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Objective: There have been mixed findings regarding the prognostic significance of
age of onset, executive dysfunction, and hyperintensity burden on treatment outcome
in late-life depression. Methods: Growth curve models were fit to data from the only
8-week, double-blind, placebo controlled trial of citalopram (20–40 mg/day) in
patients aged 75 years and older with unipolar depression. Baseline assessment
included Structured Clinical Interview for Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV) (to determine age at onset), Stroop Color-Word Test
(to assess the response inhibition component of execution dysfunction), and struc-
tural magnetic resonance imaging (to determine hyperintensity burden). Results: In
the citalopram condition, patients with response inhibition (most impaired quartile)
scored higher at endpoint than those without response inhibition. There were no
effects for age of onset or hyperintensity load on response in the citalopram condi-
tion. In the placebo condition, patients with early-onset depression had higher
depression scores at endpoint than patients with late-onset depression. Conclusion:
Only response inhibition, a fundamental executive function, predicted poor treat-
ment response to antidepressant medication. Although patients with response inhi-
bition also showed deficits in reaction time, adjusting for reaction time in our final
response inhibition model did not substantively change the findings. (Am J Geriatr
Psychiatry 2007; 15:553–563)
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The vascular depression hypothesis initially
emerged from the finding that patients with late-

onset major depression (LOD) had higher rates of
hyperintensity (HI) burden on structural magnetic
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resonance imaging (MRI) compared to patients with
early onset depression.1–3 It was further observed
that patients with LOD and HI burden showed def-
icits on tests of executive functions,3–5 a broad, mul-
tifaceted class of functions consisting of mental plan-
ning and organization, cognitive flexibility, set
development and shifting, and error monitoring.6

Based on these observations, it was hypothesized
that structural brain damage, resulting from ischemic
cerebrovascular disease, creates a vulnerability to
depression in late life that is characterized, but not
limited to, deficits in executive functioning.

The vascular depression hypothesis has had con-
siderable heuristic impact and generated consider-
able research examining the prognostic significance
of its key features with respect to treatment out-
come. Several studies have concluded that overall HI
burden in particular structures is associated with
poorer outcome with antidepressant treatment,1,7,8

whereas other studies have not supported such as-
sociations.9 Various components of the executive
functions (e.g., initiation and perseveration of re-
sponses and freedom from interference) have been
found to be more impaired in patients with inade-
quate response to antidepressant treatment10 and in
patients with increased rates of relapse/recurrence
during maintenance treatment,11 but negative find-
ings have also been reported.12 There have been
mixed results with regard to LOD as well. For exam-
ple, LOD has been associated with slow recovery in
some studies13 but other studies have failed to doc-
ument this association.14,15

The inconsistency in findings may be related to
the major methodological limitations that have
characterized much of this research. Treatment in
most studies was unconstrained, administered in an
open fashion, without standardization, or even re-
stricted to a single medication or class of medication.
Thus, it is difficult to characterize exactly what was
being predicted, such as outcome to antidepressant
treatment in general or to a specific mixture of
possible antidepressant treatments. Furthermore,
the three major indices of the vascular depression
construct have rarely been assessed in the same
patient sample and contrasted in predictive power
with respect to clinical outcome. Consequently, it is
unknown whether the predictive power of any
index is unique or redundant with that of the other
indices.

A large, double-blind, randomized clinical trial
was conducted in patients with major depression
75 years of age and older contrasting the safety and
efficacy of citalopram and placebo.16 This study
provided the context for the present study in which
we test the prognostic significance of LOD, re-
sponse inhibition (a fundamental component of
executive function), and HI burden. According to
Alexopoulos,17 the poor response to antidepressant
treatment observed in patients with deficits in
executive functions is that ischemic lesions (or age-
related brain changes) disrupt the frontal system
(frontal basal ganglia-thalamocortical circuits),
which in turn compromises the neural networks nec-
essary for antidepressant response. For example, the
prefrontal cortex is the major neocortical target for
information processed in the limbic system.18 Thus,
we hypothesized that patients with LOD, response
inhibition (RI), or HI burden would respond less well
to treatment than patients without LOD, RI, or HI
burden in the citalopram condition. Conversely, be-
cause there is no developed theory about the mech-
anism of action of the placebo effect, we did not have
any reason to predict differences between patients
with and without LOD, RI, or HI burden in this
sample.

