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Abstract
Purpose: Young adults report challenges concerning cancer-related cognitive impairment (CRCI). This study aimed to: (1) describe cognition in young adults post-cancer treatment using self-report/performance-based measures, and (2) examine associations between cognition and relevant disease-related, psychological, and lifestyle (physical activity; PA) factors. Methods: Forty-six young adults (Mage=31.45.4 years; 91.3% female) completed web-based questionnaires and neuropsychological tests; data were analyzed via descriptive statistics and bivariate correlations. Results: Most (60.9%) self-reported clinically meaningful CRCI and displayed poorer executive functioning/processing speed (but not working memory) than normative data. Disease-related factors, psychological factors, and PA had null-to-moderate (rs=-0.32-0.28), small-to-large (rs=-0.74-0.77), and trivial-to-moderate (rs=-0.16-0.36) correlations with cognition (respectively), with differences in magnitude between self-reported/objective cognition. Conclusion: The observed correlations warrant further exploration in larger prospective studies, and trials should investigate causative mechanisms and specific PA parameters.

Introduction
Young adults report reduced quality of life (QoL) after cancer treatment,1 with cancer-related cognitive impairment (CRCI) posing a notable challenge. CRCI hinders key cognitive domains2,3 and has significant psychosocial consequences for this group.4,5 Nevertheless, while well-documented in older cancer cohorts,6 CRCI remains understudied in young adults post-treatment.7 To better understand its scope/effects for this unique population, comprehensive assessment combining self-report of CRCI’s impact on QoL8 and objective “gold standard” measures9 is crucial, as is exploration into its correlates.
[bookmark: _Toc64390419][bookmark: _Toc64390927]Published research has focused on sociodemographic (e.g., age, cognitive reserve, education) and genetic (e.g., brain-derived neurotrophic factor, Apolipoprotein E) risk factors for CRCI.10 However, disease-related factors (e.g., cancer type, time since diagnosis, treatment) may also impair neurological function, increase neurotoxicity, and thus heighten CRCI susceptibility.2,11,12 As young adults exhibit distinct cancer biology, progression, and survivorship outcomes from other cohorts,13,14 determining how such disease-related variables relate to their cognition is necessary.
Moreover, evolving CRCI models suggest cancer treatments can directly impact cognition or interact with modifiable factors that protect against/exacerbate cognitive decline.10 Psychological factors are relevant as cancer negatively impacts various psychological outcomes correlated with CRCI. Cognitive complaints and performance are well-linked to distress (i.e., depression, anxiety), stress, fatigue, and poor QoL in certain cancer cohorts (e.g., breast),15-27 but are less explored in young adults. Given the high incidence of distress and psychiatric disorders in adolescents and young adults post-cancer treatment,28,29 they may be particularly vulnerable to CRCI. Exploring the interplay between cognition and psychological factors in this group is key to identifying those at risk of CRCI and guiding intervention sample selection. 
Finally, physical activity (PA), a modifiable lifestyle factor, may also relate to CRCI.10 Growing research suggests PA benefits cognition in individuals living with/beyond cancer, though results are inconsistent and underexplored in young adults.30,31 Findings from pediatric and older cancer cohorts may not apply to young adults due to developmental differences,7,32,33 differing cancer types/treatments,34 and unique lifestyle patterns which influence engagement in health behaviours like PA.35 Establishing links between PA and cognition in young adults would support PA-based intervention research. 
Current Study
Study objectives were: (1) describe cognition in young adults after cancer treatment using self-report and performance-based measures, and (2) examine associations between cognition and disease-related, psychological, and lifestyle (PA) factors. 
Methods
[bookmark: _Toc64390425][bookmark: _Toc64390933][bookmark: _Toc108994743]Design
