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Abstract

Objective—To examine whether cerebrovascular risk, executive function, and processing speed 

are associated with acute treatment outcome of psychotic depression in older adults.
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Methods—The authors analyzed data from 142 persons aged 60 years or older with major 

depression with psychotic features who participated in a 12-week randomized controlled trial 

(RCT) comparing olanzapine plus sertraline with olanzapine plus placebo. The independent 

variables were baseline cerebrovascular risk (Framingham Stroke Risk Score), baseline executive 

function (Stroop interference score and the initiation/perseveration subscale of the Mattis 

Dementia Rating Scale), and baseline processing speed (color and word reading components of 

the Stroop). The outcome variable was change in severity of depression, measured by the 17-item 

Hamilton Rating Scale for Depression total score, during the course of the RCT.

Results—Greater baseline cerebrovascular risk was significantly associated with less 

improvement in depression severity over time, after controlling for pertinent covariates. Neither 

executive function nor processing speed predicted outcome.

Conclusion—This study suggests an association of cerebrovascular risk, but not executive 

function or processing speed, with treatment outcome of major depression with psychotic features 

in older adults.
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INTRODUCTION

There is a complex relationship between late-life depression (LLD), cerebrovascular disease 

(CVD) and cognition (1). The “depression executive dysfunction syndrome” describes a 

subgroup of patients with LLD and executive dysfunction, along with other signs of 

frontostriatal impairment (2). Several studies have found that executive dysfunction in LLD 

predicts poorer antidepressant response (3,4). Executive dysfunction can persist following 

remission (5), suggesting that it is not simply a state phenomenon of acute depression. The 

specificity of the depression executive dysfunction syndrome has, however, been 

questioned, given that tests of non-executive cognitive domains have also been found to 

predict treatment outcome, suggesting LLD prognosis is related to cognitive impairment 

more globally (6). Some authors have proposed that slow information processing speed is 

the core cognitive deficit in LLD that underlies executive dysfunction and other 

neuropsychological abnormalities (7) and that it may be more strongly predictive of 

antidepressant treatment outcome than executive dysfunction (8).

Clinical and neuroimaging data suggest CVD as an etiology of frontostriatal impairment (1). 

CVD can contribute to both LLD and cognitive impairment by damaging frontostriatal 

circuits involved in both mood regulation and cognition (9). Hypothetically, as stated by the 

“vascular depression hypothesis”, this damage results in a subtype of depression that is less 

responsive to pharmacological treatment (9). Although vascular risk factors have been 

consistently linked to vascular disease of the brain (10), there is inconsistent evidence 

linking vascular risk factors to executive dysfunction (7,8) and to outcome of late-life 

depression (8,11,12).
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As a large, well-characterized sample, the Study of the Pharmacotherapy of Psychotic 

Depression (STOP-PD) (13) data set provides an excellent opportunity to further investigate 

the relationship among cerebrovascular risk, cognitive dysfunction, and depression outcome 

in non-demented older persons with major depression. The focus on vascular risk, as 

opposed to magnetic resonance imaging (MRI) of vascular disease in the brain, is clinically 

relevant, given that cerebrovascular risk can be readily estimated for every patient, whereas 

MRI is an expensive and limited resource. Thus, STOP-PD provides an opportunity to 

explore the association among executive dysfunction, processing speed, cerebrovascular 

risk, and treatment outcome in a group of older adults with psychotic depression, an illness 

characterized by more severe frontostriatal dysfunction and cognitive impairment than major 

depression without psychotic features (14,15). Since the goal of the current study is to 

contribute to the body of knowledge pertaining to the relationship of cerebrovascular risk 

and executive dysfunction to outcome of depression, we confined our analyses to outcome 

of depression, as measured by the 17-item Hamilton Rating Scale for Depression (HAM-D) 

(16).

We hypothesized that cerebrovascular risk, executive function, and processing speed are 

associated with poorer outcome of depression, in older adults receiving pharmacotherapy for 

an episode of major depression with psychotic features. Furthermore, we hypothesized that 

if both cerebrovascular risk and cognitive function predicted outcome, cerebrovascular risk 

would partially mediate the association between both executive function and processing 

speed and outcome.

METHODS

This study is a secondary analysis of data from STOP-PD. The design, methods, and main 

findings of STOP-PD have been previously reported (13). One of the aims of STOP-PD was 

to compare outcomes in younger and older adults; as a result randomization to study 

medications was stratified by age group (18–59 years versus 60 years or older). One hundred 

seventeen participants aged 18–59 years and 142 participants aged 60 years or older with an 

episode of major depressive disorder and at least one associated delusion and a 17-item 

HAM-D total score greater than or equal to 21 were randomized to 12 weeks of double-blind 

treatment with either olanzapine plus sertraline or olanzapine plus placebo. Among the 

exclusion criteria were another Axis 1 mood disorder or psychotic disorder; DSM-IV(17) 

defined dementia preceding the index episode of depression; substance abuse or dependence 

within the preceding 3 months; neurologic disease that might affect neuromuscular function 

such as Parkinson’s disease; and unstable physical illness, although many of the study 

participants had stable chronic physical problems. Using procedures approved by local 

institutional review boards, written informed consent was obtained from all participants or 

their substitute decision maker prior to the initiation of any research assessments or 

treatment.

