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Co-Occurrence of Physical and Cognitive Impairments Are Associated With a Higher Symptom
Burden in Oncology Patients
Dianne Sorrera
ABSTRACT
Objectives: Physical and cognitive function are two of the most important patient-reported
outcomes. In oncology patients receiving chemotherapy (n = 1331), purposes were to identify
subgroups of patients with distinct joint physical and cognitive function profiles and evaluate for
differences in demographic and clinical characteristics, severity of common symptoms, and
quality of life outcomes.
Data sources: Measures of physical and cognitive functions were obtained six times over two
cycles of chemotherapy. All of the other measures were done prior to the second or third cycle
of chemotherapy. Latent profile analysis was done to identify the distinct joint physical and
cognitive function profiles. Differences among the profiles were evaluated using parametric and
non-parametric tests.
Results: Five distinct profiles were identified (i.e., Very Low Physical and Low Cognitive
Function (18.4%; Both Low), Low Physical and High Cognitive Function (19.8%), Moderate
Physical and Low Cognitive Function (26.7%), Changing Physical and Cognitive Function
(5.4%), and Normal Physical and Cognitive Function (29.7%)). Patients in the Both Low class
had the highest symptom burden and the poorest quality of life.
Conclusion: Over 70% of the sample had moderate to severe decrements in one or both of
these extremely important patient outcomes. Clinicians need to assess for both physical and

cognitive function using simple subjective and objective measures.

Key words: anxiety; cancer; cognitive function; cognitive impairment; depression; fatigue; pain,

patient reported outcomes; physical function; sleep disturbance
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INTRODUCTION

Two of the most important patient-reported outcomes (PROs) for patients undergoing
cancer treatment are the maintenance of physical function (PF) and cognitive function (CF). In
fact, in a study of older patients with cancer,’ over 70% stated that they would not receive a
treatment that resulted in functional impairment even if it improved survival. While a growing
body of evidence suggests that the co-occurrence of declines in PF and CF are linked,** in
most studies these two outcomes are evaluated independently. In addition, most of the
evaluations of changes in PF and CF were done in older adults with>"" and without'*"* a cancer
diagnosis.

Functional status refers to an individual’s ability to perform normal activities required to
maintain adequate health and meet basic needs."® While the exact prevalence of functional
decline is difficult to determine due to a lack of standardized assessments, in a meta-analysis of
studies that evaluated impairments in activities of daily living (ADLs) in adults with cancer,"”
36.7% and 54.6% of the patients reported impairments in basic and instrumental ADLs. The
most frequently effected basic ADLs were personal hygiene, walking, and transfers. The most
frequently effected instrumental ADLs were housework, shopping, and transportation. Studies
summarized in this review included primarily older adults and both inpatients and outpatients
receiving cancer treatment.

In terms of risk factors for functional decline in patients receiving cancer treatment, in a
recent systematic review focused on older adults,'® functional decline ranged from 6% to 90%.
The most common characteristics associated with functional decline were older age, poorer
performance status, progression of disease, as well as the presence of pain, anemia, and poor
nutritional status. These findings suggest a large amount of inter-individual variability in PF in
patients receiving cancer treatment. Additional studies are warranted because as noted in a
recent review of functional decline in oncology patients,' ongoing evaluation of PF in oncology

patients is extremely important given the fact that functional decline is associated with a higher



comorbidity burden; increases in caregiver needs, impairments in quality of life (QOL); and
increased mortality.

In terms of changes in CF, most studies focused on an evaluation of cancer-related
cognitive impairment (CRCI) that occurs in approximately 75% of patients undergoing cancer

treatment.?°

This change in CF is characterized by decrements in memory, attention, processing
speed, and executive function.?’ As noted in one review,? the risk factors for cognitive decline
in oncology patients are likely to be multifactorial and may differ based on whether subjective or
objective measures are used to assess for CRCI. Possible risk factors include genetic
predisposition and age, as well as the co-occurrence of anxiety, depression, and/or fatigue.
Similar to declines in PF, a large amount of inter-individual variability exists in declines in CF
associated with cancer treatment. In addition given that declines in CF are associated with
decrements in personal relationships,® ability to work,?* ability to perform routine activities,*
and overall QOL,% additional research on changes in CF are warranted.

As noted above, research on the inter-relationships between PF and CF has increased
because of the growing body of evidence that suggests that physical activity improves CF.>">
2632 \While the majority of these studies evaluated PF and CF separately, two studies evaluate
for these two outcomes in the same sample of oncology patients.” ' In the first study,!" the co-
occurrence of decrements in CF and PF were evaluated in older adults receiving chemotherapy.
Using latent profile analysis (LPA), three subgroups of patients with distinct PF and CF profiles
were identified (i.e., Very Low PF and Moderate CF, Low PF and Low CF (Both Low), Normal
PF and Normal CF (Both Normal)). Compared to the Both Normal class, older adults in the two
other classes were less likely to exercise on a regular basis and had a worse comorbidity
profile. In addition, compared to the Both Normal class, older adults in the Both Low class were
less likely to be married/partnered, more likely to live alone, less likely to be employed, and

more likely to report depression and back pain.



