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Abstract
Purpose: This scoping review aimed to identify and synthesize published studies on physical activity (PA) and cognition among persons with cancer and elucidate knowledge gaps. Methods: Articles were identified through electronic and manual searches (02/21 and 03/22) using the following inclusion criteria: (1) empirical, peer-reviewed publication in English, (2) sample comprised persons with cancer, and (3) reported at least one statistical association between PA and cognition. Multiple reviewers independently performed study selection and data extraction, and results were mapped in tabular and narrative form. Results: Ninety-seven articles were eligible; these were largely published from 2017-2022 (54.6%), conducted in high-income countries (96.9%), and presented (quasi-)experimental studies (73.2%). Samples predominantly comprised women with breast cancer (48.5%), and recruitment often occurred post-treatment (63.9%). Interventions included: aerobic (28.2%), resistance (4.2%), combined aerobic/resistance (33.8%), mind-body (16.9%), or other PA (4.2%). Most (66%) articles reported inconclusive findings; 32% were positive (in support of PA promoting cognition or vice versa), and 2.1% were negative. Diverse samples and studies with long-term follow-up were scarce. Conclusions: The state of knowledge is insufficient and more rigorous, large-scale studies are required to provide definitive conclusions about the cognitive benefits of PA among persons with cancer. Implications for Cancer Survivors: Cancer-related cognitive impairment (CRCI) thwarts quality of life. This review summarizes what is known about the association between PA and cognition among persons with cancer and concludes that evidence is currently equivocal. Hence, it remains uncertain if PA interventions can reduce CRCI, and large-scale PA intervention trials explicitly designed to promote cognition are greatly needed.
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Introduction
Globally, there were an estimated 19.3 million cancer cases in 2020 [1]. Although the overall outlook for survival is improving, persons with cancer often face several adverse disease- and treatment-related effects (e.g., fatigue, pain, appetite loss, insomnia, distress, dyspnea, constipation, numbness/tingling) that impair their quality of life (QoL) and increase healthcare demands [2, 3]. Critically, many experience cancer-related cognitive impairment (CRCI) during and after treatment for cancer [4, 5]. CRCI manifests in everyday life as deficits in executive functioning, attention, language, learning, memory, motor coordination, and information processing speed; if not identified and treated in a timely manner, this can cause considerable burden even years into survivorship [6-8]. While estimates of the prevalence and incidence of CRCI are influenced by methodological differences (e.g., assessment methods, diagnostic criteria) and/or other factors (e.g., eligibility criteria), data suggest CRCI affects between 21-90% of persons with cancer [9]. Consequently, CRCI is now recognized as an ongoing, pervasive, and disabling symptom, and thus, optimizing cognitive function should be a concurrent goal of cancer care. 
With increased emphasis on ambulatory care, self-management (i.e., a self-directed process of implementing behaviours that recognize, prevent, and relieve/decrease the timing, intensity, distress, concurrence, and unpleasant quality of symptoms to achieve optimal performance outcomes [10]) has been earmarked as a possible solution to prevent/reduce much of the suffering associated with cancer. Physical activity (PA; including occupational, active commuting, leisure [e.g., walking], sports, conditioning, household, and/or other physical activities) is globally recognized as a key self-management behaviour to help persons with cancer cope with several disease- and treatment-related symptoms and side effects across all phases of illness [11, 12]. Additionally, PA can help promote health and longevity, reduce the risk of disability and functional limitations, and improve QoL in persons with cancer across the lifespan [13]. The premise that PA may also help mitigate CRCI has received some support due to growing evidence linking PA with greater executive functioning, memory, and processing speed (among other cognitive domains) during and after treatment [14]. In a recent systematic review and meta-analysis of 22 studies [15], authors reported that combined aerobic and resistance training had a small, yet statistically significant effect on social cognition compared to usual care among persons undergoing chemotherapy for cancer. However, in another recent review, Campbell and colleagues [16] reported that statistically significant improvements with PA (including exercise) were only demonstrated in 12 of 28 trials evaluating self-reported cognitive function and in two of nine trials that used objective neuropsychological testing; as such, they concluded that the evidence linking PA to cognition amongst adults diagnosed with cancer was inconsistent. Considering the rapid increase in publications on this topic in the past decade, a scoping review is warranted to gain more insight into what is known about the association between PA and cognition based on the entire corpus of research. 
Considering Observational and Experimental Studies
Several observational studies in the oncology literature support the concept that greater PA is associated with better objectively-measured and self-reported cognitive function (e.g., [17-19]); yet, they are seldom included in existing reviews (e.g., [16]). Evidence-based practice entails the active use of research evidence, in tandem with clinical knowledge and information about the patient, to make decisions about service provision; for a rounded understanding, such evidence should not be restricted to randomized controlled trials and meta-analyses, as it often is [20]. As well, although research evidence for the association between PA and cognition among persons with cancer is growing, it has been derived from a range of study designs and methodologies. Thus, a comprehensive analysis of the entire corpus of research on this topic is needed to summarize research findings, map out the characteristics and variety of methodologies used, and identify gaps in the existing literature to propose recommendations for advancing the field. 
Objective
This manuscript reports on a scoping review [21] of observational and (quasi-)experimental studies that was designed to: (1) identify and synthesize published studies on PA and cognition among persons with cancer, and (2) elucidate knowledge gaps requiring further research. A scoping review was chosen over a systematic review due to the broader approach, and because it aims to map the existing literature in terms of the volume, nature, and characteristics of the primary research in addition to the research findings to identify current research gaps in knowledge [22]. 
Methods
This scoping review was guided by the five-step framework outlined by Arskey and O’Malley [22]: (1) identify the research questions, (2) identify relevant studies, (3) select studies, (4) chart the data, and (5) collate, summarize, and report the results of the selected studies. To ensure transparent and complete reporting, a protocol was prepared in advance and published on the Open Science Framework (OSF; osf.io/) on July 5, 2021, and then updated on August 5, 2021. Any deviations from this protocol are explicitly acknowledged on the OSF website (osf.io/w7zj5/). Additionally, this review is reported using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) extension for Scoping Reviews (PRISMA-ScR) reporting guidelines [23]. 
Step 1: Identifying the Research Question
This scoping review addressed the following questions: (1) what observational and (quasi-)experimental studies have been published on PA and cognition among persons with cancer, (2) what are the characteristics of the persons who participated in these studies, (3) what measures were used to assess PA and cognition, and (4) what is the evidence regarding associations and effects between PA and cognition? 
