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Simple Summary: This study examines the relationship between subjective and objective measures
of cognitive function and physical function, frailty, and quality of life (QoL) in older breast cancer
survivors. Older breast cancer survivors who reported concerns participated in online surveys
that included assessment of patient-reported cognitive function, physical function, frailty, and QoL.
Participants then completed objective tests assessing visuospatial working memory and sustained
attention. A total of 219 breast cancer survivors completed the study. Overall, older breast can-
cer survivors with higher perceived cognitive impairment reported poorer physical functioning,
increased frailty, and poorer QoL (p < 0.001). Poorer visuospatial working memory and sustained
attention exhibited increased frailty (p < 0.001-0.01); while poorer sustained attention was associated
with poorer physical function (p < 0.01). The findings of this study suggest a need for a thorough
assessment of cognitive concerns and their associated outcomes in older breast cancer survivors.

Abstract: Background: Older cancer survivors in general are at greater risk for cancer-related
cognitive impairment (CRCI), yet few studies have explored its association with health outcomes.
This study examined the association between subjective and objective measures of cognitive function
and physical function, frailty, and quality of life (QoL) among older breast cancer survivors. Materials
and Methods: Older breast cancer survivors who reported cognitive concerns completed surveys
on patient-reported cognitive function, physical function, frailty, and QoL as well as objective tests
of visuospatial working memory and sustained attention. Data were analyzed using descriptive
statistics and separate linear regression models. Results: A total of 219 female breast cancer survivors
completed the study. Perceived cognitive abilities were associated with better physical function,
frailty, and QoL (p < 0.001) while cognitive concerns were negatively related with these metrics
(p < 0.001). Poorer visuospatial working memory and sustained attention were linked to increased
frailty (p < 0.001-0.01), whereas poorer sustained attention was associated with poorer physical
function (p < 0.01). Conclusions: Older breast cancer survivors with perceived cognitive impairment

Cancers 2024, 16, 2718. https:/ /doi.org/10.3390/cancers16152718

https://www.mdpi.com/journal/cancers


https://doi.org/10.3390/cancers16152718
https://doi.org/10.3390/cancers16152718
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0002-3189-1307
https://orcid.org/0000-0001-5776-8211
https://orcid.org/0000-0001-8083-8492
https://orcid.org/0000-0001-9881-1247
https://orcid.org/0000-0003-0701-7465
https://orcid.org/0000-0002-0717-5263
https://orcid.org/0000-0001-6081-3378
https://orcid.org/0009-0003-2146-930X
https://orcid.org/0000-0001-9481-7836
https://doi.org/10.3390/cancers16152718
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers16152718?type=check_update&version=1

Cancers 2024, 16, 2718

20f12

and poorer cognitive performance reported poorer physical functioning, increased frailty, and poorer
QoL. These findings underscore the importance of assessing cognitive concerns and their associated
outcomes in older breast cancer survivors.

Keywords: breast cancer; cognitive impairment; physical function; frailty; quality of life; aging;
comorbidities

1. Introduction

There are an estimated 18 million cancer survivors in the United States (U.S). Breast
cancer is the most prevalent cancer in females, making up approximately 22% of all cancer
survivors in the U.S [1]. Furthermore, approximately two-thirds of these survivors are
aged 65 years or older [1]. As the population ages, the number of older adults diagnosed
and treated for cancer will continue to increase [2]. By 2040, it is projected that 74% of
all cancers will occur in older adults, with the greatest increase expected in adults aged
75 years and older [2]. Despite this projected growth, research is still limited in addressing
the long-term effects of cancer and its treatment among older cancer survivors.

Older cancer survivors often encounter common age-related concerns which may be
compounded by the effects of the cancer and its treatment [3]. Of those concerns, cancer-
related cognitive impairment (CRCI) is frequently reported [4]. There is also evidence that
suggests that cancer and its treatment may accelerate the rate of cognitive aging processes
in cancer survivors [3,5]. In fact, researchers have reported that up to 75% of breast cancer
survivors [6] reported significant cognitive concerns after cancer treatment has ended. Older
breast cancer survivors may be at greater risk for CRCI due to accelerated aging as well
as lower cognitive reserve prior to treatment, in addition to increased comorbidities [7-9].
Although they are potentially at greater risk, few studies have focused on assessing both
subjective and objective indicators of CRCI and their associated health outcomes in older
cancer survivors.