In the second study that evaluated the bidirectional relationships between CF and physical
activity,” older women with and without breast cancer were assessed prior to the initiation of
treatment and yearly for 36 months. Both subjective and objective measures were used to
assess CF and the International Physical Activity Questionnaire-Short Form was used to assess
physical activity. While not seen in women without breast cancer, patients who reported higher
activity had better cognition measured objectively at 12 months and better perceived cognition
at 12 and 24 months after systemic therapy. The authors concluded that additional research is
needed to examine the relationships between PF and CF in patients receiving cancer treatment.
Given the large amount of inter-individual variability in both PF and CF in oncology patients and
the paucity of research on the relationships between these two extremely important PROs, the
purposes of this study, in a sample of oncology patients who were receiving chemotherapy (n =
1331), were to identify subgroups of patients with distinct joint PF and CF profiles and evaluate
for differences in demographic and clinical characteristics among these subgroups. In addition,
differences among the subgroups in the severity of common symptoms associated with cancer
and its treatments and QOL outcomes were evaluated. Of these 1343 patients, 1331 provided
complete data on the PF and CF measures.
PATIENTS AND METHODS
Patients and Settings

This study is part of a larger, longitudinal study that evaluated the symptom experience
of oncology outpatients receiving chemotherapy. In brief, eligible patients were 218 years of
age; had a diagnosis of breast, gastrointestinal, gynecological, or lung cancer; had received
chemotherapy within the preceding four weeks; were scheduled to receive at least two
additional cycles of chemotherapy; were able to read, write, and understand English; and gave
written informed consent. Patients were recruited from two Comprehensive Cancer Centers,

one Veteran’s Affairs hospital, and four community-based oncology programs. A total of 2234



patients were approached and 1343 consented to participate (60.1% response rate). The major
reason for refusal was being overwhelmed with their cancer treatment.

Instruments

Demographic and clinical characteristics

A demographic questionnaire obtained information on age, gender, ethnicity, marital
status, living arrangements, education, employment status, and income. In addition, patients
completed the Karnofsky Performance Status (KPS) scale,*® the Alcohol Use Disorders
Identification Test,** and the Self-Administered Comorbidity Questionnaire (SCQ).*°
Measures of PF and CF

Physical function was assessed using the physical component summary (PCS) score
from the Medical Outcomes Study-Short Form 12 (SF-12).%® The SF-12 consists of 12 questions
about physical and mental health as well as overall health status. The SF-12 was scored into
two components (i.e., physical component summary (PCS) score and mental component
summary (MCS) score) that evaluate physical and psychological function, respectively. These
scores can range from 0 to 100 with higher scores indicating better function.

Cognitive function was assessed using the 16-item Attentional Function Index (AFI) that
evaluates an individual's perceived effectiveness in performing daily activities that are supported
by attention and working memory.>” A higher total mean score on a 0 to 10 numeric rating scale
(NRS) indicates greater capacity to direct attention.?” Total scores can be grouped into
categories of attentional function (i.e., <5.0 low function, 5.0 to 7.5 moderate function, >7.5 high

function).®

Its Cronbach’s alpha was 0.93.
Measures of Common Symptoms

To assess the severity of common symptoms associated with cancer and its treatment,
patients completed: Center for Epidemiological Studies-Depression scale,* Spielberger State-

Trait Anxiety Inventories,*® Lee Fatigue Scale,*' General Sleep Disturbance Scale,*? and Brief

Pain Inventory.*?



QOL Measures

QOL was evaluated using general (i.e., SF-12) and disease specific (i.e.,
Multidimensional Quality of Life Scale Cancer-Patient Version (MQOLS-PV)) measures. The
SF-12 consists of 12 questions about physical and mental health, as well as overall health
status. The instrument is scored into two components (i.e., physical component summary (PCS)
and mental component summary (MCS) scores). Higher PCS and MCS scores indicate a better
QOL.*

The 41-item MQOLS-PV assesses four dimensions of QOL (i.e., physical, psychological,
social, and spiritual well-being) in cancer patients, as well as a total QOL score. Each item was
rated on a 0 to 10 NRS with higher scores indicating a better QOL.*

Study Procedures

The study was approved by the Committee on Human Research at the University of
California, San Francisco and by the Institutional Review Board at each of the study sites.
Eligible patients were approached by a research staff member in the infusion unit, during their
first or second cycle of chemotherapy, to discuss participation in the study. Written informed
consent was obtained from all patients. Patients completed SF-12 and AFI, a total of six times
over two cycles of chemotherapy (i.e., prior to chemotherapy administration (Assessments 1
and 4), approximately 1 week after chemotherapy administration (Assessments 2 and 5),
approximately 2 weeks after chemotherapy administration (Assessments 3 and 6)). The
remaining questionnaires were completed at enrollment (i.e., prior to the administration of the
second or third cycle of chemotherapy). Medical records were reviewed for disease and
treatment information.

Data Analysis

Latent profile analysis (LPA) was used to identify subgroups of patients with distinct joint

PF AND CF profiles. This LPA was done with the combined set of variables over time (i.e.,

using the PCS AND AFI scores obtained during the six assessments in a single LPA). This



approach provides a profile description of these two outcomes with parallel profiles over time.
The LPA was done using Mplus version 8.4.%°

In order to incorporate expected correlations among the repeated measures of the same
variable and cross-correlations of the series of the two variables (i.e., PCS AND AFI scores), we
included covariance parameters among measures at the same occasion and those that were
one or two occasions apart. Covariances of each variable with the other at the same
assessments were included in the model and autoregressive covariances were estimated with a
lag of two with the same measures and with a lag of one for each variable’s series with the other
variable. We limited the covariance structure to a lag of two to accommodate the expected
reduction in the correlations that would be introduced by two chemotherapy cycles within each
set of three measurement occasions and to reduce model complexity.*®

Estimation was carried out with full information maximum likelihood with standard errors
and a Chi-square test that are robust to non-normality and non-independence of observations
(“estimator=MLR”). Model fit was evaluated to identify the solution that best characterized the
observed latent class structure with the Bayesian Information Criterion (BIC), Vuong-Lo-
Mendell-Rubin likelihood ratio test (VLMR), entropy, and latent class percentages that were
large enough to be reliable.*” Missing data were accommodated for with the use of the
Expectation-Maximization algorithm.*®

Descriptive statistics and frequency distributions were calculated for demographic and
clinical characteristics using SPSS version 28 (IBM Corporation, Armonk, NY). Differences
among the PF AND CF classes in demographic, clinical, and symptom characteristics and QOL
outcomes were evaluated using parametric and nonparametric tests. A Bonferroni corrected p-

value of <.005 (i.e., .05/10) was considered statistically significant for the pairwise contrasts.



