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Objective: Early and preferential targeting of limbic structures by Alzbheimer disease
(AD)-related pathology suggests emotion dysregulation may serve as a marker of AD
risk.We studied emotional verbal memory in two groups at risk for AD, amnestic mild
cognitive impairment (aMCI) and late-onset depression (LOD), to test the bypothesis
that aMCI and LOD would be characterized by a negative bias in emotional memory,
whereas cognitively normal (CN) adults would show the “positivity effect” associated
with bealthy aging. Methods: Participants completed a novel test of emotional verbal
memory, the Emotional Verbal Learning Test (EVeLT), consisting of a 15-item list of
words with positive, negative, or neutral valence. Recall as a function of group and
valence was analyzed using mixed analysis of variance. Spearman’s rbo was used
to examine associations between EVelLT, mood, and executive function. MCI and CN
participants bad no current or past bistory of mood or anxiety disorders. aMCI par-
ticipants met neuropsychological criteria for single-domain aMCI (sd-aMCID). LOD
developed their first episode of depression at 260 years of age. Results: CN adults re-
called more positive words, whereas sd-aMCI and LOD adults recalled more negative,
relative to neutral, words on the EVeLT Positive emotional memory and negative at-
titudes regarding self were inversely correlated in CN adults. Conclusion: sd-aMCI
and LOD groups show negative emotional memory biases, consistent with our by-
Dpothesis that emotion dysregulation is a signature of AD risk. (Am J Geriatr Psychiatry
2017;25:1160-1170)
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pathologic substrates of Alzheimer disease (AD) have

INTRODUCTION accumulated in limbic regions that support regula-

tion of emotion and memory processes related to

Neuropathologic and neuroimaging studies indi- emotion.'™* This limbic network is composed of the
cate that before onset of memory deficits, the main entorhinal cortex and hippocampus; the neocortex
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surrounding the corpus callosum, namely the insula,
orbitofrontal, ventral anterior cingulate, cingulate, and
parahippocampal cortices; and subcortical structures
including the amygdala, hypothalamus, and thalamus.”
Neurofibrillary tangles distribute in a hierarchical
pattern, appearing first in the transentorhinal cortex,
followed by entorhinal cortex, hippocampus, and
amygdala,® before propagating to the association cor-
tices, where they concentrate most densely in the
ventral anterior cingulate cortex, orbitofrontal cortex,
and insula.” Amyloid plaques similarly appear to ac-
cumulate first in a limbic network comprised of
amygdala, ventral anterior cingulate cortex, and hip-
pocampus formation, which appear to exhibit “hub”
properties in the B-amyloid network, suggesting
amyloid plaques may disperse throughout the brain
along limbic pathways.®

Through reciprocal connectivity with entorhinal
cortex and hippocampus, the amygdala mediates emo-
tional enhancement of memory (EEM), such that recall
is better for emotionally salient compared with neutral
information.” EEM has been well studied in cognitively
normal (CN) older adults and in depression. Older CN
adults show a “positivity bias” in memory for posi-
tively valenced information (Pos-EEM) relative to young
adults, who are biased toward greater recall of nega-
tive, relative to neutral material.” Greater prefrontal
cortex activity and cognitive control over affective
responses to negatively valenced information is hy-
pothesized to mediate the positivity bias in healthy
aging.’ In contrast, depression is characterized by
emotion dysregulation and greater attention and
memory for negative information® as a consequence
of abnormally elevated amygdalar activity and de-
creased amygdalar-prefrontal cortex coupling.*
Although negative biases have been demonstrated spe-
cifically in older adults with depression,'*" the evidence
is inconsistent."”'*"” This may result from failing to
account for age at onset,"” because depression begin-
ning at age 60 years or older (late-onset depression
[LOD]) may be a prodrome of AD based on epide-
miologic studies.” Notably, a functional magnetic
resonance imaging study of LOD failed to detect ev-
idence of negatively biased behavioral responses or
heightened limbic activity to negative words."®

The early involvement of AD pathology in limbic
regions suggests that alterations in EEM may manifest
before onset of clinically significant memory impair-
ment. This is supported by animal models of healthy
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aging and AD indicating that changes in EEM precede
deterioration in spatial memory and other cognitive
abilities."””” Whether EEM is altered in the AD pro-
drome of mild cognitive impairment (MCI) is unclear.
Although absence of EEM has been reported in indi-
viduals with amnestic MCI (aMCI) compared with those
who are CN ! most studies show no differences in EEM
between MCI and CN individuals.”** However, post-
hoc analyses suggest subtle changes in EEM in MCL
Although MCI did not differ from CN individuals in
overall performance on an emotional variant of the
Deese-Roediger—-McDermott paradigm, they recalled
more depression-relevant words than neutral com-
pared with CN adults.* Similarly, group x valence effects
were not detected in wordlist learning, but MCI adults
learned negative words at a faster rate than neutral over
trials compared with those who were CN.” MCI groups
also performed better on an emotional working memory
task when target pictures were negative as opposed to
neutral or positive.” These findings suggest that the ear-
liest stages of AD may be characterized by negative
biases in EEM (Neg-EEM).

The EEM effect is variable across studies, with reports
of absence of EEM,*”* EEM for both positive and
negative information,”* or EEM for either positively
or negatively valenced material in CN and MCI
samples.*>*'#"? This variability implies that EEM is
susceptible to task, stimulus, or sample characteristics.”
One consistent finding is that EEM is more likely to
be detected when emotional and neutral stimuli are
mixed in a single, as opposed to separate, list.”* Thus,
studies of wordlist learning that use lists blocked by
valence™ are less likely to detect EEM.

Changes in emotional memory may also vary ac-
cording to the extent of AD pathology within limbic
networks. Studies that include various stages of MCI
may fail to identify robust group differences between
MCI and CN persons due to heterogeneity within the
MCI sample. Whether this factor has contributed to the
discrepancy in findings across studies is unclear because
previous studies of emotional memory in MCI do not
uniformly report neuropsychological profiles of MCI
participants®?® (but see Brueckner and Moritz).**

In the current study we sought to address limita-
tions of the extant literature by comparing performance
of single-domain amnestic MCI (sd-aMCI), LOD, and
CN older adults on a task that we developed to eval-
uate EEM based on emotional wordlist learning. We
chose to study sd-aMClI, characterized by memory
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impairment while other cognitive domains are intact,
because sd-aMCI may represent an earlier and homo-
geneous AD prodrome than aMCI with multiple
cognitive deficits.”®* Our overall hypothesis is that sd-
aMClI and LOD are characterized by deficits in emotion
regulation as a consequence of abnormalities in struc-
ture or function of limbic regions. Therefore, we
predicted a dissociation such that sd-aMCI and LOD
would show Neg-EEM relative to CN adults, whereas
CN adults would show Pos-EEM.

