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Abstract

Subgroups of patients with breast cancer may be at greater risk for cytokine-induced changes in
cognitive function after diagnosis and during treatment. The purposes of this study were to
identify subgroups of patients with distinct trajectories of attentional function and evaluate for
phenotypic and genotypic (i.e., cytokine gene polymorphisms) predictors of subgroup
membership. Self-reported attentional function was evaluated in 397 patients with breast cancer
using the Attentional Function Index before surgery and for six months after surgery (i.e., seven
time points). Using growth mixture modeling, three attentional function latent classes were
identified: High (41.6%), Moderate (25.4%), and Low-moderate (33.0%). Patients in the Low-
moderate class were significantly younger than those in the High class, with more comorbidities
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and lower functional status than the other two classes. No differences were found among the
classes in years of education, race/ethnicity, or other clinical characteristics. DNA was recovered
from 302 patients’ samples. Eighty-two single nucleotide polymorphisms among 15 candidate
genes were included in the genetic association analyses. After controlling for age, comorbidities,
functional status, and population stratification due to race/ethnicity, IL1R1 rs949963 remained a
significant genotypic predictor of class membership in the multivariable model. Carrying the rare
“A” allele (i.e., GA+AA) was associated with a two-fold increase in the odds of belonging to a
lower attentional function class (OR: 1.98; 95% ClI: 1.18, 3.30; p=.009). Findings provide
evidence of subgroups of women with breast cancer who report distinct trajectories of attentional
function and of a genetic association between subgroup membership and an IL1R1 promoter
polymorphism.

Keywords

attention; breast cancer; inflammation; cytokine genes; interleukin 1 receptor; type I; growth
mixture modeling

1. Introduction?

Self-reported attentional function is an important aspect of quality of life for patients with
breast cancer [1-3]. Perceived changes in attentional function after diagnosis and during
treatment negatively impact women’s ability to maintain meaningful activities that require
the direction of attention for sustained periods of time [1]. Attentional function is closely
tied to working memory [4] and is a component of executive function [5]. Therefore,
changes in attentional function interfere with planning and goal-directed activities [1].
Patients may report these changes because of increased mental effort exerted to compensate
for cancer- and cancer-treatment-related cognitive changes [6]. Functional magnetic
resonance imaging studies support the hypothesis that subjective reports of cognitive
changes are associated with increased mental effort [6, 7].

A recent report of the International Cognition and Cancer Task Force highlighted a
consistent finding in the literature that subgroups of patients are more vulnerable to
cognitive changes [8]. Characterization of vulnerable subgroups would allow clinicians to
target education and interventions to patients most likely to benefit. Phenotypic
characteristics (e.g., age, functional status) and clinical characteristics (e.g., disease stage,
treatment), as well as differences in peripheral inflammatory processes [9], may be
associated with vulnerability to changes in attentional function in these women.

Cytokines and their receptors regulate inflammatory processes [9]. Peripheral inflammation,
due to cancer and its treatment, could induce inflammation in the central nervous system
(CNS) through activation of afferent nerves such as the vagus nerve [10, 11], peripheral
cytokine interactions with circumventricular organs [12], active transport of cytokines across
the blood-brain barrier [13], activation of second messengers [14], and/or direct entry of
peripherally activated monocytes into the CNS [10, 15]. Microglial cells within the CNS
respond by producing central pro-inflammatory cytokines that contribute to oxidative stress
[16], dysregulation of hypothalamic-pituitary-adrenal axis function [17], and diminished
growth factor signaling [18, 19]. Therefore, the effects of peripheral cytokines could have a

Lapbreviations: AlMs, ancestry informative markers; AFI, Attentional Function Index; BIC, Bayesian information criterion; BMI,
body mass index; BLRT, bootstrapped likelihood ratio test; Cl, confidence interval; CNS, central nervous system; DNA,
deoxyribonucleic acid; GMM, growth mixture modeling; KPS, Karnofsky Performance Status; LD, linkage disequilibrium; MAF,
minor allele frequency; OR, odds ratio; SCQ, Self-administered Comorbidity Questionnaire; SNP, single nucleotide polymorphism;
VLMR, Vuong-Lo-Mendell-Rubin likelihood ratio test.

Cytokine. Author manuscript; available in PMC 2015 February 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Merriman et al.

Page 3

negative impact on cognitive function [20]. Given this hypothesized relationship, variations
in genes that encode for inflammatory cytokines and their receptors may explain some of the
variability in attentional function reported by women with breast cancer.

