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Abstract

Purpose: While attentional function is an extremely important patient outcome for older adults,
research on changes in function in this group is extremely limited. The purposes of this study were
to: identify subgroups of older patients (i.e., latent growth classes) based on changes in their level
of self-reported attentional function; determine which demographic and clinical characteristics
were associated with subgroup membership; and determine if these subgroups differed on quality
of life (QOL) outcomes.

Methods: Older oncology outpatients (n=365) who were assessed for changes in attention and
working memory using the Attentional Function Index a total of six times over two cycles of
chemotherapy (CTX). QOL was assessed using the Medical Outcomes Study-Short Form 12 and
the QOL-Patient \Version Scale. Latent profile analysis (LPA) was used to identify subgroups of
older adults with distinct attentional function profiles.

Results: Three distinct attentional functional profiles were identified (i.e., low, moderate, and
high attentional function). Compared to the high class, older adults in the low and moderate
attentional function classes had lower functional status scores, a worse comorbidity profile and
were more likely to be diagnosed with depression. In addition, QOL scores followed an expected
pattern (low class < moderate class < high attentional function class).
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Conclusions: Three distinct attentional function profiles were identified among a relatively large
sample of older adults undergoing CTX. The phenotypic characteristics associated with
membership in the low and moderate latent classes can be used by clinicians to identify high risk
patients.

Keywords
cognitive function; attentional function; older adults; chemotherapy; latent profile analysis

INTRODUCTION

The number of older adults diagnosed with cancer is expected to increase by 67% between
2010 and 2030 (Smith et al., 2009). However, older adults are less likely to receive the most
effective cancer treatments (Extermann et al., 2005), and to complete a standard course of
chemotherapy (CTX) (Fairfield et al., 2011). Because age is a well-established risk factor for
cognitive decline, researchers have speculated that older adults may be more vulnerable to
the adverse cognitive effects of cancer treatments (Ahles et al., 2012; Hurria et al., 2006b;
Lange et al., 2014). However, only limited information is available on the impact of CTX on
older oncology patients’ cognitive function (Joly et al., 2015).

In a longitudinal study of older women with breast cancer (Lange et al., 2016), 29% had a
decline in working memory using the neuropsychological test Wechsler Adult Intelligence
Scale-111 (i.e., arithmetic, digit-span forward, digit-span backward, and letter-number
sequencing) (Wechsler, 1997), from before to after the completion of CTX. In another study
of older breast cancer patients (Hurria et al., 2006a), >60% perceived pre-existing working
memory problems and were more likely to perceive worsening memory after CTX. In
addition, older adults with comorbidities (e.g., diabetes) have poorer cognitive performance
prior to cancer treatment (Mandelblatt et al., 2014b). None of these studies evaluated
patients at multiple time points over two cycles CTX to assess for more acute changes in
cognitive function. In addition, these studies were limited because the sample sizes were
relatively small and assessed only older women with breast cancer. As noted in three reviews
(Joly et al., 2015; Loh et al., 2016; Mandelblatt et al., 2014a), longitudinal studies of
changes in and factors associated with decrements in cognitive function in older adults
receiving CTX are urgently needed to inform clinical decisions and follow-up care.

A number of instruments can be used to assess changes in cognitive function (Andreis et al.,
2013; Collins et al., 2013; Minisini et al., 2008). However, shorter instruments, that are
focused on an evaluation of changes in attention and working memory (i.e., executive
function), may be easier for older adults to complete and more reflective of changes in their
ability to manage daily activities. In addition, attention and working memory are the two
most common domains of cognitive function that are affected by CTX (Vannorsdall, 2017;
Vitali et al., 2017; Yao et al., 2017). One such self-reported instrument is the Attentional
Function Index (AFI) (Cimprich et al., 2011). This instrument has been used in several
studies of oncology patients and can detect changes attentional function over time (Askren et
al., 2014; Jung et al., 2017; Moon et al., 2011; Myers et al., 2015; Visovatti et al., 2016; Von
Ah et al., 2009).
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In most studies of changes in cognitive function in older oncology patients (Hurria et al.,
2006a; Lange et al., 2016), mean scores were used to evaluate for between groups
differences or changes over time. This approach does not allow for the identification of
subgroups of patients with distinct cognitive function profiles. The use of statistical
approaches, like latent profile analysis (LPA), allows for the identification of these
subgroups. Once these subgroups are identified, the demographic and clinical characteristics
associated with subgroup membership can be evaluated.

