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Abstract

Background: We evaluated deficit accumulation and how deficits affected cognition and physical activity among breast cancer
survivors and non-cancer controls. Methods: Newly diagnosed nonmetastatic survivors (n¼353) and matched non-cancer
controls (n¼355) ages 60-98 years without neurological impairments were assessed presystemic therapy (or at enrollment
for controls) from August 2010 to December 2016 and followed for 36 months. Scores on a 42-item index were analyzed in
growth-mixture models to determine deficit accumulation trajectories separately and combined for survivors and controls.
Multilevel models tested associations between trajectory and cognition (FACT-Cog and neuropsychological tests) and physi-
cal activity (IPAQ-SF) for survivors and controls. Results: Deficit accumulation scores were in the robust range, but survivors had
higher scores (95% confidence intervals [CI]) than controls at 36 months (0.18, 95% CI¼ 0.16 to 0.19, vs 0.16, 95% CI¼ 0.14 to 0.17; P
¼ .001), and averages included diverse deficit trajectories. Survivors who were robust but became frailer (8.8%) had similar baseline
characteristics to those remaining robust (76.2%) but experienced a 9.6-point decline self-reported cognition (decline of 9.6 vs 3.2
points; P¼ .04) and a 769 MET minutes per week decline in physical activity (P< .001). Survivors who started and remained prefrail
(15.0%) had self-reported and objective cognitive problems. At baseline, frail controls (9.5%) differed from robust controls (83.7%) on
deficits and self-reported cognition (P< .001). Within combined trajectories, frail survivors had more sleep disturbances than frail
controls (48.6% [SD¼ 17.4%] vs 25.0% [SD¼ 8.2%]; P¼ .05). Conclusions: Most survivors and controls remained robust, and there
were similar proportions on a frail trajectory. However, there were differences in deficit patterns between survivors and
controls. Survivor deficit accumulation trajectory was associated with patient-reported outcomes. Additional research is
needed to understand how breast cancer and its treatments affect deficit accumulation.
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A growing body of evidence suggests that cancer and its treat-
ments may be “disease drivers” of aging (1-7). However, aging is
difficult to measure in oncology settings, and geriatric syn-
dromes such as frailty, which are thought to reflect aging, are
not always clinically apparent (8-11). Frailty is generally mea-
sured using 1 of 2 types of indices: phenotypic, focused on sys-
tem failure (eg, loss of muscle strength) (12), and deficit
accumulation, focused on comorbidities and self-reported func-
tional deficits (10,13,14). Both approaches predict mortality in
general populations (10,15).

Deficit accumulation indices can be useful in oncology prac-
tice because they utilize readily available data (9,16,17) and pre-
dict chemotherapy toxicity, medication adherence and
hospitalizations (18,19), cognitive decline (20), quality of life,
and all-cause mortality (16). Older cancer survivors are in the
age range where deficits are expected. In the initial treatment
period, older survivors may have acute deficits such as depres-
sion and fatigue. However, there are limited longitudinal data
on the accumulation of deficits and even less information about
how accumulation of deficits impacts long-term function of
older survivors compared with non-cancer populations (2).

The Thinking and Living with Cancer study is a prospective
study that provides unique data to examine whether cancer
and its treatments affect deficit accumulation. We compared
data from older survivors and frequency-matched non-cancer
controls to 1) describe deficit accumulation over 36 months; 2)
determine deficit accumulation trajectory groups and compare
patterns and characteristics of survivors and controls within
groups; and 3) test if deficit accumulation trajectories were as-
sociated with longitudinal cognition and physical activity levels,
and if the pattern of effects differed for survivors vs controls.
The results are intended to guide future research to inform care
for older survivors.

Methods

Setting, Population, and Data Collection

We included participants recruited between August 1, 2010, and
December 31, 2016; the study is ongoing. Eligible survivors were
aged 60 years or older, newly diagnosed with primary nonmeta-
static breast cancer, and English speaking. We excluded those
with neurological disorders or hearing or vision impairment
that precluded assessment. Survivors with a history of other
cancers were excluded if active treatment was recent (<5 years)
or included systemic therapy. Survivor consent rates were 76%
across 4 sites; 1 tertiary center had a lower rate (15%). Non-
cancer controls met the same eligibility criteria as survivors and
were friends of survivors or community controls; 92% consented
and were frequency matched by site, age (5 years), education,
and race.