Of note, PA was defined as any bodily movement caused by the contraction of skeletal muscles that results in energy expenditure over resting levels [24]. Exercise was considered a type of PA that is planned, structured, and repetitive to improve or maintain physical fitness [24]. For the purpose of this review, cardiovascular fitness/aerobic capacity (defined as the ability of the body to transport and use oxygen during sustained PA; [24]) or other functional outcomes (e.g., physical function, muscle strength/endurance) were not considered to be PA; instead, these are presented within the Additional Measures section below.
Step 2: Identifying Relevant Studies
Two reviewers (JB, SS) who have complementary expertise in PA, cognition, cancer, and systematic review methodologies developed the search strategy and selection criteria. Two university librarians in Health Sciences (NL, VL) were consulted during the process of building the search strategy. Four electronic databases (i.e., Medical Literature Analysis and Retrieval System Online [MEDLINE (Ovid)], Excerpta Medica Database [Embase (Elsevier)], PsycINFO [EBSCO], and Cumulated Index to Nursing and Allied Health Literature [CINAHL (EBSCO)]) were searched from inception using search terms and strings. Each term was searched as a free text term and MeSH (Medical Subject Headings), where available. Truncation (i.e., *) was used to account for differing spellings of similar terms where relevant, and Boolean terms (AND, OR) were applied to combine different search terms. The search strategy was initially developed for MEDLINE and then translated into the remaining databases. An initial search was conducted in February 2021 and updated in March 2022; to facilitate replication, Supplementary Material 1 presents the search syntax for each of the four databases. Additionally, the reference lists of relevant articles (e.g., reviews, eligible full-texts) retrieved during the database search were screened. Retrieved citations were exported into Covidence (www.covidence.org/), an online systematic review software platform run by Veritas Health Innovation.
Step 3: Selecting Studies
After automatic removal of duplicate citations, two reviewers (SS, RK) independently screened the titles and abstracts for studies that addressed PA and cognition in persons with cancer. Next, they independently read the retained full-texts to assess eligibility based on criteria outlined below. Final agreement on inclusion was agreed upon by both reviewers, and a third reviewer (JB) was consulted to resolve any disagreements.
Studies were eligible if they met the following criteria: (1) empirical research carried out with humans, (2) published in a peer-reviewed journal, (3) English-language publication, (4) sample comprised persons with cancer, and (5) reported results of at least one statistical test used to assess the association between PA and cognition (for observational studies) or the effects of PA on cognition or vice versa (for (quasi-)experimental studies). Corresponding authors were contacted once by email in case of missing or unclear information in the full-texts; if the author was unable to provide information to determine eligibility, the full-text was excluded. All types of study designs and all cancer groups were eligible, but grey literature (i.e., abstracts from conference proceedings, theses/dissertations, books/book chapters, reports, study protocols, and reviews) were excluded. 
Inter-rater reliability was assessed at each step of the screening process by calculating Cohen’s kappa, which can be interpreted as: 0-0.20=none, 0.21-0.39=minimal, 0.40-0.59=weak, 0.60-0.79=moderate, 0.80-0.90=strong, >0.90=almost perfect level of agreement [25]. After the title and abstract screening stage, the level of agreement between coders was 0.86 (i.e., strong). After the full-text screening stage, the reviewers calibrated their screening by concurrently scanning full-texts in sets of 10 for the first 50 articles. Following calibration, their level of agreement was 0.87 (i.e., strong). 
Step 4: Data Charting
Data from eligible full-texts were extracted independently by at least two reviewers (SS, RK, JB) using predefined data extraction tables in Microsoft Excel (Version 16.69.1). The following data were extracted: (1) study designs and main characteristics (i.e., author, year of publication, country of data collection), (2) study aims, (3) sample characteristics/participant descriptions (i.e., sample size, age, sex/gender, cancer type and stage, treatment status), (4) measures used to assess PA and cognition (as well as any additional measures used [i.e., sociodemographic, medical, psychosocial, biophysical, behavioural, other]), and (5) results specifically related to the association between PA and cognition or the effect of one on the other. For (quasi-)experimental studies, data on the interventions (i.e., format, setting, supervision, type, duration, frequency, length, intensity, adherence/compliance) were extracted, as were data on the type of control/comparison groups (where applicable). As some authors had published protocol manuscripts, cited protocol manuscripts were obtained and used during data extraction to see if missing information about the interventions and control/comparison groups from the primary article were available. Upon completion of data extraction, three reviewers (SS, RK, JB) compared spreadsheets and discussed any disagreements to reach consensus, and a fourth reviewer (CW) verified approximately 65% of extracted data for accuracy.
Stage 5: Collating, Summarizing, and Reporting the Results
Data were synthesized narratively using the following headings: (1) study characteristics, (2) study aims, (3) sample characteristics/participant descriptions, (4) measures used to assess PA and cognition, (5) parameters of interventions, (6) results pertaining to the association between PA and cognition (based on observational studies), and (7) results pertaining to the potential effects of PA on cognition (based on [quasi-]experimental studies). To aid in summarizing data for (6) and (7), two reviewers (JB, SS) classified the full-texts as “observational” or “(quasi-)experimental” based on design features and synthesized results accordingly. Results were classified as “positive” (i.e., collective results support the existence of positive associations or effects), “negative” (i.e., collective results support the existence of negative associations or effects), or “inconclusive” (i.e., results were non-statistically significant [p>.05] or too mixed to confirm or refute associations/effects). Of note, non-statistically significant results were classified as inconclusive as opposed to “null” because many studies lacked the statistical power necessary to make meaningful conclusions. Additionally, tables were created to organize and display information for all included studies. In accordance with scoping review practice [22], no quality assessment was performed for the included articles.
Data Availability
	Due to the magnitude of included articles, detailed study data is available in Supplementary Materials 2-5.
Results
Search Results
PHYSICAL ACTIVITY, COGNITION, & CANCER
Search results and reasons for exclusion are displayed through a PRISMA flow chart in Figure 1. A total of 10,756 citations were identified during the database search. After removing duplicate records, 4147 titles and abstracts were screened and 245 underwent full-text screening. An additional 18 articles were retrieved through hand-searches. Of the 263 full-texts screened at the full-text level, 97 (26 observational [17-19, 26-48] and 71 [quasi-]experimental [49-119]) appearing to originate from 87 unique studies fulfilled the inclusion criteria and were included in this scoping review. As scoping reviews aim to map existing literature by characteristics of the primary research [22], details about study characteristics, study aims, sample characteristics/participant descriptions, measures used to assess PA and cognition, and parameters of interventions are presented by study design (i.e., observational or (quasi-)experimental) in Supplementary Materials 2-4. For the sections that follow, unless noted, the denominator used to calculate percentages was the total number of articles (N=97).
