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Abstract

Studies of older adults with depressive disorders indicate greater cognitive deficits and brain
alterations than would be expected for their age. There is some evidence that these findings are present
after a single episode of depression, but this work has been cross-sectional in nature. We investigated
both cross-sectional and longitudinal associations between a history of elevated depressive symptoms
(HDS), frontal lobe volumes, and cognitive performance within the context of normal age-related
changes over time in the Baltimore Longitudinal Study of Aging. After controlling for age, HDS was
associated with smaller total frontal gray matter volumes and with smaller regional volumes in the
cingulate gyrus and orbitofrontal cortex. Men, but not women, with HDS showed deficits in auditory
attention span at older ages. Results confirm previous reports that even a single episode of depression
is associated with adverse outcomes in older adults but suggest that HDS does not affect longitudinal
trajectories of cognitive and brain volume change.
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Numerous cross-sectional and longitudinal studies have demonstrated age-related cognitive
deficits and changes in brain structure and function (Park & Minear, 2004; Raz, 2004). Older
adults with major depression, minor depression, or elevated scores on depression scales appear
to have greater cognitive deficits and brain changes than would be expected for their age
(Alexopoulos et al., 2000; Gualtieri & Johnson, 2008; Harvey, Reichenberg, & Bowie, 2006;
Herrmann, Goodwin, & Ebmeier, 2007; Lockwood, Alexopoulos, & van Gorp, 2002). Some
studies have shown that the associations of depressive syndromes with cognitive deficits and
brain alterations increase at older ages and are greater in men than in women (Beekman,
Kriegsman, Deeg, & van Tilburg, 1995; Fuhrer, Dufouil, & Dartigues, 2003; Lavretsky et al.,
2004; Piccinelli & Wilkinson, 2000).
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In the Baltimore Longitudinal Study of Aging (BLSA) cohort, we have found cross-sectional
age differences and longitudinal declines in memory, executive functioning, language, and
visuospatial abilities (Dotson, Resnick, & Zonderman, 2008; Driscoll et al., 2006; Lamar,
Resnick, & Zonderman, 2003; Resnick, Lamar, & Driscoll, 2007). Previous findings from the
neuroimaging substudy of the BLSA indicate that normal aging is associated with gray matter
volume reduction in orbital and inferior frontal, cingulate, insular, inferior parietal, and mesial
temporal regions, widespread white matter changes, and functional changes including
decreased cerebral blood flow to frontal and temporal regions (Beason-Held, Kraut, & Resnick,
2008a, 2008b; Resnick, Pham, Kraut, Zonderman, & Davatzikos, 2003). Moreover, we found
that older adults with more chronic subthreshold depressive symptoms, without a history of
major depression, show greater cognitive and brain volume changes than would be expected
for their age, including cross-sectional reductions in attention and executive functions, volume
reduction in the cingulate gyrus and orbitofrontal cortex, and longitudinal decline in memory,
general cognitive status, and left frontal white matter volume (Dotson, Davatzikos, Kraut, &
Resnick, in press; Dotson et al., 2008). The associations of depressive symptoms with cognition
and brain structure increased with advancing age. Additionally, BLSA studies showed a
relationship between depressive symptoms and increased dementia risk in men but not women
(Dal Forno et al., 2005).

These findings were consistent with investigations by other researchers. For example, baseline
depressive symptoms have been found to predict longitudinal decline in global cognitive
functioning and memory (Chodosh, Kado, Seeman, & Karlamangla, 2007; Panza et al.,
2009; Sachs-Ericsson, Joiner, Plant, & Blazer, 2005; Wilson, Mendes De Leon, Bennett,
Bienias, & Evans, 2004), and younger adults with major depression have been found to show
longitudinal decline in gray matter volume in regions including the dorsomedial prefrontal and
the anterior cingulate cortices (Frodl et al., 2008). Similar to results in the BLSA, a four-year
longitudinal study found that older adults with major depression did not show greater declines
in hippocampal volume over time compared to controls (Greenberg, Payne, MacFall, Steffens,
& Krishnan, 2008). Moreover, previous studies have shown greater associations of depression
with cognitive deficits, dementia risk, and brain changes in men compared to women (Dal
Forno et al., 2005; Fuhrer et al., 2003; Lavretsky et al., 2004; Videbech et al., 2002).

