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Abstract
Slowed information processing is a prominent deficit in late-life depression (LLD). To better
differentiate processing speed components in LLD, we examined characteristics of visual search
performance in 32 LLD and 32 control participants. Data showed specific slowing in the
comparison stage of visual search in LLD, rather than in encoding/response stages, but also
greater overall slowing in LLD during inefficient versus efficient search. We found no group
differences on traditional neuropsychological measures of processing speed. Slowed processing
speed in LLD may be specific rather than general, which underscores the need to link components
of processing speed to underlying neural circuitry.
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Cognitive deficits are a prominent feature of late-life depression (LLD) and are a risk factor
for adverse outcomes, including reduced treatment response (Alexopoulos et al., 2000;
Potter, Kittinger, Wagner, Steffens, & Krishnan, 2004; Sheline et al., 2012), greater
limitation in functional activities (Kiosses, Alexopoulos, & Murphy, 2000), increased risk of
dementia (Alexopoulos, Young, & Meyers, 1993; Potter et al., 2012), and increased
mortality (Mehta et al., 2003). Cognitive deficits in LLD often persist after remission of the
depressive episode (Bhalla et al., 2006; Kohler, Thomas, Barnett, & O’Brien, 2010; J. S.
Lee, Potter, Wagner, Welsh-Bohmer, & Steffens, 2007), which suggests that this clinical
feature of LLD may be less amenable to current treatments than other clinical features. The
many negative outcomes associated with cognitive deficits in LLD highlight the need for a
better characterization of these deficits, which would help inform cognitively oriented
treatments.

Research on cognitive deficits in major depressive disorder has shown that while depressed
individuals perform broadly worse than nondepressed comparison groups (R. S. Lee,
Hermens, Porter, & Redoblado-Hodge, 2012; Zakzanis, Leach, & Kaplan, 1998), the most
consistent deficits occur in tasks involving executive functions and episodic memory (Beats,
Sahakian, & Levy, 1996; Snyder, 2013; Thomas & O’Brien, 2008), and appear to become
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more prominent with age (Boone et al., 1995; Elliott, 1998; Schweitzer, Tuckwell, O’Brien,
& Ames, 2002). Many of the LLD-related differences appear to be due to an underlying
deficit in basic information processing speed (Sheline et al., 2012). In this context, decreased
speed in stimulus perception, elementary cognitive processing, and motor response can
occupy processing resources in a manner that compromises performance of higher order
cognitive operations (Nebes et al., 2000). This perspective is supported by evidence from
several studies showing that performances on neuropsychological measures of processing
speed mediate the differences between depressed and nondepressed older adults on other
neuropsychological measures, such as executive functions, language, and episodic memory
(Butters et al., 2004; Nebes et al., 2000; Sheline et al., 2006). One study, however, identified
processing speed as only a partial mediator of cognitive deficits and found this construct
insufficient to explain the full range of neurocognitive deficits observed in LLD (Kohler et
al., 2010). Even if processing speed does not fully mediate other cognitive deficits
associated with LLD, it nonetheless appears to be an important contributor to performance.

While the previously referenced studies have identified a broad contribution of processing
speed to the neuropsychological deficits of LLD, important questions remain about specific
relationships between processing speed and cognition in LLD. Many of the prior studies
defined processing speed based on an aggregation of traditional paper-and-pencil
neuropsychological measures in which speed of performance is intertwined with the unique
stimulus characteristics and demands of the individual tasks. The task demands of these
theoretically identified measures of processing speed were as varied as color naming,
symbol encoding, visual scanning, motor praxis, and even incidental memory (e.g., Symbol
Digit Modalities Test; Demakis, Sawyer, Fritz, & Sweet, 2001).Tests such as these assess
the time it takes to complete a complex, multi-domain cognitive operation, and not
processing speed per se. A resulting limitation of this approach is difficulty estimating the
extent to which the processing speed differences between depressed and nondepressed elders
are disproportionately influenced by the unique task characteristics of any individual
neuropsychological measure. Another limitation is difficultly identifying whether speed-
related differences are due to a specific information processing stage, such as perceptual
encoding, comparison, motor speed, or decisional processes. This is important because
different stages of information processing may be associated with integrity of different types
of brain tissue (e.g., grey matter versus white matter), or with different brain systems. In
order to better understand the nature and substrates of processing speed deficits in LLD, it is
important to complement traditional neuropsychological tasks with laboratory-based
measures that allow a systematic examination of processing speed across different stages of
task performance (Deluca & Kalmar, 2007).