In addition to testing these primary hypotheses,
we conducted secondary analyses that focused on
whether defining groups based on combinations of
LOD, RI, and HI burden predicted treatment out-
come in either condition, addressing the issue of
unique versus redundant predictive value among
these core features of the vascular depression hy-
pothesis. Finally, because the criteria for defining
LOD, RI, and HI burden were based on precedent set
in the literature and not empirically derived, we
conducted planned tertiary analyses exploring
whether the findings from the primary analyses dif-
fered by using alternative cut points for LOD, RI, and
HI burden.

METHODS

The procedures used in the multisite, randomized,
placebo-controlled trial (RCT) have been previously
described.16 Briefly, 174 community-dwelling men
and women 75 years or older meeting DSM-IV cri-
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teria (based on the Structured Clinical Interview for
DSM-III-R [SCID]) for nonpsychotic unipolar depres-
sion (single or recurrent) with a baseline 24-item
Hamilton Rating Scale for Depression (HRSD) score
�20 participated in this eight-week RCT. All patients
began the trial with a one-week single-blind placebo
lead-in with the baseline visit conducted at the end of
the lead-in. Patients were randomized to citalopram
20 mg/day or matched placebo only if they contin-
ued to meet inclusion and exclusion criteria at the
end of the placebo lead-in. At the end of week 4,
patients with a HRSD score �10 had the dose in-
creased to two pills per day: 40 mg of citalopram or
two placebo pills.

Age at onset was determined based on information
obtained in the baseline SCID interview, medical
records, and other sources of historical information.
Currently, there is no consensus on whether age of
onset is best treated as a continuous or categorical
variable and, if categorical, on the threshold value
that distinguishes early-onset depression (EOD) and
LOD. With respect to categorical approaches, some
investigators have used an age threshold of 50 years
or greater to define LOD,1,5,10,19,20 whereas others
have used an age threshold of 60 years or great-
er.3,4,21 Especially in light of the age range of the
present sample, patients were considered to have
LOD if they experienced their first episode of major
depression after 60 years of age. Patients with onset
earlier than 60 years of age were considered as man-
ifesting EOD.

Response inhibition, a fundamental executive
function,22 was measured using the Stroop Color-
Word Test.23 The Stroop presents stimuli individu-
ally, allowing reaction time to be recorded for each
trial. By key press, subjects identify on each trial the
name or color of a stimulus. There are three blocks of
trials, each with a 50 msec inter-stimulus interval. In
the first block (word-only condition), printed color
names (red, blue, green) are presented in black. In
the second block (color-only condition), a string of
the letter X is presented in different colors (red, blue,
green). In the third block, color names are again
presented, but this time printed in incongruous col-
ors. Subjects are given feedback on each trial (beep
for correct; buzz for error), and this task produces
consistent interference effects. Patients were classi-
fied as having RI if their response inhibition scores

were in the highest quartile of the distribution, con-
sistent with previous definitions.24

HI burden was determined on the basis of T1-
weighted, proton-density, and T2-weighted images
evaluated for the presence of deep-white-matter and
subcortical gray-matter lesions. The severity of le-
sions was graded by a neuroradiologist using the
Fazekas modified Coffey Rating Scale for signal hy-
perintensities.2 Deep white matter hyperintensities
(DWMH) were defined as abnormalities in the fron-
tal, parietal, temporal, or occipital lobes, and scored
as 0 (absent), 1 (punctate foci), 2 (beginning conflu-
ence of foci), and 3 (large confluent areas). Subcorti-
cal gray matter lesions were defined as abnormalities
in the caudate nucleus, putamen, globus pallidus,
thalamus, and internal capsule, and were scored as 0
(absent), 1 (punctate), 2 (multipunctate), and 3 (dif-
fuse). The readers were blinded to treatment condi-
tion. In this study, patients were classified as HI
burden on the basis of Krishnan’s criteria of a grade
of 2 or more on DWMH or a score of 3 in the
subcortical gray rating.2