To explore potential mechanisms for EEM, we as-
sessed the associations between Pos-/Neg-EEM and
measures of mood and executive function within
groups. Based on the literature on mood-congruent cog-
nitive biases, we expected that mood and anxiety
would directly correlate with Neg-EEM and inversely
associate with Pos-EEM. Based on the cognitive control
theory for the positivity bias associated with healthy
aging,’ we expected executive function would corre-
late with Pos-EEM and inversely correlate with
NEG-EEM.

METHODS
Participants

Sixteen sd-aMCI adults (3 men; mean age: 73.5 [stan-
dard deviation {SD}: 7.0]), 16 LOD adults (5 men; mean
age: 72 [SD: 8.7]), and 16 CN adults (4 men; mean age:
69 [SD: 4.14]) participated. Recruitment sources were
mood and memory clinics, research volunteer data-
base, and community advertising.

General eligibility criteria were English language pro-
ficiency; Mini-Mental Status Exam™® > 26; and no history
of neurologic disorders, unstable medical conditions,
or current psychotropic medications because of po-
tential impact on neuropsychological performance and
emotional processing.*

sd-aMCI memory impairment was defined as per-
formance on at least two neuropsychological tests of
memory at least 1.5 SDs lower than expected relative
to overall intellect, with other cognitive domains intact,”
preservation of independence in functional abilities, and
exclusion of psychiatric and medical causes of cogni-
tive decline.

For the LOD sample, Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition criteria for major de-
pressive disorder diagnoses were established by a
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board-certified psychiatrist. Eligibility criteria in-
cluded onset of initial major depressive episode = 60
years of age and Hamilton Depression Rating Scale
scores > 15. Table 1 provides additional clinical char-
acteristics. For the CN group inclusion criteria were
no subjective or objective memory deficits based on
neuropsychological assessment and no current/ life-
time history of psychiatric illness.

Participants received monetary compensation. The
study was approved by Baycrest’s Research Ethics
Board.

Assessments
Emotional Verbal Learning Test

We developed the Emotional Verbal Learning Test
(EVeLT) by selecting words from a database of per-
sonality adjectives rated for likeability,” which closely
corresponds to valence, to create a 15-word list with
5 each of positive, negative, and neutral personality
adjectives that were randomly sequenced. Positive,
neutral, and negative words were selected from the
top, middle, and bottom tertile of the list, respective-
ly. Words differed in likeability and valence as intended:
likeability: positive, mean: 437.6; SD: 21.3; neutral,
mean: 346.8; SD: 40.0; negative, mean: 159.8; SD: 28.2;
F(2,12) 106.4, p < 0.001; all pair-wise comparisons [Tukey
HSD-corrected] significant, p <0.001; valence: posi-
tive, mean: 5.76; SD: 0.34; neutral, mean: 4.0; SD:
0.85; negative, mean: 2.13; SD: 0.32; F(2,12) =53.0,
p <0.001; all pair-wise comparisons significant,
p <0.001). A multivariate analysis of variance (ANOVA)
of arousal, frequency, familiarity, and length of words
showed no significant effect of valence (F(8,20) =2.3,
p =0.063).

All participants were administered the same word
list, which was read aloud by a trained research as-
sistant. Participants were instructed to listen to the entire
word list and try to remember as many words as pos-
sible in any order (free recall). After the participant’s
responses, the word list was read aloud again by the
research assistant, followed by free recall, for a total
of five trials with no breaks between trials.

Cognitive Measures

Participants were administered the Mattis Demen-
tia Rating Scale and a neuropsychological battery
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TABLE 1. Demographic And Clinical Characteristics of sd-aMCI, LOD, and CN Groups

CN Group sd-aMCI Group LOD Group

Variable (N =16) (N=16) (N =16)
Age at baseline, yr 69.3 (4.1) 73.5 (7.0) 71.9 (8.7)
No. of women in sample 12 13 11
Ethnicity

‘White 16 16 14

Asian 0 0 2
Education, yr 16.8 (2.5) 15.6 3.5) 15.8 (3.5)
Cumulative Illness Rating Scale for Geriatrics 3.8 (2.5) 6.1 (4.3) 793"
Mini-Mental Status Exam 29.3 (1.6) 27.8(1.6) ¢ 28.9 (1.5)
Mattis Dementia Rating Scale 137.2 (8.3) 136.1 (7.9) 137.9 (5.1
Geriatric Depression Scale 0.9 (1.1 2.1 (2.8) 7.9 4.1
Spielberger State-Trait Anxiety Scale

State anxiety 28.1 (8.6) 32.0 (8.6) 44.9 (9.8) *P

Trait anxiety 29.9 (7.1 31.6 (10.1) 52.1 (11.2) *°
Dysfunctional Attitudes Scale 101.7 (23.9) 91.0 (19.9) 130 (22.9) *P
Recurrent major depressive disorder (N) 4
Any previous treatment for major depressive disorder (N)

Antidepressant medication 1

Psychotherapy 1

Both antidepressant and psychotherapy 2

Days between psychiatric assessment and study testing 6.5(5.8)
Treatment at time of study entry (N)

Psychotropic medications 0

Non-pharmacological treatments 2

Notes: Summary statistics are mean (SD) for continuous measures. All statistically significant results as assessed using ANOVA [F(2, 36)] > 1,

followed by pair-wise comparisons using Tukey test.
*LOD >CN, p < 0.05.
"LOD > sd-aMCI, p < 0.05.
‘sd-aMCI < CN, p < 0.05.

(Table 2). Neuropsychological testing was conducted
to confirm sd-aMCI participants were impaired in
memory but not in any other cognitive domain and
to confirm that CN and LOD participants did not
meet neuropsychological criteria for MCI. Because
of participant fatigue and an administrative error, the
entire neuropsychological battery was not conducted
in all participants, particularly in the LOD group,
who were unmedicated. In all cases, however,
neuropsychological testing provided an accurate as-
sessment of cognitive status and confirmed diagnostic

grouping.