RESULTS
Latent Class Solution for Physical and Cognitive Function

As shown in Table 1, a 5-class solution was selected because the BIC for that solution
was lower than the BIC for the 4-class solution. In addition, the VLMR was significant for the 5-
class solution, indicating that five classes fit the data better than four classes. Although the BIC
was smaller for the 6-class than for the 5-class solution, the VLMR was not significant for the 6-
class solution, indicating that too many classes were extracted.

As shown in Figure 1, the trajectories for the PCS and AFI scores differed among the
latent classes. Using the normative score for the PCS (i.e., 50)*® and the clinically meaningful
cutoff scores for the AFI,® the five PF AND CF classes were named: Very Low PF and Low CF
(18.4%; Both Low), Low PF and High CF (19.8%, Low PF+High CF), Moderate PF and Low CF
(26.7%, Moderate PF+Low CF), Changing PF and CF (5.4%, Changing), and Normal PF and
CF (29.7%; Both Normal). Except for the Changing class, for the other four classes, both the PF
and CF trajectories remained relatively stable over the two cycles of chemotherapy. In the
Changing class, PF and CF scores declined one week after receiving chemotherapy
(assessments 2 and 5) and then recovered.

Demographic and Clinical Characteristics

As shown in Table 2, differences in demographic and clinical characteristics among the
five latent classes were highly variable. In brief, compared to the Both Normal class, the Both
Low, Low PF+High CF, and Moderate PF+Low CF classes were more likely to be unemployed,
to have a lower annual income, as well as to have a poorer functional status, a higher number of
comorbidities and comorbidity burden, and higher occurrence rates for back pain.

In addition, compared to the Both Normal class, the Both Low and Moderate PF+Low CF
classes were more likely to be female and less likely to be married/partnered. Compared to the
Both Normal class, the Both Low class reported a lower level of education; was more likely to

live alone; had received a higher number of cancer treatments; had a higher number of



metastatic sites; and was more likely to report lung disease, diabetes, anemia or blood disease,
osteoarthritis, or rheumatoid arthritis. Compared to the Both Normal class, the Changing class
was younger; had a lower number of positive lymph nodes; had a higher MAX2 score; was less
likely to have gastrointestinal cancer; was more likely to have received only surgery, radiation
therapy, or chemotherapy; was more likely not to have metastatic disease; and was more likely
to have received a more emetogenic chemotherapy regimen.
Symptom Severity Scores

As shown in Table 3, differences in symptom severity scores among the five latent
classes were highly variable. In brief, compared to the Both Normal class, the Both Low, Low
PF+High CF and Moderate PF+Low CF classes reported higher scores for depressive
symptoms, decrements in evening energy, and pain interference. In addition, compared to the
Both Normal class, the other four classes reported higher scores for morning fatigue, evening
fatigue and sleep disturbance and decrements in morning energy and cognitive function, as well
as higher occurrence rates for both cancer and non-cancer pain.
QOL Scores

In terms of the SF-12 (Table 4), compared to the Both Normal class, the other four
classes reported lower scores for the physical functioning, role physical, bodily pain, general
health, vitality, and PCS scales. In addition, compared to the Both Normal class, the Both Low,
Low PF+High CF, and Moderate PF+Low CF classes reported lower scores for the social
functioning, and role emotional scales. In terms of the MQOLS-PV, compared to the Both
Normal class, the other four classes reported lower scores for the physical, psychological, and

spiritual well-being subscales, as well as its total QOL score.



DISCUSSION

Building on our previous work with older adults that identified three distinct joint PF and
CF profiles,"! using a large sample with an age range from 19 to 90 years, five distinct joint PF
and CF profiles were identified. However, direct comparisons between the previous'' and
current analysis are not possible given the differences in the number and types of profiles.

Of note, using clinically meaningful cutpoints for the PF and CF measures, over 70% of
our sample had moderate to severe decrements in one or both of these extremely important
PROs. It is interesting to note that 19.8% of the sample had high levels of CF with severe
impairments in PF and 26.7% had low levels of CF and only moderate impairments in PF. The
fact that decrements in PF did not parallel decrements in CF is supported by research that
demonstrates that a significant amount of heterogeneity exists in the biological effects of
cancer® as well as in the physiological reserves of oncology patients.>® Equally important, a
variety of social determinants of health (e.g., lower socioeconomic status), living and working
conditions, and/or availability of social and community resources can influence PF and CF in
oncology patients.>

Table 5 summarizes the differences in demographic, clinical, and symptom
characteristics and QOL outcomes between each of the distinct PF and CF profiles compared to
the Both Normal class. Given the complexity of the findings, the initial sections of the Discussion
will place some of the common risk factors associated with decrements in PF and CF within the
context of the extant literature for the individual PROs. Subsequent sections of the Discussion
will provide hypotheses regarding the factors that contribute to two of the individual profiles (i.e.,
Changing and Both Low); summarize study limitations; and provide recommendations for

clinical practice and research.



Demographic and Clinical Characteristics

Compared to the Both Normal class, being unemployed and having a lower annual
income were risk factors for membership in all of the classes except the Changing class. In
terms of PF, this result is consistent with a systematic review that found that economic instability
contributed to the development of frailty because it disrupts individuals’ social activities and
impairs the development of social relationships.®? In terms of CF, findings from several studies
suggest that having financial stability is the most protective and conducive factor to maintain
cognitive abilities because of greater exposure to stimuli, engagement with others, and the
performance of activities that involve cognitive challenges and repetition.>* ** As noted by Zeng
and colleagues,®® CF is a complex longitudinal process that is intertwined with socioeconomic
conditions and exhibits considerable heterogeneity.

Compared to the Both Normal class, being female and not being married or partnered
were associated with membership in the Both Low and Moderate PF+Low CF classes. In terms
of gender differences in PF*° and CF,*® findings across studies of oncology patients are
inconsistent. In terms of marital status, our result is consistent with a study of adults in the
United States that found that being unmarried was associated with decreases in social and
emotional support and increases in cognitive decline.>* Equally important, the lack of social
support may decrease patients’ participation in social’” and physical®® activities that results in
decrements in PF.