Data Analysis

The mixed models procedure in SPSS version 14
(SPSS, Inc., Chicago, IL) was used to fit a series of
growth curve models in the intent-to-treat citalo-
pram (N�84) and placebo (N�90) samples sepa-
rately. We fit these models separately because it was
not of substantive interest to compare response
across treatment conditions, such as comparing dif-
ferences at endpoint across treatment conditions in
patients with LOD, RI, or HI burden.

Mixed effects or growth curve models have a num-
ber of advantages over more traditional analyses of
repeated measures data that allow for fuller exploi-
tation of the available data. They accommodate time-
varying repeated measures, permit inclusion of indi-
viduals not assessed at all time points, are tolerant of
unequal intervals between data points, and time can
be treated flexibly so that the intercept can corre-
spond to any time point in the study.25 Growth curve
models, which make use of maximum likelihood
estimation, are also an improvement over endpoint
analyses based on last observation carried forward
(LOCF) data. LOCF makes the unlikely assumption
that data are missing completely at random and pa-
tient response is constant from the last observation to
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the end of the trial, assumptions that are likely to
lead to biased results.26

Growth curves provide estimates of both fixed
effects (i.e., average effects of predictors on depres-
sion across participants) and random effects (i.e.,
variation in individuals’ means and slopes). All mod-
els reported here included random effects for the
intercept and linear and quadratic changes in de-
pression with time. In addition, we treated the
variance-covariance matrix as unstructured allowing
for correlation among these random components.
However, as the current study focuses on mean level
change in depression over time, and whether this
change differs depending on LOD, RI, or HI burden
status, only the fixed effects are reported.

To determine the prognostic significance of LOD,
RI, and HI burden in predicting treatment outcome
in either condition, we began with the full interaction
model. This model included the intercept, the main
effects of time and time squared, a patient group
term (LOD, RI, or HI burden), and its interaction
with time and time squared. We used a “top-down”
approach in which the highest order term was re-
moved on each successive run if nonsignificant (p
�0.05) until the baseline model was reached. We
considered the baseline model to include time, time
squared, and the main effect of the patient group
term.

All models adjusted (covaried) for baseline depres-
sion severity, site of study, which was found to be an
important predictor in previous research,16 age, and
gender (all centered at their respective means).
Dummy variable coding was used for LOD (1�
LOD, 0�EOD), RI (1�RI, 0�no RI), and HI burden
(1�burden, 0�no burden). In addition, time was

centered at week 8 because we were interested in
depression severity scores at endpoint.25 Thus, the
intercept reflected the average level of depression at
week 8 for patients who were not classified as having
LOD, RI, or HI burden (depending on the model).

RESULTS

Sample Characteristics

As previously reported (16), the average study
participant was 79 years old and completed 1–2 years
of college education. The sample consisted of 58%
women with more women being in the placebo con-
dition (62.2%) than in the citalopram condition
(53.6%). However, this difference was not statisti-
cally significant (�2 � 1.34, p�0.25). Depression se-
verity for the sample was moderate (average 24-item
HRSD�24). The average age of onset of depression
was approximately 68; consequently, the majority of
patients were classified as LOD (75.9%). Similarly,
most were classified as having HI burden (72.6%),
but by definition, only 22.4% of patients met criteria
for RI. There was no association between patients
with LOD and HI burden (�2�0.006, p�0.94), LOD
and RI (�2�1.63, p�0.20), or HI burden and RI (�2 �
1.26, p�0.26).

