectiveness of this program and to inform strategies to increase the successful implementation and
further dissemination of this intervention.

Keywords: cancer survivors; gardening; vegetable; horticultural therapy; quality of life
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1. Introduction

In 2019, there were 16.9 million cancer survivors living in the United States (U.S.) [1].
This number is expected to increase to 22.1 million by the year 2030 due to the growth
and aging of the population [1,2] and could be substantially higher with further improve-
ments in screening rates, access to care, and effective treatments. Due to the tremendous
improvements in early detection and treatment, 56% of cancer survivors are living 10 years
or more beyond their diagnosis [1]. However, many cancer survivors are at increased
risk for treatment-related comorbidities, including cardiovascular disease, diabetes, and
reduced quality of life [3–9]. This has led to preventive health being an important as-
pect of cancer survivorship [10]. Adherence to a healthy lifestyle has been recommended
to improve health outcomes and quality of life and for reduce cancer recurrence and
premature mortality [11].

Guidelines for cancer survivorship provide recommendations for adherence to a
healthy lifestyle for individuals “living with, through, and beyond cancer” [11,12]. These
guidelines encourage cancer survivors to achieve and maintain a healthy lifestyle through
weight management, eating a diet low in red meats, sugars, and refined grains, and high in
whole grains and vegetables and fruit (V and F), and engaging in regular physical activity.
Non-adherence to these recommendations has been associated with increased risk of second
malignancies, diabetes, cardiovascular disease, disability, and premature mortality [13–15].
Although several interventions have proven efficacious in improving diet and physical
activity for cancer survivors [16–18], very few have been successfully adapted for different
populations or settings, which limits their potential to impact population health [18–20].

Harvest for Health is a home-based vegetable gardening intervention that pairs cancer
survivors with certified Master Gardeners from the Cooperative Extension System (Ex-
tension). Extension is a program within the U.S. Department of Agriculture that operates
through the education and outreach arm of land-grant universities nationwide [21]. The
Master Gardener Program [22], one of Extension’s many education and outreach programs,
provides research-based education and training in horticulture to U.S. residents nationwide.
Upon completion of their training, the certified Master Gardeners educate and serve their
local communities through various projects. The Harvest for Health program has tremen-
dous potential for sustainability, and widespread dissemination since Master Gardener
programs exist in all states and territories of the U.S. and typically require 50–100 h of
volunteer service annually to maintain certification [21–23]. The intervention, developed
and initially tested in Alabama by Demark-Wahnefried and colleagues, has resulted in
increased vegetable consumption and leisure-time physical activity and improvements in
health-related quality of life (HRQOL) and physical functioning in cancer survivors [24–26].

Widespread adoption and implementation of evidence-based interventions are critical
for achieving population-level impact. To achieve widespread implementation, evidence-
based interventions need to be adapted to different populations and contexts. We adapted
Harvest for Health for the different climate, growing conditions, and population of New
Mexico (NM), which was reported previously [27]. We then pilot tested the adapted
intervention, Southwest Harvest for Health, and examined the feasibility, acceptability, and
preliminary efficacy. Our primary objective is to determine the feasibility and acceptability
of the mentored gardening intervention by assessing recruitment, retention, and adherence
rates, monitoring adverse events, and evaluating satisfaction with the program in a different
population and context. The secondary objective is to explore changes in V and F intake,
physical activity, and HRQOL.

2. Methods

A detailed description of the study protocol was published previously [27]. Briefly, this
was a single-arm pilot study whereby all participants received the nine-month mentored
vegetable gardening intervention. The study was conducted from February 2020 through
November 2020. The baseline assessment preceded the COVID-19 pandemic; the six- and
nine-month follow-up assessments both occurred during the COVID-19 pandemic. The
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University of New Mexico (UNM) Health Sciences Center Institutional Review Board
approved this study. Written informed consent was obtained from all participants prior to
the baseline assessment.

2.1. Study Participants

The targeted sample size for this pilot study was 30 adult cancer survivors. Oncologists
and nurse navigators referred cancer survivors to the study by giving them a study flyer.
Additionally, recruitment flyers were distributed via cancer survivor groups, community
centers, and other community locations. Interested individuals contacted study staff
by email or telephone and were screened for eligibility. Eligible individuals were then
scheduled for their baseline assessment.

Eligibility included residence in Bernalillo or Sandoval counties (together comprising
most of the Albuquerque-area population). Adults aged 50 years and older with a diagnosis
of any type of cancer were eligible. Patients with metastatic cancer were eligible with
physician approval. Additional eligibility criteria included: (1) resided in a location that
could accommodate a 1.2 m × 2.4 m raised bed garden or four (62.2 cm × 52.1 cm)
garden containers, and have access to outdoor running water; (2) able to speak, read, and
understand English; and (3) able to participate in the 9-month intervention. Exclusion
criteria included: (1) any medical condition that substantially limited activities of daily
living (e.g., bending, stooping, walking) that would preclude gardening; (2) eating more
than five daily servings of V and F; (3) spending more than 150 min per week in moderate-
to-vigorous intensity physical activity; and (4) recent experience (within the past year) with
vegetable gardening.

2.2. Harvest for Health Gardening Intervention

A detailed description of the Southwest Harvest for Health intervention has been
previously published [27]. Similar to the original Harvest for Health study developed in
Alabama [24–26,28], the current pilot study is a community-based, mutually beneficial
partnership between UNM and the New Mexico State University Extension Master Gar-
dener Program [29–31]. Harvest for Health pairs each cancer survivor with a certified
Master Gardener from Extension [24–26,28]. Together, the participant/Master Gardener
dyads work to establish and maintain three seasonal gardens at the participants’ homes.
Participants receive gardening supplies, plants and seeds, and print materials (study note-
book). The study notebook includes articles on safety tips while gardening (e.g., arthritis,
protecting hands and feet), instructions for assembling the garden boxes or raised beds,
helpful gardening resources from Extension (e.g., “Home Vegetable Gardening in New
Mexico” publication), and a planning guide for suggested crops to grow each season. How-
ever, most of the gardening knowledge is acquired by working with their Master Gardener
mentor. Dyads are asked to communicate every two weeks throughout the intervention,
alternating between home visits and telephone or email. The Master Gardener mentor
provides information and support related to plants and care of the garden (care of the
soil, insect/pest management, watering crops) and helps troubleshooting problems that
develop (insects/pests, too little water, too much water or wind, slow growth, etc.).

Due to statewide public health rules implemented during the COVID-19 pandemic,
the following changes were made to the study design. The statewide stay-at-home order
(March 2020) resulted in issues with scheduling the home deliveries of the larger gardening
supplies. Instead, a “drive-through” distribution center was established, and members
of the study team loaded the gardening supplies, plants, and seeds into the participants’
vehicles. All participants received four gardening containers (62.2 cm × 52.1 cm each;
easier to transport than the larger raised bed kits) and a smaller selection of seedlings
(limited access to/hours of nurseries and gardening stores). Monthly home visits by the
Master Gardeners to their participants’ gardens were replaced with an extra telephone
call or email, which occurred for the duration of the nine-month study. Participants were
encouraged to send photos of their garden to their Master Gardener.
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2.3. Primary Outcomes and Measures: Feasibility and Acceptability

The feasibility and acceptability of the home-based mentored vegetable gardening
intervention were determined by achieving the following goals: (1) recruitment of 30 adult
cancer survivors; (2) retention of ≥80% of the participants; (3) achievement of ≥80%
adherence to the intervention; (4) absence of serious adverse events either attributable
or possibly attributable to the gardening intervention; and (5) achievement of high ac-
ceptability/satisfaction rates with the intervention (≥75%). The cut-points for reten-
tion and adherence were selected a priori for comparison with the earlier Harvest for
Health studies [25,26].

Retention was calculated as the percentage of participants who completed the post-
intervention assessment. Intervention adherence was assessed by the number of completed
monthly surveys on garden status, the number of monthly garden photos that were emailed
or texted to the study team, and the self-reported frequency of communicating with their
Master Gardener mentor (≥2 times per month was specified). Overall satisfaction with the
program was assessed via a debriefing survey that was mailed to the study participants.
Questions included the following: (1) “How would you rate your experience with the
Southwest Harvest for Health study?” (6 response items ranging from excellent to very
poor); (2) “Based on your experience, would you do it again?” (5 response items ranging
from “yes, most definitely” to “no, not at all”); and (3) “How likely are you to recommend
this program to someone else?” (5 response items ranging from “very likely” to “very
unlikely”). Additional questions elicited the perceived effect of the intervention on V and
F intake, physical activity, and psychosocial well-being, as well as intention to continue
gardening on their own.

2.4. Secondary Outcomes and Measures: Health and Lifestyle Outcomes

The intervention health and lifestyle outcomes were assessed at baseline during a
home visit. The six- and nine-month follow-up assessments were conducted via telephone
and paper or digital surveys to accommodate pandemic restrictions.

Daily V and F consumption was assessed using the “Eating at America’s Table
Screener” (EATS) either in person (baseline visit; with food props) or via telephone (follow-
up visits; with show cards mailed to participants). The EATS screener [32], developed by
the National Cancer Institute, comprises 10 questions on frequency (ranging from never
to multiple times per day) and quantity (ranging from none to more than two cups) for
selected foods. The total number of servings of V and F (fresh, canned, frozen, or 100%
juice) were calculated according to the screener scoring recommendations [33]. Questions
related to the consumption of white potatoes, fried potatoes, beans and legumes, and
mixed vegetable dishes were not included in the computation.

Device-based measures of physical activity and sedentary behavior were measured
using an inclinometer/accelerometer. Participants were asked to wear the activPAL3,
a small device attached mid-thigh, day and night for seven days at three time points: at the
beginning, at six months, and at the end of the study. Participants recorded the following in
their sleep diary: the time the device was attached, the time it was removed and reattached
(if applicable), and the time they went to bed at night and woke up the next morning. The
activPAL monitor provides accurate measures of sedentary time (sitting or lying), standing,
and stepping [34–37]. The a priori outcomes of interest were changes in steps per day,
time spent stepping at both light-intensity and moderate-intensity cadence, and time spent
engaged in sedentary behavior.

Self-reported physical activity was assessed using Godin’s Leisure-Time Physical
Activity Questionnaire via telephone (after wearing the activPAL3 monitor). The Godin
questionnaire assesses the amount of structured exercise (e.g., walking, sports) completed
in sessions lasting ten minutes or longer in duration [38,39]. The frequency (times per week)
and average duration (minutes) is recorded for types of exercise based on three levels of
intensity: mild exercise (minimal effort, no perspiration; example: easy walking), moderate
exercise (not exhausting, light perspiration; example: fast walking), and strenuous exercise
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(heart beats rapidly, sweating; example: jogging or running). Since this questionnaire
only assesses structured exercise, it is not directly comparable to the number of steps
or time spent stepping measured by a research-grade device. Self-reported Sedentary
Behavior was assessed using the Sedentary Behavior Questionnaire (SBQ; paper survey
completed after wearing the activPAL3 monitor). The SBQ survey assesses time spent in
nine common activities, such as watching television, using a computer, reading, or doing
artwork/crafts [40]. Frequency options for each type of activity include none, 15 min or
less, 30 min, or 1, 2, 3, 4, or 5 h, or 6 h or more. Time spent in sedentary behavior is assessed
for a typical weekday and for a typical weekend day.

HRQOL was measured using PROMIS (Patient-Reported Outcomes Measurement
Information System) measures [41]. The 8-item short forms were used to assess domains in
mental health (anxiety and depression), physical health (physical function, fatigue, pain,
sleep disturbance, and sleep impairment), and social health (satisfaction with social roles
and activities, i.e., social functioning). These instruments are valid and reliable for use
in diverse clinical samples [42–45]. Surveys were scored using the free Health Measures
Scoring Service (https://www.assessmentcenter.net/ac_scoringservice; accessed 3 July
2021). The service provides T-scores, which represent a linear transformation of the raw
scores normed to the general population, with a mean of 50 and a standard deviation of 10.
For physical function and social functioning, higher scores indicate better functioning; for
the remaining domains, higher scores indicate worse functioning.

2.5. Other Outcomes and Measures

The Social Provisions Scale was used to assess participants’ perceived level of so-
cial support [46]. This survey includes six subscales: reassurance of worth (how other
people recognize one’s value), social integration (sense of belonging), guidance (infor-
mation/advice), nurturance (sense of being needed by others), attachment (emotional
closeness), and reliable alliance (assurance that other people will provide assistance if
needed). Scores on each item range from one (strongly disagree) to four (strongly agree),
with subscale scores ranging from four to sixteen. Total perceived social support is the sum
of the six subscales (range 24 to 96). Higher scores represent greater support.

2.6. Data Analysis

The primary outcomes of this pilot study were the accrual and retention of the cancer
survivors and paired Master Gardeners throughout the nine-month intervention, as well
as satisfaction with the program. Secondary outcomes included trends in V and F con-
sumption, physical activity, and HRQOL. The processing of the activPAL data to calculate
time spent engaged in physical activities and sedentary activities has been previously
described [47]. All activPAL variables were standardized to a 15-h day to limit the effect of
within and between-person variability in awake/wear time. Descriptive characteristics of
the enrolled cancer survivors are presented as frequencies and percentages or medians with
interquartile range (IQR). Similar to most pilot studies, our pilot study was not powered to
detect significant nor clinically meaningful changes in measures of V and F intake, physical
activity, and HRQOL. However, estimates of the pre-post changes will be useful in planning
for a future larger trial. As diet and physical activity are seasonally influenced [18,19], the
changes observed since baseline are of primary interest; however, change for both the mid-
and post-intervention follow-up are included in the results. Data were summarized as
medians and IQRs, and the 6- and 9-month differences were presented as medians and
IQRs. The Wilcoxon Signed-Rank Test was used to evaluate the 6- and 9-month change.
SAS (version 9.4) was used to perform the statistical analyses.

3. Results

3.1. Feasibility

Of the 40 cancer survivors who were screened, 10 were ineligible, and the remaining 30
were enrolled in the pilot study. The top two reasons for ineligibility included current and
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successful experience with vegetable gardening and living outside of the study catchment
area. Retention in this nine-month intervention was 100%. No adverse events were
attributable or possibly attributable to the gardening intervention.

The characteristics of the 30 cancer survivors enrolled in this study are included in
Table 1. The median age at study enrollment was 68 years (range 50 to 83 years). Most
study participants were female (70%), non-Hispanic white (73%), and slightly over half
had graduated from college. Eighty-four percent reported their health as good, very good,
or excellent, while the median number of comorbidities reported was 3 (range 0 to 8). The
median time since cancer diagnosis was 5 years (range 1 to 17 years). While a variety of
cancer types were represented, the most common were breast, prostate, and lung.

Table 1. Baseline characteristics of the cancer survivors participating in Southwest Harvest for Health.

Characteristics Median (IQR) or Frequency (%)

Age (range 50 to 83) 68 (64, 72)
Sex

Female 21 (70%)
Male 9 (30%)

Race-ethnicity
Non-Hispanic White 22 (73%)
Hispanic White 6 (20%)
Other 2 (7%)

Education
No college degree 13 (43%)
College degree 17 (57%

Cancer type
Breast 11 (37%)
Prostate 6 (20%)
Lung 4 (13%)
Other a 9 (30%)

Treatment received b

Surgery 23 (77%)
Radiation 22 (73%)
Chemotherapy 10 (33%)
Hormone therapy 12 (40%)
Other 2 (7%)

Years since cancer diagnosis (range 1 to 17) 5 (2, 8)
Self-reported general health

Excellent 2 (7%)
Very good 5 (17%)
Good 18 (60%)
Fair 5 (17%)
Poor 0 (0%)

Number of comorbidities (range 0 to 8) 3 (2, 4)
BMI (kg/m2) 28.8 (24.4, 32.1)

a Colorectal, melanoma, endometrial, lymphoma, ovarian, Merkel cell carcinoma. b Percentages do not total 100%,
since some participants may have had more than one type of treatment.

3.2. Adherence

Adherence during the intervention was moderately high for completing the monthly
gardening activity surveys. Eighty percent of participants completed all six surveys, and
the remaining 20% completed five surveys. However, adherence was only modest for
sending photos of the garden to the study team (average = 56%; range of 47% to 63%).
Most participants (89%) reported communicating with their Master Gardener at least twice
a month; on average, 72% reported three or more times per month. The remainder (11%)
reported less frequent communication. On average, 40% and 50% of study participants
reported working in their garden several times a day and once a day, respectively. The
majority (60%) of participants reported working 15–29 min each time they worked in
their garden.
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3.3. Acceptability

Upon completion of the study, 83% of participants responded “probably yes” or “yes,
most definitely” to planning to continue the garden and plant on their own; 13% responded
“maybe”, and 3% responded “probably no”. When asked if they planned to expand their
garden, 69% responded “probably yes” or “yes, most definitely”, 14% responded “maybe”,
and 17% responded “probably no”. However, among the latter two groups (31%), half
of the participants had already expanded their garden during the study, based on the
monthly surveys or photos of their garden. Most participants (90%) rated their experience
with Southwest Harvest for Health as “very good” or “excellent” (3% “good”, 7% “fair”)
and were “likely” or “very likely” to recommend the program to another cancer survivor
(10% “neutral”). Eighty-seven percent responded “yes, most definitely” or “probably yes”
that they would “do it again” based on their experience (the remaining 13% were divided
between “maybe” and “probably no”).

3.4. Secondary Outcomes

Physical activity, V and F intake, and HRQOL scores are reported in Table 2. At study
completion, the greatest improvement was observed for the number of servings per day
of V and F. Compared to baseline, the median change at post-intervention follow-up was
1.2 additional servings per day. The median change in device-measured physical activity
was a decrease of 478 steps per day that corresponded to 1.1 and 4.2 fewer minutes of
stepping at a light-intensity and moderate-intensity, respectively. Sedentary behavior
increased by 14.8 min per day. On average, there was no appreciable change in physical
or mental quality of life; however, there was a modest improvement in social functioning
(median: 3.3 points; IQR: -1.4, 10.9).

Table 2. Change in health-related outcomes during the mentored gardening study.

Pre−Intervention
(Pre-COVID−19)

Median (IQR)

Mid-Intervention
(during

COVID-19)
Median (IQR)

Post-Intervention
(during

COVID−19)
Median (IQR)

Pre-Mid Median
Difference (IQR)

p-Value a

Pre-Post Median
Difference (IQR)

p-Value a

Lifestyle Behaviors
V and F (servings

per day) 3.8 (2.5, 6.3) 5.5 (3.6, 7.2) 5.3 (3.7, 6.3) 0.9 (−0.3, 2.2)
p = 0.006

1.2 (−0.4, 2.2)
p = 0.03

Physical activity a

Self−Report
(Minutes per day)

Light intensity 11.3 (2.1, 17.1) 4.3 (0, 25.7) 5.3 (0, 25.7) −1.4 (−10, 4.3)
p = 0.39

−0.7 (−10, 6.3)
p = 0.66

Moderate intensity 0 (0, 7.1) 0 (0, 8.6) 0 (0, 12.9) 0 (0, 0)
p = 0.28

0 (0, 2.9)
p = 0.19

Device−based
Measures

Steps per day 6781 (5523, 8633) 6403 (4796, 7854) 5831 (4287, 8038) −792 (−1631, 464)
p = 0.02

−478 (−1832, 312)
p = 0.05

Minutes per day:

Standing 256.4 (201.5, 286.0) 248.1 (181.5, 324.1) 250.3 (180.6, 314.8) 0.5 (−26.8, 29.0)
p = 0.82

5.8 (−44.3, 49.1)
p = 0.49

Light intensity 39.6 (30.7, 51.2) 38.3 (29.2, 48.8) 37.3 (26.8, 47.6) −0.1 (−5.8, 3.0)
p−0.46

−1.1 (−10.6, 3.4)
p = 0.20

Moderate intensity 49.5 (38.5, 70.6) 49.3 (36.9, 64.4) 45.8 (30.4, 64.3) −6.1 (−15.1, 4.0)
p = 0.01

−4.2 (−13.8, 3.7)
p = 0.06

Sedentary
behavior

Self-Report
(Minutes per day) 517.8 (379.2, 623.4) 469.2 (355.8, 591.6) 507.0 (379.2, 618.0) −54.0 (−114.0, 6.0)

p = 0.06
12.0 (−114.0, 90)

p = 0.87
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Table 2. Cont.

Pre−Intervention
(Pre-COVID−19)

Median (IQR)

Mid-Intervention
(during

COVID-19)
Median (IQR)

Post-Intervention
(during

COVID−19)
Median (IQR)

Pre-Mid Median
Difference (IQR)

p-Value a

Pre-Post Median
Difference (IQR)

p-Value a

Device-based
Measure (Minutes

per day)
440.5 (361.4, 505.8) 457.2 (366.9, 529.0) 457.8 (405.2, 510.3) 27.7 (−40.8, 51.1)

p = 0.50
14.8 (−35.8, 54.6)

p = 0.63

HRQOL b

Physical

Physical function 47.0 (42.9, 53.1) 44.8 (33.9, 52.4) 45.6 (39.3, 52.8) −0.1 (−4.9, 2.0)
p = 0.50

0.0 (−7.0, 4.3)
p = 0.39

Fatigue 50.5 (45.6, 58.2) 50.7 (46.9, 59.2) 49.8 (43.0, 57.5) 1.1 (−2.1, 3.7)
p = 0.41

−0.9 (−5.7, 1.5)
p = 0.28

Pain 55.4 (40.7, 58.3) 54.4 (50.3, 57.5) 50.6 (40.7, 58.7) 0.0 (−2.4, 0.3)
p = 0.57

0.0 (−7.1, 0.5)
p = 0.09

Sleep disturbance 50.4 (48.7, 53.2) 51.3 (50.2, 53.5) 52.0 (49.3, 52.9) −0.7 (−2.3, 3.5)
p = 0.76

−0.4 (−1.7, 2.4)
p = 0.92

Sleep impairment 49.1 (40.2, 56.6) 50.8 (39.9, 55.5) 48.8 (40.6, 52.9) 0.7 (−2.1, 4.9)
p = 0.46

−0.2 (−6.0, 5.1)
p = 0.71

Mental

Anxiety 49.3 (37.1, 53.5) 50.9 (37.1, 56.5) 47.8 (38.3, 56.3) (−1.2, 3.0)
p = 0.41

0.0 (−3.6, 3.0)
p = 0.85

Depression 47.2 (38.2, 54.2) 44.5 (38.2, 53.4) 49.9 (38.2, 54.2) 0.0 (−1.5, 3.6)
p = 0.50

0.0 (−1.7, 4.8)
p = 0.32

Social
Satisfaction with
social roles and

activities c
50.5 (45.3, 58.0) 51.7 (42.7, 58.0) 51.3 (46.6, 65.4) −1.6 (−5.6, 6.0)

p = 0.77
3.3 (−1.4, 10.9)

p = 0.14

a p-values for the change scores are from the Wilcoxon Signed-Rank Test. b There was no vigorous-intensity stepping cadence according to
the activPAL monitor. c Higher scores indicate better functioning for physical function and social functioning (i.e., satisfaction with social
roles and activities); however, for the remaining domains, higher scores indicate worse functioning.

3.5. Other Outcomes

There were no appreciable changes in any of the social support subscales for both the
6- and 9-month follow-up assessments (data not shown). For five of the six subscales at
both time points, the median change was zero; for nurturance, the median change was one
point (both time points).

Overall, most participants reported that the gardening experience motivated them to
eat a healthier diet, eat more vegetables, or try new vegetables (median scores of 7 or 8 out
of 10; Figure 1). Most participants also reported motivation to be more physically active
(median score of 8 out of 10); additional activities reported included yard work and walking,
with a few participants reporting yoga and other exercises. There was also a positive impact
of the gardening experience on well-being (Figure 1). Average scores were highest for
feeling connected to nature when gardening and mindfulness, i.e., being better able to
stay in the present moment (median scores of 9.5 and 8.5 out of 10, respectively). Average
scores were lowest for being more socially active (likely due to COVID-19). Sixty percent
of cancer survivors reported that gardening helped them cope with pain, anxiety about
test results, either fear of or having received a diagnosis of cancer recurrence or a second
cancer, or dealing with cancer in a family member.
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Figure 1. Impact of a home-based vegetable gardening intervention on diet, physical activity, and well-being. Shaded areas
represent the interquartile range. Vertical lines within each shaded region represent the median score. Whiskers represent
the minimum and maximum scores for the questions, ranging from 1 (not at all) to 10 (very much).

4. Discussion

This study explored the feasibility and acceptability of a home-based, mentored
vegetable gardening intervention adapted for middle-aged and older cancer survivors
living in the Southwest U.S. It represents the first systematic adaptation of the original
Harvest for Health program for a different state/region of the U.S. Despite being conducted
entirely during the COVID-19 pandemic, which necessitated remote instead of in-person
mentoring, the gardening intervention was feasible. This was demonstrated by the high
recruitment and retention rates, as well as the moderately high adherence rates. Satisfaction
with the intervention was also high, based on the percentage of cancer survivors rating
their experience, being willing to “do it again”, and the likelihood of recommending the
program to other cancer survivors.

The feasibility metrics of Southwest Harvest for Health compare favorably with the
earlier pilot studies conducted in Alabama. The retention rates in this one-year (Alabama;
AL) or nine-month (New Mexico; NM) vegetable gardening intervention have been very
high (91–100%) [24–26], suggesting that the variety of gardening activities and benefits
may help prevent satiation, which is more common with other lifestyle promotion pro-
grams. Satisfaction rates with Southwest Harvest for Health were also similar to those
of the original Harvest for Health pilot programs: 93% vs. 100%, respectively, rating the
experience as good to excellent; and 87% vs. 85–100%, respectively, stating they would
“do it again” [24–26]. Another similarity between all these pilot studies is the expansion or
plans to expand the garden space (NM: 84%; AL: 70–89%) as well as intention to continue
vegetable gardening beyond the study (NM: 90%; AL: 85–100%) [24–26].

Although the current pilot study was a small, single-arm study, the health behavior
outcomes compare favorably to the earlier pilot studies. We observed a meaningful
overall increase of 1.2 servings per day of V and F, similar to the earlier pilot studies,
which reported increases of 0.9 servings per day [25,26]. The magnitude of this change is
particularly notable in view that increases of half a serving a day have been considered
clinically important in previous work [48]. While maintaining a small, home vegetable
garden likely represents light-intensity physical activities, these activities may serve as a
gateway for additional physical activity. Similar to the earlier studies, participants in the
current study reported being motivated by their garden to do more yard work and to walk
more. In contrast to the earlier studies, but not surprisingly, few participants mentioned

125



Nutrients 2021, 13, 2319

joining a fitness center during the pandemic. Engagement in these types of activities may
have prevented more substantial declines in overall activity compared with other studies
of adults during the COVID-19 pandemic [49]. While there are fewer reports of declines in
HRQOL that have been systematically observed during COVID-19, Grajek et al. recently
reported declines of 2% among 450 patients actively treated for cancer [50]. Therefore, the
high satisfaction with the gardening intervention may have mitigated steeper reductions
in HRQOL that may have been noted otherwise.

As with many research studies conducted during 2020, the potential effects of COVID-
19 on this home-based gardening intervention must be taken into consideration. While the
baseline assessment was conducted prior to the declaration of COVID-19 as a pandemic,
both the intervention and follow-up assessment were conducted during the pandemic.
Thus, diet, physical activity, and HRQOL could also have been affected by stay-at-home
orders and recommendations, social distancing, and closed fitness centers, parks, and
swimming pools. Additionally, a large proportion of the study participants were at higher
risk for Sars-CoV-2 infection and complications, and thus greatly limited their time away
from home or interactions with other people.

Limitations of this pilot study were the lack of a control group and the potential effect
of seasonal variation on V and F intake and physical activity. Due to the colder winters
in New Mexico (compared to Alabama), we shortened the one-year intervention to nine
months. Some studies have shown that diet, especially consumption of fresh V and F, may
be influenced by season [51,52]. Similarly, physical activities, especially outdoor activities,
may be influenced by season [53–55]. In the Southwest US, we would expect more outdoor
activity during the spring and fall seasons.

5. Conclusions and Future Directions

The adapted home-based vegetable gardening intervention was feasible, safe, and
well-received by middle-aged and older cancer survivors living in the Southwest U.S.
Future directions include moving from efficacy trials to effectiveness/pragmatic trials
to observe the impact of this promising intervention under real-world conditions. The
Cooperative Extension System is ideally situated for delivering health promotion programs
in community settings, which can greatly expand their reach to a broader and more diverse
population. Further research is needed to optimize the implementation of Harvest for
Health within the Extension Master Gardener Programs within a state and ideally to other
states across the nation.
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Abstract: Spouses offer a primary source of support and may provide critical assistance for behavior
change. A diet-exercise intervention previously found efficacious in improving cancer survivors’
lifestyle behaviors was adapted to utilize a couples-based approach. The aims were to test the feasi-
bility of this couples-based (CB) intervention and compare its efficacy to the same program delivered
to the survivor-only (SO). Twenty-two survivor-spouse couples completed baseline assessments and
were randomized to the CB or SO interventions. The study surpassed feasibility benchmarks; 91%
of survivors and 86% of spouses completed a 6-month follow-up. Survivors and spouses attended
94% and 91% of sessions, respectively. The SO survivors showed significant improvements on the
30-s chair stand and arm curl tests, weight, and fruit and vegetable (F and V) consumption. The CB
survivors showed significant improvements on the 6-min walk and 2-min step tests, body weight,
and fat and F and V consumption. Improvement in the 30-s chair stand and arm curl tests was
significantly better for SO survivors. The SO spouses showed no significant changes in outcome
measures, but the CB spouses showed significant improvements in moderate-to-strenuous physical
activity, weight, and fat and F and V consumption. Weight loss was significantly greater in CB
spouses compared to SO spouses. Findings demonstrate feasibility, warranting further investigation
of CB approaches to promote lifestyle change among cancer survivors and spouses.

Keywords: behavior change; diet; physical activity; couples; telehealth counseling

1. Introduction

Roughly half a century ago, the nation’s War on Cancer was launched and has resulted
in major increases in survival through improvements in early detection and treatment [1].
There are now over 17 million cancer survivors in the US alone, comprising roughly 4% of
the population [2]. While many survivors have been definitively treated for cancer, they
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remain at risk for recurrence and are at an increased risk for second cancers, cardiovascular
disease, and diabetes [3]. Many survivors also experience lingering effects of cancer and its
treatment, including fatigue, psychological distress, and accelerated functional decline [3,4].
Collectively, these health conditions impose considerable costs. The total economic burden
of cancer was previously estimated at $263.8 billion with $20.9 billion and $140.1 billion
from indirect morbidity costs (lost productivity due to illness) and indirect mortality costs
(lost productivity due to premature death), respectively [5]. Given the burgeoning number
of survivors and their potential impact on the health care system, improving their health
status is a national priority [6]. The proposed study targets survivors of breast, prostate,
and colorectal cancers because they are the largest segment of cancer survivors where
survival rates currently exceed 90% [7].

Research in cancer survivors has shown that interventions promoting a healthy weight,
a healthy diet, and increased physical activity improve quality of life (QOL), physical
functioning and overall health status, and reduce the risk of chronic disease [8–10] and
possibly recurrence [11], and improve survival [12,13]. It is recommended that cancer
survivors achieve and maintain a healthy weight, accumulate at least 150 min of moderate
physical activity per week, and consume a healthy plant-based diet [10,13,14]. However,
a study of 3367 racially- and ethnically-diverse cancer survivors identified through the
National Health Interview Survey indicates that roughly 70% of survivors are overweight or
obese, and over 80% do not meet the guidelines for physical activity or fruit and vegetable
(F and V) consumption [15]. While cancer survivors in general have similar and equally
high prevalence rates for physical inactivity, poor diets, and obesity as those without
cancer [3,16], their risk for developing co-morbidities and downstream costly events that
result from interactions between their cancer, its treatment, and these lifestyle factors results
in a significant burden. As such, interventions that target diet, physical activity, and weight
management are essential.

Research is ongoing to explore how best to deliver lifestyle interventions for cancer
survivors [17–19]. Successful behavior change interventions integrate theory to maximize
effectiveness. Social Cognitive Theory (SCT) [20], one of the most robust theories of
behavior change, posits that behavior is influenced by expectations formed through direct
and observed experiences, which includes expectations about the confidence (self-efficacy)
in performing these tasks successfully. Behavior also is influenced by goals, both proximal
and distal, and by barriers to performance [21]. In the behavior change process, change is
more likely when: (1) Behaviors are successfully performed independently; (2) Support is
received from others who express confidence in that behavior change and provide feedback
on performance; and (3) Desired behaviors are then modelled by others [20,22]. Thus, an
integral part of SCT is the role that social relationships have on behavior change.

A recent scoping review by Ellis et al. [23] calls for interventions that capitalize on
existing support networks that are conducted within the family context to promote healthy
behaviors not only among cancer survivors, but also among their family members. A
couples-based (CB) intervention is consistent with this call and also the tenants of SCT.
This format encourages couples to model healthy eating and physical activity for each
other; observing the other’s success can increase one’s confidence. In the process, couples
learn to provide one another with support and feedback regarding goal setting and to
work together to overcome barriers. Indeed, couples report that having their partner
perform and model goal behaviors, join in health discussions, and provide emotional
support encourages their own behavior change [24]. Unfortunately, enlisting the spouse
only as a supporter may result in negative consequences, because even well-intentioned
spouses may offer assistance in ways that appear controlling or over-protective, rather
than supportive. As such, interventions addressing behavior change for both members
of the couple and promoting shared goals, conjoint coping, and mutual support may be
more effective than those targeting the individual cancer survivor [22]. This approach
capitalizes on the strength of the spousal bond and embraces the recommendations that
family members also follow the American Cancer Society guidelines for nutrition and
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physical activity [13]. Ultimately, both partners may benefit by reducing disease burden for
survivors (tertiary prevention) [13] and the risk of cancer and other diseases in spouses
(primary prevention) [25]. While recent pilot trials have included spouses in such inter-
ventions [26,27], none have focused on changing multiple health behaviors and none have
compared their efficacy to a survivor only multiple health behavior change approach in
which the health behavior outcomes of both the survivor and their spouse are examined.

The aims of the present study were to conduct a pilot trial to test the feasibility of a
CB multi-behavior change program (diet and physical activity) and to compare its efficacy
to the same program delivered to the survivor only (SO) in 22 survivors of breast, prostate,
and colorectal cancer and their spousal partners, both of whom were identified as having
poor health behaviors. The hypothesis was that survivors randomized to the CB format
compared to the SO format would show favorable changes in physical activity, physical
performance, body weight status, body composition, and diet. Likewise, and additionally,
spouses would show greater changes in outcomes with the CB format compared to the
SO format.

2. Materials and Methods

2.1. Study Overview

This study employs a 2-arm, single-blinded, randomized controlled trial (RCT) that
evaluated a 6-month diet and exercise intervention delivered in either a CB or SO format.
All participants completed assessments at baseline and 6 months (post-intervention).

2.2. Participant Eligibility

Eligibility for the survivor included: (1) Diagnosis of loco-regional breast cancer
(Stages 0-IIIA), prostate cancer (Stages I-II), or colorectal cancer (Stages I-II); (2) Completion
of primary cancer treatment and at least 3 months from surgery; (3) No history of other
cancers (excluding non-melanoma skin cancer); (4) <150 min of moderate-to-vigorous
intense physical activity (PA) per week; (5) Fruit and vegetable (F and V) intake <7 serv-
ings/day for women or <9 servings/day for men; (6) Age 18 years or older; (7) Able to read
and speak English; (8) Living within the Houston area (Harris or a contiguous county);
(9) No pre-existing medical conditions that precluded adherence to an unsupervised PA
program or high fruit and vegetable (F and V) diet [28]; (10) Having a spouse or significant
other with whom they have resided for at least 1 year (includes heterosexual and same-sex
couples); (11) Able to provide informed consent; and (12) Has access to a computer with
high-speed internet.

Eligibility for the spouse included criteria 4–12 listed above. Exclusion criteria for
survivor or spouse included using a walker or wheelchair/scooter, being pregnant, or
reporting any conditions that are listed on the Physical Activity Readiness Questionnaire
(PAR-Q) [29].

2.3. Recruitment and Screening Procedures

This research was approved by The University of Texas MD Anderson Institutional
Review Board. Participants who participated in another MD Anderson approved protocol
and who indicated they would like to be contacted for future lifestyle trials were recruited
for this study. First, potential participants were contacted and verified for eligibility
following verbal consent for screening, including cancer diagnosis and treatment status,
and having lived with a spouse or significant other for at least 1 year. Next, they were
screened for current physical activity using the Godin Leisure Time Exercise Questionnaire
(GLTEQ) and F and V intake using the 2009 Texas Behavioral Risk Factor Surveillance
System (BRFSS) dietary questions, as well as whether there were any pre-existing medical
conditions that precluded their participation using the PAR-Q. Survivors endorsing any
item on the PAR-Q were required to have a medical release from their physician to clear
them for participation in the study. Following permission to contact their spouses, an
identical process was then used to solicit spousal interest, gain verbal consent, and screen
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for eligibility. For this study, both survivors and their spouses had to be eligible and
provide written consent for participation. For all survivors and/or spouses not interested
in participating, information regarding reasons for refusal was collected.

2.4. Study Group Assignment

After completing baseline assessments, participants were assigned to 1 of the 2 study
conditions using a form of adaptive allocation referred to as minimization [30]. The follow-
ing survivor variables were used to ensure balance across study group assignment: baseline
physical activity, baseline diet quality, age, race, gender, and marital quality. Spousal fac-
tors were not included because doing so would likely be redundant given the literature
showing a strong concordance between spousal health behavior [31]. Group assignment
was conducted separately by disease site. Minimization has been used successfully in
previous trials resulting in a good group balance [32,33].

2.5. Study Conditions

The diet and exercise intervention, based on Social Cognitive Theory, was a tailored
correspondence and web-based counseling regimen initially developed and proven effi-
cacious for breast, prostate, and colorectal cancer survivors by Demark Wahnefried and
colleagues in Reach out to EnhaNcE Wellness (RENEW) [34]. The behavioral goals were for
participants to engage in 15 min of strength exercise every other day, ≥30 min of walking
or other moderate-intensity exercise on 5 or more days per week, and consume a diet of
≥7 F and V servings/day for women or ≥9 F and V servings/day for men and ≤7% of
total calories from saturated fat [35]. It also encouraged weight management; for those
with a BMI ≥ 25 kg/m2, a healthy weight loss goal of 1–2 lbs. per week (a loss of 5% body
weight was used as a goal over the course of the 6-month study period) was encouraged.
To adapt to the 6-month timeline, the RENEW intervention materials were modified such
that they could be delivered within the study period and included materials directed
toward the spouse. For survivors randomized to the survivor-only arm, the materials were
similar; however, there was no reference to working with a spouse on behavior change
efforts. Survivors (and their spouses if randomized to the CB arm) were provided with a
tailored workbook and 3 tailored print newsletters over the 6-month study period. All print
materials provided motivational messages tailored on stage of readiness [36] that accompa-
nied illustrations of current behaviors in relation to national guidelines; progress reports
depicted headway toward goals (which were incrementally set) and reinforced. The SO
survivors and CB survivors and their spouses also received 9 web-based video counseling
sessions; in the unforeseen event that there were problems connecting to the session online,
participants had the option of receiving these sessions by telephone. The first 3 sessions
were weekly; sessions changed to every other week after session 3, and then monthly
after session 5. The counselor had a master’s degree in Marriage and Family Counseling
and was supervised by a licensed clinical psychologist with expertise in counseling and
health behavior change. Each counseling session focused on specific cognitive-behavioral
strategies for healthy behavior change. All sessions also emphasized SCT concepts, such
as self-monitoring and incremental goal setting and specific session topics included the
following: problem-solving; relapse prevention; goal-setting; cognitive restructuring; and
time management [20]. Skills practice was assigned as homework to be reviewed in subse-
quent sessions. For both study conditions, assessments of adverse events were conducted
at the start of each counseling session. Finally, participants in each arm were provided
with the following materials: Therabands®; T-Factor 2006© Guide to the Fat Content of
Foods; portion plate; pedometer; web camera; headset; and log books to track their exercise
and diet behaviors. In addition to the intrapersonal (individual) cognitive-behavioral
strategies oriented toward one’s own behavior change, participants in the CB interven-
tion learned interpersonal cognitive-behavioral skills, including communal coping, joint
problem-solving, and healthy communication. They also received the counseling sessions
together as a couple.
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2.6. Assessment Procedures

All participants (survivors and spouses) were assessed in-person at MD Anderson at
baseline and at a 6-month follow-up. Assessment personnel were blinded to the partici-
pant’s study condition. Accrual, attrition, and patient satisfaction served as the primary
endpoints of this feasibility study, and other outcomes, such as physical activity, physical
performance, weight status, body composition, and dietary intake were also assessed.
Each survivor and spouse who completed the baseline and 6-month assessments received
compensation in the form of $25 gift cards: one following each completed assessment (up
to $100 per couple). Participants also received relevant assessment results at the end of the
study. If one member of the survivor-spouse dyad dropped out, the remaining member of
the couple could continue.

2.7. Measures

To address the study aims, feasibility, and exploratory outcome measures were collected:
Feasibility measures included accrual, attrition, participant views on intervention

acceptability, and the monitoring of adverse events. For recruitment, the number of
participants contacted about the study, who were eligible and who consented to participate,
were tracked. Retention was calculated as the percentage of participants assessed at baseline
who completed the 6-month assessments. Drop outs were tracked by study condition.
Session attendance was monitored to measure exposure. Intervention acceptability was
assessed by asking participants, “Would you recommend this program to other cancer
survivors?” at the 6-month follow-up. Possible responses included “Yes,” “Maybe,” and
“No.” Responses were compiled across study conditions.

Exploratory outcome measures included physical activity, physical performance, body
composition, weight, and diet.

Physical activity was assessed with the 3-item modified version of the Godin Leisure
Time Exercise Questionnaire to ascertain self-reported moderate and strenuous leisure time
exercise [37]. To provide an objective measure of physical activity, for 1 week before the
baseline and the 6-month assessments, the participants also wore a programmed Actigraph
accelerometer (Fort Walton Beach, FL, USA). Accelerometers were downloaded according
to the manufacturer’s instructions and as per the previous studies of Basen-Engquist and
colleagues [38].

Physical performance was measured using a variety of tests that assessed endurance,
strength, and agility. The 6-min walk test and 2-min step test were used as measures of
aerobic function. The 6-minute walk test has been validated in older adults by comparing it
to a treadmill walking test measuring the time to get to 85% of an age-adjusted maximum
heart rate [39]. The 2-min step test is self-paced and assesses the number of times within
2 min a participant can step in place raising the knees to a height halfway between the iliac
crest and mid-patella. This test correlates moderately with common measures of aerobic
capacity and is low risk [40]. For lower body strength, a 30-s chair-stand test was used [41].
For upper body strength and functionality, the timed arm curl task was used, taking into
account that this test has been shown to be better tolerated than maximum-grip strength for
participants with arthritis [41]. To assess agility and dynamic balance, an 8-foot up-and-go
assessment was used. The task is a composite measure involving dynamic balance, power,
and agility. The test is a modification of the 3-m time up-and-go test [42]. The modification
to 8 feet is to increase the feasibility of administering the tests in areas with limited space,
including home settings [41]. The height at baseline (for BMI calculation) and body weight
were measured using a stadiometer and electronic scale, respectively.

