
nutrients

Review

Fasting and Exercise in Oncology: Potential Synergism of
Combined Interventions

Rebekah L. Wilson 1,2 , Dong-Woo Kang 1,2 , Cami N. Christopher 1,3 , Tracy E. Crane 4

and Christina M. Dieli-Conwright 1,2,*

����������
�������

Citation: Wilson, R.L.; Kang, D.-W.;

Christopher, C.N.; Crane, T.E.;

Dieli-Conwright, C.M. Fasting and

Exercise in Oncology: Potential

Synergism of Combined

Interventions. Nutrients 2021, 13, 3421.

https://doi.org/10.3390/nu13103421

Academic Editor: Ricardo Ribeiro

Received: 8 September 2021

Accepted: 23 September 2021

Published: 28 September 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 Division of Population Sciences, Department of Medical Oncology, Dana-Farber Cancer Institute,
Boston, MA 02215, USA; Rebekahl_Wilson@dfci.harvard.edu (R.L.W.);
Dong-Woo_Kang@dfci.harvard.edu (D.-W.K.); Cameron_Christopher@dfci.harvard.edu (C.N.C.)

2 Department of Medicine, Harvard Medical School, Boston, MA 02215, USA
3 Department of Epidemiology, School of Public Health, Boston University, Boston, MA 02215, USA
4 Division of Medical Oncology, Miller School of Medicine, Sylvester Comprehensive Cancer Center,

University of Miami, Miami, FL 33146, USA; tecrane@med.miami.edu
* Correspondence: ChristinaM_Dieli-Conwright@dfci.harvard.edu; Tel.: +1-617-582-8321

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.

Nutrients 2021, 13, x FOR PEER REVIEW 4 of 22 
 

before exercise, and the intensity and duration of exercise [44,45]. For example, when ex-
ercising 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]. Re-
gardless 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 im-
portance as it is unclear how timing will impact the long-term benefits of a combined in-
tervention [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 im-
prove each of the suggested outcomes including cardiometabolic markers, body compo-
sition, patient-reported outcomes, and cancer-related outcomes. We discuss below the in-
dependent 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 chemo-
therapy and hormonal therapy, may induce cardiometabolic dysregulation (e.g., insulin 
resistance, 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. 

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 met-
abolic effects. Obesity has been attributed to 15–20% of cancer-related deaths where obese 

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-



Nutrients 2021, 13, 3421 7 of 23

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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Table 2. Ongoing clinical trials with combined fasting and exercise interventions (http://ClinicalTrials.gov, accessed on 1 September 2021).

Identifier Study Design Population Experimental Groups Intervention Characteristics Outcomes of Interest

Cancer Populations

NCT04708860 [152] Single-arm trial Women ages 18 and older
with Metastatic Breast Cancer Combined POF and exercise

12-week trial
POF: Restriction of caloric

food/drink after 8 pm, wait 13 h
after last meal before eating,

fasting 6 days/week
Exercise: Moderate-intensity
aerobic and strength training,
2 times/week of 30–45 min

strength classes, 120 min aerobic
activity per week

• Primary: Rate of enrollment,
rate of adherence to
intervention

• Secondary: Change in
metabolic markers, quality of
life, and patient-reported
outcomes

Other Populations

NCT04004403 [153] Randomized Clinical Trail Obese prediabetic adults ages
18–64 with NAFLD

(1) ADF
(2) Exercise (ad libitum fed)
(3) ADF + exercise
(4) Control (ad libitum fed,

no exercise)

24-week trial
ADF: Fast day: 25% energy

intake (~500 kcal), Feed day: ad
libitum fed

Exercise: Aerobic exercise
training, 5 sessions/week

• Primary: Change in hepatic
steatosis, body weight

• Secondary: Change in
hepatokine profile, hepatic
insulin sensitivity, insulin
resistance, HbA1c, and other
metabolic disease risk factors

NCT04131647 [154] Randomized Clinical Trail Overweight and obese older
adult (ages 50–70) veterans

(1) Weight Maintenance Only
(2) Weight maintenance + IF

24-week program
Weight Maintenance Program:
Nutrition advice, walking, and

resistance training, 12-week
program

IF + Exercise: One day of IF per
week, consisting of 2 small
meals/day; the combined

program continues for 24-week
program, following completion

of the 12-week weight
maintenance program; walking

and resistance exercises

• Primary: Change in body
weight

• Secondary: Change in gait
speed, body fat, lipoprotein
lipase

http://ClinicalTrials.gov
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Table 2. Cont.

Identifier Study Design Population Experimental Groups Intervention Characteristics Outcomes of Interest

Other Populations

NCT04585581 [155] Randomized Clinical Trail Overweight women getting
pregnant in next 6 months

(1) TRE + HIIT Exercise
(2) Standard Care

Duration of pregnancy (min.
28 weeks)

TRE + Exercise: Minimum of
14 h/day

HIIT exercise: 2–3 days/week

• Primary: Plasma glucose
concentration at gestational
week 28

• Secondary: Maternal and
offspring cardiometabolic
health measures

NCT04768725 [156] Randomized Clinical Trail
Obese, postmenopausal

women ages 45–59, sedentary
lifestyle

(1) IF
(2) IF + Physical-Cognitive

Exergaming Program
(3) Control

12-week trial
IF: Self-selected diet with 25–75%

of estimated baseline energy
requirements for 2 days/week

(fast day) along with ad libitum
for 5 days/week (feed day)

Exercise: Moderate-Vigorous
intensity [60–70% of heart rate

maximum for aerobic and
60–70% of 1 repetition maximum,

8–12 repetitions/set, 3 sets of
each exercise for resistance
exercise, 60 min/session,
3 sessions/week (36 total

sessions)]

• Primary: Change in cognitive
(memory, logic, brain-derived
neurotropic factor) outcomes

• Secondary: Change in
additional cognitive and
functional measures,
biomarkers, physical function

NCT04834687 [157] Randomized Clinical Trail Healthy 17–24-year-old
young adults

(1) Exercise-Only
(2) TRE
(3) Combined TRE + Exercise
(4) Control

Trial length not reported
Exercise: Aerobic rope-skipping,

3 days/week, 90 min/session
TRE: 14 h fast, 10 h eating
window, high-fiber diet

• Primary: Change in body
weight

• Secondary: Change in
cardiovascular metabolic
markers, executive function,
intestinal flora
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Table 2. Cont.

Identifier Study Design Population Experimental Groups Intervention Characteristics Outcomes of Interest

Other Populations

NCT04978376 [158] Non-Randomized Clinical
Trial

Overweight, older adults
50–70 years old with

pre-diabetes

(1) TRE-only
(2) TRE + Endurance

Exercise
(3) TRE with Resistance

Exercise
(4) Control

10-week trial
TRE is restricted eating with ad

libitum eating between
12:00–20:00

Endurance Exercise:
3–5 days/week of supervised

exercise
Resistance Exercise:

3–5 days/week of supervised
exercise

• Primary: Change in body
weight

• Secondary: Change in body
composition, insulin, glucose,
and HbA1c

Abbreviations: POF = Prolonged Overnight Fasting; NAFLD = Non-Alcoholic Fatty Liver Disease; ADF = Alternate-Day Fasting; IF = Intermittent Fasting; TRE = Time-Restricted Eating; HIIT = High-Intensity
Interval Training.
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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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