Assessing cognitive health is complex, especially among cancer survivors [10]. Rec-
ommendations from the International Cancer and Cognition Task Force have focused on
the use of objective neuropsychological tests to assess deficits primarily in attention, mem-
ory, and processing speed [11,12]. While objective performance tests are often preferred,
subjective or self-reported assessments can assist in identifying the subtle changes noted
after cancer and cancer treatment [13]. Thus, both subjective and objective measurements
of cognitive performance are valuable in understanding CRCI and its impact on health
outcomes that are important for maintaining independence in older cancer survivors [14].

Cancer survivors in general are at risk for poor health outcomes including declines in
physical function, increased frailty, and poor quality of life. Older cancer survivors with
CRCI may be at even greater risk and often report poorer physical functioning and quality
of life in the long-term [15,16]. Physical functioning is crucial for maintaining independent
living and decreased physical functioning and frailty have been associated with increased
hospitalization, a need for long-term care services, higher fall risk, poorer quality of life,
and premature death in older adults [17,18]. However, previous research has neglected to
examine these important outcomes in older breast cancer survivors with CRCI [19].

Therefore, to fully characterize CRCI, we employed both subjective reports and ob-
jective cognitive function assessments to examine whether cognitive function is associ-
ated with important health outcomes in older cancer survivors including physical func-
tion, frailty, and quality of life (QoL). As the population of cancer survivors continues
to age, this research will be crucial for understanding the specific needs of older breast
cancer survivors.
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2. Materials and Methods

This study encompasses one of the primary aims of a larger investigation examining
factors associated with CRCI in breast and colorectal cancer survivors (ClinicalTrials.gov
identifier: NCT04611620). Breast and colorectal cancer survivors were recruited nation-
ally via Institutional Review Board-approved social media (i.e., Facebook) and online
cancer-affiliated resource sites (e.g., Pink Ribbon Connection, Dr. Susan Love Foundation,
Colorectal Cancer Alliance, etc.).

In this parent study, cancer survivors were enrolled if they indicated they were 21 years
of age or older, diagnosed with breast or colorectal cancer regardless of the stage at diagno-
sis, at least 6 months post-adjuvant or neo-adjuvant therapy (except for current aromatase
inhibitors or tamoxifen use for breast cancer survivors), and identified as having cancer-
related cognitive concerns (e.g., working memory issues, problems with attention, etc.). We
purposely examined responses from those that identified themselves as 60 years of age and
older and who completed the online surveys and objective cognitive tests which assessed
visuospatial working memory and sustained attention/processing speed. All activities
were approved by both the NCI-designated Cancer Center Scientific Review Committee
and the Institutional Review Board at the investigators” university.

2.1. Procedures

Potential participants, recruited through social media or cancer-affiliated sites, were
sent flyers and links regarding the study. Interested individuals were asked to complete an
eligibility checklist. Those deemed eligible were directed to complete the REDCap® online
written informed consent and HIPAA forms prior to administration of the study surveys.
Once informed consent was obtained, participants were assigned unique identifiers within
the system. Then, a secure link to a battery of survey questions was provided using the
REDCap® platform. If the surveys were completed successfully, participants were sent a
link and instructions via email to complete the online neuropsychological tests. Data were
collected online from November 2020 to January 2021.

2.2. Measures

Survivors completed surveys which included demographic information, medical, and
treatment characteristics, patient-reported cognitive function (PROMIS Cognitive Concerns
and Cognitive Abilities), physical function (PF-10), frailty (Tilburg Frailty Indicator-TFI),
and quality of life (PROMIS Meaning and Purpose). In addition, participants completed on-
line objective neuropsychological cognitive tests of visuospatial working memory, sustained
attention, and processing speed.

Demographic and clinical information: Sociodemographic data such as age, sex, race,
marital status, highest level of education completed, current work status, and income were
gathered through self-report. The participants also provided medical information such as
the stage of cancer at diagnosis (I, II, III, IV, or unknown), the types of treatment they have
received (chemotherapy, surgery, or radiation), and other illnesses aside from cancer. Using
the modified Charlson Comorbidity Index (CCI) formula, comorbidity was determined
based on the persons’ age and existing medical conditions aside from cancer [20].

