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Abstract

Objectives—This study examined the relationship between positive and negative affect,
depressive symptoms, and cognitive performance.

Methods—The sample consisted of 1,479 non-demented, postmenopausal women (mean age=67
years) at increased risk of breast cancer enrolled in the National Surgical Adjuvant Breast and
Bowel Project’s Study of Tamoxifen and Raloxifene (STAR). At each annual visit, women
completed a standardized neuropsychological battery and self-report measures of affect and
depression. Data from 3 visits were used in linear mixed models for repeated measures using
likelihood ratio tests. Separate analyses were performed to relate positive/negative affect and
depression to each cognitive measure.

Results—Higher positive affect was associated with better letter fluency (p=0.006) and category
fluency (p<0.0001). Higher negative affect was associated with worse global cognitive function
(p<0.0001), verbal memory (CVLT List B; p=0.002), and spatial ability (p<0.0001). Depressive
symptoms were negatively associated with verbal knowledge (p=0.004), figural memory
(p<0.0001), and verbal memory (p’s<0.0001).

Discussion—Findings are consistent with some prior research demonstrating a link between
positive affect and increased verbal fluency and between depressive symptoms and decreased
memory. The most novel finding shows that negative affect is related to decreased global
cognition and visuospatial ability. Overall, this research in a large, longitudinal sample supports
the notion that positive affect is related to increases and negative affect to decreases in
performance on distinct cognitive measures.
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Introduction

Affect refers to one’s emotional experience or mood. Positive affect reflects the extent of
one’s experience of positive emotions (e.g., feeling enthusiastic, excited, attentive, alert)
while negative affect reflects distress and negative mood (e.g., feeling nervous, ashamed,
scared, upset) (Watson, Clark, & Tellegen, 1988). It is generally accepted that positive and
negative affect are not opposite ends of a unitary dimension. However, they are distinct
dimensions that typically demonstrate low correlations with one another (Cacioppo &
Berntson, 1999; Watson, Clark, & Tellegen, 1988). Affect presumably influences cognitive
appraisals of the significance of stimuli and decisions regarding appropriate actions
(Cacioppo & Bernston, 1999). In cross-sectional studies, older adults, compared to younger
adults, tend to report a higher frequency of positive emotions and a lower frequency of
negative emotions (e.g., Carstensen et al., 2011). Further, older adults are more likely than
younger adults to describe the co-occurrence of positive and negative emotions (LAckenhoff,
Costa, & Lane, 2008) and to demonstrate stable levels of both positive and negative affect
over time (Kunzmann, 2008).

Given that positive and negative affect are two relatively independent constructs (Watson,
Clark, & Tellegen, 1988), they may demonstrate differential associations with various
aspects of cognition. The recently developed “broaden and build” theory of positive
emotions suggests that positive affect broadens attention, cognition, and action and widens
one’s array of thoughts and actions. The related “narrowing” hypothesis suggests that
negative affect may have the opposite effect (Fredrickson, 2001; Fredrickson, 2003).
Overall, positive moods are typically associated with more general schematic and relational
processing, whereas negative moods tend to be associated with item-specific, detail-oriented
processing, in both younger and older adults. Research has demonstrated that people
reporting positive affect show thought patterns that are flexible, creative, integrative, open to
new information, and efficient (Fredrickson, 2001; Isen, 2000). In particular, a review of the
psychological and biological bases of the mood-cognition relationship in younger adults
provides evidence that positive affect is associated with improved performance on tasks of
verbal fluency (Mitchell & Phillips, 2007). Letter fluency tasks, widely used to test
executive function, require retrieval of words beginning with a specified letter in a short
time period. Fluency tasks are thought to depend on strategic retrieval, initiation of action,
inhibition of previously dominant responses, and ability to switch search strategies. In
contrast, positive mood has also been found to impair aspects of executive functioning such
as working memory, planning, and task-switching (Mitchell & Phillips, 2007). For example,
positive mood states have been found to decrease working memory capacity (Martin &
Kerns, 2011; Spies et al., 1996) and impair switching where the task requirements are to
switch to previously activated stimuli in the environment (Phillips et al., 2002), but positive
mood can facilitate switching to novel information (Dreisbach & Goschke, 2004).

While support for the influence of positive affect on cognitive processes is strong, null
effects of negative mood are more common. Where detail-oriented processing favors the
task, negative mood appears to have little or beneficial effects, and where gestalt-oriented
processing favors the task, negative mood is detrimental. For example, no direct evidence of
negative mood effects on fluency have been demonstrated (Phillips et al., 2002; Mitchell &
Phillips, 2007). Similarly, compared to induced positive and neutral moods, negative mood
does not seem to influence working memory capacity or task-switching (Martin & Kerns,
2011; Spies et al., 1996). Further, a recent cross-sectional analysis of a large sample
(N=516) of German older adults found that combined scores for speed, memory, fluency,
and knowledge demonstrated no association with negative affect (Kunzmann, 2008). In
contrast, on visual-processing tasks such as the local-global task, induced negative mood
facilitates processing of the features of a visual object, versus the whole object (Branigan &
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Fredrickson, 2005; Gasper & Clore, 2002). Another potential advantage of detail-oriented
processing during negative affect is demonstrated in the literature on false memory in older
adults, where negative mood actually decreases memory for false information (McCabe,
Presmanes, Robertson, & Smith, 2004; Hess, Popham, Emery, & Elliott, 2012), although the
effects of induced mood on memory are under-explored,