Our previous work focused primarily on the correlates of chronic depressive symptoms;
however, other researchers have shown that even a single episode of depression in late life is
associated with cognitive deficits and structural abnormalities in the brain (Frodl, Meisenzahl,
Zetzsche, Bottlender et al., 2002; Frodl, Meisenzahl, Zetzsche, Born et al., 2002; MacQueen
etal., 2003; Yuan et al., 2007). This is an important finding because it suggests that the risk
of cognitive deficits and resulting functional decline is not only greater in older adults with
persistent depressive symptoms, but also in those who have experienced only one episode of
depression. Whether individuals with a history of a single episode of depression experience
greater cognitive and brain changes over time is unclear because previous studies comparing
individuals with and without a history of depression have been cross-sectional in nature.
Longitudinal studies of late-life depression have focused on individuals who were depressed
at baseline, rather than including individuals with any history of depression. Moreover,
previous work has been limited to few cognitive tests and brain regions.

Consequently, the purpose of the current study was to evaluate whether older adults with a
history of elevated depressive symptoms (HDS), defined as a score of 16 or greater on the
Center for Epidemiologic Studies Depression Scale (CES-D) (Yesavage et al., 1983), show
greater cross-sectional and longitudinal changes in cognition and brain structure than those
without HDS. Data were from the BLSA, but unlike our previous studies, we used a binary
categorization of individuals with or without HDS rather than using a continuous measure of
depressive symptom severity. This allowed us to examine whether having a single episode of
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elevated symptoms is associated with negative outcomes regardless of the severity of
symptoms or whether the symptoms are chronic in nature. Based on our previous work and the
work of others that has supported the role of the frontal lobes in the etiology of depression
(Alexopoulos, 2002; Drevets, 2000; Mayberg, 2003; Tekin & Cummings, 2002), we focused
our analyses on frontal regions of the brain and on attention, immediate memory, and executive
functions, cognitive abilities that are associated with frontal regions. We also examined
whether age or sex modified the relationship of HDS with cognition and brain volumes. We
expected to find greater cross-sectional differences and longitudinal decline in cognitive
abilities and brain volumes in individuals with HDS compared to those without HDS.
Furthermore, based on previous findings, we predicted that greater associations would be
observed in men compared to women, and with advancing age.

Data were obtained from the BLSA, a longitudinal study of community-dwelling, generally
healthy older adults who volunteer for medical, psychological, and cognitive testing every one
to two years (Shock et al., 1984). Exclusionary criteria at study enrollment included a history
of central nervous system disease (dementia, stroke, Parkinson's disease, epilepsy, and other
neurological conditions), severe cardiac disease (including myocardial infarction, coronary
bypass surgery, or angioplasty), and metastatic cancer. We excluded all data for participants
diagnosed with dementia or cerebrovascular disease (e.g., subarachnoid or intracerebral
hemorrhage, occlusion or stenosis of the cerebral arteries) at baseline or any follow-up
evaluations. Diagnoses of dementia were made at consensus diagnostic conferences based on
Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised criteria for
dementia and the National Institute of Neurological and Communication Disorders-
Alzheimer's Disease and Related Disorders Association criteria for Azheimer's disease
(McKhann et al., 1984). A more detailed description of this process is provided elsewhere
(Kawas, Gray, Brookmeyer, Fozard, & Zonderman, 2000). In addition, we excluded data for
individuals not reviewed by case conference at the time of the current study but exhibiting five
or more errors on the Blessed Information Memory and Concentration Scale (BIMCS) (Blessed
& Wilson, 1982) at any administration. We excluded participants with a self-reported history
of major psychiatric disorder other than major depression (e.g., schizophrenia, bipolar
disorder). The National Institute on Aging Intramural Research Program Institutional Review
Board approved this study and all subjects gave written informed consent.

