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Abstract

Objectives—Late-life depression is associated with cognitive deficits and increased risk for
cognitive decline. The purpose of the study was to determine whether clinical characteristics could
serve as phenotypes informative of subsequent cognitive decline. We examined age of depression
onset and antidepressant remission at 3 months (acute response) and 12 months (chronic
response).

Design—A longitudinal study of late-life depression in an academic center.

Participants—273 depressed and 164 never-depressed community dwelling elders aged 60 years
or older were followed on average for over five years.

Measurements—~Participants completed annual neuropsychological testing. Neuropsychological
measures were converted to z-scores derived from the baseline performance of all participants.
Cognitive domain scores at each time were then created by averaging z-scores across tests,
grouped into domains of episodic memory, attention-working memory, verbal fluency, and
executive function.

Results—Depressed participants exhibited poorer performance at baseline and greater
subsequent decline in all domains. Early-onset depressed individuals exhibited a greater decline in
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all domains than the late-onset or nondepressed groups. For remission, remitters and nonremitters
at both 3- and 12-months exhibited greater decline in episodic memory and attention-working
memory than nondepressed subjects. 3-month remitters also exhibited a greater decline in verbal
fluency and executive function, while 12-month nonremitters exhibited greater decline in executive
function than other groups.

Conclusions—Consistent with past studies, depressed elders exhibit greater cognitive decline
than nondepressed subjects, particularly individuals with early depression onset. This supports that
repeated depressive episodes may contribute to decline. Clinical remission is not associated with
less cognitive decline.
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INTRODUCTION

Late-life depression (LLD) is commonly associated with impaired cognition and increased
risk of dementia, 12 but the underlying relationship between depression and dementia is
unclear. Nondemented elders with major depressive disorder exhibit cognitive dysfunction
across multiple domains including executive function, episodic memory, visuospatial ability,
and processing speed.3-> Both retrospective and prospective studies demonstrate that LLD is
associated with a two-fold increased risk of Alzheimer’s disease and vascular dementia.26:7
Similar to nondepressed populations, cognitive decline is linked to worsening
cerebrovascular disease,® hippocampal volume loss,? and amyloid deposition.1? However,
others report that the effect of depression on cognition is independent of underlying
neuropathology.11:12 Thus pathological brain aging contributes to cognitive decline, but
depression may have an independent effect on cognition, although the mechanism is unclear.
It is also unclear whether there are clinical phenotypes within LLD that inform clinicians
about risk of future decline.

Age of depression onset has previously distinguished phenotypes within LLD. This
approach utilizes the age of the initial depressive episode to dichotomize older adults into
late-onset depression (LOD) or early-onset depression (EOD), typically using an age cutoff
between 50-60 years. The distinction developed from cross-sectional studies reporting that
LOD is associated with greater neuroanatomical differences and cognitive impairment than
EOD,13.14 although others have not observed similar relationships.3#1° Subsequent
longitudinal studies found that both EOD and LOD are associated with increased dementia
risk 16 and that individuals with both midlife and late-life depressive symptoms are at greater
risk of dementia than those with only midlife or late-life symptoms.1” Thus greater numbers
of lifetime depressive episodes are associated with increased dementia risk.18 Individuals
with EOD may be at particular risk as they would be expected to have a greater number of
depressive episodes than individuals with LOD.

Individuals with LOD and EOD may be at increased risk of cognitive decline through
multiple complementary pathways.11:19 First, a “shared pathology” hypothesis is relevant for
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LOD. In this model, underlying neurodegenerative or vascular processes contribute to both
cognitive decline and also negatively affect neural circuits involved in mood regulation.20
Damage to such circuits may predispose individuals to depression and diminish the ability of
antidepressants to modify brain function and connectivity, resulting in poorer clinical
response.2! Thus clinically relevant depressive symptoms in context of mild cognitive
symptoms may be an early marker of brain pathology. Second, a “depression neurotoxicity”
hypothesis proposes that repeated depressive episodes contribute to pathological brain aging
and cognitive decline.1® On imaging, this may be characterized by white matter
hyperintensities or regional atrophy. Mechanistically, depression may have this effect
through altered hypothalamic-pituitary-adrenal (HPA) axis function or proinflammatory
processes.1® Recurrent immune system dysregulation during depressive episodes may
contribute to pathological brain aging and cognitive decline.2223 Other hypotheses focusing
on environmental, behavioral, or genetic differences are also viable and may interact with
these pathways. For example, behavioral changes seen in depression, such as poor
nutritional intake, reduced physical activity, and impaired sleep also influence vascular risk
and proinflammatory processes. These factors may exacerbate neurotoxic effects of repeated
depressive episodes.