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Figure 1. PRISMA Flow Diagram Depicting Search Results at Different Steps [image: Graphical user interface, text, application

Description automatically generated]

Study Characteristics
The 97 included articles were published between 2002 and 2022, though 54.6% (n=53) were published in or after 2017, demonstrating a recent surge of interest in this topic. The studies were conducted in 18 different countries (96.9% of which were high-income), including: the United States (n=41, 42.3%), Canada (n=13, 13.4%), Germany (n=11, 11.3%), Australia (n=7, 7.2%), Spain (n=5, 5.2%), the Netherlands (n=4, 4.1%), Sweden (n=3, 3.1%), Switzerland (n=2, 2.1%), the United Kingdom (n=2, 2.1%), Italy (n=2, 2.1%), Iran (n=2, 2.1%), New Zealand (n=1, 1%), South Korea (n=1, 1%), India (n=1, 1%), Finland (n=1, 1%), Hong Kong (n=1, 1%), China (n=1, 1%), and Japan (n=1, 1%). Thus, continent-wise, studies were largely conducted in North America (n=54, 55.7%), followed by Europe (n=30, 30.9%), Australia/Oceania (n=8, 8.2%), and Asia (n=7, 7.2%). One (1%) article did not report where the study was conducted, and three (3.1%) were conducted in more than one country.
Study Design
Of the 26 (26.8%) observational articles, 18 (69.2%) reported on a cross-sectional study and eight (30.8%) reported on a longitudinal study. Of the 71 (73.2%) (quasi-)experimental articles, 53 (74.6%) reported on a randomized controlled trial (RCT) and 18 (25.4%) on non-RCTs (e.g., quasi-experimental, case series, single group pre-post); pilot and feasibility designs constituted 28.2% (n=20) of (quasi-)experimental articles. Most articles (n=96, 99%) solely reported quantitative data; one (1%) reported both quantitative and qualitative data (though when synthesizing, the focus was on the quantitative data which presented associations between PA and cognition, in line with the aims of this scoping review).
Sample Characteristics
Analyzed sample sizes varied greatly; they ranged from 15 to 6199 (M=926.7, SD=1653.8; Mdn=275.5, IQR=100.3-849.8) in observational studies, and from one to 500 (M=73.2, SD=78.1; Mdn=50, IQR=27-87) in (quasi-)experimental studies, with pilot and feasibility studies having relatively smaller sample sizes (M=28.7, SD=20.5; Mdn=24.5, IQR=16.5-34; range=5-87). Of the 64 articles (66%) that reported mean age of participants, the median value was 54 (IQR=48.2-58.4) and the means ranged from 21.8 to 70.8 years (M=51.3, SD=15.4; Mdn=56, IQR=49.2-61.7) in the observational studies and from 10.9 to 71.7 years (M=50.1, SD=13.9; Mdn=52.9, IQR=48.3-57.7) in the (quasi-)experimental studies. In 33 (34%) articles, data on age were only reported by group (not total) or using median values; in these instances, data were not used to calculate the values listed above. Most (n=88, 90.7%) articles reported on studies that only included persons with cancer; the remaining nine (9.3%) included age- and occasionally sex-matched healthy controls. Participants were predominantly female/woman (Mdn=100%, IQR=48-100%), and the most prevalent type of cancer participants had was breast (n=16, 16.5% observational; n=31, 32% [quasi-]experimental), comprising 48.5% (n=47) of all articles. All articles reported on treatment status; 62 (63.9%) recruited persons post-treatment (n=18, 18.6% observational; n=44, 45.4% [quasi-]experimental), 19 (19.6%) on-treatment (i.e., n=1, 1% observational; n=18, 18.6% [quasi-]experimental), four (4.1%) awaiting treatment (i.e., n=2, 2.1% observational; n=2, 2.1% [quasi-]experimental), and 12 (12.4%) featured a mix of those awaiting, on-, or off-treatment (n=5, 5.2% observational; n=7, 7.2% [quasi-]experimental). 
Aims
	The 97 included articles had varying aims. Due to a lack of clarity (in some cases) and/or because some studies had multiple aims, it was challenging to label and categorize them all; for this reason, aims are presented ‘as-reported’ in Supplementary Material 2. Aims generally fell within the following broad categories: (1) rates (to estimate the incidence or prevalence of a problem or condition), (2) trends (to examine changes in rates, averages, or distributions over time or across subgroups), (3) cross-sectional associations (to describe associations between constructs of interest), (4) predictions (to identify outcomes (but not effects or impacts) of different constructs [note: predictions required information on time order, usually in the form of longitudinal data]), and (5) causes and effects (to test the impact of interventions, determine the efficacy, effectiveness, and comparative effectiveness of interventions, and seek causal inferences). Further, when examining each article individually, 56 (57.7%) explicitly reported an aim to either investigate an association between PA and cognition (n=19, 73.1% of observational studies) or the potential effects of PA on cognition or vice versa (n=37, 52.1% of [quasi-]experimental studies).
Intervention Characteristics and Control/Comparison Groups
Supplementary Material 3 presents a breakdown of intervention features across the 71 included (quasi-)experimental articles; thus, 71 serves as the denominator used to calculate percentages in the following sections. Since a wide variety of interventions were prescribed to participants across the articles, characteristics were difficult to report in a compact and integrative way. Nevertheless, a summary of the length, frequency, duration, intensity, content, supervision, setting, delivery, and comparison/control groups of interventions described in the included (quasi-)experimental articles is provided below. 
PA Dosage
Sixty-nine (quasi-)experimental articles (97.2%) provided data on the length of the interventions, which ranged from a single session to 18 months. Frequency-wise, interventions consisted of one to 15 total sessions per week (when combining in-person and home-based sessions), and duration-wise, sessions ranged from five to 120 minutes (including warm-up and cool-down, where applicable). Of note, six articles (8.5%) did not specify the frequency of sessions per week, and 14 (19.7%) did not specify the duration of individual sessions. 
Target PA intensity was not consistently reported. For aerobic training, target intensity was specified descriptively (e.g., light-to-moderate, moderate, moderate-to-vigorous,), objectively (e.g., expressed as a % of maximum heart rate [HRmax], % of heart rate reserve [HRR], % of maximum oxygen uptake [VO2max], % of peak power, metabolic equivalent [MET] hours per week [120], revolutions per minute [RPM]), or using subjective measures (e.g., rating of perceived exertion). Resistance/strength training was expressed using different combinations of training variables (e.g., concentric strength [i.e., one repetition maximum (1-RM), maximum voluntary isometric contraction, volume, and frequency]) and targeted muscles. For example, in one study [86], strength training consisted of 2-3 sets of 8-12 repetitions at 70-80% of participants’ 1-RM. In most cases, it was not possible to extract whether intensity was increased across the intervention, nor whether the target intensity had been reached. Overall, the lack of consistent and transparent reporting, coupled with the heterogeneity of PA intensity and volume across articles, prohibited summary statements.
