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Objective: This study compared nortriptyline and fluoxetine with placebo in the treatment
of depression and in recovery from physical and cognitive impairments after stroke.
Method: A total of 104 patients with acute stroke enrolled between 1991 and 1997 entered
a double-blind randomized study comparing nortriptyline, fluoxetine, and placebo over 12
weeks of treatment. The majority of patients were recruited from a rehabilitation hospital in
Des Moines, lowa, but other enrollment sites were also used. Both depressed and nonde-
pressed patients were enrolled to determine whether improved recovery could be mediated
by mechanisms unrelated to depression. Nortriptyline in doses of 25 mg/day gradually in-
creased to 100 mg/day or fluoxetine in doses of 10 mg/day gradually increased to 40 mg/
day or identical placebo were given over 12 weeks. Response to treatment of depression
for individual patients was defined as a greater-than-50% reduction in scores on the Hamil-
ton Rating Scale for Depression and no longer fulfilling diagnostic criteria for major or minor
depression. Improved recovery for a treatment group was defined as a significantly higher
mean score from baseline to end of the treatment trial, compared with patients treated with
placebo, on measures of impairment in activities of daily living and levels of cognitive and
social functioning. Results: Nortriptyline produced a significantly higher response rate
than fluoxetine or placebo in treating poststroke depression, in improving anxiety symp-
toms, and in improving recovery of activities of daily living as measured by the Functional
Independence Measure. There was no effect of nortriptyline or fluoxetine on recovery of
cognitive or social functioning among depressed or nondepressed patients. Fluoxetine in
increasing doses of 10-40 mg/day led to an average weight loss of 15.1 pounds (8% of ini-
tial body weight) over 12 weeks of treatment that was not seen with nortriptyline or placebo.
Conclusions: Given the doses of medication used in this study, nortriptyline was superior
to fluoxetine in the treatment of poststroke depression. Demonstrating a benefit of antide-
pressant treatment in recovery from stroke may require the identification of specific sub-

groups of patients, alternative measurement scales, or the optimal time of treatment.
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I n 1984, the first controlled double-blind treatment
study of poststroke depression was published (1). This
study demonstrated that among patients who were an
average of 6 months poststroke, 11 study completers
receiving nortriptyline had significantly lower scores on
the Hamilton Rating Scale for Depression at 4 weeks
and 6 weeks after beginning treatment than 14 study
completers given placebo. Since that time, at least three
other double-blind randomized studies of treatment of
poststroke depression have been reported (2-4).

The only double-blind treatment study of post-
stroke depression to examine the utility of selective se-
rotonin reuptake inhibitors (SSRIs) in the treatment of
this condition was by Andersen et al. (3) using citalo-
pram. Results of efficacy and intention-to-treat analy-
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ses (i.e., analyses in which early dropouts were ex-
cluded or included, respectively) demonstrated better
outcome as measured by the Hamilton depression
scale or the Melancholia Scale at both 3 and 6 weeks
among 33 patients treated with 20 mg/day of citalo-
pram (or 10 mg/day for patients over age 66) than
among 33 patients given placebo. Response to treat-
ment was better in patients who were 7 or more weeks
poststroke than among patients who were less than 7
weeks poststroke.

However, we are not aware of any studies that have
compared a tricyclic antidepressant with an SSRI med-
ication using double-blind controlled conditions. The
relative safety of SSRI medications as well as their
more favorable side effect profile has led to the wide-
spread use of these medications in the treatment of de-
pression, including poststroke depression. The efficacy
of SSRIs in the treatment of major depression among
geriatric patients was demonstrated by Tollefson et al.
(5) in a double-blind study comparing fluoxetine in
335 patients with placebo in 336 patients. Overall re-
sponse rates were 43.9% and 31.69%, respectively.
The efficacy of SSRIs has also been demonstrated in
patients with physical illnesses. Roose et al. (6) found
that 61% of 41 patients with ischemic heart disease
and depression improved after 6 weeks of treatment
with paroxetine, compared with 55% of 40 patients
treated with nortriptyline who had heart disease of
similar severity.