Neuroimaging sample

The neuroimaging substudy of the BLSA (Resnick et al., 2000) includes a subset of BLSA
volunteers, aged 55 to 85 at baseline, who underwent annual MRI scans and cognitive
evaluations. The current study included data from 110 participants with two or more MRI scans
and two or more depressive symptoms assessments (mean age = 69.44, SD =7.61). The follow-
up interval ranged from 0.95 to 9.35 years (mean = 6.94, SD = 2.27). Demographic
characteristics for the neuroimaging sample are presented in Table 1.

Cognitive sample

Cognitive data were obtained from 890 BLSA participants who had two or more cognitive and
depressive symptoms assessments. Visits were excluded if the Primary Mental Abilities
Vocabulary score or any demographic variable that served as a covariate was missing.
Participants were aged 50 years or older at baseline (mean = 65.57, SD = 10.32) and had on
average 16.38 years of education (SD = 2.59). The follow-up interval ranged from 1.01 to
10.56 years (mean = 6.07, SD = 2.31). Cognitive tests in the BLSA are administered on a time-
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and age-based schedule, and participant characteristics vary for each test. Participant
characteristics for the entire cognitive sample are presented in Table 1.

As would be expected based on the selection criteria and frequency of visits for the
neuroimaging substudy, compared to the cognitive sample, participants in the neuroimaging
sample were older, were followed for a longer interval, and had more repeat visits (all p's <
001). Participants in the neuroimaging sample also had higher PMA Vocabulary scores (p <.
01).

Depressive Symptomatology

Depressive symptoms were measured with the CES-D. This 20-item inventory, which assesses
the frequency and severity of depressive symptoms experienced in the past week, is widely
used in epidemiological and longitudinal studies and has been validated in older community-
dwelling adults (Beekman et al., 1997; Haringsma, Engels, Beekman, & Spinhoven, 2004).
The CES-D was administered at each visit. Participants were considered to have a history of
elevated depressive symptoms (HDS) if their CES-D was >16 at any visit. This cutoff of 16 is
awell-accepted, standard cutoff for identification of clinically significant depressive symptoms
(Radloff, 1977). One hundred and eight-five (20.79%) of the participants in the cognitive
sample and 31 (28.18%) of the neuroimaging participants had at least one elevated CES-D
score. Information about the CES-D in this sample is provided in Table 2. Due to the greater
number of repeat visits in the neuroimaging sample, the number of available CES-D scores
was greater in this sample compared to the cognitive sample (p <.001).

Neuropsychological Assessment

Analysis of neuropsychological test data focused on frontal functions. The maximum number
of digits forward (Max-F) and backward (Max-B) from the digit span subtest of the Wechsler
Adult Intelligence Scale—-Revised (WAIS-R) (Wechsler, 1981) served as measures of attention,
immediate memory, and working memory. The Trail Making Test (Reitan, 1992) parts A
(TMT-A) and B (TMT-B) assessed attention and cognitive control. The TMT score was time
to completion in seconds, thus, higher scores indicate poorer performance. Letter fluency
(FAS) (Benton, 1968) served as a measure of executive retrieval. The California Verbal
Learning Test (CVLT) (Delis, Kramer, Kaplan, & Ober, 1987) assessed acquisition (i.e., total
free recall summed across trials 1 through 5 of list A: CVLT-A) and long-term retrieval (i.e.,
long-delay free recall: LDFR) of verbal information. Data for TMT and FAS include
participants age 60 and older, while digit span and CVLT data include participants age 50 and
older.

Image Acquisition

MRI acquisition procedures for the BLSA neuroimaging study are detailed elsewhere (Resnick
et al., 2000). MRI scanning was performed on a GE Signa 1.5 Tesla scanner (Milwaukee, WI).
A high-resolution volumetric spoiled gradient refocused (SPGR) series was used (axial
acquisition; repetition time = 35; echo time = 5; flip angle = 45°; field of view = 24; matrix =
256 x 256; number of excitations = 1; voxel dimensions of 0.94 x 0.94 x 1.5 mm slice
thickness).

