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B
reast cancer is the most common can-
cer in women in the United States. 
About 3.6 million female breast can-
cer survivors were living in the Unit-
ed States in 2016, and 93% of those 

survivors were aged 50 years or older (Miller et al., 
2016). In addition, about 75%–80% of women with 
breast cancer are postmenopausal at the time of di-
agnosis (DeSantis et al., 2016). Of those, 75%–79% 
have hormone receptor–positive disease (Cheang 
et al., 2015; Clark, Osborne, & McGuire, 1984; Os-
borne, 1998), and a large portion will receive adju-
vant aromatase inhibitor (AI) therapy. Use of en-
docrine therapy with an AI, such as anastrozole, 
letrozole, or exemestane, has improved the disease- 
free survival and overall survival of postmenopausal 
women with early-stage disease (Schiavon & Smith, 
2014); however, negative sequelae associated with AI 
therapy may include changes in cognitive function.

An estimated 25%–75% of women with breast 
cancer experience changes in cognitive function with 
disease and treatment (Wefel et al., 2004). Cognitive 
decline compromises psychological well-being and 
interferes with work, decision making, the ability to 
perform daily activities efficiently, and adherence to 
cancer therapy (Bender et al., 2014; Bender & Thelen, 
2013). Multiple factors likely contribute to changes in 
cognitive function, including mood, sleep problems, 
concomitant medications, disease-related factors, 
and cancer therapy (Bender & Thelen, 2013). 

Most research in this area has focused on changes 
in cognitive function with chemotherapy (Myers, 
2012). Deterioration in multiple cognitive domains 
has been observed in women receiving selective 
estrogen receptor modulators (SERMs), such as 
tamoxifen (Castellon et al., 2004; Chen et al., 2017; 
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Ganz, Petersen, Bower, & Crespi, 2016; Palmer, 
Trotter, Joy, & Carlson, 2008; Schilder et al., 2009, 
2010). Less is known about the changes in cogni-
tive function associated with AI therapy because 
few studies have focused on cognitive function 
with these agents. In addition, methodologic issues 
reduce the ability to compare results across studies 
(Wu & Amidi, 2017). Samples in some studies were 
heterogeneous, combining premenopausal with post-
menopausal women (Ganz et al., 2014; Hermelink et 
al., 2008; Jenkins et al., 2006; Palmer et al., 2008) and 
women who received AIs with women who received 
SERMs (Collins, Mackenzie, Stewart, Bielajew, & 
Verma, 2009; Ganz et al., 2014; Mar Fan et al., 2007; 
Root, Andreotti, Tsu, Ellmore, & Ahles, 2016; Schilder 
et al., 2009). Several studies had small sample sizes, 
relied solely on self-report of cognitive function, or 
lacked control groups, which hindered the ability 
to make comparisons and determine the influence 
of practice effects (Ganz et al., 2014; Hermelink et 
al., 2008; Jenkins et al., 2006; Paganini-Hill & Clark, 
2000). Several studies also lacked pretherapy assess-
ments, precluding the ability to determine changes in 
cognitive function with treatment.

In addition, most studies of cognitive function 
in patients with breast cancer have a priori grouped 
women according to the type of therapy they receive 
(Ahles et al., 2010; Bender et al., 2015; Wefel, Saleeba, 
Buzdar, & Meyers, 2010). For example, the authors 
previously reported the results of a study in which 
postmenopausal women with breast cancer were 
grouped according to whether they received an AI 
alone or following chemotherapy (Bender et al., 
2015). Although this approach is useful for uncover-
ing the role of cancer therapy in changes in cognitive 
function, it precludes identification of subgroups of 
women who may be more vulnerable to poorer cog-
nitive function regardless of therapy. Identification 
of distinct subgroups, their trajectories of change in 
cognitive function, and the characteristics that are 
associated with subgroup membership are critical for 
developing and targeting interventions to improve 
cognitive function in women with breast cancer. 
Knowledge of the behavioral and biological factors 
that are associated with subgroup membership can 
help to identify characteristics of women at greatest 
risk for changes in cognitive function as well as char-
acteristics that may be protective. This approach is 
also useful in clarifying the mechanisms underlying 
changes in cognitive function, which remain unclear. 

One useful guide for understanding the mecha-
nisms of the problem is the theory of accelerated 

aging (Lisanti et al., 2011; Mandelblatt et al., 2014). 
Cognitive and biologic reserves are needed to com-
pensate for the effects of aging. Cancer and cancer 
treatment may deplete these reserves and accelerate 
aging, leading to greater vulnerability to poorer out-
comes, including deterioration in cognitive function. 
Whether cognitive decline is accelerated in indi-
viduals with cancer compared to cognitive decline 
observed in healthy aging adults is unclear. Evidence 
suggests that individuals with cancer have poorer 
cognitive function compared to norms and matched 
controls without cancer (Ahles et al., 2010; Wefel et 
al., 2010). In the authors’ previous work, deteriora-
tion in working memory and concentration was found 
within the first six months of exposure to AI therapy 
in postmenopausal women with early-stage breast 
cancer. Compared to age and education-matched 
controls without breast cancer, women with breast 
cancer had poorer executive function at pretherapy 
and through the first 18 months of therapy (Bender et 
al., 2015). Others have reported similar results (Ahles 
et al., 2008; Wefel et al., 2004).

Shared biologic pathways that link cancer, aging, 
and declines in cognitive function may include oxi-
dative stress and DNA damage with reduced capacity 
for DNA repair (Ahles & Saykin, 2007; Gorgoulis et 
al., 2005; Jablonska et al., 2015; Mandelblatt et al., 
2013; McAdam, Brem, & Karran, 2016). Cancer and 
cancer treatment may increase oxidative stress and 
ensuing DNA damage (Joshi et al., 2005; Lisanti et al., 
2011; Wang et al., 2008). Genetic variability in these 
pathways may result in variable rates of aging and 
cognitive decline during therapy (Ahles et al., 2010; 
Mandelblatt et al., 2013). About 81% of breast cancers 
are diagnosed in women aged 50 years or older (Miller 
et al., 2016). These women may be at increased risk 
for accelerated aging with cancer and cancer therapy 
and more vulnerable to changes in cognitive function. 
Exploring associations between genetic markers for 
these biologic pathways and membership in cogni-
tive function subgroups may generate hypotheses for 
future study of accelerated aging and mechanisms 
underlying changes in cognitive function in women 
with breast cancer.

Compared to controls without breast cancer, the 
authors previously reported poorer function in three 
of the eight cognitive domains that were examined: 
executive function, concentration, and visual working 
memory (Bender et al., 2015). Therefore, group-based 
trajectory modeling (GBTM) was conducted for these 
three cognitive domains to identify unique subgroups 
of women who experience different trajectories of 
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cognitive function before and during adjuvant therapy 
for breast cancer. Consistent with the theory of accel-
erated aging, the authors determined whether there 
are subgroups of women who are vulnerable to poorer 
cognitive function. The authors also determined 
demographic, clinical, and pretherapy phenotypic 
characteristics that were associated with subgroup 
membership. Controlling for these phenotypic char-
acteristics, the authors then explored associations 
between subgroup membership and variability in 
candidate genes involved in oxidative stress and DNA 
repair.

Methods

The current study used a repeated-measures design. 
Participants were evaluated before the initiation 
of chemotherapy, or the AI anastrozole, and at six-
month intervals for as many as 18 months after they 
began anastrozole. Comparable time points were 
evaluated in the control group. The study protocol 
was approved by the institutional review board at the 
University of Pittsburgh, and all participants provided 
written informed consent. 