Compared to the Both Normal class, the lack of regular exercise was associated with
membership in the Very Low PF+Low CF and Low PF+High CF classes. Consistent with
systematic reviews of individuals with” and without cancer,’ *° decrements in CF are associated
with declines in physical activity. It is reasonable to hypothesize that decreases in physical
activity, that have a negative impact on muscle mass and strength, contribute to functional
decline.®® It is important to note that exercise has beneficial effects on brain health and CF."® 3%

1 Regardless of the type of exercise, neuroprotective effects are observed in terms of memory
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and progression of neurodegenerative diseases.®® The resultant neuroplasticity associated with
exercise is at least in part due to the increased expression and release of a variety of

). While exercise is

neurotrophic and growth factors (e.g., brain-derived neurotrophic factor
recommended to decrease cancer-related fatigue, clinicians need to prescribe an exercise
regimen to maintain or improve both PF and CF.

Compared to the Both Normal class, the other three classes reported lower KPS scores.
In addition, except for the Changing class, membership in the other three classes was
associated with a higher number of comorbidities, a higher comorbidity burden, and a self-
reported diagnosis of back pain. These results are consistent with a recent International Society
of Geriatric Oncology report that identified inter-relationships among baseline impairments in PF
and CF and a higher number of comorbidities and functional decline.>® While the contribution of
specific comorbidities to declines in PF and CF warrant detailed evaluation in oncology patients,
in recent systematic reviews and meta-analyses, evidence suggests that impairments in PF®*
and CF® occur in patients with chronic low back pain.
Common Symptoms

As shown in Table 5, for the majority of the symptoms, compared to the Both Normal
class, the other four classes reported higher severity scores. However, the pattern of these
differences in terms of clinically meaningful cutoff scores warrants consideration (Table 3). For
the two classes with Low CF, their scores for depression and trait and state anxiety indicate
clinically meaningful levels of these symptoms. These findings are consistent with two cross-

sectional studies of patients with breast cancer®

and one longitudinal study of older adults®®
that suggest that depressive symptoms increase the risk for accelerations in cognitive decline.
Given that depressive symptoms are a modifiable risk factor for both CF and PF, treatment for

depression, as well as cognitive training and exercise, may delay cognitive decline by

enhancing neuroplasticity and neurogenesis.>* ®' While less well studied than depression,
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higher levels of anxiety were associated with cognitive decline in patients with breast cancer®’
and decrements in PF in patients with advanced stage lung cancer.®®

A similar pattern was observed for the two classes with low CF, in that, their morning
and evening fatigue scores and morning and evening energy scores indicated clinically
meaningful levels of fatigue as well as decrements in energy. While diurnal variations in fatigue
and energy were not evaluated, these findings are consistent with a previous study of women
who were assessed prior to breast cancer surgery.”® Across the three subscales of the AFI (i.e.,
effective action, attentional lapses, interpersonal effectiveness), higher levels of fatigue and
lower levels of energy were associated with worse cognitive performance. Given this finding,
future research needs to evaluate the relationships between changes in PF and the various
dimensions of CF (e.g., attention, multi-tasking) using subjective and objective measures of both
PROs.

It is interesting to note that compared to the Both Normal class, the other four classes,
with varying levels of PF and CF, had clinically meaningful levels of sleep disturbance. While a
number of reviews have concluded that sleep disturbance is a risk factor for cognitive
dysfunction,”" % the exact mechanisms that underlie this relationship are unknown. In terms of
PF, in a cross-sectional study of older adults with cancer,” 40% had sleep disturbance. In a
multivariate analysis, patients with sleep disturbance had a 1.96 increase in the odds of having
impairments in instrumental ADLs and a 2.43 increase in the odds of having limitations in
physical activity.

Similar to sleep disturbance, compared to the Both Normal class, the other four classes
had higher rates of both cancer and non-cancer pain. In addition, across these four classes,
worst pain intensity scores were in the moderate to severe range. In terms of CF, as noted in
one systematic review of the neuroimmunology of cancer and associated symptoms,’ findings
from both preclinical and clinical studies suggest that neuroimmune interactions contribute to

the development of pain and CF in patients with cancer. In terms of PF, in a nation-wide survey
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of oncology outpatients in Taiwan,” 50.6% of them reported pain. As these patients’ disease
progressed (e.g., increased number of metastatic sites, additional cancer treatments) the
occurrence of pain was associated with increased impairments in PF.
QOL Outcomes

As shown in Tables 4 and 5, except for the MQOLS-PV spiritual well-being subscale, for
the majority of the QOL domains, compared to the Both None class, the other four classes
reported significantly lower scores. Of note for both the PCS and MCS summary scores,
patients in the Low CF classes had scores below the normative score of 50 for the general
population of the United States.* Overall, our results are consistent with a previous report of
patients with head and neck cancer that found that deficits in various aspects of function were
associated with significant declines in QOL following treatment.”® In addition, our results are
consistent with a systematic review that found that even mild cognitive difficulties, especially
when they are persistent and untreated, can have significant functional consequences.”” These
authors noted that cognitive impairments have negative effects on return to work, interpersonal
relationships, leisure activities, and overall QOL.
Individual Latent Classes

While albeit small in size (5.4% of the sample), the characteristics of the Changing class
warrants some consideration. Some of the characteristics that were unique to this class
included: being younger; having a fewer number of cancer treatments and metastatic sites;
being less likely to have gastrointestinal cancer and metastatic disease; having a higher MAX2
score (increased toxicity of the chemotherapy regimen), and receiving a more emetogenic
chemotherapy regimen. In addition, this class had clinically meaningful levels of state and trait
anxiety, evening fatigue, and sleep disturbance and decrements in morning and evening energy
prior to their second or third cycle of chemotherapy. Equally important, both the AFl and MCS
scores at enroliment were within the normal ranges. In contrast the PCS scores at enroliment

for the Changing class were below the clinically meaningful cutoff. Taken together, these
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findings suggest that these patients were receiving relatively toxic chemotherapy and
inadequate symptom management interventions that had a greater impact on their PF than on
their CF.