One relevant experimental paradigm for studying processing speed in LLD is visual search,
which is an established model for studying how manipulation of task attributes affects speed
of performance (Duncan & Humphreys, 1989; Eckstein, 2011; Schneider & Shiffrin, 1977;
Wolfe, 1998a). For instance, searching for a target that differs from nontarget (distractor)
display items in a salient feature is typically highly efficient (e.g., feature search: a black
vertical bar among black horizontal bars); in contrast, search for a target item that is a
conjunction of features in the distractor items is typically less efficient (e.g., conjunction
search: a black vertical bar among black horizontal bars and white vertical bars). Feature
search performance is considered relatively automatic, and is defined by a reaction time that
is minimally affected by an increased number of items to be searched. Conjunction search,
on the other hand, is considered more cognitively demanding, with a reaction time (RT) that
increases in a roughly linear manner with each additional display item to search. Further, RT
slopes in conjunction search are typically twice as high for target-absent trials than for
target-present trials, reflecting a serial search process that terminates when the target is
found (Wolfe, 1998a, 1998b). In analyzing differences among search conditions, the slope
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function represents a comparison component that increases in RT as a function of increasing
display size, while the accompanying intercept of the RT-display size function represents the
combined durations of perceptual encoding and response-related components of search.
Thus, the slope and intercept of RT-display size functions each provide differentiated
information about cognitive processes that contribute to overall reaction time.

Research on visual search performance in depression is limited to a few studies in non-
elderly populations, but extant data suggest consistency in basic visual search findings
relative to nonpsychiatric populations. Hammar and colleagues (Hammar, Lund, & Hugdahl,
2003a) used a search task with a single display size (14 items) and found that depressed and
nondepressed younger adults were comparable in a feature search condition, whereas a
significant increase in RT among depressed individuals was evident in a conjunction search
condition, which presumably required a less efficient and more attention-demanding
comparison process. These authors also found that depression-related deficits in conjunction
search persisted 6 months after treatment (Hammar, Lund, & Hugdahl, 2003b), but
normalized after a 10-year follow-up period (Hammar & Ardal, 2012). Because these
previous studies used a single display size, RT slope and intercept data were not available to
determine whether the participant group differences were associated with either the
comparison process (slope), encoding/response processes (intercept), or both. These visual
search studies also did not include older adults, which is relevant for LLD, because even in
the context of normal aging, the speed of elementary perceptual processing declines with
increasing age (Madden, 2001; Salthouse, 1996; Salthouse & Madden, 2007), and age-
related decline in the speed of search and comparison processes also occurs, particularly in
conjunction search conditions (Hommel, Li, & Li, 2004; Kramer & Madden, 2008; Madden
& Whiting, 2004).

The purpose of the current study was to compare visual search performance in older adults
with acute depression to a comparison sample with no history of depression, in order to
better differentiate cognitive components of processing speed in LLD. Based on prior
studies (Hammar & Ardal, 2012; Hammar et al., 2003a, 2003b), it is not clear whether the
depression-related difference in visual search is associated specifically with the comparison
or encoding/response components of search, or instead reflects more general, nonspecific
slowing. We compared feature-search and conjunction-search conditions and predicted a
greater relative deficit in conjunction search for LLD participants compared to nondepressed
controls, as in Hammar et al. (2003a), and particularly in RT slope data. That is, we
predicted that the depression-related effect would be relatively greater in the comparison
stage of the conjunction search condition (i.e., a higher RT slope), which involves more
attentional control and is presumably more sensitive to inefficiency of visual search.