In a previous study using growth mixture modeling (GMM) [21], we identified three
subgroups of participants with clinically meaningful differences in trajectories of attentional
function during and after radiation therapy. In these patients with breast, prostate, brain, or
lung cancer and their family caregivers, a single nucleotide polymorphism (SNP) in IL6
(rs1800795) predicted subgroup membership. In the current study, we evaluate the same
SNP and attempt to identify novel associations in a larger, more homogenous sample.
Therefore, the purposes of this study, in a sample of women with breast cancer, were to
identify latent classes (i.e., subgroups of patients) with distinct trajectories of attentional
function and to evaluate for phenotypic and genotypic characteristics associated with latent
class membership.

2. Material and Methods

This analysis is part of a larger study that evaluated for multiple symptoms in patients who
underwent surgery for breast cancer [22]. Patients were recruited from breast care centers
located in a Comprehensive Cancer Center, two public hospitals, and four community
practices. Patients were eligible to participate if they were >18 years of age; were scheduled
to undergo surgery on one breast; were able to read, write, and understand English; and gave
written informed consent. Patients with distant metastases at the time of diagnosis were
excluded. Of the 516 patients who were approached, 410 enrolled in the study (79.5%
response rate) and 397 completed baseline assessments. The most common reasons for
refusal were being too busy or feeling overwhelmed.

2.1. Study procedures

The study was approved by the Committee on Human Research at the University of
California, San Francisco and by the institutional review boards at each of the other study
sites. During preoperative visits, a clinical staff member explained the study and invited
patients to participate. Those women who were willing to participate were introduced to a
research nurse, who determined eligibility. After providing written informed consent,
patients completed baseline questionnaires a mean of four days prior to surgery. Follow-up
questionnaires were completed each month for six months after surgery (i.e., seven
assessments over six months). Medical records were reviewed for disease and treatment
information.

Patients completed a demographic questionnaire, the Karnofsky Performance Status (KPS)
scale [23], the Self-administered Comorbidity Questionnaire (SCQ) [24], and the Attentional
Function Index (AFI). The AFI consists of 13 items designed to measure self-reported
attentional function (i.e., ability to voluntarily direct and sustain attention) [1]. Higher mean
scores on a 0 to 10 numeric rating scale indicate greater capacity to direct attention. Scores
are grouped into categories of attentional function (i.e., <5.0 low function, 5.0 to 7.5
moderate function, >7.5 high function) [25]. Multiple studies have used the AFI in patients
with breast cancer before [25-27] and after [28] surgery and chemotherapy [29]. Additional
studies have used the measure across multiple treatment modalities [30] and in long-term
survivors [31]. The AFI has established reliability, as well as construct and convergent
validity [1]. In this study, Cronbach’s alpha was .93.

2.2. Phenotypic analyses

Data were analyzed using SPSS 19 (IBM, Armonk, New York) and Mplus 6.11 (Muthén &
Muthén, Los Angeles). Descriptive statistics and frequency distributions were generated for

Cytokine. Author manuscript; available in PMC 2015 February 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Merriman et al.

Page 4

sample characteristics and AFI scores. GMM with robust maximum likelihood estimation
identified latent classes of patients with distinct trajectories of attentional function. The
GMM methods are described in detail elsewhere [32].

Analyses of variance and Chi-square analyses were used to evaluate for differences in
patient characteristics among classes. The cohort of patients for each analysis was dependent
on the largest set of available data across classes. Differences were considered statistically
significant at p<.05. Post hoc contrasts used the Bonferroni correction to control the overall
family alpha. For any one of three possible pairwise contrasts, p<.017 was considered
statistically significant. Effect sizes were determined using Cohen’s d [33].

2.3. Genotypic analyses

Genomic DNA was extracted from archived buffy coats using the Puregene DNA Isolation
System (Invitrogen, Carlsbad, CA). Of 397 patients who completed the baseline assessment,
DNA was recovered for 302.

DNA was quantitated using spectrophotometry and normalized to a concentration of 50 ng/
pL (diluted in 10 mM Tris/1 mM EDTA). Genotyping was performed blinded to clinical
status. Samples were genotyped using the GoldenGate genotyping platform and processed
using GenomeStudio (lllumina, San Diego). Genotype calls for each SNP were visually
inspected by two blinded reviewers. Disagreements were adjudicated by a third reviewer.