Subjective Cognitive Function: The PROMIS version 1.0 short-form subscales of
Cognitive Abilities and Cognitive Concerns, each containing 8 items, were used to assess
subjective cognitive function. The Cognitive Abilities items target positive self-assessments
of cognitive functioning, such as “My memory has been as good as usual” and “I have
been able to concentrate.” Higher scores indicate higher cognitive ability. The Cognitive
Concerns items are worded negatively and express concerns in the same areas. Two
examples are “My thinking has been slow” and “I have had trouble shifting back and forth
between different activities that require thinking.” Higher scores indicate higher cognitive
concerns. Items are summed to create a total score for each subscale. These relatively
short scales were derived from an intensive item analysis using Item Response Theory and
qualitative analysis to produce short but reliable measures [21].
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Objective (Performance) Neuropsychological Assessment: A neuropsychological
assessment was conducted online using CANTAB (https://cambridgecognition.com/),
Cambridge Cognition® (Cambridge Cognition Ltd., Cambridge, UK), a reliable and valid
program used in several clinical populations including cancer survivors to assess cog-
nitive performance [22]. The specific cognitive domains assessed were selected from
CANTAB, Cambridge Cognition® as common areas of concern for cancer survivors. For
this study, we assessed the following cognitive function domains using specific CANTAB,
Cambridge Cognition® programs: (1) visuospatial working memory capacity measured
by the CANTAB®-SSPFSL and (2) sustained attention/processing speed via CANTAB-
rapid visual information processing (RVPA). Higher scores on these tests indicate better
cognitive performance.

Physical Functioning/Physical Limitations: The 10-item Physical Functioning Scale
(PF-10) is a subscale of the Medical Outcomes Study 36-item Short Form Health Survey
(SE-36). The SF-36 and its subscales, including the PF-10, have been established as a
comprehensive measure of general health that has shown reliability and validity in various
populations, including cancer patients [23]. The PF-10 measures the participants perceived
limitations in physical functioning during the past 4 weeks on a 3-point scale (“yes, limited
a lot,” “yes, limited a little,” and “no, not limited at all”), using the original 0-100 scoring
with higher scores indicating less limitation or disability [24]. Descriptively, previous
research in chronically ill patients has categorized scores of the PF-10 into tertiles with a
score of 0-33 defined as ‘low’, 34-66 as ‘intermediate’, and 67-100 as ‘good’ [25].

Frailty: The Tilburg Frailty Indicator (TFI) is a 15-item questionnaire based on a
multidimensional approach to frailty, assessing physical, psychologic, and social aspects of
human functioning [26,27]. The score on total frailty ranges from 0 to 15, and the ranges
of the scores on physical, psychological, and social frailty components are 0 to 8, 0 to 4,
and 0 to 3, respectively. Higher scores indicate higher levels of frailty. An individual is
considered frail if the total TFI-score is five or higher, and for the individual subscales, three
or higher in physical and two or higher for psychological and social scores indicate frailty
in those components.

Quality of Life—Meaning and Purpose: Quality of life was assessed using the
PROMIS® Meaning and Purpose short form 4a measure [28]. The PROMIS® measures are
standardized, reliable, and valid measures. This 4-item scale uses 5-point Likert scales from
0 to 4, with higher scores indicating better quality of life or more meaning and purpose
in life. The raw score can be converted to a t-score, in which a score of 50 is considered
average for the general population [28].

2.3. Data Analysis

Descriptive statistics were used to summarize both subject characteristics and the
main variables in the study. Separate linear regression models were conducted examining
the relationship between applied cognitive abilities, applied cognitive general concerns,
spatial span, or sustained attention and each outcome (physical function, frailty, and QoL),
controlling for the known covariates including age, stage of cancer, and CCI score. The type
of treatment received, specifically chemotherapy and radiation, was strongly correlated
with stage of cancer. Thus, type of treatment was not included in the models to prevent
multicollinearity issues with cancer stage. Using single predictor models, the effect of
treatment (received chemotherapy vs. did not receive chemotherapy and received radiation
vs did not receive radiation) were not significantly associated with the outcomes. We
presented F-statistic, beta weights, r? and significance level for each outcome including
physical function, frailty, and quality of life. All analyses were performed using SAS
version 9.4 (SAS Institute, Inc., Cary, NC, USA). The significance level was setat p < 0.05 for
all tests.
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3. Results
3.1. Participants Characteristics

A total of 219 female breast cancer survivors completed the study. The study par-
ticipants were on average 65 years of age. Table 1 displays demographic and medical
information. Briefly, the majority of participants were White (94%), married or living with
a partner (71%), and had a minimum of a four-year college education (62%). In addition,
the majority of the cancer survivors underwent surgery (99%) and received radiation (69%)
and chemotherapy (86%) as part of their adjuvant therapy.