This descriptive correlational study presents quantitative data from a mixed-methods study exploring how young adults experience/cope with CRCI post-cancer treatment; qualitative results are published elsewhere.5 Reporting follows the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist36 (Supplementary File 1). The University of Ottawa Research Ethics Board approved this study, and participants provided informed consent before data collection.
Recruitment
Young adults were recruited between 08/2021-05/2022 via social media, cancer-support websites/newsletters, and word of mouth. Inclusion criteria were: (1) cancer diagnosis between 15-39 years, though the minimum age to participate was 16 years based on the minimum age at which individuals can provide informed consent for themselves where ethical approval was obtained for this study, (2) completed primary treatment for non-metastatic cancer, (3) Internet/audio-visual device-access, and (4) able to read/speak/provide informed consent in English. Exclusion criteria were: (1) traumatic brain injury with residual symptoms, (2) selective serotonin reuptake inhibitor/serotonin norepinephrine reuptake inhibitor-use to treat a major mood disorder, and/or (3) a substance use disorder diagnosis within the past year. 
Procedures 
[bookmark: _Toc394661207]Figure 1 illustrates flow for the larger study. Given COVID-19 restrictions, data for this study were collected using an online survey housed on SurveyMonkey and three neuropsychological tests administered via Inquisit 6 Web (millisecond.com/products/web). Participants were entered into a draw for a $100 CAD gift card, with one entry per larger study component (i.e., survey, neuropsychological tests, interview) initiated.
[INSERT TABLE 1]
[bookmark: _Toc64390937]Measures
Survey
Questionnaires assessed: (1) sociodemographic/medical characteristics (including a 36-Item Short Form Health Survey37 item), (2) self-reported cognition (Functional Assessment of Cancer Therapy [FACT]-Cognitive Function [FACT-Cog]),38 (3) depressive symptoms (10-Item Center for Epidemiologic Studies Depression Scale),39 (4) perceived stress (10-Item Perceived Stress Scale),40 (5) cancer-related fatigue (FACT-Fatigue),41 (6) QoL (FACT-General),42 and PA (Leisure-Time Exercise Questionnaire [LTEQ]).43 Questionnaires were scored as recommended and have evidenced reliability/validity in cancer groups.38,41,42,44-47 Following PA guidelines,48 moderate-to-vigorous intensity PA (MVPA) was the focus; accordingly, the LTEQ was scored by multiplying moderate/vigorous PA frequency scores by their metabolic equivalent of task values (moderate *5; vigorous *9) and summing them to obtain a Leisure Score Index (LSI). Using published cut-points,49 participants were categorized as active (LSI ≥24) or insufficiently active (LSI <24). LTEQ analyses involved continuous and categorical variables. 
Neuropsychological Tests
With input from a licensed neuropsychologist, three tests were selected to objectively assess cognition: (1) Modified Wisconsin Card Sorting Test (M-WCST)50 for executive functioning, (2) Auditory Letter-Number Sequencing Test (A-LNST)51 for working memory, and (3) Trail Making Test (TMT)52 for executive functioning/processing speed. Since testing was web-based and unsupervised, participants were emailed instructions to: (1) download Inquisit 6 Web software, (2) complete tests independently on a computer when “cognitively alert” and in a distraction-free environment, and (3) use their dominant hand. They were also informed that Inquisit 6 Web would provide detailed instructions and one practice attempt per test, along with guidance on how to exit tests if needed. Automated raw score outputs were available for analysis upon completion of testing. Such remote neuropsychological testing has shown promising reliability.53
[bookmark: _Toc108994747]Sample Size
No sample size calculation was performed.  
Data Analysis
Data were analyzed in SPSS (Version 28). Descriptive statistics were used for descriptive analysis. Impaired cognitive domains were identified by comparing neuropsychological test means to norms from relevant reference groups.54 Correlation analysis (Pearson, Kendall’s tau b, point biserial) was used to describe correlations between cognition (self-reported/objective) and the examined factors. Confidence intervals were reported, and correlation coefficient effect sizes were interpreted as trivial (<0.05), small (±0.10), moderate (±0.30), and large (±0.50).55
Results
Participants