Image Analysis

Image processing was based on a semi-automated approach with demonstrated validity and
high reliability (Goldszal et al., 1998; Resnick et al., 2003). First, images were reformatted
parallel to the intercommissural plane. Using a semi-automated procedure, an experienced
technician removed extracranial tissue, the cerebellum, and brainstem structures inferior to the
mammillary bodies. Images were segmented into white matter, gray matter, and cerebrospinal
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fluid (CSF). Regional volumetric measurements of specific regions of interest were
subsequently obtained via an automated computer-based template warping method (Shen &
Davatzikos, 2002). This technique uses a digital atlas labeled for brain lobes and individual
structures, including cingulate gyrus and orbitofrontal cortex. Atlas definitions are transferred
to each MRI scan via an image warping algorithm performing pattern matching of anatomically
corresponding brain regions. The volumes of gray matter, white matter, and CSF of each
labeled brain region were obtained by summing the number of voxels falling within each
region. Intracranial volume (ICV) was determined using the template warping algorithm
modified for head image registration. First, the ICV in the template is manually and carefully
delineated by an expert. Then, the template with its ICV mask is warped to the space of each
individual head. Finally, the warped ICV mask of template is used to directly extract the ICV
of the individual.

Statistical Analyses

Data were analyzed using linear mixed models in SAS 9.1 (SAS Institute, Cary, NC), which
estimate the unique effects of predictors, including both fixed and random effects, adjusting
for all other terms in the analysis. Mixed-effects models are the preferred method of examining
data comprising repeated outcome measurements obtained at non-uniform intervals, because
they account for correlations among repeated measurements on the same participant and are
unaffected by unequal numbers of assessments among individuals (Gueorguieva & Krystal,
2004). The models used an unstructured correlation matrix, which allowed every element in
the matrix to be freely estimated from the data

Primary analyses

Cognitive test scores and regional brain volumes (frontal gray matter, frontal white matter,
cingulate gyrus, and orbitofrontal cortex) were dependent variables in the primary analyses.
All models included HDS, baseline age, time interval, and interval? as independent variables.
Time interval represents years since baseline testing for each administration of the dependent
measure and indexes longitudinal age change, while baseline age indexes cross-sectional age
differences. Interval® was entered to model potential nonlinear changes over time in cognitive
function and brain volumes. All two-way interactions, as well as three-way interactions of
interest, were initially entered into the models. All independent variables and their interactions
were included as fixed effects. Interval and intercept were included as random effects in order
to account for the between- and within-subject variability in interval (i.e., time since baseline)
and between-subject variability in the baseline value of the dependent variable in each analysis.
A backward elimination procedure was employed in which all lower order terms remained in
the model while nonsignificant interaction terms (p > 0.05, two-tailed) were eliminated from
the model in stages until a final solution was reached. Analysis of brain volume measures were
adjusted for total intracranial volume and sex; cognitive models were adjusted for sex, self-
reported race, education, and scores on the Primary Mental Abilities vocabulary test (PMA)
(DeFries et al., 1974). A self-reported history of major depression, antidepressant use and the
presence of diabetes, hypertension, and heart disease were initially entered as covariates but
were subsequently removed from the models because they were nonsignificant predictors in
all analyses. HDS (0 = negative history, 1= positive history), sex (0 = women, 1 = men), and
race (0 = white, 1 = nonwhite) were treated as categorical variables, and all other variables
were treated as continuous variables.

To examine possible laterality effects, significant HDS associations with brain volumes were
followed by analysis of left and right regional volumes. Left and right cingulate gyrus volumes
were not analyzed separately because preliminary examination of test-retest correlations
indicated reduced stability for lateralized measures of this structure.
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Secondary analyses

Although frontal regional volumes were of primary interest in this study, we performed
secondary analyses to examine associations between HDS and total gray matter, total white
matter, and ventricular volumes. Mixed models were used and included identical predictor
variables and covariates as the primary analyses.

Results

Age, Brain Volumes, and Cognition

As expected, we observed both cross-sectional and longitudinal age differences in brain
volumes and cognitive performance. Analysis of brain volume data revealed cross-sectional
age effects, reflecting smaller volumes at older ages, for frontal white matter and the cingulate
gyrus (Table 3). Significant interval effects, reflecting longitudinal decline, were observed for
all regions, and an interval? effect for frontal gray matter and the orbitofrontal cortex revealed
accelerating longitudinal decline during the follow-up period.