Sample

The sample included two cohorts of postmenopausal 
women with early-stage breast cancer: one cohort 
received chemotherapy followed by anastrozole and 
the other received anastrozole alone. A third control 
cohort consisted of postmenopausal women without 
breast cancer matched on age and education to the 
cohorts with breast cancer. All participants were post-
menopausal, aged 75 years or younger, able to read and 
speak English, and had at least eight years of education. 
Women were excluded who had a history of neurologic 
illness or cancer, or who reported hospitalization for 
psychiatric illness within the past two years. Women 
with breast cancer were newly diagnosed with stage 
I, II, or IIIa disease. Women with stage IIIb or higher 
breast cancer were excluded because of the potential 
confounding effects of factors related to the presence 
of extensive disease, including metabolic changes and 
greater need for additional medications, such as nar-
cotic analgesics (Silberfarb, 1983). 

Women with breast cancer were recruited from 
the Comprehensive Breast Cancer Program at the 
University of Pittsburgh Medical Center Hillman 
Cancer Center. Control participants were recruited 
from the University Center for Social and Urban 
Research via random digit dialing, responses to a local 
advertisement, or social-based referrals (i.e., some-
one informing a friend about the study). Enrollment 

began in November 2005 and follow-up assessments 
concluded in February 2017.

Phenotypic Measures

Cognitive function was assessed at each time point 
with a battery of objective neuropsychological mea-
sures that evaluated multiple cognitive domains. 
Because of the large number of scores yielded from 
this battery, a data reduction approach—exploratory 
factor analysis—was used to minimize type 1 errors. 
Eight cognitive factors were generated from this 
approach. Mean z scores for the eight cognitive fac-
tors were computed as the average of the z scores of 
individual cognitive measures. Higher z scores indi-
cate better performance relative to the control group 
at baseline. A detailed description of the battery and 
factor analysis was previously reported (Bender et al., 
2015). The focus of the current analysis was on the 
factors for which the authors previously observed 
significant deterioration with AI therapy (i.e., con-
centration and visual working memory) or poorer 
function from pretherapy and through the first 18 
months of therapy when compared to control partic-
ipants (i.e., executive function) (Bender et al., 2015).

Concentration is defined as sustained attention or 
vigilance. Working memory is the capacity to temporar-
ily retain information for processing. Closely linked to 
concentration and working memory is executive func-

tion, which includes the ability to organize, reason, 
and problem solve (Lezak, Howieson, Loring, Bigler, & 
Tranel, 2004). Potential covariates of cognitive func-
tion, including depressive symptoms (Beck Depression 
Inventory II) (Beck, Steer, & Brown, 1996), anxiety 
(Profile of Mood States [POMS] Tension/Anxiety 
subscale), fatigue (POMS Fatigue/Inertia subscale) 
(McNair, Lorr, & Droppleman, 1992), age, and estimated 
verbal intelligence (IQ) (National Adult Reading Test–
Revised [NART-R]) (Nelson, 1982) were also assessed. 
Data collection occurred either at participants’ homes 
or in a private conference room by a nurse trained in the 
proper administration of the study battery.

Genotypic Measures

Genotyping was conducted in a subgroup of partici-
pants (n = 190) who provided whole blood or saliva 
samples. Genotypic data was available from a sub-
group of the study participants because funding to 
support collection and banking of genomic samples 
was secured for an ancillary study subsequent to the 
initiation of the main study. 

As described in Koleck et al. (2016), 39 functional 
and tagging single nucleotide polymorphisms (SNPs) 
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for four DNA repair genes (ERCC2, ERCC3, ERCC5, 
and PARP1) and five oxidative stress genes (CAT, 
GPX1, SEPP1, SOD1, and SOD2) were selected. SNP 
selection was based on a literature review and data-
base review (Koleck et al., 2016). When a functional 
SNP was not identified from the literature, tagging 
SNPs were selected using the Phase III HapMap data-
base to more fully represent the variability in each 
candidate gene based on the following criteria: R2 ≥ 
0.8, minor allele frequency ≥ 20%, and selected for 
Caucasian or African ancestry. Genotypes were also 
determined for the two functional SNPs (rs429358 
and rs7412) that comprise the e2, e3, and e4 alleles of 
the APOE gene, which performs antioxidant activities 
throughout the body (Koleck et al., 2014). A more 
detailed description of candidate gene selection and 
the processes for extraction and quality control is 
provided elsewhere (Koleck et al., 2014, 2016).

Statistical Analysis

GBTM was performed with SAS, version 9.4, using 
PROC TRAJ to determine subgroups of women with 
distinct trajectories of executive function, concentra-
tion, and visual working memory (Nagin, 2005). An 
advantage of this analytic approach is that it does not 
apply a priori assignment rules, such as therapy types 
to trajectories, which is commonly used in linear 
mixed modeling. The authors previously conducted 
linear mixed modeling and identified changes in cog-
nitive function based on disease (breast cancer) and 
treatment type (AI with and without chemotherapy) 
(Bender et al., 2015). However, this analytic approach 
precluded the authors’ ability to determine whether 
subgroups of women were more vulnerable to poorer 
cognitive function, regardless of treatment, and which 
factors were associated with membership in those 
subgroups. GBTM allows for identification of distinct 
subgroups of individual trajectories and permits the 
identification of key factors that are associated with 
the trajectories of those groups (Nagin, 2014; Nagin & 
Tremblay, 2001). Therefore, the authors were able to 
identify subgroups of women who experienced distinct 
trajectories of cognitive function and the phenotypic 
and genotypic factors associated with their temporal 
patterns of cognitive performance. It is important to 
examine the trajectories of both subgroups for women 
who experience poorer cognitive function and women 
who experience better cognitive function. Knowledge 
of factors associated with subgroup membership aids 
in the identification of characteristics of women at 
greatest risk for poor cognitive function as well as fac-
tors that may be protective. 

GBTMs were determined using a two-stage 
approach. First, the optimal number of subgroups for 
each cognitive domain mean z score was identified. 
Second, the shape of each subgroup’s trajectory was 
determined, yielding intercept (b0), linear (b1), or 
quadratic (b2) regression coefficients. The Bayesian 
Information Criterion (BIC), based on the number 
of participants and the number of repeated measures 
from competing group-based trajectory models, were 
compared using the BIC log Bayes factor approxima-
tion for the selection of models. Participants were 
assigned to trajectory subgroups having the larg-
est posterior probability. All group-based trajectory 
models were deemed adequate because the average 
predicted posterior probabilities of assignment were 
at least 0.7 for all subgroups, odds of correct classi-
fication were at least 5 for all subgroups, and good 
correspondence was found between the estimated 

TABLE 1. Characteristics of the Overall Sample 

at Enrollment (N = 367)

Characteristic
—

X SD

Age (years) 60.2 6.15

Education (years) 14.8 2.71

NART-R score 109.6 8.78

Characteristic n %

Married or partnered

Yes 232 63

Race

White 348 95

Breast-conserving surgerya

Yes 209 80

Radiation therapya

Yes 185 71

Systemic therapy

Controls (no systemic therapy) 106 29

AI only 157 43

Chemotherapy plus AI 104 28

Stage of diseasea

I 177 68

IIa 55 21

IIb 18 7

IIIa 11 4

a Breast cancer cohort only (n = 261)
AI—aromatase inhibitor; NART-R—National Adult Reading 
Test–Revised
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subgroup probabilities and the proportion assigned 
to the subgroup. Finally, the authors used the chi-
square test of independence to examine associations 
between predicted trajectory groupings for each pair-
ing of the three cognitive domains.

