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Introduction: Various physical activity-based interventions have been tested to
determine their efficacy in improving cancer related cognitive decline (CRCD),
however the role of mind-body practices such as yoga remains to be explored. In
this manuscript we present preliminary effects of yoga vs. aerobic and stretching-
toning modalities of exercise on CRCD among adult cancer survivors.

Methods: Participants (N = 78) were randomized to one of the three exercise
groups for a duration of 12-weeks and engaged in >150 min per week of
supervised group exercises. At baseline and following the 12-week interventions,
participants completed the Functional Assessment of Cancer Therapy—-Cognitive
Function.

Results: Results demonstrated a significant group*time interaction for FACT-
Cog perceived cognitive abilities subscale, with participants in the yoga group
demonstrating a significant increase as compared to the aerobic and stretching-
toning groups. The FACT-Cog total score showed a significant time effect with
all groups demonstrating a significant increase at follow-up. Other subscales did
not show any significant improvements.

Discussion: These findings provide promising evidence for the effects of yoga
on self-reported cognitive function in cancer survivors. Notably, 12-weeks of
yoga showed an increase in the perceived cognitive abilities and demonstrated
a clinically meaningful increase in total cognitive function as measured by the
FACT-Cog, suggesting that this exercise modality has the potential to impact this
important health outcome during cancer survivorship.

Trial registration: ClinicalTrials.gov, identifier: NCT03650322.
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Introduction

Cancer is the second leading cause of death globally, accounting for nearly 10 million
deaths in 2020 (Ferlay et al., 2021; Sung et al.,, 2021). Among other symptoms and side
effects of cancer treatment and recovery, a lesser known and understood symptom is
cancer-related cognitive dysfunction, also referred to as “chemo brain” or cancer-related
cognitive decline (CRCD). Patients often define it as a decrease in mental sharpness, mental
cloudiness, and being unable to remember certain things, concentrate, finish tasks, or learn
new skills (Brant and Stringer, 2015).
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Various neuropsychological interventions (Cheng et al., 2022)
as well as physical activity-based interventions (Zimmer et al.,
2016) have been implemented and tested to determine their efficacy
in improving CRCD and overall health and quality of life among
cancer survivors. Across several meta-analyses, yoga has been
shown to improve symptoms of fatigue, distress, and overall quality
of life among cancer survivors (Buffart et al., 2012; Cramer et al,,
2012; Harder et al., 2012; Sadja and Mills, 2013). While a review
of exercise interventions on CRCD noted that “Asian-influenced
movement programs (e.g., yoga)” appear to show preliminary
positive effects (Zimmer et al.,, 2016), another recent systematic
review of yoga-based interventions on CRCD (Baydoun et al,
2020) ultimately concluded that there is insufficient evidence for
this activity modality and pointed to the need for rigorous trials,
expanding populations to beyond breast cancer, and determining
the superiority of yoga to more established treatment options or
therapies with encouraging evidence for CRCD.

Yoga is an increasingly popular form of complementary and
integrative health practice (Clarke et al., 2018) that involves
physical movement, breathwork and meditation. A mindful
movement practice, yoga enables the practitioner to move slowly
and safely into physical postures while concentrating on relaxing
the body, breathing fully, and developing awareness of bodily
sensations and passing thoughts. The active attentional component
of yoga may incur cognitive benefits over and above the habitual
bodily movements involved in traditional forms of exercise
such as walking or strength training. In addition, breathing
and meditation exercises are practiced to calm and focus the
mind and develop greater self-awareness. This focused effort and
attentional practice of yoga seems to mimic the conventionally
assessed cognitive functions including attention, memory, and
higher order executive functions. Preliminary studies underscore
the role of stress regulation and improved neurocognitive health
as mechanisms underlying the yoga-cognition relationship (Voss
etal,, 2023). The mindful movement practice as well as the potential
mechanisms, especially in the context of stress regulation clearly
have the potential to be an antidote to the typical cognitive
complaints expressed by cancer patients and survivors. In the
general population, the effects of yoga on cognitive and brain health
are less equivocal, with a recent meta-analysis suggesting that yoga
interventions may maintain or improve cognitive function among
young and older adults (Gothe and McAuley, 2015).

We have previously reported the feasibility outcomes of this
pilot trial where the primary purpose was to determine feasibility
and acceptability of yoga and physical activity recommendations
for cancer survivors (Gothe and Erlenbach, 2022). Herein we report
the secondary data evaluating changes in self-reported symptoms
of CRCD in long term cancer survivors following the 12-week
supervised Hatha yoga intervention, compared with an aerobic
walking group and a stretching and toning group. We included
the aerobic exercise and stretching and toning conditions as these
have been widely used and are among the prescribed exercise
guidelines for cancer survivorship (Campbell et al., 2019, 2020).
We hypothesized, based on previous literature (Zimmer et al,
2016), that participants across the three exercise conditions would
show improvement in self-reported cognitive function following
the 12-week exercise intervention. Our exploratory aim was to
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determine whether participants in the Hatha yoga intervention
would demonstrate greater improvements in comparison to the
aerobic walking and stretching and toning groups.