PA Type
Most (n=62, 87.3%) interventions focused on having participants meet specific PA targets (i.e., PA as the intervention). In such cases, interventions comprised: aerobic/endurance training (e.g., walking, cycling, rowing; n=20, 28.2%), resistance/strength training (e.g., upper/lower/full body, core; n=3, 4.2%), combined aerobic/endurance and resistance/strength training (n=24, 33.8%), yoga (n=7, 9.9%), Qigong/Tai Chi (n=5, 7%), exergaming (n=2, 2.8%), and aquatic-based PA (n=1, 1.4%). As well, flexibility/balance training was nested within 11 (15.5%) interventions, and sport/game-based PA was nested within five (7%). Other interventions (n=9, 12.7%) were delivered to promote PA (i.e., PA behaviour change as the outcome of the intervention); in these, participants were encouraged to increase their step count (e.g., to 10,000 steps/day) and/or accumulate PA of their choosing (often to achieve at least 150 minutes of moderate or moderate-to-vigorous intensity PA/week). 
Supervision Level
Interventions were offered in a supervised (involving direct observance and/or distance-based two-way interaction [e.g., phone support, conference calls]; n=33, 46.5%), unsupervised (involving home-based and/or distance-based one-sided support [e.g., motivational text messages and emails]; n=4, 5.6%), or mixed supervised/unsupervised manner (n=33, 46.5%). One (1.4%) article did not specify if the intervention was led/facilitated/supervised or unsupervised. Those offered in a supervised or mixed supervised/unsupervised manner (n=66; 93%) were most often (n=50, 70.4%) led/facilitated/supervised by one or more health professionals (e.g., exercise specialists/instructors, physical therapists, clinical psychologists, physicians, nurses), followed by research staff (n=5, 7%), and parents (n=3, 4.2%) who supervised their children during home-based sessions in addition to in-person supervision from health professionals. Meanwhile, 11 (15.5%) articles did not specify who supervised participants. 
Setting and Format
Sixty-one (85.9%) articles reported the setting(s) in which interventions took place (at least partly), including: distance-based means (involving emails, text messages, phone support, conference calls, and/or interactive web platforms; n=10, 14.1%), hospitals/medical centers (n=7, 9.9%), community centres or fitness facilities (n=6, 8.5%), rehabilitation centers/clinics (n=4, 5.6%), participants' homes (n=3, 4.2%), research facilities (n=2, 2.8%), locations of participants’ choosing (n=2, 2.8%), a mix of in-hospital/fitness facility/research facility and at-home practice (n=11, 15.5%), or a mix of fitness center and distance-based means (n=1, 1.4%). In 15 (21.1%) articles, the setting in which supervised sessions took place was unspecified, but other practice was home-based; since setting was only partially reported, these were labelled as “unspecified/home-based.” Ten (14.1%) articles did not specify intervention setting.
In terms of format, interventions were primarily carried out on individual-basis (n=35, 49.3%); the rest consisted of group-based sessions (n=11, 15.5%) or a mix of individual- and group-based sessions (n=16, 22.5%). One (1.4%) article can be classified as both unspecified and individual (as it did not specify the format of supervised sessions but included individual home-based PA), meanwhile eight articles (11.3%) did not specify format (i.e., individual, group, mixed) of the intervention.
Control and Comparison Groups
At least one control or comparison group was used in 61 (85.9%) articles reporting (quasi-)experimental studies; 38 (53.5%) consisted of usual care, 10 (14.1%) had active comparison(s), eight (8.5%) had a waitlist control, three (4.2%) had add-on comparison(s), and two (2.8%) had both usual care and a healthy control group (though one used healthy control data for comparison from an existing brain image bank rather than including a healthy control group in the study). Of the remaining 10 (14.1%) articles, five (50%) used a single group pre-post design, two (20%) used a case series design, two (20%) were single-group proof-of-concept sub-studies from a pilot RCT, and one (10%) was a case report.
Measures 
Supplementary Material 4 shows an overview of all quantitative measures used across the 97 included articles. Although one study (1%; [65]) also used a qualitative method (i.e., a questionnaire with a relevant opened ended question) to gather data, it is not presented/discussed herein as it is beyond the scope of this review. The following sections describes measures pertaining to this scoping review’s main outcomes of interest (i.e., PA and cognition), and offers a brief summary of additional outcomes. 
PA Measures
Of the 26 articles presenting observational studies, 19 (73.1%) relied solely on self-report measures to assess PA. The most commonly used (n=4, 15.4%) self-report PA measure in these studies was the Leisure Time Exercise Questionnaire (LTEQ; [121]), which asks participants to report the average number of times they engaged in light, moderate, and vigorous PA for more than 15 minutes during a typical seven-day period (though the LTEQ was occasionally modified). The International Physical Activity Questionnaire (IPAQ; [122]), which asks participants to report the time (i.e., days/week, hours/day, and minutes/day) they spent in moderate/vigorous leisure time, domestic/gardening, work-related, and transport-related activities over the past seven days, was also used on more than one occasion (n=2, 7.7%), as was the Behavioral Risk Factor Surveillance System (BRFSS; n=2, 7.7%; [123]), a health survey including six questions on PA type, intensity, and frequency. The remaining seven articles presenting observational studies (27%) used either device-based measures of PA (i.e., accelerometers [n=5, 5.2%] and a multi-sensor monitor [n=1, 1%]) or a combination of device-based and self-report measures (n=1, 1%).
Of the 71 articles presenting (quasi-)experimental studies, 19 (26.8%) solely used a self-report measure (e.g., PA logs and the LTEQ; [121]), 15 (21.1%) solely used a direct measure (e.g., accelerometers, heart rate monitors, multi-sensory activity monitors), and 18 (25.4%) used a combination of self-report and direct measures. Nineteen (26.8%) articles did not report using a measure to assess PA.
Cognition Measures
Similar to measures of PA, the included articles featured a variety of cognitive measures, most of which involved self-report (n=73, 75.3%). Indeed, 53.8% (n=14) of articles presenting observational studies and 55% (n=39) presenting (quasi-)experimental studies solely used self-report measures of cognition. The most frequent self-report measure used across all included articles (n=32, 33%) was the “Cognitive Functioning” subscale of the European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30; [124]) which asks two questions pertaining to difficulty with concentration and remembering over the last seven days. The Functional Assessment of Cancer Therapy—Cognitive Function (FACT-Cog; [125]), which asks participants to assess their own memory, attention, concentration, language, and thinking abilities over the past seven days, was also used commonly (n=13, 13.4%). Other recurring self-report measures included the “Confusion” subscale of the Profile of Mood States (POMS; [126]; n=4, 4.1%) and the “Applied Cognition-Abilities” subscale of the Patient Reported Outcomes Measurement Information System (PROMIS) Questionnaire [127]; n=3, 3.1%).