Mood Measures

Participants completed the following self-report
measures of mood in a separate testing session
from cognitive assessments: the Geriatric Depression
Scale (GDS), a standard clinical measure of depression
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in older adults;” the State-Trait Anxiety Inventory;*
and the Dysfunctional Attitudes Scale (DAS).*!
The DAS is a measure of negative attitudes reflecting
dysfunctional contingencies for self-worth (e.g., “I am
not likeable if I fail the task”) that are relatively en-
during, rather than a mood-state dependent, and may
be a trait marker of cognitive vulnerability toward de-
pression because it is predictive of relapse.”

Statistical Analyses

The number of correctly recalled words over the five
trials was totaled by valence (POS-recall, NEG-recall,
NEU-recall) and analyzed using a mixed ANOVA to
assess group differences in EEM. Pos-EEM and Neg-
EEM were computed as the difference between number
of emotionally valenced and neutral words recalled
(Pos-EEM = POS-recall-NEU-recall; Neg-EEM = NEG-
recall-NEU-recall) for each participant. Statistical
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TABLE 2. Neuropsychological Performance of sd-aMCI, LOD, and CN Groups

CN Group* sd-aMCI Group LOD*

Test Name N Mean (SD) N Mean (SD) N Mean (SD)
Wechsler Abbreviated Scale of Intelligence

Block Design 14 35.64 (13.30) 16 37.06 (15.16) 8 41.25 (12.78)

Matrix Reasoning 14 26.00 (2.57) 16 22.63 (6.65) 10 20.40 (8.66)
Wechsler Adult Intelligence Scale-IIT

Vocabulary 15 56.87 (6.01) 15 53.73 (5.01) 13 49.23 (10.20)
Boston Naming Test 14 56.86 (2.21) 16 55.19 (2.61) 6 47.50 (15.18)°
Delis-Kaplan Executive Function System

Phonemic Fluency 16 48.00 (8.88) 16 44.25 (13.62) 13 43.69 (15.39)

Category Fluency 16 22.19 (5.50) 16 17.63 (2.73) 9 24.00 (19.97)

Card Sorting Test 10 10.18 (2.09) 15 10.73 (6.99) 13 9.08 (3.62)

Trail Making Test Number Letter Sequencing, sec 16 83.81 (30.91) 15 94.00 (28.55) 14 102.86 (36.07)

Color Word Interference Task Inhibition, sec 14 58.57 (10.65) 16 59.81 (10.68) 14 55.64 (11.02)
Wechsler Memory Scale-Revised

Logical Memory Immediate Recall 16 28.19 (7.09) 16 19.93 (6.22) ¢ 13 27.31 (7.55)

Logical Memory Delayed Recall 16 28.25 (8.74) 16 17.69 (8.02) © 13 28.00 (7.53)
California Verbal Learning Test-IT

List A Learning (Trials 1-5) 16 53.19 (10.09) 16 36.25(9.26) '8 15 50.07 (13.35)

List A Long Delay Free Recall 16 11.56 (2.80) 16 5.25 (3.84) °f 15 10.60 (3.46)

List A Long Delay Cued Recall 16 12.5 (2.56) 16 6.75 (3.62) ¢! 15 11.07 (3.09)
Brief Visuospatial Memory Test-Revised

Immediate Recall 16 23.31 (5.19) 16 16.19 (6.99) © 13 19.54 (4.10)

Delayed Recall 16 9.50 (1.75) 16 6.13 (3.20) ¢f 13 8.46 (2.03)

Notes: * Missing data, see text page ®e.

Significantly different from CN group as assessed using one-way ANOVA followed by Tukey post hoc tests: °p <0.05, °p <0.01, ‘p <0.001.
Significantly different from LOD group as assessed using one-way ANOVA followed by Tukey posthoc tests: p <0.05, 8p <0.01, °p <0.001.

significance of Pos-/Neg-EEM was evaluated using one-
sample t tests.

To explore potential mechanisms for EEM, correla-
tions between Pos-/Neg-EEM and measures of mood
and executive function were performed using Spear-
man’s rho (r;) due to non-normality of mood and
executive measures.” Pos- and Neg-EEM were corre-
lated with GDS, State-Trait Anxiety Inventory, and DAS
within each group. Hochberg's step-up version of the
Bonferroni test” was used to correct for six compari-
sons within groups.

Pos- and Neg-EEM scores were correlated with ex-
ecutive measures within each group: F-A-S letter
fluency, Card Sorting Task, Trail Making Test-B, and
Stroop Color-Word Test from the Delis-Kaplan Exec-
utive Function System battery. Hochberg’s step-up
version of the Bonferroni test* was used to correct for
eight comparisons within groups.

RESULTS

Demographic and Clinical Characteristics
of Groups

Groups did not differ in age or education (Table 1).
The sd-aMCI group scored lower on the Mini-
Mental Status Exam compared with the CN group,
whereas LOD and CN groups did not differ. The
LOD group scored significantly higher on mood and
anxiety measures relative to both sd-aMCI and CN
groups, whereas sd-aMCI and CN groups did not
differ. The mean GDS score of 7.9 (SD: 4.1) in the
LOD group is in line with validation studies of the
GDS in community samples of older adults that report
means ranging from 7.3 to 9.8 and that indicate
cut-off scores of four or below* ™ yield adequate
sensitivity and specificity.

*Group comparisons using the Kruskal-Wallis test for these and other non-normally distributed measures in Tables 1 and 2 yielded similar
results as ANOVA. For consistency, we have reported the results of ANOVA in Tables 1 and 2 for both normally and non-normally distrib-

uted measures.

1164

Am J Geriatr Psychiatry 25:10, October 2017



Mab et al.

TABLE 3. Performance on EVeLT in sd-aMCI, OD, and CN Groups

CN Group Sd-aMCI Group LOD Group Total
(N =16) (N =16) (N =16) (N = 48)
Correctly Recalled Words Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Positive 15.06 (4.14) 7.63 (3.0D) 9.13 (4.16) 10.85 (5.17)
Negative 14.06 (3.11) 13.25 (2.72) 12.69 (4.08) 13.33 (3.33)
Neutral 12.00 (3.74) 7.56 (3.71) 9.13 (4.16) 9.56 (4.22)
Total 41.13 (8.18) 28.44 (6.26) 31.69 (11.52) 33.75 (10.29)

Neuropsychological Performance

Table 2 shows the neuropsychological performance
for all groups. The sd-aMCI group scored lower on all
memory tests compared with CN and LOD groups. The
LOD group differed from the CN group on Wechsler
Adult Intelligence Scale vocabulary and the Boston
Naming Test (likely because of fewer native English
speakers). Executive function did not differ among
groups.