While attentional function is an important patient outcome for older adults, research on
changes in function in this vulnerable group is extremely limited. Therefore, the purposes of
this study, in a sample of older oncology outpatients (n=365) who were assessed for changes
in attention and working memory using the AFI over two cycles of CTX were to: identify
subgroups of older patients (i.e., latent growth classes) based on changes in their level of
self-reported attentional function; determine which demographic and clinical characteristics
were associated with subgroup membership; and determine if these subgroups differed on
quality of life (QOL) outcomes.

METHODS

Patients and Settings

Details on the larger, longitudinal study are published elsewhere (Miaskowski et al., 2016;
Miaskowski et al., 2014). In brief, for the larger study, eligible patients were >18 years of
age; had a diagnosis of breast, gastrointestinal (Gl), gynecological (GYN), or lung cancer;
had received CTX within the preceding four weeks; were scheduled to receive at least two
additional cycles of CTX; 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 during their second or third cycle of CTX and 1343 consented to
participate (60.1% response rate). The major reason for refusal was being overwhelmed with
their cancer treatment. For this study, data from patients who were =65 years of age (h=365)
were used in the analysis of changes in attentional function.

Instruments

A demographic questionnaire obtained information on age, gender, ethnicity, marital status,
living arrangements, education, employment status, and income. The Karnofsky
Performance Status (KPS) scale was used to assess patients’ overall performance status
(Karnofsky et al., 1948). Patients rated their functional status using the KPS scale that
ranged from 30 (I feel severely disabled and need to be hospitalized) to 100 (I feel normal; |
have no complaints or symptoms) (Ando et al., 2001; Schnadig et al., 2008).

Self-Administered Comorbidity Questionnaire (SCQ) consists of thirteen common medical
conditions simplified into language that can be understood without prior medical knowledge
(Sangha et al., 2003). Patients indicated if they had the condition; if they received treatment
for it (proxy for disease severity); and if it limited their activities (indication of functional
limitations). Across the thirteen conditions, the total SCQ score can range from 0 to 39 with
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higher scores indicating a worse comorbidity profile. The SCQ has well established validity
and reliability (Brunner et al., 2008; Cieza et al., 2006).

Alcohol Use Disorder Identification Test (AUDIT) is a 10-item questionnaire that assesses
alcohol consumption, alcohol dependence, and consequences of alcohol abuse in the last 12
months. The AUDIT gives a total score that ranges between 0 and 40. Scores of =8 are
defined as hazardous use and score of =16 are defined as use of alcohol that is likely to be
harmful to health (Babor et al., 2001). The AUDIT has well-established validity and
reliability (Berks and McCormick, 2008). The Cronbach’s alpha for the AUDIT was 0.63.

Changes in attentional function over two cycles of CTX were assessed using the AFI score
(Cimprich et al., 2011). AFI consists of 16 questions about attentional function. A higher
total mean score on a 0 to 10 numeric scale (NRS) indicates greater capacity to direct
attention (Cimprich et al., 2011). Total scores are grouped into categories of attentional
function (i.e., <5 low function, 5.0 to 7.5 moderate function, >7.5 high function) (Cimprich
et al., 2005). The AFI has well-established validity and reliability (Cimprich et al., 2011).
The Cronbach’s alpha for the AFI total score was 0.93.

Changes in QOL were assessed using the SF-12 (Ware et al., 1996). 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 that measure physical (i.e., PCS) and psychological (mental
component summary (MCS)) function. These scores can range from 0 to 100. Higher PCS
and MCS scores indicate better physical and psychological functioning, respectively. The
PCS score includes the dimensions of physical functioning, role-physical, bodily pain, and
general health perceptions. The MCS score includes the dimensions of mental functioning,
emotional functioning, social functioning, and vitality. The SF-12 has well established
validity and reliability (Ware et al., 1996).