Methods

Recruitment and eligibility procedures

Study design, participant eligibility criteria, and recruitment
information have been previously published elsewhere (Gothe
et al,, 2020). In brief, the primary aim of STAYFit was to test the
efficacy of a 12-week Hatha yoga program to improve cognitive
function among cancer survivors compared with aerobic walking
and stretching-toning active control groups. Low-active cancer
survivors who participated in <2 days per week of structured
exercise and were between the ages of 30 and 70 years were eligible.
All cancer survivors (except brain) who had completed all cancer-
related surgeries, radiation, or chemotherapy sessions at least 1
month prior to study enrollment were invited to participate. No
eligibility restrictions were placed on the stage of individuals’ cancer
diagnosis, or any self-reported cancer related cognitive complaints.
Finally, all participants were required to complete the Physical
Activity Readiness Questionnaire (PAR-Q) (Thomas et al., 1992)
and obtain approval from their personal physician, if deemed high-
risk on the PAR-Q. All enrolled participants were randomized
into one of the three study arms: Hatha yoga, aerobic walking, or
stretching-toning. Recruitment took place in three cohorts and was
stratified by age, sex and years since cancer diagnosis.

Exercise interventions

An in-depth description of the three intervention arms can be
found in the published protocol and feasibility manuscripts (Gothe
etal., 2020; Gothe and Erlenbach, 2022). Briefly, all exercise groups
met for >150 min per week. The yoga group met twice weekly
for 90 min and practiced Hatha yoga, which focused on physical
poses, breathing, and meditation and were led by a certified RYT-
200 yoga instructor. The frequency and duration of yoga classes was
intentionally set to allow the yoga teachers to effectively instruct
and demonstrate yoga movements, modifications on and off the
floor and with/without yoga blocks, given the novice participant
pool. The stretching-toning control arm met three times a week
for 60 min and participated in exercises targeting all major muscle
groups and worked on balance, toning, and flexibility, with a greater
focus on muscle strengthening compared with the yoga group. The
aerobic group met three times a week for 60 min and engaged in
treadmill walking which increased in intensity and duration over
the 12-week period and was individualized to each participant’s
estimated aerobic fitness level. The stretching and toning group
as well as aerobic exercise groups were led by graduate and
undergraduate research assistants trained in the instruction and
delivery of these exercise modalities as per the American College for
Sports Medicine guidelines (Liguori et al., 2022). Attendance was
recorded by the exercise instructors and was determined as number
of sessions attended/total number of sessions conducted for the
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[ Enrollment ] Assessed for eligibility (n=233)
Excluded (n=155)
Not meeting inclusion criteria (n=111)
e Too active (n=42)
e Cancer too recent (n=2)
> e Location issues (n=26)
e Traveling (n=7)
e Outside age range (n=19)
e Not willing to be randomized (n=5)
e Cancer Type (n=3)
e Did not have cancer (n=7)
[ Allocation ] Randomized (n="78) Not interested (n=13)
Unable to contact (n=29)
Did not complete baseline testing (n=2)
v v v
Stretching-Toning control (n=26) Walking intervention (n=26) Yoga intervention (n=26)
¢ Received allocated intervention ¢ Dropout before intervention ¢ Dropout before intervention
(n=24) start (n=2) start (n=1)
¢ Dropout during intervention ¢ Received allocated intervention + Received allocated intervention
(n=2) (n=17) (n=17)
¢ Dropout during intervention ¢ Dropout during intervention
(n=5) (n=6)
¢ Dropout due to COVID-19 ¢ Dropout due to COVID-19
(n=2) (n=2)
FIGURE 1
CONSORT for the STAYFit trial. Reproduced from Gothe and Erlenbach (2022).

12-week intervention. The stretching and toning group served as
an attention-control to standardize social contact with research
staff and other participants. This practice allowed for comparisons
to a control group with similar resources and attention, which is
becoming standard practice for interventions to improve health
and wellbeing during cancer survivorship.

The study was approved by the University of Illinois at
Urbana Champaign’s Institutional Review Board (IRB# 18922).
All participants signed a written informed consent document
before completing any study assessments. Exercise sessions for
the three exercise arms were held on the university campus
(except for the latter half of the third cohort, which exercised in
their homes due to COVID) in a group-exercise format. All in-
person sessions were conducted in exercise studios equipped with
necessary exercise equipment.

Measures

Demographics and cancer history

Upon meeting the study inclusion criteria, participants
completed a demographics survey to document their age, biological
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sex, race, and education level. Participants were also asked to self-
report their cancer history, specifically age at first diagnosis and
type of cancer.

Functional assessment of cancer
therapy—Cognitive function

The Functional Assessment of Cancer Therapy-Cognitive
Function (FACT-Cog) is a
instrument designed to evaluate the effects of cancer patients’

subjective neuropsychological
perceived cognitive deterioration in their health-related quality
of life (Wagner et al., 2009). The Fact-Cog is a valid and reliable
questionnaire with excellent internal consistency (Cronbach’s
alphas for total score and sub-domains > 0.81) (Hajj et al., 2022).
This 37-item scale assesses perceived cognitive impairment (20
items, score range 0-80), perceived cognitive abilities (nine items,
score range 0-36), quality of life (four items, score range 0-16) and
comments from others over the past 7 days (four items, score range
0-16). A total score summing the subscales was also calculated
with a possible range from 0 to 148 points. For all subscales and
totals, a higher score represents better cognitive functioning or
quality of life. Studies have also tried to determine the minimal
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clinically important difference for the scale which range from 6.9
to 10.6 points (Cheung et al., 2014).