Participants were screened using the Mini-Mental State
Examination (21) and the Wide Range Achievement Test, 4th
edition (WRAT-4) Word Reading subtest (22); those with scores
of less than 24 or lower than 3rd-grade equivalent reading level,
respectively, were ineligible (1 survivor, 1 control). Controls
scoring more than 3 standard deviations below the control
mean baseline neuropsychological scores for their age and edu-
cation group were ineligible (n¼ 8) per protocol. Data for survi-
vors who experienced a recurrence were excluded for the data
points after recurrence. The analytic sample included 353 survi-
vors and 355 controls (see Figure 1).

Assessments were conducted by trained staff postsurgery,
presystemic therapy for survivors and at enrollment for con-
trols, and annually through 36 months using a structured sur-
vey and neuropsychological testing (20,23).

This institutional review board–approved study
(ClinicalTrials.gov Identifier: NCT03451383) has been reported
previously (20,23) and was conducted at 5 US sites.

Measures

We used a 42-item deficit accumulation index (9,10,13) measur-
ing comorbidities, polypharmacy, activities of daily living and
instrumental activities of daily living (24), a timed get-up-and-
go score (25), social support and marital status, family history of
dementia, nutritional status (body mass index), functional sta-
tus (SF-12 physical, social, role, and emotional function scales)
(26), clinical depression [scores >16 on the Center for
Epidemiologic Studies Depression Scale (27)], anxiety (State-
Trait Anxiety Inventory) (28), and fatigue (FACT-Fatigue scale)
(Supplementary Table 1, available online) (29). Scoring requires
90% or more of items are non-missing (13). Scores were calcu-
lated by summing all nonmissing items, each scored from 0 to
1, and dividing by the total number of nonmissing items. A
change in score of 0.02 is considered a small, clinically mean-
ingful difference and 0.06 a large difference (30). Scores can also
be categorized as robust (0 to <0.2), prefrail (0.2 to <0.35), or frail
(>0.35) (10,13).

We examined longitudinal cognition and physical activity.
Subjective cognition was measured using the FACT-Cog v.3
(Cronbach alpha ¼ .96); declines of 5%-7% or 7-10 points are clin-
ically meaningful (31-33). Objective cognitive function was
based on standardized z scores for tests for attention, process-
ing speed, and executive functioning (6 tests), and verbal learn-
ing and memory (5 tests) (20,23); results were standardized to
baseline scores for age- and education-group matched non-
cancer controls. The IPAQ-SF estimated self-reported physical
activity in MET minutes per week (34); 600 MET minutes per
week is the recommended level (35,36). Because there is overre-
porting of activity, participants with scores more than 3 SD
above the mean were assigned a score equal to 3 SD above the
mean to limit the impact of extreme values (34).

We considered several potential covariates, including radio-
therapy, surgery, and systemic treatment (chemotherapy with
or without hormonal therapy, hormonal therapy only), age, race
(White vs non-White), cognitive reserve (WRAT-4 score), FACT-
G physical well-being (37), and presence of a sleep disturbance
at baseline (yes or no) (38).

Statistical Analysis

Prior to analysis, we examined missing data due to dropout or
death. The majority of missing data were due to administrative
losses, with only 0.7% and 8.6% of participants dying or drop-
ping out, respectively. Missing data did not vary by trajectory
group or study outcomes (Supplementary Methods and
Supplementary Tables 2 and 3, available online). Our analyses
methods allow for missing-at-random data, including dropouts,
and did not require participants to contribute complete data to
be included (39).