Primary Hypotheses

The first set of hypotheses tested was: 1) patients
classified with LOD would respond less well to an-
tidepressant treatment than patients classified with
EOD, and 2) there would be no difference in outcome

TABLE 1. Final Growth Curve Model Estimates for Late-Onset Depression (LOD) in the Citalopram and Placebo Conditions

Parameter

Citalopram Placebo

B SE(B) t df p 95% CI B SE(B) t df p 95% CI

Intercept 13.51 1.22 11.12 111 0.001 11.11, 15.92 19.52 1.65 11.81 80.11 0.001 16.23, 22.81
Time �0.33 0.40 �0.81 67.13 0.42 �1.13, 0.48 0.24 0.38 0.63 131.52 0.53 �0.52, 1.00
Time2 0.15 0.059 2.52 72.54 0.014 0.032, 0.27 0.12 0.049 2.50 84.43 0.014 0.025, 0.22
LOD �0.29 1.14 �0.25 80.21 0.80 �2.55, 1.97 �6.13 1.88 �3.26 79.94 0.002 �9.87, �2.38
LOD � time �0.66 0.31 �2.14 81.42 0.036 �1.27, �0.045
�2 log likelihood 2,946.86 3,296.83
Parameters 15 16

Notes: Dependent variables are the Hamilton Rating Scale for Depression (HRSD); RI (0�early-onset depression, 1� late-onset depression);
time is centered at week 8. All models covary for baseline HRSD, site, age, and gender centered at their means (not tabled).

B: unstandardized regression weight; SE: standard error; CI: confidence interval.
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among placebo patients with and without LOD. As
can be seen from Table 1, LOD did not predict out-
come in the citalopram condition. In the placebo
sample, our final model (Table 1) revealed a signifi-
cant LOD � Time interaction indicating that de-
pression scores for EOD patients did not decrease
as sharply (B�0.24) as depression scores for LOD
patients (B � 0.24 – 0.66��0.42). This resulted in
a significant difference at endpoint between pa-
tients with EOD (M�19.52) and patients with
LOD (M�19.52 � 6.13�13.39), which corresponded
to a large standardized effect (Cohen’s d�0.83;
Figure 1).

The second set of hypotheses tested was: 1) pa-
tients classified with RI would respond less well to
antidepressant treatment than patients classified as
not having RI, and 2) there would be no difference
between patients classified as having RI compared to
patients classified as not having RI in the placebo
condition. Consistent with expectations, our final
model (Table 2) revealed a significant RI � Time
interaction in the citalopram sample indicating that
depression scores for patients classified as having RI
did not decrease as sharply (B��0.50 � 0.68�0.18)
as depression scores for patients classified as not

having RI (B��0.50). This difference in linear slopes
resulted in a significant difference at endpoint be-
tween the two groups of patients. Specifically, pa-
tients with RI scored 5.95 points higher at endpoint
than patients without RI (M�12.39). This endpoint
difference corresponded to a large standardized ef-
fect (Cohen’s d�0.86; Figure 2). As can be seen from
Table 2, RI did not predict outcome in the placebo
condition.

The third set of hypotheses to be tested was: 1)
patients with HI burden will respond less well to
antidepressant treatment than patients without HI
burden, and 2) there would be no difference between
patients with and without HI burden among patients
in the placebo condition. Contrary to expectations,
HI burden did not predict outcome in the citalopram
(Table 3). There was, however, a significant HI bur-
den � Time interaction in the placebo sample indi-
cating that depression scores for patients with HI
burden did not decrease as sharply (B��0.76 –
0.65��0.11) as depression scores for patients with-
out HI burden (B��0.76). This difference in the
linear slopes, however, did not result in a significant
difference at endpoint.

