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Abstract

Purpose Study purposes were to evaluate for inter-individual variability in the trajectories of three objective measures of
physical function (PF) in older patients receiving chemotherapy (n=112) and determine which characteristics were associ-
ated with worse PF.

Methods Balance, gait speed, and chair-stand test were evaluated at initiation and 1, 3, 6, 9, and 12 months following
chemotherapy. Hierarchical linear modeling was used to assess inter-individual variability in the trajectories of the three
tests. Demographic, clinical, and symptom characteristics, and levels of cognitive function associated with initial levels and
changes over time in each of the tests were determined.

Results Gait speed and chair-stand tests improved over time. Balance declined until month 6, then increased. Characteristics
associated with decreases in balance scores at initiation of chemotherapy were lower level of education and lower Karnofsky
Performance Status (KPS) score. For initial levels of poorer gait speed, older age, poorer Trail Making Test B (TMTB), and
worse Attentional Function Index scores were the associated characteristics. Lower KPS scores, higher body mass index,
and poorer TMTB scores were associated with poorer chair-stand times at initiation of chemotherapy. Worse trajectories
of chair-stand times were associated with poorer chair-stand time at enrollment. Characteristic associated with lower initial
levels and improved trajectories of balance was older age at enrollment.

Conclusions Determination of characteristics associated with decrements in balance, gait speed, and chair-stand can assist
clinicians to identify older oncology patients at risk for decrements in PF. Interventions to maintain and improve PF need to
be implemented with higher risk patients.
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patients are associated with increased health care utiliza-
tion and shorter survival [1]. While chemotherapy is a com-
mon treatment, limited information is available on its impact
on PF in older adults during and following its completion.
Most of the studies of PF in older oncology patients used
self-report measures. However, recent findings suggest
that subjective and objective measures of PF assess differ-
ent dimensions of functional status [2]. Of ten longitudinal
studies of PF in older patients undergoing chemotherapy
[3-12], only five used objective measures and findings were
inconsistent [8—12]. In one that evaluated for changes in grip
strength, chair-stand, and 2-min walk tests, over 1 year, in
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97 older patients with acute myeloid leukemia [10], grip
strength showed an initial decline with subsequent recovery,
the other two tests improved over time. In another study
of 38 older patients [9], grip strength declined, chair-stand
scores remained stable, and walking distance improved from
initiation to third cycle of chemotherapy.

In the third study of 30 older patients with lung cancer
[8], walk speed decreased from prior to through weeks 6
and 12 after chemotherapy administration. In the fourth
study that evaluated for changes in PF in 32 patients with
multiple myeloma at diagnosis and 6 months later [12], no
differences in Timed-Up-and-Go test scores were found. In
the fifth study of 49 patients who were recruited before or
within 3 days of starting chemotherapy treatment for leu-
kemia [11], compared to pretreatment scores, independent
activities of daily living (ADL), Short Physical Performance
Battery (SPPB) test scores, and grip strength declined at
8 weeks after hospital discharge. While these studies provide
objective data on changes in PF, none evaluated whether
selected demographic, clinical, and symptom characteristics
were associated with decrements in PF. Further, four studies
had relatively small sample sizes and short-term follow-up
[8,9, 11, 12]. Equally important, while these longitudinal
studies used objective tests from the SPPB [8—12], only one
of them used all three SPPB tests (i.e., balance, gait speed
(GS), and chair-stand) [11]. As noted previously [13], each
of the SPPB tests provides unique information about PF.

While none of these longitudinal studies determined risk
factors associated with decreases in PF [8—12], findings from
cross-sectional studies of older adults suggest that different
factors are associated with objective measures of PF. For
example, poorer balance was associated with older age [14],
more pain and depression [15, 16], and lower cognitive func-
tion (CF) [17]. Reviews suggest that declines in PF and CF
are connected and frequently co-occur in older adults [18,
19]. In contrast, decrements in GS were related to older age
[14], lower levels of education [20], higher comorbidity bur-
den [21], more pain and depression [15, 22], and decrements
in CF [23]. Prolonged chair-stand times were associated with
older age [14]. In our previous study [2], balance, GS, and
chair-stand test scores exhibited small to moderate correla-
tions (i.e., correlations between GS and balance r=0.36,
p<0.001; GS and chair-stand r=0.23, p =0.009; chair-stand
and balance r=0.10, p=0.275). These findings suggest that
the three tests measure distinct, but related, dimensions of
PF.

