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This study examined the efficacy of antidepressant
treatment for preventing the onset of generalized
anxiety disorder (GAD) among patients with recent
stroke. Of 799 patients assessed, 176 were
randomized, and 149 patients without evidence of
GAD at the initial visit were included in this double-
blind treatment with escitalopram (N=47) or placebo
(N=49) or non-blinded problem-solving therapy
(PST; 12 total sessions; N=53). Participants given
placebo over 12 months were 4.95 times more likely
to develop GAD than patients given escitalopram
and 4.00 times more likely to develop GAD than
patients given PST. Although these results should be
considered preliminary, the authors found that both
escitalopram and PST were effective in preventing
new onset of post-stroke GAD.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2014; 26:323–328)

Patients who have survived a stroke are an ideal
group for selective prevention (i.e., prevention

among individuals at increased risk for developing
illness),1 for generalized anxiety disorder (GAD), be-
cause the prevalence of GAD in the first 6 months after
stroke is 21.3%. Although GAD is often comorbid with
depression, the prevalence of GAD without depression
is still 10.7%2

We have previously demonstrated that post-stroke
depression was selectively prevented by administration
of escitalopram (10 mg/day ,age 65, 5 mg $age 65) or
problem-solving therapy (PST) over 1 year, as compared
with placebo.3 We examined our prevention study data3

for development of new-onset GAD during 1 year of
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treatment with escitalopram, problem-solving therapy
(PST), or placebo. We hypothesized that both escitalo-
pram and PST, as compared with placebo, would con-
stitute effective preventive interventions for post-stroke
GAD.

METHODS

Patients
Patients were enrolled within 3 months of an index stroke
between July 9, 2003, and October 1, 2007, from the De-
partment of Neurology, University of Iowa, Iowa City;
the Department of Neurology, University of Chicago; and
Burke Rehabilitation Hospital, White Plains, NY, and also
recruited through newspaper advertisements. Protocols
were approved by the institutional review boards at each
study site, and written informed consent was obtained
from each participant. A total of 799 patients were eval-
uated for eligibility, and 200 signed an informed consent:
28 from Burke Rehabilitation Hospital, 24 from Univer-
sity of Chicago, and 148 from University of Iowa. There
were 149 patients randomized to treatment (Figure 1).

As described in previous publication,3 inclusion cri-
teria included age (.50 years and ,90 years) with clin-
ical and neuroradiological findings consistent with either
ischemic or hemorrhagic stroke. Patients were excluded
if theymet DSM-IV diagnostic criteria for major or minor

depressive disorder or GAD at intake (excluding the
6-month duration criterion; N=27). Other exclusion cri-
teria included severe comprehension deficits, demon-
strated by failing one or more items on Part 1 of the
Token Test;4 or stroke secondary to complications from
other vascular disease or medical illness. Thus, data
from 149 subjects are included in this analysis (Figure 1).

Neurological and Neuroradiological Evaluations
A complete physical and neurological examination were
performed at intake. Vital signs and body weight were
recorded at baseline, 12 weeks, and 6-, 9-, and 12-month
follow-ups. There was no standardized imaging protocol.

Experimental Design and Treatment
Patients were centrally randomized by a team member
uninvolved in any evaluation, using permuted block
sizes of 3, 6, and 9. Patients were assigned to escitalopram
(10 mg/day in the morning for patients #65 years and 5
mg/day for patients .65 years), placebo (all pills were
identical), or PST. Escitalopram was selected because it
is indicated for treatment of anxiety disorder as well as
depression.5,6

PST is a manual-based intervention that was selected
because it has been modified for use in medically ill
elderly patients with depression.7,8 PST consisted of six
treatment sessions over Weeks 1, 2, 3, 4, 6, and 10, and
six reinforcement sessions (Months 4, 5, 6, 8, 10, and 12)
using a protocol described in a previous publication.3 All
therapy sessions were videotaped for review of consis-
tency and fidelity of administration. Patients were seen
for evaluation by raters who were blinded to drug
assignment and not involved in administration of PST at
3, 6, 9, and 12months. Patients receiving PSTwere aware
of their treatment.