Objective measures of cognition were presented in 45 (46.4%) included articles; these were used to capture attention/concentration, working and episodic memory, executive function, verbal learning and memory, processing speed, and cognitive flexibility, among other cognitive domains. 38.5% (n=10) of articles presenting observational studies and 19.7% (n=14) presenting (quasi-)experimental studies solely made use of objective cognitive measures, whilst objective and self-report measures of cognition were used in 11.5% (n=3) and 25.4% (n=18) of observational and (quasi-)experimental studies, respectively. Objective measures can be classified as: (1) neuropsychological tests (or performance-based measures), which were used in 43 (44.3%) included articles (n=12, 12.4% observational; n=31, 32% [quasi-]experimental), and (2) neuroimaging techniques, which were used in eight (8.2%) articles (n=1, 1% observational; n=7, 7.2% [quasi-]experimental). For the former, the most common neuropsychological tests featured were: the Trail Making Test (TMT; [128]; n=15, 15.5%), the Stroop Test ([129]; n=7, 7.2%), and both the Digit Span (DS; n=7, 7.2%) and Letter-Number Sequencing (LNS; n=5, 5.2%) subtests of the Wechsler Adult Intelligence Scale (WAIS; [130]) and Wechsler Intelligence Scale for Children (WISC; [131]). As well, the National Institutes of Health (NIH) Toolbox ([132]; n=5, 5.2%) was the most frequently used neuropsychological testing battery. Finally, the three types of neuroimaging techniques used were: Magnetic Resonance Imaging (MRI; n=4, 4.1%), functional MRI (fMRI; n=3, 3.1%) and magnetoencephalography (MEG; n=1, 1%).
Timing-wise, 97.2% (n=69) of (quasi-)experimental articles assessed cognition immediately post-intervention; 22.5% (n=16) also included follow-up assessments ranging from one to 12 months post-intervention.
Additional Measures
As demonstrated in Supplementary Material 4, across the 97 articles, additional measures were used to obtain data pertaining to: (1) descriptive, (2) psychosocial, (3) biophysical, (4) health behaviour, and (5) other factors. Briefly, descriptive measures were used in nearly every study (n=96, 99%) to collect data on participants’ sociodemographic (e.g., age, sex/gender, ethnicity/race, education, employment status, income, marital status) and/or medical (e.g., cancer type, cancer stage, cancer treatment history, comorbidities) characteristics. Psychosocial measures were used to collect data on participants’ QoL (n=44, 45.4%), fatigue (n=35, 36.1%), emotional distress, disturbance, and/or depression (n=34, 35.1%), anxiety (n=13, 13.4%), mood/affect (n=12, 12.4%), stress (n=5, 5.2%), symptom-related distress/burden (n=3, 3.1%), emotional and behavioural function/regulation (n=3, 3.1%), mental health/function (n=2, 2.1%), self-esteem (n=2, 2.1%), vitality (n=1, 1%), arousal and cognitive engagement (n=1, 1%), and fear of recurrence (n=1, 1%). Biophysical measures were used to collect data on participants’ body anthropometrics (n=54, 55.7%), general physical function (n=10, 10.3%), aerobic capacity (n=32, 33%), functional fitness (n=1, 1%), muscular strength/endurance (n=21, 21.6%), perceived physical exertion (n=18, 18.6%), balance/flexibility (n=6, 6.2%), biomarkers (n=10, 10.3%), pulmonary function (n=8, 8.2%), motor/neurological/neuromuscular function (n=5, 5.2%), pain (n=4, 4.1%), cerebrovascular function (n=1, 1%), neurotoxicity (n=1, 1%), endocrine symptoms (n=1, 1%), joint pain/stiffness/dysfunction (n=1, 1%), nausea (n=1, 1%), and cellular health (n=1, 1%). Health behaviour measures (excluding PA) were used to collect data on smoking behaviour/tobacco use (n=13, 13.4%), alcohol consumption (n=4, 4.1%), sleep quality (n=9, 9.3%), dietary/nutrition habits (n=4, 4.1%), and ability to engage in activities of daily living (n=4, 4.1%). Finally, several other factors that did not fit the categories described above were also assessed in 13 articles (13.4%). These included variables such as PA/exercise motivation and/or self-efficacy (n=3, 3.1%), overall health perceptions (n=2, 2.1%), PA/exercise barriers (n=1, 1%), health competence beliefs (n=1, 1%), activity-specific self-efficacy (n=1, 1%), patient expectations (n=1, 1%), intervention perceptions (n=1, 1%), treatment intensity (n=1, 1%), spirituality (n=1, 1%), meditative focus (n=1, 1%), intelligence (n=1, 1%), and acculturation (n=1, 1%).
Key Results
As stated in the objectives statement, this review aimed to summarize evidence regarding the associations or effects between PA and cognition. When considering the results collectively (i.e., Table 1 for summary format; Supplementary Material 5 for detailed format), they show that the evidence for an association with, or an effect of PA on cognition (or vice versa) is mostly (n=64, 66%) inconclusive. These results, synthesized below by broad study design, show the state of knowledge is insufficient, and a high degree of uncertainty remains. 
Table 1. Summary of Key Results Regarding Associations with, or Effects of PA on Cognition (and vice versa)
	Study Design
	Classified Key Results (Totals and References)

	
	Positive
	Inconclusive
	Negative

	Observational (N=26)1

	Cross-sectional (n=18)
	n=7
[17, 18, 27-29, 31, 43]
	n=11
[30, 32, 34, 35, 39-42, 44, 47, 48]
	-

	Longitudinal (n=8)
	n=5
[19, 26, 36, 45, 46]
	n=3
[33, 37, 38]
	-

	(Quasi-)Experimental (N=71)2

	Randomized controlled trials (n=53)
	n=14
[57, 58, 62, 67, 68, 75-77, 82, 87, 94, 104, 114, 115]
	n=37
[49-53, 55, 56, 59-61, 63, 66, 69-74, 78-80, 85, 86, 89, 90, 92, 93, 96, 102, 105-109, 112, 113, 117]
	n=2
[54, 88]

	Non-randomized controlled studies (n=18)3
	n=5
[81, 95, 99, 118, 119]
	n=13
[66, 67, 83, 84, 91, 97, 98, 100, 101, 103, 110, 111, 116]
	-

	All Studies
	n=31
	n=64
	n=2


1Relevant to associations between PA and cognition.