These theories suggest that poor antidepressant responses may represent a clinical phenotype
characterized by greater cognitive decline. Deficits in executive dysfunction and other
cognitive domains are associated with poorer acute antidepressant medication responses and
persistent long-term depressive symptoms. 2024-26 Syccessful antidepressant treatment may
improve cognitive performance acutely 27 although performance may not reach age-adjusted
levels and deficits often persist despite successful treatment.528-30 Moreover, individuals
with persistent depressive symptoms exhibit more rapid pathological brain aging,31:32
although it is unclear whether persistent depression hastens brain aging or whether brain
aging influences the clinical antidepressant response.

The purpose of the study was to examine whether clinical characteristics of age of onset or
achieving antidepressant remission serve as phenotypes informative of subsequent cognitive
decline. We compared longitudinal change in cognitive performance between clinical LLD
phenotypes and a cohort of never-depressed elders. We tested for differences based on age of
depression onset, hypothesizing that individuals with EOD would exhibit a greater decline in
neuropsychological test performance.1”:18 Similarly, we characterized depressed participants
based on remission status at clinical milestones of 3 months (acute remission) and 12
months (chronic remission). We hypothesized that nonremitted individuals would exhibit
greater decline in performance over time.

METHODS

Sample

All participants were age 60 years or older and enrolled in the Duke University
Neurocognitive Outcomes of Depression in the Elderly (NCODE) Study. Depressed
participants had acute Major Depressive Disorder per DSM-1V criteria with a Center for
Epidemiologic Studies — Depression (CES-D)33 score > 15. Diagnosis was based on the
NIMH Diagnostic Interview Schedule (D1S)34 and confirmed by clinical interview with a
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geriatric psychiatrist. Exclusion criteria included: (1) another major psychiatric illness; (2)
alcohol or drug abuse or dependence; (3) primary neurologic illness, including dementia.
Individuals with comorbid anxiety disorders were not excluded as long as MDD was the
primary diagnosis. Depressed participants were recruited through clinical referrals and
limited advertisements. As previously reported,3® at entry depressed participants were often
on antidepressant medications from prior treatment. Seventy percent of individuals were
taking a selective serotonin reuptake inhibitor (SSRI) but only 18% were on SSRI alone.
Other medications included tricyclic antidepressants (16%), monoamine oxidase inhibitors
(1%), and other antidepressants (e.g., bupropion, venlafaxine, mirtazapine, trazodone, and
duloxetine; 68%). Only 9% of individuals were not taking antidepressant medications at
enrollment.

A smaller proportion of depressed participants took psychotropic medications from other
drug classes. Twenty-one percent (N=58) of depressed participants were on an anxiolytic
medication (such as lorazepam or alprazolam), 2.6% (N=7) on hypnotics specifically for
sleep (including flurazepam, zolpidem, or zaleplon), and 3.6% (N=10) on antipsychotic
medications.

Non-depressed community-dwelling participants were recruited from the Duke University
Center for Aging Subject Registry. Eligible nondepressed participants had a non-focal
neurological examination, no history of neurological or psychiatric disease, and no evidence
of a lifetime depression diagnosis based on the DIS. All participants provided informed
consent and the study was approved by the Duke University Institutional Review Board.

We have previously reported data from the NCODE study examining cognitive outcomes of
depression.8:9:35-37 Data used in those analyses are also included in the current study. This
study differs from those prior reports in various ways, including examining a larger sample
size, examining change in cognition over a longer period of time, and in some cases
examining change in cognitive performance across multiple domains.

Clinical Evaluation and Treatment

Demographic data and age at the time of the initial depressive episode were assessed using a
structured interview. Comorbid medical problems (diabetes, hypertension, and heart disease)
were assessed during that interview using self-report questions derived from the NIMH
Epidemiological Catchment Area program.38 The clinician-rated Montgomery-Asberg
Depression Rating Scale (MADRS) 39 was also used to assess severity in depressed
participants, but MADRS data were not available for the nondepressed participants.