In addition to affect, it is important to examine the relationship between depressive
symptomatology and cognition. Negative affect is a construct that is related to, yet different
from, depression in that individuals may experience negative affect whether or not they are
depressed. Further, those who are depressed tend to experience negative affect as well as
additional non-mood (i.e., somatic, vegetative) depressive symptoms. Negative affect and
depression may be correlated but are not interchangeable constructs. There is a large
literature examining the relationship between depression and cognition. The inverse
relationship between depressive symptoms and cognitive performance has been
demonstrated in a variety of studies (Bierman et al., 2007; Ganguli et al., 2006; Godin et al.,
2007; Han et al., 2006; Raji et al., 2007). One study that compared adults with mood
disorders (depression) to age-matched normal controls found that cognitive decline was
comparable between these two groups until age 45; age-related cognitive decline in the
domains of memory, attention, processing speed, and executive function began to diverge
between the groups after age 45 and diverged even more dramatically after age 65, with the
depressed adults faring worse than the normal controls (Gualtieri & Johnson, 2008). Another
recent study of 840 community-dwelling older adults in a primary care setting found that
over 3.5 years, those participants with significant depressive symptoms were twice as likely
to develop mild cognitive impairment than whose without depressive symptoms (Geda et al.,
2006). Further, a recent meta-analysis found that a history of depression was positively
associated with a higher risk of later developing Alzheimer’s disease (Ownby et al., 2006).
In older adults, depressive symptoms have been associated with a variety of cognitive
deficits including measures of attention, visuospatial abilities, motor function, memory
processing, accuracy on working memory tasks, concept formation, information processing
speed, executive function, and general cognitive function (Baune et al., 2006; Baune et al.,
2007; Boone et al., 1994; Comijs et al., 2001; Cui et al., 2007; Dotson et al., 2008; Ganguli
et al., 2006; Lockwood et al., 2002; Paterniti et al., 2002; Rose & Ebmeier, 2006; Sheline et
al., 2006).

In contrast to prior experimental studies of affect and cognition, Cognition in the Study of
Tamoxifen and Raloxifene (Co-STAR) (Legault et al., 2009), an ancillary study of STAR
(Study of Tamoxifene and Raloxifene), offers longitudinal measures of positive and
negative affect, depression, and a broad range of cognitive tests in a large sample of healthy
community-dwelling older women at increased risk of breast cancer. Additionally, much of
the previous research examining emotion and cognition has controlled for affect rather than
studying its association with cognitive function. The goal of these analyses was to evaluate
the relationship between affect (positive and negative), depressive symptoms, and cognitive
performance on tests of verbal knowledge, figural and verbal memory, working memory,
spatial rotation, and speed. We hypothesized that: (1) Positive affect would be associated
with higher concurrent scores on verbal fluency, a measure of executive function; (2)
Negative affect would not be significantly related to cognitive function; and (3) Women who
report greater depressive symptoms would have lower cognitive test scores, particularly in
the areas of global cognitive function, memory, and processing speed than women who
report fewer depressive symptoms.
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Study of Tamoxifen and Raloxifene (STAR) Trial — Design

STAR was a multi-center, randomized clinical trial of oral tamoxifen 20 mg/day or oral
raloxifene 60 mg/day for a maximum of 5 years, among 19,747 postmenopausal women 35
years of age or older at increased risk for breast cancer as determined by their age, family
history of breast cancer, personal medical history, age at first menstrual period, and age at
first live birth according to the modified Gail model (Gail et al., 1989; Gail & Constantino,
2001). STAR was coordinated by the National Surgical Adjuvant Breast and Bowel Project
(NSABP) from July 1, 1999 to December 31, 2005 (Vogel et al, 2006). Eligible women
were postmenopausal; not taking tamoxifen, raloxifene, hormone therapy, oral
contraceptives, or androgens; not taking warfarin or cholestyramine; without history of
stroke, pulmonary, or deep vein thrombosis; and no history of malignancy within the past 5
years, except basal or squamous cell carcinoma of the skin or carcinoma in situ of the
cervix. Women with a history of lobular carcinoma in situ of the breast treated by local
excision alone were eligible. Uncontrolled atrial fibrillation, diabetes, or hypertension; and/
or psychiatric conditions that could interfere with trial adherence or normal activity for a
significant portion of each day were exclusion factors. The mean age of STAR participants
at randomization was 58.5 years and about 93% were white (Vogel et al., 2006).

Cognition in the Study of Tamoxifen and Raloxifene (Co-STAR) — Design

Participants

Enrollment

Co-STAR was an ancillary study to the STAR trial that focused on the cognitive effects of
tamoxifen and raloxifene in a subset of women enrolled in the STAR trial. Co-STAR
enrolled 1,498 women randomized in the STAR trial, age 65 and over, who had not been
diagnosed with dementia. All participants were fluent in English and provided written
Informed Consent for the Co-STAR study. Co-STAR was coordinated by the Wake Forest
School of Medicine, approved by its Institutional Review Board, and sponsored by the
National Institute on Aging.

Women enrolled in the STAR trial were eligible for Co-STAR if: they were 65 years of age
or older, had not been diagnosed with dementia, and were enrolled at one of the participating
Co-STAR sites. Previous diagnoses of chronic neurologic disease (Parkinson’s disease,
stroke, epilepsy, multiple sclerosis), history of head injury, depression, alcohol addiction,
drug addiction, and other neurologic or psychiatric conditions were recorded but did not
serve as exclusion factors for this study. Only 4% of Co-Star participants had GDS-SF
scores = 5 ‘suggestive’ of depressive symptomatology. The Co-STAR trial was conducted at
153 (76%) STAR/Co-STAR Clinical Sites across the United States and Canada. The Co-
STAR clinical centers were chosen based on their strong performances in the STAR Trial
with respect to enroliment and retention and the age and ethnic distribution of participants.