Forty-six young adults (Mage=31.4±5.4; range: 23-39) participated (Supplemental File 2 provides a flow diagram; Table 1 presents characteristics). Most were female/women, White, married/common-law, post-secondary-educated, working/transitioning into work, had annual household incomes <$100,000 CAD, and perceived their health as “good/very good.” Participants averaged 3.2±2.9 (range: 0-10) years post-diagnosis, mainly with stage II and hematological cancer, and they underwent surgery as primary treatment. Relative to scale ranges, participants reported moderate levels of depressive symptoms, perceived stress, cancer-related fatigue, and QoL, and on average, they were physically active. 
[INSERT TABLE 1]
Describing Cognition
Levels of cognition are provided in Table 2. For self-reported cognition, participants scored highly on the Comments from Others (CO) subscale of the FACT-Cog, though other subscale scores (Perceived Cognitive Impairments [PCI], Perceived Cognitive Abilities [PCA], Impact on QoL) and the total FACT-Cog score were moderate relative to scale ranges. Further, 28 (60.9%) participants scored below the published 54/72 PCI subscale cut-point signifying clinically meaningful CRCI.56
[bookmark: _Hlk107861084]For objective cognition, participants scored in the 20th percentile rank on the M-WCST compared to norms from healthy individuals aged 16-75 years,57 suggestive of worse executive functioning. The mean A-LNST score exceeded norms (M=8.7±2.9) from healthy adults aged 19-60 years,58 corresponding to better working memory. Last, participants scored in the 40th percentile rank on the TMT relative to age-stratified norms from healthy individuals aged 25-34,59 suggestive of worse executive functioning/processing speed. 
[INSERT TABLE 2]
Associations with Cognition
Table 3 presents bivariate correlations between cognition and each examined factor; Supplementary File 3 includes correlations between all study variables. Most (n=33/72; 45.83%) relevant correlations were of small magnitude, and generally, smaller correlations were noted between the objective tests and each factor than for self-reported cognition.
[bookmark: _Hlk104246982]For disease-related factors, greater time since diagnosis was associated with lower self-reported cognition (rs=-0.32-[-0.13]), but better performance on the A-LNST (r=0.10) and TMT (r=-0.08); it was not associated with self-report on the PCA subscale nor performance on the M-WCST (rs=0). More advanced cancer stage was associated with better self-reported cognition apart from the CO subscale (rs=-0.03-0.15) and better performance on the M-WCST (r=0.13) and TMT (r=-0.15), but worse performance on the A-LNST (r=-0.17). Chemotherapy exposure was associated with lower self-reported cognition apart from the PCA and Impact on QoL subscales (rs=-0.24-0.12) and trivially worse performance on the A-LNST (r=-0.04), but better performance on the M-WCST (r=0.28) and TMT (r=-0.30). 
For psychological factors, poorer QoL and greater depressive symptoms, perceived stress, and cancer-related fatigue were associated with lower self-reported cognition (rs=-0.74-0.77) and worse performance on the M-WCST, A-LNST, and TMT (rs=-0.24-0.22), apart from one correlation linking greater fatigue to better M-WCST performance (rs=-0.11).
For the lifestyle factor, greater MVPA (continuous/categorical) was associated with higher self-reported cognition (rs=0.14-0.36) and trivially better performance on the M-WCST (continuous MVPA only; r=0.04) and TMT (rs=-0.04-[-0.03]), but worse performance on the A-LNST (rs=-0.16-[-0.05]). 
[INSERT TABLE 3]
[bookmark: _Toc103257995][bookmark: _Toc104310212][bookmark: _Toc108994765]Discussion
[bookmark: _Hlk56634358]This study aimed to describe CRCI in young adults post-treatment and explore associations with select disease-related, psychological, and lifestyle factors. Many self-reported clinically meaningful CRCI and performed poorly on tests of executive functioning/processing speed compared to normative values, indicating incomplete recovery. Small-to-large correlations between cognition and most factors warrant further investigation in larger prospective studies. Results also highlight the importance of examining causative mechanisms and specific PA parameters in detail, especially in trials.