Depressed subjects were treated according to the Duke Somatic Treatment Algorithm for
Geriatric Depression.*? This stepwise algorithm allows broad use of commercially available
antidepressant medications. The majority of depressed subjects began sertraline on study
entry, but the antidepressant regimen differed across the sample based on depression
severity, past history, and medication tolerability. Switching antidepressant medications and
augmentation strategies were allowed as indicated. Participants were evaluated at least every
three months and more frequently if clinically indicated.
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Neuropsychological Assessment

Individuals were screened and excluded for dementia at enrollment on the basis of an
established protocol that included a comprehensive clinical evaluation and consultation with
referring physicians. Additionally, participants were excluded for a score of 24 or less on the
Mini-Mental State Examination. Following standardized procedures, participants completed
neuropsychological testing at baseline and annually thereafter. Using our previously
published strategy,3® we created z-scores for each neuropsychological measure derived from
baseline performance across all participants. We then created cognitive domain scores by
averaging z-scores across tests, grouped into rational constructs on the basis of clinical and
research literature. The Trail Making Test (Part B) was reverse-scored prior to z-score
conversion so that higher scores represented better performance for all variables. Cronbach's
coefficient alpha (a) was computed for each domain.

. Episodic memory: Consortium to Establish a Registry for Alzheimer's Disease
(CERAD) Word List Learning, CERAD Word List Delayed Recall, Logical
Memory | and Il subtests from the Wechsler Memory Scale—Revised, and the
Benton Visual Retention Test. Cronbach's a was 0.80.

. Executive Function: The Symbol Digit Modalities Test and Part B of the Trail
Making Test. Cronbach's a was 0.74.

. Verbal fluency: Animal Naming and the Controlled Oral Word Association Test.
Cronbach's a was 0.83.

. Attention-Working memory: Forward and backward subtests of Digit Span and
Ascending Digit Span. Cronbach's a was 0.84.

Definition of Depression Phenotypes

We dichotomized the depressed group based on clinically relevant factors in order to
examine differences in longitudinal course of neuropsychological performance between
subgroups. We first dichotomized the depressed group based on age of onset of their first
depressive episode, defined as early onset depression (EOD, onset before age 50 years) or
late onset depression (LOD, onset at age 50 years or later). Although others used an older
cutoff for the definition of LOD, we selected a younger cutoff as this is an age range where
significant medical comorbidity can develop, is an age where preclinical Alzheimer’s
disease pathology can develop,*! and is consistent with our past approaches.#2-44 This lower
cutoff also allowed us to maximize power for longitudinal group comparisons.

We also dichotomized the depressed group based on whether they did or did not achieve
clinical remission, using 3-months as a marker of acute remission and 1-year as a marker of
remission with chronic treatment. Remission was dichotomized based on the clinician-rated
MADRS at each time point, defined as a MADRS of 6 or less. Although this is a lower
cutoff than used in some other studies that may define remission as a MADRS of 8 or less,
we desired to identify individuals with minimal depressive symptoms at these times.
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Statistical Analyses

RESULTS

For neuropsychological data, we created Z-scores for each measure based on the baseline
performance of all participants as described above. These neuropsychological domain Z-
scores were used as a repeated measures dependent variable. We utilized all available
neuropsychological test data. If data were missing for a specific task, we did not calculate a
Z-score for the associated domain for that individual but used other domains where all data
were available. This resulted in differences in sample sizes across the four domains. To be
included in analyses, participants needed to have completed at least two separate
neuropsychological testing sessions.

Statistical analyses were conducted using SAS 9.4 (Cary, NC, USA). All statistical models
shared similar independent variables and were distinguished by the definition used to define
the group variable (depression diagnosis, age of onset, or remission status). We used general
linear models to assess for baseline differences in neuropsychological domain z-scores
between groups while controlling for age, sex, race, and education (in years). When the
group variable in these analyses were statistically significant, we then conducted pairwise
group comparisons of the cognitive domain z-score using the LSMEANS option in SAS.

Longitudinal analyses utilized mixed models specifying random intercepts by subject
identifier with an unstructured covariance structure. In these models, cognitive domain z-
score was a repeated measure, with independent variables of age, sex, education, race, study
time and baseline neuropsychological domain Z-score. Initial longitudinal analyses
additionally tested for interaction terms between time and vascular risk factor medical
morbidity. The primary variable of interest was an interaction term between time and
diagnostic group, allowing us to determine whether there was a different effect of time on
neuropsychological domain performance across groups. For models with a statistically
significant interaction term between time and group, we then examined the effect size of the
interaction term and group differences in slope (representing change in z-transformed
cognitive domain score over one year of time).