Secondary Analyses

To address the issue of unique versus redundant
predictive value among the core features of the vas-
cular depression hypothesis, we conducted second-
ary analyses in which we used different combina-
tions of LOD, RI, and HI burden to classify patients
(e.g., LOD and RI, LOD and HI burden, RI and HI
burden). The only classification that predicted out-
come included patients with LOD and RI in the
citalopram sample. However, the final model for this
combined patient group was not substantively dif-
ferent from the final model for the RI only model in
the citalopram sample. In contrast to patients with-
out LOD and RI (B�12.70), patients with LOD and
RI scored 5.64 points higher at endpoint, t (67.085)�
2.55, p �0.013, 95% CI�1.22, 10.07 (Table 2). Because
LOD alone does not predict treatment outcome in the
citalopram condition, and when combined with RI
does not yield a model that is substantively different
from the one obtained using RI only, LOD does not
appear to explain unique variance in predicting
treatment outcome.

FIGURE 1. Growth Curves of Average Hamilton Rating Scale
for Depression Scores Over Time for Late-Onset
Depressed Patients (dashed line) and Early-
Onset Depressed Patients (solid line) in the
Placebo Condition
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Tertiary Analyses

Additional analyses determined whether alterna-
tive cut points to define the subgroups on LOD, RI,
and HI burden would result in different findings
from the primary analyses. LOD (redefined as age at
onset �50) did not predict outcome in either sample.
Redefining RI as corresponding to Stroop scores
above or below the mean resulted in a significant

baseline model in which patients classified as having
RI in the placebo condition scored on average 2.34
points lower than patients classified as not having RI
in the placebo condition over the course of trial (t
(81.58)��2.28, p � 0.025, 95% CI��4.38 to �0.30).
The above finding simply reflects an overall differ-
ence between RI and non-RI patients that existed at
the beginning of the trial in the placebo condition.
Redefining HI burden as corresponding to deep
white matter or subcortical gray matter lesion scores
of 3 did not predict treatment outcome in the citalo-
pram condition and yielded a model that was sub-
stantively equivalent to the findings observed in the
primary analyses for the placebo sample (Table 3).

Post-hoc Analyses

The Stroop Color-Word Test is a complex neuro-
psychological task that focuses on the slowing of
reaction time in the color-word conflict condition
relative the color-only condition. As opposed to a
specific deficit in response inhibition, it is possible
that a generalized slowing of reaction time or a slow-
ing that occurs with greater cognitive demand ac-
counted for the relationship between baseline Stroop
performance and antidepressant response. To deter-
mine the nature of the baseline Stroop impairment,
we contrasted the patients classified as having RI
with the remaining patients in median reaction time
(log transformed) on a number of tasks in the base-
line battery. All post-hoc tests were evaluated for
significance at the more conservative 1% level; point
estimates with associated significance levels at or
below 0.05 were considered marginally significant.

Within the Stroop, the groups did not differ in

TABLE 2. Final Growth Curve Model Estimates for Response Inhibition (RI) in the Citalopram and Placebo Conditions

Parameter

Citalopram Placebo

B SE(B) t df p 95% CI B SE(B) t df p 95% CI

Intercept 12.39 1.00 12.45 66.37 0.001 10.40, 14.38 15.020 0.86 17.45 82.86 0.001 13.31, 16.73
Time �0.50 0.45 �1.10 66.20 0.28 �1.40, 0.40 �0.28 0.31 �0.90 78.38 0.37 �0.90, 0.34
Time2 0.13 0.065 2.057 66.86 0.044 0.0039, 0.26 0.11 0.050 2.27 79.38 0.026 0.013, 0.21
RI 5.95 1.90 3.14 69.74 0.002 2.17, 9.73 �1.94 1.15 �1.69 82.26 0.096 �4.23, 0.35
RI � time 0.68 0.33 2.089 66.59 0.041 0.03, 1.33
�2 log likelihood 2,694.72 3,148.83
Parameters 16 15

Notes: Dependent variables are the Hamilton Rating Scale for Depression (HRSD); LOD (0�RI, 1�no RI); time is centered at week 8. All
models covary for baseline HRSD, site, age, and gender centered at their means (not tabled).

B: unstandardized regression weight; SE: standard error; CI: confidence interval.