Subgroups of geriatric patients, particularly those
with physical illness, however, have sometimes suf-
fered significant side effects when treated with SSRIs.
In one study, seven of 15 medically ill and depressed
patients over age 75 who were treated with fluoxetine
lost more than 5% of their body weight (7). In con-
trast, only one of 68 patients in the same age group
and with the same medical background who were
treated with nortriptyline or desipramine lost more
than 5% of his or her body weight. In addition, Roose
et al. (8) found that elderly patients with heart disease
and major depression, melancholic subtype, had a sig-
nificantly lower response rate to fluoxetine (N=5 of
22) compared with nortriptyline (N=28 of 42). These
studies suggest that in some elderly patients with med-
ical illnesses, fluoxetine may have greater side effects
or less efficacy than tricyclic antidepressants.

The study reported here was undertaken to examine
the hypothesis that nortriptyline and fluoxetine would
both be superior to placebo in the treatment of depres-
sion in elderly patients after stroke, although the fluox-
etine-treated subjects could experience significant side
effects of nausea or weight loss. Because a previous
study had shown that active treatment with trazodone
(N=7) had improved recovery in activities of daily liv-
ing in a subgroup of depressed poststroke patients over
5 to 6 weeks of treatment (2), we examined treatment
response in both depressed and nondepressed patients
over 12 weeks. We included nondepressed patients
(N=48) because we expected to see an effect on recov-
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ery in depressed patients and wanted to determine
whether the improvement was related to recovery from
depression or to a neurochemical effect that was inde-
pendent of depression. We hypothesized that antide-
pressants would benefit recovery only in patients with
poststroke depression.

METHOD

Patient Selection

Patients were enrolled in the treatment study between June 1991
and June 1997. The vast majority of enrolled patients were recruited
from Younkers Rehabilitation Center of lowa Methodist Medical
Center in Des Moines, lowa (N=89). A small number were recruited
from the neurological service at The University of lowa Hospitals
and Clinics in lowa City (N=1), the VA Medical Center in lowa City
(N=2), or the neurological service of the Raul Carrea Institute of
Neurological Research in Buenos Aires, Argentina (N=12).

Initially, a total of 343 patients with an acute stroke who met in-
clusion criteria were asked to participate in a treatment study of
poststroke depression. Inclusion criteria included acute stroke
within 6 months of the onset of the study and age 18-85. Exclusion
criteria included 1) any other significant medical illness that would
threaten the patient’s life or recovery from stroke, 2) severe compre-
hension deficit that precluded a verbal interview (defined as failing
part 1 of the Token Test [9]), 3) prior history of head injury, or 4)
prior history of other brain disease with the exception of prior stroke
(N=103 were excluded). Patients taking antidepressants other than
fluoxetine at the time of enrollment were allowed to stop their anti-
depressants for a 2-week washout period before the study (N=3). In
addition to requiring the patient’s informed consent to participate in
the study, we required that the patient’s immediate family and treat-
ing physician agree to the patient’s participation. One hundred thirty
patients did not participate because either the patient or a family
member refused participation. Two patients died before assignment
to a treatment group, and four dropped out before assignment.

Treatment Protocol

After providing a complete description of the study to the sub-
jects, we obtained their written informed consent to participate. Pa-
tients were randomly assigned to either fluoxetine or nortriptyline
treatment unless nortriptyline was contraindicated because of a car-
diac conduction abnormality (e.g., bundle branch block) or a heart
attack within 3 months before the study (N=8). Fluoxetine was con-
traindicated for patients who had an intracerebral hemorrhage (N=
9) (one patient was randomly assigned fluoxetine before the diagno-
sis was made). Thus, 85% of the patients were randomly assigned to
nortriptyline or fluoxetine. All patients were randomly assigned to
either active or placebo medication.