Cross-sectional age differences were observed for all of the cognitive measures FAS (Table
4). Because higher scores on TMT-A and TMT-B indicate a longer completion time and thus
poorer performance, the regression coefficients for baseline age for these effects are in the
opposite direction of other tests. All cognitive measures except for Max-F showed declines
over time, and decline accelerated during the follow-up period for CVLT-A, LDFR, and TMT-
A. CVLT-A, TMT-A, TMT-B, and Max-B showed significant baseline age x interval effects
in which younger age at baseline was associated with stable or slightly improved performance
over time while older baseline age was associated with longitudinal cognitive decline. This
effect suggests that younger individuals experienced a practice effect, but practice effects were
overwhelmed by cognitive deterioration in older individuals.

Brain Volumes and a History of Elevated Depressive Symptoms

HDS was significantly associated with smaller volumes in frontal gray matter [F(1, 104) =
7.68, p =.007], the cingulate gyrus [F(1, 104) = 13.59, p = .0004], and the orbitofrontal cortex
[F(1, 104) = 6.26, p = .014], at older, but not younger, baseline ages (Table 3 and Figure 1).
Follow-up analyses revealed that the frontal gray matter effect was significant in both the left
and right hemispheres [F(1, 104) >5.05, p <.05], while the orbitofrontal effect was significant
in the left, but not the right, hemisphere F(1, 104) = 7.12, p = .009]. HDS was not associated
with longitudinal volume reductions, and sex did not affect the relationships between HDS and
brain volumes.

Secondary analyses—HDS was also associated with global brain volume changes. Results
of secondary analyses indicated a significant association between HDS and total gray matter
volumes [F(1, 104) = 17.41, p < .001] at older ages. HDS was not associated with total white
matter or ventricular volumes.

Cognition and a History of Elevated Depressive Symptoms

Associations between HDS and cognition were limited to Max-F (Table 4 and Figure 2). An
HDS x sex x baseline age effect [F(1, 623) = 4.05, p = .045] was observed for this measure,
reflecting a tendency for men, but not women, to show performance decrements at older ages
as a function of HDS. Longitudinal associations with HDS were not observed for any of the
cognitive measures.
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Discussion

The aim of this longitudinal study was to examine regional brain volumes and cognitive
performance in dementia-free older adults with and without a history of significant depressive
symptoms. Given the prominence of the frontal lobes in theories of the pathophysiology of
depression, we focused on frontal regions of the brain and on cognitive functions that are
mediated by the frontal lobes. As expected, age was associated with volume reduction in frontal
brain regions, attention and executive deficits, and longitudinal cognitive and brain volume
decline. Consistent with our hypotheses, many of these associations were exacerbated by HDS.

HDS and Regional Brain Volumes

Individuals with HDS had smaller frontal volumes, including total gray matter, cingulate gyrus,
and orbitofrontal cortex volumes, compared to those without HDS. Follow-up analyses
revealed that the effect was lateralized to the left hemisphere for orbitofrontal volumes. These
results are consistent with previous studies which documented structural abnormalities in the
frontal lobes of older adults with major (Ballmaier et al., 2004; Drevets et al., 1997; Lai, Payne,
Byrum, Steffens, & Krishnan, 2000) or minor (Kumar, Jin, Bilker, Udupa, & Gottlieb, 1998;
Kumar et al., 1997; Taki et al., 2005) depression. Indeed, frontal structures are prominent in
the prevailing theories of the etiology of depressive disorders (Alexopoulos, 2002; Drevets,
2000; Mayberg, 2003; Tekin & Cummings, 2002). Converging evidence from structural and
functional MRI (Ballmaier et al., 2004; Drevets et al., 1997; Lai et al., 2000; Yuan et al.,
2008), positron emission tomography (Alexopoulos, 2002; Bremner, Vythilingam, Vermetten,
Vaccarino, & Charney, 2004; de Asis et al., 2001; Mayberg, 2003), electrophysiology
(Pizzagalli, Peccoralo, Davidson, & Cohen, 2006; Tucker, Luu, Frishkoff, Quiring, & Poulsen,
2003), and neuropathology (Ongur, Drevets, & Price, 1998; Rajkowska et al., 1999) studies
implicate the frontal lobes in mood disorders. In many of these studies, findings have been
lateralized to the left hemisphere (Bench et al., 1992; Botteron, Raichle, Drevets, Heath, &
Todd, 2002; Dolanetal., 1992; Drevets etal., 1997), consistent with some of the present results.
Our results add to this literature by demonstrating associations between HDS and frontal
volumes within the context of longitudinal age-related volume decline over a period of up to
9 years.

