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Abstract
Objectives—To determine whether there is differential response to placebo or citalopram among
older patients with and without deficient response inhibition.

Design—8-week, double-blind, placebo controlled trial.

Setting—Outpatient psychiatry.

Participants—Unipolar depressed patients aged 75 years and older.

Intervention—citalopram (20–40 mg/d) or placebo pill.

Measurements—Baseline Stroop Color Word Test and weekly 24-item Hamilton Rating Scale
for Depression assessments.

Results—Citalopram treated patients with deficient response inhibition did significantly worse than
placebo treated patients with deficient response inhibition. Conversely, citalopram treated patients
without deficient response inhibition did significantly better than placebo treated patients without
deficient response inhibition.

Conclusion—Patients with late-life depression and deficient response inhibition respond worse to
SSRI than placebo. These findings suggest that there may be a deleterious interaction between
deficient response inhibition and antidepressant medication in late-life depression and that the
mechanism of SSRI and placebo response is different.
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The executive functions represent a broad, multifaceted class of functions consisting of mental
planning and organization, cognitive flexibility, set development and shifting, error
monitoring, and response inhibition (1). Deficits in the executive functioning are common in
late-life depression (defined as depression occurring among patients age 60 and older) and are
associated with poor response to antidepressant treatment and increased rate of relapse, and
recurrence (2–5).
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Baldwin, et al (6) reported that deficits in Stroop and verbal fluency performance were higher
among antidepressant non-responders compared to responders. In another study, late-life
depressed patients with deficits in Stroop performance had lower remission rates to citalopram
than late-life depressed patients without deficits in Stroop performance (2). Sneed, et. al (5)
also showed that deficits in Stroop performance predicted poor response in an 8-week placebo-
controlled trial of citalopram. Furthermore, it was demonstrated that this effect was not
accounted for by deficits in other domains of cognitive functioning (7). In another study,
depressed patients who remained symptomatic following antidepressant treatment showed
increased perseveration and greater deficits in initiation (assessed using the Mattis Dementia
Rating Scale) as compared to patients who achieved remission (3). Increased reaction time in
the conflict condition of the Attention Network Test predicted prolonged time to remission
depression among geriatric depressed patients (4). Finally, in a sample of non-demented elderly
depressed treated with citalopram, impairment in initiation and increased perseveration
(assessed using the Mattis Dementia Rating Scale) predicted both relapse and recurrence (8).

It appears that depressed older adults with deficits on tasks tapping executive functions respond
less well to antidepressant medication than older depressed adults without these deficits.
However, it is unclear whether patients with deficits on executive tasks respond the same to
placebo or medication. The purpose of the present study is to extend our previous report and
to determine whether there is a difference in outcome between treatment conditions (placebo
or citalopram) among patients with and without deficits on the Stroop, a response inhibition
task tapping a central component of the executive functions. To accomplish this goal, we use
data from the Old-Old study (9), a randomized, double-blind, placebo-controlled trial of
citalopram in depressed adults age 75 and older.

METHOD
The procedures used in the multi-site, randomized, placebo-controlled trial (RCT) have been
previously described (9). Briefly, 174 community dwelling men and women 75 years or older
meeting DSM-IV criteria (based on SCID interview) for non-psychotic unipolar depression
(single or recurrent) with a baseline 24-item Hamilton Rating Scale for Depression (HRSD)
score ≥ 20 participated in this 8 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/d or matched placebo only if they continued to meet inclusion
and exclusion criteria at the end of the placebo lead-in. At the end of week four, patients with
a HRSD score > 10 had the dose increased to two pills per day, i.e., 40 mg of citalopram or 2
placebo pills.

Patients were excluded if they met National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association criteria
for probable Alzheimer’s disease or probable vascular dementia, had an MMSE score ≤18, or
had bipolar disorder, obsessive-compulsive disorder, psychotic disorder, or current substance
abuse or substance dependence within the past year (other than nicotine) by DSM-IV criteria.
Participants did not receive additional treatment during this study.