Method
Participants

Sixty-four participants, 60-85 years of age, consented to complete visual search as an
adjunct to a larger National Institute of Mental Health-sponsored treatment study (Steffens
et al., 2004). All depressed participants (n = 32) met DSM-IV criteria for major depressive
disorder (MDD) as diagnosed using the Diagnostic Interview Schedule (Robins, Helzer,
Croughan, & Ratcliff, 1981) and confirmed with a clinical evaluation by a geriatric
psychiatrist. Exclusion criteria included: 1) another major psychiatric illness, including
bipolar disorder, schizophrenia, or dementia; 2) history of alcohol or drug abuse or
dependence; 3) primary neurologic illness, including dementia; and 4) medical illness,
medication use, or disability that would prevent the participant from completing
neurocognitive testing. Depressed participants were recruited from clinics, referrals, and
advertisements, and were enrolled in a treatment study that is described elsewhere (Steffens
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et al., 2004). Among the depressed group, 15 participants reported an age of first MDD
onset before age 50, 9 participants reported onset after age 50, and 8 participants could not
identify a specific age of onset. Nondepressed comparison participants (n = 32) were
community-dwelling individuals recruited through advertisements.

Eligible participants had a non-focal neurological examination, no self-report of neurologic
or psychiatric illness, and no evidence of a current or past psychiatric disorder based on the
Diagnostic Interview Schedule. Individuals with comorbid anxiety disorders were not
excluded, as long as MDD was the primary diagnosis. Individuals were screened for
dementia at time of enrollment based on an established protocol that included review of a
comprehensive clinical evaluation, consultation with referring physicians, and cognitive
screening with the Mini-Mental State Examination (MMSE; Folstein, Folstein, & Fanjiang,
2001; Folstein, Folstein, & McHugh, 1975). This study was approved by the Duke
University Institutional Review Board.

Visual Search Task
The visual search task consisted of a feature search condition and a conjunction search
condition (Figure 1). On each trial, participants made a yes/no response manually, regarding
the presence of a target item (a black vertical bar) in a visual display. One hand was
designated for each response key, which was alternated in a counterbalanced fashion across
participants. In the feature search condition, the distractor items were black horizontal bars,
and thus the target, when present, differed from all of the distractors in the orientation
feature value (vertical target versus horizontal distractor). In the conjunction condition, the
distractors were both black horizontal bars and white vertical bars, and thus the target was a
conjunction of an individual feature value from each distractor. There were 4 blocks of trials
composed of 2 feature-search blocks and 2 conjunction-search blocks. The blocks were
presented in a run order that alternated condition, counterbalanced for each participant group
so that each block was presented an equal number of times at each position in the run order.
Display size was either 3, 7, or 11 items. Each block was composed of 96 trials, with 16
trials for each combination of target present/absent and display size, presented randomly,
yielding 192 trials per task condition and 384 total trials. Stimuli appeared on a white
background presented on a 17″ computer monitor. The display was created on an imaginary
2 × 2 grid with an overall visual angle of approximately 8° at a viewing distance of 60 cm
(viewing was unconstrained). The placement of target items on the grid was counterbalanced
so that the target appeared in each of the 4 quadrants of the grid an equal number of times.
The task was programmed using E-prime 2 software (Psychological Software Tools,
Pittsburgh, PA).

Neuropsychological and Mood Assessment
Neuropsychological and mood assessment was conducted by trained psychometric
technicians under the supervision of a licensed clinical neuropsychologist (GGP), during the
same visit as visual search assessment. For the purposes of the current study, we selected
Parts A and B of the Trail Making Test (Reitan, 1992), and the Symbol-Digit Modalities
Test (SDMT; Smith, 1982) as comparison measures of information processing speed/
attentional control. We additionally calculated a difference score of the time to complete
Trail Making Part B minus the time to complete Trail Making Part A; the subtraction of Part
A from Part B is regarded by some to reflect a purer measure of the executive function
demands of Part B (Drane, Yuspeh, Huthwaite, & Klingler, 2002).The complete
neuropsychological assessment is described elsewhere (Steffens et al., 2004). Depression
severity was assessed using the Beck Depression Inventory-2 (BDI-2; Beck, Steer, &
Brown, 1996).
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Statistical Analysis
We used independent samples t tests to evaluate the significance of differences in age and
education level between depressed and nondepressed participants, and chi-square tests to
evaluate group differences in sex and race. Independent samples t tests were also used to
evaluate group differences on the traditional neuropsychological measures, with
Satterthwaite’s t tests used in cases of unequal variance.