We examined data on 437 older adults. The 273 depressed and 164 nondepressed
participants differed significantly on age, education, and report of vascular risk factor
morbidity (Table 1). Depressed participants had an average age of initial depression onset of
40.8y (SD=20.6y, range 4y — 86y). Participants were in the study for an average of 68.0
months (SD = 49.3, range 9.8 — 182 months), with the nondepressed group participating for
an overall longer duration. Not all participants had data across the entire study period. Data
on the proportion of participants who had neuropsychological data at each study time point
is detailed in Supplemental Table 1.

Comparisons in cognition between diagnostic groups

Initial univariate analyses demonstrated that depressed individuals performed more poorly
across all four cognitive domains (Table 1; scores on individual tests are included in
Supplemental Table 2). Models controlling for age, sex, education, and race likewise found
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statistically significant group differences in baseline neuropsychological test performance
for episodic memory (N = 437; Fq 431 = 24.64, p <0.0001), attention-working memory (N =
409; F1 403 = 7.33, p = 0.0071), verbal fluency (N = 437; F1 431 = 25.36, p <0.0001), and
executive function (N = 432; F1 406 = 42.49, p <0.0001). In these analyses, the depressed
group performed more poorly than the nondepressed group.

In longitudinal repeated measures analyses, we tested for the effects of medical morbidity on
change in cognitive performance by incorporating an interaction term examining time and
self-report of vascular medical morbidity (presence of hypertension, diabetes, or heart
disease). These terms were not statistically significant in any model, so measures of medical
morbidity were removed from analyses. the final models we found statistically significant
group by time interactions in all domains, with the depressed group exhibiting a greater
decline in performance over time (Figure 1A). This was true for episodic memory (one-year
difference in z-score domain change = -0.0235, SE = 0.0049; F = 23.38, 1,1793 df, p
<0.0001; effect size [ES] = 0.014), attention-working memory (difference = -0.0337, SE =
0.0061; F = 30.20, 1,1591 df, p < 0.0001; ES = 0.012), verbal fluency (difference = —0.0130,
SE =0.0057; F =5.15, 1,1817 df, p = 0.0234; ES = 0.003) and executive function
(difference = -0.0147, SE = 0.0054; F = 7.29, 1,1750 df, p = 0.0070; ES = 0.011).

Comparisons based on age of depression onset

In addition to 164 nondepressed participants, analyses included 267 depressed elders (6
individuals were missing age of onset data), 167 with EOD (first episode prior to age 50y)
and 100 with LOD (first episode at age 50y or older). Group comparisons between the EOD
and LOD groups demonstrated that the LOD group was older, had slightly fewer years of
education, and a higher representation of men (Supplemental Table 3). There were no
significant group differences in depression severity or medical morbidity. They were in the
study for comparable amounts of time (EOD: mean 64.8 months; LOD: mean 63.8 months).

Univariate analyses of z-transformed cognitive domain scores suggested that the LOD group
performed more poorly at baseline on episodic memory and verbal fluency (Supplemental
Table 3). In models including nondepressed participants and controlling for demographic
differences, we found statistically significant group differences in baseline test performance
for episodic memory (F; 422 = 16.49, p <0.0001), attention-working memory (F2 3g9 = 3.98,
p = 0.0194), verbal fluency (F2 422 = 14.40, p <0.0001) and executive function (F 413=
23.31, p <0.0001). In pairwise group comparisons (Supplemental Table 4), we did not
observe significant difference in baseline performance in any domain between depressed
groups. The nondepressed group performed significantly better in all domains than both
depressed groups, except for attention-working memory, where the difference between the
nondepressed and EOD group was not significantly different.

In longitudinal repeated measures analyses, we found statistically significant group by time
interactions in all four domains (Table 2, Figure 1B). For domains of episodic memory,
verbal fluency, and executive function, the EOD group exhibited a greater decline in
performance over time than either the LOD or nondepressed groups, who did not
significantly differ. For the attention-working memory domain, we observed that the EOD
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exhibited a significantly greater decline than the LOD group, who in turn exhibited a greater
decline than the nondepressed group.