In this analysis, we included only data pertaining to participants aged 60 years or older. 

Table 1 reports pertinent baseline characteristics of these older participants. Our primary 

outcome measure was the 17-item HAM-D total score at each study visit during the 12-week 

treatment trial: the HAM-D was obtained weekly for the first 6 weeks and every second 
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week for the remainder of the trial. The independent variables were: (i) baseline 

cerebrovascular risk, measured by the Framingham Stroke Risk Score (18); (ii) baseline 

executive function, measured by a) the color-word interference score on the Stroop (19) and 

b) the initiation/perseveration subscale of the Mattis Dementia Rating Scale (DRS I/P) (20); 

and (iii) baseline information processing speed, measured by each of the color and word 

reading components of the Stroop. The color-word interference score from the Stroop task 

was calculated using the method proposed by Chafetz and Matthews (21) and converted to 

T-scores.

The Framingham Stroke Risk Score (FSRS) is an algorithm based on clinical and 

demographic information, specifically age, gender, treatment with antihypertensive 

medication, systolic blood pressure, cigarette smoking, diabetes mellitus, history of 

cardiovascular disease, atrial fibrillation, and left ventricular hypertrophy on 

electrocardiogram. It provides a score whereby higher scores are associated with increased 

stroke risk. The FSRS correlates with measures of CVD, including white matter 

hyperintensities on MRI(10), and has been used in outcome studies in LLD(8,11).

Data Analysis

The outcome (17-item HAM-D) measurements for all assessments were analyzed in a series 

of linear mixed effects regression models for the three predictor categories mentioned above. 

Each of the five predictor variables was analyzed separately. The mixed model had a 

patient-level random intercept and fixed effects for time trend parameters, predictor, and 

predictor × time interaction. In addition, each model included fixed effects for the following 

covariates known to affect depression outcome or cognitive performance: age, gender, level 

of education, age at onset of lifetime major depressive disorder, duration of index depressive 

episode, treatment non-response during the index depressive episode rated with the 

Antidepressant Treatment History Form (ATHF) (22), and cumulative medical burden rated 

with the Cumulative Illness Rating Scale for Geriatrics (23). In a previous analysis of the 

effect of treatment non-response on outcome in STOP-PD, Blumberger et al. (24) found that 

failure to respond to either an adequate trial of antidepressant monotherapy or to an adequate 

trial of combination therapy (combined antidepressant and antipsychotic medications) 

during the index episode of depression before entry to STOP-PD were associated with 

similar outcomes in STOP-PD. Therefore, in the current analyses, treatment non-response 

was defined by an ATHF score of 3 or more for an antidepressant monotherapy trial (i.e., at 

least 4 weeks of an adequate dose of antidepressant) or an ATHF score of 2 or more for a 

combination treatment trial (i.e., at least 4 weeks of an adequate dose of antidepressant 

combined with at least 3 weeks of an adequate dose of antipsychotic) during the index 

episode of depression prior to study entry.

In addition to the mixed effects models, we calculated Spearman’s rank correlation 

coefficients between FSRS score and each of the four neuropsychological test scores at 

baseline to examine the association between cerebrovascular risk and cognition.

All analyses were carried out using SAS 9.3 (©SAS Institute, Cary, NC) and performed with 

two-tailed alpha set at 0.05.
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RESULTS

After controlling for covariates, baseline FSRS score was significantly associated with 

change in HAM-D profiles over time based on the time × predictor interaction (F1,791= 9.91, 

p= 0.002): the greater the baseline cerebrovascular risk, the less improvement in depression 

severity. Neither the measures of executive function nor the measures of processing speed 

were significant predictors of depression outcome (time × predictor interactions for Stroop 

color-word interference score: F1,728= 2.12, p = 0.15; DRS I/P score: F1,739 = 2.37, p = 0.13; 

Stroop color score: F1,745 = 3.06, p = 0.08; and Stroop word score: F1,732 = 0.03, p = 0.86). 

Because we did not find a relationship between cognition and outcome, we were not able to 

test the mediator hypothesis.

A statistically significant but weak correlation was found between FSRS score and DRS I/P 

score (r = −0.20; p = 0.03; n = 124). FSRS score was not significantly correlated with Stroop 

color-word interference score (r = −0.14; p = 0.12; n = 119), Stroop color score (r = −0.18; p 

= 0.06; n = 122), or Stroop word score (r = −0.15; p = 0.11; n = 120).

DISCUSSION

The principal finding of this study is that cerebrovascular risk predicts poorer treatment 

response in older adults with psychotic depression after controlling for pertinent covariates. 

This finding is consistent with studies suggesting that cerebrovascular risk is associated with 

poorer treatment outcome of LLD. Building on research in non-psychotic depression in 

older adults (8), our finding supports the utility of the FSRS as a simple clinical measure of 

cerebrovascular risk in predicting treatment outcome of LLD.