As noted in Leidy’s functional status framework,'® one hypothesis for the changing PF
scores in this class is that when these patients are exposed to a stressor (i.e., receipt of
chemotherapy), they experience a decline in functional capacity and a depletion of physical
reserves that results in decrements in performance. This framework suggests that functional
performance is a dynamic outcome that responds to stress through the establishment of new
equilibria. In terms of variations in CF, plausible hypotheses for the dynamic changes in AFI
scores include these patients’ ability to rapidly respond to the stress of chemotherapy'® and/or
higher levels of cognitive reserve and resilience.”®

The Both Low class, that constituted 18.4% of this sample, appears to be an extremely
high risk group. As shown in Table 5, compared to the Both High class, these patients had the
largest number of risk factors. Particularly noteworthy are the higher occurrence rates for almost
all of the comorbid conditions on the SCQ and that these patients had an average of 3.3 chronic
conditions. Equally important, this class’s mean self-reported KPS score was 67.9 and 42% had
a score of less than 60. A KPS score of 60 equates with “I require occasional assistance, but
am able to care for most of my personal needs”.*® In addition, all of the symptom scores on
Table 3 indicated clinically meaningful levels of depression, anxiety, fatigue, sleep disturbance,
and pain, as well as significant decrements in energy. The extremely low scores on the majority
of the SF-12 subscales corroborate the extremely low levels of both PF and CF in these
patients.

Based on these findings, one can hypothesize that if assessed using a measure like the
Clinical Frailty Scale (CFS),” these patients would meet the criteria for being frail (i.e., a state of
increased vulnerability resulting from age-associated declines in reserve and function across

multiple physiological systems, such that the ability to cope with every day or acute stressors is
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compromised®). Consistent with the frailty model,®! that suggests that the underlying
mechanisms for frailty include chronic low-grade inflammation, as well as energy imbalances
and anabolic deficiency, in addition to multimorbidity and decrements in PF and CF, these
patients may be malnourished and/or have sarcopenia. These findings suggest that patients
undergoing chemotherapy, with similar risk factors as the Both Low class, warrant screening for
frailty.
Limitations

A number of limitations warrant consideration. Given that the sample was primarily
female, White, and well-educated and had a relatively high annual income, future studies need
to recruit more diverse samples and evaluate additional social determinants of health (e.g.,
medical discrimination, environmental stressors). While valid and reliable self-report measures
were used to assess PF and CF, future studies need to assess both outcomes using objective
measures and examine associations among these measures. In addition, pretreatment and
post-treatment of both outcomes warrant evaluation to be able determine if membership in each
of the latent classes persists over time. Equally important, additional information is warranted on
the effects of specific comorbid conditions and pharmacologic and non-pharmacologic symptom
management interventions on both PF and CF.
Implications for Clinical Practice and Research

As noted in a recent qualitative study of oncology patients,®? PF, CF, social function, and
physical health are the most important components of QOL. In particular, for older adults with
cancer, maintaining their cognitive status and independence, staying in their own home, and
maintaining contact with both family members and their community are important aspects of
QOL. Therefore findings from the current study suggest that clinicians need to use simple
subjective and objective measures to evaluate PF (e.g., KPS score, gait speed®) and CF (AFI,
trail making test®) on a routine basis. In addition, given that clinically meaningful severity scores

for a large number of common symptoms were associated with poorer PF and CF,
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individualized symptom management interventions need to be developed and their effects on
the targeted symptom and these important PROs need to be evaluated on an ongoing basis.
Given the benefits of exercise for both PF®* and CF,? high risk patients warrant referral to
physical therapy for tailored exercise prescriptions that take into account patients’ level of
disability.

Future studies need to evaluate the impact of family and social relationships, caregiver
characteristics, and community resources on older adults’ PF and CF. In addition, studies that
investigate the effects of stress and psychological resilience on PF and CF will provide
important information on potentially modifiable risk factors that can be targeted to improve these
PROs.?® Equally important, the mechanisms that underlie changes in PF and CF as
independent and combined PROs warrant evaluation. Finally, longitudinal studies are needed,
using analytic techniques like parallel process growth modeling,® to determine which outcome
is driving improvements, maintenance, or worsening of PF and CF in patients undergoing

cancer treatments.

Declaration of competing interest: The authors have no competing interest to declare.

Funding: This study was funded by a grant from the National Cancer Institute (CA134900). The

content is solely the responsibility of the authors and does not necessarily represent the official

views of the National Institutes of Health. Dr. Miaskowski is an American Cancer Society Clinical

Research Professor.

16



REFERENCES

1.

Fried TR, Bradley EH, Towle VR, Allore H. Understanding the treatment preferences of
seriously ill patients. N Engl J Med. 2002;346(14): 1061-1066.

Cohen JA, Verghese J, Zwerling JL. Cognition and gait in older people. Maturitas.
2016;93: 73-77.

Montero-Odasso M, Almeida QJ, Bherer L, et al. Consensus on shared measures of
mobility and cognition: From the Canadian Consortium on Neurodegeneration in Aging
(CCNA). J Gerontol A Biol Sci Med Sci. 2019;74(6): 897-909.

Montero-Odasso M, Verghese J, Beauchet O, Hausdorff JM. Gait and cognition: a
complementary approach to understanding brain function and the risk of falling. J Am
Geriatr Soc. 2012;60(11): 2127-2136.

Sleight A, Gerber LH, Marshall TF, et al. Systematic review of functional outcomes in
cancer rehabilitation. Arch Phys Med Rehabil. 2022.