EVeLT Performance

Mean POS-, NEG-, and NEU-recall scores by group
are summarized in Table 3. ANOVA revealed main effects
of group and valence (F(2,45) 8.71, p = 0.001; F(2,90) =19.8,
p <0.001, respectively) and a group x valence interac-
tion (F(4,90) = 4.6, p = 0.002). Post-hoc tests using the Sidak
adjustment for multiple comparisons at p < 0.05 showed
that sd-aMCI and LOD groups scored lower overall on
the EVeLT compared with CN adults (CN > sd-aMCTI:
Difference = 4.35, 95% confidence interval [CI]: 1.73-
6.98; CN > LOD: Difference = 2.85, 95% CI: 0.225-5.48).
The main effect of valence was explained by greater POS-
and NEG-recall relative to NEU-recall (POS > NEU: Dif-
ference = 1.44, 95% CI: 0.07-2.81; NEG > NEU:
Difference = 3.79, 95% CI: 2.17-5.41), and significantly
higher NEG-recall compared with POS-recall (Differ-
ence = 2.35, 95% CI: 0.83-3.88).

The group x valence interaction was explained by
greater POS-recall compared with NEU-recall in CN
adults only (CN: Difference = 3.06, 95% CI: 0.69-5.44;
sd-aMCT: Difference = 0.44, 95% CI: —1.94 to 2.81; LOD:
Difference = 0.81, 95% CI: —1.56 to 3.19) and greater
NEG-recall compared with POS- or NEU-recall in sd-
aMCI and LOD groups (NEG > POS: sd-aMCI:
Difference = 5.19, 95% CI: 2.55-7.83; LOD: Differ-
ence = 2.94, 95% CI: 0.30-5.58; NEG > NEU: sd-aMCTI:
Difference = 5.63, 95% CI: 2.82-8.43; LOD: Differ-
ence = 3.75, 95% CI: 0.94-6.56), with no differences
found in CN participants (NEG > POS: Differ-
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ence =-1.06, 95% CI: -3.70 to 1.58; NEG > NEU:
Difference =2.00, 95% CI: —0.81 to 4.81). These pat-

terns were unchanged when two non-white LOD
participants were removed from analysis.

Emotional Memory Biases

Figure 1 shows group differences in emotional en-
hancement of memory. Pos-EEM was significant in CN
participants only (Pos-EEM: mean: 3.06, SD: 3.75,
t(15) = 3.27, p = 0.005; Neg-EEM: mean: 2.00, SD: 4.47,
t(15) =1.79, p = 0.094), and Neg-EEM was significant
in aMCI and LOD groups only (aMCI: Neg-EEM:
mean: 5.63; SD: 5.33, t(15) = 4.22, p = 0.001; Pos-EEM:
mean: 0.44, SD: 3.29, t(15) = 0.53, p = 0.60; LOD: Neg-
EEM: mean: 3.75, SD: 3.62, t(15) = 4.14, p = 0.001; Pos-
EEM: mean: 0.82, SD: 4.37, t(15) = 0.74, p = 0.47).

Association between EEM and Mood

Pos-EEM and DAS were inversely correlated in CN
adults (r;=-0.64, p =0.008) and remained statistically
significant after multiple comparisons correction (Table 4).

TABLE 4. Correlations Between Emotional Bias Memory
Scores and Mood Measures Within CN, sd-aMCI,
and LOD Groups

State-Trait

GDS Anxiety Inventory  DAS

CN Positive bias 0.34 0.02 -0.64
Significance (p) 0.20 0.95 0.008

Negative bias -0.04 0.09 -0.32

Significance (p) 0.89 0.73 0.23

sd-aMCI  Positive bias 0.02 -0.10 -0.57

Significance (p) 0.93 0.70 0.02

Negative bias -0.15 0.09 -0.39

Significance (p) 0.59 0.73 0.14

LOD Positive bias 0.05 -0.19 -0.24

Significance (p) 0.86 0.48 0.36

Negative bias 0.13 -0.30 -0.20

Significance (p) 0.62 0.25 0.45

Notes: Values in table represent Spearman’s rho (r,) with signif-
icance level below.
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FIGURE 1. Group differences in EEM. Cognitively normal adults demonstrate a positive emotional memory bias (calculated as
the difference between number of emotionally valenced and neutral words recalled: Pos-EEM = POS-recall-NEU-
recall); aMCI and LOD groups demonstrate a negative emotional bias (Neg-EEM = NEG-recall-NEU-recall). Error bars

are standard error of the mean.

EVelLT Performance

Emotional - Neutral Words Recalled
»

®Pos-EEM
3 EuNeg-EEM
2 4
1
0
1 -
CN sd-aMCl LOD
Similarly, Pos-EEM and DAS were inversely correlated
DISCUSSION

in sd-aMCl participants (r; =—0.57, p = 0.02), but this was
not significant after correction for multiple compari-
sons. No other correlations were significant.

Associations between EEM and
Executive Function

Neg-EEM and the Card Sorting Task” were in-
versely correlated in CN adults (rs=-0.87, p=0.001,
n=10) and remained statistically significant after
correction for multiple comparisons (Table 5). In
sd-aMCI participants, Pos-EEM was moderately
correlated with FAS letter fluency (rs = 0.50, p = 0.047),
whereas Neg-EEM was directly correlated with the
Trail Making Test-B° and the Stroop Color-Word
Test (r;=0.56, p = 0.037 and r; = 0.48, p = 0.06, respec-
tively) and inversely correlated with the Card
Sorting Task (rs=0.-44, p=0.099). None of these
correlations were significant after correction for
multiple comparisons. Similar but nonsignificant pat-
terns of better executive function and greater Pos-
EEM/decreased Neg-EEM were observed in the LOD

group.