Given the paucity of research on changes in and risk fac-
tors for decrements in PF in older oncology patients, the
purposes of this study were to evaluate for inter-individual
variability in the trajectories of three objective measures of
PF (i.e., balance, GS, and chair-stand) and determine which
demographic, clinical, and symptom characteristics, as well
as measures of PF and CF were associated with decrements
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in each test. Based on our previous findings [2] and those of
others [14-17, 20-23], we hypothesized that different demo-
graphic, clinical, and symptom characteristics as well as PF
and CF scores would be associated with changes in balance,
GS, and chair-stand tests.

Materials and methods

A detailed description of the methods is presented in Appen-
dix A and in previous publications [24, 25].

Sample and settings

In brief, eligible patients were > 60 years of age; had a diag-
nosis of gynecological or colorectal cancer; were scheduled
to receive chemotherapy; had a Montreal Cognitive Assess-
ment (MoCA) score of >23 [26]; and had a Karnofsky Per-
formance Status (KPS) score of > 60 [27]. A total of 208
patients were approached and 149 consented to participate.
Of these, one withdrew and nine were excluded because of
low MoCA score. Complete data from 112 patients were
available.

Instruments

Patients completed a demographic questionnaire, the KPS
scale that ranged from 40 to 100 [27], and the Self-Admin-
istered Comorbidity Questionnaire (SCQ-16) that ranged
from 0 to 48 [28]. Balance score (from O to 4 points),
timed GS (m/s), and the timed 5-times chair-stand test (s)
from the SPPB were used to assess PF [13]. For balance,
a total score of >3.71 (x0.65) is considered normal [14].
For GS and chair-stand tests, < 1.2 m/s (i.e., MCID for gait
speed =0.05 m/s) and < 11.19 s, respectively, are considered
normal.

Center for Epidemiological Studies-Depression (CES-
D) scale was used to evaluate depressive symptoms, with
scores > 16 indicating need for clinical evaluation. Addi-
tional symptoms were assessed using European Organization
for the Research and Treatment of Cancer Quality of Life
Questionnaire Core-30 (i.e., QLQ-C30). CF was assessed
using the self-reported Attentional Function Index (AFI)
[29], which is grouped into three categories (< 5.0 low func-
tion, 5.0 to 7.5 moderate function, > 7.5 high function), and
the MoCA test [26], with scores <25 indicating cognitive
impairments, and the timed Trail Making Test B (TMTB
test) (seconds) [30].

Study procedures

Regional Committee for Medical and Research Ethics,
Norway and the Institutional Review Board at each of the



Supportive Care in Cancer (2022) 30:10031-10041

10033

study sites approved the study (reference No. 2015/1277/
REC South-East). Clinicians approached patients prior
to the initiation of chemotherapy to assess their inter-
est in study participation. Written informed consent was
obtained from all patients. Patients completed study ques-
tionnaires and PF tests in their homes or in the clinic,
prior to and 1, 3, 6, 9, and 12 months after the initiation of
chemotherapy. Reliability testing was done on an annual
basis. An inter-rater reliability of >0.90 was achieved for
the study measures.

Statistical analysis

Descriptive statistics were generated for demographic
and clinical characteristics, symptom severity scores,
and measures of PF and CF using SPSS version 26 (IBM
Corporation, Armonk, NY). Demographic, clinical, and
symptom characteristics, as well as the CF measures that
were evaluated as predictors in the hierarchical linear
modeling (HLM) analysis were assessed at the initiation
of chemotherapy.

HLM based on full maximum likelihood estimation was
done using software developed by Raudenbush and Bryk
[31]. Separate HLM analyses were done for balance, GS, and
chair-stand tests. In brief, during stage 1, intra-individual
variability in the scores for each test over time was exam-
ined. At this point, the model was constrained to be uncon-
ditional and likelihood ratio tests were used to determine the
best fitting model.