Assessment Instruments and GAD Diagnosis
Patients were administered the Structured Clinical In-
terview for DSM-IV (SCID)9 at initial evaluation and 3-,
6-, 9-, and 12-month follow-up. Diagnosis of GAD was
based on symptoms elicited by the SCID during the 3
months since the last evaluation and applied to DSM-IV
criteria for GAD, excluding the requirement of 6-month
duration. The Hamilton Rating Scale for Anxiety
(Ham–A)10 has been shown to be valid and reliable in
patients with stroke.11,12 At each follow-up interview, or
if a patient reported a problem with anxiety, the patient
was examined for GAD. Socioeconomic status was deter-
mined by the Hollingshead and Redlich classification.13

FIGURE 1. A Schematic Display of the Flow of Patients Included
in This Study
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The Functional Independence Measure (FIM)14 was
used to assess activities of daily living (ADL) at baseline .
The FIM is an 18-item, 7-level, ADL scale, assessing
interpersonal, familial, and occupational functioning.
The maximum score is 126 points; higher scores indicate
less impairment. The FIM has been shown to be valid
and reliable among patients with stroke.14 The Social
Functioning Exam15 is a 28-item scale that assesses pa-
tients’ satisfaction with their social functioning during
the 2 weeks before each examination. Scores on the So-
cial Functioning Exam range from 0 to 100, with higher
scores indicating greater severity of social impairment.
Reliability and validity of this instrument have been dem-
onstrated in a previous publication.16

Adverse Events
Patients, family members, and primary care physicians
were asked about medication adverse effects (specif-
ically, gastrointestinal, sexual, and cardiovascular) at
3-month intervals, using a standardized checklist de-
veloped for this study. A data and safety monitoring
board, consisting of investigators not involved in this
trial, assessed adverse events related to the three
treatments.

Statistical Analysis
Categorical data were analyzed with Fisher’s exact test.
For continuous measures, the Kruskal-Wallis test was
used to compare all groups. In order to analyze the
time to the onset of GAD, a proportional-hazards Cox
regression model was used. Various baseline char-
acteristics, such as age, were considered as possible
confounders. Two-way interactions between covariates
and treatment group were considered. The final model
was chosen by Akaike’s information criterion. The
robust sandwich estimate of Lin and Wei17 for the
covariance matrix was used for inference to account
for the correlation of each data-point within each site.
Responses of participants in the same site were cor-
related. When standard errors were calculated, the
within-site correlation was considered. The proportional-
hazards assumption was assessed and met. This analysis
included patients who completed the study as well as
those who dropped out after randomization. Patients
who dropped out after randomization were considered
in the model as censored observation at the time they
stopped participating in the study. To investigate the ef-
fect of treatment on secondary outcomes, the FIM, and the
Social Functioning Exam, we used a linear mixed model

that included secondary outcome scores as the dependent
variable, and Treatment Group, Time, and the interaction
between Group and Time as explanatory variables. All
analyses were performed with R 2.5.1 (R Foundation for
Statistical Computing; Vienna, Austria) and SAS Ver-
sion 9.2 for Windows (SAS Institute Inc., Cary, NC). All
p values reported are two-tailed. Significance level was
set at p,0.05.

RESULTS

Participants and Baseline Measures
The patient flow diagram is shown in Figure 1. With the
exception of age and frequency of diabetes mellitus,
there were no significant differences in demographic or
baseline variables among the three treatment groups or
between those who dropped out and those who com-
pleted the study (Table 1).

Effect of Preventive Intervention on GAD
Using 149 patients randomized to treatment, we built
a Cox proportional-hazards model using time-to-GAD
onset as the dependent variable. Covariates included in
the model were age, gender, previous history of GAD,
and FIM. After adjusting for covariates, participants re-
ceiving placebo (9 cases of GAD; total: 18.4%) were 4.95
times more likely to develop GAD than patients re-
ceiving escitalopram (2 cases of GAD; total: 4.3%) and
4.00 times more likely than patients who received PST
(3 cases of GAD; total: 5.7%; Table 2; Figure 2). On the
basis of these findings, the number needed to treat
(NNT) for the combined escitalopram-and-PST group
was 7.46 (95% confidence interval [CI]: 4.62–33.91)
and for escitalopram-alone was 7.09 (95% CI: 4.31–
94.08).
Among patients with GAD, there were 7 who also