To describe heterogeneity in deficits accumulation, we used
stacked percentage plots and multistate models of transition
probabilities for moving between categories of deficit accumula-
tion (40,41). Multilevel models (42) were used to estimate the

A
R

T
IC

LE

1054 | JNCI J Natl Cancer Inst, 2021, Vol. 113, No. 8



Had deficits 

accumulation index data 

(n=353; 99.4%)

Completed 24-

month 

assessment 

(n=233; 71.0%)

Completed 12-

month 

assessment

(n=265; 75.1%)

Skipped 12-

month 

assessment

(n=63; 17.8%)

Refused all 

future 

assessments

(n=16; 4.5%)

Died

(n=1; 

0.3%)

Skipped 24-

month 

assessment

(n=62; 18.9%)

Refused all 

future 

assessments

(n=21; 6.4%)

Died 

(n=1; 

0.3%)

Completed 

36-month 

assessment 

(n=110; 

37.3%)

Skipped 36-

month 

assessment

(n=63; 

21.4%)

Administrative 

loss with new 

protocol

(n=107; 

36.3%)

Died

(n=1; 

0.3%)

Survivors

(n=355)

Excluded (n=2; 0.6%):

Failed screen (n=1)

Recurrence (n=1)

Became 

ineligible

(n=10; 

3.4%)

Became 

ineligible 

(n=11; 

3.4%)

Became 

ineligible

(n=8; 2.3%)

Refused all 

future 

assessments

(n=4; 1.3%)

Had deficits 

accumulation index data 

(n=355; 97.5%)

Completed 24-

month 

assessment 

(n=261; 76.3%)

Completed 12-

month 

assessment

(n=316; 89.0%)

Skipped 12-

month 

assessment

(n=26; 7.3%)

Refused all 

future 

assessments

(n=7; 2.0%)

Died

(n=1; 0.3%)

Skipped 24-

month 

assessment

(n=61; 17.8%)

Refused all 

future 

assessments

(n=12; 3.5%)

Died 

(n=1; 0.3%)

Completed 

36-month 

assessment 

(n=127; 

39.4%)

Skipped 36-

month 

assessment

(n=79; 

24.6%)

Administrative 

loss with new 

protocol

(n=112; 

34.8%)

Died

(n=0; 

0.0%)

Refused all 

future 

assessments

(n=1; 0.3%)

Non-cancer controls

(n=364)

Excluded (n=9; 2.5%):

Failed screen (n=1)

More than 3 SDs below the control 

mean cognitive score (n=8)

Became 

ineligible

(n=5; 1.4%)

Became 

ineligible 

(n=7; 2.1%)

Became 

ineligible

(n=3; 

0.9%)

B

A

Figure 1. Sample for evaluation of deficits accumulation in older breast cancer survivors and matched non-cancer controls. The percent consenting and refusing was

calculated among those alive and eligible to continue the study at each timepoint. Eligibility for continuing in the study was the same as enrollment eligibility and in-

cluded development of a neurological disease (eg, stroke, Parkinson disease) and being diagnosed with cancer. Data for survivors who were diagnosed with a breast

cancer recurrence were excluded starting from 6 months prior to the diagnosis of recurrence. Participants may have skipped a follow-up assessment at 1 timepoint but

completed later assessments. Most participants completed 3-4 assessments; 14.8% (17.0% of survivors and 12.6% of controls) completed 2 assessments, and 14.0%

(19.5% of survivors and 8.5% of controls) completed baseline only. Analytic models used all data available.
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adjusted mean deficit accumulation scores for survivors and
controls over 36 months. Based on our prior research (20,38,43),
final models included age, race, WRAT score, systemic therapy,
sleep, and recruitment site; other covariates were not statisti-
cally significant and were not retained.

Deficit accumulation frailty trajectories were defined based
on unadjusted deficits accumulation scores over time using
growth mixture modeling (4,44). This method identified latent
group membership on the basis of differences in scores at base-
line and longitudinal changes over time. The number of trajec-
tory groups was determined by statistical fit indices (likelihood
ratio tests, the smallest Bayesian information criterion) and
practical considerations (having at least 2% of participants in a
group) (44). Trajectories were determined separately for survi-
vors and controls; secondary analysis combined survivors and
controls in 1 model and used bivariate tests to compare survivor
and control characteristics within trajectories.

Finally, we used linear mixed-effects models (42) to deter-
mine the association of trajectory group with longitudinal cog-
nitive and physical activity separately for survivors and
controls. Final models included age, race, WRAT-4 score, site,
and systemic treatment as fixed effects (20,38,43); other covari-
ates did not have statistically significant effects and were not
retained in final models. Items included in the deficit accumula-
tion index (eg, anxiety, depression, family history of dementia)
were not included as covariates.