Data analysis

We used descriptive statistics to summarize the data by group
and across the two timepoints. A repeated measures time x group
analysis of variance was conducted to determine the main effects
of time, group and the interaction between time and group for
the FACT-Cog subscales and total score. Attendance was used as
covariates across all analyses. A Bonferroni test was applied to test
and adjust for multiple comparisons and significance was set at p <
0.05. Given the pilot feasibility nature of the study, we examined
data for those participants who completed baseline and follow-
up surveys and did not apply any corrections or imputations for
missing data. Since a subset of the participants transitioned to
home-based programming during COVID (Gothe and Erlenbach,
2022), we also analyzed the data with and without this cohort
(n = 15). There were no significant differences in the results, and
we therefore report analyses conducted with all N = 78 participants
in the trial. SPSS v.28.0 was used for all analyses (IBM Corp.,
Armonk, NY).

Results

Participant characteristics

A detailed study CONSORT is presented in Figure 1. A total
of 78 participants (mean age = 55.60, median = 58, age range
= 33-69 years) were randomized into one of the three exercise
interventions for this trial. A majority of the sample was female
(86%) and Caucasian (91%). In terms of cancer characteristics,
breast cancer was the most commonly reported (60%) and the
average time since diagnosis was 8.32 years (median = 6.2 years,
range = 0.5-35.75 years). A detailed breakdown of the participant
characteristics is presented in Table 1. The average attendance was
89.53% for the walking group, 76.58% for the stretching and toning
group and 77.77% for the yoga group. There was a significant
difference in attendance for the walking group as compared to the
other two conditions.

FACT-Cog

The means and standard deviations on the FACT-Cog subscales
by groups and across timepoints are presented in Table 2. For the
FACT-Cog subscales of perceived cognitive impairment, comments
from others, and impact on quality of life, there were no significant
time, group or interaction effects (p’s > 0.10). Although not
statistically significant, the mean scores across all groups for these
subscales did show an increase over time as observed in Table 2.

For the FACT-Cog perceived cognitive abilities subscale, there
was a significant time x group interaction effect [F = 3.03(561), n? =
0.09, p = 0.05]. A post-hoc Bonferroni test revealed that participants
in the yoga group showed a significant increase in their perceived
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TABLE 1 Demographic characteristics of the N = 78 cancer survivors in
the STAYFit trial.

Yoga Stretching-
(n = 26) toning
(n = 26)

Age (mean, SD) 55.92 (9.20) 55.00 (9.57) 55.88 (10.70)
Sex (n, %)
Females 23 (88.50) 22 (84.60) 22 (84.60)
Males 3(11.50) 4(15.40) 4 (15.40)
Race (n, %)
African American 2(7.70) 1(3.80) 2(7.70)
More than one race - 1(3.80) 1(3.80)
Caucasian 24 (92.30) 24 (92.3) 23.80 (88.50)
Education (n, %)
<College degree 8 (30.80) 8(30.80) 9 (34.60)
>College degree 18 (69.20) 18 (69.20) 17 (65.40)
Cancer type (n, %)
Breast 15" (55.55) 18 (69.20) 14 (53.80)
Cervical - 1(3.80) 1(3.80)
Colorectal 1(3.70) - -
Endometrial/uterine - 1(3.80) -
Leukemia - - 2(7.70)
Liver/bile duct 1(3.70) - -
Lung 2(7.41) - -
Lymphoma 2(7.41) - 1(3.80)
Multiple myeloma - 1(3.80) -
Ovarian 3% (11.11) - -
Prostate 1(3.70) 2(7.70) -
Sarcoma - - 1(3.80)
Skin 1(3.70) 2(7.70) 1(3.80)
Thyroid 1(3.70) 1(3.80) -
Stage of cancer diagnosis (n, %)
0 1(3.38) 1(3.85) -
1 8 (30.77) 11 (42.31) 8 (30.77)
2 8 (30.77) 8 (30.77) 8 (30.77)
3 4(15.38) 2(7.69) 2(7.69)
4 2(7.69) 1(3.85) 2(7.69)
Don’t know 3(11.54) 3(11.54) 6(23.08)
Cancer treatments™ (n, %)
Surgery 23 (88.46) 26 (100.00) 24 (92.31)
Radiation 18 (69.23) 16 (61.54) 13 (50.00)
Chemotherapy 13 (50.00) 12 (46.15) 13 (50.00)
Years since diagnosis 7.72 (7.40) 8.29 (8.64) 8.94 (6.92)
(mean, SD)

*One participant had both breast and ovarian diagnoses; percentages are calculated out of
n= 26 cases.
*+Majority of participants reported undergoing more than one cancer treatment.
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TABLE 2 Means and standard deviations on the Functional Assessment of Cancer Therapy—Cognitive Function scale.