FIGURE 2. Growth Curves of Average Hamilton Rating Scale
for Depression (HRSD) Scores Over Time for
Patients Classified as Having Response
Inhibition (dashed line) and Not Having
Response Inhibition (solid line) in the
Citalopram Condition
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reaction time in the color-only condition (t(156)�
0.88, p�0.38) but there was a marginally significant
difference in reaction time in the word-only condi-
tion (t(155)�1.94, p�0.054) and a marked difference
in reaction time in the color-word conflict condition
(t(156)�9.71, p �0.0001). This indicates that RI is not
attributable to differences in gross reaction time but
to differences in reaction time in a conflict condition,
which is reflected in the response inhibition or inter-
ference score. On more complex cognitive tasks, pa-
tients with RI had slower reaction times for correct
responses on the judgment of line orientation (JOLO)
test27 (t(145)�2.65, p�0.009) and there was a trend
for these patients to have slower reaction times to
correct responses on the choice reaction time (CRT)
test28 (t(153)�2.28, p�0.024). Thus, those with
Stroop impairment (RI) show deficits in speed of
processing that involves more cognitive load, such as
spatial components or complex visual arrays. How-
ever, including reaction time to correct responses
on either the CRT or JOLO in the final RI model
(Table 2) did not eliminate the effect of Stroop im-
pairment on treatment outcome observed in the cita-
lopram sample. Thus, the effect of response inhibi-
tion (Stroop impairment) on treatment outcome in
the citalopram sample is independent of reaction
time on complex tasks.

The issue of specificity was also tested by contrast-
ing whether the groups defined by the Stroop inter-
ference effect differed in performance accuracy in the
other neuropsychological measures included in the
baseline battery. The groups were compared in
global cognitive status, assessed by the 30-item Mini-
Mental State Exam,29 psychomotor performance us-
ing the digit-symbol test,30 visual spatial organiza-

tion using accuracy scores on the JOLO, and verbal
learning and memory using total words recalled in
the learning and delayed phases of the Buschke Se-
lective Reminding Test (SRT).31 No differences be-
tween those with and without impaired Stroop per-
formance were observed.

An additional possibility is that patients with
Stroop impairment have poorer response to antide-
pressant medication because they have greater med-
ical burden than patients without Stroop impair-
ment. However, there were no differences between
patients with and with without Stroop impairment in
physician-rated chronic medical illness burden
(t(156)� 0.33, p�0.74, 95% CI��1.16 to 1.62) as
assessed by the Cumulative Illness Rating Scale—
Geriatrics.32

DISCUSSION

This study examined whether patients with LOD, RI,
and/or HI burden responded less well to antidepres-
sant medication (citalopram) than patients without
LOD, RI, and/or HI burden in an eight-week, ran-
domized, placebo-controlled trial in patients at least
75 years of age. Only RI (defined as the highest
quartile on the Stroop) identified a group of patients
with poor clinical outcome in the citalopram condi-
tion. Neither LOD nor HI burden influenced treat-
ment outcome in the citalopram condition. The only
significant effect in the placebo condition was that
patients with EOD had a significantly higher HRSD
score than their LOD counterparts at the end of
treatment.

TABLE 3. Final Growth Curve Model Estimates for Hyperintensity (HI) Burden in Citalopram and Placebo Conditions

Parameter

Citalopram Placebo

B SE(B) t df p 95% CI B SE(B) t df p 95% CI

Intercept 13.37 1.37 9.75 81.096 0.001 10.64, 16.097 12.42 1.94 6.40 55.069 0.001 8.53, 16.31
Time �0.37 0.40 �0.93 47.99 0.36 �1.17, 0.43 �0.76 0.43 �1.74 83.79 0.085 �1.62, 0.11
Time2 0.14 0.059 2.41 51.026 0.02 0.023, 0.26 0.13 0.064 1.97 55.45 0.052 �0.001, 0.25
HI 0.099 1.32 0.075 55.92 0.94 �2.55, 2.74 2.92 2.27 1.29 53.74 0.20 �1.63, 7.47
HI � time 0.65 0.31 2.087 53.38 0.042 0.025, 1.27
�2 log likelihood 2,179.90 2,176.46
Parameters 15 16

Notes: Dependent variables are the Hamilton Rating Scale for Depression (HRSD); HI (0�no HI, 1�HI); time is centered at week 8. All
models covary for baseline HRSD, site, age, and gender centered at their means (not tabled).