Co-STAR enrollment began in October 2001, 18 months after STAR enrollment started and
continued until the unmasking of STAR in June 2006. Visit 1 refers to the first assessment
when a participant enrolled in Co-STAR, and visits 2 and 3 refer to the beginning of years 2
and 3 in Co-STAR, respectively, corresponding to one-year and two-year follow-up.
Although some participants completed assessments at years 4 and 5, each participant has a
maximum of 3 Co-STAR assessments included in this paper due to the low numbers of
participants with more than 3 visits.

Co-STAR originally planned to recruit participants at their STAR randomization. However,
due to a small number of women over 65 years of age at STAR randomization, the protocol
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was amended to allow age eligible women to join Co-STAR any time during their first 4
years of STAR follow-up. Therefore, most participants did not receive cognitive
assessments until after study drugs had been initiated.

Co-STAR Cognitive Battery Procedure

A standardized 80-minute neuropsychological test battery modeled after that used in the
Women’s Health Initiative Study of Cognitive Aging (WHISCA) (Resnick, 2004) was
administered yearly (See Appendix 1 for all cognitive measures and scoring information).
The battery included 14 tests from several domains that have been shown to be sensitive to
subtle changes in cognitive function associated with aging and hormone therapy. The
individual cognitive tests representing each of the cognitive domains in order of
administration are the following (with abbreviations defined in the paragraphs that follow):
(1) global cognitive function (3MSE); (2) verbal knowledge (PMA Vocabulary); (3) verbal
fluency (letter fluency, category fluency); (4) figural memory (Benton Visual Retention
Test); (5) verbal memory (CVLT List A, List B, Short-delay free recall, Long-delay free
recall); (6) working memory (Digits Forward, Digits Backward); (7) spatial ability (Card
Rotations); and (8) fine motor speed (Finger Tapping Dominant, Finger Tapping Non-
Dominant). The following are the individual tests of interest that comprised the battery.

Modified Mini-Mental State Exam (3MSE; Teng & Chui, 1987)—The 3MSE
consists of 15 items that sum to 0—100; higher scores reflect better cognitive functioning.
Test items measure temporal and spatial orientation, immediate and delayed recall,
executive function, naming, verbal fluency, abstract reasoning, praxis, writing, and visuo-
constructional abilities. It has good reliability, sensitivity, and specificity for detecting
cognitive impairment and dementia (Women’s Health Initiative, 1998).

Primary Mental Abilities Vocabulary Test (PMA Vocabulary; DeFries et al.,
1974)—The PMA-V assesses verbal knowledge and reasoning ability. For each of 50 target
words, participants selected the one word out of four choices that is most similar in meaning
to the target word. The score was the total number of correct words completed within 3
minutes minus 1/3 of the total number incorrect.

Letter Fluency Test and Category Fluency Test (Goodglass & Kaplan, 1983)—
In the letter fluency test, the participant was given one minute to generate as many words as
possible beginning with each letter (F, A, and S). In the semantic fluency test, the participant
was given one minute to generate as many examples as possible of members of two
categories of items (fruits and vegetables). The total number of unique words generated for
letters and categories were the outcome measures.

Benton Visual Retention Test (BVRT; Benton, 1968; Benton, 1974)—The BVRT
is a test of figural memory (e.g. the ability to remember line drawings). Participants viewed
each of 10 line drawings for ten seconds before the figure was removed and participants
were asked to draw it from memory. Drawings were progressively more complex and each
trial was scored independently for errors by two trained examiners according to standard
procedures (Benton, 1974). The score on the BVRT was the total number of figures with
errors and ranged from 0O to 26.

Modified California Verbal Learning Test (CVLT A, CVLT B, CVLT Short and
Long Delay Free Recall; Delis et al., 1987)—This test is a measure of learning and
memory. A target list of 16 words, constituting a shopping list (List A) comprised of four
words from each of four semantic categories, was presented three times. The participant was
asked to recall as many words as possible after each presentation. The outcome measures
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were the total number of words learned during the three immediate recall trials of List A, the
number of words learned and immediately recalled from a second “interference” shopping
list (List B), the number of words from List A produced by unprompted ‘free recall’ (short
delay free recall), and the number of words from List A produced by free recall after a 20
minute delay (long delay free recall). Short-term increased exposure to the words can result
in participants developing a strategy that could lead to better recall which in turn can limit
the statistical power to detect cognitive changes. In order to minimize these practice effects,
the test was modified from the original five immediate free recall trials to three immediate
recalls, and extra category-cued recall trials were eliminated. In addition, forms with
different shopping lists were used at the third and fourth evaluations to minimize test-re-test
effects (Lamar et al., 2003; Legault et al., 2009; Resnick et al., 2004). Among all the tests in
the battery, this test may be most sensitive to the effects of hormone therapy (Maki et al.,
2001).

Digit Span Forward & Digit Span Backward (Wechsler D, 1955)—The participant
was asked to provide immediate recall of a series of digits in the same order as presented
initially (forward) or in the reverse order (backward). The outcome measure was the total
correct trials for digit span forward and digit span backward.

Card Rotations Test (Ekstrom et al., 1976)—On each of 28 trials, participants viewed
sample line drawings of a geometric figure and eight alterations representing two- or three-
dimensional rotations of the drawing. Participants were asked to identify alternatives that
showed the sample in two, but not in three, dimensions. The outcome measure was the total
correct minus the total incorrect trials.