Analyses of growth mixture models were conducted in M-
Plus 8.3; R version 3.5.3 was used for the multistate modeling;
and the remainder of the analyses were conducted using SAS
Version 9.4 (SAS Institute Inc, Cary, NC, USA).

Results

Participants

Participants were aged 60 to 98 years old and well educated
(Table 1). Survivors and controls were well matched. Compared
with controls, survivors were more likely to have higher base-
line anxiety, depression, fatigue, and lower physical well-being
(all P < .01) and to have more diabetes (P¼ .06), hypertension
(P¼ .009), and obesity (P¼ .04).

Deficits Accumulation Frailty Scores

The average adjusted longitudinal deficits accumulation scores
were in the robust range but were higher in survivors vs con-
trols (0.18, 95% CI ¼ 0.16 to 0.19, vs 0.16, 95% CI ¼ 0.14 to 0.17 at
36 months; P ¼ .001; Figure 2, A; Supplementary Tables 4 and 5,
available online). Survivors receiving chemotherapy (with or
without hormonal therapy) (0.18, 95% CI ¼ 0.16 to 0.20; P ¼ .006)
or those receiving hormonal treatment alone (0.17, 95% CI ¼
0.16 to 0.19; P ¼ .01) had higher scores at 36 months than con-
trols (0.16, 95% CI ¼ 0.14 to 0.17), but there was no statistically
significant difference between the survivor treatment groups
(Figure 2, B; Supplementary Tables 4 and 5, available online).
There was heterogeneity in the prevalence of deficits by 36
months, with 23.8% and 25.2% having scores in the prefrail
range and 5.0% and 3.4% with scores in the frail range or having
died among survivors and controls, respectively
(Supplementary Figure 1, available online). There were also
transitions between categories, with all participants more likely
to move from higher to lower deficit accumulation categories

(ie, show recovery) than they were to become frailer over time (P
¼ .05) (Supplementary Figure 2, available online).

Deficits Accumulation Trajectories

Survivors and controls each had 3 distinct trajectories of deficit
accumulation. Most survivors started and remained in the ro-
bust range (n¼ 269, 76.2%); others were prefrail and remained
prefrail (n¼ 53, 15.0%), and a small group (n¼ 31, 8.8%) started
in the robust range presystemic therapy but developed increas-
ing deficits over time (Figure 3, A). Among the controls, 83.7%
(n¼ 297) were in a group that remained robust, 6.8% (n¼ 24)
started and stayed prefrail, and 9.5% (n¼ 34) started with nearly
frail scores and became frailer (Figure 3, B).

When survivors and non-cancer controls were considered
together (n¼ 708), there were 4 trajectory groups: super robust
(12.0%), robust (68.8%), prefrail (9.6%), and became frailer (9.6%)
(Supplementary Figure 3, available online). There were some
baseline univariate differences between survivors and controls
within the combined trajectory group that became frailer: survi-
vors tended to be younger, have a higher rate of baseline sleep
disturbances (48.6% [SD ¼ 17.4%] vs 25.0% [SD ¼ 8.2%]; P ¼ .05),
and have a higher (better) baseline self-reported cognition than
controls (129.5 [SD ¼ 15.0%] vs 118.3 [SD ¼ 16.7%]; P ¼ .01).

Impact of Deficits Accumulation Group on Longitudinal
Cognition

Although starting at similar levels of self-reported cognition,
survivors in the group who started robust and became frailer
reported greater decline in adjusted self-reported cognition
scores from baseline to 36 months than survivors who
remained robust (decline of 9.6 vs 3.2 points; P ¼ .04; a meaning-
ful decline is 7-10 points) (Figure 4, A; Supplementary Tables 6
and 7, available online), but both groups had similar scores on
objective tests of cognition. The prefrail trajectory group had de-
cline on both self-reported and objective cognition, with statisti-
cally significantly lower objective cognitive scores than the
other survivor groups (P < .001 for attention, processing speed,
and executive function [APE] and .04 for learning and memory
[LM]) (Figure 4, B, for APE; Supplementary Tables 8 and 9, avail-
able online).