Crouch A, Champion VL, Von Ah D. Comorbidity, cognitive dysfunction, physical
functioning, and quality of life in older breast cancer survivors. Support Care Cancer.
2022;30(1): 359-366.

Tometich DB, Mosher CE, Cyders M, et al. An examination of the longitudinal
relationship between cognitive function and physical activity among older breast cancer
survivors in the thinking and living with cancer study. Ann Behav Med. 2022.
Papadopoulos E, Abu Helal A, Berger A, et al. Objective measures of physical function
and their association with cognitive impairment in older adults with cancer prior to
treatment. J Geriatr Oncol. 2022;13(8): 1141-1148.

Fang YY, Lee YH, Chan JC, et al. Effects of exercise interventions on social and
cognitive functioning of men with prostate cancer: a meta-analysis. Support Care

Cancer. 2020;28(5): 2043-2057.

17



10.

11.

12.

13.

14.

15.

16.

17.

18.

Kobayashi LC, Cohen HJ, Zhai W, et al. Cognitive function prior to systemic therapy and
subsequent well-being in older breast cancer survivors: Longitudinal findings from the
Thinking and Living with Cancer Study. Psychooncology. 2020;29(6): 1051-1059.

Utne I, Cooper BA, Ritchie C, et al. Co-occurrence of decrements in physical and
cognitive function is common in older oncology patients receiving chemotherapy. Eur J
Oncol Nurs. 2020;48: 101823.

Cunningham C, R OS, Caserotti P, Tully MA. Consequences of physical inactivity in
older adults: A systematic review of reviews and meta-analyses. Scand J Med Sci
Sports. 2020.

Kurita S, Tsutsumimoto K, Doi T, et al. Association of physical and/or cognitive activity
with cognitive impairment in older adults. Geriatr Gerontol Int. 2020;20(1): 31-35.

Kurita S, Doi T, Tsutsumimoto K, et al. Association of physical activity and cognitive
activity with disability: A 2-year prospective cohort study. Phys Ther. 2020;100(8): 1289-
1295.

Hu L, Smith L, Imm KR, Jackson SE, Yang L. Physical activity modifies the association
between depression and cognitive function in older adults. J Affect Disord. 2019;246:
800-805.

Leidy NK. Functional status and the forward progress of merry-go-rounds: toward a
coherent analytical framework. Nurs Res. 1994;43(4): 196-202.

Neo J, Fettes L, Gao W, Higginson |J, Maddocks M. Disability in activities of daily living
among adults with cancer: A systematic review and meta-analysis. Cancer Treat Rev.
2017;61: 94-106.

Loh KP, Lam V, Webber K, et al. Characteristics associated with functional changes
during systemic cancer treatments: A systematic review focused on older adults. J Nat/

Compr Canc Netw. 2021;19(9): 1055-1062.

18



19.

20.

21.

22.

23.

24.

25.

26.

27.

Muhandiramge J, Orchard SG, Warner ET, van Londen GJ, Zalcberg JR. Functional
decline in the cancer patient: A review. Cancers (Basel). 2022;14(6).

Janelsins MC, Kohli S, Mohile SG, Usuki K, Ahles TA, Morrow GR. An update on
cancer- and chemotherapy-related cognitive dysfunction: current status. Semin Oncol.
2011;38(3): 431-438.

Bernstein LJ, McCreath GA, Komeylian Z, Rich JB. Cognitive impairment in breast
cancer survivors treated with chemotherapy depends on control group type and
cognitive domains assessed: A multilevel meta-analysis. Neurosci Biobehav Rev.
2017;83: 417-428.

Orszaghova Z, Mego M, Chovanec M. Long-term cognitive dysfunction in cancer
survivors. Front Mol Biosci. 2021;8: 770413.

Bolton G, Isaacs A. Women's experiences of cancer-related cognitive impairment, its
impact on daily life and care received for it following treatment for breast cancer. Psychol
Health Med. 2018;23(10): 1261-1274.

Chapman B, Derakshan N, Grunfeld EA. Exploring primary breast cancer survivors' self-
management of sustained cancer-related cognitive impairment in the workplace.
Psychooncology. 2022;31(4): 606-613.

Maeir T, Nahum M, Makranz C, Tsabari S, Peretz T, Gilboa Y. Predictors of quality of life
among adults with self-reported cancer related cognitive impairment. Disabil Rehabil.
2022: 1-7.

Dhir S, Teo WP, Chamberlain SR, Tyler K, Yicel M, Segrave RA. The effects of
combined physical and cognitive training on inhibitory control: A systematic review and
meta-analysis. Neurosci Biobehav Rev. 2021;128: 735-748.

Sui SX, Williams LJ, Holloway-Kew KL, Hyde NK, Pasco JA. Skeletal muscle health and

cognitive function: A narrative review. Int J Mol Sci. 2020;22(1).

19



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Pedersen BK. Physical activity and muscle-brain crosstalk. Nat Rev Endocrinol.
2019;15(7): 383-392.

Liu-Ambrose T, Barha CK, Best JR. Physical activity for brain health in older adults. App/
Physiol Nutr Metab. 2018;43(11): 1105-1112.

Blanchet S, Chikhi S, Maltais D. The benefits of physical activities on cognitive and
mental health in healthy and pathological aging. Geriatrie et psychologie
neuropsychiatrie du vieillissement. 2018;16(2): 197-205.

Phillips C, Fahimi A. Immune and neuroprotective effects of physical activity on the brain
in depression. Front Neurosci. 2018;12: 498.

Ko&c¢ak Tivadar B. Physical activity improves cognition: possible explanations.
Biogerontology. 2017;18(4): 477-483.

Karnofsky D. Performance scale. New York: Plenum Press; 1977.

Babor TF, Higgins-Biddle JC, Saunders JB, Monteiro MG. AUDIT: The Alcohol Use
Disorders Identification Test: Guidelines for Use in Primary Care. Geneva, Switzerland:
World Health Organization; 2001.