Finger Tapping Test Dominant, Finger Tapping Test Non-Dominant (Reitan &
Davidson, 1974)—In this test of motor speed and dexterity, participants were asked to
depress a lever as many times as possible in each of seven 10-second trials, first with the
right hand and next with the left hand. The highest and lowest scores were dropped; the
score was the average of the remaining five trials for each hand.

Affect and Depression Measures

The following affect and depression self-report measures were administered yearly:

Positive and Negative Affect Schedule (PANAS; Watson et al., 1988)—Positive
and negative affect were assessed with the PANAS, a list of ten pleasant affective states
(e.g., interested, proud, inspired) and ten unpleasant affective states (e.g., irritable, guilty,
jittery). Respondents were asked to rate on a five-point scale the extent to which they have
experienced each mood during the past two weeks. Ratings for each item can range from 0
to 4, with total scores for positive affect and negative affect subscales ranging from 0 to 40.
Internal consistency reliability is high for the PANAS, .89 for PA and .85 for NA (Crawford
& Henry, 2004).

Geriatric Depression Scale-Short Form (GDS-SF; Sheikh & Yesavage, 1986)—
Depressive symptom severity was assessed with the 15-item short form of the Geriatric
Depression Scale which measures non-somatic features of depression. Participants indicated
the presence or absence of each symptom (range: 0-15). The GDS-SF has comparable
sensitivity and specificity to the Center for Epidemiologic Studies Depression Scale (CES-
D) for detecting late life syndromal depression in a non-psychiatric population (Lyness et
al., 1977). Internal consistency reliability is high for the GDS-SF, .81 (Almeida & Almeida,
1999). Scores = 5 suggest depressive symptomatology and further evaluation, and scores =
10 are indicative of clinical depression.
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Quality Assurance of the Cognitive Measures

Administration of the Co-STAR cognitive battery followed a rigorous training, certification,
and quality assurance program. Central training sessions on the Co-STAR
neuropsychological battery was provided for prospective Co-STAR technicians. Training
included a presentation on each test, detailed instructions on the administration and scoring
of each test, discussion of challenges to data fidelity, direct observation of a criterion
administration, and practice administrations with feedback.

Following centralized training, technicians were required to practice administering the
battery at their study site. An audiotaped administration of the entire battery was then
reviewed by the training staff at the Co-STAR Coordinating Center at Wake Forest
University. Technicians failing to meet criteria were required to submit additional
audiotaped administrations until they met criteria. Once certified, technicians were required
to submit recertification tapes every six months for the first year and annually thereafter to
prevent decay of their skills (Resnick et al., 2004).

Statistical Analysis

Results

All statistical analyses were performed using SAS (version 9.3, SAS institute Inc., Cary,
NC, USA). The distribution of individual test scores was assessed at the first Co-STAR visit
by treatment group and for the entire Co-STAR population. Means and standard deviations
for continuous variables and frequency distributions for categorical variables were
calculated. Simple t-tests were used to compare the means for variables measured on a
continuous scale and a chi-square test was applied to the categorical covariates. A Spearman
correlation coefficient was used as an additional measure of association.

Linear mixed models for repeated measures using likelihood ratio tests were used for the
analysis. The first 3 Co-STAR visits were included in the analysis. Years 4 and 5 were
excluded, because data were available only for 243 and 84 participants, respectively. Time
since randomization was added because women did not all enter Co-STAR at the same time
as randomization in STAR. Separate analyses were performed for each outcome measure. It
was decided a priori that the analyses would be adjusted for treatment (Raloxifene/
Tamoxifen), visit (1-3), time between STAR randomization and first Co-STAR assessment
(“time between”), age at baseline, race, and education. To account for the fact that CVLT
tests were administered using different shopping lists at times 3 and 4, the analyses of CVLT
A, CVLT B, CVLT Short and Long Delay were adjusted for CVLT version. The joint effect
of two interaction terms of treatment with annual visit index and “time between” was tested
first. After the univariate significance of positive affect, negative affect, and depression
score were assessed separately, a stepwise procedure was performed, adding them into the
model in order of their univariate p-values. After the main effects model was constructed,
separate tests for interactions were performed. A significance level of 0.01 was adopted a
priori for all outcomes to control for multiple testing; a Bonferroni adjustment would have
been too strict, given the correlation among these outcomes.

Sample Characteristics

The distribution of the 1479 participants is presented in Table 1 for each visit. About 70% of
participants enrolled in Co-STAR had a second visit, and 40% had a third visit. As Co-
STAR was initiated after STAR opened, not all participants could complete 3 Co-STAR
visits before STAR ended. In addition, 69 participants withdrew from each arm during the
Co-STAR trial for reasons including a dislike of cognitive testing; family, personal, or
physical problems; and rarely, death.
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Demographic information is provided in Table 2. On average, women entered Co-STAR
27.7 (SD=18.5) months after randomization in STAR at a mean age of 67.1 (SD=4.3) years.
In the Co-STAR sample, 94.7% of women were White and 95% had completed at least a
high school education. There were no significant differences between treatment groups for
any of these demographic variables. Means and standard deviations for cognitive tests,
affect, and depression for each treatment group and study visit are presented in Table 3.
Although mean cognitive scores tended to be slightly higher in the raloxifene group than in
the tamoxifen group, there were no statistically significant differences between treatment
groups on any of these variables.