Comparisons based on 3-month remission status

At three months, 193 depressed subjects were nonremitted and 77 were remitted. Three
depressed individuals did not have 3-month clinical data so were not included in these
analyses. In models controlling for demographics, there were statistically significant group
differences in baseline performance for episodic memory (F; 417 = 11.62, p <0.0001),
attention-working memory (F 3g6 = 3.64, p = 0.0272), verbal fluency (F2 422 = 11.64, p
<0.0001) and executive function (F 407= 21.26 , p <0.0001). In pairwise group comparisons
(Supplemental Table 5), the remitted and nonremitted subjects did not differ in baseline
performance in any domain. Both depressed groups also performed worse than the
nondepressed groups in episodic memory, verbal fluency, and executive function. For
attention-working memory, the remitted group performed comparably to the nondepressed
group, while the nonremitted group performed worse.

In longitudinal repeated measures analyses, we found statistically significant group by time
interactions in all four domains (Table 3, Figure 1C). For domains of episodic memory and
attention-working memory, both depressed groups exhibited a greater decline in
performance than did the nondepressed group, but there was no significant difference
between the depressed groups. For executive function and verbal fluency, the 3-month
remitters exhibited greater decline than either the nonremitting or nondepressed groups, but
change in performance for nonremitters did not differ from nondepressed subjects.

Comparisons based on twelve-month remission status

At twelve months, 145 depressed subjects were nonremitted and 128 were remitted. In
models controlling for demographics, we found statistically significant group difference in
baseline neuropsychological test performance between nondepressed, 12-month remitters,
and 12-month nonremitting groups for episodic memory (F2 424 = 14.33, p <0.0001),
attention-working memory (F2 390= 4.01, p = 0.0189), verbal fluency (F3 428 = 13.08, p
<0.0001) and executive function (F2 414 = 22.13, p <0.0001). In pairwise group comparisons
(Supplemental Table 6), the remitted and nonremitted subjects did not differ in baseline
performance in any domain. Both depressed groups also performed worse than the
nondepressed groups in all domains.

In longitudinal repeated measures analyses, we found statistically significant group by time
interactions in all domains (Table 4, Figure 1D). For episodic memory and attention-working
memory domains, both depressed groups exhibited greater decline over time than did the
nondepressed cohort but there was no significant difference in change between the depressed
cohorts. For executive function, the nonremitting group exhibited a greater decline in
performance over time when compared with both the remitting and nondepressed groups,
but there was no significant difference in change over time between the remitting and
nondepressed groups. For verbal fluency, the remitted group exhibited significantly greater
change than did the nondepressed group, but other group comparisons were not significantly
different.
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DISCUSSION

This long-term longitudinal study, following participants over an average of 5.7 years, has
several key findings. First, depressed participants exhibited a greater decline than did
nondepressed elders in domains of episodic memory, attention-working memory, verbal
fluency and executive function. Second, EOD subjects declined more rapidly than either
nondepressed or LOD subjects across all domains, while LOD subjects declined more
rapidly than nondepressed subjects only in attention-working memory. Finally, remission
status at 3 or 12 months was not associated with a benign cognitive course. Both remitters
and nonremitters declined at comparable rates and faster than the nondepressed group in
measures of episodic memory and working memory, with group differences also be observed
in verbal fluency and executive function. However, it should be acknowledged that the
degree of change observed across groups was low, with small effect sizes.

These results support past work associating LLD with cognitive decline.2~7 Supporting past
negative studies, 3415 we did not observe any baseline differences in cognitive domain
performance between the EOD and LOD groups. In longitudinal analyses, the EOD group
exhibited greater decline than other groups, while aside from working memory, the LOD
exhibited a rate of change comparable to the nondepressed subjects. These findings differ
from past studies reporting that LOD individuals exhibit greater cognitive decline and
greater risk of dementia over time 3745 or complementary studies associating brain
pathology in LOD with greater cognitive decline.46:47 This report methodologically differs
from prior studies by examining participants over a longer period of time with a broader
range of neuropsychological tests, however our findings should be tempered as we did not
examine measures of brain pathology. Our findings are concordant with studies associating
risk of cognitive decline with repeated depressive episodes.1”:18 Although we did not
quantify the number of lifetime depressive episodes, as participants were depressed at study
entry, by definition all EOD participants had at least one prior episode. In contrast, late-onset
individuals would be expected to have fewer episodes. Our findings support a hypothesis
where repeated episodes contribute to cognitive decline.