2Relevant to PA-related effects on cognition (N=70) and cognition-related effects on PA (N=1; [62]).
3E.g., Non-randomized controlled trial, controlled before-and-after study, interrupted time series study, case series.
Associations Between PA and Cognition (Observational Studies)
Twenty-six articles presenting an observational study reported results from statistical tests used to assess the association between PA and cognition; thus, 26 serves as the denominator for the following percentage calculations. Eight (30.8%) articles using only self-report measures of cognition reported overall positive associations such that greater PA was associated with fewer perceived cognitive impairments and better perceived task efficiency, organization, working memory, and general cognitive functioning; in one case, greater cognitive competence was associated with higher PA levels over time. Mostly positive associations were also reported in two (7.7%) articles using only objective measures (such that greater PA was associated with better attention, visual memory, and psychomotor speed/reaction time) and two (7.7%) articles using both self-report and objective measures (such that greater PA was associated with smaller lesion volumes and better perceived story memory recall, cognitive impairments, general cognitive functioning, and sustained attention). Therefore, in total, 12 (46.2%) observational articles reported overall positive associations. Fourteen (53.8%) articles were classified as inconclusive, and none noted negative associations between PA and cognition. 
PA-Related Effects on Cognition ([Quasi-]Experimental Studies)
Seventy (72.2%) articles reported on studies appraising the effects of PA on cognition; thus, 70 served as the denominator for the following percentage calculations. Twelve (17.1%) articles using only self-report measures of cognition reported overall positive associations such that PA was associated with reduced memory difficulty and mental fatigue and better perceived general cognitive functioning. Mostly positive associations were also noted in four (5.7%) articles using only objective measures whereby PA was associated with better response accuracy, conceptualization, mental flexibility, programming, sensitivity to interference, inhibitory control, environmental autonomy, and increases in neural activity in several brain regions. As well, two (2.9%) articles that used both self-report and objective measures reported mostly positive associations between PA and perceived vocabulary, visual-spatial construction, and general cognitive functioning, along with performance-based cognitive flexibility. Although 18 (25.7%) articles reported overall positive results, the effects of PA on several cognitive domains were inconclusive in 50 (71.4%) articles, and negative effects were reported in two (2.9%) articles for perceived cognitive abilities and general cognitive functioning. Thus, considered collectively, PA did not consistently influence cognition.
Cognition-Related Effects on PA ([Quasi-]Experimental Studies)
One (quasi-)experimental study (1.4%) examined the effects of cognition on PA. In the context of a virtual, 18-month weight-loss intervention aiming to boost PA adoption and maintenance, cognitive symptoms at six months significantly predicted change in moderate-to-vigorous intensity PA levels from six to 18 months.
Discussion
As many persons with cancer experience and feel burdened by CRCI [14, 133], inquiry into self-management interventions is necessary. This scoping review systematically retrieved and summarized 97 articles (representing 87 unique studies) that examined the potential role of PA–a key self-management behaviour–for mitigating CRCI in persons with cancer to: (1) identify and synthesize published studies on PA and cognition among persons with cancer, and (2) elucidate knowledge gaps requiring further research. In relation to the first objective, 64 articles presented results that were inconclusive overall [30, 32-35, 37-42, 44, 47-53, 55, 56, 59-61, 63-66, 69-74, 78-80, 83-86, 89-93, 96-98, 100-103, 105-113, 116, 117], 12 articles presenting observational studies supported the notion that PA is positively associated with cognition [17-19, 26-29, 31, 36, 43, 45, 46], 19 articles presenting (quasi-)experimental studies showed that PA has positive effects on cognition (or vice versa) [57, 58, 62, 67, 68, 75-77, 81, 82, 87, 94, 95, 99, 104, 114, 115, 118, 119], and two articles reported negative results [54, 88]. In those reporting positive results, general cognitive functioning aside, many domains of cognition were associated with/affected by PA, including: (1) better (perceived) task efficiency, organization, working memory, sustained attention, vocabulary, visual-spatial construction, and mental fatigue, and (2) improved (objective) attention, visual memory, psychomotor speed/reaction time, response accuracy, conceptualization, mental flexibility, programming, sensitivity to interference, inhibitory control, environmental autonomy, cognitive flexibility, and neural activity in several brain regions. In relation to the second objective, several knowledge gaps requiring further research were elucidated due to the limitations of the included articles (e.g., small sample sizes, lack of generalizable findings, lack of long-term follow-up, incomplete reporting, limited assessment of cognition, lack of control/comparison group in several studies). Collectively, results from this review confirm that state of knowledge is insufficient. Discussed next are the implications of these results, identified gaps, and recommendations for building a stronger evidence base.
Implications
	PA guidelines for persons with cancer have been published and are updated regularly [13, 134]; these generally call for at least 150 minutes per week of moderate intensity PA (or at least 75 minutes of vigorous intensity PA), including muscle strengthening on at least two days. Given that previous research has supported the role of PA in ameliorating cognitive deficits in those with several diseases of cognition (e.g., mild cognitive impairment, dementia; [135, 136]) and persons undergoing chemotherapy for cancer [15], it has potential as a self-management strategy for CRCI. Overall, 31 articles (32%) included in this review provide evidence that is either suggestive of a positive association between PA and cognition [17-19, 26-29, 31, 36, 43, 45, 46], or in support of the idea that PA (i.e., aerobic, strength, combined aerobic/strength, mind-body [e.g., yoga, tai chi, Qigong], other [e.g., aquatic, exergaming]) may improve cognition (or vice versa) [57, 58, 62, 67, 68, 75-77, 81, 82, 87, 94, 95, 99, 104, 114, 115, 118, 119] in persons with cancer. Despite the largely inconclusive results (n=64, 66%), these positive results (alongside the scarce negative results [n=2, 2.1%]) are promising. Previous reviews have shown that PA supports health and QoL among persons with cancer [137], and a recent systematic review and meta-analysis reported that combined aerobic and resistance training had a small, yet statistically significant effect on social cognition compared to usual care [15]. Coupled with such evidence, results from this scoping review suggest efforts are needed to: (1) promote PA as most persons with cancer are insufficiently active [138], and (2) investigate the effects of PA on cognition. 