Sangha O, Stucki G, Liang MH, Fossel AH, Katz JN. The Self-Administered Comorbidity
Questionnaire: a new method to assess comorbidity for clinical and health services
research. Arthritis Rheum. 2003;49(2): 156-163.

Ware J, Jr., Kosinski M, Keller SD. A 12-ltem Short-Form Health Survey: construction of
scales and preliminary tests of reliability and validity. Med Care. 1996;34(3): 220-233.
Cimprich B, Visovatti M, Ronis DL. The Attentional Function Index--a self-report
cognitive measure. Psychooncology. 2011;20(2): 194-202.

Cimprich B, So H, Ronis DL, Trask C. Pre-treatment factors related to cognitive
functioning in women newly diagnosed with breast cancer. Psychooncology. 2005;14(1):

70-78.

20



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Radloff LS. The CES-D Scale: A self-report depression scale for research in the general
population. Appl Psychol Measure. 1977;1(3): 385-401.

Spielberger CG, Gorsuch RL, Suchene R, Vagg PR, Jacobs GA. Manual for the State-
Anxiety (Form Y): Self Evaluation Questionnaire. Palo Alto, CA: Consulting
Psychologists Press; 1983.

Lee KA, Hicks G, Nino-Murcia G. Validity and reliability of a scale to assess fatigue.
Psychiatry Res. 1991;36(3): 291-298.

Lee KA. Self-reported sleep disturbances in employed women. Sleep. 1992;15(6): 493-
498.

Daut RL, Cleeland CS, Flanery RC. Development of the Wisconsin Brief Pain
Questionnaire to assess pain in cancer and other diseases. Pain. 1983;17(2): 197-210.
Padilla GV, Ferrell B, Grant MM, Rhiner M. Defining the content domain of quality of life
for cancer patients with pain. Cancer Nurs. 1990;13(2): 108-115.

Muthen LK, Muthen BO. Mplus User's Guide (8th ed.). 8th ed. Los Angeles, CA: Muthen
& Muthen; 1998-2020.

Jung T, Wickrama KAS. An introduction to latent class growth analysis and growth
mixture modeling. Soc Personal Psychol Compass. 2008;2(1): 302-317.

Muthén L, Muthén B. Mplus. Statistical analysis with latent variables User's guide.
2009;7.

Muthen B, Shedden K. Finite mixture modeling with mixture outcomes using the EM
algorithm. Biometrics. 1999;55(2): 463-469.

Kruseova J, Zichova A, Eckschlager T. Premature aging in childhood cancer survivors.
Oncol Lett. 2023;25(2): 43.

Brown JC, Harhay MO, Harhay MN. Patient-reported versus objectively-measured
physical function and mortality risk among cancer survivors. J Geriatr Oncol. 2016;7(2):

108-115.

21



51.

52.

53.

54.

55.

56.

57.

58.

59.

Kobayashi LC, Westrick AC, Doshi A, et al. New directions in cancer and aging: State of
the science and recommendations to improve the quality of evidence on the intersection
of aging with cancer control. Cancer. 2022;128(9): 1730-1737.

Hayajneh AA, Rababa M. The association of frailty with poverty in older adults: A
systematic review. Dement Geriatr Cogn Disord. 2021;50(5): 407-413.

Zeng Y, Lum TYS, Chen YC. The intersectionality of life course socioeconomic status,
race, and cognitive decline: An 18-year follow-up. Int J Geriatr Psychiatry. 2022;37(8).
Weng X, George DR, Jiang B, Wang L. Association between subjective cognitive decline
and social and emotional support in US adults. Am J Alzheimers Dis Other Demen.
2020;35: 1533317520922392.

Nightingale G, Battisti NML, Loh KP, et al. Perspectives on functional status in older
adults with cancer: An interprofessional report from the International Society of Geriatric
Oncology (SIOG) nursing and allied health interest group and young SI0G. J Geriatr
Oncol. 2021;12(4): 658-665.

Oppegaard KR, Mayo SJ, Armstrong TS, Anguera JA, Kober KM, Miaskowski C. The
multifactorial model of cancer-related cognitive impairment. Oncology Nursing Forum.
2023: In press.

Magnuson A, Ahles T, Chen BT, Mandelblatt J, Janelsins MC. Cognitive function in older
adults with cancer: Assessment, management, and research opportunities. J Clin Oncol.
2021;39(19): 2138-2149.

Ryu S, Adams K, Chen Y, Gao Z. Breast cancer survivors' physical activity, psychosocial
beliefs, daily trip behaviors, and subjective well-being: A descriptive study. Complement
Ther Clin Pract. 2022;49: 101688.

Zhao C, Noble JM, Marder K, Hartman JS, Gu Y, Scarmeas N. Dietary patterns, physical
activity, sleep, and risk for dementia and cognitive decline. Curr Nutr Rep. 2018;7(4):

335-345.

22



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Ezzatvar Y, Ramirez-Vélez R, Saez de Asteasu ML, et al. Physical function and all-
cause mortality in older adults diagnosed with cancer: A systematic review and meta-
analysis. J Gerontol A Biol Sci Med Sci. 2021;76(8): 1447-1453.

Bherer L. Cognitive plasticity in older adults: effects of cognitive training and physical
exercise. Ann N Y Acad Sci. 2015;1337: 1-6.

Vilela TC, de Andrade VM, Radak Z, de Pinho RA. The role of exercise in brain DNA
damage. Neural Regen Res. 2020;15(11): 1981-1985.

Maugeri G, D'Agata V, Magri B, et al. Neuroprotective effects of physical activity via the
adaptation of astrocytes. Cells. 2021;10(6).

Rundell SD, Resnik L, Heagerty PJ, Kumar A, Jarvik JG. Comparing performance of
comorbidity indices in predicting functional status, health-related quality of life, and total
health care use in older adults with back pain. J Orthop Sports Phys Ther. 2019: 1-18.
Pereira Nery ECH, Rocha NP, Cruz VT, Silva AG. Systematic review and meta-analysis
on the association between chronic low back pain and cognitive function. Pain Pract.
2022.