Secondary analyses revealed that individuals with HDS had smaller total gray matter volumes
compared to those without HDS. Depression-related differences in global measures of brain
atrophy have been reported in some previous studies in older adults (Alexopoulos, Young, &
Shindledecker, 1992; Beats, Sahakian, & Levy, 1996; Pantel et al., 1997), but not in others
(Bremner et al., 2002; Kumar et al., 1998). In the current study, the number of assessments
(780 total scans) increased our ability to detect differences in global brain volumes. Moreover,
after 8-year follow-up, our sample included participants up to the age of 93. As discussed
below, depressive symptoms may have greater associations with structural abnormalities in
the brain with advancing age.

HDS and Cognition

Compared to those without HDS, men with HDS had a smaller auditory attention capacity
reflected in a lower maximum span on digit span forward. This effect was not observed in
women. Previous studies have shown sex differences in the associations of depressive
syndromes with cognitive decline, dementia, and brain structure and function (Dal Forno et
al., 2005; Fuhrer et al., 2003; Lavretsky et al., 2004; Videbech et al., 2002). Generally, sex
differences reflect greater associations in depressed men than in women (Beekman et al.,
1995; Piccinelli & Wilkinson, 2000). In our study, HDS was differentially associated with
cognitive functioning, but not brain volumes, in men compared to women. The lack of
correspondence between frontal volumes and auditory attention results may be attributed to
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our examination of total frontal lobe volume, rather than analysis of regions of the frontal lobe
such as the dorsolateral prefrontal cortex, which have been linked to digit span performance
(Gerton et al., 2004). There is evidence that the clinical presentation of depression differs in
men and women (Beekman et al., 1995; Ernst & Angst, 1992) and that different symptom
dimensions of depression (e.g., somatic vs. mood symptoms) have distinct relationships with
cognitive and brain changes (Baune, Suslow, Arolt, & Berger, 2007; Bench, Friston, Brown,
Frackowiak, & Dolan, 1993; Dunn et al., 2002; Milak et al., 2005). This suggests that sex
differences in the cognitive and neuroanatomical correlates of depression may be linked to
varying severity of particular symptom dimensions in men and women. Such examination is
beyond the scope of the current paper but is of interest for future studies.

In the current study, HDS was not associated with measures of frontal functions other than
auditory attention span. This finding is in contrast to previous work of ours and of others
(Alexopoulos, 2002; Baune, Suslow, Engelien, Arolt, & Berger, 2006; Butters et al., 2004;
Dotson et al., 2008; Lesser et al., 1996; Ravdin, Katzen, Agrawal, & Relkin, 2003) that has
demonstrated depression- and depressive symptom-related deficits on a variety of tasks that
place demands on executive processes. For example, both major and minor depression in older
adults has been associated with impaired performance on executive tests including TMT-B
(Baune et al., 2006; Butters et al., 2004). Moreover, depressive symptoms in older adults have
been associated with poorer performance on letter fluency (Ravdin et al., 2003). We have also
previously found that higher concurrent depressive symptoms are associated with poor
performance on TMT-B and letter fluency (Dotson et al., 2008). Furthermore, chronic
depressive symptoms were associated with deficits on TMT-A and TMT-B and with
longitudinal decline on CVLT-A, LDFR, and digits forward. Power analyses revealed
sufficient power to detect even a small effect size in our cross-sectional and longitudinal
analyses of both cognitive and volume data, thus, the absence of effects for more cognitive
measures is not attributable to sample size. Rather, the disparate results in the present study
may be due to differences in the measurement of depressive symptoms. In contrast to the current
categorization of participants into two groups (with or without HDS), our previous study used
continuous measures of depressive symptom severity, which may have been more sensitive in
detecting associations between cognitive performance and depressive symptoms. Moreover,
unlike previous studies, the current study did not consider depressive symptoms at the time of
cognitive performance or the chronicity of symptoms. Perhaps executive functions are affected
by depressive symptoms only if the symptoms are chronic or are present at the time of cognitive
assessment. Since underlying neuropathology appears to mediate the cognitive deficits
observed in depressed individuals, the finding that poor digit span performance was associated
with HDS suggests that the cortical network that underlies performance on this task may be
more vulnerable to single episodes of elevated depressive symptoms than are other regions of
the brain. Previous research suggests that this network may include regions within the
dorsolateral prefrontal cortex, inferior parietal lobule, and insula (Gerton et al., 2004).