The high self-reported CRCI and weak executive functioning/processing speed performance herein extend findings on perceived/objective cognition in adolescents and young adults.60-63 Given CRCI’s toll on this cohort,5 exploring interventions is imperative. However, unlike previous studies with cancer populations,60,64 participants exceeded normative working memory values. This unexpected result may stem from using A-LNST norms based on in-person testing with adults,58 or perhaps since older age/lower education relate to poorer A-LNST scores,65 this younger/more educated sample was favoured. Controlled (i.e., distraction-free, suitably-timed) testing conditions could have also led to “optimal” performance. Future studies should use multiple working memory tests and assess this domain in real-world scenarios where young adults encounter competing cognitive demands.7
Chemotherapy exposure generally correlated with poorer self-reported/objective cognition, supporting extensive research on “chemobrain.”66-68 As young adults often undergo chemotherapy as cancer treatment, they may require careful monitoring during this process. Results also show that as time since diagnosis increased, self-reported/objective cognition broadly decreased, aligning with some longitudinal studies on CRCI in individuals with breast cancer69 and qualitative data from young adults who voiced dynamic/worsening CRCI post-treatment.5 Larger prospective studies are critical to characterize CRCI trajectories, monitor its burden, and identify predictive factors and key intervention periods for young adults. Additionally, advanced cancer stages at diagnosis were associated with generally better self-reported/objective cognition, contradicting findings—albeit, pre-treatment—from breast cancer studies.70 Speculatively, it may not be cancer stage but a combination of biophysiological, psychosocial, and/or behavioural factors that predisposes young adults to CRCI.
Corroborating research with adolescents and young adults,60-63,71 findings suggest lower self-reported cognition related to higher depressive symptoms, perceived stress, cancer-related fatigue, and poorer QoL. Similar associations were noted between objective cognition and these psychological factors, which have not been previously reported for this cohort. Research is needed to determine whether young adults with prior depression/stress/fatigue/poor QoL are predisposed to CRCI, concurrently face cognitive impairment and these psychological outcomes, or if CRCI elicits these outcomes in larger prospective studies.
Last, more MVPA was mostly linked with better self-reported/objective cognition, consistent with previous studies with adolescents and young adults.72-74 Nevertheless, effect sizes were trivial-to-moderate and conflicting data exist across cancer cohorts.30,31 As this study only assessed MVPA frequency/amount, variations in other PA parameters (e.g., type, intensity) may have influenced associations. Alternatively, those who self-reported no/“too much” MVPA may not have benefitted cognitively or may have experienced cognitive fatigue post-PA, respectively.5 Researchers should consider PA parameters and non-linear associations as moderating factors. Moreover, greater MVPA related to better executive functioning/processing speed, but not working memory, unlike prior research.72,75,76 This divergent finding suggests PA may selectively benefit cognitive domains, warranting further investigation. 
Limitations
This descriptive correlational study precludes directional/causal inferences. Other limitations include no a priori sample size calculation, potential under-powering from convenience sampling, limited generalizability due to the homogeneous sample (i.e., mostly female/White), underrepresentation from younger young adults (i.e., 15-23 years), and possible social desirability/recall bias from retroactive MVPA self-reporting (potentially exacerbated by CRCI). Further, the lack of a control group hindered comparison with age/education-matched controls, and using norms from in-person, paper-based tests with adults adds caution to interpreting the objective cognitive data. Finally, adherence to instructions during neuropsychological testing was not monitored, which may have affected results. 
Conclusions
CRCI, common in older cancer cohorts post-treatment, also affects young adults. The present combination of self-reported/objective data supporting this claim extends the literature and addresses an over-reliance on self-report of CRCI. Findings also suggest a potential elevation of CRCI among young adults exposed to chemotherapy and/or closer to diagnosis and highlight the need for longitudinal investigation into links between cognition, psychological factors, and PA to discern the direction of associations and explore whether specific PA parameters may enhance/or thwart specific cognitive dimensions in young adults.