Depressed patients were treated in a crossover design (i.e., 12
weeks of active treatment followed by 12 weeks of placebo treat-
ment) so that all patients would receive active treatment with ran-
dom assignment to either active or placebo treatment during the first
12 weeks. Although the original design was a crossover, data for a
significant number of patients taking placebo (i.e., 31% response
rate) became ineligible for analysis. Because of this development and
because we wanted to include as many patients as possible in the
treatment group, we used an independent groups design to analyze
the data. Data from the first 12 weeks of treatment were used in the
analysis for 17 of the 23 depressed patients assigned to fluoxetine
treatment, 15 of the 16 patients assigned to nortriptyline treatment,
and all 17 of the patients assigned to receive placebo. If a patient was
assigned to receive placebo during the first 12 weeks of treatment
and continued to meet the inclusion criteria for depression during
the second 12 weeks of treatment, the data for that patient from the
second 12 weeks were analyzed. Data for six patients who received
fluoxetine and one patient who received nortriptyline were analyzed
in this way.
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Depression was defined as meeting DSM-IV criteria for major de-
pressive disorder or minor depressive disorder with a Hamilton de-
pression scale score of 12 or greater (based on criteria used in prior
studies [10]). Nondepressed patients were assigned to 12 weeks of
treatment with either fluoxetine, nortriptyline, or placebo with no
crossover. Patients were seen at enroliment and at 3, 6, 9 and 12
weeks after beginning the medication. The doses of nortriptyline
were 25 mg/day for the first week, 50 mg/day for weeks 2 and 3, 75
mg/day for weeks 3-6, and 100 mg/day for the final 6 weeks. Doses
of fluoxetine were 10 mg/day for the first 3 weeks, 20 mg/day for
weeks 4-6, 30 mg/day for weeks 7-9, and 40 mg/day for the final 3
weeks. Doses were decreased if side effects were severe. Because of
severe side effects, doses were decreased in four patients treated with
fluoxetine (in one patient due to anxiety, two due to gastrointestinal
symptoms, and one due to insomnia) and four patients treated with
nortriptyline (two patients due to blood levels over 150 ng/ml and
two due to sedation). To maintain the blind, doses were decreased
for equal numbers of placebo patients. The active and placebo pills
were identical.

Assessment

Patients were asked about background and illness information at
the initial study evaluaion. They were also weighed at the first and
last evaluation, and their blood pressure and pulse were taken at
each 3-week follow-up visit. The follow-up visits were conducted in
the treating hospital or, most often, in the patient’s home or long-
term-care facility. Psychiatric assessment included administration
of a version of the Present State Examination modified to identify
DSM-11I-R, and later, DSM-1V symptoms of depression and anxiety
disorder. The Present State Examination is a semistructured psychi-
atric interview whose reliability and validity in this population
have been previously demonstrated (11). Although part of the study
was done while DSM-III-R was in use, symptoms elicited in re-
sponse to the Present State Examination were used at the time of
the analyses to determine DSM-IV diagnoses for all patients. Ini-
tially, and at each 3-week evaluation, the 28-item form of the
Hamilton depression scale was administered. We have previously
demonstrated the reliability and validity of the Hamilton depres-
sion scale in patients with stroke (11, 12). Successful treatment re-
sponse was defined as a greater-than-50% reduction in the Hamil-
ton depression scale score and no longer fulfilling diagnostic
criteria for major or minor depression.

Several other instruments were used in the assessments. The
Hamilton Rating Scale for Anxiety was used to assess the severity of
patients’ anxiety symptoms at each follow-up visit. In a previous
publication, we demonstrated the reliability and validity of this scale
in poststroke patients (13). The Johns Hopkins Functioning Inven-
tory and the Functional Independence Measure, which measure ac-
tivities of daily living, were also administered at each evaluation.
The Johns Hopkins Functioning Inventory is a 10-item, 44-point
scale on which higher scores indicate greater levels of impairment.
The Functional Independence Measure is an 18-item, 72-point scale
on which higher scores indicate less impairment (14). We have previ-
ously demonstrated the reliability and validity of the Johns Hopkins
Functioning Inventory in this patient population (11, 15). The Mini-
Mental State (16) is a brief cognitive examination. We have used this
cognitive examination in prior studies and demonstrated its reliabil-
ity and validity in this population (17, 19). The Social Functioning
Exam (18) is a 28-item scale that assesses patients’ satisfaction with
their social functioning before the stroke (asked at the in-hospital
evaluation) or during the 2 weeks before the follow-up examina-
tions. Scores on the Social Functioning Exam range from 0.00 to
1.00, with higher scores indicating greater severity of social impair-
ment. The reliability and validity of this instrument has also been
previously demonstrated (18, 20). Improved recovery on each of
these scales was defined as a significantly greater improvement of
score from baseline to end of treatment trial compared with placebo-
treated patients.
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Computerized Tomography

Computerized tomography (CT) or magnetic resonance scans
were obtained from the treating acute hospital for each of the pa-
tients in the study. Scans were evaluated blind to any of the psychi-
atric findings for the anatomical location and size of the brain injury.