The purpose of this study was to compare emotion-
al memory among sd-aMCI, LOD, and CN adults using
anovel EVeLT task that required wordlist learning of
positive, negative, and neutral personality adjec-
tives. As hypothesized, Neg-EEM was observed in sd-
aMCI and LOD groups, whereas Pos-EEM was found
in CN adults. Pos-EEM was associated with reduced
tendency to endorse negative attitudes regarding self
in CN adults and to a lesser extent in sd-aMCI adults.
Exploratory analyses suggested an overall pattern of
an association between better executive function and
decreased Neg-EEM/increased Pos-EEM in sd-aMClI
and CN participants. No significant correlations
between EEM and mood or executive function were
found in LOD participants. To the best of our knowl-
edge, this is the first study to report alterations in
emotional memory specific to sd-aMCI and LOD.

Although negatively biased emotional processing has
been reported in depression in late life, it has been
unclear whether it is evident in LOD, because studies
have typically included mixed samples of early- and

"Card Sorting Task data available for 10 of 16 CN participants.

“Trail Making Test-B data available for 15 of 16 sd-aMCI participants.
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TABLE 5. Correlations Between Emotional Bias Memory Scores and Executive Function Measures within CN, sd-aMCI, and LOD

Groups
Trail Making Test-B* Stroop Color-Word Test” FAS Letter Fluency Card Sorting Task*
CN Positive bias -0.13 -0.14 0.02 -0.48
Significance (p) 0.62 0.64 0.94 0.16
Negative bias 0.22 -0.001 -0.27 -0.87
Significance (p) 0.42 1.00 0.32 0.001
sd-aMCI Positive bias 0.23 0.38 0.50 -0.21
Significance (p) 0.43 0.15 0.047 0.44
Negative bias 0.56 0.48 0.07 -0.44
Significance (p) 0.04 0.06 0.81 0.10
LOD Positive bias -0.13 —-0.38 0.45 -0.23
Significance (p) 0.67 0.18 0.12 0.46
Negative bias 0.43 0.04 -0.33 -0.19
Significance (p) 0.12 0.90 0.27 0.53

Notes: Values in table represent Spearman’s rho (r,) with significance level below. Trail Making Test-B: time needed to complete task; higher
number indicates poorer executive function. Stroop Color-Word test: time needed to complete task; higher number indicates poorer exec-
utive function. FAS Letter Fluency: number of correct responses; higher number indicates better executive function. Card Sorting Task: number
of correct categories; higher number indicates better executive function.

*Data missing for 1 sd-aMCI and 2 LOD participants.
"Data missing for 2 CN and 2 LOD participants.
‘Data missing for 5 CN and 2 LOD participants.

late-onset depression.''""*'*>'7 Although no differ-
ences in judgments of word valence were found
between LOD and CN older adults in a functional mag-
netic resonance imaging,° our findings in LOD suggest
that later stages of information processing (i.e., encod-
ing and retrieval) may be influenced by emotional
valence.

Our findings of Neg-EEM in sd-aMCI extend pre-
vious reports of negatively biased emotional working
memory” and biased recall for depression-relevant
words in MCI compared with CN adults* but contra-
dict other studies of emotional wordlist learning in
MCI that suggested no alterations in EEM.*>*** 1t is
unlikely that subsyndromal depressive symptoms
account for the Neg-EEM observed in sd-aMCI par-
ticipants, given their nonelevated depression or anxiety
scores.

Why did we observe negative EEM in sd-aMCI par-
ticipants but other studies failed to report differences
in EEM between MCI and CN adults? This may be at-
tributable to sample characteristics, task or stimulus
features, or both. Our sample was restricted to single-
domain aMCI participants who were carefully screened
to exclude those with cognitive impairment due to psy-
chiatric illness. We are not aware of any previous
studies of EEM that focused only on sd-aMCI. This
strategy likely resulted in a more cognitively homo-
geneous group than samples of mixed sd-aMCI and

Am J Geriatr Psychiatry 25:10, October 2017

multidomain aMC, allowing us to detect subtle group
differences in EEM. It is also possible that EEM is
altered according to disease progression; for example,
absence of EEM (no enhanced recall of positive or neg-
ative information over neutral) appears to characterize
advanced AD.” Neg-EEM may be found only in the
earliest stages of preclinical AD. This hypothesis could
be tested by comparing emotional memory at various
stages of AD (e.g., sd-aMCI, md-aMCI, mild AD).

A key methodologic difference between the current
and previous EEM work in MCI* is that our task
presented positive, negative, and neutral words
pseudo-randomly ordered in a single list. EEM is
more likely to be detected when emotional and neutral
stimuli are presented together as opposed to sepa-
rate lists according to valence,®’> a phenomenon
explained by arousal-based competition models of
attention and memory consolidation. The competi-
tion model suggests that under conditions of
constrained attention (e.g., words are presented
quickly), salient, highly arousing, and frequently, neg-
atively valenced, information is more likely to be
attended to and recalled, relative to competing neutral
stimuli.’> Thus, the effects of emotional valence on
attention or memory are accentuated during mixed-
valence wordlist learning, whereas there is no
competition for attention by valence in lists that include
only words of the same valence. The competition model
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implies that cognitive control should impact on EEM.
There is evidence of an age-related association between
executive function and positivity™ ™ (but see Foster
et al.” for conflicting findings). In particular, it has
been hypothesized that older adults may rely on cog-
nitive control to selectively focus on positive and
ignore negative stimuli.”* Our findings of positive
EEM and the inverse associations between executive
function and negative EEM in CN participants provide
further support for the notion of enhanced cognitive
control as a potential mechanism for the positivity
bias observed in older adults.” The Neg-EEM ob-
served in sd-aMCI may result from impaired cognitive
control over emotions, or emotion dysregulation, as
a consequence of pathologic changes in regions such
as the ventral anterior cingulate cortex that regulate
the amygdala.”® This hypothesis could be tested using
emotion regulation task paradigms and functional
neuroimaging in sd-aMCI.

With regard to stimulus features, use of personali-
ty adjectives rather than nouns may have invited
subjects to engage in a self-referential strategy during
encoding, although not explicitly instructed to do so.
This hypothesis is suggested by the strong inverse as-
sociation between memory for positive personality
traits and negative attitudes regarding self, observed
in the CN group and to a lesser extent in sd-aMClI par-
ticipants. It is well established that memory is enhanced
when information is processed with reference to self
(ie., the “self-reference” effect on memory).*' The self-
reference effect has been observed in healthy
individuals and also in AD. In a study of healthy young
and older adults, the positivity effect in the older age
group was enhanced when participants were asked to
recall emotion stimuli that were self-relevant.”” Simi-
larly, CN participants recalled more positive and neutral
words under self-referential, as opposed to seman-
tic, encoding conditions. This was not observed in AD
participants, who instead showed an increase in recall
of negative words in the self-referential condition, sug-
gesting that the self-reference effect enhanced negative
EEM specifically in AD.