Figure Captions and Tables
Figure 1. Study Flow
Note. FACT-Cog=Functional Assessment of Cancer Therapy-Cognitive Function; PCI=Perceived Cognitive Impairments.

Table 1. Sample Characteristics (N=46).
	Variables
	Scale Ranges
	Values

	Sociodemographic Characteristics
	
	

	Age (M years±SD; range)
	
	31.4±5.4; 23-39

	Sex, n (% female) 
	
	42 (91.3)

	Gender Identity, n (% woman)
	
	41 (89.1)

	Ethnicity, n (% White)
	
	32 (69.6)

	Civil Status, n (% married/common-law)
	
	24 (52.2)

	Highest Level of Completed Education, n (% post-secondary)
	
	41 (89.1)

	Vocational Status, n (% working/transitioning into work)
	
	34 (73.9)

	Annual Household Income, n (% < $100,000 CAD)
	
	31 (67.4)

	Medical Characteristics
	
	

	Age at Diagnosis (M years±SD; range)
	
	28.3±6.2; 15-38

	Time Since Diagnosis (M years±SD; range)
	
	3.2±2.9; 0-10

	Cancer Stage, n (%)
	

	     I
	
	6 (13.0)

	     II
	
	17 (37.0)

	     III
	
	15 (32.6)

	     N/A or Do Not Know
	
	8 (17.4)

	Cancer Type, n (%)
	

	    Hematological
	
	14 (30.4)

	    Breast
	
	13 (28.3)

	    Sarcoma
	
	4 (8.7)

	    Brain
	
	4 (8.7)

	    Carcinoma
	
	4 (8.7)

	    Gynecologic
	
	3 (6.5)

	    Colorectal
	
	2 (4.3)

	    Melanoma
	
	1 (2.2)

	    Testicular
	
	1 (2.2)

	Treatments Received, n (%)
	

	    Surgery
	
	35 (76.1)

	    Chemotherapy
	
	34 (73.9)

	    Radiation
	
	26 (56.5)

	    Hormonal
	
	13 (28.3)

	    Other
	
	8 (17.4)

	Perceived Overall Health, n (%)
	
	

	    Poor-Fair
	
	9 (19.6)

	    Good-Very Good
	
	34 (73.9)

	    Excellent
	
	3 (6.5)

	Previous Concussion(s), n (%)a
	
	6 (13.0)

	Cannabis Use (in the past month), n (%)a
	
	12 (26.1)

	Psychological and Lifestyle Characteristics

	Depressive Symptoms (M±SD; range [95% CI])
	0-30
	12.1±5.5; 3-25 [10.4, 13.7]

	Perceived Stress (M±SD; range [95% CI])
	0-40
	21.1±7.2; 6-38 [18.9, 23.3]

	Cancer-Related Fatigue (M±SD; range [95% CI])
	0-48b
	25.2±11.5; 7-44 [21.7, 28.7]

	Quality of Life (M±SD; range [95% CI])
	1-108
	68.8±18.3; 30-97 [63.3, 74.3]

	MVPA (M±SD; range [95% CI])
	
	27.3±20.6; 0-70 [21.0, 33.7]


Notes. CI=confidence interval; MVPA=moderate-to-vigorous intensity physical activity (scores≥24=“active”; <24=“insufficiently active”); SD=standard deviation. 
aPrevious concussion/cannabis use did not disqualify participants as they confirmed no residual symptoms at screening and no diagnosis of a substance use disorder, respectively.
bDue to human error, questionnaire item 8 was not included; thus, the upper score limit is 48 (not 52).
Table 2. Levels of Cognition
	Variables
	(Sub)Scale Ranges
	Values (Means ± SDs; Score Ranges)
	95% CIs

	Self-Reported Cognition
	
	
	

	    FACT-Cog—PCI Subscale
	0-72
	44.7±17.4; 4-69
	[39.5, 49.9]

	    FACT-Cog—CO Subscale
	0-16
	14.0±3.4; 1-16
	[13.0, 15.0]

	    FACT-Cog—PCA Subscale
	0-28
	14.9±5.9; 1-27
	[13.1, 16.7]

	    FACT-Cog—QoL Subscale
	0-16
	9.4±4.6; 0-16
	[8.0, 10.8]

	    FACT-Cog—Total
	0-132
	83.1±28.7; 12-128
	[74.4, 91.7]

	Objective Cognition
	
	
	

	    M-WCST (Executive Functioning)
	