We did not find that measures of executive function and processing speed predicted 

treatment outcome in STOP-PD participants. This finding is in contrast with other studies of 

cognitive predictors of treatment outcome in LLD that used the Stroop and DRS I/P as 

measures of executive function (3,8). However, not all measures of executive function 

predict LLD outcome (6,25,26). Secondly, while processing speed has been found to be a 

robust predictor of LLD treatment outcome (8), this has not been a consistent finding in all 

studies (27). We suggest several possible explanations for our findings. First and foremost, 

participants in STOP-PD had a more severe depressive illness (as evidenced by the presence 

of psychosis, a high mean HAM-D score, and more than two thirds of patients requiring 

hospitalization) than typical participants in other studies that have examined the relation of 

cognitive dysfunction and antidepressant response (3,8,12,28). The presence of psychosis 

and the severity of depression may have compromised some STOP-PD participants’ ability 

to engage in neuropsychological testing, thereby confounding the test results. Second, 

because of the secondary nature of the analyses in this report, we relied on Stroop color and 

word scores as post-hoc measures of processing speed. These measures are not ideal: the 

digit symbol substitution test, which was not part of the STOP-PD design, is fairly specific 

to processing speed (29) and may have been a more discriminating measure of this cognitive 

domain. The choice of neuropsychological measure would not, however, explain our 

negative findings regarding executive function and treatment outcome, since the Stroop 

interference task and the Mattis I/P have been used in several studies with positive findings 
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(3,8,12). Our study participants had very low scores on tests of executive function: the mean 

Stroop color-word interference T score of 24.7 was more than two standard deviations 

below the population mean (19) and the mean DRS I/P score of 30.5 falls in the 6th–10th 

percentile for community-based persons aged 69–80 years and the 11th–18th percentile for 

those aged 81–86 years (30). Moreover, these mean scores fall within the range considered 

to represent executive dysfunction in older depressed patients (31). The executive function 

scores in our participants were highly skewed towards the low end of functioning: this lack 

of range across the study group may have contributed to our negative finding regarding the 

association between neuropsychological performance and treatment outcome. Finally, it is 

possible that psychotic LLD represents a subtype of major depression for which, in contrast 

with non-psychotic LLD, cognitive function and treatment outcome are not associated. To 

further clarify this question without the potential confound of depression severity and 

psychosis on neuropsychological testing, future studies could examine the effect of 

cognitive dysfunction on risk of relapse and recurrence of remitted psychotic depression.

We did not find statistically significant correlations between FSRS score and the 

neuropsychological measures, with the exception of a weak correlation between FSRS score 

and DRS I/P score. Sheline et al. (8) reported statistically significant correlations between 

higher FSRS scores and both executive dysfunction and slower processing speed, but the 

strength of the correlation with executive dysfunction was modest (r = −0.28). As noted by 

Sheline et al. (8) and others (7), the etiology of executive dysfunction in LLD is likely not 

limited to cerebrovascular disease: age-related changes, neurodegenerative changes, and 

medical burden may also contribute. Alexopoulos et al. (12) found that while executive 

dysfunction and heart disease burden each contributed to lower remission rates of geriatric 

depression, the relationship between heart disease and depression outcome was not mediated 

by executive dysfunction, suggesting independent pathways. Given the potential etiologic 

heterogeneity of cognitive dysfunction in LLD, it is not surprising that studies may not find 

a strong correlation between cerebrovascular risk and cognitive impairment.

In conclusion, this study suggests an association of cerebrovascular risk, but not executive 

function or processing speed, with treatment outcome of major depression with psychotic 

features in older adults.
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Table 1

Baseline Characteristics of Participants Aged 60 Years or Older in STOP-PD (N=142)

Characteristic Mean (SD)

Age, mean (years) 71.7 (7.8)

Education (years) 12.2 (3.6)

Duration of index episode (months) 9.1 (13.0)

Age at onset of MDD (years) 54.5 (20.1)

HAM-D total score 30.1 (5.4)

CIRS-G total score 6.8 (3.8)

MMSE total score 26.3 (3.4)

Stroop color-word interference scorea 24.7 (6.3)

Stroop color scorea 49.5 (16.0)

Stroop word scorea 17.9 (4.9)

DRS I/P score 30.5 (5.7)

FSRS score 12.1 (4.7)

Characteristic N (%)

Female 91 (64.1)

Race

 White 129 (90.1)

 Black 10 (7.0)

 Asian 3 (2.1)

Ethnicity

 Hispanic 6 (4.2)

 Non-Hispanic 136 (95.8)

Inpatient 102 (71.8)

Single depressive episode 42 (29.6)

Late-onset MDD (age ≥ 60 years)b 67 (51.9)

Treatment non-response during current episodec 60 (42.3)

HAM-D =17-item Hamilton Depression Rating Scale; CIRS-G = Cumulative Illness Rating Scale for Geriatrics; MMSE = Mini Mental State 
Examination; DRS I/P = Mattis Dementia Rating Scale Initiation/Perseveration subscale; FSRS = Framingham Stroke Risk Score; MDD = Major 
Depressive Disorder; ATHF = Antidepressant Treatment History Form

a
Reported as T-scores

b
Data available in N = 129 participants

c
See text for definition of treatment non-response
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