Diet was assessed with the Automated Self-administered 24-h Dietary Recall (ASA24)
to document the participant’s food intake for a total of 24 h. Two interviews were obtained,
1 for a weekday and 1 for a weekend day [43]. The foods selected by the participants
are from the USDA’s Food and Nutrient Database for Dietary Studies’ (FNDDS) most
up-to-date database. Participants in both groups completed this assessment 1 week before
their baseline and 6-month assessments. F and V intake and % of calories from dietary fat
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were extracted from the ASA24 output and averages for the 2-day recalls were taken at
each of the time points.

Spouse exploratory outcome measures included the same measures of physical activity,
physical performance, diet, and weight. These were assessed at the same time points
as survivors.

Finally, demographic/medical questions for survivors were collected at baseline and
included age, sex, race/ethnicity, education level, employment status, cancer type/stage,
and treatment types. Demographic data for spouses included age, sex, and race/ethnicity.

2.8. Data Analysis

Summary statistics were calculated for demographic and clinical characteristics for
the study population by study condition.

Feasibility was determined by 3 criteria: (1) The completion of accrual within 1 year;
(2) An attrition rate of 20% or less; and (3) No occurrence of serious adverse events that are
directly attributable to the intervention.

For the exploratory outcome measures, we calculated the means and standard devia-
tions. Prior to computing the sum for moderate-to-strenuous physical activity, moderate
and strenuous physical activity variables were each truncated at 420 min per week. Paired
t-tests or Wilcoxon signed-rank tests were used to assess within group differences between
the 6-month and baseline measurements. We also calculated the difference between the
6-month measurement and baseline and compared it between groups using a 2-sample
t-test or Mann-Whitney U test. To estimate the effect of the study group assignment (CB
arm relative to SO arm) on changes in exploratory outcome variables, multivariable linear
regression models were fit for each outcome. The covariates included in multivariable
linear regression models were selected based on the univariates analysis with p < 0.05.

3. Results

3.1. Participant Characteristics

Table 1 displays clinicodemographic characteristics of survivors and spouses ran-
domized to the SO and CB groups. On average, survivors were in their early-to-mid
60s, and slightly more were female. Survivors were predominantly white, and the vast
majority had at least some college-level education. Nearly one-third of survivors were
employed full time, and nearly one-third classified themselves as a homemaker/volunteer,
while slightly more than one-third were retired. The average BMI among survivors was
in the overweight range. All female participants were breast cancer survivors, whereas
most male participants were prostate cancer survivors. In terms of cancer treatment, most
survivors had undergone surgery, radiation therapy, and hormonal therapy, but fewer than
half of the survivors had undergone chemotherapy. There were no significant differences
in clinicodemographic characteristics between survivors randomized to the SO and CB
conditions (all p-values > 0.05). As published previously [44], survivors who enrolled in the
study were younger and consumed less energy from fat than survivors who were screened
but did not enroll.
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Table 1. Clinic demographic characteristics of cancer survivor and spouse participants by study condition.

Characteristic

Cancer Survivors Spouses

Overall
(n = 22)

Survivor-Only
Condition

(n = 10)

Couples-
Based

Condition
(n = 12)

p a Overall
(n = 22)

Survivor-Only
Condition

(n = 10)

Couples-
Based

Condition
(n = 12)

p a

Age (years),
mean (SD) 64.1 (10.8) 62.4 (11.4) 65.5 (10.5) 0.5 63.4 (8.2) 63.1 (9.0) 63.4 (7.8) 0.9

Sex 0.7 >0.9
Male, n (%) 10 (45.5) 4 (40.0) 6 (50.0) 13 (59.1) 6 (60.0) 7 (58.3)

Female, n (%) 12 (54.5) 6 (60.0) 6 (50.0) 9 (40.9) 4 (40.0) 5 (41.7)
Race/Ethnicity 0.1 0.6
Hispanic, n (%) 4 (18.2) 3 (30.0) 1 (8.3) 3 (13.6) 1 (10.0) 2 (16.7)
Non-Hispanic

Black, n (%) 1 (4.5) 1 (10.0) 0 (0.0) 2 (9.1) 1 (10.0) 1 (8.3)

Non-Hispanic
White, n (%) 16 (72.7) 5 (50.0) 11 (91.7) 16 (72.7) 7 (70.0) 9 (75.0)

Other, n (%) 1 (4.5) 1 (10.0) 0 (0.0) 1 (4.5) 1 (10.0) 0 (0.0)
Education, n (%) 0.7 -

High school
diploma/GED 2 (9.1) 0 (0.0) 2 (16.7) - - -

Some college or
2-year degree 6 (27.3) 3 (30.0) 3 (25.0) - - -

Bachelor’s
degree 8 (36.4) 3 (30.0) 5 (41.7) - - -

Advanced
degree 6 (27.2) 4 (40.0) 2 (16.6) - - -

Employment
Status, n (%) 0.2 -

Full Time 6 (27.3) 1 (10.0) 5 (41.7) - - -
Part Time 2 (9.1) 1 (10.0) 1 (8.3) - - -

Retired 8 (36.4) 6 (60.0) 2 (16.7) - - -
Homemaker or

volunteer 6 (27.3) 2 (20.0) 4 (33.3) - - -

Weight (kg),
mean (SD) 76.4 (19.4) 70.4 (13.8) 81.4 (22.4) 0.2 85.7 (22.6) 80.8 (12.8) 89.8 (28.3) 0.4

BMI (kg/m2),
mean (SD)

27.7 (6.4) 25.4 (3.8) 29.7 (7.6) 0.1 29.6 (5.8) 28.2 (3.9) 30.7 (7.0) 0.3

Cancer type, n
(%) 0.6 -

Breast 13 (59.1) 6 (60.0) 7 (58.3) - - -
Prostate 8 (36.3) 4 (40.0) 4 (33.3) - - -

Colorectal 1 (4.5) 0 (0.0) 1 (8.3) - - -
Surgery, n (%) 0.2 -

No 2 (10.5) 0 (0.0) 2 (22.2) - - -
Yes 17 (89.5) 10 (100.0) 7 (77.8) - - -

Chemotherapy >0.9 -
No 11 (57.9) 6 (60.0) 5 (55.6) - - -
Yes 8 (42.1) 4 (40.0) 4 (44.4) - - -

Radiation
therapy >0.9 -

No 9 (45.0) 4 (40.0) 5 (50.0) - - -
Yes 11 (55.0) 6 (60.0) 5 (50.0) - - -

Hormonal
therapy >0.9 -

No 7 (38.9) 3 (33.3) 4 (44.4) - - -
Yes 11 (61.1) 6 (66.7) 5 (55.6) - - -

Other treatment 0.6 -
No 9 (75.0) 3 (60.0) 6 (85.7) - - -
Yes 3 (25.0) 2 (40.0) 1 (14.3) - - -

a For difference between individual and couple condition.

The average age of spouses was similar to that of survivors. The majority of spouses
were male and white. The average BMI of spouses also was in the overweight range, though
higher than survivors. There were no significant differences in demographic characteristics
between spouses randomized to the SO and CB conditions (all p-values > 0.05).
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3.2. Feasibility Measures

Recruitment spanned 15 months, with 22 survivors and 22 spouses enrolling between
July 2011 and September 2012. One hundred ninety-seven survivors were contacted, and
22 survivors (11.2%) enrolled and completed baseline assessments (Figure 1). One couple
enrolled but did not complete baseline assessments. The overall enrollment rate was 12.7%.

Contacted and assessed for eligibility (n = 197 cancer survivors) 

Excluded (n = 174) 
Ineligible (n = 26) 
Not interested or unable to participate (n = 148) 

Couples-based (CB) condition (n = 12 pairs) Survivor only (SO) condition (n= 10 pairs) 

Enrolled (n = 23 pairs) 

Withdrew prior to baseline (n = 1 pair) 

Randomized (n = 22 pairs) 

Completed follow-up assessments at 6 months and included in 
analyses [n = 8 pairs (9 survivors and 8 spouses)] 

Did not complete follow-up 
assessments at 6 months (n = 1 pair 
and 1 additional spouse) 

Did not complete follow-
up assessments at 6 
months (n = 1 pair) 

Completed follow-up assessments at 6 
months and included in analyses (n = 11 pairs) 

Figure 1. CONSORT flow diagram from recruitment to study completion.

Nine-of-ten survivors in the SO group (90.0%) completed the 6-month follow-up
measures, and 11-of-12 survivors in the CB group (92.7%) completed the 6-month follow-
up measures. Thus, the attrition rate among survivors was 9.1%. Eight-of-ten spouses in
the SO condition (80%) and 11-of-12 spouses in the CB condition (92.7%) completed the
6-month follow-up measures, resulting in a 13.6% attrition rate among spouses. The overall
attrition rate, regardless of survivor status or study condition, was 11.4%.

Survivors in the SO condition attended an average of 97% of sessions, and survivors in
the CB condition attended an average of 92% of sessions. Combining both groups, survivors
attended 94% of sessions with no significant differences between study conditions. Spouses
(CB condition only) attended an average of 91% of sessions.

In terms of intervention acceptability, 12 survivors (6 CB and 6 SO) and 5 spouses
(4 CB and 1 SO) completed the follow-up question asking whether they would recommend
the program to other cancer survivors. Among CB survivors, 5 (83%) responded, “Yes,”
and 1 (17%) responded, “No.” Among SO survivors, 4 (67%) responded, “Yes,” and 2 (33%)
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responded “Maybe.” Among spouses, all 4 spouses from the CB group (100%) responded,
“Yes” and the 1 spouse from the SO group responded “Maybe.”

There were no intervention-related adverse events.

3.3. Exploratory Outcome Measures

Table 2 display secondary outcomes including self-reported and accelerometer-based
physical activity, physical functioning, weight status, body composition, and diet at study
time points for survivors and spouses. The p-values indicating the significance of change
within the study arm and the significance of the difference in change between the study
arms is also presented.

Table 2. (a) Summary statistics for outcome measures among cancer survivors by study condition; (b) Summary statistics
for outcome measures among spouses by study condition.

(a)

Cancer Survivors
Survivor-Only Condition Couples-Based Condition

Outcome Assessment n Mean SD p a n Mean SD p a p b

Self-reported moderate-to-strenuous
PA (min/wk)

Baseline 10 176.0 138.7
0.3

12 96.0 116.6
0.8 0.66 months 10 196.5 158.0 11 107.7 112.1

MPA (min/wk)
Baseline 9 71.3 46.0

0.4
11 38.3 18.0

0.2 0.36 months 8 90.0 28.8 7 57.0 25.3

VPA (min/wk)
Baseline 9 6.0 7.7

0.9
11 0.3 0.7

0.1 0.76 months 8 3.7 4.1 7 1.2 1.9

MVPA (min/wk)
Baseline 9 77.3 48.7

0.5
11 38.6 18.2

0.2 0.76 months 8 93.7 31.3 7 58.2 25.8
6-min walk distance

(m)
Baseline 10 514.7 68.4

0.2
12 443.0 87.2

<0.001 0.56 months 9 580.8 100.1 11 531.2 81.9

2-min step test (repetitions) Baseline 10 79.8 27.9
0.3

12 82.0 16.3
0.01 0.56 months 9 92.4 26.0 11 98.9 14.0

30-Second Sit-to-Stand
(repetitions)

Baseline 10 11.4 3.2
0.005

12 12.1 3.1
0.5 0.0056 months 9 15.0 5.1 11 12.8 3.1

Arm Curls (repetitions) Baseline 10 13.2 3.4
0.01

12 14.8 3.1
0.8 0.026 months 9 17.6 5.8 11 15.6 4.4

8 foot up-and-go time
(s)

Baseline 10 6.3 1.9
0.3

12 7.0 1.5
0.7 0.56 months 9 5.6 0.9 11 6.7 1.7

Body weight (kg) Baseline 10 70.4 13.8
0.02

12 81.4 22.4
0.01 0.56 months 9 67.0 13.8 11 73.3 14.1

Total fat consumption (g/day) Baseline 10 72.9 19.0
0.5

12 76.7 24.6
0.07 0.56 months 9 64.9 31.8 11 60.3 29.7

Saturated fat consumption (g/day) Baseline 10 21.1 7.1
0.6

12 24.5 10.5
0.03 0.26 months 9 19.0 9.5 11 18.2 7.1

Fruit and vegetable
consumption (cups/day)

Baseline 10 2.5 1.3
0.02

12 2.6 1.3
<0.001 0.86 months 9 4.4 2.0 11 4.5 1.6

(b)

Spouses
Survivor-Only Condition Couples-Based Condition

Outcome Assessment n Mean SD pa n Mean SD pa pb

Self-reported moderate-to-strenuous
PA (min/wk)

Baseline 9 129.4 158.6
0.9

12 71.7 78.1
0.02 0.86 months 9 120.0 157.9 10 124.5 47.9

MPA (min/wk)
Baseline 9 80.3 47.8

0.6
12 52.0 36.1

0.2 0.066 months 9 87.0 31.8 6 55.7 29.6

VPA (min/wk)
Baseline 9 3.1 5.7

0.2
12 3.6 7.1

0.5 0.26 months 9 6.1 12.3 6 5.5 13.0

MVPA (min/wk)
Baseline 9 83.4 49.1

0.9
12 55.6 41.5

0.2 0.26 months 9 92.9 30.8 6 61.2 40.1
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Table 2. Cont.

(b)

Spouses
Survivor-Only Condition Couples-Based Condition

Outcome Assessment n Mean SD pa n Mean SD pa pb

6-min walk distance (m)
Baseline 10 504.5 112.4

>0.99
12 491.3 131.2

0.5 0.66 months 8 533.8 96.9 11 508.0 86.3

2-min step test (repetitions) Baseline 10 86.9 22.9
0.8

12 80.3 32.7
0.6 0.66 months 8 86.0 18.5 11 84.0 17.5

30-Second Sit-to-Stand
(repetitions)

Baseline 10 11.9 4.8
0.6

12 12.0 3.8
>0.99 0.56 months 8 12.1 6.6 11 12.4 3.9

Arm Curls (repetitions) Baseline 10 16.3 4.8
0.8

12 16.9 5.4
0.2 0.36 months 8 16.8 4.8 11 15.7 4.8

8 foot up-and-go time (s) Baseline 10 7.1 2.6
0.3

12 7.6 4.9
0.3 0.26 months 8 6.7 1.6 11 6.3 1.6

Body weight (kg) Baseline 10 80.8 12.8
0.7

12 89.8 28.3
0.03 0.056 months 8 83.6 11.3 11 80.2 20.1

Total fat consumption (g/day) Baseline 9 58.9 26.3
0.2

12 85.9 38.8
<0.001 0.86 months 8 51.1 27.3 11 63.2 26.6

Saturated fat consumption (g/day) Baseline 9 20.1 10.1
0.4

12 28.5 13.0
0.002 0.46 months 8 18.0 10.9 11 19.0 8.7

Fruit and vegetable
consumption (cups/day)

Baseline 9 2.8 1.5
0.6

12 2.4 1.3
0.01 0.26 months 8 3.3 1.3 11 3.3 1.4

Abbreviations: PA = physical activity, MPA = accelerometer-measured moderate physical activity, VPA = accelerometer-measured vigorous
physical activity, MVPA = accelerometer-measured moderate-to-vigorous physical activity, a for within-group differences between baseline
and 6 months; b for differences in change from baseline to 6-months between study conditions.

There were no significant changes in either self-reported or accelerometer measures or
physical activity between study time points among survivors randomized to the SO vs. CB
conditions, and there were no significant differences in physical activity change between
these groups.

Despite no differences in physical activity, there were significant changes in physical
performance from baseline to the 6-month follow-up. Survivors randomized to the CB
condition showed significant improvement in both the 6-min walk test and the 2-min step
test at 6 months, whereas survivors randomized to the SO condition showed no significant
change in these measures. No significant between-arm differences were detected for
either of these measures. Survivors randomized to the SO condition showed significant
improvement in the 30-s sit-to-stand test and in the arm curl test, whereas survivors in the
CB condition showed no significant change in either of these tests. Improvements in these
tests were significantly better for the SO vs. the CB arms.

Survivors in both the SO and CB arms demonstrated significant weight loss over the
6-month period with no between-arm differences in weight loss noted.

The SO arm survivors reported significantly higher F&V consumption at 6 months
compared to baseline, as did CB arm survivors. Survivors in the CB arm also had significant
decreases in saturated fat consumption. There were no significant between-arm differences
in change scores for any of the dietary variables.

Spouses randomized to the CB condition reported significantly higher strenuous +
moderate physical activity at 6 months compared to baseline, but there was no significant
change in this variable for spouses in the SO arm. There were no significant changes
in either arm in accelerometer-measured physical activity. There were no significant
differences between arms in the amount of change in either self-reported or accelerometer-
measured physical activity.

There were no significant changes in physical performance measures from baseline to
6 months among spouses randomized to either study condition, and there were no signifi-
cant differences in physical performance changes between groups. Spouses randomized to
CB condition demonstrated significant weight loss at 6 months relative to baseline. Spouses
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randomized to the SO condition showed no significant change in weight, and there was no
significant difference in weight change between groups.

Spouses randomized to the CB condition showed significantly reduced consumption
of total fat and saturated fat and significantly increased consumption of F&Vs at 6 months
relative to baseline. In contrast, spouses randomized to the SO condition showed no
significant changes in total fat, saturated fat, or F&V consumption from baseline to 6 months.
There were no significant differences in 6-month changes in dietary variables between
spouses randomized to SO vs. CB study conditions.

Table 3 displays multivariable linear regression models estimating the effect of study
groups on exploratory outcome measures for cancer survivors and spouses. Based on
bivariate correlations with outcome variable change scores, the following variables were
included as covariates in the models: baseline value of the outcome of interest, ethnicity
(white vs. non-white), and BMI. With randomization to the SO condition as the comparison
group, randomization to the CB condition showed significant, negative associations with
change in 30-s chair stand repetitions (B = −2.7, p = 0.04) and arm curls (B = −4.5, p = 0.02)
among survivors. Among spouses, randomization to the CB condition showed a significant,
negative association with change in vigorous physical activity (B = −4.08, p = 0.02).

Table 3. Multiple linear regression models estimating treatment effects.

Cancer Survivors Spouses
Effect βeta 95% LB 95% UB p-Value βeta 95% LB 95% UB p-Value

Self-reported
moderate-to-
strenuous PA

(min/wk)

Condition
(SO vs. CB) −12.08 −161.14 136.99 0.866 46.76 −51.05 144.56 0.323

MPA (min/wk) Condition
(SO vs. CB) −33.86 −68.27 0.56 0.053 −15.47 −40.55 9.61 0.196

VPA (min/wk) Condition
(SO vs. CB) −2.26 −7.16 2.65 0.320 −4.08 −7.32 −0.83 0.019

MVPA (min/wk) Condition
(SO vs. CB) −36.30 −72.95 0.34 0.052 −15.76 −43.91 12.38 0.237

6-min walk distance
(meters)

Condition
(SO vs. CB) 23.57 −58.61 105.75 0.550 1.15 −46.03 48.34 0.959

2-min step test
(repetitions)

Condition
(SO vs. CB) 11.98 −6.67 30.62 0.191 1.93 −10.75 14.61 0.749

30-Second Sit-to-
Stand

(repetitions)

Condition
(SO vs. CB) −2.71 −5.30 −0.12 0.042 1.43 −2.28 5.15 0.421

Arm curls
(repetitions)

Condition
(SO vs. CB) −4.46 −8.18 −0.73 0.022 −1.47 −4.32 1.37 0.285

8 foot up-and-go
time (seconds)

Condition
(SO vs. CB) 0.65 −0.62 1.92 0.294 −0.67 −1.84 0.50 0.237

Body weight (kg) Condition
(SO vs. CB) −0.63 −3.58 2.33 0.658 −3.66 −7.90 0.57 0.085

Total fat
consumption

(g/day)

Condition
(SO vs. CB) −5.08 −35.10 24.94 0.723 4.10 −14.74 22.93 0.646

Saturated fat
consumption

(g/day)

Condition
(SO vs. CB) −2.45 −10.37 5.46 0.519 −1.62 −9.40 6.17 0.661

Fruit and
vegetable

consumption
(cups/day)

Condition
(SO vs. CB) 0.30 −1.37 1.98 0.704 0.69 −0.30 1.67 0.156

Abbreviations: PA = physical activity, MPA = accelerometer-measured moderate physical activity, VPA = accelerometer-measured vigorous
physical activity, MVPA = accelerometer-measured moderate-to-vigorous physical activity.
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4. Discussion

Few studies have examined the feasibility or outcomes of spouse-based interventions
to improve lifestyle behaviors among cancer survivors [41]. This study examined the
feasibility of a CB intervention to improve diet and physical activity among cancer sur-
vivors and their spouses, and also compared differences in exploratory outcomes between
survivors and spouses randomized to the CB intervention and those randomized to an
SO intervention.

As hypothesized, the intervention was indeed feasible, with survivors and spouses
surpassing metrics for retention and intervention session attendance. The enrollment rate
for this study was 12.7%, which is typical of interventions targeting diet and physical
activity among cancer survivor-partner dyads [27,45], particularly when survivors are not
referred directly by oncologists involved in the survivors’ care. Furthermore, retention
and adherence in the current trial were strong. The combined attrition rate of 11.4%
among all participants in this study is similar to or exceeds those reported from other
studies involving cancer survivor-caregiver or partner dyads [27,45,46]. Moreover, the high
attendance, which ranged from 91–97%, exceed those reported in recent studies involving
exercise for cancer survivor-partner dyads [27,46], further highlighting the feasibility of this
intervention. Participants experienced no intervention-related adverse events thus safety,
an important outcome to establish feasibility, was obviated as a concern. Both survivors
and spouses tended to rate the program favorably, with 92% of survivors and 80% of
spouses responding that they would recommend participating to other cancer survivors.

Cancer survivors and their partners tend to struggle to consume healthy diets and
engage in sufficient exercise, [15] so establishing intervention feasibility, as we did in this
study, is a critical first step. The high rates of retention and adherence observed in this
study highlight the importance and benefits of couples embarking on paths to improve
eating and physical activity habits together. Similarly, low rates of attrition and high rates
of adherence between survivors randomized to both study arms suggest that the two
groups may have inspired similar levels of motivation to participate and complete the
intervention. Attending intervention sessions and following-up to measure progress set the
stage for developing positive health behaviors as a couple, with survivors and spouses each
taking active roles in supporting one another’s efforts to improve health. The observed
enrollment rate, though typical in the realm of behavior change interventions for cancer
survivors, leaves significant room for improving intervention reach. Studies that rely on
treating oncologists to refer cancer survivors to behavior change interventions tend to
demonstrate higher enrollment rates [27]; this highlights the importance of integrating
lifestyle improvement programming into standard care for cancer care and survivorship.
Future trials involving dyadic interventions to improve diet and physical activity among
cancer survivors and their spouses may benefit from involving oncology providers directly
in referral pathways.

In addition to intervention feasibility, our study provides some evidence of inter-
vention benefits for both cancer survivors and their partners. Survivors in both the CB
and SO groups improved health behaviors and related outcomes with between-group
comparisons demonstrating few differences. However, spouses in the CB intervention
demonstrated significant improvements in health behaviors and related outcomes, while
those examined as part of the SO group (i.e., did not receive an intervention) demonstrated
none. Though samples were small, these findings suggest that CB interventions may help
enhance delivery to some cancer survivors and may provide an important opportunity for
behavior change among spouses.

Recently published studies involving lifestyle interventions for dyads featuring can-
cer survivors and their caregivers or family members have demonstrated mixed results.
Kamen et al. found no significant improvements in physical activity (steps per day) among
cancer survivors or caregivers (95% of whom were spouses/partners) following a 6-week
exercise intervention, and there was no significant difference between participants who
were randomized to engage with their caregivers and those randomized to individual
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intervention [47]. In contrast, Demark-Wahnefried et al. found significant improvements
in physical activity, fitness, and anthropometrics among breast cancer survivors and their
adult daughters enrolled in team and individual lifestyle interventions, but no significant
differences between intervention formats [45]. To date, studies of dyadic lifestyle inter-
ventions for cancer survivors and their caregivers or partners, including the current study,
have focused on understanding intervention feasibility. As such, they likely lack statistical
power to detect true differences in behaviors or outcomes between groups of survivors and
partners receiving the intervention as pairs and those receiving interventions individually.

This study has important strengths and limitations. Strengths include a strong, ran-
domized study designed to compare intervention feasibility and primary and secondary
outcomes between study groups. Primary outcomes included valid measures of diet, and
both objective and self-reported physical activity, and secondary outcomes included valid
and objective measures of physical performance, body composition, and anthropomet-
rics. Intervention adherence and retention were very strong and similar between study
groups, helping to limit concerns about intervention fidelity, attrition bias, or missing
data. The enrollment rate of 12.7%, though on par with dyadic lifestyle interventions for
cancer survivors, suggests that those who actually participated may have been particularly
motivated to engage in a lifestyle intervention with their spouses. Future efforts to en-
roll cancer survivors in dyadic lifestyle interventions may benefit from directly involving
clinicians in recruitment efforts. Though the randomized design helps ensure that there
were no systematic differences in motivation between groups, the overall findings of the
study may not generalize to the broader population of cancer survivors, many of whom
may be less motivated to make healthy lifestyle changes. Generalizability may also be
limited by the relatively homogeneous, sociodemographic profile of study participants, as
most participants were non-Hispanic white and well-educated, and had an opposite sex
partner/spouse. Future research should recruit more diverse samples; in particular the
needs of couples who are not heterosexual or are from different racial/ethnic groups needs
focused study. The study had a number of secondary outcomes, multiple testing, and
potentially spurious significant differences, which is another important limitation. Finally,
as the primary study purpose was to examine the feasibility of the lifestyle intervention,
the lack of statistical power to detect differences between groups in outcome measures
was a primary limitation. The promising feasibility metrics in adherence and retention we
observed in this study, coupled with plans to enhance recruitment strategies to enroll a
larger and potentially more generalizable population, lend promise to a large, impactful
RCT examining differences in outcomes by intervention delivery strategies.

5. Conclusions

Few studies have incorporated spouses in behavioral interventions for cancer survivors,
despite the importance of relationships between cancer survivors and their loved ones in
survivorship and the potential to broaden the impact of positive behavior change [48]. Can-
cer diagnosis, treatment, and survivorship expose both parties of caregiving relationships
to stressful events that can impact health and well-being. Given the many opportunities for
important family decisions throughout cancer survivorship, these circumstances may be
particularly opportune times for lifestyle interventions. The well-being of cancer survivors
and their caregivers tend to covary over time throughout cancer treatment and survivor-
ship, and the positive role modeling and social support for behavior change that may
result from dyadic interventions can provide mutual benefits for both cancer survivors and
their spouses in this context [27,49,50]. Spousal support plays an important role in diet, as
couples generally rely on the same strategies for food procurement and preparation [51,52].
Improvements detected among both cancer survivors and spouses in the CB group may
reflect this important dynamic of dietary habits for couples and highlights the window of
opportunity to impact both members’ diet with dyadic lifestyle interventions for cancer
survivors. Study findings showing improvements in physical activity, physical perfor-
mance, anthropometrics, and diet among cancer survivors in both groups and spouses in
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the CB group are promising, albeit preliminary. It will be important for a future trial to be
powered to compare outcomes between couples randomized to receive the intervention
together and separately. Overall, the findings from this study suggest that dyadic lifestyle
multiple behavior change interventions are promising for both cancer survivors and their
spouses, and they may provide a valuable strategy to broaden and deepen the impact of
improving health during cancer survivorship.
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Abstract: Obesity-associated breast cancer recurrence is mechanistically linked with elevated insulin
levels and insulin resistance. Exercise and weight loss are associated with decreased breast cancer
recurrence, which may be mediated through reduced insulin levels and improved insulin sensitivity.
This is a secondary analysis of the WISER Survivor clinical trial examining the relative effect of
exercise, weight loss and combined exercise and weight loss interventions on insulin and insulin
resistance. The weight loss and combined intervention groups showed significant reductions in
levels of: insulin, C-peptide, homeostatic model assessment 2 (HOMA2) insulin resistance (IR), and
HOMA2 beta-cell function (β) compared to the control group. Independent of intervention group,
weight loss of ≥10% was associated with decreased levels of insulin, C-peptide, and HOMA2-IR
compared to 0–5% weight loss. Further, the combination of exercise and weight loss was particularly
important for breast cancer survivors with clinically abnormal levels of C-peptide.

Keywords: breast neoplasms; neoplasm recurrence; weight reduction program; resistance training;
overweight; adiposity; caloric restriction; biomarkers

1. Introduction

Breast cancer mortality has significantly declined over the last two decades [1], leading
to a growing population of breast cancer survivors. Breast cancer survivors comprise more
than 50% of the 8.8 million female cancer survivors in the United States [2]. Unfortunately,
the risk of breast cancer recurrence is 10–52% depending on tumor subtype and cancer
stage [3]. As a result of the growing population of breast cancer survivors there has been
an increase in focus on preventing breast cancer recurrence [4].

Obesity and physical inactivity are risk factors for breast cancer and breast cancer
recurrence [5–7] with a 12% increase in risk of breast cancer diagnosis for every 5 unit
increase in BMI [8]. At breast cancer diagnosis, 54–71% of women are overweight (BMI
25–30 kg/m2) or have obesity (BMI > 30 kg/m2) [9,10]. Further, weight gain after diagnosis
is common, with the majority gaining weight during treatment [11]. Every five pounds
gained after diagnosis is associated with a 12% and 13% increase of breast cancer-specific
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mortality and all-cause mortality, respectively [12]. One proposed mechanism linking
obesity and breast cancer recurrence are elevated insulin levels and reduced insulin sensi-
tivity [13,14]. Insulin resistance is associated with abdominal obesity, breast cancer specific
and overall mortality [15,16], and increased breast cancer recurrence [17,18].

Exercise and weight loss reduces cancer and all-cause mortality in breast cancer pa-
tients [19–22]. It is currently unclear if exercise and weight loss interventions reliably
improve metabolic markers and reduce insulin resistance in the breast cancer survivor
population [23–27]. The WISER Survivor trial compared exercise training, weight loss
and a combination of the two energetic interventions to a control group among breast
cancer survivors with overweight or obesity [28,29]. In this secondary analysis, we have
analyzed mechanistically relevant biomarkers. We hypothesized that the combined inter-
vention group would lead to the greatest decrease, compared to control, in adiposity and
concomitant beneficial changes in insulin, C-peptide, and insulin resistance.

2. Materials and Methods

2.1. Design

The WISER Survivor randomized controlled trial consisted of four intervention groups
comparing the individual and combined effects of exercise and weight loss in breast
cancer survivors with excess body weight and lymphedema. The complete study design,
methods, and primary results have been published separately [28,29]. The 12-month
intervention groups included: control (referred to American Cancer Society and/or their
physician), exercise (weight training and aerobic exercise), weight loss (caloric restriction),
and combined exercise and caloric restriction to promote weight loss.

2.2. Participants

Recruitment was conducted using local hospital and state tumor registries in the
Philadelphia, PA, metropolitan area. All participants were breast cancer survivors with
a BMI ≥ 25 kg/m2 but <50 kg/m2, younger than 80 years old, cancer free and having
completed curative treatment more than 6 months before randomization, had breast cancer-
related lymphedema, and sedentary lifestyle (assessed by self-report) prior to enrollment.
Eligible participants had to be able to walk unaided for greater than 6 min. Exclusions
included taking weight loss medication at the time of enrollment, weight loss greater than
4.5 kg in the previous 3 months, current engagement in moderate intensity exercise (e.g.,
bicycling or brisk walking) 3 or more times per week, weight training in the past year,
and bariatric surgery. Additional recruitment methods and eligibility criteria have been
published separately [30]. There were 351 women enrolled between 5 December 2011
and 21 April 2015 and all follow-up testing was performed by 28 May 2016. The primary
aim was to evaluate the effects of these interventions on interlimb volume difference [29].
This report is a secondary analysis examining the effects of the trial on insulin-related
biomarkers of breast cancer recurrence.

2.3. Exercise Intervention

All exercise sessions could be performed within the participant’s home and weight-
adjustable dumbbells were provided for the weight training component of the exercise
intervention. Participants were asked to engage in two weight training sessions and
180 min of aerobic exercise per week. For the first six weeks, participants received in-
person, on-site weekly instruction from certified fitness professionals that focused on
the proper and safe execution and gradual increase of the prescribed resistance exercises.
From weeks 7 to 52, participants received monthly in-person sessions at the study site,
in addition to performing two weight training and 6 aerobic exercise sessions per week
at home. Resistance for weight training exercises was gradually increased throughout
the intervention. Aerobic exercise prescription remained constant the entire intervention.
Behavioral counseling was included in the monthly sessions with the goal of maximizing
adherence. All participants were asked to keep a log of their exercises performed. Exercise
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trainers called participants weekly to provide behavioral counseling, answer questions,
and check on adherence.

2.4. Weight Loss Intervention

The first 24 weeks of the intervention included weekly group meetings and meals
provided using NutriSystem® to promote weight loss. Meetings were designed to increase
adherence through behavioral modification lessons with a different topic each week such
as goal setting, problem solving, etc. During the first 20 weeks, daily caloric intake was
restricted to 1200–1500 kcal/day through the provision of Nutrisystem® shelf stable meals
and snacks. From weeks 20–24 participants were encouraged to transition to purchasing
their own food from the grocery store while maintaining 1200–1500 kcal/day. During
the following 28 weeks, participants increased their caloric intake to 1700–2000 kcal/day
with the goal of maintaining the weight they had lost in the initial 24 weeks. In this
28-week period there were monthly group meetings and weekly individual calls with a
registered dietitian.

2.5. Exercise and Weight Loss Intervention

Participants in this group engaged in the same exercise protocol as the exercise inter-
vention group. After week 6, they continued the exercise protocol in addition to starting
the weight loss program. Detailed study design has been published previously [28].

2.6. Control Group

Participants in the control group were directed to the American Cancer Society website
for all diet-related questions. For exercise-related questions they were referred to their
physician. Participants were asked to continue with the exercise regimen they had prior to
enrollment in the study. However, all participants were sedentary (self-report) at study entry.

2.7. Biomarker Assays

Trained medical staff collected 12-h fasting blood samples at the baseline and 12-month
follow-up clinic visit. EDTA plasma samples, aliquoted and stored at −80 ◦C until assay
preparation were used for biomarker measures. Laboratory personnel were blinded to
participants’ study groups. Plasma samples were prepared and analyzed according to stan-
dard methods and quality control procedures. Fasting plasma glucose concentrations were
measured using a glucose oxidase method (YSI 2900 Biochemistry Analyzer). Plasma in-
sulin and C-peptide concentrations were determined using high-sensitivity immunoassays
(Meso Scale Discovery, catalog #K15164C and # K151X5D, respectively). Intra-plate and
inter-plate coefficients of variance (CV), respectively, were: insulin (3.5%, 6.5%), glucose
(2.1%, 3.2%), and C-peptide (4.1%, 9.6%).

2.8. Measurements

Body weight was measured, for analytic purposes, at baseline and 12 months. Height
was measured at baseline. Dual energy x-ray absorptiometry (DEXA) and blood draws
were performed at baseline and 12 months. The treadmill exercise test was conducted
according to the modified Bruce protocol [31]. Homeostatic model assessment (HOMA2)
insulin resistance (IR) and beta-cell function (β) were calculated using the HOMA2 calcu-
lator released by the Diabetes Trials Unit, University of Oxford [32]. Insulin (pmol//L)
and glucose (mmol/L) values were used to calculate HOMA2-IR and C-peptide values
(nmol/L) and glucose (mmol/L) were used to calculate HOMA2-β.

2.9. Statistical Analysis

Two hundred and six of the 351 women who participated in the WISER Survivor
trial were included in this analysis. Participants were excluded if baseline or follow-up
biomarker data was not available (n = 127) (due to inadequate sample availability to assay,
loss to follow up, or not meeting quality control), or self-reported as non-fasting prior to
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blood draw (n = 10), or if insulin, C-peptide or glucose fell outside of the usable range
for the HOMA2 formulas (indicating a non-fasting blood draw, n = 8) (Figure 1). Of
the 206 participants included, 199 completed baseline and follow-up DEXA scans, and
186 completed baseline and 12-month treadmill testing. The Shapiro–Wilk test was used
to test for normality and logarithmic transformations were performed accordingly. The
Kruskal–Wallis and Chi-Squared test were used to test for differences between groups at
baseline. One-way ANOVA with post hoc Bonferroni-adjusted differences were compared
between biomarkers at baseline. A multiple linear regression model was used to examine
main effects of the intervention using log-transformed baseline biomarker of interest and
use of glucose-related medication as covariates. A multiple linear regression model was
used to examine differences between tertiles using log-transformed baseline biomarker
of interest, age, intervention arm, glucose-related medication use, and race as covariates.
A logistic regression model was used to determine odds ratios for impaired baseline
C-peptide and glucose levels returning to normal at 12 months). Clinically impaired
C-peptide values were defined as falling outside 0.78–1.89 ng/mL [33]. Clinically impaired
fasting glucose levels were defined as ≥100 mg/dL [34]. The odds ratio represents the
probability of returning to a normal C-peptide or glucose range at 12-months compared to
the control group. Baseline biomarker of interest, age, change in fat mass, change in lean
body mass and change in treadmill time were used as covariates. The datasets generated
during and/or analyzed during the current study are available from the corresponding
author on reasonable request.

Figure 1. Two hundred and six of the 351 women who participated in the WISER Survivor trial were
included in this analysis. Participants were excluded if baseline or follow-up biomarker data was not
available (n = 127) (due to inadequate sample availability to assay, loss to follow up, or not meeting
quality control), or self-reported as non-fasting prior to blood draw (n = 10), or if insulin, C-peptide or
glucose fell outside of the usable range for the homeostatic model assessment 2 (HOMA2) formulas
(indicating a non-fasting blood draw, n = 8).
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3. Results

Participant characteristics are summarized in Table 1. The study population was 33%
Black or other minority, on average with a BMI indicating overweight or obesity, greater
than 5 years since diagnosis, and college educated. Forty-four percent of participants were
on endocrine therapy and 8% were taking medication related to glucose management
during the study. Adherence to aerobic exercise was reported at 145 ± 72 and 163 ± 94 min
per week in the exercise group and combined group, respectively. Attendance at supervised
exercise sessions was 85.8 ± 18% and 88.9 ± 29% in the exercise group and combined
group, respectively.

Table 1. Demographic and clinical characteristics of the groups at baseline.

Cohort
n = 206

Control
n = 51

Exercise
n = 50

Weight Loss
n = 50

Combined
n = 55

p Value

Age, y 59.9 ± 8.9 60.5 ± 8.9 59.3 ± 8.8 59.7 ± 8.8 60.2 ± 9.2 0.90
BMI, kg/m2 33.8 ± 5.9 33.3 ± 5.3 34.5 ± 7.0 34.1 ± 5.7 33.4 ± 5.8 0.86

Time since diagnosis, y 7.8 ± 5.3 8.8 ± 5.4 7.4 ± 5.3 7.6 ± 5.6 7.4 ± 4.9 0.41
Race

Non-Hispanic White 138 (67) 37 (72.5) 33 (66.0) 34 (68.0) 34 (61.8)
Black 61 (29.6) 12 (23.5) 16 (32.0) 16 (32.0) 17 (30.9)
Other 7 (3.4) 2 (3.9) 1 (2.0) 0 4 (7.3) 0.45

Education
High school diploma 36 (17.5) 11 (21.6) 7 (14.0) 5 (10.0) 13 (23.6)

Some college 67 (32.5) 16 (31.4) 14 (28.0) 21 (42.0) 16 (29.1)
College education 103 (50) 24 (47.1) 29 (58.0) 24 (48.0) 26 (47.3) 0.38
Endocrine therapy

Aromatase inhibitors 70 (33) 17 (33.3) 16 (32.0) 19 (38.0) 18 (32.7) 0.92
Tamoxifen 20 (9.7) 4 (7.8) 8 (16.0) 5 (10.0) 3 (5.4) 0.31

Anti-Diabetes
Medication 17 (8.2) 1 (2.0) 4 (8.0) 7 (14.0) 5 (9.1) 0.18

Data presented as mean ± SD or n (%).

3.1. Intervention Effects

Table 2 displays the baseline and follow up values of plasma biomarkers. There were
no differences in levels between groups at baseline. At follow up, the weight loss and
combined intervention groups experienced a significant decrease in insulin, C-peptide,
HOMA2-IR, and HOMA2-β compared to the control group. Insulin decreased by 22.3% in
the weight loss group and by 18.5% in the combined group. C-peptide decreased by 16.7%
in the weight loss group, and by 13% in the combined group. HOMA2-IR decreased by
20% in the weight loss group, and by 16.7% in the combined group. HOMA2-β decreased
by 3.2% in the exercise group, 2.2% in the weight loss group, and 5.6% in the combined
group. The exercise group experienced a 4.5% increase in glucose.

Table 2. Main intervention effects on biomarkers of insulin sensitivity.

Control Exercise Weight Loss Combined

Insulin (uIU/mL)
Baseline 17.8 ± 11.5 16.5 ± 10.2 17.5 ± 8.3 16.2 ± 11.4

12-Months 18.1 ± 10.6 16.8 ± 9.9 13.5 ± 7.3 a 13.2 ± 9.6 a

Change 0.3 0.3 −4.0 −3.0

C-peptide (ng/mL)
Baseline 2.4 ± 1.0 2.3 ±1.0 2.4 ± 1.0 2.3 ± 1.2

12-Months 2.5 ± 0.9 2.5 ± 1.1 2.0 ± 0.9 a 2.0 ± 1.1 a

Change 0.1 0.2 −0.4 −0.3
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Table 2. Cont.

Control Exercise Weight Loss Combined

Glucose (mg/dL)
Baseline 103 ± 14.5 111 ± 31.7 110 ±14.9 102 ± 12.7

12-Months 99.7 ± 15.1 116 ± 40.6 a 106 ±17.5 101 ± 14.0
Change −3.3 5.0 −4.0 −1.0

HOMA2-IR
Baseline 2.0 ± 1.3 1.9 ± 1.2 2.0 ± 0.95 1.8 ± 1.3

12-Months 2.0 ± 1.2 2.0 ± 1.2 1.6 ± 0.8 a 1.5 ± 1.1 a

Change 0 0.1 −0.4 −0.3

HOMA2-β
Baseline 110 ± 35.4 103 ± 33.8 97.2 ± 31.8 107 ± 38.1

12-Months 121 ± 38.1 99.7 ± 34.4 a 95.1 ± 32.6 a 101 ± 39.5 a

Change 11 −3.3 −2.1 −6.0
Data presented as mean ± SD. a p < 0.05. Homeostatic model assessment 2 (HOMA2) insulin resistance (IR), and
HOMA2 beta-cell function (β).