In contrast to survivors, controls in the frail trajectory group
had statistically significantly lower self-reported cognition
scores at baseline than those in the robust group (120.1 vs 133.2;
P < .001) (Figure 4, A). Like the results for survivors, controls in
the prefrail group had statistically significantly lower APE (P ¼
.03) and LM (P ¼ .01) scores than the other control groups
(Figure 4, B; Supplementary Tables 10 and 11, available online).

Impact of Deficits Accumulation Group on Physical
Activity

Survivors who remained robust and those who started robust
but became frailer began at similar physical activity levels pre-
systemic therapy, but those remaining robust increased their
METs per week from 1470 to 2291 from baseline to 36 months,
whereas those who became frailer declined from 1303 to 534
METs per week (a 769 MET minutes per week decline), lower
than the recommended level of 600 (P < .001) for group differen-
ces at 36 months) (Figure 4, C; Supplementary Tables 12 and 13,
available online).
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Table 1. Baseline characteristics of older breast cancer survivors and frequency-matched non-cancer controls

Characteristic
Control Survivor

P(n¼ 355)a (n¼ 353)a

Mean age (SD), y 67.9 (7.1) 68.2 (6.0) .61
Race, % (No.)

White, non-Hispanic 79.9 (283) 79.6 (281) .91
Non-White 20.1 (71) 20.4 (72)

Marital status, % (No.) .001
Married 49.0 (174) 60.9(215)
Other 51.0 (181) 39.1 (138)

Education, mean (SD), y 15.4 (2.3) 15.3 (2.2) .47
Mean (SD) WRAT-4 score 112.0 (16.0) 111.9 (15.3) .94
Family history of dementia, % (No.)

Yes 35.2 (125) 30.6 (108) .19
No 64.8 (230) 69.4 (245)

Mean (SD) neuropsychological test z scoresb

APE �0.07 (0.65) �0.11 (0.67) .45
LM �0.03 (0.82) �0.03 (0.83) .99

Mean (SD) self-report cognition scorec 129.7 (16.0) 129.6 (17.7) .92
Mean (SD) depression scored 4.8 (5.5) 6.9 (7.8) <.001
Mean (SD) anxiety scoree 26.7 (5.6) 29.0 (7.8) <.001
Mean (SD) fatigue scoref 46.3 (5.7) 43.2 (8.5) <.001
Mean (SD) physical activity, MET minutes/weekg 2037 (1992) 1289 (1343) <.001
Sleep disturbance, % (No.) 25.4 (90) 35.7 (126) <.001
Physical well-being at enrollment,h mean (SD) 22.0 (2.4) 20.0 (3.9) <.001
Physical function pr-enrollment,i mean (SD) 52.1 (7.0) 51.8 (7.1) .58
Diabetes, % (No.) 6.8 (24) 10.8 (38) .06
Hypertension, % (No.) 36.8 (131) 46.5 (164) .009
Obesity (BMI � 30 kg/m2) 25.8 (92) 33.0 (117) .04
AJCC stage, % (No.)

0 — 10.8 (38)
1 — 56.1 (198)
2 — 28.0 (99)
3 — 5.1 (18)

Surgery type, % (No.)
BCSþ/-RT — 57.8 (203) —
Mastectomy — 42.2 (148)

ER status, % (No.)
Positive — 88.1 (311) —
Negative — 11.9 (42)

HER2/ERBB2 status, % (No.)
Positive — 9.0 (29) —
Negative — 91.0 (293)

Deficits accumulation score,j mean (SD) 0.13 (0.07) 0.15 (0.08) .03
Deficits accumulation trajectory,k % (No.)

Stays robust 83.7 (297) 76.2 (269) .002
Starts robust, becomes frailer 9.6 (34) 8.8 (31)
Starts and remains prefrail 6.8 (24) 15.0 (53)

aSome numbers may not add to 100% because of missing data for item; 13 survivors were missing systemic therapy data. Non-White includes Black, Hispanic, and

Asian American/Pacific Islander; 1 survivor is missing race data. P values are based on 2-sided v2 or t tests. AJCC ¼ American Joint Committee on Cancer; BCS ¼ breast-

conserving surgery; BMI ¼ body mass index; ER ¼ estrogen receptor; RT ¼ radiotherapy; WRAT-4¼Wide Range Achievement Test, 4th edition, Word Reading Test