	33.7±27.8; 0-100
	[25.0, 42.4]

	    A-LNST (Working Memory)
	
	15.6±2.4; 11-22
	[14.8, 16.4]

	    TMT (Executive Functioning/Processing Speed)a
	
	54.5±17.6; 26.7-98.8
	[48.9, 60.2]


Notes. A-LNST=Auditory Letter-Number Sequencing Test (values represent total points for recalling digits in numerical order/letters in alphabetical order); CI=confidence interval; CO=Comments from Others; FACT-Cog=Functional Assessment of Cancer Therapy-Cognitive Function; M-WCST=Modified Wisconsin Card Sorting Test (values represent % perseverative errors); PCA=Perceived Cognitive Abilities; PCI=Perceived Cognitive Impairments (scores <54/72 indicate clinically meaningful impairment); QoL=Impact of Perceived Cognitive Impairments on Quality of Life; SD=standard deviation; TMT=Trail Making Test (values represent time taken to complete TMT-B in seconds).
aOne participant’s data were excluded since they used their non-dominant hand during this test due to tumour-related loss of function in the other. 

Table 3. Relevant Bivariate Correlations
	Variables
	Self-Reported Cognition (FACT-Cog)
	Objective Cognition

	
	PCI Subscale
	CO Subscale
	PCA Subscale
	QoL Subscale
	Total
	M-WCST (EF)
	A-LNST (WM)
	TMT (EF/PS)

	Disease-Related Factors

	Time Since Diagnosis
	-0.13
	-0.32*
	0.00
	-0.15
	-0.14
	0.00
	0.10
	-0.08

	Cancer Stage (1=I; 2=II; 3=III)
	0.03a
	-0.03a
	0.06a
	0.15a
	0.05a
	0.13a
	-0.17a
	-0.15a

	Chemotherapy (0=No; 1=Yes)
	-0.10b
	-0.24b
	0.03b
	0.12b
	-0.06b
	0.28b
	-0.04b
	-0.30b

	Psychological Factors

	Depressive Symptoms
	-0.63*
	-0.42*
	-0.64*
	-0.74*
	-0.68*
	-0.19
	-0.22
	0.11

	Perceived Stress
	-0.47*
	-0.28
	-0.41*
	-0.54*
	-0.49*
	-0.14
	-0.16
	0.13

	Cancer-Related Fatigue
	0.51*
	0.35*
	0.64*
	0.70*
	0.59*
	-0.11
	0.22
	-0.24

	Quality of Life
	0.59*
	0.43*
	0.66*
	0.77*
	0.67*
	0.05
	0.20
	-0.23

	Lifestyle Factors

	MVPA LSI
	0.14
	0.19
	0.29
	0.31*
	0.22*
	0.04
	-0.05
	-0.03

	MVPA (0=Insufficiently Active; 1=Active)
	0.21b
	0.22b
	0.36b
	0.34*b
	0.28*b
	-0.02b
	-0.16b
	-0.04b


Notes. A-LNST=Auditory Letter-Number Sequencing Test; CO=Comments from Others; EF=executive functioning; FACT-Cog=Functional Assessment of Cancer Therapy-Cognitive Function; LSI=Leisure Score Index; MVPA=moderate-to-vigorous intensity physical activity; M-WCST=Modified Wisconsin Card Sorting Test; PCA=Perceived Cognitive Abilities; PCI=Perceived Cognitive Impairments; PS=processing speed; QoL=Impact of Perceived Cognitive Impairments on Quality of Life; TMT=Trail Making Test; WM=working memory. 
Higher depressive symptoms, perceived stress, and TMT scores indicate worse outcomes. 
Higher cancer-related fatigue, quality of life, MVPA, FACT-Cog, M-WCST, and A-LNST scores indicate better outcomes.  
Unless denoted otherwise, values show Pearson correlation coefficients (r). 
aKendall’s tau-b correlation coefficient (τb). 
bPoint-biserial correlation coefficient (rpb). 
P-values <0.05 are indicated with an asterisk.
Effect sizes are interpreted as per American Psychological Association guidelines.55
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