Multinomial logistic regression using STATA 14 
identified significant (p < 0.05) baseline phenotypic 
factors associated with subgroup membership for each 
of the three cognitive domains. Univariate analyses 
were preformed initially to identify potential variables 
to include in the multivariable models. Any variables 
that were p < 0.1 uncorrected were considered as candi-
dates for the multivariable models. Correlations among 
the phenotypic and genotypic factors were examined 
separately to assess for possible multicollinearity and 
confounding. In each of the two sets of multivariable 
models, the authors included in the final models only 
variables that had an overall significance of p < 0.05. 
Then, using the Bonferroni correction for post-hoc 
pairwise contrasts between the subgroups, the authors 
interpreted p < 0.05/j as significant and p < 0.1/j as a 
trend, where j represents the number of subgroups. 
Therefore, for executive function, where there were 
three subgroups, the authors interpreted p < 0.0167 as 
significant and p < 0.0333 as a trend. 

For the exploratory genotypic models, a similar 
process was followed. Differences among subgroups 
in minor allele distributions identified in the bivari-
ate analysis were evaluated, controlling for variables 
from each of the phenotypic models. SNPs with overall  
p < 0.05 were retained in the final models. A complete 
summary of the bivariate associations between SNPs 
and trajectory cognitive function subgroups is available 
upon request from the corresponding author. Each 
final genotypic model was fit to determine covariate- 
adjusted odds ratios and 95% confidence intervals for 
association between genotype and subgroups in pair-
wise comparisons. The same criteria for Bonferroni 
correction were used for subgroup comparisons.

Finally, the authors examined the association 
between predicted trajectory groupings among pairs 
of the three cognitive domains examined: executive 
function, concentration, and visual working memory. 
For these analyses, the authors used chi-square tests 
of independence statistics.

Results

The sample size for the GBTM analyses was 399 for 
the executive function and visual working memory 
domains and 397 for the concentration domain. This 
discrepancy was caused by missing concentration 
measure scores for two women. The sample size for 
the multiple logistic regression analysis performed 
to examine the phenotypic characteristics associ-
ated with subgroup membership was 367 because of 
missing data for some phenotypic measures; 261 were 
women with breast cancer and 106 were controls. 
Finally, the sample size for the genotypic factors was 
190, as described earlier.

Women were, on average, aged 60.2 years, had com-
pleted 14.8 years of education, and scored 109.6 on the 
NART-R (see Table 1). Most women were White (95%) 
and married/partnered (63%). Most women with breast 
cancer had lumpectomy (80%) and radiation therapy 
(71%), and 28% received chemotherapy before anas-
trozole. The women who provided genomic samples 
did not differ from the women who did not provide 
genomic samples in any demographic or clinical char-
acteristics. A greater proportion of controls (62%) than 
women with breast cancer receiving anastrozole alone 
(45%) (p = 0.007) provided a genomic sample.

Executive Function

Using GBTM, three distinct trajectory subgroups 
were identified for executive function: low perfor-
mance at pretherapy that remained low (low) (b0 

= 
–0.83); performance slightly below the norm based 

FIGURE 1. Executive Function Trajectory
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on the age and education-matched control group at 
pretherapy that improved linearly (moderate) (b0 

= 
–0.17, b1 

= 0.05), and high performance that improved 
and then declined (high) (b0 

= 0.56, b1 = 0.31, and b2 
= 

–0.1) (see Figure 1).
At pretherapy, the low and moderate subgroups were 

older (p < 0.001) and had less education (p < 0.001) 
than the high subgroup (see Table 2). IQ differed among 
the subgroups, with the low subgroup having the lowest 
NART-R scores (p < 0.001). The low subgroup was 
more likely to have received adjuvant therapy (AI with 
or without chemotherapy) (p < 0.001) and reported 
greater pain severity than the other subgroups (p = 
0.007). The low subgroup also reported greater fatigue 
(p = 0.035) than the moderate subgroup (see Table 3). 
The pretherapy neuropsychological performance of the 

low subgroup was poorer on every cognitive domain 
except mental flexibility (p < 0.001), and the perfor-
mance of the moderate subgroup was poorer than the 
high subgroup on verbal and visual memory, psychomo-
tor speed, and executive function.

In the multivariable phenotypic model, age (p = 0.024), 
IQ score (p = 0.003), treatment group (p < 0.001), and 
pretherapy psychomotor speed (p < 0.001) and con-
centration (p = 0.002) z scores were associated with 
executive function subgroup membership. In pair-
wise subgroup comparisons (see Table 4), the authors 
found that relative to the high subgroup, membership 
in the low executive function subgroup was associ-
ated with lower estimated IQ, receipt of anastrozole 
therapy with or without chemotherapy, and poorer 
pretherapy psychomotor speed.

TABLE 2. Executive Function Subgroup Characteristics at Enrollment 

Low (1) 

(N = 88)

Moderate (2) 

(N = 208)

High (3) 

(N = 71)
Post-Hoc 

ComparisonsCharacteristic
—

X SD
—

X SD
—

X SD Test Statistic p

Age (years) 61.8 5.85 60.6 6.48 56.8 4 F(2,185) = 25.9 < 0.001  1, 2 > 3

Education (years)a 14.2 2.26 14.7 2.67 15.9 3.02 F(2,157) = 7.9 0.001  1, 2 < 3

NART-R score 106.4 8.51 109.6 8.5 113.5 8.49 F(2,364) = 13.5 < 0.001 1 < 2 < 3

Characteristic n % n % n % Test Statistic p

Post-Hoc 

Comparisons

Married or partnered c2 = 3 0.224 –

Yes 49 56 135 65 48 68

Race FE 0.193 –

White 81 92 197 95 70 99

Mastectomy c2 = 2.2 0.331 –

Yes (versus BCS) 16 18 17 8 6 8

Radiation therapy FE 0.593 –

Yes 58 66 102 49 25 35

Systemic therapy c2 = 49.2 < 0.001 –

None (controls) 4 5 64 31 38 54

AI only 53 60 89 43 15 21

Chemotherapy plus AI 31 35 55 26 18 25

Stage of diseasea FE 0.969 –

I 59 70 94 65 24 73

IIa 17 20 31 22 7 21

IIb 5 6 12 8 1 3

IIIa 3 4 7 5 1 3

a Breast cancer cohort only (N = 261; low, n = 84; moderate, n = 144; high, n = 33)
AI—aromatase inhibitor; BCS—breast-conserving surgery; FE—Fisher’s exact test; NART-R—National Adult Reading Test–Revised
Note. Although actual means and SDs are reported for each subgroup, statistical tests were performed on the square-root transformed variable.
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Relative to the moderate subgroup, membership 
in the low executive function subgroup was asso-
ciated with receipt of anastrozole with or without 

chemotherapy and poorer pretherapy concentration. 
Finally, relative to the moderate subgroup, member-
ship in the high executive functioning subgroup was 

TABLE 3. Significant Differences in Self-Reported Symptom Scores and Cognitive Domain Z Scores Among the Predicted 

Trajectory Subgroups at Enrollment (N = 367)

Item

Low (1) Moderate (2) High (3)