Second stage of HLM analysis examined inter-individual
differences in the trajectories of each test’s scores by mod-
eling the individual change parameters as a function of pro-
posed predictors at level 2. Supplemental Tables 1, 2, and
3 present the list of proposed predictors for each test. To
construct a parsimonious model, exploratory level 2 analysis
was completed and predictors with a ¢ value of < 2.0 were
dropped from subsequent model testing. Significant predic-
tors from the exploratory analyses were entered into the
model to predict each individual change parameter. Predic-
tors that maintained a statistically significant contribution in
conjunction with other variables were retained in the final
model. A p value of < 0.05 indicated statistical significance.

Results

Figures 1D-E, 2C-E, and 3C-F display the adjusted change
curves for the balance test, gait speed test, and chair-stand
test, respectively, that were estimated based on one stand-
ard deviation (SD) above and below the mean score of the
predictor variables.

Patient characteristics

As reported [25], patients (n=112) were 70.4 (£6.5)
years of age, well-educated, and diagnosed with gyneco-
logical (90.2%) or colorectal (9.8%) cancer. Most patients
were female (93.8%), married (64.3%), and not employed
(83.0%). Mean number of comorbidities was 2.0 (£ 1.7)
and mean SCQ score was 3.8 (+3.8). The patients were 1.3
(£3.9) years from their cancer diagnosis, had metastatic
disease (78.6%), and had surgery prior to chemotherapy
(54.5%; Table 1).

At enrollment, the mean score on the CES-D (11.6+8.2)
was below the clinically meaningful cutoff score of > 16.
Mean scores on the QLQ-C30 symptom scales ranged from
8.0 (+ 15.2) for nausea/vomiting to 43.9 (+26.3) for fatigue.
While enrollment score for chair-stand test of 13.4 (+5.5)
suggests lower level of PF, the scores for balance (3.8 +0.5),
GS (0.9+0.3), MoCA (26.3+2.1), TMTB (112.5+50.2),
and AFI (7.4 +1.5) suggest normal levels of PF and CF
(Table 1).

Balance test

First stage of HLM analysis examined how balance scores
changed from initiation of chemotherapy through 12 months.
In the unconditional, quadratic model, the intercept repre-
sents the estimated balance score (i.e., 3.794 on a 0 to 4
scale) at enrollment. Estimated linear rate of change, for
each additional assessment, was —(0.045 and the estimated
quadratic change was 0.004 (p <0.05; Table 2).

Balance scores decreased slightly until month 6 and then
increased to month 12 (Fig. 1A). As noted by the variance
components (Table 2) and seen in Fig. 1B, a considerable
inter-individual variability existed in the balance score tra-
jectories. These results supported analyses of predictors of
inter-individual variability in initial levels, and the trajecto-
ries of these scores. Mean scores for all PF tests for the vari-
ous groups depicted in the figures are estimated or predicted
means based on the HLM analyses.

Second stage of the HLM analysis evaluated how
balance scores at the initiation of chemotherapy and its
change over time were associated with demographic, clin-
ical, and symptom characteristics, as well as CF. Char-
acteristics associated with inter-individual variability in
balance scores at initiation of chemotherapy were educa-
tion and KPS score (Table 2). As shown in Fig. 1C and
D, patients with a lower level of education and a lower
performance status were more likely to have poorer bal-
ance at enrollment. Age was the only characteristic that
was associated with inter-individual variability in both
initial levels and the trajectories of the balance scores
(Fig. 1E). Patients who were older at enrollment had
decreases in balance scores at the first three assessments
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Fig. 1 A Unconditional model of mean balance test scores at the initi-
ation of chemotherapy and at 1, 3, 6, 9, and 12 months after its initia-
tion. B Spaghetti plot of a random sample of 50% of the patients’ bal-
ance score trajectories over 12 months. Influence of enrollment scores
for C education (i.e., primary school vs high school vs college), as
well as D KPS score (lower/higher calculated as one SD above and

and then increase in balance scores at the fifth and sixth
assessments. In contrast, younger patients had higher and
stable balance scores over time.