3.1.1. Effects of Change in Body Composition and Treadmill Endurance

Table 3 displays the change in biomarker by categories of weight loss, and by tertiles
of change in fat mass, lean mass, time on treadmill (i.e., fitness). Compared to those who
lost between 0–5% of their weight, participants who lost ≥10% of their baseline weight ex-
perienced significant changes in insulin, C-peptide, and HOMA2-IR. Similarly, in tertiles 2
and 3 of change in fat mass (≥1.3 kg fat loss) had a significant change in insulin, C-peptide,
and HOMA2-IR. Mean levels of lean mass change were 0.1 ± 1.8 kg, 0.41 ± 2.5 kg, −0.83
± 3 kg, −1.2 ± 2.5 kg in the control, exercise, weight loss and combined intervention
groups, respectively. The addition of the exercise intervention to caloric restriction did
not mitigate the loss of lean mass. Participants in the upper tertile of change in lean mass
(≥0.7 kg lean mass gained) experienced significantly less improvement in insulin, C-peptide,
glucose, and HOMA2-IR, compared to participants that lost lean mass. Participants whom
improved their treadmill test duration, “fitness capacity”, by at least 31 s experienced
significant decreases in insulin and HOMA-IR.

Table 3. Changes in biomarkers of insulin sensitivity among WISER Survivor participants stratified
according to weight loss and tertiles of change in fat mass, change in lean mass, and change in
aerobic fitness.

Weight Loss (%) *

<0–5 (Reference) ≥5–10 ≥10

n 70 30 47

Δ Insulin (uIU/mL) −2.79 (8.5) −3.16 (6.7) −5.03 (7.7) a

Δ C-peptide (ng/mL) −0.08 (0.7) −0.17 (0.6) −0.55 (0.7) a

Δ Glucose (mg/dL) −0.20 (26.1) 0.07 (12.8) −8.08 (11.6)
Δ HOMA2-IR −0.31 (0.9) −0.36 (0.8) −0.60 (0.9) a

Δ HOMA2-β 1.20 (35.8) −4.69 (23.4) −4.35 (21.9)
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Table 3. Cont.

Δ Fat Mass (kg) **

Tertile 1 (Reference) 2 3

Range (kg) +15.5 to −1.2 −1.3 to −4.9 −5.0 to −30

Mean, [Median (SD)] 1.4, [0.95 (2.6)] −2.7, [−2.6 (0.97)] −9.1, [−7.7 (4.3)]

n 66 66 67

Δ Insulin (uIU/mL) 2.78 (7.9) −2.39 (8.1) a −5.52 (7.6) a

Δ C-peptide (ng/mL) 0.32 (0.7) −0.08 (0.73) a −0.53 (0.66) a

Δ Glucose (mg/dL) 3.82 (27.1) 0.15 (13.4) −5.87 (12.3)
Δ HOMA2-IR 0.33 (0.91) −0.26 (0.89) a −0.65 (0.86) a

Δ HOMA2-β 5.45 (27.6) −0.43 (35.1) −6.33 (23.4) a

Δ Lean Body Mass (kg) **

Tertile 1 (Reference) 2 3

Range (kg) −7.7 to −1.298 −1.297 to 0.68 0.7 to 13.3

Mean, [Median (SD)] −3.1, [−2.8 (1.4)] −0.4, [−0.4 (0.5)] 2.3, [1.8 (1.8)]

n 67 66 66

Δ Insulin (uIU/mL) −3.18 (7.6) −1.6 (9.1) −0.38 (8.8) a

Δ C-peptide (ng/mL) −0.26 (0.8) −0.08 (0.8) 0.04 (0.7) a

Δ Glucose (mg/dL) −6.95 (19.7) 2.16 (20.9) a 2.9 (15.1) a

Δ HOMA2-IR −0.38 (0.9) −0.17 (1.0) −0.03 (1.0) a

Δ HOMA2-β −0.26 (25.2) −2.08 (25.3) 0.93 (36.6)

Δ Time on Treadmill (s) ***

Tertile 1 (Reference) 2 3

Range (sec) −711 to −65 −64 to 28 31 to 752

Mean, [Median (SD)] −194, [−166 (133)] −13.4, [−0.5 (27.8)] 163, [117 (151)]

n 62 62 62

Δ Insulin (uIU/mL) 0.11 (8.6) −1.67 (9.5) −4.17 (7.3) a

Δ C-peptide (ng/mL) −0.03 (0.7) −0.07 (0.9) −0.26 (0.6)
Δ Glucose (mg/dL) −0.43 (14.7) −0.76 (27.0) −1.57 (13.4)

Δ HOMA2-IR 0.01 (1.0) −0.19 (1.0) −0.48 (0.1) a

Δ HOMA2-β 2.54 (26.7) 0.20 (34.9) −4.65 (22.1)
Data presented as mean ± SD. a p < 0.05. * Participants (n = 59) who gained weight between baseline and
12-months were excluded. ** Participants (n = 7) without baseline and 12-month DEXA measurements were
excluded. *** Participants (n = 20) without baseline and 12-month treadmill testing were excluded. (n = 20).

3.1.2. Normalization of C-Peptide

We observed that only the combined intervention group significantly increased odds
of improving C-peptide levels from clinically impaired, to normal (Table 4). The odds (95%
CI) of returning to normal C-peptide range for the exercise was 2.3 (0.8–6.6), 2.9 (1.0–9.0) in
the weight loss group and 4.5 (1.4–14.1) for the combined group. Incidence of impaired
C-peptide at follow up for participants who had normal baseline values was 40% for control,
25% for the exercise group, 12.5% for the weight loss group and 13.6% in the combined
group. A regression to the mean analysis for impaired fasting glucose (>100 mg/dL) at
baseline demonstrated that none of the intervention groups significantly increased the
odds of returning to a healthy fasting glucose (<100 mg/dL) at 12 months.
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Table 4. Odds ratio (95% CI) for C-peptide and glucose changing from clinically abnormal at baseline
to normal at 12-month follow-up. Normal C-peptide and glucose range were 0.78–1.89 ng/mL and
<100 mg/dL, respectively.

Adjusted Model C-Peptide Adjusted Model Glucose

Control 1.0
n = 33 b, 37 c

1.0
n = 28 b, 25 c

Exercise 2.3 (0.8–6.6)
n = 32 b, 29 c

0.44 (0.2–1.2)
n = 27 b, 32 c

Diet 2.9 (1.0–9.0)
n = 32 b, 23 c

0.86 (0.3–2.4)
n = 39 b, 31 c

Combined 4.5 (1.4–14.1) a

n = 31 b, 23 c
0.75 (0.3–2.2)
n = 29 b, 28 c

Data presented as odds ratio (95%, CI). a p < 0.05. b = number of participants abnormal at baseline. c = number of
participants abnormal at 12-month.

4. Discussion

We observed that, compared to the control condition, weight loss with or without
exercise led to significant reductions in insulin and insulin resistance. Insulin and associated
metabolic pathways are associated with breast cancer recurrence and hypothesized to
be a mechanistic driver of cancer. Obesity and lack of physical activity are common
modifiable risk factors amongst breast cancer survivors and are strongly associated with
hyperinsulinemia and insulin resistance. Using lifestyle modification in the form of exercise
and weight loss, survivors can reduce insulin and insulin resistance through altered body
composition. With an increasing number of breast cancer survivors, an increased emphasis
on lifestyle modification to reduce recurrence and the sequela of breast cancer and breast
cancer treatment is warranted. The results of this study demonstrate that reduction of
insulin levels and increased insulin sensitivity is more effectively accomplished with a
weight loss intervention than an exercise intervention when compared to the control.
However, for participants with clinically impaired C-peptide levels, a combination of
exercise and weight loss may be necessary to normalize C-peptide levels after taking into
account changes in body composition and age.

We observed decreased insulin, C-peptide, HOMA2-IR, and HOMA2-β levels with a
weight loss intervention and a combined weight loss and exercise intervention. Previous
studies utilizing combined exercise and weight loss interventions in breast cancer survivors
have observed similar results [26,27]. Unlike prior studies, this study isolates the individual
and combined effects of exercise and weight loss to demonstrate that weight loss alone, or
in combination with exercise, is more effective at improving biomarkers of insulin levels
and insulin sensitivity than an exercise-only intervention.

The exercise prescription in the WISER Survivor trial was prescribed with specificity
for lymphedema outcomes. We did not observe any change in insulin levels or insulin
resistance in the exercise group. Yet, change has been observed in other trials using
supervised aerobic and strength training interventions [25,35]. Thus, it is possible the
exercise prescription was not appropriate for outcomes related to insulin levels and insulin
resistance or the lack of supervision during the aerobic exercise portion may have led to
bias in reporting the amount of aerobic exercise completed. Additionally, given that the
upper tertile of fitness capacity in this study was set at an increase of 31 s on the Modified
Bruce Treadmill protocol, it is likely that while participants may have increased their step
count and physical activity minutes, they did not increase their exercise intensity and thus
fitness capacity. Indeed, we observed that participants in the upper tertile for increased
fitness capacity significantly decreased both fasting insulin and HOMA2-IR. Although
not significant, C-peptide, fasting glucose and HOMA2-B did trend towards significant
with increasing fitness capacity. This suggests that these biomarkers can be significantly
decreased with an exercise intervention prescribed to increase fitness capacity via increased
exercise intensity, or, a supervised exercise program. However, we cannot ignore that
weight loss and increased fitness capacity are coupled and more work needs to be done to

154



Nutrients 2021, 13, 3108

assess the ability of exercise, independent of weight loss, to improve insulin sensitivity in
this patient population.

Independent of intervention group, we observed that a 10% or greater weight loss
improves biomarkers of insulin sensitivity and insulin resistance. Our results align with
Fabian et al. and their 6-month combined exercise and weight loss intervention that
demonstrated weight loss of >10% resulted in improvements in serum and breast tissue
biomarkers, including insulin levels, compared to <10% weight loss [36]. We demonstrate
that exercise may not be necessary to achieve this 10% weight loss or significantly improve
insulin levels or insulin sensitivity. Further assessment of body composition indicates
that weight loss specific to fat mass (>1.3 kg) was sufficient to improve levels of insulin,
C-peptide, and HOMA2-IR. However, 5.0 kg or more of fat mass loss was required for a
significant decrease in HOMA2-β. The decrease in HOMA2-β indicates a decrease in beta
cell function, however, it is likely that beta cell function is not decreased, rather, the decrease
in insulin resistance is driving HOMA2-β down. Decreased adiposity lowers insulin
resistance. This means that the beta cells of the pancreas are simply producing less insulin
because the lowered insulin resistance has decreased the demand for insulin production.

Lifestyle interventions that improve body habitus alter biomarkers of insulin and
insulin resistance, which are mechanistic contributors to breast cancer pathogenesis [37].
This can explain why women who engage in these interventions have better outcomes with
respect to breast cancer survival [20,21], adverse sequelae of cancer/cancer treatment [19],
and recurrence [18]. This study reinforces the current association between markers of
insulin resistance and body composition.

When implementing lifestyle interventions, it is important to establish behavior
change goals that are both attainable and have significant health benefits. Our results
suggest that while any percentage of weight loss improves markers of insulin resistance,
attaining a >10% weight loss is key. Unfortunately, weight loss of this size is at the upper
range of what can be expected for most individuals treated with lifestyle modification or
an anti-obesity medication. Additionally, the improvement in markers of insulin resistance
in this patient population is tightly coupled with the magnitude of change in body compo-
sition. The most effective way to alter body composition and improve insulin resistance is
through a combined intervention of caloric restriction and exercise. Indeed, for participants
with impaired C-peptide levels, the combination intervention was the only intervention
arm to return a significant number of participants to normal C-peptide levels. Fasting
glucose levels did not respond to the interventions in the same way as insulin, C-peptide
and HOMA-IR. Unlike the exercise, weight loss and combined interventions by Mason
et al., our interventions were ineffective at returning impaired fasting glucose levels to
normal levels [38]. The differences between the Mason et al. trial and the WISER Survivor
study are that the Mason et al. trial diet intervention had a target weight loss of 10% and
the exercise intervention had more supervision compared to the WISER Survivor trial
exercise program. These differences may account for the lack of improvement in fasting
glucose levels in our study population.

A strength of the WISER Survivor Trial was the diversity of the cohort. We were
successful in recruiting a cohort with the largest number of Black breast cancer survivors
reported to date [30]. The study sample is highly representative of the general US popu-
lation at present. Additionally, the use of the 2 × 2 factorial design to examine relative
effects of exercise and weight loss, or their combination on biomarkers of breast cancer
recurrence (insulin, C-peptide, glucose, and clinically relevant indices such as HOMA2-IR
and HOMA2-β) was novel. However, the WISER Survivor Trial was designed for a primary
outcome associated with lymphedema. The exercise prescription was tailored specifically
for slow progressive resistance training and a recommendation for 180 min per week of
aerobic exercise training. The specificity of the WISER Survivor Trial exercise prescription
is therefore a limitation for assessment of changes in insulin biomarkers. Yet, for many
breast cancer survivors, lymphedema and insulin resistance may be co-occurring. Thus,
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the collective observations from the WISER Survivor Trial are important for both breast
cancer survivors, clinicians, and exercise physiologists.

Author Contributions: Conceptualization, N.J.D. and K.M.S.; methodology, N.J.D., K.M.S., L.Q.,
V.C. and D.D.S.; formal analysis, L.Q. and V.C.; investigation, K.M.S. and K.H.S.; data curation,
K.M.S. and N.J.D.; writing original draft, N.J.D., review and edits K.M.S., D.D.S., J.C.B., D.B.S.
and K.H.S.; visualization, N.J.D. and K.M.S.; supervision, K.M.S.; project administration, K.M.S.;
funding acquisition, K.H.S. and K.M.S. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was supported by, in part, by the National Cancer Institute of the National
Institutes of Health under Award Numbers U54-CA155850, U54-CA155435, UL1-TR001878, P30-
CA016520. Dr. Sturgeon is supported by, grant 5UL1TR002014 and 5KL2TR002015 from the National
Center for Advancing Translational Sciences. Compression garments were donated by BSN Medical,
and discounted meal replacements were provided by Nutrisystem, Inc. (Philadelphia, PA, USA).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki approved by the Institutional Review Board of The University of Pennsylva-
nia. IRB project identification code is #812688 and was approved on 2 October 2011. This secondary
analysis did not require additional IRB approval as all patient information was deidentified through-
out the entire process. The randomized control trial registration number is NCT01515124.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data used in this study can be made publicly available upon
reasonable request.

Conflicts of Interest: Schmitz reports receiving nonfinancial support from BSN Medical, personal
fees from Klose Training, and a licensed patent for a Strength after Breast Cancer course. No other
disclosures were reported. Sarwer has consulting relationships with Ethicon and NovoNordisk which
are unrelated to the study.

References

1. Ganz, P.A.; Goodwin, P.J. Breast Cancer Survivorship: Where Are We Today? Stud. Biomark. New Targets Aging Res. Iran 2015,
862, 1–8. [CrossRef]

2. 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, 2019. CA Cancer J. Clin. 2019, 69, 363–385. [CrossRef]

3. Colleoni, M.; Sun, Z.; Price, K.N.; Karlsson, P.; Forbes, J.F.; Thürlimann, B.; Gianni, L.; Castiglione, M.; Gelber, R.D.; Coates, A.S.;
et al. Annual Hazard Rates of Recurrence for Breast Cancer During 24 Years of Follow-Up: Results From the Interna-tional Breast
Cancer Study Group Trials I to V. J. Clin. Oncol. 2016, 34, 927–935. [CrossRef] [PubMed]

4. Chalasani, P.; Downey, L.; Stopeck, A.T. Caring for the Breast Cancer Survivor: A Guide for Primary Care Physicians. Am. J. Med.
2010, 123, 489–495. [CrossRef] [PubMed]

5. Ewertz, M.; Jensen, M.-B.; Gunnarsdóttir, K.Á.; Højris, I.; Jakobsen, E.H.; Nielsen, D.; Stenbygaard, L.E.; Tange, U.B.; Cold, S.
Effect of Obesity on Prognosis After Early-Stage Breast Cancer. J. Clin. Oncol. 2011, 29, 25–31. [CrossRef]

6. Bergom, C.; Kelly, T.; Bedi, M.; Saeed, H.; Prior, P.; Rein, L.E.; Szabo, A.; Wilson, J.F.; Currey, A.D.; White, J. Association of
Locoregional Control With High Body Mass Index in Women Undergoing Breast Conservation Thera-py for Early-Stage Breast
Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2016, 96, 65–71. [CrossRef]

7. Pizot, C.; Boniol, M.; Mullie, P.; Koechlin, A.; Boniol, M.; Boyle, P.; Autier, P. Physical activity, hormone replacement therapy and
breast cancer risk: A meta-analysis of prospective studies. Eur. J. Cancer 2016, 52, 138–154. [CrossRef]

8. Renehan, A.G.; Tyson, M.; Egger, M.; Heller, R.F.; Zwahlen, M. Body-mass index and incidence of cancer: A systematic review
and meta-analysis of prospective observational studies. Lancet 2008, 371, 569–578. [CrossRef]

9. Crozier, J.A.; Crozier, J.A.; Moreno-Aspitia, A.; Ballman, K.V.; Dueck, A.C.; Pockaj, B.A.; Perez, E.A. Effect of body mass index on
tumor characteristics and disease-free survival in patients from the HER2-positive ad-juvant trastuzumab trial N9831. Cancer
2013, 119, 2447–2454. [CrossRef]

10. Cleveland, R.J.; Eng, S.M.; Abrahamson, P.E.; Britton, J.A.; Teitelbaum, S.L.; Neugut, A.I.; Gammon, M.D. Weight Gain Prior to
Diagnosis and Survival from Breast Cancer. Cancer Epidemiol. Biomark. Prev. 2007, 16, 1803–1811. [CrossRef]

11. Vance, V.; Hanning, R.; Mourtzakis, M.; McCargar, L. Weight gain in breast cancer survivors: Prevalence, pattern and health
consequences. Obes. Rev. 2010, 12, 282–294. [CrossRef] [PubMed]

156



Nutrients 2021, 13, 3108

12. Nichols, H.B.; Trentham-Dietz, A.; Egan, K.M.; Titus-Ernstoff, L.; Holmes, M.D.; Bersch, A.J.; Holick, C.N.; Hampton, J.M.;
Stampfer, M.J.; Willett, W.C.; et al. Body Mass Index Before and After Breast Cancer Diagnosis: Associations with All-Cause,
Breast Cancer, and Cardiovascular Disease Mortality. Cancer Epidemiol. Biomark. Prev. 2009, 18, 1403–1409. [CrossRef]

13. Van Kruijsdijk, R.C.M.; Van Der Wall, E.; Visseren, F. Obesity and Cancer: The Role of Dysfunctional Adipose Tissue. Cancer
Epidemiol. Biomark. Prev. 2009, 18, 2569–2578. [CrossRef] [PubMed]

14. Rose, D.P.; Haffner, S.M.; Baillargeon, J. Adiposity, the Metabolic Syndrome, and Breast Cancer in African-American and White
American Women. Endocr. Rev. 2007, 28, 763–777. [CrossRef] [PubMed]

15. Duggan, C.; Irwin, M.L.; Xiao, L.; Henderson, K.D.; Smith, A.W.; Baumgartner, R.N.; Baumgartner, K.B.; Bernstein, L.; Ballard-
Barbash, R.; McTiernan, A. Associations of Insulin Resistance and Adiponectin With Mortality in Women With Breast Cancer. J.
Clin. Oncol. 2011, 29, 32–39. [CrossRef]

16. Pan, K.; Chlebowski, R.T.; Mortimer, J.E.; Gunther, M.J.; Rohan, T.; Vitolins, M.Z.; Adams-Campbell, L.L.; Ho, G.Y.F.; Cheng, T.D.;
Nelson, R.A. Insulin resistance and breast cancer incidence and mortality in postmenopausal women in the Women’s Health
Initiative. Cancer 2020, 126, 3638–3647. [CrossRef] [PubMed]

17. Pollak, M.N.; Chapman, J.W.; Shepherd, L.; Meng, D.; Richardson, P.; Orme, C.W.; Pritchard, K.I. Insulin resistance, estimated by
serum C-peptide level, is associated with reduced event-free survival for postmeno-pausal women in NCIC CTG MA.14 adjuvant
breast cancer trial. J. Clin. Oncol. 2006, 24, 524. [CrossRef]

18. Formica, V.; Tesauro, M.; Cardillo, C.; Roselli, M. Insulinemia and the risk of breast cancer and its relapse. Diabetes Obes. Metab.
2012, 14, 1073–1080. [CrossRef]

19. Kim, J.; Choi, W.J.; Jeong, S.H. The Effects of Physical Activity on Breast Cancer Survivors after Diagnosis. J. Cancer Prev. 2013, 18,
193–200. [CrossRef]

20. Holmes, M.D. Physical Activity and Survival after Breast Cancer Diagnosis. JAMA 2005, 293, 2479–2486. [CrossRef]
21. Schmitz, K.H.; Campbell, A.M.; Stuiver, M.M.; Pinto, B.M.; Schwartz, A.L.; Morris, G.S.; Ligibel, J.A.; Cheville, A.; Galvão, D.A.;

Alfano, C.M.; et al. Exercise is medicine in oncology: Engaging clinicians to help patients move through cancer. CA A Cancer J.
Clin. 2019, 69, 468–484. [CrossRef]

22. Maliniak, M.L.; Patel, A.V.; McCullough, M.L.; Campbell, P.T.; Leach, C.R.; Gapstur, S.M.; Gaudet, M.M. Obesity, physical activity,
and breast cancer survival among older breast cancer survivors in the Cancer Preven-tion Study-II Nutrition Cohort. Breast
Cancer Res. Treat. 2018, 167, 133–145. [CrossRef]

23. Shaikh, H.; Bradhurst, P.; Ma, L.X.; Tan, S.Y.; Egger, S.J.; Vardy, J.L. Body weight management in overweight and obese breast
cancer survivors. Cochrane Database Syst. Rev. 2020, 2020, CD012110. [CrossRef]

24. Viskochil, R.; Blankenship, J.M.; Makari-Judson, G.; Staudenmayer, J.; Freedson, P.S.; Hankinson, S.E.; Braun, B. Metrics of
Diabetes Risk Are Only Minimally Improved by Exercise Training in Postmenopausal Breast Cancer Survivors. J. Clin. Endocrinol.
Metab. 2020, 105, e1958–e1966. [CrossRef] [PubMed]

25. Chang, J.S.; Kim, T.H.; Kong, I.D. Exercise intervention lowers aberrant serum WISP-1 levels with insulin resistance in breast
cancer survivors: A randomized controlled trial. Sci. Rep. 2020, 10, 10898. [CrossRef]

26. Travier, N.; Buckland, G.; Vendrell, J.J.; Fernandez-Veledo, S.; Peiró, I.; Del Barco, S.; Pernas, S.; Zamora, E.; Bellet, M.; Margeli, M.;
et al. Changes in metabolic risk, insulin resistance, leptin and adiponectin following a lifestyle intervention in overweight and
obese breast cancer survivors. Eur. J. Cancer Care 2018, 27, e12861. [CrossRef]

27. Dittus, K.L.; Harvey, J.R.; Bunn, J.Y.; Kokinda, N.D.; Wilson, K.M.; Priest, J.; Pratley, R.E. Impact of a behaviorally-based weight
loss intervention on parameters of insulin resistance in breast cancer survivors. BMC Cancer 2018, 18, 351. [CrossRef]

28. Winkels, R.M.; Sturgeon, K.M.; Kallan, M.J.; Dean, L.T.; Zhang, Z.; Evangelisti, M.; Brown, J.C.; Sarwer, D.B.; Troxel, A.B.;
Denlinger, C.; et al. The women in steady exercise research (WISER) survivor trial: The innovative transdisciplinary design
of a ran-domized controlled trial of exercise and weight-loss interventions among breast cancer survivors with lymphedema.
Contemp. Clin. Trials 2017, 61, 63–72. [CrossRef]

29. Schmitz, S.H.; Troxel, A.B.; Dean, L.T.; DeMichele, A.; Brown, J.C.; Sturgeon, K.; Zhang, Z.; Evangelisti, M.; Spinelli, B.; Kallan,
M.J.; et al. Effect of Home-Based Exercise and Weight Loss Programs on Breast Cancer-Related Lymphedema Outcomes Among
Overweight Breast Cancer Survivors: The WISER Survivor Randomized Clinical Trial. JAMA Oncol. 2019, 5, 1605–1613. [CrossRef]
[PubMed]

30. Sturgeon, K.M.; Bs, R.H.; Fornash, A.; Dean, L.T.; Laudermilk, M.; Brown, J.C.; Sarwer, D.B.; DeMichele, A.M.; Troxel, A.B.;
Schmitz, K.H. Strategic recruitment of an ethnically diverse cohort of overweight survivors of breast cancer with lymphedema.
Cancer 2017, 124, 95–104. [CrossRef] [PubMed]

31. Bruce, R.A.; Kusumi, F.; Hosmer, D. Maximal oxygen intake and nomographic assessment of functional aerobic impairment in
car-diovascular disease. Am. Heart J. 1973, 85, 546–562. [CrossRef]

32. Wallace, T.M.; Levy, J.; Matthews, D.R. Use and Abuse of HOMA Modeling. Diabetes Care 2004, 27, 1487–1495. [CrossRef]
[PubMed]

33. Pagana, K.D.; Pagana, T.J.; Pagana, T. Mosby’s Diagnostic & Laboratory Test Reference, 14th ed.; Mosby: St. Louis, MO, USA, 2018.

157



Nutrients 2021, 13, 3108

34. The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. Follow-up report on the diagnosis of diabetes
mellitus. Diabetes Care 2003, 26, 3160–3167. [CrossRef] [PubMed]

35. Ligibel, J.A.; Campbell, N.; Partridge, A.; Chen, W.Y.; Salinardi, T.; Chen, H.; Adloff, K.; Keshaviah, A.; Winer, E.P. Impact of
a Mixed Strength and Endurance Exercise Intervention on Insulin Levels in Breast Cancer Survivors. J. Clin. Oncol. 2008, 26,
907–912. [CrossRef]

36. Fabian, C.J.; Kimler, B.F.; Donnelly, J.E.; Sullivan, D.K.; Klemp, J.R.; Petroff, B.K.; Phillips, T.A.; Metheny, T.; Aversman, S.; Yeh,
H.-W.; et al. Favorable modulation of benign breast tissue and serum risk biomarkers is associated with >10% weight loss in
postmenopausal women. Breast Cancer Res. Treat. 2013, 142, 119–132. [CrossRef] [PubMed]

37. Yee, L.D.; Mortimer, J.E.; Natarajan, R.; Dietze, E.C.; Seewaldt, V.L. Metabolic Health, Insulin, and Breast Cancer: Why Oncologists
Should Care About Insulin. Front. Endocrinol. 2020, 11, 58. [CrossRef]

38. Mason, C.; Foster-Schubert, K.E.; Imayama, I.; Kong, A.; Xiao, L.; Bain, C.; Campbell, K.L.; Wang, C.-Y.; Duggan, C.; Ulrich, C.M.;
et al. Dietary Weight Loss and Exercise Effects on Insulin Resistance in Postmenopausal Women. Am. J. Prev. Med. 2011, 41,
366–375. [CrossRef]

158



nutrients

Article

Dietary Supplement Use and Interactions with Tamoxifen and
Aromatase Inhibitors in Breast Cancer Survivors Enrolled in
Lifestyle Interventions

Maura Harrigan 1,*, Courtney McGowan 1, Annette Hood 2, Leah M. Ferrucci 1,2, ThaiHien Nguyen 1,

Brenda Cartmel 1,2, Fang-Yong Li 1, Melinda L. Irwin 1,2 and Tara Sanft 2,3

Citation: Harrigan, M.; McGowan,

C.; Hood, A.; Ferrucci, L.M.; Nguyen,

T.; Cartmel, B.; Li, F.-Y.; Irwin, M.L.;

Sanft, T. Dietary Supplement Use and

Interactions with Tamoxifen and

Aromatase Inhibitors in Breast Cancer

Survivors Enrolled in Lifestyle

Interventions. Nutrients 2021, 13, 3730.

https://doi.org/10.3390/nu13113730

Academic Editor: Tilman Kühn

Received: 6 September 2021

Accepted: 19 October 2021

Published: 22 October 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Yale School of Public Health, Yale University, New Haven, CT 06510, USA;
Courtney.McGowan@yale.edu (C.M.); leah.ferrucci@yale.edu (L.M.F.); Thaihien.nguyen@aya.yale.edu (T.N.);
brenda.cartmel@yale.edu (B.C.); fangyong.li@yale.edu (F.-Y.L.); melinda.irwin@yale.edu (M.L.I.)

2 Yale Cancer Center, New Haven, CT 06510, USA; Annette.Hood@yale.edu (A.H.); tara.sanft@yale.edu (T.S.)
3 Yale School of Medicine, Yale University, New Haven, CT 06510, USA
* Correspondence: maura.harrigan@yale.edu

Abstract: The use of dietary supplements is common in the general population and even more
prevalent among cancer survivors. The World Cancer Research Fund/American Institute for Cancer
Research specifies that dietary supplements should not be used for cancer prevention. Several dietary
supplements have potential pharmacokinetic and pharmacodynamic interactions that may change
their clinical efficacy or potentiate adverse effects of the adjuvant endocrine therapy prescribed for
breast cancer treatment. This analysis examined the prevalence of self-reported dietary supplement
use and the potential interactions with tamoxifen and aromatase inhibitors (AIs) among breast cancer
survivors enrolled in three randomized controlled trials of lifestyle interventions conducted between
2010 and 2017. The potential interactions with tamoxifen and AIs were identified using the Natural
Medicine Database. Among 475 breast cancer survivors (2.9 (mean) or 2.5 (standard deviation) years
from diagnosis), 393 (83%) reported using dietary supplements. A total of 108 different types of
dietary supplements were reported and 36 potential adverse interactions with tamoxifen or AIs were
identified. Among the 353 women taking tamoxifen or AIs, 38% were taking dietary supplements
with a potential risk of interactions. We observed a high prevalence of dietary supplement use among
breast cancer survivors and the potential for adverse interactions between the prescribed endocrine
therapy and dietary supplements was common.

Keywords: dietary supplements; interactions; tamoxifen; aromatase inhibitors; breast cancer sur-
vivors; natural medicine

1. Introduction

Dietary supplements—defined by the Dietary Supplement Health and Education Act
of 1994 [1] as herbal preparations, vitamins, and minerals—are commonly used, with 51%
of U.S. adults using at least one dietary supplement [2]. Among cancer survivors, dietary
supplement use is even more prevalent, with NHANES 2003–2016 data indicating a 70% use
among this population [2]. Despite this high prevalence of use among cancer survivors, the
joint World Cancer Research Fund (WCRF)/American Institute for Cancer Research (AICR)
diet and exercise recommendations for cancer prevention state that “dietary supplements
should not be used for cancer prevention” [3]. Supplement use for cancer prevention has
not been shown to improve outcomes [4]. Furthermore, the use of dietary supplements
is not associated with any improvement in the overall survival of cancer patients [5].
Additional cancer-specific nutrition guidelines recommend that supplements should not
be used by cancer survivors for cancer prevention [6].

“Stacking” is a term used to describe a form of usage where multiple dietary supple-
ments are consumed daily (for example, one patient may take vitamin D as a single nutrient,
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take a calcium plus vitamin D supplement (e.g., Citracal®), and also take a multivitamin that
includes vitamin D). This makes assessing dietary supplement usage a challenge. because
it can result in large combinations of nutrients from different products, especially when
multivitamins and multiminerals are combined with single-nutrient dietary supplements.
Assessing the nutrient exposures caused by a product can be complicated. For example, if
a patient takes an herbal preparation with nine different nutrients in the ingredients, the
potential for interactions would need to be evaluated for each nutrient [7].

Stacking and high nutrient exposure can lead to safety concerns. Many dietary supple-
ments carry the potential risk of pharmacokinetic and pharmacodynamic interactions when
taken with prescribed medications. For example, studies with tamoxifen taken alongside
approved antidepressant medications that are CYP2D6 inhibitors demonstrate decreased
levels of endoxifen, the active metabolite of tamoxifen [8]. These interactions may also
be caused by dietary supplements, and until clinical trials can be performed to validate
these supplements’ safety, some researchers suggest that dietary supplement use by cancer
patients should not be recommended [9].

While studies have looked at the prevalence of dietary supplement use among
breast cancer patients receiving treatments including tamoxifen [10,11], to the best of
our knowledge no research has investigated the frequency with which potential inter-
actions may occur between dietary supplements and other endocrine therapies (i.e.,
aromatase inhibitors (AI)).

The purpose of this study was to evaluate the prevalence of dietary supplement use
among breast cancer survivors enrolled in healthy lifestyle interventions and to identify
any potentially harmful dietary supplement interactions between tamoxifen and AIs.

2. Materials and Methods

We conducted a cross-sectional analysis of the baseline prevalence of self-reported
dietary supplement use among women treated for breast cancer who participated in
several lifestyle intervention studies (NCT02109068, NCT02110641, NCT02681965, and
NCT02056067) that were completed between 2010 and 2017 [12,13].

2.1. Participants and Recruitment

The eligibility criteria for the original studies were similar (Table 1). Eligible partici-
pants were breast cancer survivors diagnosed within the past 5 years with stage zero to
three breast cancer, who had completed chemotherapy and/or radiation therapy at least
3 months before their enrollment. The women had to be physically able to exercise (i.e.,
be able to participate in a walking program), agree to be randomly assigned to a study
group, and give informed consent to participate in all study activities. They also had to be
reachable by telephone and able to communicate in English. Women were ineligible if they
were pregnant or intending to become pregnant in the next year, had experienced a recent
(during the past 6 months) stroke or myocardial infarction, or had any severe uncontrolled
mental illness.

The breast cancer survivors were recruited between June 2010 and February 2017
via several approaches: (1) from five hospitals in Connecticut through the Rapid Case
Ascertainment Shared Resource of the Yale Cancer Center, a field arm of the Connecticut
Tumor Registry; (2) from self-referral via the study brochures in the Breast Center at
the Smilow Cancer Hospital at Yale-New Haven; and (3) from the active recruitment of
women attending the Yale Cancer Center Survivorship Clinic. The Connecticut Department
of Public Health Human Investigation Committee (for NCT02056067 participants only)
and the Yale School of Medicine Human Investigation Committee approved all of the
procedures, including the written and verbal (via telephone) informed consent [13].
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Table 1. Study eligibility criteria.

Supervised
Weight Loss Trial

(NCT02109068
NCT02110641)

Self-Directed
Weight Loss Trial

(NCT02681965)

Supervised
Exercise Trial

(NCT02056067)

Study Description 6-month RCT 6-month RCT 12- month RCT

Number of Participants 151 205 119

Breast Cancer Stage 0–III 0–III I–III

Endocrine Therapy Tamoxifen, AI, or neither Tamoxifen, AI, or neither AI users only

BMI ≥25.0 kg/m2 ≥25.0 kg/m2 Any BMI

Physical Activity any amount any amount <90 min/week

Time Since Diagnosis completed active treatment ≥
3 months

completed active treatment ≥
3 months

taking AI for 6 months to
4 years

2.2. Collection of Self-Reported Prescription Medication and Dietary Supplement Usage

All participants completed a self-reported frequency-based prescription medication
and dietary supplement questionnaire. Regular use was defined as taking the agent at least
3 times a week for at least one month prior to the time of enrollment in the study. For the
medications or supplements not listed on the questionnaire, open text fields allowed the
participants to write the names of the prescription medications and dietary supplements
they were taking (see the sample medication supplement form, Appendix A).

A registered dietitian (RD) with a certified specialty in oncology nutrition (CSO) (MH
and CM) reviewed and standardized the self-reported dietary supplements using the Di-
etary Supplement Label Database (DSLD) developed by the Office of Dietary Supplements
at the National Institutes of Health [14]. The generic and brand name formulas not found
on the DSLD were reviewed on the manufacturer’s website for each supplement fact label.
Dietary supplements were then classified into categories: single nutrient, multivitamin,
multimineral, and herbal preparations.

2.3. Collection of Other Lifestyle and Clinical Characteristics

Medical record review and self-report questionnaires were used to determine disease
stage and endocrine therapy. The majority of height and weight measurements were taken
during in-person baseline visits, though one study only collected self-reported height and
weight measurements at the baseline (NCT02681965, n = 205).

2.4. Dietary Supplement Potential Interactions with Tamoxifen and AIs

The potential pharmacokinetic and pharmacodynamic interactions of all self-reported
dietary supplements with tamoxifen and the AIs (anastrozole, letrozole, and exemestane)
were identified using the Natural Medicines Database [15] by both a clinical pharmacy
specialist (PharmD) specializing in oncology (AH) and a registered dietitian (RD) with a
certified specialty in oncology nutrition (CSO) (MH and CM).

The stacking of nutrients from the use of multiple dietary supplements was enumer-
ated, and proprietary formulas were broken down into their individual ingredients in order
to more accurately report the nutrient exposures and assess potential interactions. Using
the proprietary Natural Medicines Database interaction grading levels, only potential
interaction levels of “moderate” (described as “a significant interaction or adverse outcome
could occur”) and “major” (described as “a serious adverse outcome could occur”) grading
were included. All research evidence grading levels were included: level A—a high-quality
randomized control trial (RCT) or meta-analysis (a quantitative systematic review); level
B—a nonrandomized clinical trial, non-quantitative systematic review, lower-quality RCT,
clinical cohort study, case–control study, historical study, or epidemiological study; level
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C—consensus or expert opinion; and level D—anecdotal evidence, an in vitro or animal
study, or theory-based evidence from pharmacology.

2.5. Statistical Analysis

The patient characteristics were summarized using the means and standard deviations
or the frequencies and percentages, as appropriate. A descriptive analysis was performed
to describe the baseline dietary supplement use patterns in terms of the frequency and
prevalence of each type of dietary supplement. The prevalence was also examined ex-
cluding women taking only vitamin D, calcium, and multivitamins, as these supplements
are frequently recommended or prescribed by physicians to treat bone health or address
other nutrient gaps in the customary diet. The number of dietary supplements taken at the
baseline was classified by number of pills (e.g., Hot Plants™ for Her was counted as one
pill, even though it has multiple active ingredients).

Using the Natural Medicines Database, we checked the individual nutrients for inter-
actions with any of the endocrine therapy medications prescribed in our population (i.e.,
tamoxifen, anastrozole, letrozole, and exemestane). Patients not taking tamoxifen or AI
were excluded from the analysis for supplement–drug interaction. Cross tabling was used
to present the extent of the interaction.

3. Results

3.1. Baseline Characteristics

The baseline characteristics were similar for the women enrolled across the stud-
ies. The women were 58.6 (9.0) (mean (standard deviation)) years old, non-Hispanic
white (86%), college-educated (68%), 2.9 (2.5) years from diagnosis, and had a BMI
of 31.8 (5.9) kg/m2. The women were diagnosed primarily with stage I breast cancer
(47%) (Table 2).

3.2. Frequency of Dietary Supplement Usage

Among these 475 breast cancer survivors, 393 (83%) reported using dietary supple-
ments at the baseline, with 51% of the women taking three or more individual dietary
supplements and 23% taking five or more individual dietary supplements (range = 1–23)
(Figure 1). Among all dietary supplement users, 108 (28%) reported taking either vitamin D,
calcium, a multivitamin, or a combination of these supplements only, with 285 (73%) taking
other supplements that are not traditionally prescribed or recommended by clinicians.

Figure 1. Dietary supplement use at baseline (n = 475).
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Table 2. Participant baseline characteristics.

Variable
Total Sample

n = 475
Mean (SD) or n (%)

Age (years) (mean (SD)) 58.6 (9.0)

BMI (kg/m2) (mean (SD) 31.8 (5.9)

Time since diagnosis (years) 2.9 (2.5)

Race/ethnicity

Non-hispanic white 409 (86.1%)

Black 38 (8.0%)

Hispanic 16 (3.3%)

Other 12 (2.5)

Education

≥College graduate 323 (68.0%)

Some school after high school 91 (19.2%)

High school graduate 57 (12.0%)

Refused to answer 4 (0.8%)

Stage

0 52 (11.0%)

I 225 (47.4%)

II 132 (27.8%)

III 43 (9.1%)

Do not know 23 (4.8%)

Endocrine therapy usage (n = 475)

None 122 (26%)

Tamoxifen 71 (15%)

Anastrozole 144 (30%)

Letrozole 110 (23%)

Exemestane 28 (6%)

SD: standard deviation.

The 393 dietary supplement users reported a total of 108 different types of dietary
supplement. A total of 26 (24%) were single nutrients, 31 (29%) were paired nutrients
(these include multivitamins and multiminerals), and 51 (47%) were herbal preparations.
A total of 53 (14%) dietary supplement users took a combination of single nutrients, paired
nutrients, and herbal preparations. The top 10 dietary supplements are presented in Table 3.
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Table 3. Top 10 dietary supplements reported among the women reporting use of dietary
supplements (n = 393).

Dietary Supplement
Participants Using Dietary

Supplement
n = 393

Vitamin D 238 (61%)

Calcium 200 (51%)

Multivitamin 198 (50%)

Omega 3 73 (19%)

Vitamin B12 68 (17%)

Vitamin C 52 (13%)

Glucosamine 42 (11%)

Fish oil 37 (9%)

Biotin 33 (9%)

Coenzyme Q10 31 (8%)

3.3. Dietary Supplement Interactions with Tamoxifen and AIs

When the nutrient exposures of all 108 self-reported dietary products were analyzed,
36 individual dietary supplement ingredients had potential interactions with either ta-
moxifen or any AI, as identified in the Natural Medicines Database (Table 4). The dietary
supplements are classified by individual ingredient and are listed in alphabetical order,
with the interacting endocrine medication and mechanism of potential interaction identi-
fied in superscript footnotes. We did not include the direction of metabolism (inducers or
inhibitors) because the literature was inconsistent regarding the reporting of this informa-
tion. Grapefruit extract was the only supplement that was considered a potential cause
of major interactions; the remaining 35 were all considered potential causes of moderate
interactions. Vitamin D was the most prevalent supplement: 191 women taking either
tamoxifen or an AI reported taking vitamin D. The majority of interactions involved herbal
preparations (89% versus 11% involving vitamins). The frequency of the 36 interactions var-
ied with the type of endocrine therapy used: tamoxifen interacted with 100%, exemestane
and letrozole both interacted with 72%, and anastrozole interacted with 36%.

Table 4. Potential Interactions with endocrine therapies.

Dietary Supplement * Interactions with Endocrine Therapy

Astaxanthin
Tamoxifen 1

Exemestane 1

Letrozole 1

Black Cohosh

Tamoxifen 2,3,4

Exemestane 4

Letrozole 4

Anastrozole 4

Boswellia serrata extract
Tamoxifen 1,2,6

Exemestane 1

Letrozole 1

Chamomile

Tamoxifen 1,2,4,6

Exemestane 1,4

Letrozole 1,4

Anastrozole 4
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Table 4. Cont.