Walking Stretching-toning

Baseline 12-week Baseline 12-week Baseline 12-week
FACT-Cog—Perceived 60.28 (12.16) 66.14 (12.62) 61.81 (15.47) 65.67 (12.06) 61.04 (14.39) 64.87 (11.93)
Cognitive
Impairments
FACT-Cog— 14.71 (2.59) 1533 (1.02) 15.29 (1.85) 15.52 (1.44) 15.39 (1.88) 15.52 (1.16)
Comments from
Others
FACT-Cog—Perceived 26.38 (5.11) 29.86 (5.02) 25.00 (8.00) 26.33 (7.47) 24.91 (7.19) 24.96 (6.82)
Cognitive Abilities
FACT-Cog—Quality of 12.52 (3.16) 12.71(3.33) 12,52 (3.97) 13.19 (3.64) 13.30 (3.41) 13.57 (3.66)
Life
FACT-Cog—Total 113.90 (15.99) 124.04 (16.41) 114.62 (26.23) 120.71 (20.70) 114.65 (17.46) 118.91 (14.64)
score

FACT-Cog, Functional Assessment of Cancer Therapy—Cognitive Function scale.

cognitive abilities from baseline to 12-weeks (Mean difference
= 3.55, SE = 1.04, p < 0.01) whereas no significant changes
were reported within the walking and stretching-toning groups. A
closer examination of the physical cognitive abilities subscale in
terms of the participants who reported increases, no change and
decreases are presented in Table 3. These were calculated as raw
score changes (post-intervention—baseline) for each participant
who completed the trial. Overall, the percentage of participants in
the yoga group who reported an increase was higher compared to
those in the aerobic and stretching-toning groups as well as those
who reported declines was lower in the yoga group in comparison
to the other two.

For the FACT-Cog total score, the main effect of time was
marginally significant [F = 3.60(,61), N> = 0.06, p = 0.06]
and no significant group*time effect was observed. Post-hoc
pairwise comparisons revealed that all exercise groups, yoga (mean
difference = 9.98, SE = 2.36, p < 0.01), walking (mean difference =
6.15, SE = 2.33, p = 0.01), and stretching-toning (mean difference
= 4.35, SE = 2.24, p = 0.05) showed a significant increase from
baseline to 12-weeks, with the yoga group demonstrating the
largest increase.

Discussion

To our knowledge, this is the first clinical trial to test
the preliminary effect of yoga vs. aerobic and stretching-toning
modalities of exercise on CRCD among adult cancer survivors.
Our results add to the existing literature on exercise interventions
to combat CRCD suggesting that yoga, aerobic walking as well as
stretching-toning exercises can be useful to reduce self-reported
cognitive symptoms, and Hatha yoga particularly could improve
cancer survivors perceived cognitive abilities.

Assessment of CRCD has varied across the studies in the
literature and this diversity has caused considerable heterogeneity
in the studies, making comparisons difficult and conclusions
subjective (Henneghan et al, 2021). We choose to use the
FACT-Cog as it is a well-documented and validated instrument,
and one of the few which has a minimal clinically important
change value published in the literature (Cheung et al, 2014).

Frontiersin Cognition

TABLE 3 Number and percentages of participants that improved, showed
no change and declined on the FACT-Cog Perceived Cognitive Abilities
subscale.

Aerobic
(n=21)

Yoga

Stretching-
toning
(n=23)

(n=21)

FACT-Cog—Perceived Cognitive Abilities

Improved 17 (81%) 13 (62%) 11 (48%)
No change 3 (14%) 2 (10%) 4 (17%)
Declined 1(5%) 6 (28%) 8 (35%)

Numbers and percentages calculated on the raw Fact-Cog Perceived Cognitive Abilities score
(post intervention—baseline).

In our study, the FACT-Cog total change scores from baseline
to 12-weeks were 9.86 for yoga, 6.09 for walking and 4.26
for stretching-toning groups. The change score for yoga was
within the clinically meaningful range (Cheung et al., 2014),
suggesting that yoga may present cognitive benefits above and
beyond other exercise modalities for this specific cancer-related
outcome. Indeed, Campbell and colleagues have noted varying,
outcome-specific exercise prescriptions in recent guidelines for
cancer survivors (Campbell et al,, 2019). Consensus from the
international multidisciplinary panel that drafted these exercise
guidelines highlighted the paucity of evidence for the effects of
exercise on cognitive function. Our findings suggest that yoga,
aerobic, and stretching and toning exercise, all may incur benefits
for cognitive health when delivered in a group exercise format for
inactive long term cancer survivors.

