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Objectives: To test the hypothesis that the degree of vascular burden and/or age of
onset may influence the degree to which cognition can improve during the course
of treatment in late-life depression. Design: Measurement of cognition both before
and following 12 weeks of treatment with sertraline. Setting: University medical
centers (Washington University and Duke University). Participants: One hundred
sixty-six individuals with late-life depression. Intervention: Sertraline treatment.
Measurements: The cognitive tasks were grouped into five domains (language, processing speed, working memory, episodic memory, and executive function). We measured vascular risk using the Framingham Stroke Risk Profile measure. We measured T2-based white matter hyperintensities using the Fazekas criteria. Results:
Both episodic memory and executive function demonstrated significant improvement
among adults with late-life depression during treatment with sertraline. Importantly,
older age, higher vascular risk scores, and lower baseline Mini-Mental State Examination scores predicted less change in working memory. Furthermore, older age, later
age of onset, and higher vascular risk scores predicted less change in executive function. Conclusions: These results have important clinical implications in that they
suggest that a regular assessment of vascular risk in older adults with depression is
necessary as a component of treatment planning and in predicting prognosis, both
for the course of the depression itself and for the cognitive impairments that often
accompany depression in later life. (Am J Geriatr Psychiatry 2012; 20:682–690)
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umerous studies document the presence of
a range of cognitive impairments in late-life
depression,1,2 including reductions in working memory, executive function, episodic memory, and processing speed.1,2 One hypothesis is that the presence
of such cognitive impairments in late-life depression
reflects frontal striatal and/or hippocampal dysfunction that may result—at least in part—from vascular disease,3–6 and that this may be particularly true
for depression with a later age of onset. Given this
hypothesis, it is not surprising that cognitive impairment persists following depression treatment in older
adults (for a review, see Douglas and Porter7 ). As such,
the goal of this article was to examine the influence of
vascular risk and age of onset on cognitive improvement following depression treatment in older adults.
A growing body of research now documents
that more severe cognitive impairment among older
adults with depression predicts poorer outcome8,9
and a poorer response to treatment.10–13 Furthermore,
older adults with greater evidence of white matter
impairment13,14 or reduced hippocampal and cortical volumes15,16 also show a poorer response to
treatment. All of these results are consistent with
the hypotheses that cognitive impairments in latelife depression result from vascular or other neural
changes that contribute to the onset or recurrence of
depression in late life and are not transient or staterelated manifestations of the presence of depression. If
so, it is not surprising that such cognitive deficits persist even among individuals who respond to depression treatment.
However, there is also evidence that cognitive
impairments are present in depression with an initial onset in young adulthood or middle age. These
deficits are often present in many of the same cognitive domains impaired in late-life depression,17
though the robustness of such cognitive impairments in early or midlife adult depression has been
mixed across studies.18 Furthermore, there is evidence that at least some of these cognitive impairments can improve during treatment in younger
depressed adults. Specifically, Douglas and Porter7
recently reviewed this literature and concluded that
measures of episodic memory, verbal fluency, and
processing speed varied as a function of clinical state
in depression, with deficits in executive function and
attention showing more stable and trait-like characteristics in younger adults with depression.
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Such findings in younger adults raise the possibility that at least some aspects of cognitive dysfunction in late-life depression may not necessarily
result from accruing vascular changes but may reflect
state or even trait aspects of depression. If so, one
might expect more robust evidence for improvement
in cognitive function across the course of treatment
in late-life depression. Several studies have found
some evidence for such improvement, with the magnitude of improvement in cognitive function correlated with the magnitude of improvement in depression in some studies.19–25 However, a number of other
studies have either found no improvement in cognition as a function of treatment in late-life depression
or that the level of cognitive function in antidepressant responders was still below that of individuals
without depression.1,16,23,26–30
One important factor that these studies have not
taken into account is the role that vascular burden
and the presence of white matter hyperinstensities
may play in moderating cognitive change. Some studies have found that older adults with depression are
either less likely to respond to antidepressant treatment or slower to respond.31 This could reflect the
influence of vascular changes and white matter alterations in older adults with depression. If so, then the
degree vascular burden, white matter hyperintensities, and/or age of onset may influence the degree
to which cognition can improve during treatment in
late-life depression. The goal of this study was to test
these hypotheses by examining the degree to which
vascular risk, white matter hyperintensities, and age
of onset predict the degree of cognitive improvement
during 12 weeks of sertraline treatment in a large sample of older adults with Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), Major
Depression (MDD).