2.3.1. Gene and SNP selection—Genes that encode for pro-inflammatory cytokines and
their receptors include interleukin 2 (IL2), IL8, IL17A, and tumor necrosis factor alpha
(TNFA, also referred to in the literature as TNF), as well as interferon gamma receptor 1
(IFNGR1) and IL1 receptor, type 1 (IL1R1). Genes that encode for anti-inflammatory
cytokines and their receptors include IL4, IL10, and IL13, as well as IL1R2. Genes that
encode for cytokines with both pro- and anti-inflammatory functions include IFNG, IL1 beta
(IL1B), and IL6. Genes that encode for transcription factors, which moderate the levels of
cytokine production, include nuclear factor kappa B 1 (NFKB1) and NFKB2.[9]

A combination of tagging SNPs and literature-driven SNPs (i.e., associated with altered
function, symptoms) for these genes were selected for analysis. Tagging SNPs were required
to have minor allele frequencies (MAFS) =5% in public databases. SNPs with call rates
<95% or Hardy-Weinberg expectation p<.001 were excluded. Rare alleles are defined as
having allele frequencies of less than 50% in the sample.

2.3.2. Statistical analyses—Allele and genotype frequencies were determined by gene
counting. Hardy-Weinberg expectation was assessed by the Chi-square or Fisher Exact test.
Measures of linkage disequilibrium (LD) (i.e., D’ and r2) were computed from patients’
genotypes with Haploview 4.2 (Broad Institute, Cambridge, Massachusetts). LD-based
haplotype block definition was based on the D’ confidence interval (CI) method [34].
Haplotypes were constructed using PHASE 2.1 [35], as described previously [36]. One
hundred six ancestry informative markers (AIMs) were included in the analyses, as
described previously [36]. A backwards stepwise approach was used to create the most
parsimonious phenotypic regression model. Except for self-reported race/ethnicity and
AlIMs, which were included to minimize confounding due to population stratification [37-
39], only predictors with a p-value of <.05 were retained in the final model.

Additive, dominant, and recessive genetic models were assessed in association tests for each
SNP. Barring trivial improvements (i.e., delta <10%) from the additive model, the model
that best fit the data, by maximizing the significance of the p-value, was selected for
inclusion in the multivariable analyses. To estimate the magnitude (i.e., odds ratio, OR) and
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precision (i.e., 95% CI) of the association of genotype with class membership, logistic
regression models were fit that treated class as a discrete categorical variable. Model fit and
both unadjusted and covariate-adjusted ORs were estimated using Stata 9 (StataCorp,
College Station, Texas). If the overall model included a statistically significant genotype
term, pairwise post hoc models (e.g., High versus Moderate attentional function) were fit.
Only post hoc models with Bonferroni-corrected statistically significant genotype terms
were retained.

As was done in our previous studies [21, 36, 40] and based on recommendations in the
literature [41, 42], the implementation of rigorous quality controls for genomic data, the
non-independence of SNPs/haplotypes in LD, and the exploratory nature of the analyses,
adjustments were not made for multiple testing. Significant SNPs identified in the bivariate
analyses were evaluated further using regression analyses that controlled for differences in
phenotypic characteristics, potential confounding due to population stratification, and
variation in other SNPs/haplotypes within the same gene. Only SNPs that remained
significant were included in the final results. Therefore, the significant independent genetic
association reported is unlikely to be due solely to chance. In addition, unadjusted (i.e.,
bivariate) associations are reported for all SNPs passing quality control criteria to allow for
subsequent comparisons and meta-analyses.

3.1. GMM classes

Three distinct classes of attentional function trajectories were identified (Figure 1). A three-
class solution provided the best model fit because it had the smallest Bayesian information
criterion (BIC) and a significant bootstrapped likelihood ratio test (BLRT), as well as greater
entropy and more differentiating growth trajectories than the two-class solution, with each
class maintaining reasonable size and interpretability (Table 1). Further, the Vuong-Lo-
Mendell-Rubin likelihood ratio test (VLMR) was not significant for the four-class solution
[43].

Patients in the High Attentional Function (“High”) class (41.6%) had estimated AFI scores
of 7.78 at enrollment that increased significantly and remained high throughout the study
(Table 2). Patients in the Moderate Attentional Function (“Moderate”) class (25.4%) had
estimated AFI scores of 6.58 at enrollment that decreased and then increased significantly
but remained moderate throughout the study. Patients in the Low-moderate Attentional
Function (“Low-moderate™) class (33.0%) had estimated AFI scores of 5.23 at enrollment
that did not change significantly during the study.