Disease-specific QOL was evaluated using the Quality of Life Scale-Patient Version (QOL-
PV)) (Padilla et al., 1990; Padilla et al., 1983). This 41-item instrument measures four
domains of QOL (i.e., physical, psychological, social, and spiritual well-being) in oncology
patients, as well as a total QOL score. Each item is rated on a 0 to 10 NRS with higher
scores indicating a better QOL. The QOL-PV has well established validity and reliability
(Ferrell, 1995; Ferrell et al., 1995; Padilla et al., 1990; Padilla et al., 1983). The Cronbach’s
alpha for the QOLPYV total score was 0.92.

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 to discuss
participation in the study. Written informed consent was obtained from all patients.
Depending on the length of their CTX cycles, patients completed questionnaires in their
homes, a total of six times over two cycles of CTX (i.e., prior to their next cycle of CTX
(assessment symptoms during the period of recovery from the previous CTX cycle,
Assessments 1 and 4), approximately 1 week after CTX administration (assessment of acute
symptoms following the administration of CTX, Assessments 2 and 5), and approximately 2
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weeks after CTX administration (assessment of symptoms during the potential nadir,
Assessments 3 and 6)).

Research nurses reviewed patients” medical records for disease and treatment information.
The toxicity of each patients” CTX regimen was rated using the MAX2 index. Briefly, the
MAX2 score is the average of the most frequent grade 4 hematologic toxicity and the most
frequent grade 3 to 4 nonhematologic toxicity reported in publications of a regimen and
correlates well with the average overall risk of severe toxicity for that regimen (Aapro et al.,
2000; Extermann et al., 2004; Extermann et al., 2002; Extermann et al., 2015).

Data Analysis

Descriptive statistics—Data were analyzed using SPSS version 23 (SPSS, 2015).
Descriptive statistics and frequency distributions were calculated for demographic and
clinical characteristics.

LPA of attentional function scores—As was done for other symptoms (Alfaro et al.,
2014; Doong et al., 2015; Dunn et al., 2011; Eshragh et al., 2017; Kober et al., 2016),
unconditional LPA was used to identify the profiles of attentional function scores (i.e., AFI
scores) that characterized unobserved subgroups of patients (i.e., latent classes) over the six
assessments. Typically, latent class growth modeling would be used to identify latent classes
of individuals who change differently over time. However, our data demonstrated a complex
pattern of change because a pre-treatment assessment, an immediate post-treatment
assessment, and a second posttreatment assessment were done over two cycles of CTX.
Therefore, LPA is more appropriate for this type of change trajectory.

In order to incorporate expected correlations among the repeated measures, we included
covariance parameters among measures that were one or two occasions apart (i.e., a
covariance structure with a lag of two). In this way, we retained the within person correlation
among the measures, at the same time that we focused on the patterns of means that
distinguished among the latent classes. We limited the covariance structure to a lag of two to
accommodate the expected reduction in the correlations that would be introduced by two
treatments 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 (VLRM), entropy, and latent class percentages that
were large enough to be reliable (i.e., likely to replicate in new samples) (Muthen and
Muthen, 1998-2012; Nylund et al., 2007). Missing data were accommodated with the use of
the Expectation-Maximization (EM) algorithm (Muthen and Shedden, 1999).

Mixture models, like LPA, are known to produce solutions at local maxima. Therefore, our
models were fit with from 1,000 to 2,400 random starts. This approach ensured that the
estimated model was replicated many times and was not due to a local maximum.
Estimation was done with Mplus Version 7.4.(Muthen and Muthen, 1998-2017)
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Evaluation of differences among the latent classes

Differences among the latent classes in relevant demographic and clinical characteristics
(Ahles et al., 2012; Cimprich et al., 2005; Janelsins et al., 2014; Mandelblatt et al., 2014B;
Myers et al., 2015) and QOL outcomes were evaluated using analysis of variance and
Kruskal-Wallis or Chi Square tests with Bonferroni corrected post hoc contrasts. All
calculations used actual values. A corrected p-value of <.0167 (i.e., .05/3) was considered
statistically significant.