Dietary Supplement * Interactions with Endocrine Therapy

Cinnamon Tamoxifen 3

Cranberry extract
Tamoxifen 1

Exemestane 1

Letrozole 1

Diindolylmethane

Tamoxifen 4

Exemestane 4

Letrozole 4

Anastrozole 4

Diosmin
Tamoxifen 1,5,6

Exemestane 1

Letrozole 1

Echinacea
Tamoxifen 1

Exemestane 1

Letrozole 1

Eleuthero

Tamoxifen 4,5,6

Exemestane 4

Letrozole 4

Anastrozole 4

Garlic extract
Tamoxifen 1

Exemestane 1

Letrozole 1

Gingko biloba
Tamoxifen 1,5,6

Exemestane 1

Letrozole 1

Ginseng

Tamoxifen 1,2,4,6,7

Exemestane 1,4

Letrozole 1,4

Anastrozole 4

Glucomannan

Tamoxifen 9

Exemestane 9

Letrozole 9

Anastrozole 9

Grapefruit extract**

Tamoxifen 1**,4,6,7**
Exemestane 1**,4

Letrozole 1**,4

Anastrozole 4

Grapeseed
Tamoxifen 1,2

Exemestane 1

Letrozole 1

Green tea extract Tamoxifen 3

Hesperidin Tamoxifen 5

Horny goat weed
(Epimedium grandiflorum)

Tamoxifen 4

Exemestane 4

Letrozole 4

Anastrozole 4

Jambolan (prune) Tamoxifen 6

Maca root

Tamoxifen 4

Exemestane 4

Letrozole 4

Anastrozole 4
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Table 4. Cont.

Dietary Supplement * Interactions with Endocrine Therapy

Methoxylated flavones
Tamoxifen 1,5

Exemestane 1

Letrozole 1

Milk thistle

Tamoxifen 1,4,10

Exemestane 4

Letrozole 4

Anastrozole 4

Niacin Tamoxifen 3

Quercetin
Tamoxifen 1,2,6

Exemestane 1

Letrozole 1

Red yeast rice Tamoxifen 3

Resveratrol

Tamoxifen 1,4

Exemestane 1,4

Letrozole 1,4

Anastrozole 4

Rhodiola root Tamoxifen 5,6

Sesame seed Tamoxifen 6,8

Slippery elm bark

Tamoxifen 9

Exemestane 9

Letrozole 9

Anastrozole 9

Sulforaphane
Tamoxifen 1

Exemestane 1

Letrozole 1

Sweet orange Tamoxifen 5

Turmeric extract

Tamoxifen 1,3,4

Exemestane 1,4

Letrozole 1,4

Anastrozole 4

Vitamin A Tamoxifen 3

Vitamin D
Tamoxifen 1

Exemestane 1

Letrozole 1

Vitamin E
Tamoxifen 1

Exemestane 1

Letrozole 1

* Classified by individual ingredient; ** indicates major interaction, otherwise all interactions listed below are moderate; 1 CYP3A4;
2 CYP2D6; 3 pharmacodynamic: hepatotoxic; 4 pharmacodynamic: estrogenic activity; 5 P-glycoprotein substrates; 6 CYP2C9; 7 may
increase the effect of the drug; 8 pharmacodynamic: decreases the tumor inhibitory effect of tamoxifen; 9 decreases drug absorption; 10

inhibits UGT, causing decreased drug clearance.

Of the 353 women taking tamoxifen or AIs at the baseline, 38% were taking dietary
supplements with the potential to produce major or moderate interactions. The high-
est interaction-to-use ratio was seen with exemestane and the lowest with anastrozole
(exemestane 82% (23/28); letrozole 73% (80/110); tamoxifen 35% (25/71); anastrozole
4% (6/144)).
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4. Discussion

We found a high dietary supplement usage among the breast cancer survivors, with
83% of the women taking at least one dietary supplement. Over half (51%) reported taking
three or more supplements. Of those on endocrine therapy, 38% were taking supplements
that had at least moderate potential for interactions.

Our study found higher dietary supplement usage compared to reports in the litera-
ture. For instance, different populations including women without cancer (51%) and cancer
survivors of various disease types (76%) had a lower prevalence of dietary supplement
use [16]. It should be noted that our study included all dietary supplements, both those
recommended by clinicians and those initiated by patients without clinician involvement.
While not all medical professionals recommend the use of vitamin D, calcium, or a daily
multivitamin, these supplements are commonly recommended by clinicians, and we were
unable to determine whether the use of these supplements had a medical indication. Even
accounting for these sometimes-prescribed supplements, our study found a high use of
“nontraditional” dietary supplements (60%).

The higher dietary supplement rate reported in our study could be explained by
the high education level of our study participants, which fits with the profile of higher
dietary supplement usage described by Cowan et al. In their analysis of NHANES data
for 2011–2014, the overall dietary supplement use by healthy adults in the U.S. was found
to be higher among women (59%) than men (45%), while higher-income and food-secure
populations were more likely to consume one or more dietary supplements compared to
less affluent participants [17].

The volume of supplement use per individual was also high in our study, with over
half (51%) taking three or more and 23% taking five or more dietary supplements. There
were 12 individuals taking 10 or more dietary supplements. To our knowledge, our study
is the first to report on the broad spectrum of dietary supplement use including the volume
(i.e., the total number of pills) and type of supplement by breast cancer survivors. The
heterogenous, comprehensive list generated from our data collection included 108 unique
supplements. Other studies have typically focused on a list of pre-specified supplements [9],
a single class of nutrients (i.e., antioxidants) [11], or on non-cancer populations only [18].
In a study of healthy adults in the U.S. (2003–2006), most individuals reported taking
one supplement daily, 10% reported taking three daily, and 10% reported taking five
daily [19]. Du et al. found that adult cancer survivors had a higher prevalence of use of any
dietary supplement compared to non-cancer survivors; however, the individual number of
supplements was not reported [16].

Lee et al. looked at the potential interactions of all medications—including dietary
supplements—taken by 67 prostate and breast cancer subjects before, during, and after
chemotherapy. Dietary supplements were involved in 56% of the potential 1747 total
interactions with chemotherapy that were identified. While there was a reported increased
utilization of dietary supplements after chemotherapy (51% during vs. 66% after), the
interactions of dietary supplements with tamoxifen and AIs were not evaluated [20].

Several studies have identified the health problems associated with synthetic xe-
noestrogens that are found in various materials, including additives or contaminants in
food [21–23]. These endocrine-disrupting chemicals have become a part of everyday life,
interfere with the natural cycle of the hormones in the body, and are thought to give rise to
many endocrine-related disorders, including endocrine-related cancers. In our analysis,
11/36 (31%) of the reported dietary supplement ingredients caused estrogenic activity that
could further potentiate this estrogenic exposure. This may reduce the effectiveness of
hormone therapy and therefore worsen patients’ prognoses.

Of the women in our study taking a prescribed endocrine therapy, 38% were taking
supplements with potential moderate interaction with the endocrine therapy. It is notable
that anastrozole produced the fewest interactions (36%), due to the fact that it is not
metabolized through the CYP450 enzyme pathway. Anastrozole is metabolized through
the N-dealkylation, hydroxylation and glucuronidation pathway, which is not a major
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pathway for drug interactions [24]. For women taking dietary supplements, clinicians may
consider prescribing anastrozole, as it risks the least number of potential interactions.

Vitamin D was the most common dietary supplement reported in our population. This
resonates with our own clinical experience, as many breast cancer survivors are taking this
supplement for bone health or low vitamin D blood levels. The Natural Medicines Database
lists vitamin D as risking potential moderate interactions with Level B evidence. However,
the reference included in the database specifically studied vitamin D supplementation in
relation to atorvastatin concentrations and cholesterol levels. This study was small (n = 16),
and vitamin D was found to lower atorvastatin levels, which the authors concluded was a
result of vitamin D inducing the CYP3A4 enzyme and increasing the clearance of drugs
metabolized in this pathway [25]. Notably, the cholesterol levels were not adversely
impacted. Given that vitamin D is commonly recommended in clinical practice, we
conclude that more data on vitamin D and its potential to interact with endocrine therapy
is needed.

This paper investigated the individual interactions of each dietary supplement, but
it should be noted that stacking occurred frequently. While we were unable to calculate
the total dose of dietary supplements per participant, clinicians should be more aware of
stacking, as it can result in doses that are above the recommended daily allowances.

Cancer survivors do not readily discuss their dietary supplement usage. Du et al.
reported that nearly half of 1355 cancer survivors used dietary supplements on their own
without consulting health care providers [16]. In another study, Pouchieu et al. reported
that only 2% of 1081 cancer survivors obtained advice on dietary supplement use from an
RD [26]. In addition, fewer than one half of oncologists are initiating discussions with their
patients about dietary supplement use, and many indicate that a lack of knowledge and
education are barriers to such discussions [27].

One way to approach a review of dietary supplement usage is to begin with the
premise of “first, do no harm”. It is important for clinicians to remember that dietary
supplements are legally defined as a food—and so are covered under food regulation laws—
but may act like pharmacologic agents in the body [28]. Some common principles can be
employed when addressing dietary supplement use with patients: (1) Meet the patient
where they are at (i.e., accept that high-volume supplement users have many reasons and
strong beliefs about the value added by dietary supplements). (2) Conversation starters
can include questions such as, “Could you tell me about the foods you eat, and whether
you take any supplements?”. (3) The goals should be to maintain an ongoing assessment
of usage and to reduce the use of dietary supplements that have potential interactions with
cancer therapy.

This study has several limitations. Dietary supplement usage was self-reported and
thus subject to recall bias. The dosages of the dietary supplements were not reported
consistently, thus we could not take dose into account in our analyses. A selection bias
may exist, as our participants were mostly from the northeast region and willing to enroll
in lifestyle intervention studies focused on dietary-induced weight loss and exercise. Our
study’s strengths include its large study population, its comprehensive reporting of dietary
supplement use, and its evaluation of all dietary supplements by ingredient. To the best of
our knowledge, this is the first study to examine dietary supplement use and their potential
interactions with the adjuvant endocrine therapy for breast cancer survivors.

5. Conclusions

We observed an 83% rate of dietary supplement use among breast cancer survivors
enrolled in our study, and the potential for adverse interactions between the prescribed
endocrine therapies and dietary supplements was common. These findings underscore the
need for further research into the interactions between dietary supplements and endocrine
therapies for breast cancer. Oncologists should be aware of dietary supplement use,
understand their potential interactions with endocrine therapy, and discuss and/or refer
patients to an RD and pharmacist in the multi-disciplinary team.
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Appendix A

Are you currently taking any herbal remedies or nutritional supplements (other than vitamins or minerals) on a
regular basis? Regular is defined as at least 3 times a week for at least 1 month.

Herbal Preparation
√

box if taking
Date Started

(mm/yyyy)

Ex: St. John’s Wort 03/1997

Glucosamine

Chondroitin

Omega-3 fatty acids

Coenzyme Q10

Black Cohosh

Garlic

Echinacea

Sasparilla

Cat’s Claw
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Herbal Preparation
√

box if taking
Date Started

(mm/yyyy)

Red Clover

Fo Ti Teng

Alfalfa

Fenugreek

Seaweed (kelp)

Milk Thistle

Astragalus

Mushrooms (maitake, shitake, etc.)

Turmeric

Essiac

Digestive enzymes

Ensure or Boost

Carnation Instant Breakfast

Don quai

Ginko biloba

Ginseng

Green Tea (tea or extract)

Bee Pollen

Royal Jelly

Saw Palmetto

Shark Cartilage

Soy

St. John’s Wort

Valerian

Wild/Mexican yam

Yerba Buena

Acai Juice

Flaxseed Oil

Fish Oil

Other:_______________

Other:_______________

Other:_______________

Are you currently taking any vitamins or minerals on a regular basis? Regular is defined as at least 3 times a week
for at least 1 month. NOTE: If you are taking a multivitamin please do NOT list its contents individually.
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Vitamin or Mineral
� Box

if Taking

Date Started

(mm/yyyy)
Dose Unit Frequency

Ex: Calcium � 10/2008 1000 mg once a day

Multivitamin N/A N/A

Vitamin A IU

Beta carotene IU

Vitamin B1 (thiamine) mg

Vitamin B2 (riboflavin) mg

Vitamin B6 (pyridoxine) mg

Vitamin B12 (cyanocobalamin) mcg

Biotin mcg

Vitamin C (ascorbic acid) mg

Vitamin D (calciferol) IU

Vitamin E (tocopherol) IU

Folic acid/folate (folacin) mcg

Niacin (niacinamide) mg

Pantothenic acid (pantothenate) mg

Calcium or Tums mg

Chromium mcg

Iron mg

Magnesium mg

Selenium mcg

Potassium mg

Zinc mg

Are you currently taking any medications (prescription or over the counter), other than those listed above, on a
regular basis? Regular is defined as at least 3 times a week for at least 1 month.

Name of Medication Dose Unit of Dose Frequency Date Started (mm/yyyy)

Ex. Aspirin 81 mg once per day 05/1998
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Abstract: Lifestyle interventions among breast cancer survivors with obesity have demonstrated
successful short-term weight loss, but data on long-term weight maintenance are limited. We
evaluated long-term weight loss maintenance in 100 breast cancer survivors with overweight/obesity
in the efficacious six-month Lifestyle, Exercise, and Nutrition (LEAN) Study (intervention = 67; usual
care = 33). Measured baseline and six-month weights were available for 92 women. Long-term
weight data were obtained from electronic health records. We assessed weight trajectories between
study completion (2012–2013) and July 2019 using growth curve analyses. Over up to eight years
(mean = 5.9, SD = 1.9) of post-intervention follow-up, both the intervention (n = 60) and usual care
(n = 32) groups declined in body weight. Controlling for body weight at study completion, the yearly
weight loss rate in the intervention and usual care groups was –0.20 kg (−0.2%/year) (95% CI: 0.06,
0.33, p = 0.004) and −0.32 kg (−0.4%/year) (95% CI: 0.12, 0.53, p = 0.002), respectively; mean weight
change did not differ between groups (p = 0.31). It was encouraging that both groups maintained
their original intervention period weight loss (6% intervention, 2% usual care) and had modest
weight loss during long-term follow-up. Breast cancer survivors in the LEAN Study, regardless of
randomization, avoided long-term weight gain following study completion.

Keywords: breast cancer; survivorship; weight loss maintenance; lifestyle intervention

1. Introduction

In 2021, there will be an estimated 284,200 newly diagnosed cases of breast cancer
and 44,130 breast cancer deaths in the United States, representing roughly 15% of all new
cancer cases and 7% of all cancer deaths, respectively [1]. Currently, the five-year survival
rate for breast cancer is 90% for all stages combined; nonetheless, mortality declines have
slowed in recent years [1].

Obesity, defined as a body mass index (BMI) ≥30 kg/m2, in the setting of breast
cancer survivorship has been associated with increased risk of recurrence, therapy-related
morbidity [2], poorer overall and breast cancer-specific survival [3–5], as well as reduced
quality of life [2]. The molecular mechanisms linking obesity and breast cancer biology
are not entirely understood; however, it is suggested that hormones, adipocytokines,
inflammatory cytokines, and reactive oxygen species play important roles [6]. Obesity,
weight gain, and physical inactivity during or following cancer treatment are highly
prevalent in breast cancer survivors [2,7,8]. An analysis of the National Health Interview
Survey found the prevalence of obesity increased more rapidly among cancer survivors,
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compared to the general population, from 1997 to 2014 [9]. The annual increase in obesity
prevalence of 3.0% among breast cancer survivors was one of the highest rates of increasing
obesity burden among all cancer survivors [9]. Data from the most recent years in this
national sample indicated approximately 30–35% of breast cancer survivors were obese [9].

Although weight gain amongst adult women as they age is common [10,11], weight
gain among breast cancer survivors may start during treatment and continue months to
years after diagnosis [12]. Furthermore, it appears that women who are normal weight
at diagnosis more commonly experience post-diagnosis weight gain than women with
overweight or obesity at diagnosis [13]. Importantly, in comparison to women who main-
tain their weight following diagnosis, those that experience weight gain have increased
all-cause mortality, especially when weight gain is 10% or higher [14]. Thus, there is
a growing emphasis on finding efficacious interventions focused on preventing weight
gain or promoting weight loss among breast cancer survivors with overweight or obesity
(BMI > 25 kg/m2) [2,15,16].

Lifestyle guidelines for breast cancer survivors highlight the importance of a healthy
body weight with a focus on physical activity and diet [17]. The American Cancer Society
and American Society of Clinical Oncology 2016 breast cancer survivorship care guidelines
recommend physicians counsel survivors about consuming a diet high in vegetables, fruits,
whole grains, and legumes, and low in saturated fats, as well as limiting alcohol intake.
Further, recommendations for survivors include avoiding inactivity, completing at least
150 min of moderate or 75 min of vigorous aerobic exercise per week, and should include
strength training exercises at least two days per week [18]. Some breast cancer survivors
may have difficulty meeting these recommendations because of fatigue and therapy-related
side effects, which may limit physical activity and achieving dietary goals. Data suggest
only 18% and 37% of breast cancer survivors meet nutrition and physical activity guidelines,
respectively [19].

A variety of short-term lifestyle interventions for breast cancer survivor populations
have demonstrated successful weight loss [20,21]. While data on weight following the
completion of these studies are limited, several studies have shown weight regain in
the months following either the full intervention [22] or the intensive components of the
intervention [23,24], prompting the question of whether measurable losses in body weight
are sustainable for breast cancer survivors long-term.

The Lifestyle, Exercise, and Nutrition (LEAN) Study was a randomized-controlled
weight-loss trial that compared the effect of in-person or telephone-based counseling versus
usual care on changes in body composition, physical activity, diet, and serum biomarkers
over six months in overweight or obese women with breast cancer [25]. The six-month trial
led to a clinically meaningful 6% mean weight loss among the LEAN intervention group,
compared to a 2% mean weight loss among the usual care group (p < 0.05) [25]. Given
that the LEAN intervention provided a strong, clinically impactful short-term weight-loss
benefit to breast cancer survivors, in the present analysis, we sought to determine the
long-term impact of this intervention on weight change up to eight years post intervention.
The primary aim of the current analysis was to evaluate long-term weight loss maintenance
among breast cancer survivors enrolled in the LEAN Study. In an exploratory analysis, we
also examined if weight change during the trial (weight loss, weight maintenance, weight
gain) influenced weight change during long-term follow-up.

2. Materials and Methods

Women with BMI ≥ 25.0 kg/m2 diagnosed with Stage 0 to III breast cancer within
five years prior to study enrollment were eligible for the LEAN Study (clinicaltrials.gov
registration number NCT02109068). Eligible participants had completed chemotherapy
and/or radiation therapy, were physically able to exercise, accessible by telephone, and
able to read and communicate in English. Women were excluded if they were pregnant,
intending to become pregnant within a year, had a history of stroke or myocardial infarction
within six months, or had a severe uncontrolled mental illness. Participants were self-
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referred or recruited between June 2011 and December 2012 through the Breast Center
at Smilow Cancer Hospital at Yale-New Haven Hospital and the Yale Cancer Center
Survivorship Clinic; a total of 100 women were enrolled. The study was approved by
the Yale School of Medicine Human Investigation Committee. The detailed protocol and
primary results of the trial related to the intervention’s effect on 6-month change in body
weight have been published previously [25].

Women were randomized to the LEAN intervention (either in-person or telephone-
based counseling) or usual care group such that one-third of the participants were in each
group. The weight loss intervention was centered around reduced caloric intake, increased
physical activity, as well as behavioral therapy [25].

The intervention groups received 11 sessions of 30 min counseling led by a registered
dietitian who was also a certified specialist in oncology nutrition, over the span of 6 months,
either in person or via telephone, a breast cancer-specific healthy eating and exercise LEAN
educational book, and a journal to guide counseling sessions. The in-person and telephone
groups received the same lifestyle intervention. Participants received counseling sessions
once per week throughout the first month, followed by every two weeks in the following
two months, and then once per month in the final three months. The LEAN journal was
used by participants to record all food and beverage intake, minutes of physical activity,
and daily pedometer step counts, as well as their weight measured once a week on a scale
provided by the study. Participants were provided with personalized energy intake goals
based on baseline weight, such that they incurred an energy intake deficit of 500 kcal/day.
The dietary fat goal was <25% total energy intake. Participants were encouraged to
consume a plant-based diet and incorporate mindful eating practices alongside a home-
based physical activity program with a goal of 150 moderate-intensity activity minutes per
week and 10,000 steps per day [25].

The usual care group received one 30 min counseling session at the end of the six-
month study period, in addition to the LEAN book and journal, American Institute for
Cancer Research pamphlets on healthy eating and exercise, and referral to the Yale Cancer
Center Survivorship Clinic, which offers a two-session weight management program [25].

Participant weights were measured by study staff in duplicate at baseline and the
end of the six-month study period. Additional follow-up weight data assessed objectively
via scales during patient visits at affiliated clinical sites through July 2019 was obtained
retrospectively via patient electronic health records at Yale-New Haven Hospital.

The LEAN Study population comprised 100 breast cancer survivors; of those, 33 were
randomized to usual care, 34 to intervention via telephone-based counseling, and 33 to
intervention via in-person counseling. As there was no difference in weight loss between
the two intervention groups, the telephone-based and in-person counseling groups were
combined for this analysis [25]. After exclusion of participants who did not have six-
month measured weights (end of LEAN Study), our analytic sample was 92 women
(intervention = 60 (90%); usual care = 32 (97%)).

Participant weight trajectories were calculated between six months (end of LEAN
Study) through July 2019 using the measured weight at the end of the LEAN Study and all
available electronic health record data from thereon. Thus, up to 8 years of follow-up data
were available.

Women’s baseline characteristics were summarized using descriptive statistics. A
growth curve analysis using mixed effect modeling was performed to compare the rate of
body weight change from the six-month endpoint of the original LEAN Study through the
follow-up period. A random intercept effect was included to account for within-subject
correlation among repeated assessments. The difference in the slopes of weight change
over time was examined by including time and group interaction as a fixed effect. The
slope represents yearly weight gain (if positive) or weight loss (if negative) in kilograms.

In addition, in an exploratory analysis, we categorized changes in body weight during
the six-month LEAN Study period from baseline to six months into three levels: weight loss
was defined as losing greater than 1% of body weight, weight gain was defined as gaining
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greater than 1% of body weight, and weight maintenance was defined as weight remaining
within 1% of body weight. The weight trajectories were compared by randomization group
and weight change category. All analyses were performed using SAS 9.4 (Cary, NC, USA).
Statistical significance was set at p < 0.05, two-sided.

3. Results

3.1. Baseline Characteristics of Study Participants

At the start of the LEAN Study, the mean participant age was 58.8 years (SD = 7.3)
with a mean BMI of 33.1 kg/m2 (SD = 6.6) (Table 1). The majority of participants were
postmenopausal, identified as non-Hispanic whites, and had graduated from college.
Among the 92 women in our analytic sample, the mean weight change over the six-month
LEAN Study was significantly different between the intervention and usual care groups;
on average, the intervention group lost 4.3 kg (5%), whereas the usual care group lost 1.6 kg
(2%) (p = 0.009).

Table 1. Baseline characteristics of Lifestyle, Exercise and Nutrition (LEAN) Study participants with long-term weight data
(n = 92).

Characteristic Mean (SD) or n (%)

All
n = 92

Intervention
n = 60

Usual Care
n = 32

p-Value

Age, years 58.8 (7.3) 59.4 (7.3) 57.6 (7.3) 0.28

BMI a, kg/m2 33.1 (6.6) 32.7 (6.2) 33.9 (7.6) 0.42

College graduate 47 (51%) 33 (55%) 14 (44%) 0.30

Non-Hispanic white 84 (91%) 55 (92%) 29 (91%) 0.49

Postmenopausal 75 (82%) 50 (83%) 25 (78%) 0.54

Time from diagnosis to study enrollment, years 2.7 (1.8) 2.7 (1.5) 2.8 (2.2) 0.72

Post study follow-up time, years 5.9 (1.9) 6.0 (1.8) 5.6 (2.1) 0.38

Disease Stage 0.94

0 15 (16%) 9 (15%) 6 (19%)

I 48 (52%) 31 (52%) 17 (53%)

II 21 (23%) 15 (25%) 6 (19%)

III 6 (7%) 4 (7%) 2 (6%)

Unknown 2 (2%) 1 (1%) 1 (3%)

Treatment after surgery 0.67

None 14 (15%) 8 (13%) 6 (19%)

Radiation only 34 (37%) 21 (35%) 13 (41%)

Chemotherapy only 17 (18%) 13 (22%) 4 (13%)

Radiation and Chemotherapy 27 (29%) 18 (30%) 9 (28%)

Weight (kg)

Baseline 87.5 (18.1) 86.1 (16.8) 90.4 (20.3) 0.27

Six-month 84.4 (19.3) 82.4 (18.0) 88.3 (21.2) 0.16

Weight change within study period (kg) −3.4 (5.3) −4.3(5.7) −1.6 (3.7) 0.009
a BMI, body mass index.
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3.2. Post-Intervention Weight Change

The median number of weight data points per participant was similar between groups,
20 (intervention) and 18 (usual care). Women were followed up to eight years post interven-
tion (mean = 5.9 SD = 1.9), and the mean years of follow-up was similar between groups,
6.0 (intervention) and 5.6 (usual care) (p = 0.38). In the post LEAN follow-up period, both
groups had a decline in body weight over time (intervention = −0.20 kg or −0.2% per year,
SE 0.07, p = 0.004; usual care = −0.32 kg or −0.4% per year; SE 0.10, p = 0.002) (Table 2)
(Figure 1a,b). There was no statistically significant difference in the yearly mean rates of
weight change between the intervention and usual care groups (p = 0.31).

Table 2. Mean weight trajectories during the follow-up period by group.

Yearly Mean Rate of Weight Change
(kg)

SE b 95% CI c p-Value

Intervention a (n = 60) −0.20 0.07 [−0.06, −0.33] 0.004

Usual care (n = 32) −0.32 0.10 [−0.12, −0.53] 0.002
a By-randomization group p-value was 0.31. b SE, standard error. c CI, confidence interval.

(a) 

Figure 1. Cont.
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(b) 

Figure 1. Weight trajectories by study group. Weight trajectories for each individual participant from
LEAN Study completion through long-term follow-up (latest date July 2019) are shown: (a) interven-
tion group (n = 60); (b) usual care (n = 32). The thick red line in (a) corresponds to the mean weight
trajectory among intervention group participants, and the thick red line in (b) corresponds to the
mean weight trajectory among usual care group participants.

3.3. Post-Intervention Weight Change by Weight Change during LEAN

The proportion of women who lost >1% body weight, gained >1% body weight, and
maintained weight (>1% change) during the six-month LEAN Study was significantly
different by study groups in our analytic sample (p = 0.0005) (Table 3). Considering weight-
change categories during the LEAN Study, on average, women in the intervention group
who lost weight during the LEAN Study, lost weight during follow-up (−0.09 kg per year),
compared to those in the usual care group who had a non-significant gain in weight
(0.20 kg per year) (group difference = −0.39 kg per year, p = 0.02) (Table 3). Women in
both the usual care and intervention groups who gained weight during the six-month
LEAN trial lost weight during follow-up; however, women in the usual care group had
significantly greater weight loss (−1.32 kg per year) than those in the intervention group
(−0.46 kg per year) (group difference = 0.85 kg per year, p = 0.002). Independent of the study
group, women who maintained their weight during the study period did not experience
significant weight change during follow-up (group difference = 0.08 kg per year, p = 0.82).

Table 3. Post-study weight change stratified by weight changes at the end of six-month study.

Intervention
(n = 60)

Usual Care
(n = 32)

Chi-Square p-Value

Overall Weight Change 0.0005

Weight loss (>1% loss) 48 (80%) 16 (50%)

Weight gain (>1% gain) 8 (13%) 7 (22%)

Weight maintenance (>1% change) 4 (7%) 9 (28%)
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Table 3. Cont.

Intervention
(n = 60)

Usual Care
(n = 32)

Chi-Square p-Value

Weight Change (kg/yr.) SE Lower Upper p-Value

Intervention

Weight loss during LEAN −0.09 0.04 −0.15 −0.02 0.02

Weight gain during LEAN −0.46 0.18 −0.82 −0.10 0.01

Weight maintenance during LEAN −0.07 0.25 −0.57 0.42 0.78

Usual Care

Weight loss during LEAN 0.20 0.15 −0.08 0.49 0.16

Weight gain during LEAN −1.32 0.20 −1.71 −0.92 <0.0001

Weight maintenance during LEAN −0.15 0.25 −0.64 0.34 0.54

Intervention vs. Usual=Care Group Comparison

Weight loss: intervention vs. usual care −0.39 0.16 −0.71 −0.06 0.02

Weight gain: intervention vs. usual care 0.85 0.27 0.32 1.39 0.002

Weight maintenance: intervention vs. usual care 0.08 0.35 −0.62 0.78 0.82

4. Discussion

Breast cancer survivors participating in the LEAN Study, regardless of randomization
to usual care or intervention, avoided long-term weight gain after the lifestyle interven-
tion. Given there was modest weight loss overall during long-term follow-up (average of
5.9 years), it was encouraging that the women in the intervention and usual care groups
were able to maintain their original LEAN trial weight loss (6% weight loss for intervention
versus 2% weight loss for usual care). Participation in a lifestyle intervention led to the
prevention of weight gain over time and maintenance of clinically meaningful weight loss
among breast cancer survivors randomized to the intervention. Our results provide evi-
dence of the benefits of lifestyle programs; thus, clinicians should consider recommending
and referring patients to cancer survivorship and weight management programs following
a diagnosis of breast cancer.

Our finding that both intervention and usual care women in our study lost weight
over time differs from what is typically seen in the general female population. For example,
amongst adult women without obesity or chronic disease, a mean weight increase of
2.33 lbs. (1.06 kg) to 5.24 lbs. (2.38 kg) per 4 years has been shown [10], suggesting that, on
average, adult women gain weight over time. Another long-term study following adult
women for a mean of 26 years, found an average BMI increase of 3.7 kg/m2 and a mean
weight change of 8.6 kg [26]. In this same study, baseline normal-weight women gained
2.4 kg more than obese women, and overweight women gained 3.3 kg more than obese
women [26].

Although several lifestyle interventions similar to the LEAN intervention have demon-
strated success in clinically meaningful weight loss among breast cancer survivors [20,21],
several have observed weight regain in the months following either the full interven-
tion [22] or the intensive components of the intervention [23,24]. A review of lifestyle
interventions in female cancer survivors noted the challenge of maintaining participant
motivation following the study conclusion and suggested that highly personalized ap-
proaches to weight loss may be more successful [27]. Thus far, the majority of existing
studies have not reported long-term weight trajectories following the end of the interven-
tion; therefore, additional research on this topic is vital. To our knowledge, this is the first
study of long-term follow-up of a weight loss intervention in breast cancer survivors.

One possible explanation for our findings of modest weight loss during follow-up may
be that all women enrolled in the LEAN Study had a BMI > 25 kg/m2. Not all of the data for
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the general population has been stratified by BMI at baseline, which may be an important
predictor of weight change. As noted above, there are limited follow-up weight data from
other weight-loss interventions in breast cancer survivors with overweight/obesity to
compare our results. It is also possible that the breast cancer survivors in the LEAN Study
may differ in terms of weight patterns from breast cancer survivors not enrolled in a lifestyle
intervention, as women enrolled in LEAN were willing to participate in a randomized
weight-loss trial of diet and exercise. Therefore, regardless of the randomization group, they
may have had greater readiness to adopt healthy behaviors, including behaviors resulting in
weight loss, following breast cancer treatment. Additionally, recent studies have indicated
that premenopausal women [28–31] and those with lower BMI at diagnosis [32,33] appear
to be at increased risk of post-diagnosis weight gain, and the original LEAN study did
not target these populations. One additional explanation for the loss of weight during the
long-term follow-up among the usual care study participants specifically may be that the
one weight-loss counseling session and the study material that the women in this group
received at the end of the six-month intervention was efficacious for modest weight loss.

Since the intervention group lost significantly more weight (6% weight loss) during
the six-month LEAN Study than the usual care group (2% weight loss), we examined
long-term weight change by weight change during the trial. In these analyses, we found
women in the intervention group who lost >1% body weight during the trial continued
to lose weight in the follow-up period, compared to women in the usual care group, who
lost >1% body weight during the six-month study period and, in contrast, did not continue
to lose weight during the follow-up period. Moreover, in both the intervention and usual
care groups, women who maintained their weight during the trial continued to experience
weight maintenance during follow-up. Lastly, women who gained weight during the
LEAN Study lost weight during the follow-up independent of the intervention group.
However, these exploratory analyses should be interpreted with caution, as we could not
investigate the more traditional 5% weight change cut-points due to our small sample size.

Our long-term weight data are from electronic health records, and therefore, we had
rates of weight change per year (e.g., slopes) rather than change at a defined follow-up time
(e.g., one year or two years post intervention). Therefore, we could not assess predictors
of long-term weight change in our population. However, as demonstrated in Table 1, the
baseline characteristics are fairly balanced; thus, predictors of the trajectory of weight
change over time are not significant for a comparison between groups. Additional research
is needed to elucidate the frequency of post-diagnosis weight gain, maintenance, and loss
amongst breast cancer survivors, including those with overweight/obesity at diagnosis
and those receiving modern anti-cancer therapies. Large prospective studies of women
diagnosed with breast cancer could also help us understand which women are at the
greatest risk of post-diagnosis weight gain, and how this impacts prognosis.

This study has several limitations. Due to the use of electronic health records for the
collection of weight histories during the follow-up period, we had a variable number of
weight measurements and lengths of follow-up for participants. There may also be some
measurement error in weight data in the electronic health record, but we tried to eliminate
recording errors through extensive data cleaning and hand review of abstracted data, and
the data in the records were objective from scales in clinical settings. We also could not
assess other measures of body composition, such as lean mass versus fat mass during our
long-term follow-up. These data could be useful in future studies to fully understand
body composition in relation to cancer outcomes, as evidence suggests an increased risk
of mortality among early breast cancer patients with sarcopenia [34]. Additionally, we
were unable to assess if participants sought additional resources to promote weight loss
during post-intervention follow-up. Our participants were from one institution, and
the majority were college educated, non-Hispanic White, post-menopausal breast cancer
survivors diagnosed with stage I breast cancer, meaning that these findings may not be
applicable to all breast cancer survivors. For instance, African American communities
have both higher rates of obesity and breast cancer mortality rates, compared to non-
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Hispanic white women; there are many factors that may contribute to these disparities,
and further research to elucidate this relationship is necessary [35]. Important strengths
of our study include the long-term follow-up period and multiple longitudinal-measured
weights derived from the electronic health records, which eliminates the social desirability
bias of self-reported weight.

5. Conclusions

In this sample of breast cancer survivors with overweight/obesity, we observed that
overall women experienced modest long-term weight loss following the LEAN Study, even
if randomized to usual care. Given our small size and the current lack of similar studies of
long-term weight patterns following lifestyle interventions to which we could compare
our results, additional research is necessary to understand long-term weight trajectories in
breast cancer survivors with overweight/obesity both within and outside the context of
lifestyle interventions.
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Abstract: Maintaining a healthy weight is beneficial for cancer survivors. However, weight loss
program effectiveness studies have primarily been in highly controlled settings. This is a retrospective
study exploring real-world outcomes (weight loss and program engagement) after use of a digital
commercial weight loss program (Noom) in cancer survivors and matched controls. All participants
had voluntarily self-enrolled in Noom. Weight and engagement data were extracted from the pro-
gram. Cancer-related quality of life was secondarily assessed in a one-time cross-sectional survey for
survivors. Controls were a sample of Noom users with overweight/obesity who had no history of
cancer but 0–1 chronic conditions. Primary outcomes were weight change at 16 weeks and program
engagement over 16 weeks. Engagement included frequency of weight, food, and physical activity
logging, as well as number of coach messages. Multiple regression controlling for baseline age,
gender, engagement, and BMI showed that survivors lost less weight than controls (B = −2.40,
s.e. = 0.97, p = 0.01). Survivors also weighed in less (survivors: 5.4 [2.3]; controls: 5.7 [2.1],
p = 0.01) and exercised less (survivors: 1.8 [3.2]; controls: 3.2 [4.1], p < 0.001) than controls. However,
survivors sent more coach messages (survivors: 2.1 [2.4]; controls: 1.7 [2.0], p < 0.001). Despite
controls losing more weight than cancer survivors (−7.0 kg vs. −5.3 kg), survivors lost significant
weight in 4 months (M = −6.2%). Cancer survivors can have success on digital commercial programs
available outside of a clinical trial. However, they may require additional support to engage in weight
management behaviors.

Keywords: weight loss; obesity; cancer survivors; retrospective study

1. Introduction

The number of cancer survivors within the United States continues to increase rapidly
as treatments improve and screening efforts expand. Over the next twenty years, the
population of cancer survivors is expected to increase nearly two-fold, reaching 26.1 million
individuals [1]. Given this projection, anticipating the complex health needs of cancer
survivors represents a major public health concern [2]. Maintenance of a healthy body
mass index (BMI) is one modifiable risk factor that has been associated with decreased
risk for recurrence and mortality for survivors of certain types of cancers [3]. Current
guidelines from the American Cancer Society and American Society of Clinical Oncology
recommend maintaining a healthy weight after cancer treatment, but cancer survivors
receive insufficient guidance on weight management from health providers [3,4]. Cancer
survivors may try to manage their weight on their own or through commercial programs
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outside of a clinical trial. These self-management methods are estimated to be the most
common weight management strategies [5].

In particular, commercial digital programs are rapidly proliferating due to widespread
smartphone access in various geographical areas and among diverse populations [6,7].
These digital commercial programs raise important new empirical questions for cancer
survivors. For instance, individuals use these programs in the comfort of their own
home, which means they self-manage their participation in the absence of monitoring
requirements in research protocols or in-person clinical sessions [5,8,9]. However, extant
knowledge of weight management outcomes and behaviors is almost exclusively derived
from formal study, clinical, or in-person settings. For the increasing number of cancer
survivors who use digital commercial programs, the extent of their outcomes and behaviors
in their real-world use of the program is entirely unknown.

Therefore, we conducted a retrospective analysis of weight loss and engagement in a
commercially available digital program among self-enrolled cancer survivors with over-
weight or obesity compared with a group of matched controls. This question is particularly
important for cancer survivors, who may have disease-related barriers to participation.
Cancer survivors face post-treatment challenges, such as cancer-related fatigue and lack
of energy, side effects, new health conditions, and physical limitations [10]. Survivors
have also reported difficulty in self-sustaining weight-relevant behavioral changes [11].
In addition, weight gain is more common in breast cancer survivors than in non-cancer
patients [12]. Moreover, commercially available weight loss programs are not typically
designed specifically for cancer survivors. Thus, we hypothesized that matched controls
would have greater weight loss and engagement than cancer survivors. We also con-
ducted a subgroup analysis of breast cancer survivors since this was the most commonly
reported cancer type and because obesity is associated with increased risk of breast cancer
recurrence [13]. An additional aim of the study was to descriptively report survivors’
cancer-related quality of life (QoL) after using this commercial digital weight loss program.

2. Materials and Methods

2.1. Participants

Only participants who had already signed up for the program were analyzed in this
study. All participants provided consent for their program data to be used for research.
Participants were also given the option to opt out. Participants were eligible if they
signed up between July 2018 and August 2020, were still on the program (i.e., did one
in-app action) in September 2020, had a BMI ≥ 25 kg/m2, and had indicated a history
of cancer during program sign-up (N = 363). A random sample of matched controls
who had a similar BMI range (overweight or obese), 0–1 chronic health conditions (e.g.,
hypertension, type 2 diabetes), signed up for the program during the same time period,
and were still on the program were selected (N = 2000). These criteria were selected so
that controls were matched on key factors that could influence weight loss outcomes.
Controls and survivors were contacted by email with a survey invitation at the time of data
collection (September 2020). The survey measured self-reported cancer-related QoL (for
survivors) and demographics (for survivors and controls). All participants were offered
the chance to win one of three $100 gift cards for survey completion. 107 survivors and
150 controls completed the survey and were included in the study (see Figure 1 for a
diagram of inclusion). For all participants, self-reported weight, engagement, and physical
activity data were extracted from the program database from baseline through week 16
(the minimum length of the core weight loss program).

Because not all participants weighed in every week, weight and engagement analyses
included only individuals who reported their weight at baseline and week 16 (43 sur-
vivors, 85 controls). Eligible survivors who responded to the survey, even if they did not
report their weight at baseline and week 16, were included in descriptive QoL analysis
(107 survivors).
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Figure 1. Flow diagram of participant eligibility. N refers to the main sample and n refers to the subsample of breast cancer
survivors only.

In addition to these analyses, we analyzed a subset of breast cancer survivors. From
the survivor samples described above, we included any participant who reported a history
of breast cancer (n= 29 for weight and engagement analyses, n = 70 for QoL analyses). For
weight and engagement analyses with this subset, controls were matched to breast cancer
survivors on gender and age, such that from the original sample of 85 matched controls,
only those who were female and ≥40 years old were selected (n = 47 controls).

2.2. Digital Platform

Noom is a mobile program that has been found to result in clinically significant weight
loss in RCTs of a general population with overweight or obesity [14]. It is a publicly avail-
able program; individuals who elect to continue with the program after the free trial pay
for a subscription. The program is based on cognitive behavioral therapy (CBT) and moti-
vational interviewing techniques, which aid in weight control and increasing motivation to
make behavioral changes [15]. Individuals are provided daily articles informed by federal
guidelines and empirical work on healthy diet, physical activity, and the psychology of
behavior change. The articles about nutrition are informed by MyPlate recommendations
as well as empirical work on energy density [16,17]. Noom has a food color system that
categorizes foods based on energy density, in terms of high (red), medium (yellow), and
low (green) energy density. Previous work has shown that adherence to the food color
system is associated with greater weight loss on Noom [18]. Individuals are guided through
the entire program with behavior change principles derived from CBT, motivational in-
terviewing, and third-wave CBT (e.g., dialectical behavior therapy) techniques, as well as
behavior change techniques like self-monitoring and goal setting [15,19,20]. Individuals are
provided with mobile logging features to self-monitor their weight and exercise, as well as
a virtual group and the ability to exchange text messages with a 1:1 health coach. The health
coach helps the individual to set individualized goals, recognize barriers, and identify
individualized solutions to barriers. The coach also discusses awareness of behaviors and
barriers (e.g., self-awareness), checks in on progress towards goals, and provides support to
users [21]. A group coach oversees the group posts. The program does not have a required
length and users can participate for as long as they would like.
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2.3. Measures

Weight: Participants self-reported their weight on the program. Weight measurements
from week 1 through 16 were extracted from the program database. Individuals are
encouraged, but not required, to log their weight daily.

Engagement: We gathered data from the weight loss program database to assess
differences in physical activity (steps) and program engagement. Steps were tracked by
smartphone sensors, wearable devices connected to the program, or manually entered by
participants. As in past work, engagement was measured by the number of times per week
that participants self-reported their weight or exercises on the program, and the number of
times they messaged their coach, which was tracked by the program [22]. Coaches reach
out to users at least once a week, and individuals are encouraged, though not required, to
log their exercise daily.

Quality of life: Survivors self-reported cancer history and cancer-related QoL via sur-
vey. Quality of life questions were adapted from the European Organization for Research
and Treatment Core Quality of Life Questionnaire (EORTC QLQ-C30) [23] and transformed
into scores ranging from 0 to 100, including overall quality of life rating with higher scores
indicating better QoL; functioning scales with higher scores indicating better functioning
role functioning, emotional function, cognitive functioning, social functioning; and symp-
tom scales with higher scores indicating more severe symptoms including nausea, pain,
dyspnea, insomnia, appetite loss, constipation, and diarrhea.