Visual search performance was based on correct response trials, with separate analysis of
error rates. For each participant, we calculated median RT for correct responses within each
condition; summary data are presented as means (across participants) of the median RTs. To
examine visual search performance, we first used an analysis of variance (ANOVA) of the
RT data, with participant group (control, depressed) as a between-subjects variable and
search condition (feature, conjunction), target (present, absent), and display size (3, 7, 11) as
within-subjects variables. This initial ANOVA provided information regarding the additive
and interactive effects of the independent variables in the outcome RT measure. We
followed this ANOVA with analyses of the linear slope and intercept values of the RT ×
Display Size function, obtained for each participant and task condition. This latter type of
analysis separates different components of search RT relevant for our hypotheses.
Specifically, the slope represents the comparison time per display item, and the intercept
represents the remaining portion of RT attributable to visual encoding and response
processes (Duncan & Humphreys, 1989; Eckstein, 2011; Schneider & Shiffrin, 1977; Wolfe,
1998a).

As noted previously, steeper slope values indicate a longer comparison of each display item,
which reflects a more inefficient search. Higher intercept values indicate more time
associated with encoding and response processes. We examined RT slopes and intercepts as
separate dependent variables in ANOVA models with group (depressed vs. nondepressed) as
a between-subjects variable, and within-subjects variables of search (feature vs. conjunction)
and target (present vs. absent). For all analyses, we specified rejection of the null hypothesis
at a p-value of .05.

Results
Descriptive statistics and results of t tests appear in Table 1. There were no significant
differences between depressed and nondepressed individuals with respect to age, education
level, sex, or race. As expected, depressed individuals did have significantly higher
depression symptom severity as assessed by the BDI-2. On traditional neuropsychological
measures, there were no significant differences in performance between depressed and
nondepressed groups.

Error Rate
Error rates were less than 2% across the feature search condition and less than 3% across the
conjunction search condition. There were no differences in error rate between depressed and
nondepressed groups.

Visual Search
We obtained the median RT for correct responses for each participant in each task condition.
The means of these median values are presented in Figure 2. Analysis of variance (ANOVA)
of these median RTs, with a between-subjects variable of participant group and within-
subjects variables of search condition, target presence, and display size, yielded significant
main effects for search condition, F(1, 62) = 478.50, p < .001, target presence, F(1, 62) =
123.36, p < .001, and display size, F(2, 124) = 340.53, p < .001. These effects represent,

Potter et al. Page 5

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



respectively, a 217 ms increase in RT for conjunction search relative to feature search, a 101
ms increase in RT for target-absent responses relative to target-present responses, and a
relatively monotonic increase in RT as a function of increasing display size. The depressed
and nondepressed groups did not differ significantly in overall RT. Significant interaction
terms were obtained for Group × Display Size, F(2, 124) = 6.06, p = .003, Group × Search
Condition, F(1, 62) = 3.98, p = .050, Target Presence × Display Size, F(2, 124) = 81.20, p
< .001, Search Condition × Display Size, F(2, 124) = 216.97, p < .001, Search Condition ×
Target Presence, F(2, 124) = 132.54, p < .001, and Search Condition × Target Presence ×
Display Size, F(2, 124) = 30.51, p < .001. The Group × Search Condition effect represents a
greater increase in RT for conjunction search relative to feature search for the depressed
group (237 ms) relative to the control group (198 ms). The Search Condition × Target
Presence interaction occurred because target-absent RT was 176 ms higher than target-
present RT for conjunction search, whereas the corresponding difference was only 26 ms for
feature search.

The efficiency of visual search was examined in an analysis of the slope and intercept of the
linear function relating RT to display size, obtained for each participant. Mean slope and
intercept values for the RT × Display Size functions are presented in Table 2. Analysis of
the RT slopes yielded significant main effects for group, F(1, 62) = 6.62, p = .013, search
condition, F(1, 62) = 281.98, p < .001, and target presence, F(1, 62) = 108.05, p < .001, as
well as an interaction for Search Condition × Target Presence, F(1, 62) = 33.25, p < .001.
The main effects represent: 1) an overall slower comparison process for depressed
individuals (20 ms per item) than for control participants (15 ms per item), 2) slower
comparison during conjunction search (31 ms per item) relative to feature search (5 ms per
item), and 3) slower comparison for target-absent displays (24 ms per item) relative to
target-present displays (11 ms per item).