RESULTS

LCA of Attentional Function

A three class solution was selected because the VLMR was significant, indicating that three
classes fit the data better than two classes and the VLMR was not significant for the 4-class
solution, indicating that too many classes had been extracted (Table 1). The classes were
named based on the clinically meaningful cutpoints for the AFI reported in the literature
(i.e., <5 low function, 5.0 to 7.5 moderate function, >7.5 high function) (Cimprich et al.,
2005). As shown in Figure 1, at enrollment, 26.0% of the sample had high AFI scores. The
largest class (37.3%) had moderate AFI scores and the third class (36.7%) had low AFI
scores. The trajectories of attentional function differed among the latent classes. For both the
low and the high attentional function classes, AFI scores remained relatively stable across
the six assessments. For the moderate attentional function class, AFI scores varied over the
two cycles of CTX, with slightly lower scores reported at assessments 2 and 5 (i.e., the week
following the administration of CTX).

Demographic and Clinical Characteristics

As shown in Table 2, across the three latent classes, KPS scores (i.e., low < moderate <
high) were in the expected direction. In addition, compared to the high class, patients in the
moderate and low classes had higher SCQ scores and were more likely to be diagnosed with
depression. Compared to the high class, patients in the low class were less likely to be
married or partnered, less likely to be employed, more likely to report back pain and had a
higher MAX2 score. Compared to the moderate and high classes, patients in the low class
reported a lower annual household income. Finally, compared to the high class, patients in
the moderate class were less likely to exercise on a regular basis and were less likely to not
have received a previous cancer treatment.

No age, education, or gender differences were found among the latent classes. In addition,
except for MAX 2 scores, none of the disease or treatment characteristics were associated
with latent class membership.

Generic QOL Outcomes

For the SF-12 physical function, role physical, bodily pain, vitality, social functioning, role
emotional, and mental health, as well as the PCS and MCS scores, the differences among the
latent classes followed the same pattern (i.e., low < moderate < high). For the general health
score, compared to patients in the moderate and high classes, patients in the low class
reported lower scores (Table 3).
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Disease-specific QOL Outcomes

For the QOL-PV physical well-being, psychological well-being, social well-being, and total
QOL scores, the differences among the latent classes followed the same pattern (i.e., low <
moderate < high). No differences were found among the latent classes in the spiritual
wellbeing scores (Table 3).

DISCUSSION

This study is the first to use LPA to identify subgroups of older oncology patients with
distinct attentional function profiles over two cycles of CTX. In this relatively large sample,
with a mean age of 71.4 (+5.5), three groups of older adults with distinct attentional function
profiles were identified. Of note, 74% of our older adults reported decrements in attentional
function. The low and the high classes’ AFI scores remained relatively stable over the two
cycles of CTX. However, the AFI scores for the moderate class decreased in the week
following the administration of CTX (i.e., assessments 2 and 5, Figure 1). The exact reasons
for these fluctuations in AFI scores in the moderate class are not readily apparent.

Our finding of three distinct attentional function profiles is consistent with our previous
reports in two independent samples of patients who underwent radiation therapy and their
family caregivers (Merriman et al., 2014b) and breast cancer patients who underwent
surgery (Merriman et al., 2014a). While the range of AFI scores for the low, moderate, and
high attentional function classes were relatively similar across our three studies, the
distributions of class membership differed. In the study of patients and family caregivers
(mean age = 62.1 years) who were assessed from prior to the initiation of radiation therapy
through 4 months after its completion, 84.5% of the participants were in the low and
moderate AFI classes. In the study of breast cancer patients (mean age = 54.8 years) who
were assessed from prior to through 6 months after their surgery, 58.4% were in the low and
moderate AFI classes. These differences in the distribution of attentional function profiles
may be related to a number of sample characteristics (e.g., age, gender, receipt of previous
cancer treatment).