Contrary to predictions, mood and anxiety symp-
toms did not correlate with EEM, even in the LOD
group, who instead showed similar but nonsignifi-
cant associations between executive function and EEM.
The failure to detect a relationship between EEM and
mood or executive function may be attributable to
greater heterogeneity in the etiology of LOD, which
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may be vascular- or cortisol-mediated,” together with
the relatively small sample sizes and missing execu-
tive measures.

Our observed Neg-EEM in aMCI appears to con-
tradict a recently published study that reported Pos-
EEM in aMCI on incidental recall of visually presented
words with positive, negative, or neutral valences."” In
this study, participants in one of four groups (aMClI
with depressive symptoms, aMCI without depres-
sive symptoms, late-life depression, or CN) were
instructed to rate the valence of words without being
informed a memory test would follow. If Hochberg’s
step-up correction for multiple comparisons is applied,
CN adults showed a Pos-EEM and Neg-EEM, both
aMCI groups (*depression) showed a Pos-EEM, and
no valence effects were found in the late-life depres-
sion group. Although direct group comparisons were
not performed, the study suggests aMCI may show
Pos-EEM in incidental recall of information. We pos-
tulate that aMCI participants may exhibit Pos-EEM
when performing tasks that require minimal cogni-
tive effort, but cognitively taxing tasks (i.e., explicit
instructions to remember words) reduce their ability
to downregulate responses toward, or ignore, nega-
tive information. This hypothesis is compatible with
the healthy aging literature suggesting that the mag-
nitude of the positivity bias is greater when information
processing is less constrained by cognitive demands
of the task.”* Future work should compare incidental
and explicit recall of emotionally valenced informa-
tion in aMCL

Strengths of the current study include our novel task
of emotional memory and the well-characterized sd-
aMCI, LOD, and CN groups using neuropsychological
and neuropsychiatric assessments. Weaknesses include
small sample sizes, which may explain the failure to
detect statistically significant associations between EEM
and cognition in LOD. Another important consider-
ation is that by studying sd-aMCI participants, the
underlying etiology of the memory impairment may
be more heterogeneous compared with multidomain
aMCI samples, who are at greater risk for AD than
sd-aMCI*%% (but see Yaffe et al.).** Nevertheless, our
findings suggest the hypothesis that the earliest stages
of AD may be characterized by impaired emotion reg-
ulation as a consequence of neuropathologic disruption
of limbic structures and networks. This hypothesis is
compatible with the epidemiologic associations between
neuropsychiatric symptoms such as depression and

Am J Geriatr Psychiatry 25:10, October 2017



anxiety and AD risk."®”” Given that disease-modifying
interventions for AD may be more effective in the
presymptomatic stages of AD, our findings of nega-
tive EEM in sd-aMCI and LOD support the need
for longitudinal studies and inclusion of AD biomarkers
to examine emotional processing as a means to

Mab et al.

characterize, and potentially identify, individuals in the
preclinical phase of AD.
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ble Foundation of Canada (Grant #08118). The authors
declare no conflicts of interest.

References

1. Sperling RA, Aisen PS, Beckett LA, et al: Toward defining the pre-
clinical stages of Alzheimer’s disease: recommendations from the
National Institute on Aging-Alzheimer’s Association workgroups
on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement
2011; 7:280-292

2. LaBar K8, Cabeza R: Cognitive neuroscience of emotional memory.
Nat Rev Neurosci 2000; 7:54-64

3. Mah L, Szabuniewicz C, Fiocco AJ: Can anxiety damage the brain?
Curr Opin Psychiatry 2016; 29:56-63

4. Phillips ML, Ladouceur CD, Drevets WC: A neural model of vol-
untary and automatic emotion regulation: implications for
understanding the pathophysiology and neurodevelopment of
bipolar disorder. Mol Psychiatry 2008; 13:833-857

5. Price JL, Drevets WC: Neural circuits underlying the pathophysi-
ology of mood disorders. Trends Cogn Sci 2012; 16:61-71

6. Braak H, Braak E: Neuropathological stageing of Alzheimer-
related changes. Acta Neuropathol 1991; 82:239-259

7. Hyman BT, Van Hoesen GW, Damasio AR: Memory-related neural
systems in Alzheimer’s disease: an anatomic study. Neurology 1990;
40:1721-1730

8. Sepulcre J, Sabuncu MR, Becker A, et al: In vivo characterization
of the early states of the amyloid-beta network. Brain 2013;
136:2239-2252

9. Mather M: The emotion paradox in the aging brain. Ann N'Y Acad
Sci 2012; 1251:33-49

10. Broomfield NM, Davies R, MacMahon K, et al: Further evidence
of attention bias for negative information in late life depression.
Int J Geriatr Psychiatry 2007; 22:175-180

11. Dudley R, O’Brien J, Barnett N, et al: Distinguishing depression from
dementia in later life: a pilot study employing the Emotional Stroop
task. Int J Geriatr Psychiatry 2002; 17:48-53

12. von Gunten A, Herrmann FR, Elliott R, et al: Abnormal sensitivity
to negative feedback in late-life depression. Psychiatry Clin Neurosci
2011;65:333-340

13. Mah L, Pollock BG: Emotional processing deficits in late-life de-
pression. Am J Geriatr Psychiatry 2010; 18:652-656

14. Dai B, LiJ, Chen T, et al: Interpretive bias of ambiguous facial ex-
pressions in older adults with depressive symptoms. Psych J 2015;
4:28-37

15. Callahan BL, Simard M, Mouiha A, et al: Impact of depressive symp-
toms on memory for emotional words in mild cognitive impairment
and late-life depression. J Alzheimers Dis 2016; 52:451-462

16. Brassen S, Kalisch R, Weber-Fahr W, et al: Ventromedial prefron-
tal cortex processing during emotional evaluation in late-life
depression: a longitudinal functional magnetic resonance imaging
study. Biol Psychiatry 2008; 64:349-355