Gait speed test

In the unconditional, linear model, the intercept repre-
sents the estimated GS (i.e., 0.937 m/s) at the initiation
of chemotherapy (Table 2). The estimated linear rate of
change in GS, for each additional assessment, was 0.007
(p<0.01). As shown in Fig. 2A, GS increased from
enrollment to month 12, but exhibited a large amount of
inter-individual variability (Fig. 2B).

Characteristics associated with inter-individual vari-
ability in GS at initiation of chemotherapy were age,
TMTB score, and AFI score. No characteristics were
associated with inter-individual variability in its trajec-
tory (Table 2). As shown in Fig. 2C to E, older age, higher
TMTB scores, and lower AFI scores were associated with
slower GS at the initiation of chemotherapy.

@ Springer

below the mean KPS score), on inter-individual differences in the
intercept for the balance test. Influence of the enrollment score for
E age (i.e., younger/older calculated as one SD above and below the
mean age) on inter-individual differences in the intercept and slope
parameter for the balance test

Chair-stand test

In the unconditional, linear model, the intercept represents
the estimated chair-stand time (i.e., 12.914 s) at enrollment
(Table 2). The estimated rate of change in the chair-stand
time for each additional assessment was 0.085 s (p <0.05).
As shown in Fig. 3A, while chair-stand time decreased from
enrollment to month 12, it exhibited a significant amount of
inter-individual variability (Fig. 3B).

Characteristics associated with inter-individual variability
in chair-stand times at enrollment were KPS score, body
mass index (BMI), and TMTB score (Table 2). As shown
in Fig. 3C to E, patients with a lower performance status, as
well as a higher BMI and higher TMTB scores were more
likely to have worse chair-stand times. As illustrated in
Fig. 3F, chair-stand time at enrollment was associated with
inter-individual differences in its linear slope. Patients who
had a slower chair-stand time at enrollment were more likely
to have a faster chair-stand time over time. Patients who had
faster chair-stand time at enrollment had a slower chair-stand
time over time.
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Fig.2 A Unconditional model of mean gait speed time at the initia-
tion of chemotherapy and at 1, 3, 6, 9, and 12 months after its ini-
tiation. B Spaghetti plot of a random sample of 50% of the patients’
gait speed time trajectories over 12 months. Influence of enrollment

B.

>

scores for C age, D TMTB score, and E AFI score (i.e., younger/
older and lower/higher calculated as one SD above and below the
mean age, TMTB score and AFI score, respectively), on inter-individ-
ual differences in the intercept for gait speed time
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Fig.3 A Unconditional model of mean chair-stand time at the initiation
of chemotherapy and at 1, 3, 6, 9, and 12 months after its initiation. B
Spaghetti plot of a random sample of 50% of the patients’ chair-stand
time trajectories over 12 months. Influence of enrollment scores for C
KPS score, D BMI, and E TMTB score (i.e., lower/higher calculated as

one SD above and below the mean KPS, BMI and TMTB scores), on the
inter-individual differences in the intercept for chair-stand time. Influence
on the score for F chair-stand time (i.e., lower/higher calculated as one
SD above and below the mean chair-stand time) at enrollment on inter-
individual differences in the slope parameter for chair-stand time
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Table 1 Demographic, clinical, and symptom characteristics of the
sample at enrollment (n=112)

Demographic and clinical characteristic Mean (SD%)
Age (years) 70.4 (6.5)
Time since cancer diagnosis (years) 1.3 (3.9)
Karnofsky Performance Status score 87.1 (10.1)
Body mass index 26.2 (6.3)
Hemoglobin (grams/deciliter) 12.6 (1.7)
Number of comorbid conditions out of 16 2.0 (1.7)
Self-Administered Comorbidity Questionnaire score 3.8 (3.8)

n (%)

Female gender (% yes) 105 (93.8)
Education

Primary school 18 (16.1)

High school 54 (48.2)

College 40 (35.7)
Cancer diagnosis

Gynecological 101 (90.2)

Colorectal 11 (9.8)
Married or partnered (% yes) 72 (64.3)
Lives alone (% yes) 37 (33.0)
Currently employed (% yes) 19 (17.0)
Presence of metastatic disease (% yes) 88 (78.6)
Surgery prior to chemotherapy (% yes) 61 (54.5)