Crouch A, Von Ah D. The relationship between self-reported cognitive abilities and
psychological symptoms in breast cancer survivors. Cancer Nurs. 2023;46(1): 29-35.
Bedillion MF, Ansell EB, Thomas GA. Cancer treatment effects on cognition and
depression: The moderating role of physical activity. Breast. 2019;44: 73-80.

Donovan NJ, Wu Q, Rentz DM, Sperling RA, Marshall GA, Glymour MM. Loneliness,
depression and cognitive function in older U.S. adults. Int J Geriatr Psychiatry.
2017;32(5): 564-573.

de Mol M, Visser S, Aerts J, et al. The association of depressive symptoms, personality
traits, and sociodemographic factors with health-related quality of life and quality of life in
patients with advanced-stage lung cancer: an observational multi-center cohort study.

BMC Cancer. 2020;20(1): 431.

23



70.

71.

72.

73.

74.

75.

76.

77.

78.

Allemann-Su YY, Vetter M, Koechlin H, et al. Pre-surgery demographic, clinical, and
symptom characteristics associated with different self-reported cognitive processes in
patients with breast cancer. Cancers (Basel). 2022;14(13).

Zhou L, Kong J, Li X, Ren Q. Sex differences in the effects of sleep disorders on
cognitive dysfunction. Neurosci Biobehav Rev. 2023;146: 105067 .

Pearson O, Uglik-Marucha N, Miskowiak KW, et al. The relationship between sleep
disturbance and cognitive impairment in mood disorders: A systematic review. J Affect
Disord. 2023;327: 207-216.

Loh KP, Pandya C, Zittel J, et al. Associations of sleep disturbance with physical
function and cognition in older adults with cancer. Support Care Cancer. 2017;25(10):
3161-3169.

Scheff NN, Saloman JL. Neuroimmunology of cancer and associated symptomology.
Immunol Cell Biol. 2021;99(9): 949-961.

Rau KM, Chen JS, Wu HB, et al. The impact of pain control on physical and psychiatric
functions of cancer patients: a nation-wide survey in Taiwan. Jpn J Clin Oncol.
2015;45(11): 1042-1049.

de Vries J, Bras L, Sidorenkov G, et al. Association of deficits identified by geriatric
assessment with deterioration of health-related quality of life in patients treated for head

and neck cancer. JAMA Otolaryngol Head Neck Surg. 2021;147(12): 1089-1099.

Mitchell AJ, Kemp S, Benito-Ledn J, Reuber M. The influence of cognitive impairment on
health related quality of life in neurological disease. Acta Neuropsychiatrica. 2010;22: 2-
13.

Sorond FA, Gorelick PB. Brain reserve, resilience, and cognitive stimulation across the
lifespan: How do these factors influence risk of cognitive impairment and the dementias?

Clin Geriatr Med. 2023;39(1): 151-160.

24



79.

80.

81.

82.

83.

84.

85.

86.

Church S, Rogers E, Rockwood K, Theou O. A scoping review of the Clinical Frailty
Scale. BMC Geriatr. 2020;20(1): 393.

Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype.
J Gerontol A Biol Sci Med Sci. 2001;56(3): M146-156.

Pilotto A, Custodero C, Maggi S, Polidori MC, Veronese N, Ferrucci L. A
multidimensional approach to frailty in older people. Ageing Res Rev. 2020;60: 101047.
Seghers P, Kregting JA, van Huis-Tanja LH, et al. What defines quality of life for older
patients diagnosed with cancer? A qualitative study. Cancers (Basel). 2022;14(5).

Ma C, Li M, Li R, Wu C. The effect of rhythmic movement on physical and cognitive
functions among cognitively healthy older adults: A systematic review and meta-
analysis. Arch Gerontol Geriatr. 2023;104: 104837.

LuY, Bu FQ, Wang F, et al. Recent advances on the molecular mechanisms of
exercise-induced improvements of cognitive dysfunction. Trans! Neurodegener.
2023;12(1): 9.

Miller LR, Divers R, Reed C, Pugh E, Calamia M. Resilience as a moderator of
depression and anxiety: a bidimensional approach to predictors of subjective cognition in

older adults. Aging Ment Health. 2023;27(1): 29-34.

Wright AG, Pincus AL, Lenzenweger MF. A parallel process growth model of avoidant

personality disorder symptoms and personality traits. Personal Disord. 2013;4(3): 230-

238.

25



Table 1 — Latent Profile Solutions and Fit Indices for One through Six Classes for Physical Component

Summary Scores? AND Attentional Index Scores Over Six Assessments

Model LL AIC BIC Entropy VLMR
1 Class -34561.30 69238.61 69539.84 n/a n/a
2 Class -33904.78 67951.55 68320.31 0.77 1313.057
3 Class -33601.09 67370.18 67806.45 0.82 607.379%
4 Class -33370.33 66934.67 67438.45 0.80 461.51%
5 Class® -33206.95 66633.90 67205.21 0.82 582.92
6 Class -33082.37 66410.75 67049.57 0.82 ns

Baseline Entropy and VLMR are not applicable for the one-class solution

*p <.001; Tp = .0001; *p < .00005

aPhysical Component Summary scores from the Medical Outcomes Study-Short Form 12

bThe 5-class solution was selected because the BIC for that solution was lower than the BIC for the 4-
class solution. In addition, the VLMR was significant for the 5-class solution, indicating that five classes fit
the data better than four classes. Although the BIC was smaller for the 6-class than for the 5-class
solution, the VLMR was not significant for the 6-class solution, indicating that too many classes were

extracted.

Abbreviations: AIC = Akaike’s Information Criterion; BIC = Bayesian Information Criterion; LL = log-
likelihood; n/a = not applicable; ns = not significant, VLMR = Vuong-Lo-Mendell-Rubin likelihood ratio test
for the K vs. K-1 model
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