Standard Score.
bNeuropsychological test scores by domain, where APE¼ attention, processing speed, and executive function and LM ¼ learning and memory. Cognitive scores were stan-

dardized using the sample mean and standard deviation of age- and education-group matched baseline controls. Hence, a score of zero indicates a score at the mean of

the control group; scores less than zero indicate lower scores than the mean of the control group, and positive scores indicate scores higher than the control mean.
cBased on the FACT-Cog. Scores range from 0 to 148, with higher scores indicating better cognition; declines of 5%-7%, or 7-10 points, on this 148-point scale, are con-

sidered clinically meaningful.
dBased on the Center for Epidemiologic Studies Depression Scale (CES-D). Depression defined by score above the cut point of 16 on the CES-D. Depression is included in

the deficit accumulation index.
eBased on the State-Trait Anxiety Inventory. Scores range from 20 to 80, with higher scores reflecting more anxiety. Anxiety is included in the deficit accumulation index.
fBased on the FACT-Fatigue. Scores range from 0 to 52; higher scores reflect less fatigue. Fatigue is included in the deficit accumulation index.
gBased on scores on the IPAQ-SF. Scores >3SD from the mean were capped at 3 SD.
hBased on the FACT-G subscale. Scores range from 0 to 24; higher scores reflect better function. Physical well-being is included in the deficit accumulation index.
iBased on SF-12 physical components scale asking about function in the 2 months prior to enrollment/diagnoses. Scores range from 0 to 100, with population means of

50 (SD ¼ 10).
jBased on scores for baseline deficits accumulation scores. Excludes cognitive function. Scores could not be calculated if more than 10% of items were missing; missing

rates were similar for survivors and controls, and approximately 5% were missing at 12 and 24 months and 7%-9% at 36 months. Marital status, BMI, anxiety, depres-

sion, fatigue, comorbidities, including diabetes and so forth, were included in the deficit accumulation scores.
kDeficit accumulation trajectory groups estimated separately for survivors and controls.
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The control group that became frailer was less active at
baseline than the control group that remained robust (1135 vs
2138 MET minutes per week; P < .001), but all of the non-cancer
control groups had higher physical activity levels than survi-
vors, and none changed physical activity over time (Figure 4, C;
Supplementary Tables 12 and 13, available online).

Discussion

The findings of this study add to the cancer and aging literature
by describing longitudinal deficits accumulation and their im-
pact on cognitive and physical outcomes in older breast cancer
survivors and comparing deficits to matched non-cancer con-
trols. We found that most older survivors and controls
remained robust, and only a small proportion of each group had
increasing deficits over 36 months. However, survivors had sta-
tistically significantly higher deficits accumulation scores than

controls over 36 months, and there was variation in the charac-
teristics of survivors vs controls with increasing deficits accu-
mulation. Further, there were clinically meaningful differences
between survivors and controls in the relationships of deficits
accumulation trajectories to patient-reported cognitive function
and physical activity outcomes.

On average, survivors had a small, clinically meaningful in-
crease in deficits accumulation compared with non-cancer con-
trols (30). Although the groups reported similar physical
function in the months prior to diagnosis for survivors or before
enrollment for non-cancer controls, baseline differences in defi-
cits are not unexpected, because survivors were assessed in a
stressful period postsurgery and prior to systemic therapy. We
postulated that survivors would also develop more deficits over
time than controls because of receipt of treatments that can
cause toxicity and physical, psychological, and functional
changes. However, we found similar proportions of survivors
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Figure 2. Adjusted mean deficits accumulation scores for older breast cancer survivors and frequency-matched controls. A) Shows adjusted mean deficits accumula-

tion index scores in survivors (green) and controls (blue) from mixed models using least square mean outcome values adjusted for baseline covariates (see

Supplementary Tables 4 and 5, available online). B) Adjusted mean deficits accumulation index scores are shown for survivors exposed to chemotherapy with or with-

out hormonal therapy (red), survivors exposed to hormonal therapy only (blue), and controls (green) derived from mixed models using least square mean outcome val-

ues adjusted for baseline covariates (see Supplementary Tables 4 and 5, available online). On both panels, the models used data from all women and all timepoints

they contributed.
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(8.8%) and controls (9.5%) on a trajectory of becoming frailer. It
is possible that comparable rates may still indicate an effect of
breast cancer and its therapies because survivors generally
have better non-cancer survival than women without cancer
(45). It is also possible that 36 months posttreatment was too
short a period to detect meaningful changes in deficits accumu-
lation. Alternatively, there may have been important changes in
other parameters, such as biological aging markers (4,46), that
we did not measure. Other studies with largely younger breast
cancer survivors have shown 3-year increases in epigenetic age
in less than a year after chemotherapy (47) and more than 10
years of biological aging based on expression of p16INK4a in the
18 months after chemotherapy (6).