Age by HDS Interactions

Associations of HDS with frontal volumes and auditory attention capacity increased as a
function of age, confirming previous findings of an additive or interactive effect of age and
depression on cognitive and brain changes (de Asis et al., 2001; Dotson et al., 2008; Konarski
etal., 2007; Lockwood et al., 2002). These observations are not surprising considering the
overlap between the cognitive and neuroanatomical correlates in normal aging and in
depression. Aging and depression are independently associated with deficits in executive
functions, memory, and processing speed (Castaneda, Tuulio-Henriksson, Marttunen,
Suvisaari, & Lonnqgvist, 2008; Park & Minear, 2004), structural and functional changes in a
network of brain regions that includes frontal, temporal, and striatal regions (Drevets, 2000;
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Mayberg, 2003; Raz, 2004), and neurotransmitter changes (Goldman-Rakic & Brown, 1981;
Nutt et al., 2006).

Although depression-related cognitive and brain changes have been reported in both young
and older adults, differences are most consistently seen in older adults. Thus, it would appear
that depressive symptoms have more of an adverse impact in older adults, possibly because
they are already vulnerable to age-related cognitive and neurobiological disturbances.
Additionally, this pattern of results may be partially attributed to the inclusion of individuals
with late-onset depression in studies of geriatric depression. Within elderly samples, late-onset
depression has been linked to greater cognitive deficits and alterations in the brain compared
to early-onset depression (Rapp et al., 2005; Salloway et al., 1996). Thus, the underlying
pathophysiology and the sequelae of depression may differ as a function of the age at which
the symptoms are experienced as well as the age of onset of symptoms.

Study limitations include the lack of availability of detailed information regarding psychiatric
history, including verified information regarding past and current diagnoses of mood disorders
and age of onset of depressive symptoms, which would have provided the opportunity for us
to address this issue. Detailed psychiatric history would also clarify whether the episodes of
elevated depressive symptoms corresponded with a confirmed diagnosis of major depressive
episode rather than more transient symptoms. An additional limitation of the study is the lack
of representativeness of the BLSA sample, which comprises primarily well-educated, White
participants. However, this limitation also confers an advantage, because the homogenous
nature of the sample minimizes the effect of demographic factors on our results. These
limitations are outweighed by the strengths of this study, including the relatively large sample
sizes and follow-up periods, which allowed a unique opportunity to examine a well-
characterized group of older adults over time. Additionally, in contrast to many studies of late-
life depression, we were able to prospectively diagnose individuals with dementia and exclude
them from our analyses, increasing our confidence that our results are attributable to HDS
rather than incipient dementia. Moreover, the longitudinal nature of the study allowed us to
not only exclude individuals with cerebrovascular disease at baseline but also those who
developed cerebrovascular conditions during the study interval. As a result, we were able to
minimize the possibility that cerebrovascular disease mediated our results.

Taken together, our findings confirm previous reports that even a single episode of depression
or elevated depressive symptoms is associated with adverse outcomes in older adults.
Moreover, results extend previous findings by suggesting that a history of elevated depressive
symptoms is associated with primarily cross-sectional differences rather than longitudinal
changes over time. Differences in brain volumes as a function of HDS do not appear to differ
for men and women, while only men with HDS showed deficits in attention compared to those
without HDS. Finally, this study confirms previous reports that age and depressive symptoms
may have an additive effect on cognitive abilities and brain integrity. These results have
implications for the management and treatment of depressive disorders and cognitive decline
in older adults. Given the interrelationships between depressive disorders, brain changes, and
cognitive impairment in older adults, results suggest that intervention for depressive symptoms
is important even in individuals whose symptoms are not recurrent. Because depression is a
treatable risk factor for cognitive decline, management of depressive symptoms may delay the
onset of cognitive impairment in older adults.