2.4. Statistical Analysis

Analyses were conducted in R (v 3.6.0) with α of 0.05. Descriptive statistics are ex-
pressed in means and standard deviations for normally distributed variables or median
and interquartile range (IQR) for non-normally distributed variables. Weight loss consti-
tuted week 16 weight subtracted from baseline weight. Linear regressions were used to
compare survivors and matched controls’ weight loss while accounting for baseline BMI,
age, gender, and engagement, since these are all factors that can influence the amount of
weight lost [24–26]. T-tests, Mann-Whitney U test and chi-squared tests compared cancer
survivors and matched controls on engagement and demographics. Cancer-related quality
of life is presented descriptively with means and standard deviations.

3. Results

3.1. Demographics

Most cancer survivors had a history of breast cancer (n = 70). Other cancer types
included melanoma (n = 9), cervical (n = 6), non-Hodgkin lymphoma (n = 5), renal (n = 5),
skin (non-melanoma; n = 5), endometrial (n = 4), colon (n = 3), leukemia (n = 3), ovarian
(n = 3), bladder (n = 2), rectal (n = 2), bone (n = 1), head and neck (n = 1), liver (n = 1), lung
(n = 1), pancreatic (n = 1), prostate (n = 1), and other (n = 13). Survivors could indicate more
than one cancer type. A majority of survivors reported having received chemotherapy (IV
or pills) (63.5%), radiation (52.3%), and surgery (86.9%). Survivors could report more than
one type of treatment. Most survivors received treatment 1 to less than 5 years ago (31.7%)
or 5 to less than 10 years ago (24.3%), while 11.2% received treatment 10 or more years
ago. For breast cancer survivors only, most reported receiving chemotherapy (IV or pills)
(68.6%), radiation (68.6%), and surgery (94.3%). Controls had no history of cancer but had
0–1 chronic conditions. The most common chronic conditions were hypertension (13%)
and depression (12%).

Demographic characteristics for all eligible cancer survivors and controls, as well as
those included in primary analyses of weight and engagement, are displayed in Table 1.
There were significant differences in employment status, where more cancer survivors were
retired, and more controls worked 40+ hours per week. Eligible cancer survivors included
significantly more females and were significantly older than controls. The same pattern for
age but not gender emerged in the subset of breast cancer survivors and matched controls
included in primary analyses.
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Table 1. Demographic characteristics of eligible participants.

All Eligible Participants Participants Included in Primary Analyses

Cancer
Survivors (N
= 107), N (%)
or Median

(IQR)

Matched
Controls (N =
150), N (%) or

Median
(IQR)

p-Value

Cancer
Survivors (N
= 43), N (%)
or Median

(IQR)

Matched
Controls (N =
85), N (%) or

Median
(IQR)

p-Value

Hispanic/Latino 1 1
Yes 5 (4.7%) 7 (4.7%) 2 (4.7%) 3 (3.5%)
No 102 (95.3%) 143 (95.3%) 41 (95.3%) 82 (96.5%)

Race 0.10 0.20
Black or African

American 4 (3.7%) 3 (2%) 2 (4.7%) 2 (2.4%)

White 97 (90.7%) 141 (94%) 39 (90.7%) 81 (95.3%)
Asian 0 (0%) 4 (2.7%) 0 (0%) 2 (2.4%)
Other 6 (5.6%) 2 (1.4%) 2 (4.6%) 0 (0%)

Employment status <0.001 <0.001
Employed, 1–39 h per

week 16 (15.0%) 43 (28.7%) 6 (14.0%) 25 (29.4%)

Employed, 40+ hours
per week 36 (33.6%) 84 (56%) 11 (25.6%) 50 (58.8%)

Not employed 8 (7.4%) 9 (6.1%) 3 (7%) 4 (4.7%)
Retired 36 (33.6%) 14 (9.4%) 17 (39.5%) 6 (7.1%)

Disabled, not able to
work 11 (10.3%) 0 (0%) 6 (14.0%) 0 (0%)

Highest Education 0.95 0.85
High school degree or

some high school 6 (5.6%) 7 (4.7%) 1 (2.3%) 4 (4.7%)

Some college or
vocational training 10 (9.3%) 20 (12.7%) 3 (7.0%) 16.4 (15.9%)

2-year college degree 12 (11.2%) 12 (8%) 5 (11.6%) 6 (7.1%)
4-year college degree 38 (35.5%) 48 (32%) 16 (37.2%) 30 (35.3%)
Some graduate school 8 (7.5%) 13 (8.7%) 3 (7.0%) 7 (8.2%)

Graduate degree 32 (29.9%) 49 (32.6%) 15 (34.8%) 23 (27.1%)
I prefer not to answer 1 (0.9%) 1 (0.7%) 0 (0%) 1 (1.2%)

Gender <0.001 0.20
Female 100 (93.5%) 114 (76%) 39 (90.7%) 67 (78.8%)
Male 7 (6.5%) 35 (23.3%) 4 (9.3%) 17 (20%)
Other 0 (0%) 1 (0.7%) 0 (0%) 1 (1.2%)

Current Age * 61 (53–67) 49 (38–58) <0.001 62 (53.5–66.5) 49 (38–58) <0.001

Note. * denotes variables that deviated from a normal distribution, so independent 2-group Mann-Whitney U
tests were employed. Chi-squared tests were used for all other variables.

3.2. Weight Loss

Participants who had baseline and week 16 weight data were included in the weight
loss outcomes (43 survivors, 85 controls). Among this subset, cancer survivors (M = 60.46,
SD = 8.82) remained significantly older than matched controls (M = 47.51, SD = 13.07;
t (115.69) = 6.64, p < 0.001) and had differing employment status. As seen in Table 2,
matched controls lost significantly more weight (in kg) than cancer survivors [t (90.81) = −2.07,
p = 0.04], but the percentage of body weight lost did not differ significantly. After con-
trolling for gender, age, engagement, and baseline BMI, controls lost 1.9 kg more than
cancer survivors (B = −1.90, S.E. = 0.95, p = 0.05). Overall, males lost more weight than
females (B = −3.45, S.E. = 1.00, p < 0.001) and as participants aged, they lost more weight
(B = −0.09, S.E. = 0.03, p = 0.007). The more participants engaged, the more weight they lost
(B = −0.54, S.E. = 0.13, p < 0.001). Results did not change when controlling for engagement
status, which was significantly different across groups but did not emerge as a significant
predictor of weight (all ps > 0.60).

3.3. Engagement

There were differences between the groups in weekly engagement (Table 2). Cancer
survivors sent more messages to their coaches compared to controls [W = 605862, p < 0.001].
However, controls logged more exercise sessions [W = 432425, p < 0.001], and took more
steps [W = 415962, p < 0.001] compared to cancer survivors.
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Table 2. Weight and engagement for cancer survivors and matched controls.

Cancer Survivors (N = 43),
Median (IQR) or Mean (SD)

Matched Controls (N = 85),
Median (IQR) or Mean (SD)

p-Value

Baseline BMI * 32.78 (29.15–37.48) 31.82 (28.83–36.79) 0.50
Weight loss (kg) −4.72 (4.34) −6.52 (4.77) 0.04
Weight loss (%) −6.20 (5.18) −7.39 (4.67) 0.08

Engagement per week
Coach messages * 2 (0–3) 1 (0–3) <0.001

Weigh ins * 7 (4–7) 7 (5–7) 0.07
Exercises * 0 (0–2) 1 (0–7) <0.001

Steps * 20321 (9386–39550) 35034 (16764–51781) <0.001
Meals logged * 26 (19–33) 26 (21–31) 0.98
Articles read * 25 (11–28) 26 (12–28) 0.07

Note. * denotes variables that deviated from a normal distribution, so independent 2-group Mann-Whitney U
tests were employed. T-tests were used for all other variables.

3.4. Quality of Life

Global QoL for all eligible survivors (N = 107) at the time surveys were administered
was 72.0 on average (SD = 18.5). Scores on the functional subscales were as follows: role
functioning: 78.3 (SD = 26.6), emotional functioning: 67.6 (SD = 22.1), cognitive functioning:
80.7 (SD = 19.3), and social functioning: 81.6 (SD = 25.5).

Average symptom scores were as follows: nausea: 4.4 (SD = 10.6), pain: 33.0
(SD = 29.0), dyspnoea: 11.8 (SD = 17.9), insomnia: 40.2 (SD = 28.5), appetite loss: 5.9
(SD = 15.7), constipation: 17.8 (SD = 26.8), diarrhoea: 11.5 (SD = 21.5), financial difficulties:
14.3 (SD = 25.9).

3.5. Subset Analysis

Due to the large proportion of breast cancer survivors in our sample, we conducted a
subset analysis to compare breast cancer survivors to the controls. Compared to controls,
breast cancer survivors wrote more coach messages (breast cancer survivors: Median =
2, IQR = 1–; controls: Median = 1, IQR = 0–3; p = 0.001), and logged fewer instances of
exercise (breast cancer survivors: Median = 0, IRQ = 0–3; controls: Median = 1, IQR = 0–6;
p < 0.001) and steps (breast cancer survivors: Median = 19996, IQR = 10181–38656; controls:
Median = 33367, IQR = 12481–49324; p < 0.001). They logged their weight similarly to
controls (breast cancer survivors: Median = 7, IQR = 5–7; controls: Median = 7, IQR =
5–7). When controlling for age, baseline BMI, and a composite score of overall engagement,
breast cancer survivors lost significantly less weight than controls (B = −2.07, S.E. = −0.9,
p = 0.03). Breast cancer survivors lost 5.37kg (SD = 4.39) on average, which was 6.5% body
weight loss (SD = 5.4%). Controls lost 7.58kg (SD = 4.38) on average, which constituted 7.2%
body weight loss (SD = 4.6%). Eligible breast cancer survivors had a global QoL of 74.5
(SD = 16.0), role functioning of 84.8 (SD = 21.6), emotional functioning of 67.4 (SD = 21.5),
cognitive functioning of 80.9 (SD = 19.7), and social functioning of 87.4 (SD = 20.5). Their
average symptom scores were as follows: nausea: 3.1 (SD = 8.2), pain: 30.5 (SD = 26.3),
dyspnoea: 9.5 (SD = 18.1), insomnia: 40.9 (29.0), appetite loss: 5.2 (SD = 16.7), constipation:
13.8 (SD = 22.3), diarrhoea: 9.0 (SD = 14.9), financial difficulties: 13.8 (SD = 25.7).

4. Discussion

This retrospective study examined weight loss and engagement in cancer survivors
compared to matched controls who were all trying to lose weight on a digital commercial
weight loss program. For this population, real-world weight and engagement outcomes
are unknown. This is a particularly pressing question for cancer survivors, who face post-
treatment physical and mental health limitations which could impact their engagement and
weight loss. It is therefore important to understand how weight loss outcomes for cancer
survivors who signed up for a general weight loss program compare to those who do not
have a history of cancer. Notably, previous investigations have only taken place in research
study settings in which, at the very least, minimal participation requirements were salient.
In McCarroll et al. [27], for example, participants were informed that they should provide
baseline and follow-up measurements, received training on how to use the commercial
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program, and were contacted if they did not log food or exercise for more than 3 days in
a row. To our knowledge, this is the first study to assess weight loss and engagement in
a naturalistic environment where cancer survivors were using the program on their own
initiative, without being reminded of participation requirements. We found that cancer
survivors lost less weight by 16 weeks than matched controls, but still showed clinically
significant weight loss (−5.3 kg or 6.2% body weight). In addition, cancer survivors had
lower engagement for self-reported weight and exercise and objectively recorded steps
throughout the program. However, when compared with the controls, the cancer survivors
sent more messages to their coaches. When the analysis was limited to breast cancer
survivors alone, this pattern still held. With regard to weight assessment, this behavior
was similar in frequency between breast cancer survivors and controls.

In RCTs of digital commercial programs, cancer survivors lost on average 1.71 kg after
6 months and 2.3 kg after 4 weeks [27,28]. A systematic review found that body weight
loss ranged from 2.4 to 6.8% in high-quality RCTs of generalized weight management
interventions for survivors [29]. A systematic review of non-commercial weight loss
interventions for breast cancer survivors found that survivors lost clinically significant
amounts of weight (≥5%) in 14 out of 15 studies [30]. In the context of past studies, our
results suggest that cancer survivors with overweight or obesity can lose significant and
comparable weight on a digital commercial program, though they do not attain as much
weight loss as individuals without a history of cancer.

We found that survivors showed less engagement in terms of logging or physical
activity. This corroborates past studies showing that cancer survivors’ engagement is
relatively low in digital interventions, as well as work showing that cancer survivors
experience fatigue and cognitive barriers to engaging as much as they would like [31–33].
We found for the first time to our knowledge that cancer survivors messaged their coaches
more than matched controls. This could be because health coaches can provide additional
motivation and trust [34]. Future studies should confirm that cancer survivors would
benefit from amplified support from health coaches on a digital commercial program.

The study’s additional aim was to describe survivors’ cancer-related QoL at one
time point during the program. One time point was chosen to minimize salient study
requirements. These descriptive statistics provide rare data on survivors’ QoL after real-
world use of a self-managed commercial program and could inform future prospective
trials, which are needed to directly compare QoL outcomes. Average global QoL for all
survivors was 72.0 (SD = 18.5). In controlled trials of weight management interventions,
survivors’ scores were as follows: 56.4 (SD = n.a.) after a 12-week online weight loss
intervention, 73.3 (S.E. = 3.7) after a 12-week stage-matched diet and exercise intervention,
79.5 (SD = 18.4) after a 12 week diet and exercise intervention, and 71.4 (SD = 18.8) after a
16-week physical activity and behavior change intervention [35–38]. A direct comparison
cannot be made because of the difference between controlled and digital self-managed
settings. Also, the study populations could have different demographic characteristics,
with potentially higher socioeconomic status in a commercial program compared to other
populations. Therefore, an aim of future work is to compare differences between QoL
between cancer survivors and individuals without a history of cancer before and after
using Noom. Future work should also compare long-term weight loss between survivors
and controls on this type of program.

The study has a few limitations. In order to maximize ecological validity, quality of
life was measured once rather than prospectively, weight loss was only analyzed with
a subset of participants who provided baseline and 16-week weight measurements, and
retrospective analyses were conducted. Because quality of life was not measured at base-
line, it is unknown to what extent quality of life improved in cancer survivors over the
course of the program. In addition, messaging, physical activity, and weight data were
recorded throughout the program, which reduces recall bias, but causal interpretations
cannot be made from a retrospective design. Another limitation is that the main outcome
was self-reported weight, which can be prone to error or bias [39], and due to the study
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design, we could not assess its reliability compared to objective measurements. However,
it should also be noted that self-reported weight can still be fairly accurate, and this type
of observational design could decrease the opportunity for bias that stems from reporting
weight directly to researchers (e.g., social desirability bias or from researchers’ expecta-
tions) [40–44]. Still, future work should assess the reliability and validity of self-reported
weight, and use other objective measurements (e.g., bioimpedance, plethysmography,
or bone density measurement). Future research should also use accelerometers or other
devices to objectively measure physical activity and calorie consumption. BMI also poses
limitations. For instance, BMI does not account for weight variation due to changes in
muscle mass (e.g., muscle mass loss from chemotherapy). Future studies should assess
body composition specifically. Further, in addition to types of treatment, future work
should also consider the duration of cancer treatments. Finally, only participants who
did an in-app action in September 2020 were included in the study, since the goal was to
investigate outcomes among those who actually participated in the program. This may
limit generalizability of the findings and may represent a motivated sample that continued
with the program and did not drop out early on.

5. Conclusions

This study contributes new knowledge with regard to the use of commercially avail-
able digital weight loss programs by cancer survivors outside the context of a clinical
trial. Our findings highlight key differences in the experience of cancer survivors versus
individuals without a history of cancer. While weight loss and engagement were lower
in cancer survivors versus controls, cancer survivors interacted with coaches more than
matched controls and lost a clinically significant amount of weight (>5%). Cancer-related
QoL was also qualitatively comparable to previous post-weight loss intervention findings.
Our results suggest that though cancer survivors can lose significant weight at 16 weeks on
a digital commercial program, they may benefit from additional tailoring to improve their
weight and engagement. Specifically, survivors may need cancer-specific support in terms
of weight loss and motivation to engage in weight management behaviors. This could
be done through support from health coaches, as survivors used this resource more than
individuals with no history of cancer. These findings support future studies investigating
the implementation of digital weight management platforms in oncology care.
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Abstract: Scalable, effective interventions are needed to address poor diet, insufficient physical
activity, and obesity amongst rising numbers of cancer survivors. Interventions targeting survivors
and their friends and family may promote both tertiary and primary prevention. The design, rationale,
and enrollment of an ongoing randomized controlled trial (RCT) (NCT04132219) to test a web-based
lifestyle intervention for cancer survivors and their supportive partners are described, along with
the characteristics of the sample recruited. This two-arm, single-blinded RCT randomly assigns
56 dyads (cancer survivor and partner, both with obesity, poor diets, and physical inactivity) to
the six-month DUET intervention vs. wait-list control. Intervention delivery and assessment are
remotely performed with 0–6 month, between-arm tests comparing body weight status (primary
outcome), and secondary outcomes (waist circumference, health indices, and biomarkers of glucose
homeostasis, lipid regulation and inflammation). Despite COVID-19, targeted accrual was achieved
within 9 months. Not having Internet access was a rare exclusion (<2%). Inability to identify a
support partner precluded enrollment of 42% of interested/eligible survivors. The enrolled sample is
diverse: ages 23–81 and 38% racial/ethnic minorities. Results support the accessibility and appeal of
web-based lifestyle interventions for cancer survivors, though some cancer survivors struggled to
enlist support partners and may require alternative strategies.

Keywords: diet; weight loss; exercise; physical activity; lifestyle; cancer survivors; Internet; dyads

1. Introduction

Given the high number of cancer survivors in the United States (over 16.9 million in
2019 [1]) due to improvements in early detection and treatment, new challenges emerge
in terms of preventing second malignancies and common comorbidities and promoting
quality of life (QoL) and healthy aging among survivors. Healthy diet, weight management,
and physical activity can enhance the quality (and quantity) of life for cancer survivors
and reduce their risk for developing secondary cancers; however, few cancer survivors
meet the World Cancer Research Fund (WCRF) and American Institute of Cancer Research
(AICR) recommendations for diet and physical activity [2]. Moreover, recent National
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Health Interview Survey (NHIS) data indicate that 34% of adult cancer survivors report
no leisure time physical activity and 33% have obesity [3], which clearly demonstrates the
need for effective, scalable lifestyle interventions in this population.

Past studies have reported changes in diet, physical activity and/or weight loss
among cancer survivors, with most interventions delivered face-to-face or via print and/or
telephone [4]. For example, in the RENEW study, tailored mailed print materials and
telephone counseling produced significant improvements in diet quality, physical activity,
and body mass index at 12 months among 641 older survivors of breast, prostate, and
colorectal cancer with overweight and obesity, which were sustained at two-year follow-
up [5,6]. However, higher reach, more cost effective, technology-supported strategies might
be required to address a public health problem of this magnitude.

Website intervention delivery requires less staff time and training than face-to-face and
telephone-based approaches; furthermore, the incremental delivery costs per participant
is minimal. Promising results were reported in a recent review of web-based lifestyle
interventions for cancer survivors [7]; however, most of the programs were only 6–12 weeks
in duration and did not assess long-term behavior change. As cancer survivors experience
unique health concerns, more support and engagement may be required to achieve long-
term maintenance of lifestyle changes.

Enrolling cancer survivors with support partners could lead to more sustainable
gains in health behaviors. A dyad-based approach, in which 68 inactive breast cancer
survivors with overweight or obesity partnered with their adult daughters who had similar
characteristics, showed promise in the daughters and mothers (DAMES) study (n = 136) [8].
The dyads who received the tailored, self-help, print materials experienced significant
improvements in body mass index (BMI), weight, waist circumference (WC), and physical
activity at 12 months, compared to control arm dyads who received standard, publicly
available brochures on diet, exercise, and weight status. Building on this research, the
current study seeks to combine both the advantages of web-based platforms and partner
support by developing and testing the first (to our knowledge) dyad- and web-based
lifestyle intervention for cancer survivors.

The current paper describes the rationale, design, and recruited sample for an ongoing
efficacy trial of DUET (daughters, dudes, mothers, and others together), a six-month
web-based lifestyle intervention to promote weight loss among cancer survivors with
overweight or obesity and their chosen supportive partners. The central hypothesis is that
cancer survivor and support partner dyads that are assigned to the web-based intervention
will lose significantly more weight at six months than dyads in the wait-list control. We
also expect that the intervention will result in more favorable changes in other measures of
adiposity (e.g., BMI and WC), diet quality, physical activity, QoL, and physical functioning
and performance, as well as related biomarkers (e.g., insulin, glucose, total and high-
density lipoprotein (HDL) cholesterol, triglycerides, leptin, adiponectin, interleukin 6(IL6),
c-reactive protein (CRP), and tumor necrosis factor alpha).

2. Materials and Methods

2.1. Overall Design

DUET is a single-blinded, 2-arm randomized controlled trial (RCT) that will test
a 6-month, web-based lifestyle intervention against a wait-list control among 56 dyads.
Each dyad is comprised of a survivor of an obesity-related early-stage cancer and their
supportive partner, both of whom have obesity or overweight, are insufficiently active, and
consume suboptimal diets. The main outcome (body weight) is assessed at baseline and
6 months, along with several other secondary outcomes. This trial was approved by the
University of Alabama at Birmingham (UAB) Institutional Review Board (300003882/Ap-
proval date: 10-28-2019) and registered with ClinicalTrials.gov (NCT04132219).
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2.2. Participant Recruitment and Eligibility Screening

A two-step recruitment process was undertaken whereby initial enrollment efforts
targeted cancer survivors, and once interest and eligibility were established, efforts were
directed towards enrolling appropriate partners. Survivors of obesity-related cancers with
5-year cancer-free survival rates of at least 70% (i.e., localized renal cancer, and loco-regional
ovarian, colorectal, prostatic, endometrial, and female breast cancers) [9]. Adult survivors
of these cancers were identified through the UAB Cancer Registry, as well as through a
wait-list of individuals who had previously expressed interest in lifestyle interventions
and provided their contact email address or telephone numbers. Letters of invitation were
posted to registry-ascertained cases, and telephone calls or email messages were placed
to individuals on the wait-list. The Love Research Army (https://drsusanloveresearch.
org/love-research-army, accessed on 27 September 2021) also initiated a series of email
“blasts” to its members, and a recruitment website was established (https://duet4health.
org, accessed on 27 September 2021). Finally, individuals not meeting eligibility criteria or
disinterested in other ongoing cancer survivorship studies were apprised of DUET.

Study staff provided telephone follow-up on recruitment mailings and contacts by
placing up to six calls at various days and times. The study was explained and interested
survivors were screened for eligibility. Inclusion and exclusion criteria were established
to target survivors who were most in need and who could best benefit from a web-based
diet and exercise intervention. Inclusion criteria were as follows: (1) BMI > 25 kg/m2 [10];
(2) vegetable and fruit intake <2.5 cups/day; (3) moderate-to-vigorous physical activity
(MVPA) <150 min/week [11]; (4) completion of primary cancer treatment; (5) English
speaking and writing; (6) educational attainment of 5th grade or higher; and (7) daily use of
the Internet and mobile phone access. Exclusion criteria were few and limited to those who
were already adhering to modified diets or enrolled in an exercise program, residing in
assisted or skilled nursing facilities, or recently advised by their physician to limit physical
activity and/or having health issues that might make participation in an unsupervised
weight loss intervention unsafe (e.g., pregnancy, severe orthopedic conditions, end-stage
renal disease, metastatic cancer or other cancers with poorer survival, paralysis, dementia,
blindness, unstable angina, untreated stage 3 hypertension, recent history of heart attack,
congestive heart failure or pulmonary conditions that required oxygen or hospitalization
within 6 months) [12]. Once initial eligibility was established and cancer case status was
verified by treating physicians of any self-referrals, the survivor was asked to identify a
local support partner (preferably within a 10-min drive) and have them contact the research
team for screening. Supportive partners were required to meet all inclusion/exclusion
criteria, except for being a cancer survivor.

2.3. Study Protocol

The research team provided study overviews for eligible dyads and answered their
questions via conference calls. Informed consent was obtained from all participants in-
volved in the study and signed electronically (Adobe Sign®, San Jose, CA, USA). Partic-
ipants completed baseline assessments and dyads were randomly and evenly assigned
to study arms (DUET intervention or wait-list control) using a permuted block design
(block size = 4). Participants complete assessments again at 6 months and then wait-list
control dyads receive the DUET intervention.

2.4. DUET Intervention

The DUET web-based intervention was adapted from the previously mentioned
tailored, mail-delivered dyadic DAMES intervention [8] and then expanded to meet the
needs of a broader range of cancer survivors and support partners (i.e., not limited to post-
menopausal breast cancer survivors and their biological daughters). Like DAMES, DUET
was theoretically grounded and primarily based on the social cognitive theory (SCT) [13];
which posits that participation in health behaviors is determined by individual factors
(e.g., self-efficacy, or confidence in the ability to exert control over one’s own behavior)
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and the social and physical environment (e.g., barriers, social support from friends and
family). The DUET intervention targets key SCT constructs by providing participants with
resources (i.e., Fitbits and Aria Scales) to track diet, exercise, and weight, and provides
guidance on setting incremental goals. Such strategies build upon small successes with
lifestyle change and thereby enhance self-efficacy. The DUET weekly sessions also directly
address weight loss barriers that are common for cancer survivors, such as fatigue and
stress, as well as barriers common across populations, such as time constraints, to address
the needs of both partners.

To further bolster dyadic interactions to enhance social support, concepts from inter-
dependence theory and the theory of communal coping were incorporated [14]. DUET
emphasizes relational factors such as joint problem solving, commitment to relationship
quality and upholding mutual goals to promote adoption and maintenance of health be-
haviors. Moreover, dyads receive guidance on supporting their partners (e.g., how to ask
for and provide help). In total, the DUET intervention draws upon 38 of the 40 behavioral
change techniques that are categorized by the CALO-RE taxonomy purported by Michie
and colleagues to promote adherence to healthful diet and physical activity patterns [15].
The two exceptions to the taxonomy are formal motivational interviewing (MI) and fear
arousal. Although some MI elements were incorporated into the website design and
information on cancer risk and recurrence and comorbidity are presented, emotionally
evocative images were purposely avoided given the already high levels of anxiety related
to such outcomes among cancer survivors and their loved ones [16].

The website includes the following sections: My Profile, Healthy Weight, Healthy
Eating, Exercise, Weekly Sessions, Tools, News You Can Use, and Team Support. All users
are given instructions on using the website features and encouraged to call the research
team with any problems or questions. Once logged in, participants can update personal
information (gender, age, height, weight, diet, physical activity, and cancer history) in the
My Profile feature and then access tailored content in the Healthy Weight, Healthy Eating,
and Exercise sections. Participants pursue and track their weight, diet, and exercise using
study-provided equipment (Fitbit® Aria 2 digital scales and Inspire fitness trackers (San
Francisco, CA, USA), Portion Doctor® tableware (Portion Health Products, St. Augustine
Beach, FL, USA) and exercise bands (Theraband Academy, Akron, OH, USA)). Dyads
also are encouraged to work as a team and use the commercially available MyFitnessPal
(https://www.myfitnesspal.com/, accessed on 27 September 2021) app to set goals and
view progress; log-ins and data are tracked to assess adherence. Participants are cued via
text messages to complete 24 weekly interactive diet and exercise modules in the Sessions
section; sessions range from 10–20 min. See Table 1 for session topics.

The Tools section includes tracking forms, online calculators, planning guides, tip
sheets, and other healthy eating and exercise resources. Summarized updates on recent
findings from salient research on diet, exercise, and/or weight loss for cancer prevention
and control is provided in the News feature. The Team Support page offers practical tips
on how dyads can support each other to promote lifestyle change (e.g., active listening).
Regular website usage is encouraged via text messages (three per week) and tracked to
assess intervention adherence. Short Message System (SMS) Text Messages also are a key
component of the DUET intervention. After an initial welcome message, text messages are
delivered at a frequency of three per week over the course of the intervention for a total of
72 messages for intervention.

Intervention adherence is evaluated using a variety of means. Completion of sessions,
as well as website logins/duration and text message receipts/responses, are all tracked.
Moreover, the dyad provides permission for the research office to access secure Fitbit
wireless API generated by the Inspire tracker and Aria scale. These data are downloaded
by study staff at intervention completion and stored on the study server by ID number
until analysis.
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Table 1. DUET diet and exercise sessions.

Week Topic/Brief Description

1 What Can You Do to Lower Your Risk of Cancer?
American Institute of Cancer Research’s (AICR) dietary recommendations to lower cancer risk and why they are important.

2 Get on Track for Success!
Using the Fitbit Aria weight scale each day and tracking tips and tools to promote weight loss.

3 Be Safe While Losing Weight!
Importance of setting safe weekly weight loss goals that reduce the risk of sarcopenia.

4 Moving Towards Better Health
Incremental goal setting to ultimately achieve 150 min of aerobic, resistance and flexibility exercises each week.

5 Let’s Get Physical and Step It Up!
Use of the Fitbit wrist monitor to track physical activity and making a safe exercise plan with incremental goals

6 Be S.M.A.R.T. About Physical Activity and Exercise.
How to make exercise goals specific, measurable, achievable, relevant and time-based.

7 The Sweet ‘n Low-down on Sugar and Fasting.
Setting goals to limit of sugar intake and reviewing the concept and evidence for intermittent fasting.

8 Been Resisting “Resistance” Exercises?
Importance of resistance exercise and instructions on how to perform them safely.

9 Yes, Portion Size Does Matter!
Determining and tracking portions sizes; managing temptation while at the grocery store and dining out.

10 Why Are Bending Down and Touching Your Toes So Important for Good Health?
How flexibility and balance exercises promote strength, and prevent falls and pain; instructions on how to begin safely.

11 Red and Processed Meats: How Can Something So Good Be So Bad?
AICR recommendations on limiting red and processed meats. Harnessing social support to make dietary changes.

12 Did You Know that Your Surroundings Can Make You More Likely to Exercise?
Managing environmental influences in support and promotion of good exercise habits.

13 Get the Skinny on Trimming the Fat.
How high-fat foods contribute to risk of cancer and comorbidities; understanding different types of fat and food sources.

14 Reaping the Benefits of Whole Grains.
Recommendations for whole grain daily intake and food sources.

15 Being Labeled is Not Always Bad.
Importance of reading food labels and how.

16 Too pooped to Make Healthy Diet Choices?
Recognizing and managing fatigue in support of healthy food preparation and making good choices.

17
Super Food Heroes: Fruits and Vegetables.

Vegetables and fruits as sources of fiber, phytochemicals and antioxidants to reduce the risk for cancer and comorbidities;
recommendation on sources, daily intake and serving sizes.

18 Problem Solving Strategies to Help You Get More Healthy Foods into Your Diet
Identifying barriers/problems, brainstorming solutions, evaluating pros/cons, and developing an action plan.

19 Have Concerns About Pesticides Been Bugging You?
Strategies to reduce pesticides in the diet and on foods; money and timesaving tips.

20 Want to Join the Party Without Blowing Your Diet?
Recommendations on alcohol and cancer risk; making healthy choices when attending/hosting social gatherings.

21 Need a Break From Stress?
Recognizing how stress influences physical and emotional wellbeing and strategies to manage it.

22 Why Am I Hungry All the Time?
How to recognize hunger, and manage emotional or habitual eating.

23 Are Supplements Really Good for You?
Information on safety and recommendations for supplement use

24 You did it! You Completed the DUET Program!
Celebrating healthful eating and exercise behavior changes with positive rewards and planning for maintenance
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2.5. Assessments

Baseline and 6-month follow-up assessments are largely identical except that some
demographic and health characteristics that are likely to be time invariant for an adult
sample over the study period (e.g., race/ethnicity, marital and educational status, height)
are self-reported only at enrollment. Originally designed to include home-based assess-
ments, the DUET protocol was modified prior to recruitment to virtual assessments via
Zoom® (San Jose, CA, USA) in order to continue research activities during the COVID-19
pandemic. Assessors were trained and evaluated for accuracy prior to initiation; measures
were evaluated for reliability, as well as validity with those collected in-person data that
are featured in a separate report [17]. All Zoom® sessions are recorded to increase accuracy
for timed performance testing to reduce discrepancies resulting from variable transmission
of sight and sound and allow for periodic quality assurance evaluations among assessors.
Once assessors review these files, time the tests, log the data, and quality assurance tests
are completed, the recordings are deleted. Virtual assessments are scheduled during times
when both dyad members can participate and occur in tandem with one member of the
dyad undergoing the assessment first and the other recording the encounter on Zoom®,
and then vice versa. Dyads are asked to prepare by viewing videos on performance testing
(https://youtu.be/lbxctNuOgLk, accessed on 27 September 2021) and dried blood spot
(DBS) collection (https://youtu.be/lBPLS4PoHv4, accessed on 27 September 2021).

Supplies also are sent to the home of the dyad member in which assessments will
be performed. Mailed materials include an 8′ length of cord and two stickers (to mark
the distance for the 8′ walk and up-and-go performance tests), two orange soccer cones
(to enhance virtual visualization for walk testing), and a 36” vinyl tape measure and two
stickers (to measure and guide step height for 2-min step tests). The mailing also includes
duplicate supplies to cover the assessment needs of each dyad member: (1) programmed
Actigraphs (Walton Beach, FL, USA) with activity/sleep logs; (2) DBS kits (903TM Protein
Saver Card, 2 lancets, 2 non-stick gauze pads, 2 small adhesive bandages, 2 alcohol prep
wipes, 1–5 × 3” foil biohazard envelop with desiccant) to self-collect fasting blood samples
(12 h or more); and (3) Two ribbons (4–1” × 55”) and a felt-tip marker (to perform repeated
measures of WC). A digital scale is sent if participants do not have one. In addition to the
virtual assessment and bio-specimen collection, each dyad member completes an on-line
survey and a 2-day dietary recall conducted by telephone at each time point. Details of
specific measures are provided in Table 2.
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Table 2. Outcome measures.

PRIMARY OUTCOME

Body Weight: Weight is measured in light clothing without shoes. Zoom® images are captured of the “zeroed” scale display, the participant actively
weighing, and final images of the display showing the participant’s weight. The assessor verifies the weight with both the participant and partner.
Weight is measured twice, and the average taken for analyses.

SECONDARY OUTCOMES

Waist circumference: The participant faces the camera and positions clothing to reveal midriff; as the partner is coached to encircle the waist with
one of the ribbons at the level of the umbilicus [18]. As the participant rotates, the assessor checks to assure the ribbon is flat against the skin and
parallel to the floor. Upon exhale, the partner uses a felt-tip marker to mark the ribbon at the point of overlap. The process is repeated with the
second ribbon. Both ribbons are returned to the study office and measured in centimeters and the average taken for analyses.
Diet Quality: A trained nutritionist conducts telephone-based dietary recalls of a non-consecutive weekday and weekend day using the National
Cancer Institute (NCI)-developed Automated Self-Administered 24-h (ASA24) recall dietary assessment web-based tool
(https://epi.grants.cancer.gov/asa24/, accessed on 27 September 2021). Calorie intake and nutrient density are averaged over the 2 days for each
time point and Diet Quality is calculated using the Healthy Eating Index (HEI)-2015 [19].
Physical Activity: Programmed actigraphs (Fort Walton, FL, USA) objectively capture physical activity over a 7-day period and are then
downloaded and processed using procedures and software supplied by the manufacturer and using methods similar to those we have reported
previously [20,21]. Physical activity also will be measured by self-report using the Godin Leisure-Time Exercise Questionnaire, given its excellent
reliability and validity with cancer survivors [22,23].
Physical Performance Testing: The Senior Fitness Battery assesses physical performance objectively across multiple domains, is sensitive to change,
minimizes ceiling effects, and has normative scores [24]. Usually conducted in-person, tests were adapted to virtual use, refined, and then evaluated
for validity and reliability [17]; arm curls and grip strength, were omitted because of excessive equipment and postage costs.

- 30-s chair stand (lower body strength): A standard 18” unpadded chair is used, though if the participant does not have one, the identical chair
is used for both baseline and follow-up assessments. The participant sits in view of the camera and is instructed to cross arms with hands on
shoulders. Upon the assessor’s signal to start, the participant stands up and sits down as many times as possible during a 30-s timed period.

- 8′ Get Up & Go (agility, dynamic balance): Participant begins seated with crossed arms and hands on shoulders while the partner places a
sticker and the end of the 8′cord (from mailed supplies) beneath the toe and extends the cord fully in front of the chair. The endpoint is
marked by a soccer cone and the cord removed. The camera is positioned to capture the full course with a focus on the chair (start and end
points for this test). Upon the signal to start, the participant stands, walks as fast as possible (without running) around the cone, returns to the
chair, and sits down. The test is timed using the video—starting from the sign of movement until seated again.

- 8′ Walk (gait speed): The chair is removed, and the participant stands with their toe on the sticker (see test above). Upon the signal to start,
they walk as fast as possible through the 8′point marked by 2 soccer cones (another cone is added to increase visibility of the finish line). This
test also is timed using the video, starting from the sign of movement until the finish line is crossed.

- Sit-and-reach (flexibility): Seated on the edge of the chair, the participant extends one leg with their heel on the floor, the knee straightened,
and the toe pointed to the ceiling. The camera captures the side view, and the assessor guides the participant to overlap their hands and
extend them towards the toe. The partner measures the distance from the middle finger to the big toe with a vinyl tape measure. Positive
values are recorded for over-reaching, negative for under-reaching, and zero for touching.

- Back scratch (flexibility): The camera captures a back view while the participant reaches over their same shoulder while at the same time
reaching their other arm directly back in an attempt to their clasp hands. The partner measures the distance between the closest fingers.
Positive for over-reach, negative for under-reaching, zero for touching.

- 2-min step test (endurance): The partner is instructed to palpate the participant to locate their iliac crest and then uses the vinyl tape measure
to record the distance to the top of the patella, which is called-out to the assessor. The assessor calculates the midpoint, which is denoted by a
sticker. Then the partner is asked to measure the distance from the sticker to the floor and call-out the value to the assessor. The assessor
records this value for future testing and instructs the partner to measure this distance against a wall and to mark it with another sticker. The
camera captures the side view and upon the command to start, the participant is instructed to “march in place” for 2 min making sure to
bring their knees up to point of the sticker. The participant is instructed not to talk, and to take breaks, and briefly reach out to the wall to
regain balance as needed while timer continues (partners are instructed to “spot” the participant as needed). The assessor counts steps during
the 2-min period (steps not reaching the mark are not counted).

Balance Testing: Zoom® captures side-by-side, semi-tandem and tandem stance balance testing as advocated by the Centers for Disease
Control [25]. To reduce ceiling effects, the latter test is extended for up to two minutes (or until the time the stance is broken).
Circulating Biomarkers: DBS captured on the designated card are dried thoroughly (>4 h at room temperature), then inserted into a foil pouch
with desiccant and frozen (0 Fo or below) until analyzed. DBS eluents are batch-tested against known standards for insulin, glucose, leptin,
adiponectin, high density lipoprotein (HDL) and total cholesterol, triglycerides, interleukin-6 (IL6), c-reactive protein (CRP) and tumor necrosis
factor alpha (TNFα) at the University of Washington as described previously [26]. Values are expressed in plasma equivalent terms.
Quality of Life: The PROMIS global health scale and the EuroQOL-5D-5L (EQ-5D-5L) will be used to measure QOL [27]. The EQ-5D-5L includes
5 dimensions (Mobility, Self-care, Pain/Discomfort, and Anxiety/Depression) and the scores are used to calculate Quality Adjusted Life Years.
Comorbidity: The Older Americans Resources & Services (OARS) Comorbidity Index (43-items) will assess the number and severity of chronic
medical conditions and symptoms. Since falls are a particular issue in this population, an item validated by Chen & Janke that assesses falls in the
past year also will be included [28,29].

As indicated and in addition to comorbidity, other potential moderators of the inter-
vention’s effect on weight change, such as demographic factors, distance separating the
dyad members (and dyad cohabitation vs. not), smoking status [30], and risk for depression
(as measured by the PROMIS Cancer-Related Item Bank) will be explored [31]. Potential
mediators of effect also will be studied and include specific SCT constructs directly targeted
by the intervention (e.g., self-efficacy, social support, and barriers). Self-efficacy will be
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measured with a 20-item instrument (α = 0.70–0.88) for dietary weight management [32]
and the 6-item Lifestyle Efficacy scale (α = 0.95) [33]. Social support for these lifestyle
changes will be assessed using validated 5-point scales with acceptable test-retest reliabili-
ties (r = 0.55–0.86) and internal consistencies (α = 0.61–0.91) [34]. Barriers will be captured
using a list of 36 common barriers to a diet with reduced fat and sugar, and increased fruits
and vegetable intake, whole grains, and exercise (cost, availability, time, etc.) [35–38].

Upon completion of the intervention both dyad members undergo separate tele-
phone debriefings on the acceptability and satisfaction of the various intervention com-
ponents (e.g., website, equipment, text messages) and their suggestions for improvement
are solicited.

As with any lifestyle intervention trial conducted in a high-risk patient population,
especially one that is home-based and unsupervised, adverse events are a key concern.
Thus, changes in health status of both study arms are systematically ascertained at study
midpoint (3 months), in addition to 6-month follow-up. Any hospitalizations are logged,
and admittance to the hospital resulting in an overnight stay, as well as events that are
permanently disabling or life threatening are categorized as “serious” with attribution of
the intervention explored further. Furthermore, all study participants are encouraged to
call a toll-free study number to report any adverse events that occur between assessments.

2.6. Statistical Power

This 2-arm RCT formally tests for differences in the loss of body weight from base-
line to 6-months that occurs among 56 dyads (with each dyad comprised of a survivor
and a partner) who are randomized to two study arms. All other analyses and tests are
exploratory. Power calculations are based on the following assumptions: (1) the retention
rate will be identical to the DAMES trial (i.e., 90%), which is conservative as the dura-
tion for DUET is only 6 months instead of 12 months; (2) the eHealth intervention will
promote weight losses of ~3.46 kg during the 6-month study period (similar to those ob-
served in the Healthy Moves tailored-print, web-based, spousal support intervention—see
companion article by Carmack et al. in this Nutrients edition [39]), whereas the control
arm will be weight stable—a conservative estimate, since the average American gains
0.5–1 kg/year [40]); and (3) two-sided tests at an alpha level of 0.05 will be used. Given
these assumptions, along with those of a two-sided two-group t-test, a standard deviation
of 4.6 kg (from Healthy Moves [39]), and a sample size of 25 dyads per arm (allowing
for 90% retention of the initial 28 dyads per arm), there is at least 80% power to detect
differences in weight loss of −3.72 kg or greater between the two arms.