One notable difference in the characteristics of survivors
and controls that became frailer was that survivors had

statistically significantly more baseline sleep disturbances than
controls. Poor sleep has been linked to accelerated biological ag-
ing in general populations (38,48-50). Our result suggests that
there may be a multiplicative effect of sleep disturbance and
cancer on deficits accumulation. If confirmed, improving sleep
quality could be a feasible and effective survivorship interven-
tion target (40,51,52).

The overwhelming majority of older breast cancer survivors
had deficits accumulation scores in a robust range before sys-
temic therapy, and most remained robust over time, with simi-
lar levels of deficits as seen in general populations (53). The
survivors who remained robust had no declines in self-reported
cognitive function, maintained their performance on neuropsy-
chological tests of cognition, and reported increased physical
activity. These observations support the idea that most older
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Figure 3. Deficits accumulation index frailty trajectory groups. Deficits accumulation index scores at each assessment were used to derive trajectory groups using

growth mixture models. Data were used from all women and all timepoints they contributed. The number of groups was determined by having at least 2% of partici-

pants in a group, likelihood ratio tests, the smallest Bayesian information criterion (BIC), and a priori expectation. Based on these criteria, 3 groups best fit the data for

each group. The 3 trajectories were statistically significantly different from each other in both the survivor and control models, and the 3 survivor trajectory groups

were statistically significantly different than the average of the overall control group (dotted black line) (all 2-sided P < .001 from growth mixture models).
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Figure 4. Outcomes over 36 months in survivors and controls by deficits accumulation index trajectory group. A) Adjusted mean self-reported cognitive function based

on FACT-cog total scores (range ¼ 0-148, higher is better function) by deficits accumulation frailty score trajectory groups from separate mixed models for survivors

and controls. Least square mean values for each timepoint for each trajectory group were adjusted for baseline covariates (age, race, Wide Range Achievement Test

[WRAT] scores, time, treatment group [survivors only], trajectory group by time interaction, and recruitment site). Among survivors, there were clinically meaningful

(7-10 points) and statistically significant differences (P ¼ .002) in cognition scores by trajectory group, but the group by time interaction was not statistically significant

(P ¼ .10). Among controls, there were also clinically meaningful (7-10 points) and statistically significant differences (P < .001) in cognition scores by trajectory groups,

and the group differences varied over time (group by time interaction P ¼ .001). Detailed results are available in Supplementary Tables 6 and 7 (available online). B)

Adjusted objective cognitive test z scores for the attention, processing speed, and executive function (APE) by deficits accumulation frailty score trajectory groups from

separate mixed models for survivors and controls. Least square mean values for each timepoint for each trajectory group were adjusted for baseline covariates (age,

race, WRAT scores, time, treatment group [survivors only], and recruitment site). Because there were no differences in scores among groups over time, an interaction

of group by time was not included in the final models. Among survivors (P < .001) and controls (P ¼ 0.03), the prefrail trajectory group had statistically significantly

lower scores over time than the robust groups, and the survivor group that became frailer was not different from the robust group at baseline but was different among

controls. Detailed results are available in Supplementary Tables 8 and 9 (available online). C) Adjusted mean MET minutes per week based on IPAQ-SF by deficits accu-

mulation frailty score trajectory groups from separate mixed models for survivors and controls. Least square mean values for each timepoint for each trajectory group

were adjusted for baseline covariates (age, race, WRAT scores, time, treatment group [survivors only], trajectory group by time interaction [survivors only; interaction

NS in controls], and recruitment site). Survivor trajectory groups differed over time (P < .05), and in post hoc comparisons, the group that started robust and became

frailer had statistically significantly lower physical activity levels over time than those in the group that remained robust (P < .001); the prefrail group also had lower

physical activity than the robust group (P ¼ .013). Control deficits accumulation frailty trajectory groups were different from each other in mean physical activity levels

(P < .001), but physical activity did not change over time for the groups. Detailed results are available in Supplementary Tables 12 and 13 (available online). Data on all

panels were derived from all data available for all women at all time points. Blue ¼ remains robust; green ¼ prefrail; red ¼ frail or becomes frailer.
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individuals could be included in clinical trials and offered indi-
cated systemic therapies.