3.2. Phenotypic differences among classes

Patients in the Low-moderate class were significantly younger than those in the High class
(Table 3). They had significantly more comorbidities and lower functional status than the
other two classes. While a significant difference in body mass index (BMI) was found
among the classes, post hoc contrasts were not significant. Although no differences were
found among the classes in the proportion of patients who worked for pay, a greater
proportion of patients making <$30,000/year than =$30,000/year were in the Low-moderate
class compared to the High class. Likewise, a greater proportion of patients making <
$30,000/year than =$100,000/year were in the Low-moderate class compared to the
Moderate class. No differences were found among the classes in years of education, race/
ethnicity, or other clinical characteristics.

Using a backwards stepwise approach, only age, comorbidities (i.e., SCQ score), and
functional status (i.e., KPS score) significantly predicted class membership in multivariable
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models unadjusted for genotype. For each five-year increase in age, patients had a 12%
decrease in the odds of belonging to a lower attentional function class (OR: 0.88; 95% CI:
0.80, 0.97; p=.012). For every one point increase in SCQ score (i.e., indicating a greater
number, severity, and/or functional impact of comorbidities), patients had a 14% increase in
the odds of belonging to a lower attentional function class (OR: 1.14; 95% CI: 1.04, 1.24;
p=.004). For every ten-point increase in KPS score (i.e., indicating a clinically meaningful
increase in functional status), patients had a 30% decrease in the odds of belonging to a
lower attentional function class (OR: 0.70; 95% ClI: 0.55, 0.90; p=.006).

3.3. Genotypic differences among classes

Eighty-two SNPs among 15 candidate genes passed all of the quality control filters.
Genotype distributions differed significantly among classes for four SNPs and one haplotype
(Table 4). Controlling for age, comorbidities, functional status, and population stratification
due to race/ethnicity, the model fit for ILIR1 rs949963 remained significant (p<.001) (Table
5). Pairwise post hoc contrasts did not meet Bonferroni-corrected thresholds for significant
between-class differences by genotype (OR: 2.10; 95% ClI: 1.12, 3.94; p=.021 for High
versus Moderate classes. OR: 2.01; 95% ClI: 1.10, 3.68; p=.023 for High versus Low-
moderate classes. OR: .90; 95% CI: .46, 1.75; p=.750 for Moderate versus Low-moderate
classes). See Figure 2 for allelic distributions.

The final model explained 7.5% of variance in class membership (p<.001). Controlling for
covariates, carrying the rare “A” allele (i.e., GA or AA genotype) was associated with a two-
fold increase in the odds of belonging to a lower attentional function class (OR: 1.98; 95%
Cl: 1.18, 3.30; p=.009).

4. Discussion

This study is the first to use GMM to identify subgroups of women with breast cancer who
reported distinct trajectories of attentional function prior to and after surgery and to evaluate
for phenotypic and genotypic differences among these classes. Differences in mean AFI
scores among the classes prior to surgery represent clinically meaningful differences [44] in
self-reported attentional function (d=0.68 for High versus Moderate classes and d=0.89 for
Moderate versus Low-moderate classes). The GMM solution found in this study partially
confirms findings from our previous study [21]. Both studies found that a three-class
solution best fit the data. However, AFI scores in the current study for each of the classes
were lower than in the previous study. In addition, the trajectories of attentional function in
each of the three classes varied between the studies.

These differences in AFI scores and trajectories may be due to the inclusion of male patients
and male family caregivers in the previous sample. Since gender differences in the severity
of other symptoms have been reported [40, 45-49], additional research is warranted to
evaluate for gender differences in self-reported attentional function. Future studies of
patients with cancer diagnoses that affect both men and women (e.qg., colorectal cancer) may
provide insights into these relationships.

An alternative explanation is that the different treatments that patients underwent in the two
studies may have differentially impacted attentional function. However, treatment was not
associated with attentional function class membership in either study. While none of the
clinical characteristics differentiated among the classes, visual inspection of the class
trajectories (Figure 1) suggests that the Moderate class had a significant decrease in
attentional function after surgery followed by a significant increase in attentional function
approximately three months later. This trajectory was possibly influenced by treatment.
While larger sample sizes may identify treatment-related predictors of attentional function,

Cytokine. Author manuscript; available in PMC 2015 February 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Merriman et al.