2.7. Data Analyses

The primary analysis will be performed on an intent-to-treat basis using baseline
to 6-month data. Arm differences in weight loss will be assessed using a mixed linear
model which accounts for the covariance between the dyad members. Specifically, mixed
models repeated measures analyses will be used to test differences between arms, the two
time points, and the potential interaction between arm and time point simultaneously. An
appropriate structure for the covariance matrix (e.g., unstructured) will be selected using
the final data. Clinical and demographic covariates of interest will be included in these
models. The Tukey-Kramer multiple comparisons test will be used to determine which
pairs of means are significantly different. Overall cross-sectional comparisons of continuous
variable at baseline will be performed using the two-group t-test to determine if there are
any differences remaining between the arms after randomization. For categorical variables,
comparisons between arms will be performed using the two-group chi-square test (or
Fisher’s exact test if the assumptions for the chi-square test are not tenable). The strength of
the relationship between pairs of variables will be examined using Pearson (or Spearman, if
needed) correlation analyses. Distributions of continuous study variables will be examined
using stem-and-leaf, box, and normal probability plots and the Kolmogorov-Smirnov
test; any of these variables that deviate from a normal distribution will be transformed
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prior to analysis or will be analyzed using non-parametric methods such as the Wilcoxon
rank-sum test.

Statistical tests will use an alpha level of 0.05 and will be two-sided. SAS software
(version 9.4 or later; SAS Institute, Inc., Cary, NC, USA) will be used to perform all
statistical analyses. Analyses of secondary outcomes will occur similarly, though analyses
are exploratory, and as such will not be controlled for multiple testing. To identify predictor
variables associated with program efficacy, e.g., social support (type, amount), self-efficacy,
and risk of depression, logistic regression analyses will be used. Odds ratios, along with
their corresponding two-sided 95% confidence intervals, will be obtained for all variables
included in these models.

For our initial statistical analyses that focus on determining potential demographic and
cancer-type differences between enrolled DUET cancer survivors and partners, between
cancer survivors who express interest in the DUET intervention versus those who refuse
or are unresponsive, and those who enroll in the RCT versus those not enrolled, two-
group t-tests are performed for continuous variables such as age, and chi-square tests are
performed for categorical variables, such as gender, race/ethnicity, residence in a rural- or
urban-classified county, and cancer-type. These analyses are now complete, and the results
are presented in the next section—findings that are integral in assessing program interest
and to appropriately generalize the main outcomes of this trial upon its completion.

3. Results

Recruitment for DUET spanned 8 October 2020 to 2 July 2021, and despite substantial
overlap with the COVID-19 pandemic, met its accrual target of 56 partnered dyads within a
9-month period. To date, there have been no drop-outs; however, the trial is still in the field
with completion of data collection anticipated within the next five months. Laboratory and
statistical analyses will occur over the subsequent 6-month period.

Figure 1 details the study trajectory from self-referral or registry/wait-list ascertain-
ment to randomization. Data suggest that for intervention RCTs like DUET, roughly
23 cancer survivors require contact for every participant enrolled. Granted, this number
could be reduced to less than 20 if contact data in registries were current, but roughly
12% of cases were found to be deceased or had telephone and/or address information
that was obsolete. Of those for whom contact is assumed, roughly 21% express interest in
participating in the trial, but over one-third (37%) screen-out on various eligibility criteria
with the leading causes for exclusion being normal or underweight status, already adhering
to a healthful diet or regular exercise, or medical exclusions.

Of note, irregular computer use, or lack of Internet access was a rarely reported occur-
rence, with less than 2% being screened-out on this criterion. Moreover, while a substantial
number of cancer survivors initially expressed interest, almost 20% were lost to follow-up
afterward. This substantial loss to follow-up also occurred once enrollment became focused
on partners; here loss to follow-up accounted for 28% of individuals identified either
prior to consent or the baseline appointment. Additionally, the identification of a partner
appeared to be a barrier since 42% of interested survivors were unable to enlist one.

DUET enrolled participants in Alabama, Illinois, Mississippi, North Carolina, and
Tennessee. Table 3 provides the characteristics of the DUET cohort. The sample of survivors
is comprised largely of individuals diagnosed with female breast cancer, though early-stage
kidney, prostate, endometrial and ovarian cancer also are represented. Interestingly, 13%
of supportive partners also reported cancer histories, again with most of these diagnoses
being female breast cancer.

By and large, these are long-term cancer survivors more than five years (M = 67.5 months)
out from diagnoses. Given the high representation of breast cancer (80%), it is unsurprising
that most participants are female (86%). The age range is broad (i.e., 23–81 years) with a
mean age of 58.4 years, and while most participants are employed (55%), one-third are
retired. In addition, most (85%) acknowledged at least some college education, with a sub-
stantial proportion (43%) reporting annual incomes of at least $50,000 or refusing to answer
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this question. Minorities comprise almost 40% of the sample, with non-Hispanic Blacks
(NHB) having the highest representation; however, very few participants are rural. While
most dyads resided separately, over 40% cohabitated with their supportive partners (all of
cohabitating partners were in spousal relationships). Both survivors and their supportive
partners had average BMI’s falling in the range of Class I obesity (M BMI = 32).

Figure 1. DUET study flow diagram that focuses on the enrollment trajectory.

Tests that compared the enrolled DUET cancer survivors (n = 56) to partners (n = 56)
found significant differences for cancer diagnosis (p < 0.001), where the proportion of
survivors with cancer (100%) was greater than the proportion of partners with cancer
(13%), and for gender (p = 0.025), where the proportion of female survivors (86%) was
greater than the proportion of female partners (68%).

Tests that compared the sample who responded with interest (n = 236) and ultimately
enrolled in DUET (n = 56) to the larger pool who were unresponsive (n = 1029) and
unenrolled (n = 1209) found no significant differences by rural (versus urban) residence or
race/ethnicity (p > 0.10 for both); however, there were significantly higher response rates
among survivors of breast cancer (and hence, females), as well as those who are younger
(p < 0.05 for both). Though after screening, the only clear difference between enrolled
participants versus the potential pool was the proportion of breast cancer survivors, which
was significantly higher among enrollees (p < 0.0001).
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Table 3. Study sample characteristics of DUET cancer survivors and partners *.

Survivors (n = 56) Partners (n = 56) p-Value **

Cancer Diagnosis

<0.001

(n/%) *

- Breast 45 (80%) 4 (7%)

- Colorectal 1 (2%) 0

- Gynecologic 2 (4%) 2 (4%)

- Genitourinary 8 (14%) 1 (2%)

Months elapsed since diagnosis

- Mean (sd) (n = 53) 67.5 (72)

- Range 10–303

- Miles between Survivor and
Partner (n/%)

- 0 (cohabitate) 24 (43%)

- Greater than 0, but less than 5 12 (21%)

- 5 to 10 8 (14%)

- More than 10 12 (21%)

Race/Ethnicity

0.8

- Non-Hispanic White 35 (63%) 34 (61%)

- Hispanic White 0 1 (2%)

- Non-Hispanic Black 19 (34%) 21 (38%)

- Hispanic Black 1 (2%) 0

- Other 1 (2%) 0

Gender (n/%)

0.03

- Male 8 (14%) 18 (32%)

- Female 48 (86%) 38 (68%)

Age (years)

0.1

- Mean (sd) 60.3 (11) 56.5 (14.3)

- Range 32 79 23 81

Educational Status

0.9

- High School Graduate 7 (13%) 9 (16%)

- Some College/Junior
College/Trade School 18 (32%) 17 (30%)

- College Graduate/Post
Graduate 30 (54%) 29 (52%)

- Unknown 1 (2%) 1 (2%)
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Table 3. Cont.

Survivors (n = 56) Partners (n = 56) p-Value **

Income

0.5

- Less than $50k/year 11 (20%) 7 (13%)

- $50k/year or more 24 (43%) 23 (41%)

- Unreported or Refused/Unknown 21 (38%) 26 (46%)

Rural (n/%) 4 (7%) 5 (9%) 1

BMI (kg/m2) Mean (sd) 31.8 (5.8) 32.9 (6.1) 0.3

Employment (n/%)

1

- Employed 31 (55%) 31 (55%)

- Retired 18 (32%) 18 (32%)

- Other 7 (13%) 7 (13%)

* Information on cancer-type was verified for cancer survivors, but was self-reported for supportive partners. ** For cancer diagnosis,
participants with cancer were compared to participants without cancer; for race/ethnicity, only Non-Hispanic Whites and Non-Hispanic
Blacks were compared; for educational status, participants with a response of unknown were excluded from the analysis.

4. Discussion

To our knowledge, DUET is the first interactive web-based intervention aimed at
improving body weight status, dietary intake, and physical activity among high-need
survivors of obesity-related cancers and their supportive partners. As such, it represents
a program that not only addresses the tertiary prevention needs of cancer survivors, but
also serves to promote primary prevention among their friends and family members—a
substantial proportion of whom are at higher risk due to common risk factors. In addition,
DUET is unique from the perspective of capturing outcome data strictly using remote
methodologies. Thus, it is among a new generation of trials in which the intervention
is delivered, and the outcomes are assessed exclusively via remote means. The fact that
we were able to meet our accrual target for this logistically challenging trial involving a
2-step process among both cancer survivors and partners within nine months, and during
a pandemic when other cancer prevention and control trials are struggling (i.e., Unger et al.
reports a decrease of 54% in enrollment during the same period [41]), is testimony to the
fact that web-based approaches have appeal.

Remote delivered and assessed trials also have the ability to recruit participants
broadly and thereby potentially increase the generalizability of findings. As such, DUET
was able to engage participants residing in a broad swath of America, from Illinois to
Alabama. Moreover, it attracted cancer survivors and supportive partners across a vast
age range that extended from individuals in their second through eighth decades of life. It
also enrolled a racial and ethnically diverse cohort, as supported by a minority accrual of
almost 40%, thereby surpassing U.S. Bureau of Census statistics that suggest 31% for the
mean age group of this sample (i.e., 58–59 years) [42]. Indeed, web-based trials remove
several barriers that are commonly reported for both older and minority populations,
such as transportation and time away from family or occupational commitments [43].
Furthermore, the concern that cancer survivors and their partners would not have Internet
access nor adequate computer skills was unfounded based on our data that less than 2% of
survivors screened-out on this criterion and there has been good uptake of the intervention
to date. Albeit this percentage is far lower than the 18% computer-related exclusion that
was recently reported by van der Hout and colleagues for a web-based supportive care
intervention across a mixed sample of cancer survivors; however, recruitment for their
Oncokompas trial occurred in 2016–2017 [44]. Given estimates indicating that there are
on average 640,000 new users of the Internet each day globally (with sharp increases
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during the pandemic) [45], the concern that cancer survivors may be unreachable through
web-based programs appears to be diminishing rapidly.

A much greater barrier to accrual was the identification of a partner in order to partici-
pate in this dyadic-based intervention. Forty-two percent of interested and eligible cancer
survivors were unable to engage a supportive partner. While this proportion is lower
than the 48% suggested by the DAMES trial, there was an expectation that expanding
the criteria for a partner beyond just a biological child to include other family members,
spouses, friends, and neighbors, would yield a far better response rate—it did not. There-
fore, this is a key concern for dyadic-based interventions in the future, at least for those
that are aimed at improving diet quality, physical activity and weight status among cancer
survivors and their circles of friends and family members. That being said, the magnitude
of change possible for dyadic interventions needs to be weighed against these logistical
considerations. The fact that both the DAMES and Healthy Moves trials resulted significant
improvements in vegetable and fruit consumption and/or weight loss with modest-sized
samples suggests that although dyadic interventions are challenging, they still may be
worth the effort [8,39]. The results for DUET will add substantially to this small body
of research.

Of note, the considerable representation of dyad spouses within the DUET cohort and
the relative ease with which the Healthy Moves cohort was assembled, suggests that the
spousal relationship is perhaps the most fruitful to capitalize upon and engage potential
participants [39]. Because the DUET sample is relatively evenly divided between survivor-
spouse dyads versus dyads comprised of survivors and others, it will be one of the first (if
not the first) to compare changes that occur in health behaviors and outcomes changes in
these two different subgroups. While our study is likely to be underpowered in detecting
significant differences, the descriptive data that result still will be helpful in supporting
frameworks such as that proposed by Monterrosa et al. that identify and categorize the
several different influences on food choices on various social and environmental levels [46].
Given that the spousal relationship and its inherent cohabitation affect food procurement
and preparation, and other more far-reaching domains, we anticipate that intervention
effects may be accentuated in this subgroup.

As stated, the outcomes of the DUET RCT are anticipated within the next calendar
year. Given its potential to break new ground in the fairly small (yet growing) areas of
dyadic interventions, as well as remote intervention delivery and evaluation, results should
be of interest to researchers not only involved in cancer control, but also interventionists
who implement diet and exercise interventions within a variety of patient populations
and to prevent a multitude of chronic diseases. Strengths of DUET include its random-
ized controlled design, theoretically-grounded intervention, and attention to fidelity. As
with all studies, DUET has limitations which include a significant overrepresentation of
breast cancer survivors (many of whom are upper-socioeconomic), and few dyads with
rural residence. These are common limitations that have been reported by other research
teams [47–49]. To address these concerns, future studies might consider preferentially
accruing from support groups that focus on other types of cancer and community cancer
centers in smaller towns (rather than major tertiary oncologic care centers). Finally, and
potentially as a last resort, future studies may need to stratify accrual by cancer type,
socio-economic factors and/or rural/urban residence to assure adequate representation.

5. Conclusions

This paper provides an in-depth description of DUET—a theoretically grounded,
dyadic-based lifestyle intervention for cancer prevention and control that is delivered and
evaluated exclusively using remote technology. The report includes specific information
on the overall protocol, intervention, and measures. Moreover, details are presented on
the recruitment for this RCT which was successful in achieving its total accrual target with
broad representation across the United States, and which also surpassed benchmarks for
racial and ethnic representation.
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Modifications to the Main Text and Table 2

The authors would like to correct errors in their prior publication [1]. In the original
article, there were mistakes regarding the measures used for comorbidity and quality of life
(Table 2) and depression (in the text, Materials and Methods, Section 2.5 Assessments). The
correct measures were the Older Americans Resources & Services (OARS) Comorbidity In-
dex [2,3], the EQ-5D-5L [4], and the Patient Reported Outcomes Measurement Information
System (PROMIS) Global Health and Emotional Distress/Depression subscales [5], not the
Charlson comorbidity index [6,7], RAND36 [8], and Center for Epidemiologic Studies of
Depression [9].

The authors apologize for any inconvenience caused and state that the scientific
conclusions are unaffected.
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Abstract: Limited evidence exists on the effects of weight loss on chronic disease risk and patient-
reported outcomes in breast cancer survivors. Breast cancer survivors (stage I–III; body mass index
25–45 kg/m2) were randomized to a 12-month, remotely delivered (22 telephone calls, mailed
material, optional text messages) weight loss (diet and physical activity) intervention (n = 79) or
usual care (n = 80). Weight loss (primary outcome), body composition, metabolic syndrome risk
score and components, quality of life, fatigue, musculoskeletal pain, menopausal symptoms, fear of
recurrence, and body image were assessed at baseline, 6 months, 12 months (primary endpoint), and
18 months. Participants were 55 ± 9 years and 10.7 ± 5.0 months post-diagnosis; retention was 81.8%
(12 months) and 80.5% (18 months). At 12-months, intervention participants had significantly greater
improvements in weight (−4.5% [95%CI: −6.5, −2.5]; p < 0.001), fat mass (−3.3 kg [−4.8, −1.9];
p < 0.001), metabolic syndrome risk score (−0.19 [−0.32, −0.05]; p = 0.006), waist circumference
(−3.2 cm [−5.5, −0.9]; p = 0.007), fasting plasma glucose (−0.23 mmol/L [−0.44, −0.02]; p = 0.032),
physical quality of life (2.7 [0.7, 4.6]; p = 0.007; Cohen’s effect size (d) = 0.40), musculoskeletal pain
(−0.5 [−0.8, −0.2]; p = 0.003; d = 0.49), and body image (−0.2 [−0.4, −0.0]; p = 0.030; d = 0.31) than
usual care. At 18 months, effects on weight, adiposity, and metabolic syndrome risk scores were sus-
tained; however, significant reductions in lean mass were observed (−1.1 kg [−1.7, −0.4]; p < 0.001).
This intervention led to sustained improvements in adiposity and metabolic syndrome risk.

Keywords: obesity; exercise; nutrition; supportive care; survivorship; telehealth

1. Introduction

Attention has been focused on modifiable risk factors (diet, obesity, physical ac-
tivity) as a means to improve breast cancer outcomes [1,2]. Physical activity has been
associated with reduced breast cancer recurrence risk and increased survival [3,4], with
exercise interventions producing improvements in quality of life, physical function, and
fatigue [5–7]. Breast cancer survivors who maintain a healthful weight (body mass index
(BMI) = 18.5–24.9 kg/m2) have 30–40% reduced mortality risk compared to those with
obesity (BMI ≥ 30 kg/m2) [8]. Consequently, weight management, physical activity, and
dietary changes are encouraged for breast cancer survivors [1,2,9,10].

Weight loss trials in early-stage breast cancer have shown that modest weight loss
is safe and feasible [11,12], with ongoing trials assessing effects on survival [13–15]. With
limited evidence on prognostic benefit, there remains a need to understand the broader
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effects of weight loss on outcomes such as body composition [16], chronic disease risk
(given that cardiovascular disease deaths surpass cancer-specific mortality for the majority
of breast cancer survivors) [17], and patient-reported outcomes, i.e., quality of life and
treatment-related side effects. Treatment-related side effects such as fatigue, arthralgia,
and menopausal symptoms can persist long-term [18] and are exacerbated by excess body
weight [19–23]. With the exception of quality of life, few trials have examined the effect of
weight loss on patient-reported outcomes [11,12]. Further, weight loss trials to date have
only evaluated effects on individual metabolic biomarkers and not broader measures of
chronic disease risk [11,12]. A recent exercise-only trial reported large improvements in
metabolic syndrome risk, following a short-term, supervised exercise intervention [24].
Metabolic syndrome, a cluster of risk factors that increases cardiovascular disease and
type 2 diabetes risk [25], has also been associated with increased breast cancer mortality
and recurrence risk [26,27].

Importantly, of relevance in the current COVID-19 environment is the need to un-
derstand the benefits that can be achieved with remotely delivered interventions (no
face-to-face contact). The ‘Living Well after Breast Cancer’ trial aimed to evaluate the
effectiveness of a 12-month, remotely delivered weight loss intervention versus usual care
in women following treatment for early-stage breast cancer. This paper reports on the
effects of the intervention on the primary outcome (percent weight loss), body compo-
sition, metabolic syndrome risk, and patient-reported outcomes [28], including whether
intervention effects were sustained 6 months after intervention completion.

2. Materials and Methods

This two-arm, parallel, randomized trial was registered with the Australian and
New Zealand Clinical Trial Registry (ACTRN12612000997853), with the trial protocol
previously published [28]. The human research ethics committees of the Royal Brisbane &
Women’s Hospital, Greenslopes Private Hospital, St. Vincent’s Health & Aged Care, and
the University of Queensland granted approval. Signed, informed consent was obtained
prior to participation.

2.1. Participants and Recruitment

Participants were recruited from seven hospitals in Brisbane, Australia, and the state-
based cancer registry between October 2012 and December 2014. Women aged 18–75 years
were eligible if they had: a diagnosis of stage I–III breast cancer in the previous two years,
a BMI 25–45 kg/m2, and completed primary cancer treatment (excluding endocrine treat-
ment). Exclusions included pregnancy, contraindications to unsupervised exercise, >5%
weight loss within the previous six months, insufficient English, or self-reported anxiety
and/or depression that would interfere with participation [28]. Following baseline assess-
ment, an off-site staff member randomized participants (1:1) into intervention or usual care
arms using a computer-generated randomization program with uneven block sizes.

2.2. Usual Care

Participants in both arms received materials after each assessment, including a study
newsletter and assessment feedback. Participants allocated to usual care received brief
feedback on their assessment results, whereas for intervention participants, assessment
results were compared to guidelines.

2.3. Weight Loss Intervention

The intervention was based on clinical practice guidelines for overweight and obesity
(consistent with recommendations for cancer survivors) [9,10,29], piloted in a feasibility
study [30,31], and described previously [28]. The intervention was remotely delivered via
telephone by accredited dietitians (with optional text messages) and aimed for weight loss
of 5–10%, by reducing energy intake (1200–1500 kcal/day) [32] and saturated fat (<7% total
energy), increasing vegetables and fruit (5 and 2 servings/day, respectively), and limiting

216



Nutrients 2021, 13, 4091

alcohol (≤1 serving/day). Additionally, incremental increases in moderate-to-vigorous
intensity aerobic activity to 210 min/week and 2–3 resistance exercise sessions/week were
encouraged. The intervention was grounded in social cognitive theory [33], emphasizing
self-monitoring, goal setting, social support, problem solving, stimulus control, positive
self-talk, and self-reward.

Intervention participants received a workbook, scale, measuring tape, pedometer,
calorie-counter book, and self-monitoring diary. During the first 6 months, participants
received up to 16 calls (six weekly then 10 bi-weekly calls) and optional text messages.
During the second 6 months, participants received six monthly calls and tailored text
messages. Dietitians used a semi-structured approach and motivational interviewing for
each call.

2.4. Data Collection

Data were collected at baseline, 6 months, 12 months (primary endpoint), and 18 months
by staff blinded to arm assignment. Methods and reliability/validity of measures have
been reported previously [28].

2.4.1. Primary Outcome

Weight was measured without heavy clothing or shoes to the nearest 0.1 kg (Tanita
BWB−600 Wedderburn Scales, Sydney, Australia), in duplicate, with the mean used, and
expressed as percent weight change from baseline.

2.4.2. Secondary Outcomes

Secondary outcomes (all continuous) were body composition (total fat and lean mass),
biomarkers of metabolic syndrome (risk score, waist circumference, triglycerides, high
density lipoprotein (HDL) cholesterol, systolic and diastolic blood pressure, fasting plasma
glucose), quality of life, fatigue, arthralgia, menopausal symptoms, fear of cancer recur-
rence, and body image. Detailed regional body composition outcomes were also explored.

Body composition was measured by a trained technician using Dual-Energy X-ray
Absorptiometry (Lunar Prodigy, GE Medical Systems, Madison, WI, USA). Waist circum-
ference was measured at the iliac crest in duplicate, with the mean used. Blood pressure
was measured seated using an automated sphygmomanometer (300 Series Vital Signs
Monitor, Welch Allyn, Beaverton, OR, USA) in duplicate, with the mean used. Lipids and
glucose were determined through an overnight fasting (≥10 h) blood draw analyzed via a
standard enzymatic colorimetric assay (c16000 Clinical Chemistry Analyzer, Abbott Diag-
nostics, Abbott Park, IL, USA). Lipid-lowering medication use (yes/no) was self-reported.
Metabolic syndrome was classified using the harmonized definition [34] as outlined in
Table S1, and a unitless continuous metabolic syndrome risk score was calculated, consis-
tent with previous scoring (lower values being desirable) [35,36]. Each of the five metabolic
syndrome components were log10-transformed, then standardized as z-scores—(value −
population mean)/SD and (population mean − value)/SD for HDL—then averaged to
yield a final unitless score (see Table S1). The z-scores used population means such that, for
each biomarker, z > 0 indicates levels that are worse than average for the population of
Australian women [37].

Quality of life was assessed using the Patient-Reported Outcome Measurement Infor-
mation System (PROMIS) Global Health Scale, which solicits information across physical
function, fatigue, pain, emotional distress, and social health, and provides summary scores
for global physical and mental health components, with higher scores indicating better
functioning [38]. Fatigue was assessed using the Functional Assessment of Chronic Illness
Therapy Fatigue Scale, with higher scores indicating lower fatigue [39]. Arthralgia was
measured using the Musculoskeletal Pain subscale from the Breast Cancer Prevention Trial
Symptom Scale, with higher scores indicating worse pain [40]. Menopausal symptoms
were assessed using the Greene Climacteric Scale [41]—psychological, somatic, and vaso-
motor symptoms subscales—with higher scores indicating more severe symptoms. Fear of
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cancer recurrence was measured using the Concerns About Recurrence Questionnaire, with
higher scores indicating greater fear [42]. Body image was assessed using the Body Image
and Relationships Scale (total score), with higher scores indicating greater impairment [43].

2.4.3. Adverse Events

At each follow-up assessment, participants self-reported any adverse events (AEs),
with severity categorized according to the Common Terminology Criteria for Adverse
Events (CTC-AE; v4.0) from Grade 1 ‘mild’ to Grade 5 ‘fatal/death’. The ‘relatedness’ of
the AE to the intervention was also recorded on a 5-point scale from ‘clearly not related’ to
‘clearly related’.

2.5. Sample Size

The sample size was calculated to provide at least 90% power (5% two-tailed signif-
icance) to detect a between-arm minimum difference of 5% body weight [9] and at least
80% power to detect effects of 0.5 SD in secondary outcomes [28].

2.6. Data Analysis

Multivariable linear mixed models were used to evaluate primary and secondary
outcomes. Marginal means evaluated at mean values were used to report within-arm
changes and between-arm differences (intervention effects). Transformed outcomes were
back-transformed prior to reporting. Standardized intervention effect sizes were reported
using Cohen’s d statistic. Based on a priori criteria [28], no potentially confounding variable
met criteria for inclusion in models. Accordingly, models included fixed effects for the
treatment arm, timepoint (6/12/18 months), and their interaction, along with the baseline
value of the outcome [28]. To account for repeated measures from participants, models used
restricted maximum likelihood estimation with an unstructured within-subjects covariance
structure and no random intercept. The association between treatment arm and adverse
events was assessed using Poisson regression.

Analyses followed intention-to-treat principles. Missing data were handled both using
evaluable-case analysis and by multiple imputation (chained equations with m = 50 impu-
tations) as sensitivity analyses since data were not missing completely at random. Variables
included in imputation models are shown in Table S2. Due to the potential influence of
medication use (endocrine treatment, lipid-lowering, and blood pressure medications),
further sensitivity analyses were performed that adjusted for baseline and concurrent use
of these medications on related outcomes (metabolic syndrome risk score, HDL-cholesterol,
triglycerides, blood pressure, musculoskeletal pain, and menopausal symptoms). Statis-
tical significance was set at p < 0.05 (two-tailed). Analyses were performed in Stata v16
(StataCorp LLC, College Station, TX, USA).

3. Results

Of the 394 women contacted, 170 were ineligible, 65 declined to participate, and
159 women (71% of those eligible) consented and were randomized (Figure 1). Baseline
characteristics were similar between arms (Table 1), with the only noteworthy differences
(≥10%) being a greater proportion of post-menopausal and fewer peri-menopausal women
at diagnosis, and a greater proportion with multi-comorbidities in the intervention ver-
sus usual care arm. Otherwise, women were, on average, 55 years old, approximately
11 months post-diagnosis, and half had obesity.
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Figure 1. Participant flow diagram for Living Well after Breast Cancer trial.

Retention was 89.9% at 6 months, 81.8% at 12 months, and 80.5% at 18 months, with
124 (78.0%) participants completing all four assessments. Drop-out differed by arm, with
13.9% (n = 11) in intervention versus 30.0% (n = 24) in usual care (p = 0.02). Relative to
those completing all assessments, drop-outs were younger, reported lower physical quality
of life, and were more likely to have children at home, lower income, non-English speaking
background, and received both chemotherapy and radiotherapy (see Table S3). Of the
intervention participants, 73.4% (n = 58) received at least 75% (≥17 out of 22) of intended
calls, defined a priori.
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Table 1. Baseline participant characteristics in the Living Well after Breast Cancer trial (n = 159).

Characteristic Usual Care (n = 80) Intervention (n = 79)

Mean (SD)
Age (years) 54.9 (9.3) 55.9 (9.1)
BMI (kg/m2) 31.3 (5.2) 31.4 (4.9)
Months since diagnosis 10.8 (5.3) 10.7 (4.8)
Months since treatment completion 4.9 (4.6) 5.2 (4.7)

n (%)
Menopausal status at diagnosis

Premenopausal 31 (39%) 28 (35%)
Perimenopausal a 15 (19%) 6 (8%)
Postmenopausal a 34 (42%) 45 (57%)

Breast cancer stage b

Stage 1 46 (58%) 40 (51%)
Stage 2 24 (30%) 30 (38%)
Stage 3 9 (11%) 9 (11%)

Estrogen receptor status b

Positive 72 (91%) 67 (85%)
Negative 7 (9%) 12 (15%)

HER2 b

Positive 9 (11%) 11 (14%)
Negative 68 (86%) 68 (86%)
Equivocal 2 (3%) 0 (0%)

Chemotherapy treatment 51 (64%) 48 (61%)
Radiotherapy treatment 63 (79%) 63 (80%)
Endocrine treatment

None 35 (44%) 32 (41%)
SERM 19 (24%) 22 (28%)
Aromatase inhibitor 26 (32%) 24 (30%)
GnRH agonist 0 (0%) 1 (1%)

Metabolic syndrome present 37 (48%) 37 (47%)
Charlson Comorbidity Index c

0 51 (64%) 47 (60%)
1 18 (22%) 13 (16%)
≥2 a 11 (14%) 19 (24%)

Married or stable union 56 (70.0%) 54 (68.4%)
Caucasian 78 (97.5%) 78 (98.7%)
Employment status

Paid work 44 (55%) 50 (63%)
Retired, home duties, unable to work,

other 36 (45%) 29 (37%)

n (%)
Highest education level

High school or less 32 (40%) 32 (41%)
Technical/trade/diploma 21 (26%) 16 (20%)
University or higher 27 (34%) 31 (39%)

Gross household income (AUD) d

<$82,056 per year 34 (42%) 37 (47%)
≥$82,056 per year 38 (48%) 33 (42%)
Not reported/not known 8 (10%) 9 (11%)

Abbreviations: AUD, Australian dollar; BMI, body mass index; GnRH, gonadotropin releasing hormone; HER2,
human epidermal growth receptor 2; SERM, selective estrogen receptor modulators. a Noteworthy difference
(≥10%) between arms. b Percentages exclude missing data (n = 1, usual care arm). c Charlson Comorbidity
Index was based on self-reported diagnosis of 13 conditions [17], with the addition of hypertension. d Threshold
indicates 60th percentile of Australian population household income based on 2007–2008 census.

3.1. Weight and Body Composition

Significantly greater weight loss was observed in the intervention versus usual care
arms at 12 months (−4.5% [95%CI: −6.5, −2.5], p < 0.001), which was largely maintained
at 18 months (−3.1% [−5.3, −0.9], p = 0.007) (Table 2). Significant intervention effects on
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fat mass were observed at each assessment, with greater loss of lean mass observed in the
intervention versus usual care at all follow-up assessments, being statistically significant
at 6 and 18 months. Sensitivity analyses accounting for missing data (see Table S4) led
to similar intervention effects (±20%) and conclusions regarding clinical relevance and
statistical significance. Analysis of regional body composition showed that across each
region, fat mass decreased primarily with small decreases in lean mass, and small to no
change in bone mass, leading to lower proportions of body fat, higher proportions of lean
mass, and slightly higher or similar percentages of bone mass within each body region (see
Tables S5–S7).

3.2. Metabolic Syndrome

The intervention arm demonstrated statistically significant and more favorable metabolic
syndrome risk scores across all follow-up assessments, which were statistically significant
compared to usual care (Table 2). For individual metabolic syndrome components, signifi-
cant intervention effects were observed for waist circumference at all follow-ups, systolic
and diastolic blood pressure at 6 months only, and fasting plasma glucose at 12 months
only. Sensitivity analyses adjusting for medication use (see Table S8) and accounting for
missing data (see Table S4) yielded similar effect sizes and the same conclusions.

3.3. Patient-Reported Outcomes

Overall, the patient-reported outcomes (Table 3) favored intervention over usual care
at most or all follow-up assessments. Significant intervention effects favoring interven-
tion were seen at 12 months for physical quality of life (d = 0.40), musculoskeletal pain
(d = −0.49), and body image (d = −0.31), with non-significant, small (d ≈ 0.2–0.3) improve-
ments observed for mental quality of life and psychological menopausal symptoms. At
18 months, most effects were attenuated. Changes in endocrine treatment medications
did not account for observed effects on musculoskeletal pain or menopausal symptoms
(see Table S8). After multiple imputation, effects on musculoskeletal pain were attenuated
slightly and no longer significant at 12 months, while effects for quality of life and fatigue
were of similar magnitude but no longer significant for physical quality of life at 6 months
(see Table S4). For the remaining patient-reported outcomes, the magnitude of effects
changed slightly, but with no change to overall conclusions.
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3.4. Adverse Events

Twenty-five serious AEs (SAE; CTC-AE grade 3–5) from 21 participants were observed
over the trial (intervention: n = 13; usual care: n = 12) (Table 4). Only two of the SAEs
were considered possibly related to the intervention (knee and foot injuries), neither of
which was permanently disabling or life-threatening. Additionally, 180 moderate (grade 2)
AEs were reported (intervention: n = 96 events, 53 participants; usual care: n = 84 events,
40 participants)—of these, 18 in the intervention arm were considered possibly related
to the intervention and one was considered probably related, and all were primarily
musculoskeletal injuries. There were no significant between-arm differences in the rate of
either serious AEs (incidence rate ratio; IRR = 0.98 [95%CI: 0.41, 2.34], p = 0.95) or moderate
AEs (IRR = 1.03 [95%CI: 0.76, 1.40], p = 0.85).

Table 4. Serious adverse events reported within each arm over the 18-month study period: Living Well after Breast
Cancer trial.

Intervention (n = 11 Participants)
No. of
Events

Usual Care (n = 10 Participants)
No. of
Events

Life-threatening (n = 4) a Stage IV breast cancer
(bone metastasis) 1 Heart episode during surgery 1

Stage IV breast cancer (i.e., bone
metastasis, site unknown) 2

Severe/undesirable (n = 21) b Musculoskeletal events requiring
hospitalization or surgery 6 c Musculoskeletal events requiring

hospitalization or surgery 1

Genitourinary events requiring
hospitalization or surgery 4 Gastrointestinal events requiring

hospitalization or surgery 1

Other events requiring
hospitalization or surgery 1 Genitourinary events requiring

hospitalization or surgery 2

Local breast cancer recurrence 1 Respiratory events requiring
hospitalization or surgery 3

Other events requiring
hospitalization or surgery 2

a Life-threatening symptoms. b Significant symptoms requiring hospitalization or invasive intervention. c Includes two adverse events
possibly related to the intervention (i.e., knee injury, n = 1; and foot injury, n = 1).

4. Discussion

Intervention participants achieved statistically significant and clinically meaningful
weight loss and improvement in metabolic syndrome risk at 12 months compared with
usual care participants. Importantly, these improvements were largely sustained six months
after intervention contact ceased, highlighting the durable effects of the intervention.
Further, beneficial effects on patient-reported outcomes were observed. The magnitude
of weight loss achieved is comparable to that observed in previous weight loss trials in
breast cancer survivors [44–47], with the intervention effect on weight observed (−4.5%
[−6.5, −2.5]) encompassing the clinically meaningful difference of 5% weight loss [9].
These findings provide further support for the use of remotely delivered interventions to
successfully achieve weight loss [44,46,47], as well as the feasibility and acceptability of
offering such interventions soon after diagnosis and treatment completion.

At study baseline, almost 50% of women were classified as having metabolic syn-
drome, putting them at considerably increased health risk [26,27]. Those allocated to the
intervention observed significant and sustained improvements in metabolic syndrome
risk score, with an effect size (Cohen’s d) of approximately −0.3. This effect on metabolic
syndrome risk is smaller than that observed by Dieli-Conwright et al. [24]; however, the
baseline prevalence of metabolic syndrome (77%) was considerably higher in this previous
trial of highly sedentary and largely Hispanic breast cancer survivors—in addition, the trial
evaluated an intensive supervised exercise intervention. The outcomes observed in the
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present trial likely reflect the more realistic magnitude of effect achievable with a scalable,
telehealth intervention.

Notably, though, we did not observe any significant or clinically meaningful interven-
tion effects on lipids or blood pressure at the end of the intervention. Previous exercise-only
intervention trials in breast cancer survivors with good adherence to exercise prescription
have demonstrated small–large effects on triglycerides and HDL-cholesterol [24,48], but
not in trials with lower adherence [49,50]. Dietary intervention studies have reported differ-
ing effects on lipids depending on the macronutrient composition of the diet—significant
improvements in triglycerides with the low-carbohydrate diet group only, and a signif-
icant, albeit small, improvement in HDL-cholesterol in the low-fat group only [51]. A
more specific focus on macronutrient composition or dietary patterns and more frequent
assessment of adherence to exercise and dietary prescriptions may be necessary to improve
lipid profiles and ultimately metabolic risk in breast cancer survivors. The Mediterranean
diet is a dietary pattern that has shown consistent beneficial metabolic and cardiovascular
effects in a number of populations [52,53]; however, there has been limited investigation
of its benefits in breast cancer survivors [11]. Given the large burden of cardiovascular
mortality in breast cancer survivors [17], the benefit of a Mediterranean-style diet and
exercise intervention warrants further investigation.

Recent evidence suggests that body composition, defined by low muscle mass (sar-
copenia) and adiposity, is more strongly associated with poorer survival in breast cancer
than BMI [16]. In this trial, a significant reduction in total fat mass and central adiposity
was observed with the intervention; however, reductions in lean mass of ≈1 kg were also
observed, consistent with what is typically observed with weight loss [54]. When examined
across body region, loss of lean mass occurred in every region, though not necessarily to
equal degrees. Being much less than the loss of fat mass, the relative body composition
shifted towards a higher percentage of lean mass. Although resistance exercise was en-
couraged, many women chose a less intensive resistance exercise program. Interventions
emphasising supervised progressive resistance training, and perhaps gym-based sessions
using specialized equipment [55,56], may be needed to minimize muscle loss. Further
evidence on how to effectively achieve similar benefits via remotely delivered interventions,
such as with telehealth, is needed [57].

This trial also examined the effect of the intervention on key patient-reported outcomes,
including quality of life, and treatment-related side effects. A significant intervention effect
on physical quality of life was observed, similar to improvements observed in previous
trials [44,45], where significant short-term intervention effects were observed [44]. However,
a particularly novel and important finding is the significant medium–large intervention
effects observed for musculoskeletal pain, which was used to assess arthralgia. Arthralgia
is common in breast cancer survivors, particularly those treated with aromatase inhibitors
(AIs) [19], and can often lead to poor adherence or discontinuation of AI treatment [58–60].
Recent studies of exercise interventions have shown improvements in arthralgia and pain
scores following intervention [61,62]; however, these trials exclusively recruited women on
AIs reporting arthralgia/joint pain. Given the magnitude of intervention effects observed
in our sample, where only a third were treated with AIs, and the very limited evidence
to date [63], this finding warrants further investigation, as does the potential beneficial
effect on menopausal symptoms (neither of which were attenuated following adjustment
for changes in endocrine treatment).

Several ongoing trials are evaluating the effect of weight loss interventions on breast
cancer-specific outcomes, including survival [13–15]. Preliminary findings from the SUCCESS-
C trial [64] showed no significant effect on disease-free survival in the lifestyle intervention
arm (vs. non-lifestyle intervention) in intention-to-treat analyses; however, weight loss
in their telephone-delivered lifestyle arm at two-year follow-up was very modest (mean:
1.0 kg) and attrition was exceptionally high (51.8%) [64]. Post-hoc analyses in lifestyle
intervention arm completers (vs. non-intervention) suggest a significant benefit for disease-
free survival (HR: 0.51 [95%CI: 0.33, 0.78]) [64]. These results show promise but highlight
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the challenges of achieving and maintaining clinically meaningful weight loss (≥5%) and
participant retention.

Strengths of this trial include the evaluation of a remotely delivered intervention,
with potential for wider implementation; assessment of the durability of intervention
effects; and the inclusion and retention of a broadly representative sample of breast cancer
survivors. However, the sample included an over-representation of younger breast cancer
survivors, with almost 40% reporting being pre-menopausal at diagnosis. Given that
22% of breast cancer cases are diagnosed in women <50 years in Australia [65], this likely
reflects a particular interest and need for such interventions among younger survivors,
who have been excluded from many of the previous trials [11,12]. Limitations of the trial
include the primarily Caucasian sample, which limits generalizability to non-Caucasian
populations. Although there was differential attrition, multiple imputation models showed
that this did not affect the main study findings. The study was sufficiently powered to
detect clinically important differences in the primary outcome and effect sizes in secondary
outcomes of 0.5 SD—for some secondary outcomes, smaller differences were observed,
which may still be clinically meaningful, but for which we were underpowered to detect
between-arm effects. These should be examined in future trials or via pooling of trial
findings in meta-analyses.

5. Conclusions

The COVID-19 pandemic has highlighted the need for quality cancer care that can
be remotely delivered—an already advanced area of research in the field of cancer sur-
vivorship and lifestyle intervention. This trial adds to this evidence as both clinically
meaningful and durable weight loss and improvement in metabolic syndrome risk were
achieved, in women following a breast cancer diagnosis. Future research should further
explore strategies for maximizing the health benefits achievable with remotely delivered
interventions, particularly in relation to minimizing loss in lean mass, improvements in
arthralgia and menopausal symptoms, and for achieving improvements across all metabolic
syndrome components.
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Abstract: Dietary pattern (DP) and its relationship with disease biomarkers have received recog-
nition in nutritional epidemiology investigations. However, DP relationships with adipokines
(i.e., adiponectin and leptin) among breast cancer survivors remain unclear. Therefore, we assessed
relationships between DP and high-molecular weight (HMW) adiponectin and leptin concentration
among breast cancer survivors. This cross-sectional study involved 128 breast cancer survivors
who attended the oncology outpatient clinic at two main government hospitals in the East Coast
of Peninsular Malaysia. The serum concentration of HMW adiponectin and leptin were measured
using enzyme-linked immunosorbent assay (ELISA) kits. A reduced rank regression method was
used to analyze DP. Relationships between DP with HMW adiponectin and leptin were examined
using regression models. The findings show that with every 1-unit increase in the ‘energy-dense,
high-SFA, low-fiber’ DP z-score, there was a reduction by 0.41 μg/mL in HMW adiponectin which
was independent of age, BMI, education level, occupation status, cancer stage, and duration since
diagnosis. A similar relationship with leptin concentration was not observed. In conclusion, the
‘energy-dense, high-saturated fat and low-fiber’ DP, which is characterized by high intake levels
of sugar-sweetened drinks and fat-based spreads but low intake of fruits and vegetables, is an
unhealthy dietary pattern and unfavorable for HMW adiponectin concentration, but not for leptin.
These findings could serve as a basis in developing specific preventive strategies that are tailored to
the growing population of breast cancer survivors.

Keywords: HMW adiponectin; leptin; dietary patterns; breast cancer survivors

1. Introduction

With the increase in the number and life expectancy of breast cancer survivors, the
focus of cancer care has shifted towards better survivor care, including nutritional interven-
tions and lifestyle changes. Dietary pattern has received considerable critical attention in
nutritional epidemiology as one of the potential factors in modifying cancer risk, recurrence,
or mortality [1,2]. Sotos-Prieto et al. [3] found that the risk of all-cause and cause-specific
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mortality was lowered with better diet quality, conceivably due to the beneficial effects
of improvements in dietary intake such as increasing intake of whole grains, vegetables,
fruits, and fish or n-3 fatty acids. In addition, other studies also suggested that many cancer
survivors were interested in shifting their diet towards healthy diet practice after been
diagnosed with cancer [4–7].