developed comorbid depression. As a subgroup analy-
sis, we excluded patients with comorbid depression and
conducted a Cox proportional-hazards model (HR) anal-
ysis using time to GAD-only onset as the dependent
variable. There were 7 patients with GAD without de-
pression: 5 received placebo, 0 got escitalopram, and 2
got PST. To increase the power of our analysis, we
combined the escitalopram and PST subjects into a
single treatment group. Similar to our previous find-
ing, after adjusting for the same covariates as the
above analysis, participants receiving placebo were
6.63 times more likely to develop GAD than patients
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who were treated (adjusted HR: 6.63; 95% CI: 2.85–
15.40; p,0.0001).

Adverse Events and Adverse Effects
There were no significant differences among groups in
frequency of any of adverse events. Also, there were no
significant differences among groups in frequency of
hospital admissions.

DISCUSSION

This study demonstrated, over the first year after an
acute stroke, that development of GAD can be effectively
prevented by either escitalopram or PST.
Before discussing implications of these findings, the

limitations of this study need to be acknowledged.
First, patients selected for the study did not include all

TABLE 1. Characteristics of Post-Stroke Patients Randomized to Receive Placebo, Escitalopram, or Problem-Solving Therapy (PST)

Placebo (N=49) Escitalopram (N=47) PST (N=53)

Age, mean (SD), yearsa 64.8 (13.5) 61.5 (13.7) 68.3 (10.4)
Male, % 67.3 63.8 54.7
Married, % 59.2 53.2 47.2
Education, mean (SD), years 13.4 (2.9) 13.4 (3.1) 14.1 (2.9)
Socioeconomic Class IV, Vb, % 26.5 19.1 24.5
Previous history of GAD, % 6.1 6.4 5.7
Baseline Hamilton Rating Scale for Anxiety

score, mean (SD)
6.8 (4.4) 7.1 (5.6) 8.3 (5.4)

Baseline Functional Independence Measure (FIM)
score, mean (SD)

114.9 (20.7) 115.8 (16.6) 114.5 (13.7)

Baseline Social Functioning Exam score, mean (SD) 0.13 (0.12) 0.12 (0.09) 0.09 (0.09)
Stroke characteristics, %
Hemorrhagic stroke 8.2 4.3 13.2
Ischemic stroke 91.8 95.7 86.8

Large-artery atherosclerosis 30.6 36.2 20.8
Small-artery occlusion 32.7 17.0 30.2
Cardioembolism/Other 28.6 42.6 35.8

Left-side lesion 51.0 48.9 41.5
Medical comorbidity
Systolic blood pressure, mean (SD), mm Hg 144.0 (24.4) 139.3 (24.1) 146.9 (20.6)
Low-density lipoprotein cholesterol, mean

(SD), mg/dl
122.5 (47.7) 116.3 (37.0) 109.9 (38.0)

Cumulative Illness Rating Scale total score,
mean (SD)

9.7 (4.6) 10.2 (5.4) 9.5 (4.8)

Diabetes mellitusc, % 20.4 42.6 17.0
Coronary artery disease, % 22.4 25.5 24.5
Cognitive heart failure, % 6.1 14.9 13.2
Atrial fibrillation, % 14.3 14.9 22.6

GAD: generalized anxiety disorder; SD: standard deviation.
aSignificant difference among the three groups (Kruskal-Wallis test: x2=7.08; p=0.029).
bClass IV indicates some high school, completion of high school, attainment of general educational degree, and employment at unskilled trade;

and class V indicates completion of an 8th-grade education or less and employment at an unskilled trade or unemployment per Hollingshead
classification.14

cSignificant difference among the three groups (Fisher’s exact test: p=0.007).