Analysis of the RT intercepts yielded significant main effects for search condition, F(1, 62)
= 18.28, p < .001, but not for group or target presence. There was an interaction for Search
Condition × Target Presence, F(1, 62) = 11.51, p = .001. The main effect of search condition
represents an overall slower perceptual encoding and response in the conjunction search
condition (659 ms) compared to the feature search condition (625 ms). The interaction term
indicates a significant slowing in encoding and response processes on target-absent trials
relative to target-present trials in the conjunction search condition (26 ms), whereas the
corresponding difference in the feature search condition (18 ms) was not significant.

Correlations between Neuropsychological and RT Measures—We also examined
the correlation between search slopes and traditional neuropsychological tests representing
the broad constructs of information processing speed, attentional control, and visual tracking
(Table 3). Significant correlations were present in 8 out of 32 tests, though only 2 of the tests
remained significant after Bonferroni correction.

Discussion
The visual search results (Figure 2) replicated previous findings with regard to differences
between feature and conjunction search (Wolfe, 1998a, 1998b). Overall, the RT slopes were
< 10 ms per item for feature search, consistent with a highly efficient comparison process
for both LLD and control participants. In contrast, the conjunction search slopes were higher
in magnitude and exhibited an approximately 2:1 ratio for target-absent trials relative to
target-present trials, indicating a less efficient (i.e., more attention-demanding) search that
terminated when a target was identified.
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Comparison of the participant groups provided evidence for response slowing in LLD,
associated to some degree with the attentional demands of conjunction search. Analyses of
the mean RT data including display size yielded significant effects for the two-way
interactions between group and display size, and between group and search condition. The
Group × Display Size interaction represents a more pronounced increase in mean RT for
LLD participants compared to controls in relation to increasing display size. This interaction
is both supported and extended by the main effect of group in the slope analysis, which
reflects higher slope values for display size (i.e., RT per item) in LLD participants compared
to controls. Because there was no main effect of group in the analysis of the intercept, the
slope finding specifically suggests that speed of comparing successive display items was
slower in LLD than controls (slope), rather than speed of other encoding/response processes
(intercept).The Group × Search Condition interaction indicates a more profound slowing of
mean RT in conjunction search relative to feature search; however, the interaction between
group and search condition was not significant for either RT slopes or intercepts. Thus,
while LLD patients were differentially sensitive to the attentional demands of conjunction
search in the mean RT data, consistent with Hammar and colleagues (Hammar et al., 2003a),
this effect was not sufficiently large to be evident within either the RT slope or intercept
data. Because mean RT captures all of the different cognitive processes related to visual
search, it is possible that the LLD effect is associated with relatively small decrements in
several component processes, which are not sufficiently isolated by the slope/intercept
analysis. It will be important to study visual search performance in acutely depressed young
adults to determine if the effects of age and depression can be more completely separated.

Performance on four neuropsychological measures of information processing speed and
attentional control were not significantly different between LLD and control groups (Table
1), which suggests that the group difference in the RT slope of visual search detected LLD-
related slowing that was not detectable by these measures. The lack of LLD-related
differences on traditional neuropsychological measures in the current study may reflect the
fact that it was designed and powered to detect differences in visual search rather than
neuropsychological differences, as previous studies have found differences between
depressed and nondepressed older adults on Trail Making Test and SDMT with larger
samples sizes (Butters et al., 2004; Sheline et al., 2006). In addition, no group differences in
visual search were detected either in the encoding and response processes represented by the
RT intercepts, or in overall mean RT of visual search. It is possible that group differences in
these aspects of visual search may be found with task changes that make conjunction search
more difficult, or which otherwise make search more inefficient. To our knowledge, visual
search has not been studied previously in LLD, and the analysis of search slope and
intercept functions provides new information about slowing at a specific comparison stage
of information processing, rather than a more general slowing of information processing
speed.