In current nutrition epidemiologic studies, because diet is a complex entity with many
interactions between foods, interest in the exploration of dietary pattern (DP) analysis
has been increasing [8–10]. The determination of DP was described previously as an
examination of the totality of the diet which provides a more holistic description of actual
dietary exposures [11]. A healthy DP consists of a high intake of legumes, fruits and
vegetables, while limiting energy-dense foods and sodium is more important for the
prevention of chronic diseases instead of the intake or exclusion of specific food items or
nutrients [12]. Therefore, in this context, DP analysis which focuses on a combination of
several foods can provide more detailed information about diet and disease risk.

Additionally, in cancer research, the most abundant adipokines, i.e., adiponectin and
leptin, are gaining recognition as modifiable risk factors due to their links with obesity
and obesity-related cancer [13]. It has been shown that obesity is associated with a 30%
greater risk of mortality in all types of breast cancer, while being physically active has been
associated with a 30% lower risk [14]. Adiponectin, a peptide with 244 amino acids, has
a strong reverse correlation with adiposity and is recognized as anti-inflammatory [13].
In contrast, leptin, a 16 kDa protein, is a product of the obesity gene (Ob/Ob) which
increases in concentration with adiposity and has a direct mitogenic action on breast cancer
cells or acts indirectly to promote the production of estrogen-receptor and resistance to
insulin [15,16].

Several modifiable behaviors, such as diet and exercise, that can be effective in pre-
venting obesity and beneficially altering circulating adipokine levels may be critical both
for cancer prevention and for improved health outcomes after a diagnosis of breast can-
cer [17,18]. Therefore, it is crucial to discover the types of DP which are characterized by
the inclusion of dietary factors that have been hypothesized to be associated with breast
cancer survival and with altering adipokine concentration. Reviews on the relationship
between DP with adiponectin and leptin [8] suggested that a healthy DP such as a diet
high in vegetables, fruits and lean meat was negatively associated with serum leptin
concentration [17,19] but positively related with adiponectin concentration [20–22].

Nevertheless, many previous studies have not only focused on a single nutrient or
specific foods, but also did not use reduced rank regression (RRR) method in determining
DP of breast cancer survivors although RRR was reported as a useful method for examining
the role of diet concerning health outcome or disease risk [23]. In addition, the relationships
between breast cancer survivors’ DP and their serum adipokines concentration are also
not well established. Therefore, this present study was conducted to identify the DP
with selected dietary factors associated with breast cancer survivorship in the East Coast
of Peninsular Malaysia by determining its relationship with serum adipokine (HMW
adiponectin and leptin) concentrations using the reduced rank regression method.

2. Materials and Methods

2.1. Study Design and Sample

This cross-sectional study was conducted among 128 breast cancer survivors who had
completed the main treatment modalities (surgery, chemotherapy and/or radiotherapy) in
the past six months or more. The respondents were recruited from two main government
hospitals, i.e., Hospital Raja Perempuan Zainab II in Kota Bharu, Kelantan and Hospital
Sultanah Nur Zahirah in Kuala Terengganu, Terengganu based on purposive sampling.
The ethical approval for this present study was obtained from the Medical Research and
Ethics Committee of the Ministry of Health Malaysia (NMRR-14-1618-23717). Breast
cancer survivors who were pregnant, had secondary or recurrent cancer, stage IV cancer,
had cardiovascular disease, orthopedic problems or any other medical conditions were
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excluded from the study. Only survivors who provided informed consent were included
as respondents in this study.

2.2. Dietary Assessments

An interviewer-administered semi-quantitative food frequency questionnaire (FFQ)
was used to assess dietary information of breast cancer survivors. The FFQ was modified
from the Malaysia Adult Nutrition Study [24] and validated against a weighed food
record [25]. This FFQ included 195 food and beverage items commonly consumed among
Malaysian adults. Respondents were asked to specify their consumption frequency of
each food item on a daily, weekly, monthly, or yearly basis. Common household measures
including cups, spoons, bowls, plates as well as the amount of food in the form of fractions
such as one whole, half one whole, a piece or one slice were used to better estimate the
actual portion size. Subsequently, portion sizes consumed from each food item were
converted to daily intake in grams by multiplying the frequency of consumption with
exchange factors as described in a previous study [26]. Energy and nutrients contents
of foods were calculated using a database which was developed based on the Nutrient
Composition of Malaysian Food [27] and the United States Department of Agriculture
(USDA) food composition database [28], as described elsewhere [29].

2.3. Dietary Pattern Analysis

Dietary pattern was determined using RRR, a statistical technique designed by com-
bining the advantages of the exploratory and hypothesis-oriented approaches to dietary
patterns. In brief, the RRR method uses two different sets of variables, i.e., a set of in-
dependent variables or predictors, generally dietary components, and a set of response
variables, selected based on the a priori hypothesis that they are related to the outcome of
interest. Macronutrients and dietary biomarkers associated with the disease of interest are
often used as response variables. Therefore, in the present study, the RRR model included
three dietary factors, i.e., dietary energy density (DED), saturated fat (SFA) and dietary
fiber (DF). These dietary factors were selected based on evidence derived from the World
Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) guidelines
for breast cancer prevention and recurrence [30]. These guidelines imply that women who
eat more food containing fiber, both before and after diagnosis, may have a lower risk of
dying from breast cancer. Conversely, a diet high in fat, especially saturated fat, before and
after diagnosis may have an increased risk of dying after a breast cancer diagnosis.

In the same vein, relevant studies supported the hypothesis that fat intake, SFA and
plant fiber are associated with breast cancer risks and mortality [12,31,32]. For dietary
energy density (DED), innumerable studies have observed the association between DED
and weight status, including studies evaluating the relationship between DED and markers
for metabolic syndrome [33,34], and a positive relationship was found between DED with
BMI [35,36]. Weight status is also a known major risk factor for cancer generally, including
breast cancer [37,38].

Dietary energy density was calculated by dividing total food energy intake (kcal)
by total food weight (g), but excluded all beverages because of their disproportionate
influence on total dietary energy density value. This method for deriving DED was also
recommended by Livingstone and McNaughton [39]. In order to report adjusted intake for
energy consumption, SFA and dietary fiber intake values were expressed as a percentage
of energy contribution and grams per kcal, respectively.

A total of 31 food groups (g/d) which were grouped according to their nutrient profiles
and food group categories, such as whole grains, refined grains, green leafy vegetables,
cruciferous vegetables, bean-based vegetables, fruits, sweet dessert, processed meat group,
etc., were used as predictors in this RRR analysis. Three factors were identified for DP
analysis in this study. Only factors that explained the most variation in all response
variables were chosen to be further investigated with serum adipokines concentration
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in the present study. Each of the breast cancer survivors received a z-score for the DP
identified, discriminating how strongly their dietary intakes linked with the DP.

2.4. Adipokines

Approximately, five milliliters of fasting blood from breast cancer survivors were
drawn by venipuncture and transferred in a red-top tube, a BD Vacutainer® Plus Plas-
tic Serum Tubes containing no anticoagulant, during the data collection. The tube was
centrifuged at 3500 rpm, for 10 min at 4 degrees Celsius. Serum was transferred into the
1.5 L tube and stored at −80 degrees Celsius. The present study measured two target
proteins: HMW adiponectin and leptin by using the enzyme-linked immunosorbent assay
(ELISA) method following a typical two-step capture or ‘sandwich’ type assay for the de-
tection of the target protein. The ELISA kits used were Human Adiponectin Immunoassay
Kit Cat.No.47-ADPHU-E01 and Human Leptin Immunoassay Kit Cat.No.11-LEPHU-E01
(American Laboratory Products Company (ALPCO) Diagnostics, Salem, NH, USA).

2.5. Covariates Assessment
2.5.1. Socio-Demographic and Clinical Characteristics

The present study used a set of questionnaires consisting of sociodemographic and
clinical characteristics and was interviewer-administered on a one-to-one basis. Socio-
demographic questions consisted of age, home address, monthly income, ethnicity, marital
status, and education level, as well as job status. Clinical characteristics questionnaires
included the year cancer was diagnosed, stage of cancer, treatments and medications, other
health problems faced by the respondents as well as complications experienced by the
respondents after their cancer’s treatment.

2.5.2. Anthropometric and Body Compositions Assessments

Anthropometric and body composition assessments such as body weight and per
centage of body fat were measured using a body composition analyzer (Tanita BC-587,
TANITA Corporation, Tokyo, Japan). Height was measured to the nearest 0.1 cm by using
a mobile stadiometer (Seca 217, Seca, Hamburg, Germany) and waist measurement was
taken by using a measuring tape (Seca 201, Seca, Hamburg, Germany) at the smallest
waist area.

2.6. Statistical Analysis

All data were analyzed using IBM SPSS Statistics for Windows Version 22.0 software
(IBM Corporation, Armonk, NY, USA), except for the dietary pattern, for which the partial
least squares procedure with reduced rank regression option was used, analyzed using
SAS Software Version 9.4 (SAS Institute, Cary, NC, USA). Descriptive statistics including
the mean, standard deviation and range were used to present the respondent’s serum
adipokines concentration. Simple linear regression was performed to identify the pos-
sible independent factors related to adipokines concentration without considering any
confounder. Next, multivariate regression analysis was conducted to analyze the relation-
ship between the mean DP z-scores of breast cancer survivors and their serum adipokines
(HMW adiponectin and leptin) concentrations including the adjusted variables which could
be biologically important during model development were included. Overall, age, BMI,
cancer stage, duration since diagnosis, education level and occupation were the selected
confounders for the link between DP and adipokines concentration in this study.

3. Results

Table 1 describes the characteristics of breast cancer survivors, including the socio-
demographic, anthropometric measurement and adipokine (HMW adiponectin and lep-
tin) profile. In summary, the majority of the respondents were Malay (94.5%), married
(77.3%) and had secondary education (59.4%). The majority of the respondents had a
range of monthly income from MYR 500 to 2000 (45.3%), and the mean income was MYR
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2409.80 ± 2325.85. The majority of the respondents in this study also had a long period of
survivorship, in which 61.7% of them had survived for more than five years after they had
been diagnosed.

Table 1. Characteristics of breast cancer survivors.

n (%) Mean ± SD Range

Age 52.7 ± 7.9 37–72
Ethnic
Malay 121 (94.5)

Chinese 7 (5.5)
Marital Status

Single 5 (3.9)
Married 99 (77.3)

Widowed 20 (15.6)
Divorced 4 (3.1)

Education level
None 1 (0.8)

Primary 11 (8.6)
Secondary 76 (59.4)

College/University 40 (31.2)
Occupational Status

Working 66 (51.6)
Not Working 62 (48.4)

Monthly income (MYR) 2409.80 ± 2325.85 100–12,000
≤500 22 (17.2)

500–2000 58 (45.3)
≥2000 48 (37.5)

Duration since diagnosis (years) 7.14 ± 3.92 2–33
≤5 year 49 (38.3)
>5 year 79 (61.7)

Cancer stage
Stage I 23 (18.0)
Stage II 71 (55.5)
Stage III 34 (26.5)

Body Weight (kg) 66.48 ± 12.52 38–115
Body mass index (kg/m2) 27.72 ± 5.03 15–50

Underweight 3 (2.3)
Normal 29 (22.7)

Overweight 58 (45.3)
Obese 38 (29.7)

Waist circumference (cm) 87.98 ± 11.30 56–125
≤80 cm 28 (21.9)
>80 cm 100 (78.1)

HMW Adiponectin (μg/mL) a 3.69 ± 2.65 0.17–14.73
Leptin (ng/mL) b 45.85 ± 19.45 2.29–88.44

a Intra-assay coefficients variation, CV HMW (high-molecular weight) adiponectin = 13.19%; b Intra-assay coefficients variation, CV
Leptin = 9.75%.

As three dietary factors (response variables), i.e., dietary energy density, saturated fat
and dietary fiber were included in the RRR analysis, three dietary patterns were identified
based on the combined dietary factors. The characteristics of the three dietary patterns
are displayed in Table 2. The first dietary pattern presented with the maximum percent
of variation explained in all response variables, 34.6%, compared to only 16.3% and 9.1%
for dietary patterns 2 and 3, respectively. In addition, the first dietary pattern, which
was positively correlated with DED (energy-dense; r = 0.67), SFA (high-SFA; r = 0.36) but
negatively correlated with DF (low-fiber; r = −0.65), was shown to be the most pragmatic
dietary pattern to be interpreted and in line with the hypothesized link with breast cancer
risk. Dietary patterns that explain more than 20% of variation in all response variables were
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usually retained for further analysis [40]. The other two dietary patterns in the current
study were not easily interpretable and are not hypothesized to be associated with the risk
of breast cancer risk and mortality. Hence, only the first dietary pattern, the ‘energy-dense,
high-SFA and low-fiber’ DP was highlighted for further analysis in this study.

Table 2. Characteristics of dietary patterns by reduced rank regression.

Explained Variation (%) Correlation Coefficient

All Food
Intakes

(Current)

All
Responses
(Current)

DED
(kcal/g)

SFA
(%E)

DF
(g/kcal)

DED
(kcal/g)

SFA
(%E)

DF
(g/kcal)

DP 1 5.3 34.6 46.7 13.6 43.4 0.67 0.36 −0.65
DP 2 3.5 16.3 52.1 55.7 44.9 −0.33 0.93 0.17
DP 3 4.0 9.1 64.1 55.9 60.0 0.66 0.10 0.74

DP: dietary pattern; DED: dietary energy density; SFA: saturated fatty acid; DF: dietary fibre; %E: percentage of energy intake.

Figure 1 presented the factor loading of the ‘energy-dense, high-SFA and low-fiber’
DP. Intake of foods with a positive factor loading increased the DP z-score, whilst the intake
of foods with a negative factor loading decreased the DP z-score. According to previous
studies by Jacobs et al. [41] and Kim, Shin, and Song [42], food groups with factor loading
≥0.20 and ≤−0.20 were significant and considered as the largest positive or negative
contribution to the dietary pattern z-scores, respectively. In this present study, the ‘energy-
dense, high-SFA, low-fiber’ DP was strongly characterized by sugar-sweetened beverages
and fat-based spreads (≥0.20 factors loadings) but negatively characterized by fruits, total
vegetables, and green vegetables (≤−0.20 factors loadings). Therefore, these five food
groups were considered as key foods and were further investigated with the biomarker of
interest (HMW adiponectin and leptin) in this present study. The factor loadings for the
other two neglected DPs are presented as Supplementary Materials (Figures S1 and S2).

Table 3 summarizes the multiple linear regression analysis of the relationship be-
tween the identified DP, key five food groups (those with high factor loadings) and
adipokines (HMW adiponectin and leptin) concentration. Only HMW adiponectin had a
significant inverse relation with the ‘energy-dense, high-SFA, low-fiber’ DP (β = −0.410;
95% CI = −0.806, −0.014; p = 0.043), but no relationship was observed with leptin, indepen-
dent of age, BMI, cancer stage, duration since diagnosis, education level and occupation
status. The findings show that for every 1-unit increase in the ‘energy-dense, high-SFA,
low-fiber’ DP z-score, there is a reduction by 0.41 μg/mL in HMW adiponectin. Mean-
while, no significant findings were observed for the other two rejected DP (Supplementary
Materials Table S1).

In addition, regression analysis between the key food groups with adipokines concen-
tration showed no significant relationship with HMW adiponectin, but for leptin, green
leafy vegetables showed a negative association with leptin concentration even after adjust-
ing for confounding variables (β = −0.079; 95% CI = −0.151, −0.007; p = 0.032). This could
be interpreted as for every 1 g per day increase in the green leafy vegetable intake, there is
a reduction by 0.079 ng/mL in leptin.
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Figure 1. Factor loadings for the ‘energy-dense, High-SFA and Low-Fiber’ DP.

Table 3. Relationship between dietary pattern and food groups with adipokines.

HMW Adiponectin Leptin

β (95% CI) p-Value β (95% CI) p-Value

‘Energy dense, High-SFA and low-fiber’ DP
a Unadjusted −0.369 (−0.777,0.039) 0.075 1.701 (−1.350,4.752) 0.271

b Adjusted −0.410 (−0.806,−0.014) 0.043 * 0.815 (−2.110,3.740) 0.581
Sugar sweetened beverages (mL/day)

a Unadjusted 0.000 (−0.003,0.002) 0.765 −0.012 (−0.031,0.008) 0.235
b Adjusted 0.000 (−0.003,0.002) 0.826 −0.009 (−0.028,0.010) 0.357

Fat based spread (g/day)
a Unadjusted −0.071 (−0.261,0.119) 0.459 −0.290 (−1.692,1.112) 0.682

b Adjusted −0.076 (−0.267,0.114) 0.428 −0.286 (−1.650,1.077) 0.677
Fruits (g/day)

a Unadjusted 0.003 (0.000,0.006) 0.050 * 0.002 (−0.019,0.023) 0.861
b Adjusted 0.003 (0.000,0.006) 0.055 0.002 (−0.019,0.023) 0.842

Total vegetables (g/day)
a Unadjusted −0.004 (−0.014,0.006) 0.419 −0.080 (−0.152,−0.009) 0.027 *

b Adjusted −0.008 (−0.017,0.002) 0.119 −0.067 (−0.137,0.002) 0.057
Green leafy vegetables (g/day)

a Unadjusted −0.006 (−0.016,0.004) 0.216 −0.092 (−0.165,−0.018) 0.016 *
b Adjusted −0.009 (−0.020,0.001) 0.068 −0.079 (−0.151,−0.007) 0.032 *

β Regression coefficient; a crude regression coefficient by simple linear regression; b adjusted regression coefficient by multiple linear regression,
controlled for energy intake (kcal/d), age (years), BMI (kg/m2), cancer stage (stage of cancer upon diagnosed either stage I/II/III), duration since
diagnosis (years), education level (primary, secondary, college/university) and occupation status; only food groups with strongest positive factor
loadings (≥0.2) and strongest negative factor loadings (≤−0.2) are shown. * statistically significant difference (p < 0.05).
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4. Discussion

The present study identified three dietary factors, i.e., DED, SFA and DF, which were
hypothesized to be associated with breast cancer survival and mortality. This was the first
study to date that utilized DED, SFA and DF as response variables in RRR analysis for
breast cancer survival outcomes. However, an ‘energy-dense, high-SFA and low-fiber’ DP
in this present study seemed to be similar to the dietary pattern characterized in another
study among breast cancer survivors which was named as ‘Western’ DP [43]. This Western
DP showed high factor loading for dessert, high-fat dairy, processed and red meat, whereas
low factor loadings were observed for fruit, vegetables, and whole grain. Nonetheless,
similar characteristics of DP were found by Vrieling et al. [32]; however, the DP was named
as an ‘unhealthy’ DP with a high factor loading of red meat, processed meat, deep-frying,
and low factor loading for fruits and vegetables. These previous studies concluded that
lower intake of the ‘Western’ DP may protect against mortality from causes unrelated to
breast cancer and an increasing intake of an ‘unhealthy’ dietary pattern may increase the
risk of non-breast cancer mortality.

The ‘energy-dense, high-SFA and low-fiber’ DP in this study was significantly and
inversely related to HMW adiponectin concentration after adjusting for the potential
confounding factors. This inverse relationship appeared to be consistent with other research
which also found a negative relationship between the Traditional English pattern [20], the
“Izakaya” pattern [21] and the Western pattern [44,45] with adiponectin concentration.
As compared to DP in this current study, all dietary patterns observed earlier shared
similar characteristics of high consumption levels of energy-dense food such as fried foods,
fast foods, processed meat, sugar, refined grains intake and have low consumptions of
vegetables, fruits, wholegrain, and low-fat dairies.

This significant negative relationship between unhealthy DPs and adiponectin con-
centration might be explained by the role of adiponectin in regulating food intake and
energy expenditure [46]. In terms of energy metabolism, adiponectin acts as a starvation
hormone that enhances energy storage by stimulating food intake and suppressing en-
ergy expenditure. Therefore, a decline in HMW adiponectin might explain the fact that
the energy storage in the body has exceeded and preceded the development of insulin
resistance. Previous studies have found positive relationships between dietary patterns
that were characterized by healthy food consumption and adiponectin concentration [8].
This further supported the explanation of the effects of dietary pattern towards circulat-
ing adiponectin [20–22,45]. Furthermore, breast cancer patients showed that a reduction
in the concentration of HMW adiponectin had an important effect on insulin resistance
and metabolic syndrome, and this was associated with an increased risk of breast cancer
mortality [47]. Hence, it could conceivably be suggested that a healthy DP has bene-
fits in improving adiponectin concentration, while an unhealthy DP lowers the serum
adiponectin levels.

Nonetheless, no significant relationship was found between leptin concentration and
the ‘energy-dense, high-SFA and low-fiber’ DP among breast cancer survivors in this
present study. This result was similar to earlier studies’ observations, in which leptin
concentration was not independently associated with the ‘Western’ DP (unhealthy DP char-
acterized by red and processed meats, high-energy drinks, refined grains, pizza/lasagna,
eggs, fats, and snacks/sweets) [45,48]. In contrast, several previous studies reported a
positive association between the ‘Western’ DP with serum leptin concentration [19,49]. Dif-
ferent sample characteristics from different studies, in terms of sex, age, ethnicity, culture,
food habits and potential confounding factors, may show different outcomes.

Although our study did not show a significant association between serum concen-
tration of leptin and DP, it did provide evidence that circulating leptin had a significant
negative relationship with green leafy vegetables. This finding mirrored those of the previ-
ous studies that have examined reductions in circulating leptin levels following healthy
hypocaloric diets and regular physical activity [50,51]. Leptin sensitivity was increased
with a high amount of fiber intake and has led to control in the secretion of leptin [52].
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According to the studies by Harris et al. [53] and Khan et al. [15], a decline in leptin concen-
tration was directly associated with reduced breast cancer recurrence and mortality. Thus,
to improve survival and prevent the recurrence of breast cancer, a healthy diet particularly
diets high in vegetables is recommended. This coincides with the central recommenda-
tion by WCRF/AICR to “Eat mostly food of plant origin, with a variety of non-starchy
vegetables and of fruit every day with unprocessed cereals and/or pulses within every
meal” [30,54]. It is also known that leptin-induced mammalian target of rapamycin (mTOR)
activation may have implications for obesity-related pathophysiological conditions such
as breast cancer [55]. Whether the findings from the current study depend on the altered
mTOR pathway warrants further investigation.

Overall, this study looks into the DPs practiced among a group of breast cancer
survivors in East Coast of Peninsular Malaysia by using RRR analysis, a hybrid method
that had used a priori information to identify a nutrient-specific DP. Additionally, this
study had contributed significant evidence concerning the health status of breast cancer
survivor in Malaysia. However, the present study should be interpreted with caution due
to the established limitations attributed to the cross-sectional study design. The current
study also did not assess the physical activity level of breast cancer survivors which is one
of the important factors that may influence adipokines concentration [14]. Therefore, there
is a need to perform a prospective study to obtain stronger evidence that the converse of
the identified DP does indeed predictably improve breast cancer survivorship.

5. Conclusions

HMW adiponectin concentration among breast cancer survivors in the East Coast of
Peninsular Malaysia negatively associated with ‘energy-dense, high-SFA and low-fiber’
DP, which was characterized by the high level of consumption of sugar-sweetened drinks
and fat-based spreads but low consumption levels of fruits, total vegetables, and green
leafy vegetables. The present finding and those of some previous studies support the
hypothesis that an ‘energy-dense, high-SFA and low-fiber’ DP or a similar unhealthy DP is
associated with lower beneficial adipokines concentration. The high prevalence of both
obesity and overweight might be fundamental to the alternating HMW adiponectin and
leptin concentrations among respondents in this study. Future work should consider the
long-term effects of adopting healthy dietary practices on breast cancer recurrence and
other disease risks in this group of women as an important part of survival after cancer.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13103339/s1, Figure S1: Factor loadings for DP 2, i.e., ‘low energy-density, high-SFA
and high-fiber’, Figure S2: Factor loadings for DP 3, i.e., ‘energy-dense, high-SFA and high-fiber’,
Table S1: Relationship between dietary patterns (DP 2 and DP 3) and adipokines.
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Abstract: Background: As a result of tumor location and treatment that is aggressive, head and neck
cancer (HNC) survivors experience an array of symptoms impacting the ability and desire to eat
termed nutrition impact symptoms (NISs). Despite increasing cancer survival time, the majority of
research studies examining the impact of NISs have been based on clinical samples of HNC patients
during the acute phase of treatment. NISs are often chronic and persist beyond the completion of
treatment or may develop as late side effects. Therefore, our research team examined chronic NIS
complications on HNC survivors’ functional status, quality of life, and diet quality. Methods: This
was a cross-sectional study of 42 HNC survivors who were at least 6 months post-radiation. Self-
reported data on demographics, NISs, quality of life, and usual diet over the past year were obtained.
Objective measures of functional status included the short physical performance battery and InBody©
270 body composition testing. NISs were coded so a lower score indicated lower symptom burden,
(range 4–17) and dichotomized as ≤10 vs. >10, the median in the dataset. Wilcoxon rank sum tests
were performed between the dichotomized NIS summary score and continuous quality of life and
functional status outcomes. Diet quality for HNC survivors was calculated using the Healthy Eating
Index 2015 (HEI-2015). Wilcoxon rank sum tests examined the difference between the HNC HEI-2015
as compared to the National Health and Nutrition Examination Survey (NHANES) data calculated
using the population ratio method. Results: A lower NIS score was statistically associated with
higher posttreatment lean muscle mass (p = 0.002). A lower NIS score was associated with higher
functional (p = 0.0006), physical (p = 0.0007), emotional (p = 0.007), and total (p < 0.0001) quality of
life. Compared to NHANES controls, HNC survivors reported a significantly lower HEI-2015 diet
quality score (p = 0.0001). Conclusions: Lower NIS burden was associated with higher lean muscle
mass and functional, physical, emotional, and total quality of life in post-radiation HNC survivors.
HNC survivors reported a significantly lower total HEI-2015 as compared to healthy NHANES
controls, providing support for the hypothesis that chronic NIS burden impacts the desire and ability
to eat. The effects of this pilot study were strong enough to be detected by straight forward statistical
approaches and warrant a larger longitudinal study. For survivors most impacted by NIS burden,
multidisciplinary post-radiation exercise and nutrition-based interventions to manage NISs and
improve functional status, quality of life, and diet quality in this survivor population are needed.

Keywords: survivorship; head and neck; diet; symptoms; quality of life
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1. Introduction

Head and neck cancer (HNC) is a heterogeneous disease including cancer of the oral
cavity, oropharynx, hypopharynx, and larynx [1]. As a result of treatment and treatment
that is aggressive, HNC survivors experience an array of symptoms impacting the desire
and ability to eat termed nutrition impact symptoms (NISs) [2]. Common NISs include
dysphagia, xerostomia, and difficulty chewing that lead to comprised food intake, malnu-
trition, and increased susceptibility to infection [2–4]. HNC survivors are living longer,
thus increasing the survivorship period [2,5]. Despite increasing cancer survival time, the
majority of research studies examining the impact of NISs have been based on clinical
samples of HNC patients during the acute phase of treatment. NISs are often chronic
and persist beyond the completion of treatment or may develop as late side effects [2].
Therefore, it is crucial for healthcare providers to examine chronic NIS complication on
survivors’ functional status, quality of life, and diet quality.

While it has previously been established that the time around formal diagnosis until
approximately three months post-treatment has been associated with decreased quality
of life, little is known regarding the chronic burden, defined as greater than 6 months, of
treatment-related outcomes in HNC survivors [6]. Quality of life is a measure of survivors’
overall well-being and often encompasses several domains—functional, physical, social,
and emotional health. HNC is considered as one of the most emotionally traumatic cancer
types [7] and impacts quality of life outcomes [8,9]. Studies have identified anxiety [10],
depression [11], and psychological problems [12] in HNC survivors to be associated with
poorer quality of life. However, few studies have examined the chronic impact of aggre-
gated NIS burden on overall and domain-specific quality of life and functional status.
This is of the upmost importance as one of the most important quality of life factors is
nutrition [13] and adaptations to eating and psychological concerns regarding dysphagia
and xerostomia may further reduce functional status in survivors [2,14,15]. The HNC
population faces unique nutritional challenges as compared to other cancer types, likely
decreasing functional status and quality of life.

Before interventions can be designed to enhance survivorship outcomes of long-term
survivors, data is needed to inform researchers that provides evidence of reduced quality
of life, functional status, and diet quality in long-term HNC survivors that identify critical
targets for interventions. Therefore, the objective of this pilot study was to evaluate the
relationship between an NIS summary score on quality of life and functional status and
compare the diet quality of post-radiation head and neck cancer (HNC) survivors to
age-matched National Health and Nutrition Examination Survey (NHANES) controls.

2. Subjects and Methods

2.1. Design

This was a cross-sectional study of 42 HNC survivors who were previously diagnosed
or treated in a Midwestern hospital within six months to nine years post treatment. In the
quality of life model, the dependent variables of interest were total, emotional, physical,
functional, and social quality of life. In the functional status model, the dependent variables
of interest were body mass index, functional status composite score, body fat percentage,
and lean muscle mass. The independent variable of interest was aggregated NIS burden
reflected by a dichotomized NIS summary score. Dietary intake for HNC survivors was
assessed using the Healthy Eating Index-2015 (HEI-2015) [16] collected with the semi-
quantitative Harvard food frequency questionnaires (FFQ) [17] as compared to NHANES
controls using the population-ratio method [18]. All study activities were approved by the
Institutional Review Boards of Carle Foundation Hospital and the University of Illinois at
Urbana-Champaign (Project ID: 17088; UIUC number: 181933; Original Approval Date:
1 February 2018) and adhered to the principles of the Declaration of Helsinki. All partici-
pants were informed of the purpose and procedures of the study and informed written
consent was obtained from all participants before data collection.
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2.2. Study Population

Participant screening and recruitment occurred between March 2018 and May 2019.
Criteria for eligibility included: (1) Previous diagnosis of stage I–IV primary cancer of
the oropharynx, hypopharynx, larynx, or oral cavity; (2) within 6 months to 10 years
posttreatment with radiation; (3) no evidence of disease, deemed by oncologist and/or
surgeon; (4) ability to consume food orally; (5) ≥18 years of age; and (6) English-speaking.
HNC survivors treated at the hospital were identified via the Hospital Cancer Registry and
a letter was mailed to potential participants explaining the research study. Participants
were called within 2–3 weeks of receiving the mailed letter. Medical records were searched
to prevent calling deceased individuals. Interested participants were then scheduled for an
in-person study visit. At the study visit, formal written consent was obtained.

2.3. Procedures

Participants completed a self-administered health survey that included data on de-
mographics, behavioral characteristics, quality of life, and NIS burden. Dietary data were
obtained using the self-administered 2007 Harvard FFQ [17,19,20]. Functional status data
were obtained using the short physical performance battery [21] and InBody© body com-
position testing [22]. An electronic medical record (EMR) review was conducted to collect
clinical data on cancer stage, treatment type, and time since diagnosis. Participants were
compensated $50.

3. Measures

3.1. Predictor: Nutrition Impact Symptoms

The Functional Assessment of Cancer Therapy-Head and Neck (FACT-H&N) Addi-
tional Concerns (AC) Subscale was used to measure perceived NIS barriers [23]. The scale
consists of 12 questions, six specifically referring to NIS including: (1) ability to eat any
foods desired, (2) ability to eat as much as desired, (3) no presence of xerostomia, (4) ability
to swallow naturally and easily, (5) ability to eat solid foods, and (6) no presence of pain
in the mouth, throat, or neck, with answers ranked on a 5-point Likert scale ranging from
0 (not at all) to 4 (very much). The scale was coded so that a lower score indicated fewer
disease- or treatment-related symptoms. The individual symptom scores were summed to
create a total overall NIS summary score (range 4–17) and dichotomized as ≤10 vs. >10,
the median in the dataset.

3.2. Outcome Variable: Functional Status

A study team member trained in anthropometrics collected the following functional
status measures: anthropometrics, bioelectrical impedance analysis (BIA) [22], and the
short physical performance battery [21].

Anthropometric measures for height were conducted in accordance with the Anthropo-
metric Standardization Reference Manual [24]. Height was collected by a trained research
staff member during the study visit and measured to the nearest 0.5 inch (without shoes).

Measures of body composition were determined by a vertical direct segmental multi-
frequency BIA analyzer (InBody© 270, Cerritos, CA, USA). The InBody© 270 records a
user’s weight, lean muscle mass, body mass index, and percent body fat to the nearest
0.1 lb (without shoes and in light clothing with pockets emptied). The method of measuring
body composition via a BIA has been previously validated and used in similar clinical
studies [22]. Four participants were unable to complete InBody© measures as a result of
other health conditions (pacemakers and physical impairments).

The short physical performance battery consists of three functional tests assessing
performance. The physical performance battery has been previously used in the HNC
population [21]. Tests of standing balance include tandem, semi-tandem, and side-by-side
stands. Walking speed tests included an 8-foot walking course, with no obstructions for
an additional two feet at either end. Participants were allowed to use assistive devices
when needed, and each participant was timed for two walks [25]. To test the ability to
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rise from a chair (termed chair rise-and-sits), a straight-backed chair was placed next to
a wall; participants were asked to fold their arms across their chest and to stand up and
sit down five times as quickly as possible [25]. Participants were timed from the initial
sitting position to the final sitting position at the end of the fifth stand. The short physical
performance battery provides a summed composite score based on the number of seconds
able to hold a semi-tandem, tandem, and/or side-by-side stance with feet together; 8-foot
walk time; and time to complete 5 chair rise-and-sits [25].

3.3. Outcome Variable: Quality of Life

Overall quality of life was assessed using the FACT-H&N quality of life questionnaire
(Cronbach’s coefficient alpha = 0.86) [23]. The FACT-H&N assesses the impact of cancer
diagnosis and therapy in four subdomains: physical, social, emotional, and functional.
The FACT-H&N has 28 questions, with answers ranked on a 5-point Likert scale ranging
from 0 (not at all) to 4 (very much). The scale was coded so that a higher score indicated
higher quality of life. Questions were summed to create four subdomain scores and the
four subdomains were summed to create a continuous total summary score.

3.4. Outcome Variable: Dietary Intake

HNC survivors’ dietary intake information was collected using the validated 131 item
semi-quantitative Harvard Food Frequency Questionnaire, which includes standard por-
tions sizes for each item and the frequency of consumption over the past year [26]. The
Harvard FFQ is a feasible instrument suited to assess associations of usual dietary intake
and has been extensively used as a measure of dietary exposure in cancer studies [27]. The
FFQ allows participants to choose the average frequency of consumption of food items
over the past year from a Likert scale. Healthy eating of the HNC survivors was assessed
using the HEI-2015 dietary measurement and compared to the NHANES controls using
the population ratio method [16,28]. This method was employed because advice from the
Dietary Guidelines for Americans (DGA) is designed to be met over time and this method
best encompasses that intent for diet evaluation [29]. The HEI was developed to assess
diet quality issued by the United States Department of Agriculture (USDA) based on the
standards of a healthy lifestyle in association with health outcomes [30]. HEI is composed
of 13 scored components and include 5 major food groups: fruit (total and whole), vegetable
(total and greens/beans), grains (total and whole), dairy or alternative dairy and protein,
oils, and nuts; in addition to limiting saturated fats, sodium, and empty calories [16]. Nine
of the components focus on adequacy (dietary components to increase) and four focus
on moderation (dietary components to decrease, including refined grains, sodium, added
sugars, and saturated fats) [16]. The daily intakes for each component were standardized
for energy by diving each study participant’s daily component intake by his or her total
daily energy intake in kilocalories and multiplying by 100 prior to applying the HEI-2015
scoring algorithm [16]. Each of the 13 components of the HEI-2015 had a minimum score
of zero and a maximum score ranging from 5 to 10 that reflected a pre-established level of
intake [16]. The total HEI score is the sum of the components, with a range of 0 to 100 [16].
A score between 0 and 50 indicates a poor diet; 51 and 80, a moderate diet quality that
needs improvement; and a score greater than 80, a good diet [16].

4. Statistical Considerations and Analyses

Descriptive statistics (means and frequencies) were generated for demographic and
clinical variables. ANOVA tests were computed to detect statistical difference between
quality of life and demographic variables. The FACT-H&N scoring manual was used to
calculate the mean score and standard deviations [31]. Summary scores and subscale scores
were extracted into three tertiles of the actual range of scores and categorized as mild,
moderate, or severe using methods described in similar studies [32,33]. For example, in
the FACT-G, the actual range is 0 to 108; therefore, the three tertiles were 0–36 as severe
impairment, 37–72 as moderate impairment, and 73–108 as mild impairment [33].
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For the functional status model, Wilcoxon rank sum tests between lean muscle mass,
body fat percentage, body mass index, and functional status and the dichotomized NIS
summary score were computed. For the quality of life model, Wilcoxon rank sum tests
between subdomain and total quality of life measures and the dichotomized NIS summary
score were computed. Wilcoxon rank sum tests examined the difference among HNC
HEI-2015 as compared to NHANES controls using the population ratio method. Statistical
significance was set as an alpha level <0.05. Statistical analyses were performed using SAS
software, version 9.4 or later [34].

5. Results

5.1. Participant Characteristics

The overall demographic characteristics of the study population are shown in Table 1.
The mean age of the study population was 62 years old, and most participants were married
(57%). Most participants were white males (59.5%), with at least some college education
(62%). The most common tumor location was the oral cavity, and most participants were
diagnosed with stage III-IV cancer (30%). The majority of participants were 1–4 years
post treatment (64%). The majority were former smokers (57%) and current alcohol users
(48%). Accrual was met within 14 months and required screening of 266 HNC cases. Of
these, 79 were eligible for study participation and 187 were ineligible or excluded. Of the
79 eligible HNC cases, 42 agreed to participate for an enrollment rate of 52.2%. Reasons for
ineligibility were distance (N = 15), timing (N = 13), too sick (N = 6), and too busy (N = 3).

Table 1. Demographic and clinical characteristics N = 42.

Characteristic Total Participants

Age: Mean ± SD [range], years 62.7 ± 11.8 (32–81)
Body Mass Index: Mean ± SD [range], kg/m2 26.2 ± 4.85 (16.5–38.3)

Under/normal weight N (%) 21 (50.0)
Overweight/obese N (%) 21 (50.0)

Lean muscle mass a: N (%)
Under/normal 27 (71.0)
High 11 (29.0)

Body fat percentage a: N (%)
Under/normal 13 (34.2)
High 25 (65.8)

Gender: N (%)
Male 25 (59.5)
Female 17 (40.5)

Ethnicity: N (%)
Non-Hispanic 42 (100)

Race: N (%)
European American/White 39 (92.9)
Other 3 (7.1)

Education: N (%)
High school or less 16 (38.1)
Some college or more 26 (61.9)

Annual household income: (dollars/year) N (%)
Less than $54,999 24 (57.1)
$55,000 or more 18 (42.9)

Marital Status: N (%)
Married 24 (57.1)
Not married 18 (42.9)
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Table 1. Cont.

Characteristic Total Participants

Smoking Status: N (%)
Current 3 (7.1)
Former 24 (57.2)
Never 15 (35.7)

Alcohol Status: N (%)
Current 20 (47.7)
Former 19 (45.2)
Never 3 (7.1)

Time since diagnosis: N (%)
<1 to 4 years 27 (64.3)
≤4 to 9 years 15 (35.7)

Tumor site: N (%)
Oral cavity 20 (47.6)
Pharynx/Larynx 22 (52.4)

Cancer stage: N (%)
I–II 12 (28.6)
III–IV 30 (71.4)

Treatment: N (%)
Concurrent chemoradiation 26 (61.9)
Radiation only 16 (38.1)

Nutrition Impact Symptom Score
NIS ≤10 15 (35.7)
NIS > 10 27 (64.3)

a N = 38.

5.2. Functional Status and Nutrition Impact Symptoms

Table 2 reports the associations between functional status measures and the NIS
summary score. A lower NIS summary score was statistically associated with higher
post-treatment lean muscle mass (p = 0.002). A higher NIS summary score was non-
statistically associated with a higher post-treatment body mass index and functional status
composite score.

Table 2. Nutrition impact symptom burden and associated quality of life and functional status
outcomes in head and neck cancer survivors N = 42.

Quality of Life Outcome Mean (SD) Median p-Value a

Functional QOL
0.0006 bNIS < 10 24.4 (3.7) 16.0

NIS > 10 17.8 (6.9) 26.0

Physical QOL
0.0007 bNIS < 10 25.1 (2.6) 26.0

NIS > 10 20.5 (5.8) 21.0

Emotional QOL
0.007 bNIS < 10 21.2 (2.9) 22.0

NIS > 10 18.5 (3.8) 19.0

Social QOL
0.09NIS < 10 22.4 (5.7) 23.5

NIS > 10 20.0 (7.2) 20.5

Total QOL
0.0001 bNIS < 10 93.0 (11.7) 95.5

NIS > 10 76.8 (14.2) 73.5
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Table 2. Cont.

Functional Status Outcome Mean (SD) Median p-Value a

Lean muscle mass c

0.002 bNIS < 10 75.7 (17.1) 76.4
NIS > 10 59.9 (15.0) 55.8

Body fat percentagec

0.26NIS < 10 26.4 (9.0) 25.3
NIS > 10 28.8 (9.9) 25.5

Body mass index
0.18NIS < 10 27.0 (5.1) 25.3

NIS > 10 25.2 (4.5) 24.9

Functional Status Score
0.18NIS < 10 9.7 (2.5) 10.0

NIS > 10 9.4 (1.9) 9.0
a Wilcoxon rank sum test; b Indicates statistical significance; c N = 38.

5.3. Quality of Life and Nutrition Impact Symptoms

Table 2 also reports associations between quality of life measures and the NIS summary
score. A lower NIS summary score was statistically associated with higher functional
(p = 0.0006), physical (p = 0.0007), emotional (p = 0.007), and total (<0.0001) quality of life.

5.4. Mean Quality of Life Summary Score

All FACT-H&N mean summary scores and FACT-H&N subscale scores were in the
mild category (higher score), except for the Nutrition Impact Symptom Subscale (NIS)
and Head and Neck Specific Concerns Subscale (HNCS) 6 item and 10 item, in which
participants scored in the moderate category (Table 3).

Table 3. Functional Assessment Cancer Therapy (FACT) summary and subscale scores N = 42.

# Items Actual Range Observed Range Mean (SD) Impairment Category

FACT summary scores

FACT-General 27 0–108 52–107 85.31 (15.21) Mild
FACT-Head and neck 37 0–148 65–135 105.19 (19.59) Mild

FACT subscale scores

Physical well-being 7 0–28 5–28 22.90 (4.91) Mild
Social well-being 7 0–28 0–28 21.26 (6.47) Mild

Emotional well-being 6 0–24 10–24 19.90 (3.58) Mild
Functional well-being 7 0–28 7–28 21.24 (6.34) Mild

Nutrition impact symptom questions 6 0–24 3–22 12.93 (5.26) Moderate
Head and neck specific concerns 10 0–40 7–32 19.88 (6.39) Moderate

5.5. Healthy Eating Index 2015 (HEI-2015) HNC Population vs. NHANES Data

As compared to NHANES controls, HNC survivors reported a significantly lower
total HEI-2015 diet quality score (p = 0.0001) (Table 4). In the adequacy component,
HNC survivors reported statistically significant lower consumption of total vegetables
(p < 0.0001), whole grains (p < 0.01), total protein foods (p < 0.0001), seafood and plant
proteins (p < 0.0001), and fatty acids (p < 0.0001). HNC survivors reported statistically
significant higher consumption of dairy products (p < 0.01) and non-statistically significant
higher consumption of total fruits and whole fruits. In the moderation component, HNC
survivors consumed significantly more refined grains (p < 0.0001) and sodium (p < 0.0001),
and significantly less added sugars (p < 0.0001) and saturated fats (p < 0.01) as compared to
NHANES data.
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Table 4. Healthy Eating Index-2015 (HEI-2015) Carle HNC survivors vs. NHANES data.