Test Statistic p

Post-Hoc  

Comparisons
—

X SD
—

X SD
—

X SD

Executive functiona

Self-reported symptom score

POMS fatigue/inertia 6.9 6.68 5.1 5.65 5.1 4.21 F(2,170) = 3.4 0.035 1 > 2

BPI average pain 2.5 2.49 1.8 2.13 1.5 2.16 F(2,363) = 5.1 0.007 1 > 2, 3

Cognitive domain z score

Verbal memory –0.48 0.645 –0.18 0.642 0.07 0.753 F(2,364) = 13.5 < 0.001 1 < 2 < 3

Psychomotor speed –0.43 0.896 –0.12 0.846 0.38 0.555 F(2,178) = 29.1 < 0.001 1 < 2 < 3

Attention –0.48 1.062 –0.1 0.872 0.19 0.939 F(2,359) = 10.4 < 0.001 1 < 2, 3

Visual memory –0.25 0.865 0.06 0.708 0.28 0.468 F(2,174) = 12.9 < 0.001 1 < 2 < 3

Executive function –0.92 0.434 –0.27 0.502 0.35 0.65 F(2,153) = 118 < 0.001 1 < 2 < 3

Visual working memory –0.37 0.914 –0.01 0.78 0.26 0.693 F(2,364) = 12.5 < 0.001 1 < 2, 3

Concentration –0.38 0.734 –0.03 0.584 0.1 0.526 F(2,156) = 11.7 < 0.001 1 < 2, 3

Concentrationb

Self-reported symptom score

POMS fatigue/inertia 4.3 5.04 6.6 6.43 4.9 5.12 F(2,364) = 3.5 0.031 2 > 3

Cognitive domain z score

Verbal memory –0.62 0.618 –0.24 0.669 –0.09 0.685 F(2,364) = 9.7 < 0.001 1 < 2, 3

Mental flexibility –0.39 0.842 –0.02 0.736 0.22 0.7 F(2,364) = 12.4 < 0.001 1 < 2 < 3

Psychomotor speed –0.93 0.999 –0.32 0.868 0.23 0.621 F(2,89) = 37.5 < 0.001 1 < 2 < 3

Attention –0.64 0.924 –0.31 0.972 0.09 0.889 F(2,359) = 13.3 < 0.001 1 , 2 < 3

Visual memory –0.39 1.003 –0.06 0.782 0.17 0.579 F(2,88) = 8.3 < 0.001 1, 2 < 3

Executive function –0.69 0.542 –0.38 0.675 –0.17 0.646 F(2,364) = 11.6 < 0.001 1 < 2 < 3

Visual working memory –0.57 0.972 –0.12 0.835 0.12 0.734 F(2,92) = 9.8 < 0.001 1 < 2 < 3

Concentration –1.14 0.565 –0.42 0.416 0.36 0.316 F(2,88) = 257.5 < 0.001 1 < 2 < 3

Visual working memoryc

Cognitive domain z score

Verbal memory –0.51 0.679 – – –0.05 0.64 t = 6.4 < 0.001 –

Mental flexibility –0.07 0.771 – – 0.13 0.734 t = 2.4 0.016 –

Psychomotor speed –0.42 1.015 – – 0.06 0.712 t = 4.7 < 0.001 –

Attention –0.36 1.046 – – –0.02 0.892 t = 3.2 0.001 –

Visual memory –0.34 0.928 – – 0.2 0.534 t = 5.9 < 0.001 –

Executive function –0.62 0.592 – – –0.15 0.649 t = 6.6 < 0.001 –

Visual working memory –0.65 0.856 – – 0.25 0.622 t = 10.3 < 0.001 –

Concentration –0.23 0.669 – – –0.02 0.608 t = 3 0.003 –

a For the executive function subgroup, participants were classified as low (n = 88), moderate (n = 208), or high (n = 71).
b For the concentration subgroup, participants were classified as low (n = 36), moderate (n = 143), or high (n = 188).
c For the visual working memory subgroup, participants were classified as low (n = 120) or high (n = 247).
Note. Although actual means and SDs are reported for each subgroup, statistical tests were performed on the square-root transformed variable.
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TABLE 4. Multinomial Logistic Regression Models for Pretherapy Phenotypic Predictors  

of Subgroup Membership

Phenotypic Predictor

Adjusted 

OR SE 95% CI z p

Executive functiona

High (RG) versus low

Age 1.44 0.262 [1.007, 2.054] 2 0.046

Estimated verbal intelligence score 0.66 0.08 [0.524, 0.84] –3.41 0.001

Receipt of chemotherapy plus  

anastrozole

20.68 13.637 [5.676, 75.313] 4.59 < 0.001

Receipt of anastrozole alone 34.95 22.61 [9.832, 124.203] 5.49 < 0.001

Psychomotor speed z score 0.28 0.092 [0.148, 0.534] –3.88 < 0.001

Concentration z score 0.47 0.163 [0.236, 0.926] –2.18 0.029

Moderate (RG) versus low

Age 0.95 0.121 [0.742, 1.219] –0.39 0.694

Estimated verbal intelligence score 0.85 0.072 [0.721, 1.004] –1.91 0.056

Receipt of chemotherapy plus  

anastrozole

10.14 5.941 [3.213, 31.973] 3.95 < 0.001

Receipt of anastrozole alone 10.35 5.848 [3.417, 31.326] 4.13 < 0.001

Psychomotor speed z score 0.76 0.141 [0.526, 1.09] –1.5 0.134

Concentration z score 0.45 0.102 [0.287, 0.7] 3.53 < 0.001

Moderate (RG) versus high

Age 0.66 0.1 [0.492, 0.89] –2.73 0.006

Estimated verbal intelligence score 1.28 0.125 [1.06, 1.553] 2.55 0.011

Receipt of chemotherapy plus  

anastrozole

0.49 0.189 [0.23, 1.044] –1.85 0.064

Receipt of anastrozole alone 0.3 0.112 [0.141, 0.623] –3.21 0.001

Psychomotor speed z score 2.69 0.778 [1.529, 4.744] 3.43 0.001

Concentration z score 0.96 0.292 [0.527, 1.741] –0.14 0.887

Concentrationb

High (RG) versus low

Estimated verbal intelligence score 0.95 0.116 [0.748, 1.206] –0.43 0.67

POMS fatigue/inertia 0.96 0.04 [0.886, 1.043] –0.95 0.344

Psychomotor speed z score 0.18 0.047 [0.104, 0.298] –6.46 < 0.001

Attention z score 0.57 0.13 [0.368, 0.894] –2.45 0.014

Moderate (RG) versus low

Estimated verbal intelligence score 0.83 0.098 [0.654, 1.042] –1.61 0.107

POMS fatigue/inertia 0.92 0.037 [0.855, 1.001] –1.95 0.052

Psychomotor speed z score 0.49 0.106 [0.318, 0.746] –3.31 0.001

Attention z score 0.84 0.179 [0.557, 1.277] –0.81 0.42

Moderate (RG) versus high

Estimated verbal intelligence score 0.87 0.064 [0.752, 1.004] –1.9 0.057

POMS fatigue/inertia 0.96 0.02 [0.923, 1.002] –1.85 0.064

Psychomotor speed z score 2.77 0.552 [1.877, 4.098] 5.12 < 0.001

Attention z score 1.47 0.21 [1.111, 1.944] 2.7 0.007
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associated with younger age, higher IQ, no receipt of 
anastrozole, and better pretherapy psychomotor speed. 