The current results should be evaluated with respect to the cognitive neuroscience of both
LLD and visual search. Studies of LLD suggest that both processing speed and attentional
control may be adversely affected by dysfunction of fronto-striatal networks (Alexopoulos,
Kiosses, Klimstra, Kalayam, & Bruce, 2002; Sheline et al., 2006; Sheline et al., 2010),
which may be due to aberrant brain activation or connectivity. Studies of attentional control
in LLD have not used visual search specifically, but functional magnetic resonance imaging
(fMRI) studies have found a pattern of greater task-related deactivation in the dorsolateral
prefrontal cortex (DLPFC) in LLD patients (Aizenstein et al., 2009; Wang et al., 2008),
which is a key region in the dorsal attention network and in the intrinsic connectivity of the
“task positive” network (Fox, Snyder, Barch, Gusnard, & Raichle, 2005; Kelly, Uddin,
Biswal, Castellanos, & Milham, 2008). Studies of visual search in nondepressed and
nonelderly samples using fMRI have identified a transiently activated ventral attention
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system that appears to respond to the occurrence of attentional targets, and a dorsal attention
network that demonstrates more sustained activation during search for targets, particularly
under conditions of inefficient search (Anderson et al., 2007; Mantini, Corbetta, Perrucci,
Romani, & Del Gratta, 2009; Parks & Madden, 2013; Shulman et al., 2003). Healthy older
adults have exhibited relatively greater engagement of the frontoparietal network during
attentionally demanding visual search (Madden et al., 2007). Thus, insufficient neural
activation to cognitive demand in the DLPFC and dorsal attention network of depressed
older adults may contribute to a plausible explanation for the slowing of visual search
performance observed in the current study; however, this should be tested in fMRI
paradigms specific to visual search.

A potential clinical implication of these results is that assessing processing speed over
multiple, precisely timed trials can reveal subtle processing speed deficits in LLD compared
to older adults with no history of depression. Response measurement over multiple trials
with precision timing can produce a smaller standard error, which may favor the detection of
significant effects at smaller sample sizes. Measures that can detect performance differences
between depressed and nondepressed older adults at smaller sample sizes could be useful in
clinical trials to treat cognitive impairments in depression, where smaller sample sizes can
lower the cost and time to conduct trials. In addition, tasks designed with careful attention to
minimizing confounds across conditions may be helpful in dissociating group differences in
cognitive subprocesses, such as the current distinction between comparison speed and
encoding/response speed in LLD.

Aside from clinical utility in depression, visual search tests may also have clinical utility in
other populations, such as early Alzheimer’s disease (Tales et al., 2011; Tales, Haworth,
Nelson, Snowden, & Wilcock, 2005), Parkinson’s disease (Mannan, Hodgson, Husain, &
Kennard, 2008; Uc et al., 2006), and stroke (Hildebrandt, Schutze, Ebke, Brunner-Beeg, &
Eling, 2005), as well as in functionally important issues such as the assessment and
remediation of driving ability (Jehkonen, Saunamaki, Alzamora, Laihosalo, & Kuikka,
2012; Lavalliere, Simoneau, Tremblay, Laurendeau, & Teasdale, 2012; Uc et al., 2006).
With respect to clinical practice, few tests from experimental paradigms provide the
normative data necessary for clinical interpretation, and this shortcoming will need to be
addressed before experimental paradigms like visual search can become useful tools for
clinical neuropsychological assessment.

There are limitations to note with this study. For instance, we did not have sufficient data to
analyze whether first depression onset in early or late life was related to search performance,
which may be important if cognitive profiles differ by age of onset. Another potential
limitation of the current study is that participants were enrolled in a naturalistic treatment
study designed to optimize individual treatment response (Steffens, McQuoid, & Krishnan,
2002), as opposed to studies in which all participants receive the same pharmacologic
treatment. While individuals with depression were typically treated with a selective
serotonin reuptake inhibitor (SSRI) as the first option, they were individually treated with
different types of antidepressants and combinations thereof. Although this constrains our
ability to analyze potential effects of single anti-depressant agents, we believe it unlikely
that medication differences in our study would have a systematic effect on visual search
performance, because most antidepressant medications have small-to-nonexistent effects on
cognitive performance (Podewils & Lyketsos, 2002; Siepmann, Grossmann, Muck-
Weymann, & Kirch, 2003), and antidepressant treatment would presumably lessen rather
than increase symptom severity. We note that the relatively high level of education in our
sample may not generalize to samples with lower levels of education, though a prior study
did not find education to moderate cognitive deficits between LLD and a nondepressed
control group (Bhalla et al., 2005). Finally, while we did identify a novel finding regarding
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comparison speed during visual search in LLD, the generalizability to information
processing speed in other cognitive domains such as working memory or episodic memory
remains to be established. In summary, these results suggest a specific slowing in the
comparison stage of visual search in LLD, rather than a general cognitive slowing. Although
this research furthers the argument that slowing of some cognitive processes is a specific
and core feature of LLD, the finding may not be unique to LLD and would benefit from
replication in younger samples with MDD. This underscores the need to work toward
identifying the relationship of specific components of cognitive slowing to depression across
a range of ages, and how specific profiles of cognitive slowing are related to clinical
phenotypes and neurocircuitry of LLD.
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Figure 1.
Example of visual search stimuli by search type.
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Figure 2.
Visual search reaction time (RT) for depressed (Panel A) and control (Panel B) participants
as a function of conjunction versus feature search type, target presence, and display size.
Values are means, across participants, of each participant’s median RT for correct responses.
Error bars are standard errors of the means.
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Table 1
Demographic, Clinical, and Neuropsychological Characteristics of the Study Groups