Response inhibition, a fundamental executive function (10), was measured using a Stroop test
that was adapted from standard color/word versions of the task (11), using a single item
presentation and a button press response. The computerized task was programmed in the
PsyScope (v1.1) programming language and presented on a Macintosh laptop computer, with
responses recorded via an external keypad. Subjects responded “1” for red, “2” for blue, and
“3” for green on a numeric keypad, using index, middle and ring fingers. Before each of the
three conditions of the task, study participants were screened for visual acuity via a practice
trial in which subjects were shown the three colors (red, blue, green) to determine if they could
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discriminate them. The three blocks of trials were administered in a fixed order. In the first
block (word only condition), printed color names (Red, Blue, Green) were presented (in black).
In the second block (color only condition), a string of XXXs was presented in different colors
(Red, Blue, Green). In the third block, color names were again presented, but this time printed
in incongruous colors. Subjects were given auditory feedback on each trial (beep for correct;
buzz for error). Stimuli were presented individually and cleared after subject response, with a
50-ms ISI. Word and Color blocks included 45 stimulus trials (0.5–1.0 min run time each); the
Color/Word block included 90 trials (1.0–2.0 min run time). Percent interference (percent
increase in median reaction time in the color/word condition relative to the color condition)
was used to summarize performance, and patients were classified as having or not having
deficient response inhibition (DRI) if they performed in the highest (slowest) quartile. This
version of the Stroop task has been used in previous studies in both depressed and non-
depressed samples and produces consistent interference effects (12,13).

Data Analysis
Multiple regression (14,15) was used to test for differences at endpoint HRSD scores (week
8) between the four groups of patients while covarying for baseline HRSD scores, gender, age,
and site of study. Dummy variable coding was used to designate each of the four groups
(placebo treated patients without DRI, placebo treated patients with DRI, citalopram treated
patients without DRI, and citalopram treated patients with DRI) with 1 indicating membership
and 0 indicating non-membership. Each covariate was centered at its respective mean so that
the intercept corresponded to the mean of the reference group at endpoint and the
unstandardized regression weights reflect the difference between the groups included in the
model and the reference group (excluded from the model). This dummy-variable coding
approach to endpoint analysis is equivalent to conducting a general linear model with a main
effect for drug, a main effect for the presence or absence of response inhibition, and their
interaction (14,16). All analyses were evaluated at the 5% level.

Prior to testing our hypotheses, we also used the PROC MI and MIANALYZE procedures in
SAS to perform multiple imputation on any missing HRSD scores over the course of the study.
Multiple imputation is a simulation technique that replaces each missing datum with a set of
m > 1 plausible values (17). In our case, we chose m = 5, which generates 5 imputed data sets
and is sufficient to obtain excellent results in most applications (18). The m complete data sets
are analyzed using standard statistical analyses. The results from the analyses from the m
complete data sets are combined by using Rubin’s rules (17,18) to generate valid statistical
inferences that reflect uncertainty due to missing values, and therefore, improve both the
accuracy and often the statistical power of results. This approach represents an improvement
over endpoint analyses based on last observation carried forward (LOCF) data, which makes
the unlikely assumption that data are missing completely at random and patient response is
constant from the last observation to the end of the trial, assumptions that are likely to lead to
biased results (19).

RESULTS
Table 1 presents basic demographic and clinical characteristics of the total sample, the placebo
and citalopram subsamples, and the four groups of patients classified according to treatment
condition and DRI status at baseline. Twenty-one percent of the citalopram treated patients
met criteria for DRI and twenty-three percent of the placebo treated patients met criteria. The
average study participant was approximately 79 years old, 58% of the sample consisted of
women, the average study participant completed 13.74 years of education, the average age-at-
onset of depression was 68, 42% of the sample had recurrent depressive episodes, the average
Cumulative Illness rating Scale –Geriatrics was 7.08, and the average depression severity rating
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at baseline for the sample as a whole was 24.31 on the 24-item HRSD. There were no
differences in any of these variables between the two treatment conditions or between the four
groups based on treatment condition and DRI status except for baseline MMSE. As can be seen
in Table 1, baseline MMSE scores were slightly higher in the citalopram group as compared
to the placebo group, t(156)= −2.53, p =.01. In the analysis of the four groups based on treatment
condition and DRI status, there was a statistically significant omnibus test, F(3,154)−2.80, p
= .042, but the differences between the four groups were not large enough to yield statistically
significant post-comparisons.