A handful of studies have examined the effects of yoga
interventions on CRCD. Derry et al. (2015) reported 23% fewer
cognitive problems as assessed by the Breast Cancer Prevention
Trial Cognitive Problems Scale at a 3-month follow-up among
breast cancer patients who had practiced Hatha yoga for 12 weeks
when compared with a waitlist control group. Similarly, Janelsins
et al. (2016) reported significant improvements (19%) in memory
among cancer survivors who participated in a 4-week yoga program
compared with those in a standard survivorship program. More
recently, in a single group, proof of concept study, an 8-week
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virtual yoga intervention showed significant improvements on
objective cognitive function among 18 breast cancer survivors
but no significant improvements on FACT-Cog scores (Neville
etal., 2023). While these studies provided preliminary evidence for
the efficacy of yoga on CRCD, the lack of an active comparator
and study population limited to breast cancer survivors limits
the generalizability of the findings to all cancer survivors. Our
findings contribute to this nascent but growing literature base by
highlighting the benefits of yoga for improving overall cognition,
as measured by the FACT-Cog, in cancer survivors of all types
within a randomized controlled design. A closer look at the trends
in subscales, specifically the perceived cognitive abilities subscale
indicated that a majority of the yoga participants, 81% showed
an increase and only 1 subject declined when compared to the
other two groups (Table 3). The specific group differences that
emerged on this subscale are not surprising as several of the
subscale items directly map onto yoga-based mindfulness practices
and interoception. For example, “able to concentrate,” “able to pay
attention,” “able to shift back and forth,” “able to keep track” are
often practiced in the context of yoga-based breathing exercises,
i.e.,, pranayama and meditation, i.e., dhyana which were part of
the Hatha yoga protocol for this study. It is possible that the
participants in the yoga group were able to see the translation of
the yoga practices from “on the mat” (in class) to “off the mat” (in
their day-to-day) cancer survivorship symptoms and experiences.
These nuanced results also highlight the need for alternative yoga
protocols with varying focus on breathing and mindfulness to be
explored in future, larger clinical trials investigating the exercise-
cognition relationship during cancer survivorship.

There are several biopsychosocial mechanisms through which
yoga may influence cancer survivors’ cognitive function. CRCD is a
complex, multifactorial phenomenon; inflammation, psychosocial
factors (e.g., anxiety, depression), changes in brain structure and
function, host factors (e.g., sociodemographic factors, genetics),
and behavior (e.g., diet, exercise) all converge to affect a survivors’
cognitive function after cancer (Janelsins et al., 2014; Wefel et al,,
2015; Lange et al., 2019). Exercise is well-known for influencing
inflammatory pathways, neurotransmitter expression, glucose
signaling, and hormone regulation (Erickson et al., 2019). Yoga
specifically has been associated with reductions in inflammation
(Kiecolt-Glaser et al., 2014), and its mind-body principles may
promote mindfulness and reduce anxiety (Maloney et al., 2014),
both of which have been associated with cognitive function (Chiesa
etal, 2011; Voss et al., 2023). Morphological and functional brain
imaging studies show that yoga practice has an effect on brain areas
involved with interoception, posture, motivation, and higher order
executive functions such as the hippocampus, amygdala, insula,
prefrontal and frontal cortices (Gothe et al., 2019; Van Aalst et al,,
2020). This is particularly interesting as a meta-analysis of chemo-
brain was linked to deficits in the same regions of interest, the
frontal attention network (Bernstein et al.,, 2021). Patients treated
with chemotherapy demonstrate hypo-activity, i.e., a dysfunction
in mobilizing attentional resources in the frontal-parietal cortices
during cognitive tasks. Therefore, yoga may be a more potent
therapy to address CRCD given the focus on sustained attention
and mindfulness that is embedded in its practice as compared to
other forms of exercise tested in this trial. Future studies should
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include imaging and biomarkers to better understand the effects of
yoga on self-reported as well as objectively assessed CRCD.

A notable characteristic of our sample was the long-term
survivorship, with patients reporting on average 8.32 years since
their diagnosis. This is longer than many previous studies
(Campbell et al., 2020) and proves the persistence of cognitive
complaints among cancer survivors years after diagnosis and
treatment. Our results demonstrate that lifestyle behaviors such as
exercise have the potential to impact CRCD long after diagnosis. To
improve adoption and adherence, novel approaches to randomized
controlled designs, such as preference-based group assignments,
should be explored. In our trial, we noted higher attendance for
the aerobic exercise group where participants were in smaller
groups and had more one-on-one interactions with the research
staff as they walked on a treadmill. Given the evidence for group
cohesion and social connectedness (Gothe et al., 2019), identifying
the social dynamics that support adherence after cancer would
help researchers better design exercise programs that could lead
to sustained adherence and thereby result in improved CRCD and
health outcomes.

This study has several strengths. To our knowledge, this is the
first randomized controlled trial to explore the effects of yoga on
cognitive function in multiple comparison groups during cancer
survivorship. Attendance in all three groups was excellent (>75%)
with no adverse events. This study enrolled survivors of various
cancer types in an attempt to increase generalizability of our
results to all of cancer survivorship, a noted gap in the literature.
Despite these strengths, our findings should be interpreted within
the context of various limitations. The current sample was
predominantly female and White with a history of breast cancer.
Each of the three intervention groups were comprised of fewer than
30 participants, further limiting our ability to explore differential
effects by important cancer-related constructs (i.e., cancer stage and
type, time since diagnosis). For future studies, it will be important
to understand if and how the effects of yoga on CRCD differ
within these clinical groups to inform the design of personalized
behavioral interventions. To this extent, a true control, such
as a waitlist group or health education group (i.e., no exercise
condition), could also offer meaningful insights. Similarly, although
we met our target sample size, our study was hampered by the
pandemic and a subset of the participants ended up having a
unique experience with the intervention with a combination of in-
person and virtual instruction. Future studies, with larger sample
sizes, could also adopt mobile health (mHealth) approaches to
identify the most effective mode of exercise intervention delivery
for cognitive benefits among cancer survivors. Finally, cognitive
function was self-reported and therefore may have captured other
domains (i.e., mood, fatigue) resulting in misclassification (Wefel
et al., 2011). While self-reported cognitive function is crucial for
understanding and legitimizing survivors™ lived experience with
CRCD (Henneghan et al., 2021), there is noted discordance in the
literature between objective and self-reported measures of CRCD
(Horowitz et al., 2018). Self-reported cognitive symptoms could be
misattributed to one’s cancer experience, other health conditions, or
normative aging. Future studies should include both self-report and
standardized objective measures of cognitive function (Campbell
etal., 2019) to fully characterize the yoga-cognition relationship.
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In conclusion, these findings provide promising support for
the effects of yoga on self-reported cognitive function in cancer
survivors. Notably, 12 weeks of group-based, hybrid Hatha yoga
demonstrated a clinically meaningful increase in patient reported
cognitive function, suggesting that this exercise modality may be
preferable for this important health outcome during survivorship.
As individuals continue to live years beyond a diagnosis of
cancer, understanding the continued impact of cancer on CRCD
and testing lifestyle interventions such as exercise and yoga to
maximize cognitive health and overall quality of life should remain
a high priority.