Table 1. Characteristics of the sample (N = 219).

Characteristics N (%)
Age
Mean 65.3
Median 64.2
Range 59.0-88.0
Race
White 205 (93.6%)
Black 8 (3.7%)
Other 3 (1.4%)
More than one Race 2 (0.9%)
Unknown/Prefer not to Answer 1 (0.5%)
Marital Status
Single 14 (6.4%)
Married/Living with Partner 155 (70.8%)
Divorced 30 (13.7%)
Widowed 18 (8.2%)
Other/Prefer not to Answer 2 (0.9%)
Highest level of education completed
High School Graduate 22 (10.1%)
Associate’s Degree/Some College 62 (28.3%)
Undergraduate/Bachelor’s Degree or Equivalent 68 (31.1%)
Master’s Degree or Equivalent 50 (22.8%)
PhD or Equivalent 17 (7.8%)
Current Work Status
Full-time (>35 h/week) 52 (23.7%)
Part-time (<20 h/week) 23 (10.5%)
Retired /Homemaker/Unemployed 139 (63.5%)
Other/Prefer not to Answer 5 (2.3%)
Income category
<USD 15,000 5(2.3%)
USD 15,001 to USD 30,000 19 (8.7%)
USD 30,001 to USD 50,000 41 (18.7%)
USD 50,001 to USD 75,000 42 (19.2%)
USD 75,000 to USD 100,000 33 (15.1%)
USD 100,001 to USD 150,000 28 (12.8%)
USD 150,001 to USD 200,000 10 (4.6%)
>USD 200,000 11 (5.0%)
Unknown/Prefer not to Answer 30 (13.7%)

Stage of cancer at diagnosis
Stage I
Stage II
Stage III
Stage IV
Unsure/Prefer not to Answer

68 (31.1%)
88 (40.2%)
46 (21.0%)
6 (2.7%)
11 (5.0%)
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Table 1. Cont.

Characteristics N (%)
Received chemotherapy
No 30 (13.7%)
Yes 189 (86.3%)
Underwent surgery
No 2 (0.90/0)
Yes 217 (99.1%)
Received radiation therapy
No 67 (30.6%)
Yes 152 (69.4%)
Years since diagnosis
Mean 8.2
Median 6.2
Range 0.3-34.0

Table 2 displays the mean, standard deviation, and range of all variables assessed dur-
ing the study. Based on published norms, the majority were considered frail (74%, TFI > 5),
with 60% physical, 74% psychological, and 34% social components above established cut
scores. In addition, mean scores for physical function were 64.13, indicating intermediate
levels of physical functioning and a raw score of 14.2, SD = 4.09 (or 46.1 t-score, SE = 3.6) on
the PROMIS quality of life meaning and purpose scale, which is considered just below the
U.S. average [29]. In the following section we outline each of these models and significant
predictor variables for each outcome (Tables 3 and 4).

Table 2. Means and standard deviations of main variables.

Characteristic N Mean (SD) Actual Range

Cognitive Functioning

Applied Cognitive General Concerns 219 25.51 (7.34) (8.0, 40.0)

Applied Cognitive Abilities 219 21.96 (6.85) (8.0, 38.0)

Sustained Attention: CANTAB-RVPA 151 0.91 (0.05) (0.71,0.99)

Spatial Span: CANTAB-SSPFSL 153 5.95 (1.24) (4.0,9.0)
Physical Functioning 219 64.13 (27.10) (0.0, 100.0)
Quality of Life (Meaning/Purpose) 219 14.20 (4.09) (4.0,20.0)
Frailty

Overall TFI score 219 6.43 (2.86) (0.0,14.0)

Physical component score 219 3.04 (1.92) (0.0, 8.0)

Psychological component score 219 2.14 (1.13) (0.0, 4.0)

Social component score 219 1.25(0.77) (0.0, 3.0)
N (%) categorized as frail

Overall TFI score > 5 219 161 (73.52%)

Physical component score > 3 219 131 (59.82%)

Psychological component score > 2 219 161 (73.52%)

Social component score > 2 219 75 (34.25%)

3.2. Physical Functioning

After adjusting for age at survey, cancer stage, and CCI score, applied cognitive
abilities and applied cognitive general concerns were both significantly related to physical
functioning in separate regression models (p < 0.001). As demonstrated in Table 3, higher
cognitive abilities were positively related to physical function whereas increased cognitive
concerns were negatively related to physical function. In addition, sustained attention and
speed of processing had a significant effect on physical functioning with better cognitive
performance relating significantly to better physical functioning (p < 0.01) after controlling
for covariates (See Table 4). However, visuospatial working memory was not significantly
associated with physical functioning.
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Table 3. Association between subjective cognitive function and physical function, frailty, and quality

of life, controlling for covariates.