At each visit, correlations between PANAS positive affect and GDS were moderate (-0.43 to
-0.60), as were the correlations between PANAS negative affect and GDS (0.42 to 0.61).
Correlations between positive and negative affect by visit were modest (-0.19 to —0.35).

Longitudinal Analyses

In the repeated measures models, interactions between treatment and annual visit index and
treatment with time between STAR randomization and first Co-STAR visit were not
significant in any of the univariate assessments and therefore were not included in any
multivariate modeling. Depression, positive affect, and negative affect were each assessed in
separate “base” models for each cognitive test, which included treatment, annual visit index,
time between STAR randomization and first Co-STAR assessment, age, race, and education
(results not shown). From these models, positive affect was significantly associated with
better performance on the CVLT short delay, letter fluency and category fluency but not
with any other cognitive measures. Negative affect was significantly associated with worse
performance on the 3MSE, BVRT, CVLT Lists A and B, and short and long delay, card
rotations and PMA vocabulary. Depression was significantly associated with worse
performance on the 3MSE, BVRT, CVLT List A, short delay and long delays, category
fluency, card rotations, digits forward, and PMA vocabulary.

The coefficient estimates and the p-values of the variables included in the final multivariate
models are presented in Table 4. There were no statistically significant interactions between
treatment and any of the cognitive test results. After controlling for CVLT version in the
step-wise analysis, results for all CVLT outcomes (Form A, Form B, Short-Delay, Long-
Delay) remained significant (all p’s< .0001). The version of the shopping list used did not
alter the results. Depression was associated with worse cognitive performance on the BVRT
(p<0.0001), CVLT List A (p<0.0001), CVLT Long Delay (p=0.0002), CVLT Short Delay
(p<0.0001), and PMA Vocabulary (p=0.0004). A one point increase in GDS-SF is
associated with a .13 increase in errors on the BVRT, a .22 decrease in words remembered
on CVLT List A, a .09 decrease in words remembered on CVLT Long-Delay and a .11
decrease in words remembered on CVLT Short-Delay. For example, a clinically meaningful
increase of 5 points on the GDS-SF would result in a memory decrease of one word on
CVLT List A. Negative affect was associated with worse cognitive performance on the
3MSE (p<0.0001), CVLT B (p=0.003), and Card Rotations (p<0.0001). A one point
increase in negative affect is associated with a .73 decrease in 3MSE, a .19 decrease in
CVLT List B, and a 3.30 decrease in Card Rotations. For example, a 5 point increase in
negative affect would result in a 3.65 point decrease in 3MSE. Positive affect was strongly
associated with better cognitive performance on Letter Fluency (p=0.006) and Category
Fluency (p<0.0001). A one point increase in positive affect is associated with a .80 increase
in Letter Fluency and a .85 increase in Category Fluency. For example, a 5 point increase in
positive affect would result in an increase in letter fluency of four letters.
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Discussion

All three variables of interest in this multivariate analysis (positive affect, negative affect,
depressive symptoms) showed a significant relationship with cognitive performance in
multiple domains, after adjustment for treatment, visit, time between STAR randomization
and first Co-STAR assessment, age at baseline, race, and education. In addition, positive
affect, negative affect, and depressive symptoms each demonstrated a unique pattern of
significant relations with multiple cognitive domains.

In Co-STAR, higher depressive symptom severity was robustly and significantly associated
with decreased performance on memory measures (both figural and verbal) and vocabulary.
Thus, our findings are consistent with some prior studies which demonstrate that greater
depression is associated with decreased cognitive performance in the memory domain
(Baune et al., 2006; Baune et al., 2007; Boone et al., 1994; Comijs et al., 2001; Ganguli et
al., 2006; Gualtieri & Johnson, 2008; Godin et al., 2007; Han et al., 2006; Paterniti et al.,
2002; Raji et al., 2007; Sheline et al., 2006). For example, Sheline et al. (2006) administered
a comprehensive neuropsychological battery of tasks grouped into episodic memory,
language, working memory, executive function, and processing speed domains to 155
participants who met DSM-1V criteria for major depression. Although processing speed and
executive function accounted for a large amount of the variance in depression, episodic
memory was also a significant predictor, after accounting for age, education, race and
vascular risk factors. Our findings related to memory are particularly interesting in light of
the fact that the study sample overall was not a sample with clinical depression; rather, rates
of depressive symptoms in the Co-STAR sample were quite low (4%). Unlike some prior
studies that have found a relationship between indicators of executive function such as
working memory and task-set switching and depression (Cui et al., 2007; Lockwood et al.,
2002; Rose & Ebmeier, 2006; Dotson et al., 2008), depressive symptomatology was not
related to decreases in working memory capacity (digits forward and backwards) in this
study. Executive function deficits in depression vary according to age and severity, but are
most consistently observed in moderate and severe depression, often in the presence of
processing speed deficits.