TABLE 2. The Cox Hazard Ratio (HR) Model Results for Risk Comparison of GAD Onset

Adjusted Hazard
Ratio (HR)

95% Confidence Interval (CI)
for Hazard Ratio (HR) p

Placebo versus escitalopram 4.95 1.54–15.93 0.0073
Placebo versus PST 4.00 1.84–8.70 0.0005
Escitalopram versus PST 0.81 0.12–5.26 NS
Age 1.03 1.01–1.06 0.0097
Previous history of GAD 3.59 7.74–4.64 0.0005
Female vs. male 1.39 0.59–3.07 NS
Baseline Functional Independence Measure score 1.03 0.96–1.10 NS

GAD: generalized anxiety disorder; PST: problem-solving therapy.
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patients with acute stroke. Patients with life-threatening
comorbid physical illness, such as cancer or severe
cardiac arrhythmia, were excluded, as well as patients
with severe impairment in verbal comprehension. Thus,
our findings might not be applicable to all patients with
stroke. As noted in Table 1, we included patients with
multiple system illnesses and a representative range of
stroke mechanisms and severity. Second, the study had
a relatively small sample size, and the number of
incident GAD cases was also relatively small. Thus,
our findings should be considered preliminary, and
further studies of prevention of post-stroke anxiety are
needed. Finally, our psychological treatment group
could not be blinded.

Given these limitations, what are the implications of
these findings? The most important question may be
why it is important to prevent GAD among stroke
patients. Patients in this study were elderly, and late-
life onset anxiety disorder is frequently associated with
physical disability,18 memory impairment,19,20 poor qual-
ity of life,18,21,22 increased risk of medical illness,23 and
increased use of healthcare resources.18 Furthermore, a ran-
domized, controlled study found that non–brain-injured
older adults with GAD who received escitalopram had
significantly greater response rate for reduction of
anxiety symptoms and role-functioning, as compared
with patients who received placebo over 12 weeks.24

Thus, prevention of late-life-onset GAD may have aug-
mented recovery (although this was not demonstrated
by FIM scores), improved quality of life, and decreased
morbidity.

Another important question is: what mechanism al-
lowed escitalopram or PST to effectively prevent GAD?
Although the mechanism is not known, it seems likely to
be different for escitalopram and PST. In a previous
study, compared with placebo, escitalopram 20 mg/day
significantly reduced the risk of relapse in non–brain-
injured patients with GAD during 24–76 weeks after
12 weeks of treatment.25 Antidepressants have been as-
sociated with enhanced recovery in executive function-
ing26 and enhanced recovery frommemory impairment,27

as well as increased neuroplasticity in several brain re-
gions, including the dentate gyrus of the hippocampus
and the prefrontal cortex.28

Problem-solving therapy was as effective as escitalo-
pram for prevention of post-stroke GAD, but there is no
evidence that PST enhances neuroplasticity or improves
cognitive recovery from stroke; in fact, PST patients had
less cognitive recovery than placebo patients.27 Rovner

et al.29 reported that PST was effective in preventing
depression over 8 weeks in older adults with macular
degeneration and speculated that PST may prevent de-
pression by facilitating the ability of these elderly pa-
tients to maintain or regain valued activities. Recent
studies have shown that PST in elderly patients leads to
effective treatment of depression30 and reduction in
maladaptive, avoidant coping.31 Avoidant behavior is
a risk factor for onset and maintenance of anxiety dis-
orders, including GAD, and, therefore, reduction of
avoidant behavior might have been an important factor
among our group of stroke patients. Van’t Veer-Tazelaar
et al.32 also demonstrated that PST, as part of a stepped-
care program, prevented both depression and anxiety
disorders (including GAD and other anxiety disorders)
in elderly subjects without major physical illness.
To our knowledge, however, this is the first demon-

stration of specific selective prevention of first-episode
GAD in a randomized, controlled trial. The clinical
implications of our findings are that patients given
escitalopram or PST after acute stroke may be pre-
vented from developing GAD and perhaps its adverse
consequences.

FIGURE 2. Kaplan-Meier Plot of Generalized Anxiety Disorder
(GAD)Onset for Patients Receiving Placebo, Escitalopram,
or Problem-Solving Therapy (PST) Over 1 Year
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After adjusting for age, gender, previous history of GAD, and the
Functional Independence Measure, participants who received placebo
were 4.95 times more likely to develop GAD than patients who received
escitalopram (adjusted hazard ratio [HR]: 4.95; 95% confidence interval
[CI]: 1.54–15.93; p=0.0073) and 4.00 times more likely than patients who
had PST (adjusted HR: 4.00; 95% CI: 1.84–8.70; p=0.0005).
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