. . Physical Function Frailty Quality of Life
Predictor Variable B (SE) B (SE) B (SE)
Cognitive Abilities 1.30 (0.25) *** —0.23 (0.02) *** 0.30 (0.04) ***

Age 0.77 (0.37) * —0.06 (0.03) 0.01 (0.05)
Cancer Stage 2 1 —2.33 (3.93) —0.63 (0.36) 1.52 (0.57) **
Cancer Stage 3 ! —9.66 (4.65) * 0.31 (0.43) 1.15 (0.67)
Cancer Stage 4 1 —10.65 (10.37) —0.04 (0.96) —0.85 (1.50)
Cancer Stage Unknown 1 —4.88 (7.94) —0.59 (0.74) 0.68 (1.15)
Charlson Comorbidity Index —6.95 (1.82) *** 0.56 (0.17) *** —0.10 (0.26)
F 8.53 *** 20.05 *** 12.14 ***
R? 22.1 40.0 28.7
Adjusted R? 19.5 38.0 263
N 219 219 219
Cognitive Concerns —1.10 (0.24) *** 0.19 (0.02) *** —0.18 (0.04) ***
Age 0.81 (0.38) * —0.06 (0.04) 0.05 (0.06)
Cancer Stage 2 1 —5.01 (4.02) —0.16 (0.38) 1.08 (0.63)
Cancer Stage 3 E —11.42 4.71) * 0.62 (0.45) 0.79 (0.73)
Cancer Stage 4 1 —10.89 (10.51) —0.00 (1.01) —1.07 (1.64)
Cancer Stage Unknown 1 —6.84 (8.05) —0.24 (0.77) 0.32 (1.26)
Charlson Comorbidity Index —7.90 (1.83) *** 0.73 (0.17) *** —0.34 (0.29)
F 7.55 *** 15.65 *** 5.17 ***
R? 20.0 34.2 14.7
Adjusted R? 17.4 32.0 11.8
N 219 219 219

*p < 0.05,** p <0.01, ** p < 0.001, ! Reference Group: Cancer Stage 1.

Table 4. Association between objective cognitive function and physical function and frailty, controlling

for covariates.

. . Physical Function Frailty Quality of Life
Predictor Variable B (SE) B (SE) B (SE)
Working Memory 2.66 (1.49) —0.54 (0.16) *** 0.30 (0.26)

Age 1.15 (0.40) ** —0.13 (0.04) ** 0.00 (0.07)
Cancer Stage 2 1 1.01 (4.26) —0.51 (0.47) 1.48 (0.73) *
Cancer Stage 3 ! —15.15 (5.63) ** 0.46 (0.62) 1.85 (0.97)
Cancer Stage 4 E —16.51 (9.84) 0.76 (1.08) —1.87 (1.69)
Cancer Stage Unknown 1 —7.15(8.27) —0.89 (0.91) 0.87 (1.42)
Charlson Comorbidity Index —8.13 (2.22) *** 0.54 (0.24) * 0.05 (0.38)
F 4.76 *** 3.84 *** 142
R? 18.7 15.6 6.4
Adjusted R? 14.8 11.6 1.9
N 153 153 153
Sustained Attention/Processing Speed 124.52 (40.61) ** —14.41 (4.56) ** 12.78 (7.06)
Age 1.38 (0.39) *** —0.16 (0.04) *** 0.04 (0.07)
Cancer Stage 2 1 1.67 (4.17) —0.57 (0.47) 1.54 (0.72) *
Cancer Stage 3 ! —16.19 (5.43) ** 0.68 (0.61) 1.65 (0.94)
Cancer Stage 4 ! —16.33 (9.48) 0.92 (1.06) —1.94 (1.65)
Cancer Stage Unknown E —9.47 (8.04) —0.55 (0.90) 0.54 (1.40)
Charlson Comorbidity Index —6.74 (2.19) ** 0.38 (0.25) 0.18 (0.38)
F 6.14 *** 4,11 *** 1.84
R? 23.1 16.8 8.3
Adjusted R? 19.4 12.7 3.8
N 151 151 151