The authors explored whether there were asso-
ciations between variability in candidate genes 
involved in oxidative stress and DNA repair and 

executive function subgroup membership. After 
controlling for the variability in these participant 
characteristics and self-reported race and ethnicity, 
genetic variation in three SNPs in DNA repair genes 
(PARP1 rs2271347 [p = 0.01], ERCC3 rs4150402 [p = 
0.024], and ERCC5 rs751402 [p = 0.034]) imparted 
differential risk for subgroup membership. Carrying 
at least one copy of the PARP1 rs2271347 minor A 
allele conferred about four times greater odds of 
belonging to the low versus moderate subgroup  
(p = 0.005). In addition, carrying at least one copy of 
the ERCC3 rs4150402 minor A allele was marginally 
associated with about three times increased odds 
of belonging to the low versus moderate subgroup  
(p = 0.025). Finally, carrying at least one copy of the 
ERCC5 rs751402 minor T allele conferred about 81% 
reduced odds of belonging to the low versus high 
subgroup (p = 0.011), and was marginally associ-
ated with 71% reduced odds of belonging to the low 
versus moderate subgroup (p = 0.02).

Concentration

Three distinct trajectory subgroups were found for 
concentration; low and stable (low; b0 

= –1.24), below 
norm and stable (moderate; b0 

= –0.32) and high and 
stable (high; b0 

= 0.43). At pretherapy (see Figure 2),  
the subgroups differed on age (p < 0.001), race  
(p = 0.014) and fatigue (p = 0.031) (see Table 5). The 
low concentration subgroup was the oldest subgroup, 
the high subgroup was the youngest. The moderate 
subgroup was less likely to report being White and had 
greater fatigue than the high subgroup. At pretherapy, 

TABLE 4. Multinomial Logistic Regression Models for Pretherapy Phenotypic Predictors  

of Subgroup Membership (Continued)

Phenotypic Predictor

Adjusted 

OR SE 95% CI z p

Visual working memoryc

High (RG) versus low

Verbal memory z score 0.51 0.103 [0.339, 0.756] –3.33 0.001

Visual memory z score 0.52 0.107 [0.349, 0.78] –3.17 0.002

Executive function z score 0.42 0.093 [0.274, 0.652] –3.9 < 0.001

a Overall model fit (n = 366): c2 = 136.94, p < 0.001, pseudo R2 = 0.191
b Overall model fit (n = 362): c2 = 97.91, p < 0.001, pseudo R2 = 0.145
c Overall model fit (n = 367): c2 = 76.63, p < 0.001, pseudo R2 = 0.165
CI—confidence interval; GBTM—group-based trajectory model; OR—odds ratio; POMS—Profile of Mood States; RG—reference 
group; SE—standard error
Note. Unadjusted p values prior to Bonferroni correction: p < 0.0167 are significant; p > 0.0167 and p < 0.0333 are trends.
Note. Age is reported in five-year increments; estimated verbal intelligence score is reported in five-point increments.

FIGURE 2. Concentration Trajectory
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the low concentration subgroup had poorer perfor-
mance on every cognitive function factor compared 
to the other subgroups. Relative to the high subgroup; 
the performance of the moderate concentration sub-
group was poorer on every cognitive factor except 
verbal memory.

In the multivariable phenotypic model, pretherapy 
fatigue, psychomotor speed (p < 0.001), and atten-
tion (p = 0.009) were associated with concentration 
subgroup membership. IQ was marginally associated 
with concentration subgroup membership (p = 0.085). 
In pairwise subgroup comparisons, relative to both 
the high and moderate concentration subgroups, 
membership in the low concentration subgroup 
was associated with poorer pretherapy psychomo-
tor speed. Membership in the low concentration 

subgroup versus the high subgroup was also predicted 
by poorer pretherapy attention. Better pretherapy 
performance on measures of psychomotor speed and 
attention predicted membership in the high subgroup 
compared to the moderate subgroup. 

Controlling for variability in these participant 
characteristics, variation in one SNP in an oxida-
tive stress gene (GPX1 rs1050450) (p = 0.048) was 
associated with subgroup membership (see Table 
6). Carrying at least one copy of the GPX1 rs1050450 
minor A allele was associated with about six times 
increased odds of belonging to the high versus 
moderate concentration subgroup (p = 0.014). In 
addition, variation in one SNP in a DNA repair gene 
(ERCC3 rs4150407) (p = 0.043) was associated with 
subgroup membership. Carrying at least one copy of 

TABLE 5. Concentration Subgroup Characteristics at Enrollment 

Low (1) 

(N = 36)

Moderate (2) 

(N = 143)

High (3) 

(N = 188)
Post-Hoc 

ComparisonsCharacteristic
—

X SD
—

X SD
—

X SD Test Statistic p

Age (years) 64.2 6.5 60.7 5.95 59 5.89 F(2,364) = 12.2 < 0.001 1 > 2 > 3

Education (years) 14.2 2.88 14.8 2.46 14.9 2.85 KW = 1.5 0.463 –

NART-R score 106.4 8.74 110 8.78 109.9 8.71 F(2,364) = 2.7 0.067 –

Characteristic n % n % n % Test Statistic p

Post-Hoc 

Comparisons

Married or partnered c2 = 3.2 0.201 –

Yes 19 53 87 61 126 67

Race FE 0.014 2 < 3

White 34 94 130 91 184 98

Mastectomy FE 0.284 –

Yes (versus BCS) 7 19 14 10 18 10

Radiation therapy FE 0.7 –

Yes 23 64 71 50 91 48

Systemic therapy c2 = 7.3 0.12 –

None (controls) 6 17 46 32 54 29

AI only 17 47 66 46 74 39

Chemotherapy plus AI 13 36 31 22 60 32

Stage of diseasea FE 0.619 –

I 20 67 70 72 87 65

IIa 5 16 18 19 32 24

IIb 3 10 7 7 8 6

IIIa 2 7 2 2 7 5

a Breast cancer cohort only (N = 261; low, n = 30; moderate, n = 97; high, n = 134)
AI—aromatase inhibitor; BCS—breast-conserving surgery; FE—Fisher’s exact test; KW—Kruskal-Wallis test; NART-R—National Adult Reading Test–Revised
Note. Although actual means and SDs are reported for each subgroup, statistical tests were performed on the square-root transformed variable.
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TABLE 6. Multinomial Logistic Regression Models for Pretherapy Genotypic Predictors of Subgroup 