B: unstandardized regression weight; SE: standard error; CI: confidence interval.
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This study is unique in several ways. The context
for this study was the first double masked, randomized
trial comparing a selective serotonin reuptake inhib-
itor to placebo in “old-old” depressed patients (75
years of age and older). Moreover, this was the only
study in this age range in which age-at-onset, a com-
ponent of the executive functions, and MRI were
assessed in the same sample allowing for the simul-
taneous assessment of three potentially interrelated
indices. Thus, we were able to determine the differ-
ential impact of age-of-onset, RI, and MRI lesion load
on treatment response.

Patients classified as having RI had higher end-
point HRSD scores than patients classified as not
having RI. These findings converge with an emerg-
ing literature documenting the impact of response
inhibition, a fundamental component of executive
function, on antidepressant treatment response in
late-life depression. For example, Stroop scores at the
most impaired quartile predicted lower remission
rates in elders with major depression treated with
citalopram at a target dose of 40 mg daily.24 In an-
other study, those who remained symptomatic
showed greater deficits on the initiation/persevera-
tion subtest of the Mattis Dementia Rating Scale as
compared to patients who achieved remission.33

Most recently, reaction time in the conflict condition
of the Attention Network Test (a similar task to the
Stroop) predicted prolonged time to remission of
late-life depression.34

The Stroop impairment observed in this study was
not attributable to differences in simple reaction time
but to differences in reaction time in a conflict con-
dition, which is reflected in the response inhibition
score on which the classification of patients was
based. There were, however, differences in reaction
time on more complex tasks (tests involving spatial
components or complex visual arrays). These differ-
ences in reaction time are consistent with the critical
role attributed to processing speed in mediating cog-
nition.35 According to this view, processing speed
affects performance on complex (i.e., executive) tasks
because: 1) they are dependent on simpler opera-
tions, and therefore, must be completed very rapidly;
and 2) deficits in processing speed limits the amount
of information simultaneously available. Subsequent
research in late-life depressed versus normal control
patients has shown that the cognitive deficits ob-
served across a broad array of neuropsychological

tests in late-life depressed patients can be almost
entirely explained by differences in processing
speed.36 However, including reaction time to correct
responses on more complex tasks (e.g., JOLO and
CRT) as covariates in the final RI model did not
eliminate the differences in linear slopes and end-
point means observed between those classified as
having and not having Stroop impairment. This in-
dicates that the poor response to citalopram ob-
served in patients with RI is over and above the
deficits in reaction time observed on more complex
tasks.

We did not find a relationship between MRI hy-
perintensity load and treatment response in this sam-
ple. The findings from this study may differ from
other investigations2,37 for a number of reasons. The
sample had a higher rate of hyperintensity burden
(approximately 75%) and a higher mean age for the
total sample (79.6 years). It is possible that the higher
rate of hyperintensity load observed in this study as
a function of age obscures the potential association
between hyperintensity burden and treatment re-
sponse. As a result, the utility of MRI in the diagnosis
of patients with vascular depression may be re-
stricted to early late-life (e.g., mean age 60) when
lesions are more specific to the vascular depression
syndrome.

It could also be argued that that the lack of asso-
ciation between hyperintensity load and response to
citalopram is due to the low response rate of this
very old sample. However, there was an approxi-
mately 40% response rate in this study16 and there
was no association between patients with and with-
out high hyperintensity burden and responder status
in either treatment condition. Another reason for the
lack of association between hyperintensities and re-
sponse to citalopram may be that hyperintensities, as
in other studies,2 were not coded with respect to
hemisphere or lobe potentially obscuring the rela-
tionship between lesion load in the frontal system
and antidepressant response.