*p <0.05 **p<0.01,**p <0.001, 1 Reference Group: Cancer Stage 1.
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3.3. Frailty

After controlling for covariates, applied cognitive abilities and applied cognitive gen-
eral concerns were significantly related to overall frailty (p < 0.001) in separate regression
models. Higher self-reported cognitive abilities were associated with less frailty, whereas
greater cognitive concerns were associated with increased frailty (Table 3). Visuospatial
working memory was also significantly related to overall frailty (p < 0.001), with better
performance on a working memory task associated with lower frailty scores. In addition,
sustained attention/speed of processing working memory had a significant effect on overall
frailty (p < 0.01), with those cancer survivors with higher cognitive performance exhibiting
less frailty.

3.4. Quality of Life

Applied cognitive abilities and applied cognitive general concerns were significantly
related to quality of life (p < 0.001) in separate regression models. Higher self-reported
cognitive abilities were associated with better quality of life in these cancer survivors.
Increased cognitive concerns, on the other hand, were associated with poorer quality of life
(See Table 3). Table 4 shows that the objective measures of visuospatial working memory
and sustained attention/speed of processing were not significantly related to quality of life.

4. Discussion

This study was designed to fully examine both subjective and objective CRCI and their
relationships to important health outcomes for older breast cancer survivors. One of the
major findings of this research was that the subjective or self-reported measures of cognitive
function were associated with all three health outcomes, including physical function, frailty,
and quality of life. Specifically, the PROMIS measures of cognitive abilities and cognitive
concerns, which have been validated in cancer survivors to tap into different dimensions
of perceived cognitive function [30-32], identified important outcomes for older cancer
survivors. These findings support the use of patient reported outcomes (PROs) such as
the PROMIS measures when investigating CRCI in cancer survivors [13]. In addition, this
work provides a direct linkage between subjective CRCI and physical functioning, frailty,
and quality of life outcomes, suggesting that identifying CRCI early may be important for
preventing these adverse outcomes.

It should be noted that each of the outcomes examined in this study is critical for main-
taining independence and well-being among older cancer survivors. Physical functioning,
as measured by the PF-10, was significantly correlated with subjective cognitive abilities
and concerns as well as sustained attention/speed of processing, but not with visuospatial
working memory in our cohort. Similar results have been noted regarding the relationship
of subjective CRCI and physical functioning in older healthy adults [33] as well as in
older cancer survivors [15,34]. Crouch et al. noted that perceived attention function was
significantly related to physical functioning in 335 older cancer survivors [15]. However,
in that same study and others, it was noted that objective measures of cognitive function
were not related to physical function [15,35]. These authors suggest that objective cognitive
assessments may not be sufficient to identify the subtle cognitive changes incurred after
treatment, and thus fail to establish these important relationships.

The importance of both cognitive and physical health has grown significantly in recent
years. Many intervention studies have examined the impact of physical activity or exercise
on CRCI in cancer survivors [36]. Although, the exact underlying mechanisms remain
unclear, some authors suggest that the protective effect of physical activity on cognitive
function is linked to the preservation of cellular function, reduction in oxidative stress, and
reduction in proinflammatory cytokines [37]. Other studies suggest that physical activity
decreases psychological factors such as anxiety, fatigue, and depression, which contributes
to enhancing cognitive function [36]. Regardless, work is still needed to promote physical
activity in cancer survivors. In a recent observational study, Salerno et al. [38] found that
more than 60% of cancer survivors who are 6 months post-treatment do not meet the
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recommended physical activity requirements. These findings underscore the importance of
promoting physical activity to enhance physical functioning and potentially improve or
stave off cognitive decline in older cancer survivors.

Frailty, as measured by the self-reported TFI scale, was quite high in the sample.
Overall, 73% of the survivors were identified as frail, which was rather surprising given
the relatively young age (M = 65 years old) and composition of the sample (e.g., majority
with a college degree, married or partnered, etc.). It is plausible that the higher scores
on the TFI may have been due to added psychological impact of COVID-19 for cancer
survivors during the study period [39]. The emotional and psychological impact of COVID-
19, including anxiety and uncertainty of the future, were universal concerns at the time;
however, researchers identified that cancer survivors were particularly vulnerable [39].
Future research may benefit from collecting information regarding COVID-19 concerns as
confounding CRCI and/or self-reported frailty or alternatively utilize an objective measure
to assess frailty in older cancer survivors [40].