METHODS
Participants
Participants were recruited as part of a National
Institute of Mental Health–funded study through
advertising and physician referral to Washington University (WU) and Duke University (Duke). Patients
were recruited into the study if they met DSM-IV criteria for MDD by Structured Clinical Interview for
Axis I DSM-IV Disorders (SCID-IV),32 administered
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by a research psychiatrist, and were 60 years or older.
Exclusion criteria included 1) severe or unstable medical disorders; 2) known primary neurologic disorders;
3) history of other Axis I disorders prior to the depression diagnosed by SCID-IV; 4) current suicidal risk; 5)
a current MDD episode that had failed to respond to
adequate trials of two prior antidepressants for at least
6 weeks at therapeutic doses; 6) use of psychotropic
prescription or nonprescription drugs or herbals (e.g.,
Hypericum) within 3 weeks or 5 half-lives; 7) inpatient
status; or 8) Clinical Dementia Rating greater than 0 or
Mini-Mental State Examination score less than 21.27 Of
362 phone screens at WU and 374 at Duke, there were
181 clinic screens at WU and 135 at Duke (for details,
see Sheline et al.13 ). The 316 clinic screens resulted in
217 participants (120 at WU and 97 at Duke) being
enrolled in a 12-week treatment trial with sertraline.
Of these participants, 190 completed treatment (109
at WU and 81 at Duke). Written informed consent
approved by the relevant institutional review board
was obtained for all subjects. This trial is registered
at clinical trials.gov Treatment Outcome of Vascular
Depression NCT00045773.
Sertraline Treatment
Sertraline was selected as the SSRI in this
study because it is among the more selective
5-hydroxytryptamine (5-HT; also serotonin) reuptake inhibitors, has an excellent profile for safety
and effectiveness in the treatment of MDD in the context of comorbid illness,33 has linear kinetics, and has
minimal age effect on clearance.34 The primary results
of depression response to treatment have been previously reported.13 Briefly, the treatment consisted of
an initial dose of sertraline at 25 mg for 1 day to rule
out drug sensitivity and then 50 mg daily, with subsequent dose changes at 2, 4, and 6 weeks (to 100,
150, and 200 mg per day, respectively). At any point,
patients who had side effects could be titrated to a
lower dose. Medication adherence was assessed on
each visit by self-report. At the end of treatment, the
mean final dose was 114, with 64 on less than 100 mg,
60 on 100 to 125 mg, 46 on 150 to 175 mg, and 34 on
200 mg.
Measures
We assessed depression severity using the
Montgomery-Asberg Depression Rating Scale
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(MADRS).35 The MADRS was administered by a
research psychiatrist at the start of the trial and
during each week of the trial. We assessed overall
cardiovascular risk using the Framingham Stroke
Risk Profile.36 The Framingham Stroke Risk Profile
generates a composite score using the following
vascular risk factors to predict 10-year probability
of stroke in both men and women: age, systolic
blood pressure, the use of antihypertensive therapy,
diabetes mellitus, cigarette smoking, cardiovascular
disease (coronary heart disease, cardiac failure, or
intermittent claudication), atrial fibrillation, and
left ventricular hypertrophy by electrocardiogram.
This score has been positively associated with white
matter hyperintensities37 and negatively associated
with total brain volume.38 We also assessed baseline
global cognitive function using the Clinical Dementia
Rating39 and Mini-Mental State Examination.40 We
assessed age at onset from the SCID-IV and all
available medical and psychiatric records.
Neuropsychological Function
Participants were administered a large battery