Of note, in both of our previous studies (Merriman et al., 2014a; Merriman et al., 2014b),
younger age was associated with membership in the low compared to the high attentional
function class. While in general, older adults are at higher risk for cognitive impairments
(Vega et al., 2017), it is possible that younger individuals may notice and report more subtle
changes in their cognitive function. In contrast, older adults may have adjusted to their
alterations in attentional function prior to the administration of CTX (Cimprich et al., 2011).
An alternative explanation for the age differences across our studies may be the over-
representation of females in our two previous studies (Merriman et al., 2014a; Merriman et
al., 2014b). For example, in a study of patients receiving CTX for colorectal cancer (Vardy
et al., 2015), after controlling for age, women had higher levels of cognitive impairment than
men. Future studies need to evaluate for the effects of both age and gender on self-reported
attentional function. That said, our findings suggest that decrements in attentional function
are a significant problem for older oncology patients as well as for patients and their family
caregivers during and following a variety of cancer treatments.
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Our finding that 36.7% of our sample was in the low class is consistent with previous reports
that found that between 29% (Lange et al., 2016) and 36% (Hshieh et al., 2018) of older
patients had cognitive impairments prior to the initiation of cancer treatment. While we did
not assess for cognitive impairments prior to the initiation of CTX, a growing body of
evidence suggests that some older oncology patients have changes in cognition prior to the
initiation of treatment (Loh et al., 2016). This vulnerable group of patients may have
difficulties following simple directions and retaining educational information that is needed
to care for themselves during outpatient CTX (Cimprich et al., 2011).

While a previous study found an association between poorer cognitive function and less
education (Mandelblatt et al., 2014b), the demographic characteristics associated with
membership in either the low and/or the moderate AFI classes in our study were: not being
married/partnered, having a lower annual household income, and being unemployed. A
plausible explanation for these associations may be the interaction between medical and
social determinants of health. It is widely understood that health is determined not only by
biological factors but by complex interactions between social, cultural, and economic
factors; one’s physical environment; and individual behaviors (Solar and Irwin, 2010). In
addition, as noted by Williams and colleagues (Williams et al., 2000) being employed may
condition the mechanisms involved in directing attention to function more efficiently.
Therefore, when patients are not working, they do not experience this routine conditioning.
This deficit may contribute to the perception of decreases in attentional function. However,
in other studies among younger patients and caregivers (Cimprich, 1999; Merriman et al.,
2014b), no association was found between employment status and AFI scores. As noted in a
recent review (Janelsins et al., 2014), socioeconomic status which is known to affect
cognitive function in other medical conditions, warrants additional investigation in patients
undergoing cancer treatment.

Consistent with our two previous reports (Merriman et al., 2014a; Merriman et al., 2014b),
older adults in the low attentional function class had the worst comorbidity profile. As noted
by Loh and colleagues (Loh et al., 2016), this relationship may be partially explained by the
fact that CTX-related cognitive impairment may share common biological mechanisms (e.g.,
inflammation) with many comorbid conditions. In addition, they suggested that many of the
medications that are used to treat common medical conditions may contribute to alterations
in cognition in older adults receiving CTX.

As deficits in cognitive function are found in major depressive disorders (Lam et al., 2014),
it is interesting to note that ~30% of the older adults in the low AFI class reported
depression. In addition, over 30% of the patients in the low class reported back pain. Both of
these conditions are treated with medications that can have deleterious effects on cognitive
function (e.g., antidepressants, opioids). Future studies need to evaluate the impact of
multiple medications on older adults cognitive function while they are undergoing cancer
treatment.

Another plausible explanation for why the low attentional function class had the largest
number of phenotypic characteristics associated with class membership is the complex
interplay between multimorbidity in older adults and the broader social determinants of
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health (Northwood et al., 2018). For example, in one systematic review (Marengoni et al.,
2011), significant associations were found between lower socioeconomic status and
increased prevalence of multimorbidity in the elderly. In addition, in a cohort study of 2729
patients with multiple comorbidities (von dem Knesebeck et al., 2015), social inequalities
was significantly associated with decrements in self-rated health, functional status, and
QOL. Interestingly, these associations with income were stronger than with either education
or occupational position. The authors suggested that a “double burden of disease” exists
among older people with a lower socioeconomic status. While our findings support this
hypothesis, additional research is warranted.