Data availability statement

The data that support the findings of this study are available
from the corresponding author, [NG], upon reasonable request.

Ethics statement

The study involving humans were approved by Office for
Protection of Research Subjects, M/C 685 1901 S. First St, Suite A
Champaign, IL 61820 217-333-2670, irb@illinois.edu. The study
was conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

NG: Conceptualization, Data curation, Formal analysis,

Funding acquisition, Investigation, Methodology, Project

References

Baydoun, M., Oberoi, D., Flynn, M., Moran, C., McLennan, A., Piedalue, K.,
et al. (2020). Effects of yoga-based interventions on cancer-associated cognitive
decline: a systematic review. Curr. Oncol. Rep. 22:100. doi: 10.1007/s11912-020-0
0960-5

Bernstein, L. J., Edelstein, K., Sharma, A., and Alain, C. (2021). Chemo-
brain: An activation likelihood estimation meta-analysis of functional
magnetic resonance imaging studies. Neurosci. Biobehav. Rev. 130, 314-325.
doi: 10.1016/j.neubiorev.2021.08.024

Brant, J., and Stringer, L. (2015). Cognitive Impairment. Guide Oncol Symptom
Manag Ed Brown CG. 2nd Edn. Pittsburgh, PA: Oncology Nursing Society, 203-228.

Buffart, L. M., Van Uffelen, J. G., Riphagen, I. I, Brug, J., Van Mechelen, W., Brown,
W. J., et al. (2012). Physical and psychosocial benefits of yoga in cancer patients and
survivors, a systematic review and meta-analysis of randomized controlled trials. BMC
Cancer 12:559. doi: 10.1186/1471-2407-12-559

Campbell, K. L., Winters-Stone, K., Wiskemann, J., May, A. M., Schwartz, A. L.,
Courneya, K. S., et al. (2019). Exercise guidelines for cancer survivors: consensus
statement from international multidisciplinary roundtable. Med. Sci. Sports Exerc. 51,
2375-2390. doi: 10.1249/MSS.0000000000002116

Campbell, K. L., Zadravec, K., Bland, K. A., Chesley, E., Wolf, F., Janelsins, M.
C., et al. (2020). The effect of exercise on cancer-related cognitive impairment and
applications for physical therapy: systematic review of randomized controlled trials.
Phys. Ther. 100, 523-542. doi: 10.1093/ptj/pzz090

Cheng, A. S. K, Wang, X, Niu, N, Liang, M., and Zeng, Y. (2022).
Neuropsychological interventions for cancer-related cognitive impairment: a network
meta-analysis of randomized controlled trials. Neuropsychol. Rev. 32, 893-905.
doi: 10.1007/s11065-021-09532-1

Frontiersin Cognition

10.3389/fcogn.2024.1334727

administration, Resources, Supervision, Writing—original draft,
Writing—review & editing. EE: Data curation, Investigation,
Methodology, Project administration, Supervision, Writing—
review & editing. ES: Writing—original draft, Writing—review
& editing.

Funding

The author(s) declare that financial support was received for
the research, authorship, and/or publication of this article. This
study was funded by the Office of the Vice Chancellor for Research,
Campus Research Board Award RB#18107, University of Illinois at
Urbana Champaign.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Cheung, Y. T, Foo, Y. L., Shwe, M., Tan, Y. P,, Fan, G., Yong, W. S, et al.
(2014). Minimal clinically important difference (MCID) for the functional assessment
of cancer therapy: cognitive function (FACT-Cog) in breast cancer patients. J. Clin.
Epidemiol. 67, 811-820. doi: 10.1016/j.jclinepi.2013.12.011

Chiesa, A., Calati, R., and Serretti, A. (2011). Does mindfulness training improve
cognitive abilities? A systematic review of neuropsychological findings. Clin. Psychol.
Rev. 31, 449-464. doi: 10.1016/j.cpr.2010.11.003

Clarke, T. C., Barnes, P. M., Black, L. 1., Stussman, B. J., and Nahin, R. L. (2018).
Use of Yoga, Meditation, and Chiropractors Among US Adults Aged 18 and Over.
Washington, DC: US Department of Health and Human Services; Centers for Disease
Control and Prevention; National Center for Health Statistics.