Unfortunately, remission at key milestones is not a phenotype indicating reduced risk for
cognitive decline. This is concordant with past work demonstrating that cognitive difficulties
persist with antidepressant treatment 28-30 and bridges the gap with longitudinal studies
demonstrating that depression is a risk factor for developing dementia.2:8.7 In this study,
greater declines in cognitive performance was consistently observed for both remitters and
nonremitters in episodic memory and attention-working memory. However, specific group
differences observed in other domains (Figure 1, C and D) should also be highlighted. First,
the 3-month remitters exhibited greater decline than nondepressed subjects across all four
domains (Figure 1.C). Thus acute remission is not a marker of a benign future cognitive
course. In contrast, when compared with nondepressed subjects, 3-month nonremitters did
not exhibit a difference in verbal fluency or executive function change. Thus we see
variability across domains, and although the implications are unclear, nonremitters defined
at 3-months exhibit less deterioration in some domains than do remitting subjects. Second,
in 12-month analyses, executive function declined faster in nonremitters, while 12-month
remitters were comparable to nondepressed subjects. Executive dysfunction is persistently
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associated with poorer acute response to antidepressant treatment and longer time to
remission.2%:24 The difference in executive function findings between 3- and 12-month
analyses may be related to individuals with executive deficits having a longer time to
remission or, if they remit early, greater likelihood of relapse over that year.

Studies examining the interrelationship between depression and cognitive decline should
consider that depression may directly contribute to or worsen cognitive decline. This is
supported by a clinical-pathological study 11 reporting that higher levels of depressive
symptoms were related to a faster rate of cognitive decline independent of neuropathology at
autopsy. Several biological processes may mediate the relationship between depression and
cognitive decline, including HPA axis alterations, proinflammatory processes, or vascular
disease.1® These processes may interact with one another #8 but also interact with amyloid or
tau pathology to affect cognition.

These findings have implications for clinical care. The message is clear: monitoring for
cognitive changes is needed as even individuals exhibiting a robust antidepressant response
are at risk for decline. Moreover, we need interventions to treat cognitive deficits in
individuals with depression. This is an active area of research with evidence supporting non-
pharmacological interventions including cognitive remediation 4 and exercise, while some
psychotherapies appear to benefit performance on specific cognitive measures.>? Simply
using current medications will not address the problem and new therapeutic approaches are
needed.>!

Despite the strength of a large longitudinal sample, this study also has limitations. Some
limitations are common to longitudinal studies, such as subjects being lost to follow-up over
time. For example, only half the sample has five-year neuropsychological data, with only
one-quarter of the sample having data beyond seven years (Supplemental Table 1). Other
limitations are specific to the current study. First, observed changes are modest across
groups with small annual group changes in domain z-scores. Use of z-transformation of
neuropsychological test scores allows us to combine tests but it complicates the clinical
translation of our findings. Second, our cognitive battery has few assessments of executive
function and language ability. Broader assessments would allow us to test for other specific
findings relevant to LLD, such as response inhibition, set-shifting or semantic fluency.
Additional limitations include using a self-report for age of onset, although this was
obtained through a structured interview. Similarly, we have limited data on medical
comorbidity and available data were obtained through self-report. Next, while we present
data on psychotropic medication use at study entry, given the wide heterogeneity in
medications used we are unable to examine for effects of medication use on cognitive
course. Such questions are important to understand whether different classes of
antidepressants differentially affect cognitive course, but is equally important for use of
other psychotropic medications such as benzodiazepines, where use may be associated with
increased risk of dementia.>2 Finally, we examined change in cognitive domain performance
over conversion to dementia in order to capture changes that did not meet the threshold for
dementia but that still negatively affect function.
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This study also did not include any imaging measures of brain pathology such as measures
of hyperintensities or hippocampal atrophy. Such measures are associated with both
depression and cognitive decline. These data were not available for a large portion of the
study population, so were not included in analyses. Future work should incorporate imaging-
based measures of brain aging while examining cognitive outcomes.