of neuropsychological tests that covered cognitive
domains relevant to understanding late-life depression at both baseline (prior to the start of medications)
and at the end of the 12 weeks of treatment. The neuropsychological testing was performed by a trained
examiner who was supervised by a Ph.D.-level psychologist (DB and KWB). We grouped the cognitive
tasks into rationally motivated domains described
later, based on the prior literature regarding the cognitive processes tapped by each of the tasks. The
domains were executive function, processing speed,
episodic memory, working memory, and language
processing. To combine the tasks within each cognitive domain, we created Z-scores for the primary
dependent measure of interest using the scores from
both baseline and follow-up across all participants
and then summed the Z-scores (the results would not
have been different if only the baseline was used to
create Z-scores). For the majority of variables, a higher
score indicated better performance. We reverse scored
any items (e.g., reaction time on Trails B) for which
good performance was indicated by a lower value.
Cronbach’s α (a measure of internal consistency) was
computed for each domain from the baseline data.
For further details, see Sheline et al.,2 who describe
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the baseline analyses of neuropsychological function
in this sample.
Executive function. This domain included verbal
fluency (total phonological and semantic), Trails B
(reverse scored time to completion), the color-word
interference condition of the Stroop task (number
completed), the Initiation-Perseveration subscales of
the Mattis, and categories completed from the Wisconsin Card Sorting Test. The coefficient α for this
domain was 0.73.
Processing speed. This domain included symboldigit modality (number completed), the color naming condition of the Stroop task (number completed),
and Trails A (reverse scored time to completion). The
coefficient α for this domain was 0.80.
Episodic memory. This domain included word list
learning (total correct), logical memory (total correct
immediate), constructional praxis (Rey-Osterrieth
Complex Figure Test memory performance), and the
Benton Visual Retention Test (total correct). The coefficient α for this domain was 0.76.
Language processing. This domain included the
Shipley Vocabulary Test (number correct), the Boston
Naming Test (number correct), and the word reading
condition of the Stroop task (number completed). The
coefficient α for this domain was 0.67.
Short-term/working memory. This domain included
digit span forward (number of trials correctly completed), digit span backward (number of trials correctly completed), and ascending digits (number of
trials correctly completed). The coefficient α for this
domain was 0.68.
Magnetic Resonance Imaging
Both T1 and T2 magnetic resonance images were
collected using a Siemens Sonata 1.5-T scanner at
WU School of Medicine and a GE 1.5-T scanner at Duke. See Supplemental Digital Content 1
(http://links.lww.com/AJGP/A28) for details on
pulse sequences and processing.
T2-Weighted Hyperintensities
Hyperintensities were assessed blinded to treatment data using the modified Fazekas criteria, which
are widely used measures of white matter burden
that allows comparison with a large number of previous studies. All ratings were conducted at WU
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School of Medicine by RCM and YIS. The modified Fazekas criteria35 describe magnetic resonance
imaging hyperintensities in three regions (periventricular, deep white matter, and subcortical gray matter regions), using ascending degree of severity. The
dependent variable was a total score summing severity scores in all three regions. See Supplemental Digital Content 1 (http://links.lww.com/AJGP/A28) for
details on scoring.