Component
Actual Max

Points

Carle HNC
Survivors

N = 42

Age-Matched
NHANES Population

2015–2016 Data a

Total HEI Score 100 54.3 60.6 b

Adequacy

Total Fruits 5 2.9 2.8
Whole Fruits 5 3.2 4.4

Total Vegetables 5 2.1 3.8 b

Greens and Beans 5 3.4 3.7
Whole Grains 10 2.5 3.0 c

Dairy 10 6.9 5.4 b

Total Protein Foods 5 3.0 5.0 b

Seafood and Plant Proteins 5 3.0 5.0 b

Fatty Acids 10 3.3 4.5 b

Moderation

Refined Grains 10 10.0 7.2 b

Sodium 10 8.9 3.7 b

Added Sugars 10 0.5 6.9 b

Saturated Fats 10 4.4 5.3 c

a Wilcoxon Rank Sum test to test difference; b p < 0.0001; c p < 0.01.

6. Discussion

To our knowledge, this study was among one of the first to explore the chronic com-
plications of self-reported NIS burden on quality of life, objective measures of functional
status, and diet quality in HNC survivors greater than 6 months post treatment. Notable
findings were that higher post-treatment quality of life scores were associated with a lower
NIS summary score (lower NIS burden). Furthermore, higher post-treatment lean muscle
mass was associated with a lower NIS summary score, suggesting those who reported
lower symptom burden had higher functional capacity. As compared to NHANES controls
using the HEI-2015 population ratio method, HNC survivors in our study consumed a
statistically significant lower total overall diet quality, which may be a result of NIS burden
impacting the ability and desire to eat, though further longitudinal studies exploring this
association are warranted.

Associations between quality of life measures and NIS were explored. Findings
indicated that a lower NIS summary score was significantly associated with higher physical,
functional, emotional, and total quality of life. Surprisingly, NIS burden was not associated
with social quality of life for long-term survivors. A study by List et al. examining pre-
treatment coping strategies, reported that social support-seeking was the most common
coping strategy used by patients with HNC and commonly begins immediately following
diagnosis [35]. Therefore, it may be possible that quality of life outcomes, such as social
well-being, improve in the months and years after treatment as it is likely long-term HNC
survivors have had sufficient time to adapt to their new normal and seek social support
groups [36].

Previous research has suggested self-reported impairments in functional performance
are common in HNC survivors [37]. Despite their high prevalence, few multidisciplinary
rehabilitation programs designed for HNC exist in the peer-reviewed literature, and in
those studies, survivors were assessed during and immediately after treatment [38,39]. Our
study was among one of the first to objectively measure functional status in post-treatment
HNC survivors. Despite our small sample size, higher post-treatment lean muscle mass
was associated with a lower NIS summary score. Furthermore, while our findings were not
statistically significant, higher body mass index and functional status were non-statistically
associated with a lower NIS summary score. Power calculations suggest a sample size of
N = 80 HNC survivors would detect a significant difference between the groups [40]. This
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work encourages larger, more robust clinical trials assessing risk factors for symptom de-
velopment coupled with exercise and nutrition-based rehabilitation in long-term survivors
to improve functional capacity.

Given the emphasis on the totality of the diet by national guidelines, our study team
examined diet quality using the HEI-2015 among HNC cancer survivors as compared to
NHANES data. HNC survivors reported a significantly lower total diet quality score as
compared to NHANES controls, a possible consequence of treatment-related NIS burden.
HNC survivors had higher diet quality scores among the adequacy component—dairy. As
HNC survivors often experience difficulties with certain textures and flavors, we hypothe-
size this increase is likely due to HNC survivors’ preference for soft foods, such as yogurt,
which can be easily blended into smoothies and supplement drinks [41]. Additionally, the
HNC population consumed nearly double the NHANES population for sodium and far
less added sugars, likely a consequence of taste dysfunction resulting in food preference
and aversion that is commonly reported in qualitative literature [2,4,42,43].

Limitations of this study should be noted. The cross-sectional design of the project
is a limitation as quality of life and functional status measures were taken at only one
time point. A prospective cohort study would be able to determine changes in different
survivorship phases. Additionally, there is likely respondent bias inherent in the individu-
als in the individuals willing to complete the research study. The study population was
selected from one Midwestern cancer center; consequently, the participants may not be
fully representative of the total population of HNC survivors. The subjective bias of the
FACT-H&N is a limitation of the study. Because the direction of the relationship between
symptom burden and quality of life is unclear, objective measures are needed to determine
if symptoms, such as swallowing dysfunction, result in quality of life declines or if declin-
ing quality of life emphasizes perceived symptom burden. Additionally, while the NISs
examined were from a validated quality of life questionnaire, the NIS summary score was
created for this specific analysis and is not validated.

This pilot study consisted of 42 HNC survivors. Although this study was severely
underpowered, significant findings using simple Wilcoxon rank sum tests were noted.
Furthermore, survivorship time ranged from 6 months to 10 years post treatment. Therefore,
there was great heterogenicity in the population. A larger, longitudinal, and sufficiently
powered study using multivariable regression models could further confirm directionality
of quality of life, functional status, and diet quality changes post treatment based on this
study’s preliminary findings. Other strengths of the study include the use of validated
questionnaires and objective measures of functional status in addition to the a priori
approach to characterizing diet quality.

7. Conclusions

Self-reported NIS impairments were associated with lower quality of life and func-
tional status outcomes among a population of long-term HNC survivors. As compared
to an age-matched population from NHANES, HNC survivors reported lower overall
diet quality, likely a result of symptoms impacting the ability and desire to eat. Multidis-
ciplinary post-radiation exercise and nutrition-based interventions to manage NISs and
improve quality of life, functional status, and dietary intake in this vulnerable survivor
population are needed.
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Abstract: Plant-based diets are recommended for cancer survivors, but their relationship with
breast cancer outcomes has not been examined. We evaluated whether long-term concordance
with plant-based diets reduced the risk of recurrence and mortality among a prospective cohort of
3646 women diagnosed with breast cancer from 2005 to 2013. Participants completed food frequency
questionnaires at diagnosis and 6-, 25-, and 72-month follow-up, from which we derived plant-
based diet indices, including overall (PDI), healthful (hPDI), and unhealthful (uPDI). We observed
461 recurrences and 653 deaths over a median follow-up of 9.51 years. Using multivariable-adjusted
Cox proportional hazards models, we estimated hazard ratios (HR) and 95% confidence intervals
for breast cancer recurrence and all-cause, breast-cancer-specific, and non-breast-cancer mortality.
Increased concordance with hPDI was associated with a reduced hazard of all-cause (HR 0.93,
95% CI: 0.83–1.05) and non-breast-cancer mortality (HR 0.83, 95% CI: 0.71–0.98), whereas increased
concordance with uPDI was associated with increased hazards (HR 1.07, 95% CI: 0.96–1.2 and HR 1.20,
95% CI: 1.02–1.41, respectively). No associations with recurrence or breast-cancer-specific mortality
were observed. In conclusion, healthful vs. unhealthful plant-based dietary patterns had differing
associations with mortality. To enhance overall survival, dietary recommendations for breast cancer
patients should emphasize healthful plant foods.

Keywords: plant-based diet; dietary patterns; breast cancer; cancer survival; recurrence; lifestyle;
survivorship

1. Introduction

There are an estimated 3.8 million female breast cancer survivors in the United
States [1]. Due to insufficient evidence on whether dietary intake influences breast cancer
survival and recurrence, breast cancer survivors are encouraged to observe general cancer
prevention recommendations [2]. These recommendations include eating a healthy diet
with an “emphasis on plant foods”; which is a diet “rich in whole grains, vegetables, fruits
and beans” [2,3].

Plant-based diets in which individuals consume low amounts of animal-based foods,
rather than completely excluding animal-based foods, have been adopted in nutritional
research to reflect patterns of eating common in the population. A popular method of
assessing plant-based diets is using a dietary pattern index, which is a numerical score
measuring concordance to an overall pattern of eating [4]. Many plant-based diet indices,
such as the original pro-vegetarian diet score, treat all plant foods the same regardless
of quality [5]. To address this shortcoming, plant-based diet indices that differentiate
between the consumption of healthful plants (e.g., fruits, whole grains, vegetables, legumes,
nuts) and less healthful plants (e.g., refined grains, fruit juices, potatoes, sugar-sweetened
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beverages (SSBs)) were created [6]. A dietary pattern concordant with a healthful plant-
based diet has been associated with reduced risk of coronary heart disease, type 2 diabetes,
and breast cancer risk, but to the best of our knowledge, no prior study has examined
breast cancer survival, as few cohorts collect dietary assessments both at and following
diagnosis, and even fewer measure recurrence or breast-cancer-specific mortality [6–10].

Our study examined the relationship between repeated measures of an a priori plant-
based diet index and its healthful and unhealthful variations at the time of diagnosis and
in the post-diagnosis period, with breast cancer recurrence, all-cause mortality, breast-
cancer-specific mortality, and non-breast-cancer mortality in a large cohort of breast cancer
survivors.

2. Materials and Methods

2.1. Study Population

This analysis used data from the Pathways Study, a prospective cohort of 4505 female
invasive breast cancer survivors diagnosed at Kaiser Permanente Northern California
(KPNC) between the years 2005 and 2013. The protocol for this cohort has been previ-
ously published [11]. In brief, participants were enrolled on average 2.3 months (range:
0.7–18.7 months) post-diagnosis and completed an in-person baseline interview. Partici-
pants were eligible if they were current KPNC members, at least 21 years of age at the time
of diagnosis, but had no previous diagnosis of cancer, spoke English, Spanish, Mandarin,
or Cantonese, and lived within a 65-mile radius of a field staffer.

Dietary data were collected at baseline with a 139-item modified version of the Block
2005 Food Frequency Questionnaire (FFQ) [11]. During follow-up, repeated dietary intake
data were collected via mailed questionnaires at 6, 24, and 72 months. In every ques-
tionnaire, participants reported how often, on average, did they eat each food in the past
6 months, and how much did they usually eat of the food. NutritionQuest scanned the
questionnaires using a nutrient database developed from the USDA Food and Nutrient
Database for Dietary Studies. Participants were excluded from this analysis for not com-
pleting a dietary assessment at baseline (n = 782, 17.4%), reporting a daily total energy
intake of less than 400 or greater than 4000 kcal (n = 63, 1.4%). An additional 14 (0.

2.2. Plant-Based Diet Indices

Using a methodology defined by Satija et al., three plant-based diet indices were
created based on the FFQ: an overall plant-based diet index (PDI), a healthful plant-based
diet index (hPDI), and an unhealthful plant-based diet index (uPDI) [7]. Table S1 provides
an example food item for each food group and indicates the scoring methodology by
index. The indices were derived using 18 food groups, where a participant’s total serving
size consumption for each food group was broken into cohort-specific quintiles, and each
quintile was given a score between 1 and 5. The 18 food groups are made up of healthful
plant foods (whole grains, fruits, vegetables, nuts, legumes, vegetable oils, tea, and coffee),
unhealthful plant foods (fruit juices, refined grains, potatoes, sugar-sweetened beverages
(SSBs), sweets and desserts), and animal foods (dairy, animal fat, egg, meat, fish or seafood,
and miscellaneous animal-based foods). Then, from these three main categories, the indices
of PDI, hPDI, and uPDI are created. For all three indices, reverse scores are assigned to
animal foods. For PDI, positive scores are assigned to all plant foods. For hPDI, positive
scores are assigned to healthful plant foods, and reverse scores are assigned to unhealthful
plant foods. For uPDI, positive scores are assigned to unhealthful plant foods, and reverse
scores are assigned to healthful plant foods. Depending on the index, positive or reverse
scores were given when a participant did not consume any foods within a group. For
example, if an index used positive scoring for a food group (e.g., whole grains are assigned
positive scores on the hPDI), participants received a score of 5 if they were in the highest
quintile of consumption for the food group, and a score of 1 if they were in the lowest
quintile of consumption (including no consumption). If an index used reverse scoring (e.g.,
whole grains are assigned reverse scores on the uPDI), participants received a score of 1 if
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they were in the highest quintile of consumption, and a score of 5 if they were in the lowest
quintile or did not consume foods in that grouping. For each participant, scores for the
18 food groups were totaled to obtain their index-specific score. All the plant-based indices
have a theoretical range from 18 to 90 with higher scores, indicating greater concordance
with the dietary index of interest. The observed ranges for the PDI, hPDI, and uPDI scores
were 32 to 79, 31 to 81, and 27 to 77, respectively.

The scores from the indices were operationalized in two approaches: a baseline score
and a time-dependent cumulative average score. The baseline score used only the first
dietary measurement. This approach allowed us to assess diet around the time of diagnosis.
The cumulative average score used the time-updated average of all scores if a participant
had repeat dietary measurements. Baseline dietary measurements were carried forward for
participants missing follow-up questionnaires, thus assuming dietary intake to be constant
over the study period. Using time-dependent cumulative average scores allowed us to
account for long-term diet.

2.3. Ascertainment of Breast Cancer Recurrence and Survival

Breast cancer recurrences were identified using a combination of follow-up health
status questionnaires and KPNC electronic medical record searches [11]. Breast cancer
survival was defined by three outcomes: all-cause, breast-cancer-specific, and non-breast-
cancer mortality. Mortality and causes of death were ascertained from KPNC’s Virtual Data
Warehouse (VDW) mortality files, which incorporate internal data from the KPNC health
system, and external linkages with mortality information from the State of California, the
Social Security Administration, and the National Death Index [12].

2.4. Covariate Selection

Demographic and behavioral covariates collected at the baseline interview included
age at diagnosis, race/ethnicity (White, Hispanic, Black, Asian/Pacific Islander, and Amer-
ican Indian/Alaska Native), education (at least high school, some college, college graduate,
postgraduate), menopausal status, smoking status (never, former, current), total energy
in kcal/d, and physical activity as metabolic equivalent of task hours/week of moderate-
vigorous activity (MET-hours/week). Breast cancer diagnosis characteristics including
stage at diagnosis, estrogen receptor status (ER), and human epidermal growth factor
receptor 2 status (HER2) were obtained from the VDW tumor file, which is based on data
from the KPNC Cancer Registry [12]. The KPNC Cancer Registry meets the standards of
the NCI SEER Program and reports to the San Francisco Bay Area and Greater California
SEER Registries [13].

2.5. Statistical Analysis

Spearman correlation coefficients were estimated to compare the scores of PDI, hPDI,
and uPDI. Cox proportional hazards models were used to estimate hazard ratios (HR)
and 95% confidence intervals (CI) for recurrence, all-cause mortality, breast-cancer-specific
mortality, and non-breast-cancer mortality. Separate models were fit for PDI, hPDI, and
uPDI. Within the regression analyses, all scores were expressed as a 10-point continuous
scale. Expressing the score as quintiles and restricted cubic splines was considered, but
we found no evidence of non-linearity, and the 10-point continuous scale was the selected
method using the Bayesian Information Criterion. Person-time was calculated as the
years from baseline dietary assessment to the date of first confirmed recurrence or death,
depending on the model. If no event occurred, participants were censored at the end of the
study period, 31 December 2018.

Two models for each plant-based index were fit. Model 1 is a minimally adjusted
model that adjusted for age at diagnosis, total energy intake in kcal, and physical activity
in MET-hours/week. Model 2 is a stratified multivariable-adjusted model that adjusted
for covariates in Model 1, and additionally for education, race/ethnicity, smoking status,
menopausal status, HER2 status, and stratified by tumor stage and ER status (Model 2).

259



Nutrients 2021, 13, 3374

All statistical analyses were conducted using R [14]. Specifically, the survival analy-
ses were enabled by the survival package, tables were generated using gtsummary and
flextable packages, and figures were generated using ggplot2, gridExtra, and patchwork
packages [15–20].

3. Results

3.1. Study Population

The mean age at diagnosis was 60 years (SD, 12 years). Baseline characteristics
of the study population stratified by PDI quintiles are listed in Table 1. The baseline
characteristics stratified by hPDI and uPDI are listed in Tables S2 and S3, respectively.
Before the 10-point rescaling of the indices scores, the average index scores were 53.96
(PDI, SD: 6.72), 54.22 (hPDI, SD: 8.19), and 53.78 (uPDI, SD: 8.19). Cohort-specific quintile
cut points are reported within Table 1 for PDI, Table S2 for hPDI, and Table S3 for uPDI,
respectively. Due to the scoring methodology, hPDI and uPDI are perfectly inversely
correlated (correlation coefficient of −1). Neither index was strongly correlated with PDI
(hPDI r = 0.16; p-value < 0.001 and uPDI r = −0.16; p-value < 0.001). A total of 461 breast
cancer recurrences and 653 deaths occurred during a median follow-up period of 9.2 years
for recurrence and 9.51 years for deaths (range: 0.05 to 12.9 years). A higher proportion of
participants with repeated measurements were white, had a post-graduate education, and
were postmenopausal.

Table 1. Baseline characteristics of participants by plant-based diet index (PDI) quintiles, Pathways Study.

Overall Quintiles of PDI Score

Characteristic n = 3646 1 Q1, n = 784 1 Q2, n = 749 1 Q3, n = 815 1 Q4, n = 682 1 Q5, n = 616 1

Scores: 32–48 Scores: 49–52 Scores: 53–56 Scores: 57–60 Scores: 61–79

Age at diagnosis 60 (12) 60 (12) 60 (12) 60 (12) 59 (12) 58 (12)

BMI (kg/m2) 28 (7) 29 (7) 28 (7) 28 (7) 28 (7) 28 (7)

Physical Activity (MET
h/week) 54 (36) 46 (34) 50 (34) 54 (35) 58 (36) 63 (39)

Energy intake (kcal/day) 1465 (568) 1112 (432) 1296 (461) 1481 (505) 1679 (551) 1864 (580)

Race/Ethnicity

White 2481 (68%) 552 (70%) 501 (67%) 563 (69%) 446 (65%) 419 (68%)

Black 237 (6.5%) 51 (6.5%) 53 (7.1%) 51 (6.3%) 45 (6.6%) 37 (6.0%)

Asian/Pacific Islander 474 (13%) 96 (12%) 96 (13%) 111 (14%) 93 (14%) 78 (13%)

Hispanic 378 (10%) 74 (9.4%) 85 (11%) 73 (9.0%) 77 (11%) 69 (11%)

American Indian/Alaska
Native 76 (2.1%) 11 (1.4%) 14 (1.9%) 17 (2.1%) 21 (3.1%) 13 (2.1%)

Education

High school or less 544 (15%) 138 (18%) 129 (17%) 118 (14%) 85 (12%) 74 (12%)

Some college 1241 (34%) 305 (39%) 239 (32%) 269 (33%) 241 (35%) 187 (30%)

College graduate 1022 (28%) 194 (25%) 223 (30%) 226 (28%) 199 (29%) 180 (29%)

Postgraduate 839 (23%) 147 (19%) 158 (21%) 202 (25%) 157 (23%) 175 (28%)
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Table 1. Cont.

Overall Quintiles of PDI Score

Characteristic n = 3646 1 Q1, n = 784 1 Q2, n = 749 1 Q3, n = 815 1 Q4, n = 682 1 Q5, n = 616 1

Scores: 32–48 Scores: 49–52 Scores: 53–56 Scores: 57–60 Scores: 61–79

Menopausal Status

Premenopausal 1057 (29%) 207 (26%) 205 (27%) 236 (29%) 207 (30%) 202 (33%)

Postmenopausal 2589 (71%) 577 (74%) 544 (73%) 579 (71%) 475 (70%) 414 (67%)

Smoking status

Never 2091 (57%) 422 (54%) 410 (55%) 469 (58%) 418 (61%) 372 (60%)

Former 1403 (38%) 325 (41%) 305 (41%) 317 (39%) 233 (34%) 223 (36%)

Current 152 (4.2%) 37 (4.7%) 34 (4.5%) 29 (3.6%) 31 (4.5%) 21 (3.4%)

AJCC Cancer Stage

1 1998 (55%) 424 (54%) 411 (55%) 463 (57%) 369 (54%) 331 (54%)

2 1247 (34%) 279 (36%) 267 (36%) 268 (33%) 226 (33%) 207 (34%)

3 346 (9.5%) 72 (9.2%) 60 (8.0%) 69 (8.5%) 77 (11%) 68 (11%)

4 55 (1.5%) 9 (1.1%) 11 (1.5%) 15 (1.8%) 10 (1.5%) 10 (1.6%)

ER Status

Positive 3063 (84%) 651 (83%) 631 (84%) 680 (83%) 573 (84%) 528 (86%)

Negative 583 (16%) 133 (17%) 118 (16%) 135 (17%) 109 (16%) 88 (14%)

HER2 Status

Positive 469 (13%) 103 (13%) 92 (12%) 109 (13%) 86 (13%) 79 (13%)

Negative 3037 (83%) 654 (83%) 628 (84%) 673 (83%) 567 (83%) 515 (84%)

Missing 140 (3.8%) 27 (3.4%) 29 (3.9%) 33 (4.0%) 29 (4.3%) 22 (3.6%)
1 Mean (SD); n (%). PDI = plant-based diet index; BMI = body mass index; MET (h/week) = metabolic equivalent of task hours/week;
ER = estrogen receptor; HER2 = human epidermal growth factor receptor 2.

3.2. Food Consumption Patterns

In Figure 1, we used radar plots to qualitatively assess the overall food consumption
patterns of participants with the greatest concordance (quintile 5) with hPDI (Figure 1a)
and greatest concordance (quintile 5) with uPDI (Figure 1b). In both radar plots, the
line represents the median score assigned for each food group for the quintile. If the
line is pulled toward the outside of the circle, the median score is higher, indicating
greater consumption of that food group. Overall, to achieve high concordance with
hPDI, participants did not exclude animal foods or unhealthful plants from their diets but
consumed low amounts in each of these food categories (median points 1–3). However, the
preponderance of their dietary intake was healthful plants (e.g., whole grains, vegetables,
and legumes). This trend is similar in the participants with a high concordance of uPDI,
in which the median score reveals a low to moderate consumption of animal foods and
healthful plants, but their diet was skewed toward unhealthful plants (e.g., sweets and
desserts, potatoes, refined grains, fruit juices and sugar-sweetened beverages (SSBs)).
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Figure 1. Food groups contributing to plant-based diet indices among breast cancer survivors in the
Pathways Study: (a) radar plot showing the food consumption patterns of the highest quintile and
greatest concordance with hPDI (healthful plant-based diet index). The line represents the median
score for each food group within the quintile. A higher score indicates greater consumption of the
food group; (b) radar plot showing the food consumption patterns of the highest quintile of uPDI
(unhealthful plant-based diet index). The line represents the median score for each food group within
the quintile. A higher score indicates greater consumption of the food group.

3.3. Plant-Based Indices and Breast Cancer Recurrence and Survival

Figure 2 shows the hazard ratios and 95% confidence intervals for a 10-unit increase
in baseline scores. When using the baseline scores in Model 1, a 10-point increase in
concordance with hPDI has a statistically significant inverse relationship with all-cause
mortality (HR 0.84, 95% CI: 0.75–0.93) and non-breast-cancer mortality (HR 0.80, 95% CI:
0.69–0.93). Conversely, a 10-point increase in concordance with uPDI has a statistically
significant positive relationship with all-cause mortality (HR 1.19, 95% CI 1.08–1.33) and
non-breast-cancer mortality (HR 1.25, 95% CI: 1.08–1.45). When adjusting for additional
demographic characteristics and stratifying on tumor characteristics in Model 2, the esti-
mates are no longer statistically significant for all-cause mortality (hPDI HR 0.94, 95% CI:
0.85–1.05; uPDI HR 1.06, 95% CI: 0.96–1.18) and non-breast-cancer mortality (hPDI HR 0.88,
95% CI: 0.88, 0.76–1.02; uPDI HR 1.14, 95% CI: 0.98–1.32).

Figure 3 shows the hazard ratios and 95% confidence intervals for a 10-unit increase in
the time-dependent cumulative average scores. When using the time-dependent cumula-
tive average score in Model 1, models results were consistent with the baseline scores. hPDI
had an inverse relationship and uPDI had a positive relationship with all-cause mortality
and non-breast-cancer mortality. In Model 2, a 10-point increase in concordance with hPDI
had no association with all-cause mortality (HR 0.93, 95% CI: 0.83, 1.05) and a reduced
hazard of non-breast-cancer mortality (HR 0.83, 95% CI: 0.71–0.98). In contrast, a 10-point
increase in concordance with uPDI had no association with all-cause mortality (HR 1.07,
95% CI: 0.96–1.2) and an increased hazard of non-breast-cancer mortality (HR 1.20, 95% CI:
1.02–1.41). A 10-point increase in concordance with PDI had no association with all-cause
mortality (HR 0.96, 95% CI: 0.82–1.11) and non-breast-cancer mortality (HR 0.90, 95% CI:
0.73–1.11).
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Figure 2. Hazard ratios and 95% confidence intervals for a 10-unit increase in baseline measurements of plant-based indices
with breast cancer recurrence and survival among 3646 breast cancer survivors, Pathways Study. Model 1 adjusted for
the following covariates: age at diagnosis, total energy intake (kcal/d), and physical activity (moderate-vigorous MET-
hours/week). Model 2 adjusted for the following covariates: Model 1 covariates, race/ethnicity, education, menopausal
status, smoking status, and stratified by tumor stage and ER status: (a) includes estimates of the hazard of recurrence;
(b) estimates of the hazard of all-cause mortality; (c) estimates of the hazard of breast-cancer-specific mortality; (d) estimates
of the hazard of non-breast-cancer mortality. CI = confidence interval; HR = hazard ratio; PDI = plant-based diet index;
hPDI = healthful plant-based diet index; uPDI = unhealthful plant-based diet index.

Neither PDI, hPDI, and uPDI were associated with recurrence or breast cancer mortal-
ity, regardless of exposure method (baseline vs. time-dependent cumulative average) or
model (Model 1 vs. Model 2) (Figures 2 and 3).
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Figure 3. Hazard ratios and 95% confidence intervals for a 10-unit increase in time-dependent cumulative average plant-
based indices with breast cancer recurrence and survival amongst 3646 breast cancer survivors, Pathways Study. Model 1
adjusted for the following covariates: age at diagnosis, total energy intake (kcal/d), and physical activity (moderate-
vigorous MET-hours/week). Model 2 adjusted for the following covariates: Model 1 covariates, race/ethnicity, education,
menopausal status, smoking status, and stratified by tumor stage and ER status: (a) includes estimates of the hazard of
recurrence; (b) estimates of the hazard of all-cause mortality; (c) estimates of the hazard of breast-cancer-specific mortality;
(d) estimates of the hazard of non-breast-cancer mortality. CI = confidence interval; HR = hazard ratio; PDI = plant-based
diet index; hPDI = healthful plant-based diet index; uPDI = unhealthful plant-based diet index.

4. Discussion

In this study of 3646 breast cancer survivors, we found that concordance with healthful
plant-based eating patterns (hPDI) in the postdiagnosis period (time-dependent cumulative
measurements) reduced the risk of non-breast-cancer mortality. In contrast, greater concor-
dance with unhealthful plant-based eating patterns (uPDI) increased non-breast-cancer
mortality risk. We observed no associations between plant-based eating patterns and breast
cancer recurrence or breast-cancer-specific mortality.

Few studies have addressed long-term dietary patterns and prognosis after breast
cancer, and none have examined the hPDI, uPDI, or PDI. Even fewer studies have examined
dietary patterns and breast cancer recurrence, and none emphasized the distinction between
healthful and unhealthful plant foods or found associations with recurrence [21]. Several
cohorts have examined other popular a priori dietary pattern indices that are not necessarily
“plant based” but do emphasize healthful plant foods such as fruits, legumes, and whole
grains, e.g., healthy eating index (HEI), dietary approaches to stop hypertension (DASH),
and alternative eating index (AHEI) [21–24]. Consistent with our findings, a majority of
these studies have found protective associations of dietary patterns emphasizing healthful
plant foods with all-cause mortality and non-breast-cancer mortality [23,25].

Differentiating between healthful and unhealthful plants in plant-based diet indices
is a relatively new concept [7]. Our findings of higher hPDI scores being associated with
reduced all-cause mortality in the minimally adjusted model and associated with reduced
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non-breast-cancer mortality in the fully adjusted model and higher uPDI scores being
associated with increased mortality are consistent with a study using National Health
and Nutrition Examination Survey (NHANES) III [26]. In this study, a 10-unit increase
above the median hPDI was associated with a reduced hazard of all-cause mortality in
their study population [26]. However, this study observed no association between uPDI
and all-cause mortality. In the Nurses’ Health Study (NHS) and NHS2 cohorts, an inverse
relationship between hPDI and coronary heart disease, and a positive relationship between
uPDI and coronary heart disease were observed [7]. Our findings are consistent with
these observations as cardiovascular disease is a major cause of death among breast cancer
survivors [27].

Though prior research has shown healthful dietary patterns to be important for breast
cancer prevention, our study did not observe an association between hPDI, uPDI, and PDI
and recurrence or mortality after a breast cancer diagnosis. Potential explanations include
that the effect of plant-based diets on breast-cancer-specific outcomes, if they exist, are small,
and overwhelmed by the strong influence of breast tumor characteristics (e.g., stage and
hormone receptor status) for which we controlled. Another possibility is that a precision
nutrition approach with specific foods or nutrients, rather than overall concordance with
a healthful, plant-based diet, would be influential in specific breast cancer subtypes [2].
Further, while our median follow-up was 9 years, many breast cancers recur more than a
decade after initial diagnosis; it is possible long-term adherence to healthful, plant-based
dietary patterns could impact later recurrences or second cancers [28].

No prior study has examined plant-based diets and breast-cancer-specific outcomes
such as recurrence, making direct comparison difficult, and previous studies of breast
cancer incidence have had inconsistent results [8–10]. In the Seguimiento Universidad de
Navarra cohort (SUN), they observed an inverse association between a healthful version of
the pro-vegetarian diet and breast cancer incidence and a positive association between an
unhealthful pro-vegetarian diet and breast cancer incidence; however, neither finding was
statistically significant [8]. Other case–control studies had differing results between hPDI,
uPDI, and risk of breast cancer [9,10].

Our study assessed plant-based dietary indices using baseline and time-dependent
cumulative average scores. We used both approaches to assess the effect of concordance
with plant-based diets at diagnosis and in the postdiagnosis period. We observed that the
cumulative average scores, as compared to the baseline scores, yielded stronger associations
between hPDI and uPDI, and non-breast-cancer mortality. One explanation for these
differences is that an individual’s long-term maintenance of a dietary pattern matters more
with regard to breast cancer survival than their diet at the time of diagnosis. However, it is
also possible that leveraging repeated measures of a diet (rather than a one-time dietary
measurement at baseline) mitigates measurement error, resulting in stronger associations.
In addition, since we were observing usual consumption patterns, we could not assess the
impact of maximum adherence to any variation of a plant-based diet, as no participant in
our study scored at the theoretical maximum. A greater contrast in extremes of exposure
could be achieved through a dietary intervention that coaches or provides food to help
participants achieve high levels of concordance.

There are several strengths to this study, including its population being a large, repre-
sentative prospective breast cancer survivor cohort recruited from a community setting. By
combining active data collection via study questionnaires with KPNC electronic medical
records and state and federal data sources, we were able to leverage a rich resource of
covariates and outcomes data. With a long follow-up period and repeated measures, we
were able to (1) have more robust measures of baseline and long-term dietary intake, (2)
distinguish between the quality of different plant food patterns, and (3) assess, for the
first time, the association between long-term concordance with healthful and unhealthful
plant-based diets and breast cancer recurrence and survival.
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5. Conclusions

In summary, healthful plant-based dietary patterns may reduce the risk of non-breast-
cancer mortality, whereas an unhealthful plant-based dietary pattern may increase the
risk of this outcome. It is thus important to consider the quality of plant foods to achieve
a healthful dietary pattern. Healthful plant-based dietary patterns may improve overall
survival in breast cancer survivors.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13103374/s1, Table S1: Scoring methods and examples of food items comprising the
18 food groups that contribute to PDI, hPDI, and uPDI scores, Table S2: Baseline characteristics of
participants by healthful plant-based diet index (hPDI) quintiles, Pathways Study, Table S3: Baseline
characteristics of participants by unhealthful plant-based diet index (uPDI) quintiles, Pathways Study.

Author Contributions: Conceptualization, I.C.A., I.J.E., and E.M.C.F.; methodology, I.C.A., I.J.E., and
E.M.C.F.; formal analysis, I.C.A.; investigation, I.C.A., I.J.E., and E.M.C.F.; resources, E.M.C.F. and
L.H.K.; data curation, I.C.A. and I.J.E.; writing—original draft preparation, I.C.A.; writing—review
and editing, I.J.E., M.L.K., J.M.R., C.B.A., L.H.K., and E.M.C.F.; visualization, I.C.A.; supervision,
E.M.C.F.; project administration, J.M.R.; funding acquisition, M.L.K., C.B.A., L.H.K., and E.M.C.F. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the American Institute for Cancer Research, Grant Number
632996; and the National Cancer Institute, Grant Numbers U01 CA195565, R01 CA105274, K01
CA226155, U24 CA171524, R01 CA251589.

Institutional Review Board Statement: The study was approved by the Institutional Review Board
of Kaiser Permanente Northern California (Protocol Code 1263171 and date of approval 12/11/2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author (E.M.C.F). The data for this study is not publicly available due to it
containing protected health information.

Acknowledgments: The authors thank and acknowledge all of the Pathways participants for their
contributions to this study.

Conflicts of Interest: The authors declare no conflict of interest in analysis or interpretation of data.

References

1. 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 A Cancer J. Clin. 2019, 69, 363–385. [CrossRef] [PubMed]

2. World Cancer Research Fund International/American Institute for Cancer Research. Diet, Nutrition, Physical Activity, and Breast
Cancer Survivors; World Cancer Research Fund International/American Institute for Cancer Research: London, UK, 2014.

3. Kushi, L.H.; Doyle, C.; McCullough, M.; Rock, C.L.; Demark-Wahnefried, W.; Bandera, E.V.; Gapstur, S.; Patel, A.V.; Andrews, K.;
Gansler, T. American Cancer Society guidelines on nutrition and physical activity for cancer prevention. CA A Cancer J. Clin.
2012, 62, 30–67. [CrossRef] [PubMed]

4. Cespedes, E.M.; Hu, F.B. Dietary patterns: From nutritional epidemiologic analysis to national guidelines. Am. J. Clin. Nutr. 2015,
101, 899–900. [CrossRef] [PubMed]

5. Martínez-González, M.A.; Sánchez-Tainta, A.; Corella, D.; Salas-Salvadó, J.; Ros, E.; Arós, F.; Gómez-Gracia, E.; Fiol, M.; Lamuela-
Raventós, R.M.; Schröder, H.; et al. A provegetarian food pattern and reduction in total mortality in the Prevención con Dieta
Mediterránea (PREDIMED) study. Am. J. Clin. Nutr. 2014, 100, 320S–328S. [CrossRef]

6. Satija, A.; Bhupathiraju, S.N.; Rimm, E.B.; Spiegelman, D.; Chiuve, S.E.; Borgi, L.; Willett, W.C.; Manson, J.E.; Sun, Q.; Hu, F.B.
Plant-Based Dietary Patterns and Incidence of Type 2 Diabetes in US Men and Women: Results from Three Prospective Cohort
Studies. PLoS Med. 2016, 13, e1002039. [CrossRef] [PubMed]

7. Satija, A.; Bhupathiraju, S.N.; Spiegelman, D.; Chiuve, S.E.; Manson, J.E.; Willett, W.; Rexrode, K.M.; Rimm, E.B.; Hu, F.B.
Healthful and Unhealthful Plant-Based Diets and the Risk of Coronary Heart Disease in U.S. Adults. J. Am. Coll. Cardiol. 2017, 70,
411–422. [CrossRef] [PubMed]

8. Romanos-Nanclares, A.; Toledo, E.; Sánchez-Bayona, R.; Sánchez-Quesada, C.; Martínez-González, M.Á.; Gea, A. Healthful and
unhealthful provegetarian food patterns and the incidence of breast cancer: Results from a Mediterranean cohort. Nutrition 2020,
79–80. [CrossRef] [PubMed]

266



Nutrients 2021, 13, 3374

9. Rigi, S.; Mousavi, S.M.; Benisi-Kohansal, S.; Azadbakht, L.; Esmaillzadeh, A. The association between plant-based dietary patterns
and risk of breast cancer: A case-control study. Sci. Rep. 2021, 9, 3391. [CrossRef] [PubMed]

10. Sasanfar, B.; Toorang, F.; Booyani, Z.; Vassalami, F.; Mohebbi, E.; Azadbakht, L.; Zendehdel, K. Adherence to plant-based dietary
pattern and risk of breast cancer among Iranian women. Eur. J. Clin. Nutr. 2021, 1–10. [CrossRef]

11. Kwan, M.L.; Ambrosone, C.B.; Lee, M.M.; Barlow, J.; Krathwohl, S.E.; Ergas, I.J.; Ashley, C.H.; Bittner, J.R.; Darbinian, J.; Stronach,
K.; et al. The Pathways Study: A prospective study of breast cancer survivorship within Kaiser Permanente Northern California.
Cancer Causes Control 2008, 19, 1065–1076. [CrossRef] [PubMed]

12. Ross, T.R.; Ng, D.; Brown, J.S.; Pardee, R.; Hornbrook, M.C.; Hart, G.; Steiner, J.F. The HMO Research Network Virtual Data
Warehouse: A Public Data Model to Support Collaboration. EGEMS. EGEMS 2014, 2, 1049. [CrossRef] [PubMed]

13. Chubak, J.; Ziebell, R.; Greenlee, R.T.; Honda, S.; Hornbrook, M.C.; Epstein, M.; Nekhlyudov, L.; Pawloski, P.A.; Ritzwoller, D.P.;
Ghai, N.R.; et al. The Cancer Research Network: A platform for epidemiologic and health services research on cancer prevention,
care, and outcomes in large, stable populations. Cancer Causes Control 2016, 27, 1315–1323. [CrossRef] [PubMed]

14. Team, R.C. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2020.
15. Therneau, T.M. A Package for Survival Analysis in R; R Package Version 3.2-7. Available online: https://CRAN.R-project.org/

package=survival (accessed on 21 January 2021).
16. Sjoberg, D.D.; Curry, M.; Hannum, M.; Whiting, K.; Zabor, E.C. gtsummary: Presentation-Ready Data Summary and Analytic Result Tables;

R Package Version 1.3.5. Available online: https://CRAN.R-project.org/package=gtsummary (accessed on 21 January 2021).
17. Gohel, D. flextable: Functions for Tabular Reporting; R Package Version 0.6.1. Available online: https://CRAN.R-project.org/

package=flextable (accessed on 21 January 2021).
18. Wickham, H. ggplot2: Elegant Graphics for Data Analysis; Springer: New York, NY, USA, 2016.
19. Auguie, B. gridExtra: Miscellaneous Functions for “Grid” Graphics; R Package Version 2.3. Available online: https://CRAN.R-

project.org/package=gridExtra (accessed on 21 January 2021).
20. Pedersen, T.L. patchwork: The Composer of Plots; R Package Version 1.1.1. Available online: https://CRAN.R-project.org/package=

patchwork (accessed on 21 January 2021).
21. Terranova, C.O.; Protani, M.M.; Reeves, M.M. Overall Dietary Intake and Prognosis after Breast Cancer: A Systematic Review.

Nutr Cancer 2018, 70, 153–163. [CrossRef] [PubMed]
22. Ergas, I.J.; Cespedes Feliciano, E.M.; Bradshaw, P.T.; Roh, J.M.; Kwan, M.L.; Cadenhead, J.; Santiago-Torres, M.; Troeschel, A.N.;

Laraia, B.; Madsen, K.; et al. Diet Quality and Breast Cancer Recurrence and Survival: The Pathways Study. JNCI Cancer Spectr.
2021, 5, pkab019. [CrossRef] [PubMed]

23. Kwan, M.L.; Weltzien, E.; Kushi, L.H.; Castillo, A.; Slattery, M.L.; Caan, B.J. Dietary patterns and breast cancer recurrence and
survival among women with early-stage breast cancer. J. Clin. Oncol. 2009, 27, 919–926. [CrossRef] [PubMed]

24. Izano, M.A.; Fung, T.T.; Chiuve, S.S.; Hu, F.B.; Holmes, M.D. Are diet quality scores after breast cancer diagnosis associated with
improved breast cancer survival? Nutr. Cancer 2013, 65, 820–826. [CrossRef] [PubMed]

25. Vrieling, A.; Buck, K.; Seibold, P.; Heinz, J.; Obi, N.; Flesch-Janys, D.; Chang-Claude, J. Dietary patterns and survival in German
postmenopausal breast cancer survivors. Br. J. Cancer 2013, 108, 188–192. [CrossRef] [PubMed]

26. Kim, H.; Caulfield, L.E.; Rebholz, C.M. Healthy Plant-Based Diets Are Associated with Lower Risk of All-Cause Mortality in US
Adults. J. Nutr. 2018, 148, 624–631. [CrossRef] [PubMed]

27. Bradshaw, P.T.; Stevens, J.; Khankari, N.; Teitelbaum, S.L.; Neugut, A.I.; Gammon, M.D. Cardiovascular Disease Mortality Among
Breast Cancer Survivors. Epidemiology 2016, 27, 6–13. [CrossRef] [PubMed]

28. Pan, H.; Gray, R.; Braybrooke, J.; Davies, C.; Taylor, C.; McGale, P.; Peto, R.; Pritchard, K.I.; Bergh, J.; Dowsett, M.; et al. 20-Year
Risks of Breast-Cancer Recurrence after Stopping Endocrine Therapy at 5 Years. N. Engl. J. Med. 2017, 377, 1836–1846. [CrossRef]
[PubMed]

267





MDPI
St. Alban-Anlage 66

4052 Basel
Switzerland

Tel. +41 61 683 77 34
Fax +41 61 302 89 18

www.mdpi.com

Nutrients Editorial Office
E-mail: nutrients@mdpi.com

www.mdpi.com/journal/nutrients





ISBN 978-3-0365-5220-0 

MDPI  

St. Alban-Anlage 66 

4052 Basel 

Switzerland

Tel: +41 61 683 77 34

www.mdpi.com


	A9Ryu0h9y_act4am_el8.pdf
	[Nutrients] Effect of Diet and Physical Activity on Cancer Prevention and Control.pdf
	A9Ryu0h9y_act4am_el8