In conclusion, this demonstrates that depressed elders exhibit accelerated cognitive decline
over time, particularly individuals with an earlier life onset. Antidepressant remission does
not appear to be protective. More work is needed to understand the pathophysiology behind
this relationship and to identify pharmacological and non-pharmacological treatments that
benefit both mood and cognition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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C) Change by remission defined at 3-months
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D) Change by remission defined at 12-months
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Group differences in annual change in neuropsychological domain z-scores

Figures compare annual change in z-scored neuropsychological domain performance by
group, controlling for age, sex, race, and education level. Statistically significant group
differences are indicated with a black horizontal bar covering the vertical group bars.
Statistical results are presented in the text and in Tables 2—4. Abbreviations: D = Depressed;
ND = Nondepressed; E = Early onset depression; L = Late onset depression; R = Remitted;

NR = Nonremitted
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Table 1
Demographic group differences
Depressed Nondepressed Test Statistic p Value
(N=273) (N=164)

Age (y) 69.8 (6.3) 68.0 (6.5) 435 df, t = 2.86 0.0044
Sex (% women) 61.5% (168) 68.9% (113) X2=2.42 0.1198
Race (% white) 82.1% (224) 84.1% (138) X2 =0.32 0.5738
Education (y) 14.4 (2.5) 15.5 (1.8) 416.94 df, t=5.27 | <0.0001
Duration of Participation (months) 62.8 (44.4) 78.4 (56.3) 284.28 df, t = 3.08 0.0023
Self-Report of Medical Morbidity
Diabetes 15.0% (41) 5.5% (9) x2=8.75 0.0031
Heart Disease 20.8% (57) 10.4% (17) X2=7.96 0.0048
Hypertension 51.6% (141) 25.0% (41) X2 =29.78 < 0.0001
Cognitive Domain Z-Scores
Episodic Memory (N = 430) N =268 -0.05 (0.76) | N =1620.36 (0.61) | 395.43 df t=6.26 | <0.0001
Psychomotor-Executive Function (N =423) | N =260-0.04 (0.79) | N =1630.41(0.51) | 420.66 df, t=7.22 | <0.0001
Verbal Fluency (N = 435) N=271-0.11 (0.85) | N=1640.41(0.72) | 389.07 df, t=6.79 | <0.0001
Attention-Working Memory (N = 399) N =253 -0.07 (0.81) | N=1460.22 (0.79) 397 df, t=3.49 0.0005

Page 15

All comparisons of categorical variables used chi-square tests with 1 degree of freedom, presented as percent (N). Comparison of continuous
measures used pooled two-tailed t-tests, or Satterthwaite t-tests if variances were unequal, presented as mean (SD). Baseline cognitive data were
missing for some participants, resulting in reduced sample sizes as presented. Cognitive domain data presented are z-transformed averages across

multiple tests.
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Table 2

Page 16

Change over time in z-scored neuropsychological domains between groups defined by age of onset of initial

depressive episode

Domain Difference in | Standard Error Test Statistic p value

1-Year and

Change Effect Size
Episodic Memory Fj1761=17.35 ES =0.018 | <0.0001
* EOD - Nondepressed -0.0323 0.0055 t=-5.84 <0.0001
* LOD - Nondepressed -0.0084 0.0065 t=-131 0.1913
«EOD-LOD -0.0239 0.0069 t=-3.46 0.0006
Attention-Working Memory Fj 1558 =17.35 ES = 0.018 | <0.0001
« EOD - Nondepressed -0.0414 0.0071 t=-5.80 <0.0001
* LOD - Nondepressed -0.0241 0.0082 t=-2.94 0.0033
«EOD-LOD -0.0173 0.0088 t=-1.96 0.0500
Verbal Fluency F21779 = 8.15 ES = 0.007 0.0003
« EOD - Nondepressed -0.0248 0.0065 t=-78 0.0002
* LOD - Nondepressed 0.0003 0.0077 t=0.03 0.9740
*«EOD-LOD -0.0250 0.0082 t=-3.06 0.0023
Executive Function Fy1718=17.59 ES =0.022 | <0.0001
« EOD - Nondepressed -0.0314 0.0063 t=-5.02 <0.0001
* LOD - Nondepressed 0.0094 0.0073 t=1.30 0.1952
«EOD-LOD —0.0408 0.0079 t=-5.20 <0.0001

Reported data are statistical results of the interaction between onset of depression (EOD or early-onset before age 50y; LOD or late-onset age 50y
or later; or nondepressed) and study time, examining Z-transformed cognitive domain scores as the dependent variable. Models controlled for age,
sex, race, education, and baseline domain score. Degrees of freedom for F statistics displayed as 2 (for the three groups), model error. T values

determined from group comparisons within the models. ES = effect size
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Change over time in z-scored neuropsychological domains between groups defined after three months of
antidepressant treatment