A small group of older survivors were robust prior to sys-
temic therapy but went on to have increasing deficits accumu-
lation, with large clinically meaningful changes and scores
close to the frail range (30). This group was indistinguishable be-
fore systemic treatment from survivors who remained robust,
whereas non-cancer controls with increasing deficits were sta-
tistically significantly different in several characteristics from
robust controls at baseline. It is possible that the small group of
robust survivors with increasing deficits were those with the
most treatment-related side effects. Alternatively, deficit accu-
mulation indices and the geriatric assessment measures that
they are based on may not be sufficiently sensitive to predict
longitudinal changes in accumulation of deficits. Pretreatment
geriatric assessments were initially designed to predict acute
chemotoxicity (18) and more recently have been used to predict
all-cause mortality (16). Developing measures that can prospec-
tively identify survivors at risk for becoming frailer is important
because, in our study, this group had clinically meaningful

declines in self-reported cognition and physical activity, 2
health domains important for maintaining independent living
(54-56).

There was another small group of survivors who were pref-
rail at baseline and stayed prefrail. This group may not be read-
ily apparent in clinical encounters, but they reported more
cognitive problems and had lower objective performance (with
minimal improvement) and had lower activity than prefrail
controls. This group of survivors may have been on a trajectory
of increasing deficits prior to developing breast cancer because
of the effects of diseases and conditions like diabetes and obe-
sity that accelerate aging and increase risk of developing breast
cancer (57). Another explanation is that these survivors are the
most vulnerable to any aging effects of cancer and cancer ther-
apy. Their results also suggest that self-reported cognitive prob-
lems should be included with geriatric assessments because
they may be a marker of cognitive aging (58).

Overall, this study is the largest to examine longitudinal def-
icits accumulation and functional outcomes in older breast can-
cer survivors and to compare results with a matched, non-
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Figure 4. Continued.
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cancer control group. Despite these strengths, there are several
limitations that should be considered in interpreting our find-
ings. First, this was a secondary, unplanned analysis. Although
it will be important to replicate our results in external samples,
our results are very consistent with past studies showing in-
creasing deficits in other cancer populations (4,5). Second, the
trajectory groups we identified may be specific to our sample
and may not be observed in other studies. The proportion of
women who became frailer was slightly lower than the 9%-15%
seen in longitudinal population aging studies using phenotypic
measures (8,40,59) and a 14% cross-sectional rate based on defi-
cits accumulation scores in breast cancer survivors with a mean
age of 72 years (16). These differences may reflect the fact that
we excluded survivors and controls with neurological disease,
dementia, past cancers, and hearing or vision losses that pre-
cluded participation. Also, our sample was made up of research
volunteers with a mean age of 68 years, so they may have been
healthier than other samples, especially given their high self-

reported levels of physical activity. Our sample was also well-
educated, had limited variability in race, and did not include
measures of lifetime stress. All of these factors can affect out-
comes but should not have affected frequency-matched survi-
vor-control comparisons (60-62). Fourth, we only had 2 objective
measures in our deficits accumulation index (body mass index
and timed-up-and-go). However, we did include self-reported
measures of most components of phenotypic frailty indices (ex-
haustion and/or fatigue, slowness, low physical activity, and
physical weakness).

Overall, our findings illustrate that there is clinically impor-
tant heterogeneity in deficit accumulation among older breast
cancer survivors and that these differences are associated with
important patient-reported outcomes. Although most women
are robust and would be good candidates for clinical trials,
women at risk for developing deficits at levels approaching
frailty may be indistinguishable prior to systemic therapy.
These data suggest that more sensitive and specific measures
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of deficit trajectories are needed and that related concepts such
as biological age may be useful to inform future research, care
decisions, and development of supportive care interventions.
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