Page 7

our findings suggest that several patient characteristics (i.e., younger age, higher number
and/or severity of comorbidities, lower functional status) are risk factors for poorer
attentional function after diagnosis of breast cancer and during treatment.

The phenotypic predictors of class membership that remained significant in multivariable
models were age, comorbidities, and functional status. Consistent with previous reports [1,
50, 51], younger patients were more likely to belong to a lower attentional function class. It
is hypothesized that younger patients may notice changes in their attentional function in
response to the diagnosis and treatment of cancer more than do older adults, who may have
adjusted to previous age-related alterations in attentional function [1].

Consistent with our previous study [21], functional status was a phenotypic predictor of
attentional function class membership. The Low-moderate class reported a pre-treatment
mean KPS score of 88.83 (+12.77), which is a clinically meaningful difference from 95.74
(£8.62) for the High class and 94.90 (+6.89) for the Moderate class (d=0.62 and d=0.55,
respectively). One possible explanation is that the higher comorbidity score reported by the
Low-moderate class in the present study influenced this relationship. Managing multiple
comorbidities may decrease a patient’s capacity to direct and sustain attention before the
diagnosis of cancer [51], or cognitive changes may be associated with specific comorbidities
[8, 52].

The most commonly reported comorbidities regardless of class membership were high blood
pressure (30.9%), back pain (28.1%), and depression (21.9%). While the Low-moderate
class reported the same top three comorbidities, the proportions of patients who reported
back pain (35.1%) and depression (29.0%) were higher. It is possible that the greater
proportions of patients with pain and depression in this class at enroliment accounts for its
lack of improvement in attentional function during cancer therapy. Future studies should
evaluate the effects of these symptoms on attentional function class membership.

In a previous study by our group [50], higher BMI before radiation therapy was associated
with improvement in attentional function over time in women with breast cancer. Although
BMI was associated with differences in latent class membership in the current study, no
significant relationships were apparent between higher versus lower BMI and class
membership. Future studies may clarify these relationships.

Income was significantly different among the classes. The lowest annual household income
level (i.e., <$30,000) was associated with membership in the lowest attentional function
class. Although income level did not remain a significant predictor of class membership in
multivariable models, it is possible that stress associated with lower income [53] in the
context of the cost of breast cancer treatment contributed to these class differences. Chronic
stress negatively impacts immune system function [54], which may contribute to cognitive
changes in these patients [9]. This finding warrants more research in terms of social and
environmental characteristics associated with socioeconomic status that may influence
attention.

In the bivariate analyses, genotype distributions differed significantly among classes for
three SNPs and one haplotype in NFKB1. NFKB1 encodes for a transcription factor
involved in inflammatory processes through regulation of inflammatory cytokine production
[55, 56]. The transcription factor is thought to be involved in chronic inflammation [57],
which may negatively impact cognition [20]. Therefore, variations in NFKB1 could explain
some of the cognitive changes that cancer patients experience. While these associations did
not remain significant in the multivariate analyses, studies with independent samples may
identify an association between variations in NFKB1 and attentional function.

Cytokine. Author manuscript; available in PMC 2015 February 01.
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One SNP in IL1R1 (rs949963) significantly predicted class membership after controlling for
covariates. Genotype uniquely explained 1.5% of variance in class membership. Carrying
the rare “A” allele was associated with an increased odds of belonging to a lower attentional
function class. Although significant pairwise post hoc class comparisons were not found
after correction for multiple testing, examination of these relationships is warranted in future
studies.

IL1R1 rs949963 is located in the promoter region for IL1R1, 616 base pairs upstream of the
transcription start site [58]. Although no studies have demonstrated a link between
transcription factors involved in regulation of gene expression and this SNP, the “A” allele
is predicted to have decreased affinity for two transcription factors (i.e., Yin Yang 1 [YY1],
upstream stimulatory factor 1 [USF1]), as compared to the “G” allele [59]. YY1 is a
pleiotropic human transcription factor involved in the regulation of inflammation [60] and
neural plasticity [61]. USF1 is involved in regulation of inflammation [62] and lipid
metabolism genes involved in cognition (e.g., APOE) [63]. Given the predicted differential
binding sites for these two mechanistically plausible transcription factors at IL1R1
rs949963, it is reasonable to hypothesize that variation in this SNP may influence the
regulation of IL1R1 in a manner that is associated with differences in attentional function.
Functional studies to determine if either of these theoretical binding sites are active and
influenced by rs949963 are warranted.