Table 3

Domain Difference in | Standard Test Statistic p value
Slope Error and
Effect Size
Episodic Memory F21761 =11.16 ES=0.013 | <0.0001
« Nonremitted Depressed - Nondepressed -0.0219 0.0055 t=-3.95 <0.0001
« Remitted Depressed — Nondepressed -0.0259 0.0069 t=-3.73 0.0002
« Nonremitted Depressed — Remitted Depressed 0.0037 0.0073 t=10.66 0.5081
Attention-Working Memory F21560 = 15.15 ES =0.019 | <0.0001
* Nonremitted Depressed - Nondepressed -0.0329 0.0069 t=-5.10 <0.0001
» Remitted Depressed — Nondepressed -0.0328 0.0091 t=-3.61 0.0003
* Nonremitted Depressed — Remitted Depressed -0.0018 0.0095 t=-0.19 0.8484
Verbal Fluency Fj1785= 10.13 ES=0.010 | <0.0001
« Nonremitted Depressed - Nondepressed -0.0026 0.0062 t=-0.41 0.6786
« Remitted Depressed — Nondepressed -0.0365 0.0084 t=-4.37 <0.0001
« Nonremitted Depressed — Remitted Depressed 0.0328 0.0084 t=3.89 0.0001
Executive Function F1718 =5.18 ES =0.010 0.0057
* Nonremitted Depressed - Nondepressed -0.0073 0.0062 t=-1.44 0.1489
» Remitted Depressed — Nondepressed -0.0256 0.0077 t=-3.19 0.0015
* Nonremitted Depressed — Remitted Depressed 0.0146 0.0084 t=1.96 0.0500

Page 17

Reported data are statistical results of the interaction between diagnosis (remitted, nonremitted, or nondepressed) and study time, examining Z-
transformed cognitive domain scores as the dependent variable. Models controlled for age, sex, race, education, and baseline domain score. Degrees
of freedom for F statistics displayed as 2 (for the three groups), model error. T values determined from group comparisons within the models. ES =

effect size
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Table 4

Page 18

Change over time in z-scored neuropsychological domains between groups defined after twelve months of

antidepressant treatment

Domain Difference in | Standard Test Statistic p value
Slope Error
Episodic Memory F21792 = 12.53 ES =0.013 | <0.0001
« Nonremitted Depressed - Nondepressed -0.0275 0.0058 t=-4.76 <0.0001
« Remitted Depressed — Nondepressed -0.0189 0.0060 t=-3.14 0.0017
* Nonremitted Depressed — Remitted Depressed -0.0085 0.0067 t=-1.27 0.2030
Attention-Working Memory F21500 = 15.25 ES = 0.018 | <0.0001
* Nonremitted Depressed - Nondepressed -0.0360 0.0074 t=-4.86 <0.0001
» Remitted Depressed — Nondepressed -0.0315 0.0075 t=-4.19 0.0001
« Nonremitted Depressed — Remitted Depressed -0.0045 0.0084 t=-0.53 0.5945
Verbal Fluency F31816 = 4.15 ES = 0.005 0.0160
* Nonremitted Depressed - Nondepressed -0.0066 0.0068 t=-0.97 0.3309
» Remitted Depressed — Nondepressed -0.0206 0.0072 t=-2.88 0.0040
* Nonremitted Depressed — Remitted Depressed 0.0140 0.0079 t=177 0.0770
Executive Function F31748 = 6.34 ES = 0.010 0.0018
* Nonremitted Depressed - Nondepressed -0.0231 0.0065 t=-3.54 0.0004
» Remitted Depressed — Nondepressed -0.0056 0.0067 t=-0.82 0.4098
* Nonremitted Depressed — Remitted Depressed -0.0175 0.0076 t=-231 0.0212

Reported data are statistical results of the interaction between diagnosis (remitted, nonremitted, or nondepressed) and study time, examining Z-
transformed cognitive domain scores as the dependent variable. Models controlled for age, sex, race, education, and baseline domain score. Degrees
of freedom for F statistics displayed as 2 (for the three groups), model error. T values determined from group comparisons within the models. ES =

effect size
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