RESULTS
Of the 217 individuals enrolled in the trial, 211 had
usable neuropsychological data at baseline. Of the 190
individuals who completed the trial, 166 (105/109 at
WU, 61/81 at Duke) were able to provide cognitive
data at the 12-week follow-up. We began by comparing the demographic, clinical, and cognitive characteristics of the participants with usable neuropsychological data at baseline (n = 211) who did (n =
166) and did not have data at study completion.13 As
shown in Table 1, these two groups did not differ in
age, education, gender, race, baseline MADRS, baseline Mini-Mental State Examination scores, vascular
risk, or on any of the 5 cognitive domains. The individuals who did not have neuropsychological data at
study completion had a slightly but significantly later
age of onset than those individuals who did not.

Did Cognition Improve Across the Course
of Treatment?
To examine whether performance in any of the
five cognitive domains improved across treatment,
we used a repeated-measures analysis of variance
with time point (baseline, follow-up) and cognitive
domain (language, processing speed, working memory, episodic memory, executive function) as withinsubject factors, and the domain Z-score as the dependent measure. This analysis revealed a main effect of
time, F(1,165) = 19.3, p <0.0001, and a time by cognitive domain interaction, F(4,660) = 11.1, p <0.001.
As shown in Figure 1, follow-up contrasts for each
cognitive domain indicated that only episodic memory and executive function improved over the course
of treatment.
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TABLE 1. Demographic, Clinical, and Cognitive Characteristics of Participants
Mean (SD)
Variable
Demographic characteristics
Age (years)
Gender (% female)
Race (% Caucasian)
Education (years)
Clinical characteristics
Age of onset (years)
Baseline MADRS
Vascular risk score
MMSE
Baseline cognitive function
Language (Z-score)
Processing speed (Z-score)
Working memory (Z-score)
Episodic memory (Z-score)
Executive function (Z-score)

Comparison of
Completers and
Noncompleters

Completers

Noncompleters

68.1 (7.1)
56
91
14.2 (3.1)

69.4 (7.9)
53
96
14.4 (2.8)

t(209) = 1.03, p = 0.31
χ 2 (1) = 0.10, p = 0.75
χ 2 (1) = 1.10, p = 0.58
t(209) = 0.56, p = 0.58

51.2 (18.0)
26.2 (4.3)
11.6 (4.5)
27.7 (2.0)

57.3 (15.5)
25.6 (4.8)
13.5 (5.6)
27.7 (2.1)

t(209) = 2.06, p = 0.04
t(209) = − 0.93, p = 0.354
t(209) = 1.8, p = 0.07
t(209) = − 0.32 p = 0.75

− 0.02 (0.8)
− 0.01 (0.8)
− 0.01 (0.8)
− 0.11 (0.8)
− 0.06 (0.7)

− 0.02 (0.9)
0.03 (0.8)
− 0.04 (0.9)
− 0.13 (0.7)
0.02 (0.7)

t(209) = 0.05, p = 0.97
t(209) = 0.27, p = 0.79
t(209) = − 0.21, p = 0.83
t(209) = − 0.18, p = 0.86
t(209) = 0.65, p = 0.51

Notes: bold value indicates the only variable that differed between completers and non-completers.
MMSE, Mini-Mental State Examination.

FIGURE 1. Graph of performance in each of the five
cognitive domains at baseline and at
posttreatment. Significance of change in each
cognitive domain was assessed with post-hoc
contrast (F-tests with 1,165 dfs).

ap

<0.05.

What Factors Predict Improved Cognition?
We computed residualized change scores for each
of the five cognitive domains, using baseline performance to predict posttreatment performance. We then
used Pearson’s product moment correlations to compute the correlations between age, age of onset, vascular risk score, baseline Mini-Mental State Examination
scores, and baseline MADRS depression scores with
the 5 cognitive domain residualized change scores.
Fazekas scores were not normally distributed and
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thus we used Spearman rank order correlations to
examine the relationship with cognitive change for
this variable. As shown in Table 2, older age predicted less improvement in processing speed, working memory, and executive function. Later age of
onset predicted less improvement in executive function. Higher vascular risk predicted less change in
working memory and executive function. More severe
white matter hyperintensities predicted less change in
processing speed. Of note, the results were essentially
identical when partial correlations were used, examining the relationship between posttreatment performance and the predictors, covarying for baseline cognitive performance.
We also examined whether the magnitude of
improvement in depression predicted the magnitude
of improvement in cognition. To do so, we created
a residualized change score for depression using
baseline MADRS scores to predict posttreatment
MADRS scores and correlated this with the residualized change scores for cognition. As shown in Table
2, a greater reduction in MADRS scores predicted a
greater improvement in language function but did not
predict improvement in the other cognitive domains.
Cognitive Improvement As a Function of
Remitter Status
Some prior research suggests that cognitive
improvement over the course of treatment may vary
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TABLE 2. Correlations of Predictor Variables With Residualized Change Scores (Baseline to Posttreatment) in Each
Cognitive Domain
Variable
Age
Age of onset
Vascular risk score
White matter
hyperintensities
(Fazekas scores)
Baseline MADRS
MMSE
Change in MADRS from
baseline to
posttreatment