It is interesting to note that the only clinical characteristic associated with attentional
function was the MAX2 score. As expected, compared to the high class, older adults in the
low class had a higher MAX2 score which suggests that they were receiving a CTX regimen
that was associated with a worse toxicity profile (Aapro et al., 2000; Extermann et al., 2004;
Extermann et al., 2002; Extermann et al., 2015). Given that the first assessment in the
current study took place after the patient had received their first or second cycle of CTX, it is
not readily apparent if a 0.03 difference in MAX2 scores represents a clinically meaningful
difference that could contribute to the decrements in attentional function found in the low
AFI class.

Consistent with our hypothesis that differences would be found among the three attentional
function classes, in both generic and disease specific measures of QOL, except for general
health and spiritual well-being, statistically significant, as well as clinically meaningful
differences were found among the low, moderate, and the high attentional function classes
that followed the same pattern (i.e. low < moderate <high; Table 3). It is important to note
that for all three classes of older adults, the PCS score for the SF-12 was below the
normative score of 50 for the general United States population (Ware Jr et al., 1996). Of
note, while significant differences were found among the three classes in the MCS score,
only the low attentional function class had a score below 50 (Ware Jr et al., 1996). Taken
together, these findings suggest that older adults who score less than 5 on the AFI warrant
comprehensive geriatric assessments and careful monitoring not only for decrements in
cognitive function but physical function as well.

Several study limitations warrant consideration. While a total of six assessments were done
over two cycles of CTX, these older adults were not assessed prior to the initiation of CTX.
Second, our assessment of cognitive function was limited to a self-report measure that
primarily evaluates executive function. Therefore, additional research is warranted using
objective measures of cognitive function to determine if latent class membership differs
depending on the assessment method used (i.e., subjective or objective measures) and the
domain of cognitive function that is evaluated (e.qg., executive function, working memory).
While some studies of cognitive function compare patients undergoing treatment to healthy
controls (Cimprich et al., 2011; Piacentine et al., 2016), the goal of this study was to identify
distinct subgroups of older adults within the context of CTX treatment.

Despite these limitations, this study is the first to identify subgroups of older adults with
distinct attentional function profiles. The phenotypic characteristics associated with
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membership in the low and moderate AFI classes can be used to identify high risk patients.
Future studies should evaluate the impact of multiple comorbidities on various domains of
cognitive function, as well as the inter-relationships between physical and cognitive function
in older patients receiving CTX. Additional research is warranted on longitudinal changes in
cognitive function in older adults, as well as the impact of cognitive changes on the QOL of
older adults using agespecific QOL measures.
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Highlights
Older adults vary in their levels of attentional function.
Decrements in attentional function are associated with higher levels of comorbidity.

Decrements in attentional function are associated with worse quality of life outcomes.
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Figure 1-.

Attentional Function Index trajectories for patients in each of the latent classes.

Eur J Oncol Nurs. Author manuscript; available in PMC 2019 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Utne et al. Page 17

Table 1—

Latent Profile Analysis Solutions and Fit Indices for One- Through Four-Classes for Attentional Function
Index Scores

Model LL AlIC BIC VLMR Entropy

1Class -3056.64 615528 6237.17 n/a nla
2Class  -2905.26 586651 597571 30p76*** .82

3 Class? -2848.66 5767.33 5903.83 113.18% .78
4Class  -2811.97 5707.95 587174 73.38ms .80
*
p <.05;
Ak
p <.001

aThe 3-class solution was selected because the VLMR was significant, indicating that three classes fit the data better than two classes. In addition,
the VLMR was not significant for the 4-class solution, indicating that too many classes were extracted. In addition, one class in the 4-class solution
was very small (18 cases or 5%) and unlikely to generalize to other samples.

Abbreviations: AIC = Akaike 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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