Membership

Gene Family/Genotypic Predictor OR SE 95% CI z p

Executive function

Moderate (RG) versus lowa

DNA repair/PARP1 rs2271347 3.87 1.875 [1.494, 10.003] 2.79 0.005

Age 1.23 0.255 [0.819, 1.847] 1 0.318

Estimated verbal intelligence score 0.81 0.106 [0.624, 1.045] –1.62 0.105

Chemotherapy plus anastrozole 15.87 14.644 [2.603, 96.811] 3 0.003

Anastrozole alone 14.95 13.757 [2.463, 90.754] 2.94 0.003

Psychomotor speed z score 0.91 0.24 [0.547, 1.527] –0.34 0.731

Concentration z score 0.36 0.132 [0.179, 0.741] –2.79 0.005

Moderate (RG) versus lowb

DNA repair/ERCC3 rs4150402 2.75 1.238 [1.136, 6.643] 2.24 0.025

Age 1.13 0.228 [0.766, 1.682] 0.63 0.529

Estimated verbal intelligence score 0.86 0.113 [0.664, 1.111] –1.16 0.247

Chemotherapy plus anastrozole 14.58 13.445 [2.39, 88.881] 2.9 0.004

Anastrozole alone 16.55 15.203 [2.733, 100.186] 3.05 0.002

Psychomotor speed z score 0.95 0.246 [0.569, 1.574] –0.21 0.831

Concentration z score 0.36 0.132 [0.175, 0.739] –2.78 0.005

High (RG) versus low

DNA repair/ERCC5 rs751402 0.19 0.125 [0.053, 0.688] –2.53 0.011

Age 2.12 0.604 [1.216, 3.708] 2.65 0.008

Estimated verbal intelligence score 0.63 0.111 [0.443, 0.886] –2.65 0.008

Chemotherapy plus anastrozole 25.37 25.24 [3.609, 178.323] 3.25 0.001

Anastrozole alone 35.64 35.814 [4.973, 255.434] 3.56 < 0.001

Psychomotor speed z score 0.21 0.1 [0.082, 0.536] –3.27 0.001

Concentration z score 0.62 0.284 [0.25, 1.519] –1.05 0.293

Moderate (RG) versus lowc

DNA repair/ERCC5 rs751402 0.29 0.154 [0.099, 0.823] –2.32 0.02

Age 1.22 0.247 [0.82, 1.813] 0.98 0.327

Estimated verbal intelligence score 0.86 0.109 [0.675, 1.107] –1.16 0.248

Chemotherapy plus anastrozole 13.62 12.367 [2.295, 80.761] 2.87 0.004

Anastrozole alone 11.62 10.443 [1.996, 67.64] 2.73 0.006

Psychomotor speed z score 0.77 0.21 [0.448, 1.309] –0.98 0.329

Concentration z score 0.4 0.145 [0.196, 0.813] –2.53 0.011

Concentration

Moderate (RG) versus lowd

DNA repair/ERCC3 rs4150407 8.26 7.669 [1.337, 50.984] 2.27 0.023

Estimated verbal intelligence score 0.9 0.176 [0.613, 1.318] –0.55 0.585

POMS fatigue/inertia score 0.93 0.053 [0.834, 1.042] –1.24 0.214

Psychomotor speed z score 0.38 0.118 [0.205, 0.698] –3.11 0.002

Attention z score 0.82 0.278 [0.423, 1.596] –0.58 0.562

Moderate (RG) versus highe

Oxidative stress/GPX1 rs1050450 5.83 4.172 [1.434, 23.706] 2.46 0.014

Estimated verbal intelligence score 0.93 0.1 [0.754, 1.149] –0.67 0.503

Continued on the next page
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the minor G allele was marginally associated with 
more than eight times increased odds of belonging 
to the low versus moderate concentration subgroup 
(p = 0.023). 

Visual Working Memory 

For visual working memory, a two-group model was 
identified: low and improving (low; b0 = –0.67, b1 = 0.11) 
and above the norm and improving (high; b0 

= 0.32, b1 = 
0.07) (see Figure 3). The low working memory group 
was older (p = 0.009), had less education (p = 0.005) 
and lower IQ (p = 0.001), and was less likely to report 
being White (p < 0.001) than the high visual working 
memory subgroup (see Table 7). Compared to the 
high verbal working memory subgroup, the low verbal 
working memory subgroup had poorer performance on 
every cognitive function factor at pretherapy (p < 0.05).

In the multivariable phenotypic model, prether-
apy verbal memory (p < 0.001), visual memory (p = 
0.002), and executive function (p < 0.001) were 
associated with visual working memory subgroup 
membership. In pairwise subgroup comparisons, 
controlling for phenotypic predictors, membership 
in the low visual working memory subgroup was 
associated with poorer pretherapy verbal and visual 
memory and poorer executive function relative to 
the high subgroup. Controlling for variability in par-
ticipant characteristics, genetic variation in one SNP 
in a DNA repair gene (ERCC5 rs873601 [p = 0.027]) 
was associated with subgroup membership. Carrying 
two copies of the minor G allele conferred almost 
four times increased odds of belonging to the low 
versus high visual working memory subgroup (p = 
0.027).

TABLE 6. Multinomial Logistic Regression Models for Pretherapy Genotypic Predictors of Subgroup 

Membership (Continued)

Gene Family/Genotypic Predictor OR SE 95% CI z p

Concentration (continued)

Moderate (RG) versus highe (continued)

POMS fatigue/inertia score 1 0.033 [0.939, 1.068] 0.04 0.965

Psychomotor speed z score 2.7 0.779 [1.538, 4.755] 3.45 0.001

Attention z score 1.84 0.403 [1.194, 2.822] 2.77 0.006

Visual working memory

High (RG) versus lowf

DNA repair/ERCC5 rs873601 3.84 2.342 [1.162, 12.691] 2.21 0.027

Verbal memory z score 0.28 0.096 [0.145, 0.549] –3.72 < 0.001

Visual memory z score 0.46 0.166 [0.229, 0.936] –2.14 0.032

Executive function z score 0.5 0.169 [0.254, 0.968] –2.05 0.04

a Overall model fit (n = 187): c2 = 94.65, p < 0.001, pseudo R2 = 0.258
b Overall model fit (n = 188): c2 = 92.08, p < 0.001, pseudo R2 = 0.25
c Overall model fit (n = 187): c2 = 92.78, p < 0.001, pseudo R2 = 0.253
d Overall model fit (n = 189): c2 = 67.6, p < 0.001, pseudo R2 = 0.192
e Overall model fit (n = 179): c2 = 74.43, p < 0.001, pseudo R2 = 0.224
f Overall model fit (n = 189): c2 = 66.08, p < 0.001, pseudo R2 = 0.275
CI—confidence interval; OR—odds ratio; POMS—Profile of Mood States; RG—reference group; SE—standard error 
Note. For executive function, genotypic predictors evaluated in the models were PARP1 rs2271347 (GA plus AA versus GG), 
ERCC3 rs4150402 (GA plus AA versus GG), and ERCC5 rs751402 (CT plus TT versus CC). Self-reported race/ethnicity was 
retained in the models to adjust for potential confounding because of population stratification (data not shown).
Note. For concentration, genotypic predictors evaluated in the models were ERCC3 rs4150407 (AG plus GG versus AA) and 
GPX1 rs1050450 (GA plus AA versus GG). Self-reported race/ethnicity was retained in the models to adjust for potential 
confounding because of population stratification (data not shown).
Note. For visual working memory, genotypic predictor evaluated in the model was ERCC5 rs873601 (GG versus AA plus 
AG). Self-reported race/ethnicity was retained in the models to adjust for potential confounding because of population 
stratification (data not shown).
Note. Unadjusted p values prior to Bonferroni correction: p < 0.0167 are significant; p > 0.0167 and p < 0.0333 are trends.
Note. Age is reported in five-year increments; estimated verbal intelligence score is reported in five-point increments.
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The authors examined the association between 
trajectory grouping among pairs of the three cogni-
tive domains (executive function, concentration, and 
visual working memory) using chi-square analyses. 
Highly significant associations (p < 0.0001) were 
observed for all pairwise associations. In particular, 
membership in high subgroups was correlated, indi-
cating consistent membership in the high subgroups 
across the three cognitive domains. For the most part, 
membership in the low performing subgroups was 
also consistent across the cognitive domains. 