Language Function

Processing Speed

Working Memory

Episodic Memory

Executive Function

− 0.06
− 0.03
0.07
0.07

− 0.18a

− 0.25c
− 0.06
− 0.24c
− 0.12

− 0.14
− 0.03
− 0.11
− 0.14

− 0.17a
− 0.24c
− 0.17a
0.05

− 0.03
− 0.06
− 0.19a

− 0.11
− 0.10
− 0.01

− 0.10
0.15d
− 0.14

− 0.16a
0.07
− 0.08

− 0.12
0.13
− 0.03

− 0.04
− 0.07
− 0.16a

Note: N = 166. Bold variables indicate siginificance and p>.05 or less. MMSE, Mini-Mental State Examination.
a p <0.05.
b p <0.01.
c p <0.005.
d p = 0.05.

as a function of whether an individual was considered
to have remitted to treatment in terms of depression
status.22,30 Thus, we examined cognitive change as a
function of remitter status, with a remitter defined as
someone who achieved a final MADRS score of 7 or
less. Of the 166 individuals with neuropsychological
data at both baseline and follow-up, 63 were remitters
and 103 were not. We computed a repeated-measures
analysis of variance with time (baseline, posttreatment) and cognitive domain as within-subject factors
and remitter status as a between-subject factor. This
analysis of variance again revealed a time by cognitive domain interaction, F(4,656) = 9.92, p <0.001
and revealed a main effect of remitter status, F(1,164)
= 8.37, p = 0.004. However, there was no significant two-way interaction between remitter status and
time, F(1,164) = 1.24, p = 0.27, or three-way interaction
between remitter status, time, and cognitive domain,
F(4,656) = 1.56, p = 0.184. As shown in Figure 2, the
main effect of remitter status reflected the fact that
the nonremitters had overall worse cognitive performance than the remitters at both baseline and posttreatment.

DISCUSSION
The goal of the current study was to examine the
degree to which cognitive function improved during the course of antidepressant treatment among
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older individuals with depression and to determine
whether factors such as the degree of vascular burden,
white matter hyperintensities, and/or age of onset
influenced the degree to which cognition improved
during treatment in late-life depression. We found
that both episodic memory and executive function
improved from baseline to posttreatment and that this
improvement occurred for individuals whose depression remitted and for those whose depression did
not remit. However, working memory improved only
among individuals with depression whose depression remitted. Of note, we cannot definitely attribute
these changes to the treatment, as we did not have
a placebo control group. However, importantly, we
found that a number of factors moderated the degree
of improvement in cognition (whether it was specifically due to treatment or responsivity to practice)
particularly among those individuals whose depression did not fully remit. Specifically, older age, higher
vascular risk scores, and lower baseline Mini-Mental
State Examination scores predicted less improvement
in working memory. Furthermore, older age, later age
of onset, and higher vascular risk scores predicted
less improvement in executive function. In addition,
more severe white matter hyperintensities predicted
less improvement in processing speed.
The fact that episodic memory improved is consistent with prior work, suggesting that impairments
in episodic memory may be associated with state
components of depression and may be more likely
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FIGURE 2. Graph of performance in each of the five cognitive domains at baseline and at posttreatment, plotted separately for
those individuals whose depression remitted by the end of treatment (MADRS score ≤7) and for those individuals
who depression did not remit by the end of treatment (see Supplemental Digital Content 1,
http://links.lww.com/AJGP/A28).