Statistical Analysis

Statistical analyses utilized repeated measures analysis of variance
for ratings on scales with continuous measurement. Where appropri-
ate, Huhyn-Feldt corrected p values are shown. Important analyses
were also analyzed using an analysis of covariance, controlling for
baseline ratings. Post-hoc comparisons, where indicated, utilized the
Duncan statistic. The Duncan statistic does not provide a precise p
value, but the p value is always less than 0.05 when the Duncan sta-
tistic is cited with a significant finding.

In addition, nonparametric repeated analyses were performed.
This nonparametric analysis, based on suggestions by CIiff (21),
used tau as an index of trajectory for each patient’s course during the
study. Values of tau approaching —1.0 indicated that the ratings
steadily improved (lower Hamilton depression scores) over the five
measurement times, values near zero indicated a near-random pat-
tern, and a large positive value indicated steady worsening. A
Kruskal-Wallis test was then used to compare the three groups for
significantly different trajectories. Post-hoc tests for these compari-
sons were performed with Wilcoxon scores (i.e., Mann-Whitney
tests [22]) and corrected according to Tukey’s honestly significant
difference (with p<0.05, two-tailed) criterion to account for multiple
comparisons.

For discrete variables, chi-square tests were used except when cell
sizes were prohibitively small, in which case Fisher’s exact tests
were used.

RESULTS

Patient Characteristics

The background characteristics of the patients in-
cluded in the intention-to-treat group are shown in
table 1. Ninety-two patients were enrolled in lowa,
and 12 in Argentina. Approximately half of the pa-
tients with depression had major depressive disorder
(table 1). The only significant difference among the
three treatment groups of depressed and nondepressed
patients was that the fluoxetine groups contained sig-
nificantly more male patients than the nortriptyline or
placebo groups.

The neurological and CT scan findings for the de-
pressed and nondepressed groups are shown in table 2.
There were no significant differences between treat-
ment groups except that among the nondepressed pa-
tients there were more patients with hemorrhage in the
nortriptyline group than in the fluoxetine and placebo
groups (patients with hemorrhage were excluded from
the fluoxetine group) and among the depressed pa-
tients the fluoxetine group had fewer patients with
paresis of at least one limb than the nortriptyline or
placebo groups (70% of the fluoxetine group versus
100% of the nortriptyline and placebo groups).

Intention-to-Treat Analysis

Of the nine withdrawals in the depressed fluoxetine
group, six dropped out within the first 3 weeks, two
dropped out between weeks 4 and 6, and one dropped
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TABLE 1. Characteristics of Depressed and Nondepressed Poststroke Patients Entered in a Study Comparing Fluoxetine, Nortrip-

tyline, and Placebo?

Depressed Nondepressed

Fluoxetine Nortriptyline Placebo Fluoxetine Nortriptyline Placebo

Characteristic (N=23) (N=16) (N=17) (N=17) (N=15) (N=16)
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Age (years) 65 14 64 10 73 8 66 13 65 13 67 9
Education (years) 12 3 12 3 11 3 13 3 13 2 11 4
Weeks since stroke 16 35 5 4 6 3 8 11 10 17 5 3
N % N % N % N % N % N %
Female sex? 6 26 11 69 8 47 2 12 8 53 4 25
Caucasian race 19 83 11 69 16 94 16 94 13 87 14 88
Married 17 74 12 75 10 59 13 76 10 67 10 63

Hollingshead socioeconomic level

111 16 70 10 60 11 65 8 47 11 73 11 69
IV orV 7 30 6 40 6 35 9 53 4 27 5 31
Prior psychiatric history 2 9 2 13 3 18 2 12 1 7 0 0
Family psychiatric history 3 13 5 31 2 12 3 18 2 13 1 6
DSM-IV major depressive disorder 11 48 10 63 6 35 0 0 0 0 0 0

2 Depressed patients met DSM-1V criteria for major depressive disorder or minor depressive disorder and had a score of 12 or greater on

the Hamilton Rating Scale for Depression.

b Significantly fewer female patients in the fluoxetine group among depressed patients (x2=7.01, df=2, p=0.03) and among nondepressed

patients (Fisher's exact test, p=0.04).