Contrary to our hypotheses, negative affect was associated with worse performance on
global cognitive function, verbal memory, and spatial ability. In contrast to depressive
symptomatology and verbal memory, negative affect was associated with a measure of
verbal memory ‘interference’ (CVLT List B), not CVLT List A, CVLT Long-Delay, or
CVLT Short-Delay, suggesting that participants with negative affect were unable to
discriminate between the two lists and were more susceptible to interference. To address the
potential for test-retest effects on the CVLT (Lamar et al., 2003; Legault et al., 2009;
Resnick et al., 2004), we used different shopping lists at times 3 and 4. In the analyses, we
did not find evidence that using alternative word lists significantly impacted the results. The
finding that negative affect is associated with decreased spatial ability is novel. Although
normal aging is associated with decreases in visuospatial ability (Salthouse, in press), to our
knowledge, no studies of affect and aging have examined this relationship specifically. One
study of depressive symptoms and cognition found decreases in visuospatial ability in
middle-aged men as measured by Matrix Reasoning from the Wechsler Adult Intelligence
Scales (WAIS) and Card Rotations (Franz et al., 2011). This was attributed to possible
executive function deficits due to the nature of the task. The result that negative affect was
associated with different cognitive measures than positive affect or depression lends
credence to the idea that separate constructs are being measured here. The differing pattern
of associations between depressive symptoms and cognitive performance and negative affect
and cognitive performance may reflect differences in complexity of these two states. By
definition, ‘depression’ involves multiple changes in functional domains including thinking
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(more negative in tone), affect (sad, irritable), behavior (lower activity, social withdrawal),
and physical and physiological functioning (decreased sustained attention, low energy,
anhedonia, appetite/weight changes, sleep changes, neurochemistry dysregulation). In
contrast, ‘negative affect’ refers to solely to unpleasant mood states. Thus, negative affect is
a separate construct and might be expected to correlate more selectively with cognitive
functioning than depression.

A key finding from this study is the strong relationship between positive affect and verbal
fluency found in older adult women. In a recent study, trait positive affect was associated
prospectively with verbal fluency such that higher dispositional positive affect
(extraversion) was associated with greater verbal fluency while higher trait negative affect
(neuroticism) was associated with lower verbal fluency (Sutin et al., 2011), but this
association was not moderated by age. Our results partially corroborate that study with
positive but not negative affect related to verbal fluency. Similarly, our findings are
consistent with a review of the mood-cognition relationship in younger adults that found
positive affect can enhance performance on tasks of fluency, but no relationship for negative
affect (Mitchell & Phillips, 2007). The association of positive affect with verbal fluency
lends support to the “broaden and build” theory of positive emotions (Fredrickson, 2001) in
which positive affect may serve to broaden one’s ability to think creatively and flexibly,
widening the array of thoughts that come to mind in response to the fluency tasks where one
is more successful by generating longer lists of words that begin with a specific letter or fit
within a particular category. Consistent with a proposed broadening function of positive
affect, positive mood has been associated with an increased capacity to generate remote
associates for familiar words (Rowe, Hirsh, & Anderson, 2007). Evidence for enhanced
semantic search under these conditions is thought to reflect decreased inhibitory control
(Stickgold, Rittenhouse, & Hobson, 1999; Friedman & Miyake, 2004). A more diffuse
attentional focus results in increased priming for weak associates, including the activation of
more semantically remote associations. Thus, one cognitive mechanism that has been
proposed to explain the broadening effect is decreased inhibition, beneficial on tasks that
require less focal attention. Support, however, for the corresponding ‘narrowing hypothesis’
in this study, as in others, is sparse.

This study has several limitations. First, Co-STAR included older adult women who were
predominantly white, well-educated, at higher risk for developing breast cancer, and
participating in a clinical trial. Therefore, the generalizability of these findings to older adult
women in the general population may be limited. Second, as mentioned in the Introduction,
most participants did not receive cognitive assessments until after study drugs had been
initiated because Co-STAR started 18 months after STAR. Finally, this sample had lower
numbers of participants with depressive symptoms and negative affect scores and higher
numbers of participants with positive affect scores, similar to studies of healthy aging
(Carstensen et al., 2011). Consequently, these analyses could underestimate relationships
between negative affect, depressive symptoms, and cognition found in a more affectively
diverse sample. In fact, only 4% of study participants reported depressive symptoms scores
that would fall in the clinically significant range (GDS-SF = 5). Finally, changes in affective
states and cognitive processes could both be caused by another factor altogether such as
changes in brain structure and function, and more research should be completed in this area.

This study makes a valuable contribution to the literature on affect, depression and cognition
by prospectively using a standardized and well-validated cognitive battery on a large sample
of community-dwelling, geographically diverse older adult women. The findings show that
positive and negative affect and depression have selective and differing associations with
cognition. In particular, positive affect is related to higher verbal fluency, and negative
affect is related to decreased global cognition and visuospatial ability. Depressive symptoms
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are related to decreased memory, but not executive function. Future research might examine
these relationships in samples with a greater prevalence of affective variability and
depressive symptoms. Based on our study findings, further exploration of the relationships
between both positive and negative affect and cognitive function are warranted to develop
theoretical models of these relationships in multiple cognitive domains.
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Appendix 1

Summary of test measures and outcome variables.

Measure | Qutcome Variable | Maximum Possible Score

Global Cognitive Functioning: 3MSE | Total Score | 100

Verbal Knowledge: PMA Vocabulary | Total correct — 1/3 number incorrect | 50

Verbal Fluency:

Letter Fluency (F,A,S) Total correct N/a
Semantic Fluency (vegetables, fruits) | Total correct N/a
Figural Memory: BVRT® Total figures with errors? 264
Verbal Memory: CVLT Total of 3 A learning trials 48
Total for B trial 16
Total for short-delay trial 16
Total for long-delay trial 16

Attention and Working Memory:

Digits Forward Total correct trials 14

Digits Backward Total correct trials 14
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Measure | Outcome Variable Maximum Possible Score
Spatial Ability: Card Rotations | Total correct — total incorrect 160
Fine Motor Speed:
Finger Tapping Dominant Total score N/a
Finger Tapping Non-Dominant Total score N/a
Affect: PANAS
PANAS Positive Mean score 5
PANAS Negative Mean score 5
Geriatric Depression Scale Short Form Total score 15

Page 15

Note. 3MSE= Modified Mini-Mental State Exam, PMA=Primary Mental Abilities, CVLT= California Verbal Learning

Test; BVRT=Benton Visual Retention Test; PANAS= Positive and Negative Affect Schedule;

® .
Higher scores reflect poorer performance;

aPIus additions of designs.
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Table 1

Distribution of participants present at each annual visit by treatment group

Tamoxifen (N=727) Raloxifene (N=752)

Visit N Per cent N Per cent
1 727 - 752 -
2 490 67.4 531 70.6
3 280 385 308 41.0

Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 2014 September 01.