17. Phillips LH, Scott C, Henry JD, et al: Emotion perception in Al-
zheimer’s disease and mood disorder in old age. Psychol Aging
2010; 25:38-47

18. Ownby RL, Crocco E, Acevedo A, et al: Depression and risk for
Alzheimer disease: systematic review, meta-analysis, and
metaregression analysis. Arch Gen Psychiatry 2006; 63:530-538

Am J Geriatr Psychiatry 25:10, October 2017

19. Bonardi C, de Pulford F, Jennings D, et al: A detailed analysis of
the early context extinction deficits seen in APPswe/PS1dE9 female
mice and their relevance to preclinical Alzheimer’s disease. Behav
Brain Res 2011; 222:89-97

20. Cheng D, Logge W, Low JK, et al: Novel behavioural characteris-
tics of the APP(Swe)/PS1DeltaE9 transgenic mouse model of
Alzheimer’s disease. Behav Brain Res 2013; 245:120-127

21. Wang P, Li J, Li H, et al: Is emotional memory enhancement pre-
served in amnestic mild cognitive impairment? Evidence from
separating recollection and familiarity. Neuropsychology 2013;
27:691-701

22. Nieuwenhuis-Mark RE, Schalk K, de Graaf N: Free recall and
learning of emotional word lists in very elderly people with and
without dementia. Am J Alzheimers Dis Other Demen 2009;24:155-
162

23. Parra MA, Pattan V, Wong D, et al: Medial temporal lobe function
during emotional memory in early Alzheimer’s disease, mild cog-
nitive impairment and healthy ageing: an fMRI study. BMC Psychiatry
2013;13:76

24. Brueckner K, Moritz S: Emotional valence and semantic related-
ness differentially influence false recognition in mild cognitive
impairment, Alzheimer’s disease, and healthy elderly. J Int
Neuropsychol Soc 2009; 15:268-276

25. Sava AA,Paquet C, Dumurgier J, et al: The role of attention in emo-
tional memory enhancement in pathological and healthy aging.
J Clin Exp Neuropsychol 2016; 38:434-454

26. Mistridis P, Taylor KI, Kissler JM, et al: Distinct neural systems un-
derlying reduced emotional enhancement for positive and negative
stimuli in early Alzheimer’s disease. Front Hum Neurosci 2013;
7:939

27. Gorenc-Mahmutaj L, Degen C, Wetzel P, et al: The positivity effect
on the intensity of experienced emotion and memory perfor-
mance in mild cognitive impairment and dementia. Dement Geriatr
Cogn Dis Extra 2015; 5:233-243

28. Schefter M, Werheid K, Almkvist O, et al: Recognition memory for
emotional faces in amnestic mild cognitive impairment: an event-
related potential study. Neuropsychol Dev Cogn B Aging
Neuropsychol Cogn 2013; 20:49-79

29. Werheid K, Gruno M, Kathmann N, et al: Biased recognition of pos-
itive faces in aging and amnestic mild cognitive impairment. Psychol
Aging 2010; 25:1-15

30. Dohnel K, Sommera M, Ibach B, et al: Neural correlates of emo-
tional working memory in patients with mild cognitive impairment.
Neuropsychologia 2013; 46:37-48

31. Klein-Koerkamp Y, Baciu M, Hot P: Preserved and impaired
emotional memory in Alzheimer’s disease. Front Psychol 2012;
3:331

32. Talmi D: Enhanced emotional memory: cognitive and neural mecha-
nisms. Curr Dir Psychol Sci 2013; 22:430-436

33. Brambati SM, Belleville S, Kergoat MJ, et al: Single- and multiple-
domain amnestic mild cognitive impairment: two sides of the same
coin? Dement Geriatr Cogn Disord 2009; 28:541-549

1169


http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0010
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0010
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0010
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0010
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0010
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0015
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0015
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0020
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0020
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0025
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0025
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0025
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0025
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0030
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0030
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0035
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0035
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0040
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0040
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0040
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0045
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0045
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0045
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0050
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0050
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0055
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0055
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0055
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0060
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0060
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0060
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0065
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0065
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0065
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0070
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0070
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0075
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0075
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0075
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0080
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0080
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0080
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0085
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0085
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0085
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0085
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0090
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0090
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0090
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0095
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0095
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0095
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0100
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0100
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0100
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0100
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0105
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0105
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0105
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0110
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0110
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0110
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0110
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0115
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0115
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0115
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0115
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0120
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0120
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0120
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0120
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0125
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0125
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0125
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0125
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0130
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0130
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0130
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0135
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0135
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0135
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0135
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0140
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0140
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0140
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0140
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0145
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0145
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0145
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0145
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0150
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0150
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0150
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0155
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0155
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0155
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0160
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0160
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0160
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0165
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0165
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0170
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0170
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0170

Negative Emotional Verbal Memory Biases in MCI and LOD

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Yaffe K, Petersen RC, Lindquist K, et al: Subtype of mild cogni-
tive impairment and progression to dementia and death. Dement
Geriatr Cogn Disord 2006; 22:312-319

Folstein MF, Folstein SE, McHugh PR: “Mini-mental state”. A prac-
tical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res 1975; 12:189-198

Spalletta G, Caltagirone C, Padovani A, et al: Cognitive and affec-
tive changes in mild to moderate Alzheimer’s disease patients
undergoing switch of cholinesterase inhibitors: a 6-month obser-
vational study. PLoS ONE 2014; 9:¢89216

Petersen RC, Smith GE, Waring SC, et al: Aging, memory, and mild
cognitive impairment. Int Psychogeriatr 1997; 9(suppl 1):65-69
Anderson NH: Likableness ratings of 555 personality-trait words.
J Pers Soc Psychol 1968; 9:272-279

Yesavage JA, Brink TL, Rose TL, et al: Development and validation
of a geriatric depression screening scale: a preliminary report.
J Psychiatr Res 1982; 17:37-49

Spielberger CD, Gorsuch RL, Lushene R, et al: Manual for the State-
Trait Anxiety Inventory. Palo Alto, CA: Consulting Psychologists
Press., 1983

Floyd M, Scogin F, Chaplin WF: The Dysfunctional Attitudes Scale:
factor structure, reliability, and validity with older adults. Aging Ment
Health 2004; 8:153-160

Segal ZV, Kennedy S, Gemar M, et al: Cognitive reactivity to sad
mood provocation and the prediction of depressive relapse. Arch
Gen Psychiatry 2006; 63:749-755