TABLE 2. Characteristics of Stroke in Depressed and Nondepressed Poststroke Patients Entered in a Study Comparing Fluoxet-

ine, Nortriptyline, and Placebo

Characteristic Depressed

Nondepressed

of Stroke Fluoxetine (N=23) Nortriptyline (N=16) Placebo (N=17) Fluoxetine (N=17) Nortriptyline (N=15) Placebo (N=16)
Type

Infarction 22 14 15 17 10 15
Hemorrhage? 1 2 2 0 5 1
Location

Left hemisphere 9 6 5 6 7 7
Right hemisphere 13 9 12 9 7 8
brainstem/other 1 1 0 2 1 1
Symptoms

ParesisP 16 16 17 10 8 12
Sensory deficiency 16 8 9 2 5 4
Aphasia 7 4 4 3 4 4
Visual field deficiency 5 8 7 4 3 2

a Significantly more patients with hemorrhage in the nortriptyline group among nondepressed patients (Fisher’s exact test, p=0.01).
b Significantly fewer patients with paresis in the fluoxetine group among depressed patients (Fisher's exact test, p=0.008).

out between weeks 7 and 9 (three complained of gas-
trointestinal symptoms, and six refused treatment). Of
the depressed nortriptyline patients, one dropped out
during the first 3 weeks, one dropped out between
weeks 7 and 9, and one dropped out between weeks 10
and 12 (two had medical deterioration, and one re-
fused treatment). In the depressed placebo group, four
patients dropped out during the first 3 weeks (one pa-
tient died due to pulmonary embolus, one deteriorated
medically, and two refused treatment).

In the nondepressed fluoxetine group, four patients
dropped out—two during the first 3 weeks, and two
between weeks 4 and 6. (One complained of gastro-
intestinal symptoms, two deteriorated medically, and
one refused treatment.) Of the nondepressed nortrip-
tyline group, two patients dropped out—one during the
first 3 weeks and one during weeks 4-6. (One refused
treatment, and one had sedation.) One of the nonde-
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pressed placebo patients dropped out between weeks 7
and 9. (The patient developed a rash.) Combining the
dropout rates for both depressed and nondepressed pa-
tients, the dropout rate was significantly greater in the
fluoxetine group than in the nortriptyline and placebo
groups (x%=4.10, df=1, p=0.04).

A repeated measures analysis of variance comparing
Hamilton depression scale scores for all depressed pa-
tients entered in the fluoxetine, nortriptyline, and pla-
cebo groups demonstrated a significant time-by-treat-
ment interaction (F=3.45, df=8, 212, p=0.004). A post-
hoc analysis of group mean depression scores using the
Duncan statistic indicated no intergroup difference at
the initial evaluation between the nortriptyline and flu-
oxetine groups, although the placebo group had a sig-
nificantly lower mean score than the nortriptyline
group (p<0.05). At 12 weeks, the nortriptyline group
had a significantly lower mean Hamilton depression
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scale score than the fluoxetine group, and the placebo
group also had a significantly lower mean score than
the fluoxetine group (Duncan statistic, p<0.05). The
nonparametric analysis of trajectories also revealed a
significant difference between the groups (Kruskal-
Wallis x2=8.00, df=2, p<0.02). Follow-up tests with
Tukey’s honestly significant difference criterion indi-
cated that the nortriptyline group had more consistent
trajectory for improvement on Hamilton depression
scale scores than the fluoxetine group.

Because placebo-treated patients had lower Hamil-
ton depression scale scores than the nortriptyline-
treated patients at the initial evaluation, we repeated
the analyses covarying for baseline scores. This analy-
sis demonstrated the same time-by-treatment interac-
tion (F=3.24, df=6, 156, p=0.01). Post-hoc analysis
showed that patients treated with nortriptyline had a
significantly greater decline in Hamilton depression
scale scores than either placebo- or fluoxetine-treated
patients at 12 weeks (figure 1). There were no differ-
ences between fluoxetine and placebo. The successful
treatment rate was 10 of 16 (63%) for nortriptyline,
two of 23 (9%) for fluoxetine, and four of 17 (24%)
for placebo.