Table 2 reports the unstandardized regression coefficients for the regression analysis
comparing the four groups on endpoint depression severity scores adjusting for baseline
depression severity, age, gender, and site of study. As can be seen from Table 2, there was no
difference in endpoint HRSD scores between patients with and without DRI in the placebo
condition. However, this model reveals that patients without DRI assigned to citalopram scored
lower at endpoint than those assigned to placebo. The unadjusted difference between the
placebo and citalopram conditions in endpoint HRSD scores was approximately 3 points (see
Table 1), which corresponds to a medium effect (Cohen’s d = 0.43). In the second variation,
placebo treated DRI patients had significantly lower scores than citalopram treated DRI
patients. The unadjusted difference between placebo and citalopram among patients with DRI
was approximately 6.5 points (see Table 1), which corresponds to a large effect (Cohen’s d =
0.88). In the third variation of the model, citalopram treated patients with DRI scored
significantly higher than citalopram treated patients without DRI, which has been reported
previously (5). Figure 1 depicts the differences in change between the groups in HRSD scores.

DISCUSSION
Although a number of studies have shown that DRI predicts poor response to antidepressant
medication (2–5), this is the first report that we know of showing a significant difference in
response between medication and placebo in depressed patients with DRI. Extending our
previous report (5), it is not simply that depressed older adults with DRI respond poorly to
antidepressant medication, in fact these patients respond less well than they would if they had
been treated with placebo.

We also found a significant difference between citalopram and placebo among depressed
patients without DRI, which contradicts a previous report indicating no difference between
treatment conditions based on the total sample (9). Thus, this study suggests that DRI is a
potential confound of treatment response in the analysis of antidepressant medication trials and
should be considered when interpreting the results of clinical trials conducted in late-life
depression that did not find a significant difference between medication and placebo (9,20–
22). Future studies involving late-life depressed patients should report moderator analyses
using a measure of DRI.

Although the mechanism of action of the placebo effect is unknown, the findings from this
study indicate that it is different from SSRIs. Brain responses to antidepressant medications
have been described as “placebo plus.” In a well known comparison of regional brain glucose
metabolism between placebo and SSRI responders, Mayberg et al. (23) found that both placebo
and drug response were associated with increased metabolism in the prefrontal cortex,
premotor cortex, inferior parietal cortex, posterior insula, and posterior cingulate and decreased
metabolism in the subgenual cingulate, hypothalamus, thalamus, and parahippocampus.
However, drug response was also associated with metabolism changes in other areas, such as
the striatum, which were not associated with placebo response. These data may help explain
why drug response should be preferentially reduced compared to placebo response in the
current study. Patients with DRI have white matter lesions that may interrupt fronto-striatal
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pathways, possibly disrupting the connectivity of brain regions known to be associated with
drug response over and above the placebo response.

The topic of this report raises the critical issue as to what is meant by the use of the term
executive dysfunction in geriatric psychiatry and what aspects of it interact negatively with
antidepressant medication. The term executive dysfunction is “vague and ill defined” (27). The
executive functions refer to a theorized cognitive system that involves the monitoring and
allocation of attentional resources and subsumes a broad class of functions including planning,
organization, problem solving, cognitive flexibility such as set shifting and switching, updating
and monitoring of working memory representations, error monitoring, and response inhibition
(1,24,25). Typically, the term executive dysfunction is used despite the fact that only one or
two components of the executive functions were assessed in the study or a single composite
score is used based on an executive functions screening tool. In the latter case, although a broad
array of functions is assessed, it is not clear from the composite score which aspect of executive
functioning is affected. Therefore, we recommend when reporting results of studies using tests
tapping the executive functions that researchers are specific to the test being used and do not
generalize to the broader class of executive functions.