Page 16



Page 17

Danhauer et al.

"SaJeLIBA0D 2011068180 10J 158) 8senbs-1yd pUe 8[eas SNONUITU0D UO PaINSeawl SoNsLIalorIeyd 10y sdnolb JuslIeal) Ussmiag souaIayIp 0] 158 0] Pasn si 1sal-| 810N

NIH-PA Author Manuscript

*

0066 SOVT 896 CTL Z€'56 €69 100y2S yYbIH =
150 00s ¥L AT 4 89%  ¥E 100423 YBIH >
uoineanp3
eLv6  TOVT  G6Y6  PIL 0576 189 UM
0.0 LTS 8L S0S 8¢ 0SS OoF Yo
aoey
LONEAd gy % N % N
6€°0 ey TT/9 0y TOL9 9gv  TTL9
€10 0S8T ¥.'Lc SS9'8T <¢0ZLc E€v8T 8¥8¢ aby
(syiuow) uaamiaq awi ]
onead  ds e N ds uwea N  as ues |\
oIs1819€ Feyd
uolre|ndod ||y audjIxoey uajIxowre |

USIA ¥/ 1S-0D Is11y Je uone|ndod ¥ 1S-0D 8y Jo sonsLIsloesey)

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 2014 September 01.



Page 18

Danhauer et al.

"9|NPaYIS 10811 BAITRBaN puUB 8ANISOd = SNV ‘Wio4

1oyS 8[eds uoissaidaq dLIeLIsD=4S-SAD 1581 Bullles [eqIaA BILIONED=LTAD ‘1S9 UONUSIRY [eNsIA UoJUg =1 HAS ‘SOMIQY [elUs AeWilid=Y/INd ‘WeX3 aJelS [elualN-IulAl POLIPOIN=TSINE

“gouewIopiad 18100d 8edIpul $8109S JayBIy SNy ‘S101I8 YIIM S8INBI JO JaquInu uesW 8y} SI 81008 ._.w_>m_N.

*8UI|9SEq 18 SINSeaW 10844e 10 ‘uoissaidap ‘aAnIubod ul ssousiayp dnoib Jueonyiubis A|[eonsiers ou a1am aiay ] 810N

(250) €5'T (85°0) ¥S'T (250)€5T (95°0) 25T (c90) 85T (85°0) €5°T 1281V aAneBaN SYNVd
(82°0) 09'€ (€9'0) 25°€ (T20) L9°€ (89'0) 65°€ (69'0) 59°€ (99°0) ¥9'€ 1934}V 3AIISOd SYNV
(82°2) /5T (0z'2)ss't (e6'T) LE'T (902 ov'T (002) 2€'T (200) €T 21025 [el01 4S-SA9D
(8o9)Gree  (tr9)662e  (GL9)T98e  (e9)ey8e  (€6'9)858  (€8'9) 0z'8€  Jueujwop-uoN Burddel sabuid
nvgw (€89 oLty (8lerty (€92 ecTy  (ST8)8TTy  (#1'8)8L 0V jueuiwoq Burdde] Jabuly
(99'62) 9199  (1562) €29 (28'22) 8679 (9¥'62) 2829 (10'82) €6°'2G  (80'62) 89'LS suoleloy pied
(tra L9 (¥1'2) 689 (66'7) L9'9 (sT2) S6'9 (€0'2) 9'9 (¥1'2) 08'9 piemioeg subia
(L172) 292 (922) €6L (91°2) 0L'L (0z'2) e8L (L0219, (ST°2) 182 pJremiod subia
(8v'€) 6€'6 (e6'2) 026 (€1'€) 656 (87°€) €96 (96'2) 26'8 (z1°¢) 56'8 Kep@-buo 1IAD
(ove) L8 (16'2) sv'8 (8T¢) 268 (tre) 66'8 (60°€) z€'8 (L1'¢) 98 Rep@-Hoys LIAD
(28T) ¥8'Y (08'T) S8 (¥2'2) 289 (60'2) ¥5'9 (€1'2) 059 (zTe) veo €187 LIAD
(o) ezre (€99 99z  (Le9)es6c  (259) g6z  (L1'9)Tv'8c  (L£9) v0'8T V1817 L1AD
(ee)ere  se)ves  (e8e)er9  (66E)og9  (OTWT8Y  (eTV) ¥L9 rlund
(ev9)ozee (€99 ever  (Sz9)evee  (0£9) 606z  (L19)cz6c  (L£9) S0°6C AKouan|4 AioBared
(szer)sgor (eger)esor (9zer)esor (eser)ee6e  (8T2T) 9888 (TT'2T) 9L°8€E AKouani4 Jepe
(soor) s6'2¢  (v9'6) L8 (eL6)vi'ie  (66'6)0L€  (88'6) L0'9E  (90°0T) 80°9€ Kreinqeao VINd
(vzv)sese  (Oorv) 0096  (evv)eese  (erv)s8s6  (657)cT'se  (2L) L0°S6 3ISNE
audjIxoey uajIxowe | audjIxoey uajIxowe | auajIxoey uajIxowe |

_ o - aIs1eR FeyD

EIBIA ZISIA TISIA

1UsWIea) PUB USIA ¥ 1S-00 Aqg uolssaldap pue 1934Je ‘uoniubod Jo sainseaw Jo (SUoIRIASpP pJepurls) Sues|n

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript NIH-PA Author Manuscript

Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 2014 September 01.