No studies were found that described a relationship between IL1R1 rs949963 and clinical
outcomes. However, in mouse models, the inhibition of interleukin 1 receptor, type I
production decreased joint inflammation [64] and reduced the behavioral outcome of despair
(i.e., immobility during tail suspension and forced swim tests) [65]. In addition, inhibiting
the receptor blocked the development of stress-related glucocorticoid resistance, which is a
possible mechanism for chronic inflammation [66]. The relationships of this interleukin 1
receptor to inflammation [67] and cognition [68] are hypothesized to extend to humans.

Given the numerous mechanisms by which inflammation may negatively impact attentional
function [10-20], it is reasonable to suggest that carriers of the rare “A” allele for IL1R1
rs949963 have increased production of this interleukin 1 receptor. Therefore, interleukin-1
production at the time of diagnosis and treatment for breast cancer would be more efficient
in producing an inflammatory state that could impact the CNS. However, future studies must
evaluate for differences in expression of IL1R1 in carriers of the rare “A” allele to determine
whether this hypothesis is tenable.

In our previous study [21], this SNP was not associated with attentional function class
membership. The MAFs for the SNP in the two studies were similar, which suggests that the
lack of an association in the previous study was not due to differences in allele frequency.
Moreover, in the previous study no significant associations were found between IL1R1
SNPs and class membership in bivariate analyses. The lack of a significant finding may be
due to sample variation or to different composition of the GMM groups. Also, AFI scores
for the three classes identified in the present study were lower than in the previous study,
which may have contributed to differences in SNP associations.

The present study did not confirm the finding of our previous study that variation in IL6
rs1800795 predicted attentional function class membership [21]. Moreover, no significant
associations were found between IL6 SNPs and class membership in bivariate analyses. This
difference in findings could be due in part to the fact that the MAF for this SNP in the
present study was 19.7% lower than in the previous study, which may be due to sampling
variability. An alternative hypothesis is that the classes derived from the two samples are
phenotypically distinct.
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Because it is possible that the revised AFI used in the present study [1] is not directly
comparable to the original AFI used in the previous study [21], analyses were run with the
original instrument. These analyses showed no differences in results for these two SNPs
(data not shown). For both IL1R1 rs949963 and IL6 rs1800795, larger samples could
resolve whether their relationships to attentional function can be replicated.

Study limitations should be acknowledged. Larger samples may identify additional genetic
associations. Because of the exploratory nature of the study, adjustments were not made for
multiple testing in the analyses of the genetic data. The relationship between IL1IR1
rs949963 and attentional function class membership warrants replication and functional
studies before clinical implications are evaluated. Measuring serum cytokine levels could
support the hypothesized relationship between cytokine levels and cognitive function [10-
20]. Studies of genes that encode for other physiological pathways (e.g., dopaminergic,
serotonergic) [69] may clarify the etiology of reduced attentional function in women with
breast cancer. Because of sample size limitations, gene by treatment effects were not
evaluated. However, no differences in treatment characteristics were found among the latent
classes.

While neuropsychological tests may not be sensitive to the changes in attentional function
that patients report [70], inclusion of objective tests could improve understanding of
subgroups of patients at risk for diminished attentional function. In addition, studies should
evaluate for changes in other cognitive domains (e.g., working memory, executive function)
that may be associated with genetic variation in IL1R1.

The Low-moderate class was the only class who did not report significantly improved
attentional function over the six months of the study. It is possible that acute deficits in
attentional function may lead to chronic deficits. An alternative hypothesis is that class
trajectories may be influenced by co-occurring symptoms. Future studies may clarify long-
term trends.

This study provides evidence for a relationship between IL1R1 rs949963 and distinct
trajectories of self-reported attentional function. The finding suggests that cytokine
dysregulation negatively impacts attentional function in women with breast cancer at a time
when the capacity to direct and sustain attention is important for quality of life during
treatment for breast cancer.
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Figure 1.

Observed and estimated attentional function trajectories for patients in each latent class
(High class, n=165; Moderate class, n=101; Low-moderate class, n=131), as well as mean
Attentional Function Index (AFI) scores for the total sample.
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Differences among the attentional function (AF) latent classes in the percentages of patients
who were homozygous for the common “G” allele versus heterozygous or homozygous for
the rare “A” allele for rs949963 in interleukin 1 receptor, type I (IL1R1) (p=.016).
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