The second issue that is raised is what aspects of executive functioning interact negatively with
antidepressant medication. Not all studies demonstrating interference with treatment response
have measured the same components of the executive functions or used the same tests. For
example, some studies have used the Stroop and the Attention Network Test (2,5,6), which are
response inhibition tasks, whereas other studies have used the initiation/perseveration subtest
of the Dementia Rating Scale (3,8), which incorporates a number of different components but
may be most accurately described as a test of fluency (26). It is not clear what the relationship
is between response inhibition tasks and the initiation/perseveration subtest of the Dementia
Rating Scale, and furthermore, why they are independently predictive of poor antidepressant
treatment response. One possible explanation for the common effect is that both response
inhibition and fluency tasks require cognitive flexibility and that deficits in cognitive flexibility
predict poor treatment outcome.

As for the mechanism of executive dysfunction interference on antidepressant response, one
possibility is disruption of frontostriatal tracts connecting the striatum to the prefrontal cortex,
an important locus of central executive functioning as well as emotion regulation (27,28).
Consistent with this hypothesis, patients with late-onset depression and microvascular ischemic
disease also tend to show deficits in executive functioning (29–31). Although executive tasks
activate a diffuse network of brain areas suggesting that the neuroanotomical basis for the
executive functions is widely distributed (24), the central locus of response inhibition appears
to be the anterior cingulate cortex (ACC) and dorsolateral prefrontal cortex (DLPFC) as seen
on Positron Emission Tomography (PET) and functional magnetic resonance imaging (fMRI)
studies (32–35). Specifically, it has been suggested that the ACC is implicated in response-
related processes such as conflict detection and monitoring, but that activity in this region
decreases as the level of response conflict is reduced with practice and as attentional control
is established in the DLPFC (36,37). Thus, microvascular ischemic disease may interfere with
the circuits necessary for both the therapeutic action of antidepressant medication and executive
functioning in general and response inhibition in particular. It is interesting to note that Sneed
et al. (5) examined the relationship between response inhibition and qualitative ratings of
microvascular ischemia using data from the Old-Old Study and found no relationship.

The Stroop Color-Word Test is a complex neuropsychological 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 slowing that occurs with greater cognitive demand accounted for the
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relationship between baseline Stroop performance and antidepressant response. However, we
have shown in previous reports that the effect of DRI on antidepressant treatment response is
independent of reaction time (Sneed, et al., 2007). We have also shown that poor antidepressant
response is not associated with performance on any other neuropsychological task including
mental status, psychomotor speed, reaction time, spatial judgment, or memory (7).

This study should be interpreted in the context of several limitations, which are balanced by
using data from the only randomized, placebo-controlled clinical trial of antidepressant
treatment among depressed patients age 75 or older. One possibility is that these findings do
not hold in younger samples. However, the effect of response inhibition on treatment response
has been shown in both young-old (2–4,6,8) and old-old samples (5). This study represents the
first report of its kind and awaits replication in both young-old and old-old samples. Another
possibility is that task novelty in the elderly might limit the validity of the computerized Stroop
task used in this study. However, these novelty issues are more likely in less educated subjects,
and if education predicted treatment response equally as well as Stroop performance, one could
make an argument that there is some general novelty or testing familiarity effect. However,
we included education as a covariate to test for this possibility and it did not substantively
change the findings. Finally, response inhibition was the only component of the executive
functions used in this study. The executive functions represent a multifaceted class of functions
and, therefore, these findings may not generalize to other tests of executive functioning.

The findings from this study are clinically significant and have important implications for the
treatment of late-life depression. We extended our previous report by showing that patients
with depression and DRI respond worse than they would have had they been assigned to
treatment with placebo. The observed effects were moderate to large in size indicating not only
statistical significance but also that the findings are meaningful and detectable in small samples.
These findings also imply that the mechanism of SSRI and placebo response is different, which
may lead to important breakthroughs with regard to the treatment of depression with cognitive
impairment in the elderly.
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Figure 1.
Change in unadjusted HRSD scores between placebo and citalopram conditions among patients
with deficient response inhibition, t(82407) = −1.97, p = .049, and without deficient response
inhibition, t(210.1) = −2.25, p = .026.
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