Depressed Control

Characteristic M (SD) M (SD) statistical test

Age (years) 67.66 (7.17) 69.53 (6.41) t(62) = 1.10

Education (years) 16.22 (2.52) 16.13 (2.27) t(62) = −0.16

% Women 53.13 56.25 χ2 = 0.06

% Caucasian 87.50 87.50 χ2 = 0.01

BDI-2 19.93 (8.16) 1.1× (1.55) t(33.24) = −12.84
a
*

MMSE 28.44 (1.46) 28.44 (1.44) t(62) = 0.01

SDMT 40.47 (9.10) 43.28 (9.98) t(62) = 1.18

TMT A (sec) 37.65 (12.63) 38.84 (12.58) t(62) = 0.38

TMT B (sec) 92.97 (42.32) 79.39 (39.26) t(61) = −1.32

TMT Diff (sec) 55.31 (36.78) 41.32 (34.49) t(61) = −1.56

Note. n = 32 per group, with one missing participant on TMT B. BDI-2 = Beck Depression Inventory-2 (Beck, et al., 1996). MMSE = Mini-Mental
State Examination (Folstein, et al., 2001). SDMT = Symbol-Digit Modalities Test (Smith, 1982). TMT = Trail Making Test, subtests A and B
(Reitan, 1992). TMT Diff = Trail Making Difference Score (TMT B – TMT A).

a
Value based on Satterthwaite t-test for unequal variance.

**
p < .01
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Table 2
Slope and Intercept Values of Reaction Time × Display Size Functions, by Search Type,
Target Presence, and Group

Depressed Control

Slope Intercept Slope Intercept

Search Target M (SD) M (SD) M (SD) M (SD)

feature present 2.72 (4.19) 633.43 (81.20) −0.30 (3.83) 634.13 (74.24)

feature absent 8.69 (7.83) 616.42 (86.24) 6.61 (5.69) 614.23 (64.22)

conjunction present 21.14 (9.82) 662.59 (112.51) 18.42 (7.10) 631.08 (73.14)

conjunction absent 46.57 (24.65) 667.30 (110.60) 36.06 (16.56) 676.82 (109.49)

Note. n = 32 per group; data are presented as means (across participants) for each task condition. Values are milliseconds. Slope = slope of the
linear RT × Display Size function (comparison time per item); intercept = intercept of the linear RT × Display Size function (encoding and
response time).
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Table 3
Pearson correlations of visual search slope with neuropsychological measures

Neuropsychological test

Search condition/target presence SDMT TMT A TMT B TMT Diff

Depressed participants

feature/present −.40* .54**† .40* 0.27

feature/absent −56**† .34 .34 0.28

conjunction/present −.20 .11 .33 0.34

conjunction/absent −.39* .29 .24 0.17

Control participants

feature/present −.17 .04 −.09 −0.10

feature/absent −.13 −.16 −.12 −0.09

conjunction/present −.45** .16 .52** 0.54**

conjunction/absent .06 −.06 .10 0.16

Note. n = 32 per group, with one missing participant on TMT B. SDMT = Symbol-Digit Modalities Test (Smith, 1982). TMT-A = Trail Making
Test Part A. TMT-B = Trail Making Test Part B (Reitan, 1992). TMT Diff = Trail Making Difference Score (TMT B – TMT A).

*
p < .05.

**
p < .01.

†
Remained significant after Bonferroni correction
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