Page 19

Danhauer et al.

"3INPaYdS 10844 dA1RBaN puB 8AISOd = SYNVJ ‘W04 LoyS 8]eds uoissaidaq dLIeLIRD=4S-SO9 S8

19V [RJUBIN AleWLId=V/INd 1581 BulueaT] [equaA eIuIopeD=1TAD ‘1531 UONUSISY [ENSIA UOIUSE =1 YA ‘WeX3 aJelS [EIUSIN-IUIIA PALLIPON=TSINE

‘gouewIopad Ja100d 81ed1pUl $8100S JBYBIY SNY) ‘SI0.I8 UM SaInBiy JO Jaguunu (L0} SI 8109S | AL

4
‘(anpea-d) JuaId1)4009 Swm_w
‘910N
(#0000) 6T°0-  (T000°0>) 99°TT (T0000>) v0'8-  (5500°0) 9T'0-  (T€8T'0) 200 (T0000>) 26'0  (66€6°0) ¥0'0 88V AreinqeaoA VINd
(T000°0>) 0€°€ (9980°0) ¥2'T- (T0000>) Gz'0-  (€1€0°0) 200~  (6€9Y'0) 00—  (969%°0) €2°0 182§ jueuiwop-uoN Burdde | 1abuly
(T000°0>) vO'v (82L0°0) 15'T- (T000°0>) G20~  (8€T0°0) €0'0-  (9980°0) TZ'0 (88v9°0) LT°0 eV Jueuiwoq Burddel sabuid
(T0000>) LE'T (T0000>) 86'0-  (TT00°0) ¥0'0-  (€789°0) T00'0  (2T2°0) TO'0 (s6£0°0) 02'0- 60'8 premioeg subia
(T000°0>) 00'T (T0000>) 96'0-  (1000°0>) 90'0-  (287€'0) €000  (6290°0) 90°0 (0090°0) 6T°0- 67°0T pJesuod subia
(T000°0>) 0£°€- (€200°0) €2'6 (T000°0>) 18'ST-  (T000°0>) 99°'T-  (8000°0) €T'0-  (10000>) 26'€  (9626°0) €0'0 0r'991 suopeloy pled
(T0000>) 580 (T0000>) ¥0'¥ (T0000>) v0'e-  (1000°0>) 2€'0- (20€0°0) 20'0-  (1508'0) 20'0-  (2695°0) LT'0 96°€Y AKousni4 AioBared
(9500°0) 08°0 (T000°0>) 8€'8 (T000°0) 22'S- (20000) G20-  (¥799°0) T0°0 (T0000>) 98'0  (20€2'0) 120 0Ly AKouan|4 Japa
(T000°0>) 97'T (T000°0>) TT°0-  (1000°0>) 99'T (2000°0) 6T°1- (T000'0>) GT'0-  (9€20°0) T0'0-  (10000>) 850  (088L°0) ¥0'0- 8G'ST Rejp@-Hoys LIAD
(T000°0>) 88°0 (z0000) 60°0-  (1000°0>) 9€'T (T0000>) 9¢'T-  (1000°0>) ¥T'0- (S870°0) TO'0-  (T000'0>) 650  (0¥88°0) 200~ 9L'GT Kep@-buo 1IAD
(T000°0>) 02'C (8200°0) 6T°0- (T000'0>) 90'T (z000°0) G2°0- (T0000>) L0'0-  (962¢°0) €000~  (T000°0) 92°0 (2550°0) LT°0 €8 18171 L1AD
(T000°0>) TG (T000°0>) 22’0~  (1000°0>) ¢Z°€ (#000°0) 82'2- (T000'0>) ze'0-  (€870°0) 20'0-  (10000>)2€T  (LGET0) €Y' LTy VISIT LIAD
(to000>) €10 (T000°0>) 2€'€- (T0000>) €8'C (t0000>) 020 (¥8520) T0°0 (T000'0>) 8¢'0-  (2v¥6'0) T0°0 28'e- z1ldng
(T0000>) €2°0- (T000°0>) GE' (10000>) 9T'6-  (1000°0>) 020- (819T°0) T0'0-  (T0000>) 860  (6.59°0) 60°0 €°50T ISINE
UOS]A LTAD 9ANSOOSYNVYd dAIEBeUSYNYd  4S-Sd9 (so10.16 J0 |00UDs UBIH) UoleONPT  (3YM-Uuou) 3Ry bV usSMBpBQgaWll  ISIA enuuy (eusyIxofey) uewee | 1de0RIU| 19 1 dAIuboD

;U01eINpa puke ‘ades ‘abe ‘JUBLLSSASSE Yy 1S0D ISI1) PUB UONEZIWIOPUERS Y/ 1S UsSMIaq awl} ‘HSIA ‘Juswiess) 1oy Buljjonuod Jsye ‘Isal aAnubod yoes Joy sseooud Buipjing [spow asimdals ay) o snsal ayL

NIH-PA Author Manuscript

v olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 2014 September 01.