Cramer, H., Lange, S., Klose, P., Paul, A., and Dobos, G. (2012). Yoga for breast
cancer patients and survivors: a systematic review and meta-analysis. BMC Cancer
12:412. doi: 10.1186/1471-2407-12-412

Derry, H. M., Jaremka, L. M., Bennett, J. M., Peng, J, Andridge, R,
Shapiro, C., et al. (2015). Yoga and self-reported cognitive problems in breast
cancer survivors: a randomized controlled trial: Yoga and self-reported cognitive
problems in breast cancer survivors. Psychooncology 24, 958-966. doi: 10.1002/
pon.3707

Erickson, K. I, Hillman, C, Stillman, C. M., Ballard, R. M., Bloodgood, B.,
Conroy, D. E, et al. (2019). Physical activity, cognition, and brain outcomes: a
review of the 2018 physical activity guidelines. Med. Sci. Sports Exerc. 51, 1242-1251.
doi: 10.1249/MSS.0000000000001936

Ferlay, J., Colombet, M., Soerjomataram, L, Parkin, D. M., Pifieros, M., Znaor,
A, et al. (2021). Cancer statistics for the year 2020: an overview. Int. J. Cancer. 149,
778-789. doi: 10.1002/ijc.33588

frontiersin.org


https://doi.org/10.3389/fcogn.2024.1334727
mailto:irb@illinois.edu
https://doi.org/10.1007/s11912-020-00960-5
https://doi.org/10.1016/j.neubiorev.2021.08.024
https://doi.org/10.1186/1471-2407-12-559
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1093/ptj/pzz090
https://doi.org/10.1007/s11065-021-09532-1
https://doi.org/10.1016/j.jclinepi.2013.12.011
https://doi.org/10.1016/j.cpr.2010.11.003
https://doi.org/10.1186/1471-2407-12-412
https://doi.org/10.1002/pon.3707
https://doi.org/10.1249/MSS.0000000000001936
https://doi.org/10.1002/ijc.33588
https://www.frontiersin.org/journals/cognition
https://www.frontiersin.org

Gothe et al.

Gothe, N. P, and Erlenbach, E. (2022). Feasibility of a yoga, aerobic and stretching-
toning exercise program for adult cancer survivors: the STAYFit trial. J. Cancer Surviv.
Res. Pract. 16, 1107-1116. doi: 10.1007/s11764-021-01101-y

Gothe, N. P., Erlenbach, E. D., Streeter, S. L., and Lehovec, L. (2020). Effects
of yoga, aerobic, and stretching and toning exercises on cognition in adult cancer
survivors: protocol of the STAY Fit pilot randomized controlled trial. Trials 21:792.
doi: 10.1186/s13063-020-04723-2

Gothe, N. P, Khan, I, Hayes, J., Erlenbach, E., and Damoiseaux, J. S. (2019). Yoga
effects on brain health: a systematic review of the current literature. Brain Plast. 5,
105-122. doi: 10.3233/BPL-190084

Gothe, N. P, and McAuley, E. (2015). Yoga and cognition: a meta-
analysis of chronic and acute effects. Psychosom. Med. 77, 784-797.
doi: 10.1097/PSY.0000000000000218

Hajj, A., Salameh, P., Khoury, R, Hachem, R., Sacre, H., Chahine, G.,
et al. (2022). Psychometric properties of the 37-item functional assessment of
cancer therapy-cognitive function (FACT-Cog) scale. Future Oncol. 18, 3741-3753.
doi: 10.2217/fon-2022-0438

Harder, H., Parlour, L., and Jenkins, V. (2012). Randomised controlled trials of yoga
interventions for women with breast cancer: a systematic literature review. Support.
Care Cancer 20, 3055-3064. doi: 10.1007/s00520-012-1611-8

Henneghan, A. M., Van Dyk, K, Kaufmann, T., Harrison, R., Gibbons, C.,
Heijnen, C., etal. (2021). Measuring self-reported cancer-related cognitive impairment:
recommendations from the Cancer Neuroscience Initiative Working Group. J. Natl.
Cancer Inst. 113, 1625-1633. doi: 10.1093/jnci/djab027

Horowitz, T. S., Suls, J., and Trevifio, M. A. (2018). Call for a neuroscience
approach to cancer-related cognitive impairment. Trends Neurosci. 41, 493-496.
doi: 10.1016/j.tins.2018.05.001

Janelsins, M. C., Kesler, S. R., Ahles, T. A., and Morrow, G. R. (2014). Prevalence,
mechanisms, and management of cancer-related cognitive impairment. Int. Rev.
Psychiatry 26, 102-113. doi: 10.3109/09540261.2013.864260

Janelsins, M. C., Peppone, L. J., Heckler, C. E., Kesler, S. R, Sprod, L. K., Atkins,
J., et al. (2016). YOCASO® yoga reduces self-reported memory difficulty in cancer
survivors in a nationwide randomized clinical trial: investigating relationships between
memory and sleep. Integr. Cancer Ther. 15, 263-271. doi: 10.1177/1534735415617021

Kiecolt-Glaser, J. K., Bennett, J. M., Andridge, R., Peng, J., Shapiro, C. L.,
Malarkey, W. B., et al. (2014). Yoga’s impact on inflammation, mood, and fatigue in
breast cancer survivors: a randomized controlled trial. J. Clin. Oncol. 32, 1040-1049.
doi: 10.1200/JC0.2013.51.8860