Our future work will further explore age and sex differences in the correlates of depression by
examining the relationships between clinical dimensions of depression and changes in
cognitive functioning, brain structure, and blood flow over time in older men and women. We
will also investigate the temporal relationship between depressive symptoms, cognitive
deficits, and neurobiological changes to clarify whether depressive symptoms are etiological
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contributors to or sequelae of cognitive and brain changes, or if some common underlying
pathophysiology predisposes older adults to depression, cognitive changes, and brain changes.
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Figure 1.
Relationship between a history of elevated depressive symptoms (HDS) and brain volumes for

those regions that showed significant HDS effects. Values represent estimated scores computed
from parameter estimates of the individual mixed-effects regression equations including all
main effects and significant interactions. Estimated scores were calculated as the intercept plus
the sum of each predictor variable multiplied by its regression coefficient. Z-scores are based
on the sample mean and standard deviation and are used only for visual display. Mean regional
volumes of individuals with no history of Center for Epidemiologic Studies Depression Scale
(CES-D) scores of 16 or greater are represented by solid bars. Mean regional volumes of
individuals with at least one CES-D score of 16 or greater are represented by striped bars.
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Figure 2.

Relationship between a history of elevated depressive symptoms (HDS), sex, and maximum
digit span forward, the sole cognitive measure that was associated with HDS. Values represent
estimated scores computed from parameter estimates of the individual mixed-effects regression
equation including all main effects and significant interactions. Estimated scores were
calculated as the intercept plus the sum of each predictor variable multiplied by its regression
coefficient. Z-scores are based on the sample mean and standard deviation and are used only
for visual display. Mean scores of individuals with no history of Center for Epidemiologic
Studies Depression Scale (CES-D) scores of 16 or greater are represented by solid bars. Mean
scores of individuals with at least one CES-D score of 16 or greater are represented by striped
bars.
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Neuroimaging Sample

Total Cognitive Sample

n

Baseline age (years)**
Education (years)

Sex (N (%), Males/Females)
Handedness (N (%), Right/Non—Right)**
PMA Vocabulary score™

Race (N (%), White/Nonwhite) ™
Follow-up interval (years)**

No. of repeats**

No. with self-reported depression history

110
69.44 (7.61)
16.18 (2.73)

65 (56%)/52 (44%)
113 (97%)/4 (3%)
42.42 (8.09)
102 (87%)/15 (13%)
6.94 (2.27)
7.34(2.29)

11

890
65.57(10.32)
16.38 (2.59)

472 (53%)/418 (47%)
804 (93%)/60 (7%)
40.50 (8.76)

753 (85%)/137 (15%)
6.07 (2.31)
4.34(2.05)

142

Note: The sample size varied for each cognitive test. n = 614 for the California Verbal Learning Test, 452 for the Trail Making Test, 641 for Digit
Span, and 452 for Letter Fluency. Participants in the neuroimaging sample were older, had higher PMA Vocabulary scores, were followed for a longer
interval, and had more repeat visits. The neuroimaging sample had a higher proportion of right-handed and White participants.

*
indicates significance at p <.05

*k
indicates significance at p <.01
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Neuroimaging Sample

Cognitive Sample

No. of CES-D measurements™ 6.59 (2.13)
Average CES-D 5.79 (6.39)
Range of CES-D scores 0-35

Frequency of CES-D scores >16™"

0

o 0o~ W N

79 (71.82%)
17 (15.45%)
8 (7.27%)
1(.91%)
1(.91%)
3 (2.73%)
1(.91%)

3.94 (1.83)
5.86 (6.13)
0-42

705 (79.21%)
137 (15.39%)
37 (4.16%)
5 (.56%)

3 (.34%)

1 (.11%)

2 (.22%)

Note. CES-D = Center for Epidemiologic Studies Depression Scale.

F%k

indicates significance at p <.01
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