Symptom characteristics Mean (SD)

Center for Epidemiologic Studies Depression Scale ~ 11.6 (8.2)

(CES-D) score

EORTC QLQ-C30P fatigue score 43.9 (26.3)
EORTC QLQ-C30 nausea and vomiting score 8.0 (15.2)

EORTC QLQ-C30 dyspnea score 20.5 (28.7)
EORTC QLQ-C30 insomnia score 24.7 (29.3)
EORTC QLQ-C30 appetite loss score 26.8 (34.0)
EORTC QLQ-C30 constipation score 28.9 (33.6)
EORTC QLQ-C30 diarrhea score 11.3 (23.5)
EORTC QLQ-C30 pain score 33.3(29.8)

Physical and cognitive function measures Mean (SD)
Balance score 3.8 (0.5)
Gait speed (meters per second) 0.9 (0.3)
Chair-stand (seconds) 13.4 (5.5)
Attentional Function Index score 7.4 (1.5)
Montreal Cognitive Assessment score 26.3 (2.1)
Trail Making Test B (seconds) 112.5 (50.2)

aStandard deviation

®European Organization for the Research and Treatment of Cancer
Quality of Life Questionnaire

Discussion
This study is the first to assess for inter-individual dif-

ferences in balance, GS, and chair-stand times, as well
as for characteristics associated with these differences in
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oncology patients with median age of 70.1 from initiation
of chemotherapy through 12 months. Our a priori hypoth-
esis that common and distinct characteristics would be
associated with decrements in each of the tests was par-
tially supported. While several different demographic and
clinical characteristics, and CF measures, were associated
with the various PF tests, no associations were found with
any of the symptom severity scores. The remainder of the
discussion focuses on each of the PF measures.

Our sample’s balance score at enrollment (3.8) was
comparable to an age matched sample from the general
Norwegian population (3.7) [14] and slightly higher (3.1)
than those of older patients with leukemia prior to chemo-
therapy [11]. In terms of its trajectory, while our initial
findings are consistent with a study of older patients with
leukemia [11], our patients’ decrements in balance were
relatively small (i.e., a change of 0.2 at 6 months) and not
clinically meaningful.

In terms of risk factors, consistent with findings in the
geriatric literature [14], older age was associated with
worse balance scores at the initiation of chemotherapy,
as well as a subsequent decline in balance over 6 months
followed by a return to pretreatment levels at 12 months.
Normal age-related decreases in postural control occur
due to changes in muscle morphology, neuromuscular
transmission [32], and reduced visuospatial and cognitive
processing abilities [33]. These changes contribute
to balance problems and increased risk for falls [34].
While no studies identified an association between lower
levels of education and poorer balance in older patients
with cancer, in previous research with older adults [35,
36], lower socioeconomic status was associated with
decrements in PF. Given that, along with age, education
and income are proxies for social determinants of health
[37], future studies need to explore these relationships
in more depth.

In our study, lower KPS score at the initiation of chem-
otherapy was associated with poorer balance. Our patients’
KPS scores (87.1) were consistent with previous studies
of older patients with leukemia (83.4) [9], and a variety of
solid tumors (82.6) [3]. While a KPS score of 80 to 90 sug-
gests that patients have some symptoms of disease but can,
with some effort, carry out normal activities, patients with
a KPS score of 77.0 (i.e., 1 SD below the mean) would
have problems carrying out normal work and activities
[27]. While no studies evaluated the direct relationship
between KPS scores and balance measures, our findings
are congruent with another study that found that patients
with chemotherapy-induced neuropathy who did not exer-
cise had lower KPS and worse balance scores [38]. While
age and education are non-modifiable risk factors, given
the positive association between exercise and improve-
ments in functional status [38] and balance [39], older
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Table 2 Hierarchical linear Coefficient (SEe)
model for the balance test, gait
speed test, and chair-stand test Unconditional model Final model
Balance test
Fixed effects
Intercept 3.794 (0.041)° 3.797 (0.038)°
Time (months) (linear rate of change) —0.045 (0.019)* —0.052 (0.018)°
Time?2 (months) (quadratic rate of change) 0.004 (0.002)* 0.004 (0.001)°
Time invariant covariates
Intercept
Age —0.013 (0.006)*
Karnofsky Performance Status score 0.010 (0.003)°
Education 0.157 (0.050)°
Linear
Age —0.013 (0.003)°
Quadratic
Age 0.001 (0.0003)°
Variance components
In intercept 0.072° 0.045¢
In linear slope 0.011¢ 0.005¢
In quadratic slope 0.0001¢ 0.00002¢
Goodness-of-fit deviance (parameters estimated) 826.184 (10) 777.829 (15)
Model comparison (X?) 48.355 (5)°