Lange, M., Joly, F., Vardy, J., Ahles, T., Dubois, M., Tron, L., et al. (2019). Cancer-
related cognitive impairment: an update on state of the art, detection, and management
strategies in cancer survivors. Ann. Oncol. 30, 1925-1940. doi: 10.1093/annonc/mdz410

Frontiersin Cognition

08

10.3389/fcogn.2024.1334727

Liguori, G., Feito, Y., Fountaine, C. J., Roy, B., and American College of Sports
Medicine (eds.). (2022). ACSM’s Guidelines for Exercise Testing and Prescription. 11th
Edn. Philadelphia, PA; Baltimore, MD; New York, NY London; Buenod Aires; Hong
Kong; Sydney; Tokyo: Wolters Kluwer.

Maloney, E. A., Sattizahn, J. R., and Beilock, S. L. (2014). Anxiety and cognition.
Wiley Interdiscip. Rev. Cogn. Sci. 5, 403-411. doi: 10.1002/wcs.1299

Neville, A. R., Bernstein, L. J., Sabiston, C. M., Jones, J. M., and Trinh, L.
(2023). Feasibility of a remotely-delivered yoga intervention on cognitive function
in breast cancer survivors: a mixed-methods study. Front. Cogn. 2:1286844.
doi: 10.3389/fcogn.2023.1286844

Sadja, J., and Mills, P. J. (2013). Effects of yoga interventions on fatigue in cancer
patients and survivors: a systematic review of randomized controlled trials. Explore 9,
232-243. doi: 10.1016/j.explore.2013.04.005

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A.,
et al. (2021). Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 71, 209-249.
doi: 10.3322/caac.21660

Thomas, S., Reading, J., and Shephard, R. J.
the physical activity readiness questionnaire (PAR-Q).
17, 338-345.

Van Aalst, J., Ceccarini, J., Demyttenaere, K., Sunaert, S., and Van Laere, K. (2020).
what has neuroimaging taught us on the neurobiology of yoga? A review. Front. Integr.
Neurosci. 14:34. doi: 10.3389/fnint.2020.00034

Voss, S., Cerna, J., and Gothe, N. P. (2023). Yoga impacts cognitive health:
neurophysiological changes and stress regulation mechanisms. Exerc. Sport Sci. Rev.
51, 73-81. doi: 10.1249/JES.0000000000000311

Wagner, L. I, Sweet, J., Butt, Z., Lai, J., and Cella, D. (2009). Measuring patient
self-reported cognitive function: development of the functional assessment of cancer
therapy-cognitive function instrument. J. Support. Oncol. 7, W32-W39.

Wefel, J. S., Kesler, S. R, Noll, K. R, and Schagen, S. B. (2015). Clinical
characteristics, pathophysiology, and management of noncentral nervous system
cancer-related cognitive impairment in adults. CA Cancer J. Clin. 65, 123-138.
doi: 10.3322/caac.21258

Wefel, J. S., Vardy, J., Ahles, T., and Schagen, S. B. (2011). International Cognition
and Cancer Task Force recommendations to harmonise studies of cognitive function
in patients with cancer. Lancet Oncol. 12, 703-708. doi: 10.1016/S1470-2045(10)
70294-1

Zimmer, P., Baumann, F. T., Oberste, M., Wright, P., Garthe, A., Schenk, A.,
et al. (2016). Effects of exercise interventions and physical activity behavior on cancer
related cognitive impairments: a systematic review. Biomed Res. Int. 2016, 1-13.
doi: 10.1155/2016/1820954

Revision of
J. Sport Sci.

(1992).
Can.

frontiersin.org


https://doi.org/10.3389/fcogn.2024.1334727
https://doi.org/10.1007/s11764-021-01101-y
https://doi.org/10.1186/s13063-020-04723-2
https://doi.org/10.3233/BPL-190084
https://doi.org/10.1097/PSY.0000000000000218
https://doi.org/10.2217/fon-2022-0438
https://doi.org/10.1007/s00520-012-1611-8
https://doi.org/10.1093/jnci/djab027
https://doi.org/10.1016/j.tins.2018.05.001
https://doi.org/10.3109/09540261.2013.864260
https://doi.org/10.1177/1534735415617021
https://doi.org/10.1200/JCO.2013.51.8860
https://doi.org/10.1093/annonc/mdz410
https://doi.org/10.1002/wcs.1299
https://doi.org/10.3389/fcogn.2023.1286844
https://doi.org/10.1016/j.explore.2013.04.005
https://doi.org/10.3322/caac.21660
https://doi.org/10.3389/fnint.2020.00034
https://doi.org/10.1249/JES.0000000000000311
https://doi.org/10.3322/caac.21258
https://doi.org/10.1016/S1470-2045(10)70294-1
https://doi.org/10.1155/2016/1820954
https://www.frontiersin.org/journals/cognition
https://www.frontiersin.org

	Yoga improves self-reported cognitive function among cancer survivors: results from the STAYFit trial
	Introduction
	Methods
	Recruitment and eligibility procedures
	Exercise interventions

	Measures
	Demographics and cancer history
	Functional assessment of cancer therapy—Cognitive function
	Data analysis

	Results
	Participant characteristics
	FACT-Cog

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