Discussion

Ample evidence across multiple types of cancer sug-
gests that, compared to healthy individuals, women 
with cancer have poorer cognitive function before 
they begin adjuvant therapy (Ahles et al., 2008; 
Hermelink et al., 2015). In addition, studies suggest 
that deterioration in cognitive function is associated 
with adjuvant therapy in individuals with cancer 
(Wefel et al., 2010). In the current article, the authors 
report the results of one of the first applications of 
subgroup trajectory modeling to examine objectively 
measured cognitive function in postmenopausal 
women with early-stage breast cancer. The authors 
focused on three cognitive domains in this analysis: 

executive function, concentration, and visual working 
memory. By performing GBTM, the authors identified 
subgroups of women with unique trajectories of cog-
nitive function and examined phenotypic factors that 
are related to subgroup membership. The authors also 
explored relationships between specified genotypic 
characteristics and subgroup membership. 

Subgroups and Their Trajectories 

The high subgroups for concentration and visual 
working memory comprised the largest portion of 
the sample for these domains, 51% and 67%, respec-
tively. The performance of women in the high visual 
working memory subgroup improved across all 
time points, suggesting practice effects, which are 
improvements in performance with repeated cogni-
tive assessments (Lezak et al., 2004). The influence 
of practice effects was observed in the high and low 
visual working memory subgroups and the high and 
moderate executive function subgroups. Practice 
effects are not evident in any of the three concen-
tration subgroups. Although practice effects are an 
expected phenomenon with retesting using cognitive 
function measures, they are more likely to occur with 
executive function and learning and memory domains 
than other cognitive domains, such as concentration 
(Bartels, Wegrzyn, Wiedl, Ackermann, & Ehrenreich, 
2010; Basso, Bornstein, & Lang, 1999; Basso, Carona, 
Lowery, & Axelrod, 2002). In addition, the influence 
of practice effects does tend to be more prominent 
with initial retesting but then plateaus with later 
retesting (Bartels et al., 2010). This fact may partially 
explain the initial improvements in executive func-
tion in the high subgroup followed by the decline in 
performance. Cognitive reserve theory may also help 
to explain the waning performance at the final assess-
ment in the high subgroup. According to reserve 
theory, individuals with greater cognitive reserve are 
better able to compensate for insults related to dis-
ease or treatment (Ahles et al., 2010; Stern, 2009), but 
the influence of these compensations may fade over 
time. Therefore, although some individuals may be 
more vulnerable to accelerated aging with the effects 
of cancer and cancer treatment, individuals with 
greater reserve may be less vulnerable. Interestingly, 
the performance of the low executive function sub-
group did not improve with retesting, suggesting that 
this group had less cognitive reserve.

Twenty-four percent of the sample comprised the 
low executive function subgroup. The performance of 
this subgroup was stable across the trajectory, at nearly 
1 standard deviation below the mean. The performance 

FIGURE 3. Visual Working Memory Trajectory
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of the low concentration subgroup was nearly 1.5 stan-
dard deviations below the mean. Although this group 
was only 10% of the sample, these results indicate that 
some women may be particularly vulnerable to poor 
concentration that is present at pretherapy and persists 
through the first 18 months of AI therapy. These results 
are clinically meaningful, but it is unclear whether the 
performance in these subgroups constitutes impaired 
cognitive function. Debate continues regarding the cri-
teria for impaired cognitive function (Shilling, Jenkins, 
& Trapala, 2006). Some contend that, to be considered 
impaired, performance must be at or greater than 1.5 
standard deviations below the mean on multiple cog-
nitive domains. Others suggest that impairment is not 
an appropriate label; rather, they propose the term 
lower than expected performance, determined by scores 

falling at or below 1.5 standard deviations in multiple 
cognitive domains (Ahles et al., 2008; Wefel, Vardy, 
Ahles, & Schagen, 2011). The authors’ analysis of the 
association between predicted trajectory groupings 
indicates that membership in the low subgroups was 
largely consistent across the three cognitive domains. 
Conversely, membership in the high performing sub-
groups was highly consistent across domains. These 
results indicate that women tend to be vulnerable to 
poorer performance across multiple cognitive domains. 
Additional research is needed to confirm these results 
in a larger sample and to determine whether poor per-
formance across multiple cognitive domains persists 
through the remainder of therapy. Understanding the 
phenotypic and genotypic factors that are associated 
with membership in these subgroups helps to identify 

TABLE 7. Visual Working Memory Subgroup Characteristics at Enrollment

Low (N = 120) High (N = 247)

Test StatisticCharacteristic
—

X SD
—

X SD p

Age (years) 61.4 6.38 59.6 5.96 t  = 2.6 0.009

Education (years)a 14.3 2.4 15.1 2.82 t  = 2.8 0.005

NART-R score 107.5 9.39 110.6 8.3 t  = 3.3 0.001

Characteristic n % n % Test Statistic p

Married or partnered c2 = 1.8 0.176

Yes 70 58 162 66

Race c2 = 15.3 < 0.001

White 106 88 242 98

Mastectomy c2 = 1.2 0.275

Yes (versus BCS) 17 14 22 9

Radiation therapy c2 = 2.9 0.089

Yes 62 52 123 50

Systemic therapy c2 = 5.9 0.052

None (controls) 28 23 78 32

AI only 62 52 95 38

Chemotherapy plus AI 30 25 74 30

Stage of diseasea FE 0.488

I 63 69 114 68

IIa 17 18 38 22

IIb 9 10 9 5

IIIa 3 3 8 5

a Breast cancer cohort only (N = 261; low, n = 92; high, n = 169)
AI—aromatase inhibitor; BCS—breast-conserving surgery; FE—Fisher’s exact test; NART-R—National Adult Reading Test–
Revised
Note. Although actual means and SDs are reported for each subgroup, statistical tests were performed on the square-root 
transformed variable.
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underlying mechanisms and women who are at risk for 
poorer cognitive function.

Phenotypic Factors

The results of this study related to the phenotypic 
factors associated with subgroup membership pro-
vides compelling evidence in support of accelerated 
aging in women with breast cancer and suggest that 
the presence of cognitive reserve in some women may 
mitigate the effects of cancer and cancer therapy on 
cognitive function.

Consistent with the theory of accelerated aging, 
receipt of adjuvant therapy was associated with mem-
bership in the low executive function subgroup relative 
to the high and moderate subgroups. The presence 
of greater concurrent fatigue at pretherapy was also 
associated with membership in the low executive func-
tion subgroup. The phenotype for aging is frailty, and 
among the criteria for frailty is fatigue (Fried et al., 
2001). Aging may be accelerated with cancer and cancer 
therapy, and a consequence of this acceleration may be 
deterioration in cognitive function (Hurria, Jones, & 
Muss, 2016; Mandelblatt et al., 2013). Accelerated aging 
may be particularly relevant in women who have lower 
cognitive reserve and, therefore, greater vulnerability 
to insult related to cancer and cancer therapy. 

Older age and lower estimated IQ scores (both 
proxies for cognitive reserve) were associated with 
membership in the low executive function sub-
group; lower IQ score was also associated with the 
low visual working memory subgroup. In addition, 
poorer pretherapy cognitive function was consis-
tently related to the low subgroups across the three 
domains examined. Taken together, these results sug-
gest that older age, lower IQ, and poorer pretherapy 
cognitive function, which are all indicative of less cog-
nitive reserve, place women at greater vulnerability to 
poorer cognitive function with breast cancer and its 
therapy. In addition, the results indicate that receipt 
of adjuvant therapy accelerates cognitive aging in 
women with breast cancer.