Gait speed (meters per second)
Fixed effects
Intercept
Time (months) (linear rate of change)
Time invariant covariates
Intercept
Age
Trail Making Test B score
Attentional Function Index score
Variance components
In intercept
In slope
Goodness-of-fit deviance (parameters estimated)

Model comparison (Xz)

Chair-stand (seconds)
Fixed effects
Intercept
Time (months) (linear rate of change)
Time invariant covariates
Intercept
Karnofsky Performance Status score
Body mass index
Trail Making Test B score
Linear
Chair-stand test score at enrollment
Variance components
In intercept

In slope

Goodness-of-fit deviance (parameters estimated)

Model comparison (X3

0.937 (0.023)°
0.007 (0.002)°

0.048°
0.0002°
—203.942 (6)

12.914 (0.389)°
—0.085 (0.037)

13.905¢
0.061¢
2785.301 (6)

0.937 (0.021)°
0.006 (0.002)

—0.011 (0.003)"
—0.001 (0.0004)°
0.032 (0.014)

0.039°
0.0002¢
—238.434 (9)
34.492 (3)

c

12.936 (0.340)°
—0.082 (0.030)°

—0.083 (0.033)*
0.141 (0.055)*
0.031 (0.007)°

—0.033 (0.055)°

9.891¢

0.012¢
2737.808 (10)
47.493 (4)°

49 <0.05
p<0.01
€<0.001
4Not significant
¢Standard error
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patients with low KPS scores warrant referral to physical
and occupational therapy.

Our patients’ GS time at enrollment (0.94 m/s) is sig-
nificantly slower than age-matched normative data for Nor-
wegian females (1.08, r=25.1, p<0.001) [14]. While our
sample’s GS increased over time, it remained slower than the
general population 12 months after enrollment (1.01). Find-
ings regarding changes in GS in older patients with cancer
are inconsistent, with some studies reporting increases [9,
10, 12] and others declines [8, 11]. This may be related to
differences in mean age, cancer diagnoses, types of treat-
ment, and stages of disease.

Older age, higher TMTB scores, and lower AFI scores
were associated with poorer GS. GS is a complex task
dependent on body composition and strength, energetics,
and homeostatic regulation, as well as CF [40]. While the
exact relationships between various brain functions and gait
are not well understood, research suggests that higher levels
of CF and memory are needed to organize mobility [41].
In addition, a prior study of older adults found associations
between CF and PF [42]. As noted in one review [41], com-
pared to other age-related changes, a decrease in gray matter
had the strongest association with poorer gait. In addition,
white matter atrophy, decline in hippocampal volume, ven-
tricular enlargement, and amyloid and tau aggregation were
associated with poorer GS. These associations may explain
some of our findings.

While older age was associated with decrements in bal-
ance at enrollment and over time, its association with GS
was found only at enrollment. Given that older age is associ-
ated with decrements in both balance and GS, two important
measures of PF, and that decreases in GS are associated with
impairments in ADL, reduced quality of life, and increased
mortality [40], targeted interventions are warranted through-
out chemotherapy treatment.