We found that all measures of CRCI (multiple subjective and objective measures)
were associated with frailty. Cognitive impairment and frailty have been shown to be
distinct but interrelated conditions that are associated with changes in function and are
thought to be caused by cancer and/or cancer treatment. Both cognitive impairment
and frailty are major concerns in our aging population, as they predispose older adults
to disabilities, a poor quality of life, and mortality [38]. In the older adult population,
frailty is linked with decreased global cognitive function, as well as a decline in specific
functions such as processing speed, working memory, and sustained attention [41]. In a
sample of older long-term breast cancer survivors, CRCI was associated with higher frailty
scores [42]. Similarly, Magnuson documented that longitudinal decline in subjective and
objective measures of attention and memory were associated with increased frailty from pre-
treatment to post-treatment in breast cancer survivors aged 50 years and older [43]. Frailty
is also a significant predictor of other health outcomes, especially in older cancer survivors.
Cancer survivors identified as frail or pre-fail are more likely to incur treatment toxicities,
experience increased hospitalizations, report increased cancer-related symptoms (pain,
neuropathy, and fatigue), and are at increased risk of all-cause mortality [44—46]. Taken
together, more research is needed to explore the relationships between cognitive impairment
and frailty and the accelerated aging associated with cancer and cancer treatment in older
cancer survivors.

In this study, we found that subjective CRCI was associated with QoL in cancer sur-
vivors. Similarly, previous studies have documented that subjective CRCI is associated
with QoL in breast cancer survivors [34]. The association between subjective cognitive
impairment and quality of life has been reported in both older and younger cancer sur-
vivors [47,48]. Researchers have also identified that breast cancer survivors with higher
psychoneurological symptoms and lower self-reported cognitive function prior to treatment
have lower breast-cancer specific QoL at 12 and 24 months after systemic therapy [48]. One
systematic review in older adult cancer survivors showed that both physically and cogni-
tively frail older cancer patients who reported worse symptoms before cancer treatments
reported worse symptom toxicity and poorer QoL after cancer treatments, compared to
non-frail cancer patients [49]. Thus, assessment of cognitive function prior to treatment
is essential to evaluate the need for additional support in those who already have high
baseline cognitive impairment. Although subjective CRCI was related to QoL, we did not
find significant relationships between objective cognitive performance tests and QoL. Pre-
vious research regarding objective measures of CRCI and QoL have been mixed [15,48,50].
Researchers have suggested that findings may vary based on the QoL instrument used [15].
More work is needed to understand the relationship between CRCI and QoL, especially
when utilizing objective measures to determine cognitive impairment.
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5. Strengths and Limitations

The strengths of this study include the large national sample of cancer survivors
using both subjective and objective measures to assess cognitive function. In addition, this
study focused on a larger number of outcomes including measures of physical function,
frailty, and QoL, and controlled for potential confounding factors (e.g., age, stage of disease,
etc.). However, the study was limited by the mostly White and female sample population,
and thus does not represent all older breast cancer survivors. In addition, the cross-
sectional design limits interpretation to associations between variables versus establishing
a causal effect. Future longitudinal studies with more diverse participants will be vital in
exploring the role of sociodemographic characteristics in the relationship between cognitive
impairment, physical function, frailty, and quality of life across the cancer care trajectory.
In addition, future studies should consider objective measures of physical functioning and
frailty to determine if these associations remain.

6. Conclusions

This study used both subjective and objective measures of CRCI to explore the asso-
ciation with health outcomes (physical function, frailty, and QoL) which are salient for
determining the long-term well-being of older cancer survivors. By emphasizing the use
of subjective measures in assessing CRCI and connecting these assessments to significant
health outcomes, this study highlighted the importance of early identification and manage-
ment of CRCI to mitigate adverse effects such as declining physical functioning, increased
frailty, and diminished quality of life in older cancer survivors. Furthermore, we demon-
strated the relationship between cognitive function and frailty, further supporting the
hypothesis that cancer and its treatment may accelerate cognitive aging and lead to adverse
outcomes in older cancer survivors. Early identification and management of CRCI may be
important to prevent further untoward effects, including decline in physical functioning,
increased frailty, and poorer quality of life in older cancer survivors.
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