Genotypic Factors 

Higher levels of oxidative stress and DNA damage 
with reduced capacity for repair of DNA damage occur 
with aging. Cancer and cancer therapy increase oxi-
dative stress and ensuing DNA damage (Joshi et al., 
2005; Lisanti et al., 2011; Wang et al., 2008), and may 
result in an accelerated aging and cognitive decline 
(Ahles et al., 2010; Mandelblatt et al., 2013). The 
authors explored whether polymorphisms in genes 
involved in DNA repair and oxidative stress were 

associated with changes in cognitive function and 
found preliminary evidence that variability in DNA 
repair gene polymorphisms imparted differential 
risk for subgroup membership. This was particu-
larly evident with respect to the executive function 
domain, where polymorphisms associated with two 
DNA repair genes (PARP1 and ERCC3) were related 
to membership in the low subgroup relative to the 
moderate subgroup. In addition, carrying at least one 
copy of the ERCC5 rs751402 T minor allele was pro-
tective for executive function. Less evidence of these 
relationships was found for concentration and visual 
working memory. A SNP related to one DNA repair 
gene (ERCC3 rs4150407) was associated with mem-
bership in the low concentration subgroup relative 
to the moderate subgroup. Similarly, a SNP related 
to DNA repair gene (ERCC5 rs873601) was associated 
with membership in the low visual working memory 
subgroup relative to the high subgroup. 

Mechanisms to repair the inevitable DNA damage 
associated with exposure to endogenous and exog-
enous agents are critical to the development and 
function of the nervous system as well as to protec-
tion against development of diseases, such as cancer 
(Cha & Yim, 2013; Curtin, 2012; Narciso et al., 2016; 
Smetana et al., 2016). Cancer and cancer treatment 
can initiate DNA damage and reduction in the effec-
tiveness of some DNA repair mechanisms (Cha & 
Yim, 2013). In addition, there is reduced capacity of 
DNA repair mechanisms with advancing age, result-
ing in increased risk for cancer (Smetana et al., 2016). 
Mandelblatt et al. (2013) propose a confluence of 
these factors, suggesting that cancer and its treat-
ment may accelerate the effects of aging on neurons 
and oxidative stress and DNA repair pathways, which 
is reflected in accelerated cognitive aging in individ-
uals with the disease. The results of the exploratory 
analysis of candidate gene polymorphisms related to 
DNA repair and oxidative stress suggest that this may 
be true. However, additional research is needed to 
confirm these findings in a fully powered study.

The mechanisms for the associations found 
between oxidative stress and DNA repair gene poly-
morphisms and subgroup membership could be 
increased levels of oxidative stress and weakened 
DNA repair. However, the functions of these poly-
morphisms have not been substantiated, and future 
studies are needed to clarify their functional roles. 

Limitations

The results related to the associations between 
genotypic factors and trajectory subgroups must be 
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interpreted with caution. Genetic samples were avail-
able from a subgroup of the full sample of this study, 
and the genotypic analysis was exploratory in nature 
and intended to generate hypotheses for testing in 
future studies. In addition, the sample lacked racial 
and ethnic diversity, limiting generalizability. 

Implications for Practice  

and Future Research

The results of this study indicate that nurses who 
care for postmenopausal women with breast cancer 
can recognize women who may be at greater risk for 
poorer cognitive function with disease and treatment. 
Women who are older at diagnosis may have less cog-
nitive reserve, placing them at greater risk for poorer 
cognitive function with cancer and cancer therapy. In 
addition, women who report greater levels of fatigue 
and poorer cognitive function at diagnosis may be at 
greater risk for poorer cognitive function with cancer 
therapy. Although self-report of cognitive problems is 
generally not related to objectively measured cogni-
tive function (Bender et al., 2008), cognitive problems 
are commonly related to self-reports of fatigue and, 
therefore, may be an indirect indication of poorer 
cognitive function (Downie, Mar Fan, Houédé-Tchen, 
& Tannock, 2006; Merriman et al., 2017). Assessing 
women for other factors that may increase their risk 
for poorer cognitive function is important; these 
include previous cancer and cancer therapy, certain 
comorbidities, such as a history of substance abuse, 
and neurologic disease or neurotrauma and serious 
psychiatric illness, such as clinical depression and 
concomitant medications (Jansen, 2013). Nurses 
should also assess the functional and emotional 
implications of changes in cognitive function. Poor 
cognitive function can have a deleterious effect on 
women’s ability to maintain their functions at home 
and at work (Nugent et al., 2016). It can also be a 
source of distress for women and their families who 
may misattribute changes in cognitive function to 
failure to respond to therapy and worsening disease.

Unfortunately, strong evidence supporting the 
efficacy of interventions to prevent or manage 
changes in cognitive function with cancer and cancer 
therapy is lacking (Oncology Nursing Society, 2016; 
Von Ah, Storey, Jansen, & Allen, 2013). Nurses may 
be able to support women who experience this 
problem by managing their co-occurring symptoms. 
For example, interventions to reduce fatigue, pain, 
and sleep problems and improve mood may reduce 
cognitive problems. Although most women who expe-
rience changes in cognitive function with cancer and 

cancer therapy do not have impaired cognitive func-
tion, women who do have more severe or persistent 
deterioration in cognitive function should have a 
comprehensive neuropsychological assessment. In 
addition, referral for cognitive rehabilitation to help 
women regain their functional ability at home and at 
work may be needed.

More research is needed to understand this prob-
lem. The long-term effects of cancer and cancer 
therapy on cognitive function are unclear. It is import-
ant to continue research that will help to develop a 
characteristic profile of patients at risk by uncovering 
the behavioral and biologic mechanisms underlying 
cognitive changes. The research in this current article 
suggests that factors related to oxidative stress and 
weakened DNA repair should be considered in future 
mechanistic studies, and that additional research is 
needed to more fully explicate these and other mech-
anisms of cognitive changes. It will be important to 
identify approaches for assessment of cognitive func-
tion that provide meaningful data for clinical and 
research settings. Exhaustive neuropsychological 
batteries are not practical for use in clinical settings, 
and valid, reliable assessment tools appropriate for 
clinical assessment of cognitive function are not avail-
able. Finally, research is needed to test interventions 
to prevent and manage changes in cognitive function 
with cancer and cancer therapy.

Conclusion

The results of this study suggest that subgroups of 
postmenopausal women with breast cancer have 
poorer executive function, concentration, and visual 
working memory that preexists the initiation of sys-
temic adjuvant therapy and persists through the 
first 18 months of therapy. Importantly, the results 
indicate characteristics of women at greater risk for 
poorer cognitive function with disease and treatment. 
Advancing age, greater pretherapy fatigue, and poorer 

KNOWLEDGE TRANSLATION

 ɐ Subgroups of women with breast cancer are at risk for poorer cog-

nitive function before they begin adjuvant therapy and during the 

first 18 months of therapy.

 ɐ Women with breast cancer who are older and have more fatigue 

and poorer cognitive function at pretherapy are at greater risk for 

poorer cognitive function with adjuvant therapy.

 ɐ Oxidative stress and weakened DNA repair may be related to poor-

er cognitive function in women with breast cancer.
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cognitive function prior to the initiation of adjuvant 
therapy increases the likelihood of having poorer cog-
nitive function with therapy. In addition, cancer and 
cancer treatment may accelerate the effects of aging 
on neurons and DNA repair mechanisms, resulting in 
accelerated cognitive decline in individuals with the 
disease. These findings give preliminary direction for 
identification of women with breast cancer who are at 
risk for poor cognitive function and point to a need to 
develop interventions that mitigate changes in cogni-
tive function. 
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