Hochberg Y: A sharper Bonferroni procedure for multiple tests
of significance. Biometrika 1988; 75:800-802

Marc LG, Raue PJ, Bruce ML: Screening performance of the 15-
item geriatric depression scale in a diverse elderly home care
population. Am J Geriatr Psychiatry 2008; 16:914-921

Almeida OP, Almeida SA: Short versions of the geriatric depres-
sion scale: a study of their validity for the diagnosis of a major
depressive episode according to ICD-10 and DSM-IV. Int J Geriatr
Psychiatry 1999; 14:858-865

Rinaldi P, Mecocci P, Benedetti C, et al: Validation of the five-
item geriatric depression scale in elderly subjects in three different
settings. ] Am Geriatr Soc 2003; 51:694-698

van Marwijk HW, Wallace P, de Bock GH, et al: Evaluation of the
feasibility, reliability and diagnostic value of shortened versions
of the geriatric depression scale. Br ] Gen Pract 1995;45:195-199
Arthur A, Jagger C, Lindesay J, et al: Using an annual over-75 health
check to screen for depression: validation of the short Geriatric
Depression Scale (GDS15) within general practice. Int J Geriatr
Psychiatry 1999; 14:431-439

Rait G, Burns A, Baldwin R, et al: Screening for depression in African-
Caribbean elders. Fam Pract 1999; 16:591-595

Abas MA, Phillips C, Carter J, et al: Culturally sensitive validation
of screening questionnaires for depression in older African-
Caribbean people living in south London. Br J Psychiatry 1998;
173:249-254

1170

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Kensinger EA, Brierley B, Medford N, et al: Effects of normal aging
and Alzheimer’s disease on emotional memory. Emotion 2002;
2:118-134

Mather M, Sutherland MR: Arousal-biased competition in percep-
tion and memory. Perspect Psychol Sci 2011; 6:114-133
Isaacowitz DM, Toner K, Neupert SD: Use of gaze for real-time mood
regulation: effects of age and attentional functioning. Psychol Aging
2009; 24:989-994

Knight M, Seymour TL, Gaunt JT, et al: Aging and goal-directed emo-
tional attention: distraction reverses emotional biases. Emotion 2007;
7:705-714

Mather M, Knight M: Goal-directed memory: the role of cognitive
control in older adults’ emotional memory. Psychol Aging 2005;
20:554-570

Petrican R, Moscovitch M, Schimmack U: Cognitive resources,
valence,and memory retrieval of emotional events in older adults.
Psychol Aging 2008; 23:585-594

Sasse LK, Gamer M, Buchel C, et al: Selective control of
attention supports the positivity effect in aging. PLoS ONE 2014;
9:¢104180

Simon T, Suengas AG, Ruiz-Gallego-Largo T, et al: Positive bias is
a defining characteristic of aging to the same extent as declining
performance. Int J Psychol 2013; 48:704-714

Foster SM, Davis HP, Kisley MA: Brain responses to emotional images
related to cognitive ability in older adults. Psychol Aging 2013;
28:179-190

Mather M, Carstensen LL: Aging and motivated cognition: the posi-
tivity effect in attention and memory. Trends Cogn Sci 2005;9:496-
502

Symons CS,Johnson BT: The self-reference effect in memory: a meta-
analysis. Psychol Bull 1997; 121:371-394

Kalenzaga S, Bugaiska A, Clarys D: Self-reference effect and
autonoetic consciousness in Alzheimer disease: evidence for a per-
sistent affective self in dementia patients. Alzheimer Dis Assoc
Disord 2013;27:116-122

Butters MA, Young JB, Lopez O, et al: Pathways linking late-life de-
pression to persistent cognitive impairment and dementia. Dialogues
Clin Neurosci 2008; 10:345-357

Reed AE, Chan L, Mikels JA: Meta-analysis of the age-related posi-
tivity effect: age differences in preferences for positive over negative
information. Psychol Aging 2014; 29:1-15

Tabert MH, Manly JJ, Liu X, et al: Neuropsychological prediction
of conversion to Alzheimer disease in patients with mild cogni-
tive impairment. Arch Gen Psychiatry 20006; 63:916-924
Alexopoulos P, Grimmer T, Perneczky R, et al: Progression to de-
mentia in clinical subtypes of mild cognitive impairment. Dement
Geriatr Cogn Disord 2006; 22:27-34

Mah L, Binns MA, Steffens DC: Anxiety symptoms in amnestic mild
cognitive impairment are associated with medial temporal atrophy
and predict conversion to Alzheimer disease. Am J Geriatr Psy-
chiatry 2015; 23:466-476

Am J Geriatr Psychiatry 25:10, October 2017


http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0175
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0175
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0175
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0180
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0180
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0180
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0185
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0185
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0185
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0185
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0190
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0190
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0195
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0195
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0200
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0200
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0200
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0205
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0205
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0205
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0210
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0210
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0210
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0215
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0215
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0215
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0220
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0220
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0225
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0225
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0225
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0230
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0230
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0230
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0230
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0235
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0235
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0235
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0240
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0240
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0240
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0245
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0245
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0245
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0245
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0250
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0250
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0255
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0255
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0255
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0255
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0260
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0260
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0260
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0265
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0265
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0270
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0270
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0270
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0275
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0275
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0275
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0280
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0280
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0280
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0285
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0285
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0285
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0290
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0290
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0290
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0295
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0295
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0295
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0300
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0300
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0300
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0305
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0305
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0305
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0310
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0310
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0315
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0315
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0315
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0315
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0320
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0320
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0320
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0325
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0325
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0325
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0330
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0330
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0330
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0335
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0335
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0335
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0340
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0340
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0340
http://refhub.elsevier.com/S1064-7481(17)30313-5/sr0340

	 Negative Emotional Verbal Memory Biases in Mild Cognitive Impairment and Late-Onset Depression
	 Introduction
	 Methods
	 Participants
	 Assessments
	 Emotional Verbal Learning Test
	 Cognitive Measures
	 Mood Measures

	 Statistical Analyses

	 Results
	 Demographic and Clinical Characteristics of Groups
	 Neuropsychological Performance
	 EVeLT Performance
	 Emotional Memory Biases
	 Association between EEM and Mood
	 Associations between EEM and Executive Function

	 Discussion
	 References