Late-onset depression also did not influence treat-
ment outcome in either condition. Methodologically,
onset of depression is difficult to identify, especially
when early episodes are of mild severity and difficult
to recall.37,38 Conceptually, neurological changes
may contribute to a late-life episodes regardless of
other depressive episodes in early life. Moreover,
early onset depression may be a risk factor for late-
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life depression by contributing to brain abnormalities
predisposing to depression. One such mechanism,
for example, involves stress-related hormones lead-
ing to reduction of neurotrophic factor secretion, and
ultimately decreasing neurogenesis at the dentate
nucleus of the hippocampus. These methodological
and conceptual concerns difficulties have lead re-
searchers37,39 to suggest that the dichotomous classi-
fication of depression based on age at onset may be
inadequate.

Patients with early onset depression had signifi-
cantly higher mean endpoint HRSD scores than their
LOD counterparts in the placebo condition. One ex-
planation for this effect is that older patients with
early onset depression have a higher number of ep-
isodes of major depression than patients with late-
onset depression, and recurrent depression is less
likely to respond to treatment than single depressive
episodes. These findings are consistent with data
from the sertraline antidepressant heart attack ran-
domized trial (SADHART) study in which patients
in the placebo condition with recurrent depression
had significantly less change in depression severity
scores from baseline to endpoint than patients in a
first episode.40 In the present study, 94.6% of the
patients classified as EOD had recurrent depressive
episodes, whereas only 24.2% of patients classified as
LOD had recurrent depression (�2 � 59.78, p
�0.001).

This study has several limitations that are bal-
anced by its unique methodological strengths. We
only measured one component of the executive func-
tions: response inhibition. As previously indicated,
the executive functions consist of mental planning
and organization, novel problem solving or cognitive
flexibility, set development and shifting, and error
monitoring.6 It is unclear whether the findings re-
ported in this study generalize beyond response in-
hibition to other aspects of executive functioning.
Similarly, the choice to examine the impact of re-
sponse inhibition on treatment outcome was based
on the vascular depression hypothesis and does not
reflect the distinct possibility that other aspects of
cognition predict poor treatment response in the
very old depressed. The specificity of the relation-
ship between response inhibition and depression,
therefore, remains unclear and should be examined
in future research. The hyperintensity rating method

may also have limitations. In particular, it may be
limited because of the age range of the sample and
the degree of abnormality that exists. Future studies
should also use volumetric measurement of hyper-
intensities and code hyperintensities taking into ac-
count lobe and hemisphere location. Specificity with
respect to lobe and hemisphere is especially impor-
tant given the critical role of the prefrontal cortex in
mediating the executive functions.18

This study examined the prognostic significance of
the core features of the vascular depression hypoth-
esis on treatment outcome. We found that only re-
sponse inhibition, a fundamental executive function,
predicted poor response in the citalopram condition,
suggesting that future therapeutic efforts focus on
approaches that aim to alleviate deficits in executive
control such as problem solving therapy.41 The vari-
ables that effect treatment outcome are not only clin-
ically important but they are also relevant to the
diagnostic criteria that underlie proposed late-life
constructs such as vascular depression or the depres-
sion executive dysfunction syndrome.17,42 As Sneed
et al.43 have argued, it is unclear whether these two
proposed entities are simply variations of a single
underlying disorder or whether they define distinct
patient groups, and whether the core features of
these two proposed constructs (e.g., late-onset de-
pression, executive dysfunction, and MRI hyperin-
tensities) are unique or redundant.

Although the present findings provide support for
the depression executive dysfunction syndrome hy-
pothesis,17,42 we caution researchers against general-
izing from a single test like the Stroop to a domain as
broad as the execution functions. By simultaneously
assessing age of onset, executive dysfunction, and
hyperintensity load in the same sample, the current
study addresses critical issues in late-life depression
treatment outcome research. It also raises a number
of psychometric questions regarding the assessment
of late-onset depression, executive dysfunction, and
MRI hyperintensities that need to be systematically
addressed in order to evaluate the validity of pro-
posed diagnostic entities in late-life.
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