It is interesting to note that worse scores for both the
objective and subjective measures of CF, namely, TMTB and
AFI, were associated with decrements in GS at enrollment.
Both of these tests are reported to measure aspects of the
same outcome, executive function, a set of mental skills that
involves the prefrontal cortex and includes working memory,
cognitive flexibility, and self-control [43]. However, when
our patients’ TMTB scores were compared to the general
population, our sample’s scores are significantly worse (i.e.,
112.5 s vs 99.8 s, respectively, r=2.7, p <0.01) [44]. In con-
trast, while our sample’s mean AFI scores were relatively
high (7.4) [29], 49.1% of the patients had scores in the low
(<5) to moderate (5.0 to 7.5) range. These findings suggest
that TMTB may have higher sensitivity and specificity to
detect changes in CF in older adults. That said, both meas-
ures were retained in the final model which suggests that
they measure different aspects of CF and warrant additional
evaluation in future studies.

@ Springer

While less well studied than balance and GS, being able
to rise from a chair is one of the basic movements in every-
day life. The chair-stand test reflects muscle size, strength,
and power, in addition to visual contrast sensibility, lower
limb proprioception, and peripheral tactile sensitivity [45,
46]. While we identified a large amount of inter-individual
variability, our patients’ average chair-stand time at the ini-
tiation of chemotherapy (13.4 s) was poorer than an age-
matched normative population (10.9 s, 1=4.9, p<0.01) [14].
Consistent with a previous study of older patients with leu-
kemia [10], chair-stand improved from initiation of through
12 months after chemotherapy administration.

A lower KPS score, higher BMI, and worse TMTB scores
were the characteristics associated with poorer chair-stand
times at enrollment. In addition, a worse chair-stand time
at enrollment was associated with decrements in the chair-
stand test over time. It is interesting to note that like the
balance test, lower KPS scores were associated with poorer
chair-stand time at enrollment. One plausible explanation for
this association is that a KPS score of <70 is associated with
deconditioning and weakness of the muscles in the lower
extremities that would interfere with the ability to rise from
a chair without upper extremity assistance. Future studies
need to evaluate for associations between lower KPS scores
and muscle strength and tone.

Patients with a higher BMI had poor chair-stand time at
the initiation of chemotherapy. Our sample’s mean BMI of
26.2 is in the overweight range [47]. While no studies identi-
fied this association, it is reasonable to assume that patients
with a higher BMI would have more difficulty rising from a
chair without the assistance. Given that BMI is a modifiable
risk factor, patients with a high BMI may warrant referrals
for dietary counseling and exercise.

Consistent with a study of community-dwelling older
adults [48], impairments in CF were associated with poorer
chair-stand times. In addition to muscle strength and bal-
ance, chair-stand requires motor coordination and ability to
use visuospatial information [49]. Given that reduced CF is
associated with poorer mobility [24] and that decrements in
executive function and processing speed may affect one’s
ability to execute PF tasks, chair-stand times may worsen.
Further, patients with reduced CF may be less motivated to
maintain physical activity with a resultant decline in PF [49].

Patients with a poorer chair-stand time at initiation of
chemotherapy had improvements in their chair-stand time
over 12 months. In contrast, patients with a better chair-
stand time at enrollment had a slight worsening of their
chair-stand time over the same period. Given that 54.5%
of the sample had surgery prior to the initiation of chemo-
therapy, patients with worse chair-stand times may have
been recovering from surgery. This relatively simple test
can be used by clinicians to evaluate PF in older adults
during chemotherapy.
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Several limitations warrant consideration. First, given
that our sample was predominately women with gyneco-
logical cancer, married, and had metastatic disease, our
findings may not generalize to all older oncology patients.
Second, chemotherapy regimen, nutritional status, and risk
for falls that could contribute to declines in PF were not
evaluated [1]. While the literature suggests that associa-
tions exist between decrements in CF and poorer balance
[50], and associations were found in our exploratory analy-
sis, our subjective and objective measures of CF were not
retained in the final model. This lack of association may
be partially explained by our sample size and warrants
evaluation in future studies.

However, the assessment and measurement of changes
in three objective measures of PF over a year and the use of
HLM to identify characteristics associated with decrements
in balance, GS, and chair-stand are major strengths of this
study. In addition, this study is the first to evaluate for vari-
ations in the trajectories of the three measures, as well as
for associations with demographic, clinical, symptom, and
CF characteristics. Our findings can help clinicians identify
older oncology patients at risk for decrements in PF. Future
research needs to develop interventions to evaluate various
aspects of PF in older patients with cancer.
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