Identified Gaps and Future Studies
Study Design
With respect to study design, the lack of follow-up indicates that the long-term and sustained effects of PA on cognition is a topical area of research. Indeed, only 16 (22.5%) (quasi-)experimental articles included follow-up cognitive assessments [53, 57, 59, 60, 66, 67, 78-80, 82, 89, 91, 99, 102, 104, 108], and none assessed the effect of PA on cognition past 12 months post-intervention. Rather, cognitive function was assessed immediately post-intervention in most (n=69; 97.2%) articles presenting (quasi-)experimental studies [49-61, 63-118]. Moreover, although 85.9% (n=61) of articles presenting (quasi-)experimental studies used a control/comparison group [49-63, 66-80, 82, 85-94, 96, 97, 99, 101-117], more studies comparing alternative PA interventions are needed to identify factors that impact individual response to PA (e.g., type of training [i.e., aerobic, strength, a combination], level of attention [i.e., mindful or mindless], delivery format [i.e., group-based, individual, a combination], setting/mode [e.g., indoors or outdoors; supervised or unsupervised, in-person or virtual], session duration, session frequency, session timing [i.e., morning, afternoon, or evening], and total length of the program).
Study Sample 
There was considerable variation in the analyzed sample sizes for observational studies (with as few as 15 participants [33] to over 6,000 [46]), and most (quasi-)experimental studies had smaller sample sizes, ranging from 1 to 500. The small sample size of many of the studies warrant trials with larger sample sizes. Moreover, a careful approach to selecting the sample is needed. Indeed, most studies were conducted in higher income countries where healthcare systems likely differ from those in lower income countries. This could partly be due to restricting this review to articles published in English, but it is also possible that research on cognition in lower income countries is being neglected; thus, new opportunities and possibilities are needed to reach persons with cancer globally. Further, most articles reported on studies including adults with cancer (n=56, 57.7%); considerably fewer included adolescents and young adults (i.e., 15-39 years; www.cancer.gov/types/aya; n=4, 4.1%) or children (n=7, 7.2%), and 27 studies (27.8%) included a mix of age brackets. As well, samples across articles largely (n=48, 49.5%) included persons with breast cancer, though diagnoses of brain cancers were common in the few studies focused on pediatric groups [53, 58, 76, 101, 105]. Whilst it is appropriate to recruit women with breast cancer if the aims of the study are restricted only to this population, it confines interpretations about whether PA plays a role in mitigating CRCI in other populations across the lifespan. Thus, moving forward, diverse sampling would be ideal to allow for more generalizable conclusions. To this end, future research should focus on trial designs and enrolment procedures that encourage and facilitate the recruitment of more diverse groups of participants (i.e., in terms of age, sex/gender, varying cancer diagnoses, treatment status, geographic location, socioeconomic status) and consider including persons living with the poorest physical, cognitive, and psychological functional abilities as they bear the highest burden of disease and yet are regularly excluded in PA-based experimental studies.
(In)consistencies in the Evidence
Although positive associations or effects were identified in 32% (n=31) of included articles [17-19, 26-29, 31, 36, 43, 45, 46, 57, 58, 62, 67, 68, 75-77, 81, 82, 87, 94, 95, 99, 104, 114, 115, 118, 119], the majority (n=64; 66%) presented inconclusive results [30, 32-35, 37-42, 44, 47-53, 55, 56, 59-61, 63-66, 69-74, 78-80, 83-86, 89-93, 96-98, 100-103, 105-113, 116, 117], and some (n=2; 2.1%) presented negative results [54, 88]. The apparent contradictory results are, in fact, consistent with previous reviews [16]. A potential explanation for discrepancies may be that different pathological mechanisms underpin cognitive impairments in different types of cancer; this would suggest that PA may produce more meaningful cognitive benefits for certain types of cancer or amongst those receiving specific treatment protocols. However, the inconsistent results within- and between-studies could also be attributed to: (1) statistical methods and artefacts (e.g., categorical and continuous variables, lack of sensitivity of measures to detect change, measure reliability, low statistical power or small sample size, irregular statistical correction of potentially biasing factors), (2) conceptual and operational ambiguity of the constructs, moderating/mediating factors (e.g., medical characteristics, background variables, psychological, physical and social functioning), and (3) methodological differences (e.g., variations measures, participants, types of PA interventions). Alternatively, it is possible that the PA interventions used in the (quasi-)experimental articles were unable to provide a stimulus sufficient enough to improve cognition or underlying mechanisms (e.g., regional brain volume and structural connectivity), or that some (but not all) PA has cognitive benefits. Unfortunately, current research does not readily address these inconsistences, which can create several problems. Most notably, it can raise doubts amongst end-users and have a negative impact on their beliefs and attitudes towards PA; in turn, this may impact their decision to engage in PA. Further studies are required to confirm the latter remarks.
Frequently, multiple measures of cognition are used, which is necessary because a single measure cannot capture the range of domains reflecting cognitive (dys)function. However, authors seldom hypothesized if some measures and not others would be associated with PA. Indeed, many (if not most) of the hypotheses in the articles were general statements about the associations or effects in the entire studied population. However, the absence of generalized cognitive benefits in the results suggests that such general hypotheses (i.e., PA enhances all dimensions of cognition in all populations of interest) may not hold. One way of addressing inconsistencies is to devise studies that test specific hypotheses to reveal links between PA parameters (i.e., frequency, duration, intensity, type, location, setting [indoors/outdoors, individual/group]) and specific dimensions of cognition, as well as populations and conditions (e.g., prior to or after treatment). Such research will allow for reliable and valid conclusions that may lead to a greater understanding of how to develop and implement PA interventions to maximize their effects.
PA Intervention Reporting
Comprehensive reporting for complex interventions like PA is crucial given the many variables that may impact its effectiveness. However, PA interventions were often poorly-reported across included articles. Whilst the reasons for this are unclear (i.e., full adherence to checklist can be difficult with stringent word limits imposed by many journals, authors may be unfamiliar with existing checklists or have published before the advent of checklists), it reduced the completeness of reporting observed in this review. Indeed, several articles did not include or clearly state information pertaining to: (1) how/why participation in the intervention will lead to desired outcomes, (2) type(s) of PA, (3) PA dosage (e.g., number of sessions/sets/repetitions, session duration, session frequency and timing, intensity, intervention/program duration), (4) supervision (e.g., supervised/unsupervised/mixed, qualifications and any training undertaken by intervention provider), (5) setting (e.g., individually/in a group/mixed, type(s) of locations(s) where the sessions occurred and mode(s) of delivery [e.g., face-to-face/internet/phone]), (6) enabling/supporting activities (e.g., motivational strategies), (7) key principals of training (e.g., progression, tailoring), (8) if/how feasibility metrics (e.g., study retention, intervention adherence, compliance, and fidelity) were assessed/measured, and/or (9) safety. This is problematic because it not only impairs evidence synthesis and replication, but it limits the ability to determine what (if any) PA interventions are effective and thus hinders the translation of research into practice. All relevant PA intervention characteristics should be thoroughly considered prior to the start of a study and reported within the manuscript (along with any deviations) to gain insight into real-word circumstances. This said, published guidelines (e.g., Consolidated Standards for Reporting Trials; [139]; Transparent Reporting of Evaluations with Nonrandomized Designs; [140]; Consensus on Exercise Reporting Template (CERT); [141]; Template for Intervention Description and Replication (TIDieR); [142]) should be utilized to help improve the quality of reporting and communication of research results. Furthermore, better means of involving participants’ perspectives in the design and delivery of interventions is needed to maximize adherence and fidelity, which should in turn be monitored and reported.