to improve with the remission of depression than
some other cognitive functions.7 However, we also
saw improvements in executive function, a domain
in which improvements have not been as consistently
demonstrated in prior studies.7 This is a cognitive
domain that Douglas and Porter argued may reflect
more trait-like aspects of depression and which has
been associated with white matter abnormalities in
late-life depression.3 Interestingly, the predictors of
change in episodic memory and executive function
were very different. The degree of change in executive function, but not episodic memory, was predicted
by older age, older age of onset, and higher vascular
risk scores. In contrast, baseline depression severity
predicted change in episodic memory but not executive function. Similar to executive function, change
in working memory was also predicted by older age
and higher vascular risk scores. Thus, although both
episodic memory and executive function improved
over the course of treatment, the predictors of the
magnitude of change in executive function are consistent with a critical role for vascular burden in
constraining executive function (as well as working
memory) and the degree to which it can improve in
response to depression treatment.
In our prior work with this sample, we found that
more severe white matter hyperintensities were associated with worse cognitive function in all domains
at baseline.13 Interestingly, in the current analyses,
we also found that more severe white matter hyperintensities predicted less improvement in processing
speed. This relationship with processing speed is con-
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sistent with the hypothesis that vascular changes leading to white matter alternations may contribute to
at least some of the cognitive impairments found in
late-life depression.3–6 It is somewhat surprising that
vascular burden and not white matter hyperintensities predicted change in some of the other cognitive domains such as executive function and working memory. However, it may be that our measure of
white matter hyperintensities, which was restricted
to periventricular, deep white matter, and subcortical
gray matter regions, did not capture changes in white
matter in other brain regions that may also be related
to vascular changes.
We also found that individuals whose depression
remitted during treatment showed overall better cognitive function. This result is consistent with our prior
work (in this same sample) showing that baseline
cognitive function predicted response to treatment13
and with other work showing that impaired cognitive function in late-life depression is associated with
a poorer response to treatment.8,9–13
There were several limitations to this study. First,
we did not recruit a control sample of older adults
without depression, as the purpose of the study
was to examine treatment response in older adults
with depression. Thus, we could not directly address
the question of whether cognitive function in our
depressed individuals was worse than controls at
baseline or whether the degree of cognitive improvement would have resulted in a level of cognitive
performance that no longer differed from individuals without depression. However, the large body
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of research showing that late-life depression is associated with impaired cognition relative to matched
controls makes it likely that we would have also
found that our sample was impaired relative to an
appropriate control group. Second, we did not have
a placebo control group, so we cannot definitely
determine that the cognitive change we did observe
reflected a response to treatment rather than practice effects or placebo effects. However, this does
not minimize the importance or utility of identifying predictors of cognitive change, regardless of the
source of change. In other words, the ability to benefit from practice may be key to various cognitive
enhancement approaches and thus information about
the factors that may identify who or who would
show responsivity to either antidepressant therapy
or practice may be useful in individualized treatment
planning.
In summary, we found that older adults with
depression showed significant improvement in
episodic memory and executive function across the
course of a 12-week treatment with sertraline. Furthermore, we found that factors such as age, age of onset,
and vascular risk scores predicted the amount of
change in cognitive domains such as executive function and working memory, a result consistent with the
hypothesis that vascular burden may play a critical
role in constraining the degree of cognitive improve-

ment that can be obtained in some domains among
older adults treated for depression. These results have
important clinical implications in that they suggest
that a regular assessment of vascular risk in older
adults with depression is necessary as a component
of treatment planning and in predicting prognosis,
both for the course of the depression itself and for the
cognitive impairments that often accompany depression in later life.
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