PA and Cognition Measures
A key factor constraining the interpretation of the association between PA and cognition involves the conceptual and operational ambiguity of both constructs, and in turn, the wide mix of methods and measures (validated and non-validated) used (e.g., questionnaires/scales, sensors, neuropsychological tests, and neuroimaging techniques). While in some cases it may have been for feasibility and/or economic reasons, justification for the chosen measures was often lacking in the included articles. Critically, in terms of cognition measures, nearly half (n=48; 49.5%) of the included articles made use of self-report questionnaires designed to assess other constructs (e.g., QoL, fatigue), rather than measures focused specifically on cognition. That is, studies often used global measures like the EORTC QLQ-C30 [124] and the PROMIS Questionnaire [127] (for instance) to measure cognition, though each only has one subscale comprising a few items that assess cognitive function; this limits the ability to extract specific data on which cognitive domains may be affected. As well, since cognitive outcomes were typically nestled within larger questionnaires, they were not always discussed in the results of included articles; instead, information was often solely provided as a number in a table which could lend itself to misinterpretation. Further, despite there being value to using both self-report and objective measures of cognition, only 20.6% (n=20) of articles presented studies that did so, which may not accurately capture participants’ cognition. Last, articles reporting on studies using objective measures of cognitive function generally had smaller sample sizes (M=125.7, SD=260.9; Mdn=49.5, IQR=26.5-92.3; range=1-1286) than those that used self-report measures (M=456.6, SD=1221; Mdn=81, IQR=47-206; range=11-6199); thus, the potential lack of power across these studies should be considered when drawing conclusions from these data. 
Additionally, the type of PA assessment could also have influenced the results. The most common method of assessing PA was using self-report measures (n=57, 58.8%), which include largely subjective indices of PA (e.g., frequency of light/moderate/vigorous intensity PA, time spent engaging in PA, number of steps). To address criticism of self-report PA measures, some researchers used direct measures (e.g., accelerometers; n=40, 41.2%); however, the association between PA and cognition may be moderated by several factors (e.g., motivation to engage in PA, general satisfaction with PA, affect during PA, timing of PA, physical, mental, and social contexts of PA), all of which have not been thoroughly assessed nor investigated. To better understand the association between PA and measures of cognition, it is necessary to isolate the individual contributions of PA quantity and quality. Practically, it is important to investigate which aspects of PA affect cognition.
Strengths and Limitations of this Review
A strength of the current review is its use of scoping review methodology to gain insight into a broad spectrum of literature on the topic of PA and cognition in persons with cancer. It was conducted using a thorough and systematic process that is replicable, transparent, and rigorous, and it was carried out with the involvement of expert librarians. For example, a comprehensive search was conducted using a search strategy validated by two expert librarians, authors were contacted to clarify specific details to ensure all published studies were identified, and multiple reviewers screened the selected articles and extracted the data. Furthermore, all study designs, cancer types, and treatment statuses were considered. As a result, this scoping review analyzed a large volume of research on PA and cognition. 
Nevertheless, limitations to this review still exist. First, only articles published in English language were included, which may have discounted other valid studies and/or introduced publication bias toward significant results. Second, studies relying solely on qualitative methods were excluded; this may have resulted in the omission of important and relevant evidence regarding the association between PA and cognitive function or the effects of PA on cognitive function (or vice versa). Third, it is possible that results were counted more than once as the analysis was conducted at the article level and not at the level of individual unique studies, and p-values were relied on to categorize articles. Whilst p-values are useful in pointing out where an association or effect may be present, they have often been misused and misunderstood [143]. Fourth, as with any review, the quality of the review is only as good as the articles reviewed; while the inclusion of a range of study designs and methodologies is appropriate to synthesize diverse types of evidence and aligned with scoping review practice, it is important to acknowledge that conclusions of this review are largely dependent on the conduct and reporting of primary studies. Fifth, the variation between the full-texts (e.g., study types, methods, analytical techniques, levels of detail) and the lack of consistent reporting made it difficult to present results in a compact manner beyond stating positive, negative, or inconclusive results. Sixth, although this review aimed to focus on persons with cancer, some participants (n=9, 9.3%) included across the articles had not received a cancer diagnosis (e.g., sibling and other healthy control comparisons; [18, 19, 26, 29, 30, 36, 40, 48, 116]). However, these articles were deemed appropriate for inclusion as results pertaining to whether cognition was associated with/affected by PA in persons with cancer were reported. Seventh, observational studies (i.e., cross-sectional and longitudinal studies) and experimental studies (i.e., quasi- and experimental studies) were grouped together. Nevertheless, Table 1 presents results by key study design and results for each individual article is presented in Supplementary Material 5. Finally, given the burgeoning interest in this topic, it is possible that more articles have been published since the most recent database search was undertaken that would have met eligibility criteria for this review.
Conclusions
Cognitive impairment is a prevalent and disabling side effect of cancer treatments [14]. Optimizing cognitive function should be a concurrent goal of cancer care to reduce the burden of disease. This is the first review of both observational and (quasi-)experimental studies to analyze whether PA is associated with or has an effect on cognition (or vice versa) in persons with cancer. The majority (n=64, 66%) of articles reported overall inconclusive results; others were positive, and few were negative. Thus, the state of knowledge is insufficient and a high degree of uncertainty remains. Additional PA intervention trials employing high-quality methodological designs are required to confirm and expand on these findings. Such trials may provide insight into the short- versus long-term and sustained effects of PA on cognition, the optimal parameters and timing of PA, and explanations for intra- and inter-individual response variability within a given study. This said, although randomized controlled trials are touted as the ‘gold standard’ to elucidate causal and dose-response associations and would be desirable in this area of research, it is questionable how feasible their implementation is considering difficulties associated with blinding participants to a PA intervention arm (and the biases that nonblinding poses), as well as the ethics of allocating participants to a control arm who may stand to benefit from the PA intervention. Accordingly, it may be sensible to expect and accept alternative experimental study designs to traditional parallel group RCTs such as randomized crossover trials, n-of-1 trials, and uncontrolled/non-randomized trials. 
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