Efficacy Analysis

A repeated measures analysis of variance of mean
Hamilton depression scale scores comparing the de-
pressed patients in the three treatment groups who
completed the 12-week study (14 patients in the fluox-
etine group, 13 in the nortriptyline group, and 13 in
the placebo group) demonstrated a significant time-by-
treatment interaction (F=3.65, df=8, 148, p=0.001).
Post-hoc analysis demonstrated no significant inter-
group differences during the initial evaluation. The
nortriptyline group, however, had a significantly lower
mean Hamilton depression scale score than the fluox-
etine group at 12 weeks (Duncan statistic, p<0.05).
The placebo group also had a significantly lower mean
score than the fluoxetine group at 12 weeks (Duncan
statistic, p<0.05). Nonparametric analysis of the tra-
jectories provided similar results. There were overall
differences in trajectories among the three treatment
groups (Kruskal-Wallis x?=8.07, df=2, p<0.02). Fol-
low-up tests with Tukey’s honestly significant differ-
ence criterion indicated that nortriptyline was associ-
ated with more consistently improving trajectories
compared with either the fluoxetine or placebo groups.
To account for the lower scores of the placebo group at
the initial evaluation, repeated measures analysis of
variance covarying for baseline scores was done. The
analysis revealed a significant time-by-treatment inter-
action (F=3.58, df=6, 108, p=0.005). Although there
were no differences between fluoxetine and placebo at
any time point, nortriptyline was superior to placebo
and fluoxetine at 12 weeks of treatment and to placebo
at 9 weeks of treatment (Duncan statistic, p<0.05).

The successful treatment rate was 10 of 13 (77%)
for nortriptyline, two of 14 (14%) for fluoxetine, and
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FIGURE 1. Change in Depression Scores for Depressed Post-
stroke Patients Entered in a Study Comparing Fluoxetine,
Nortriptyline, and Placebo?

0 K¢
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@ Fluoxetine (N=23)
Nortriptyline (N=16)
M Placebo (N=17)
0 3 6 9 12
Week of Treatment

Change in Hamilton Depression Score

2 Significant time-by-treatment interaction (F=3.45, df=8, 212, p=
0.004).

b Significantly greater change in patients treated with nortriptyline
than in those taking fluoxetine or placebo, (post-hoc tests with
Duncan’s statistic, p<0.05).

four of 13 (319%) for placebo. The overall rate of re-
sponse was significantly different than a random distri-
bution (x?=11.70, df=2, p=0.003). The response rate
was significantly higher in the nortriptyline group than
in either the fluoxetine (Fisher’s exact test, p=0.002) or
placebo groups (Fisher’s exact test, p=0.05), and the
response rates in the fluoxetine and placebo groups
were not significantly different from each other.

Treatment Effects on Anxiety and Impairment Scores

Scores for the Hamilton depression and anxiety
scales as well as the impairment scales before and after
treatment for the fluoxetine, nortriptyline, and placebo
groups are shown in table 3. Among the depressed pa-
tients, repeated measures analysis of variance compar-
ing the nortriptyline, fluoxetine, and placebo groups
on the Hamilton anxiety scale revealed a significant
time-by-treatment interaction (F=2.14, df=8, 13, p=
0.04). Although no significant post-hoc differences be-
tween groups were found at any time point, the
nortriptyline group had a mean 2.9-point decline in the
Hamilton anxiety scale score, the fluoxetine group had
a mean 3.2-point increase in the Hamilton anxiety
scale score, and the placebo group’s mean score did not
change.

Analysis of scores on the impairment scales for de-
pressed patients revealed a significant time-by-treat-
ment interaction for the Functional Independence
Measure (F=2.42, df=8, 14, p=0.02). Post-hoc analysis
covarying for baseline scores revealed that improve-
ment in Functional Independence Measure scores was
significantly greater in the nortriptyline group than in
the fluoxetine group at 9 and 12 weeks (Duncan statis-
tic, p<0.05) and in the placebo group compared with
the fluoxetine group at 12 weeks (table 3). Thus, the
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TABLE 3. Scores on Measures of Impairment for Depressed and Nondepressed Poststroke Patients Before and After 12 Weeks of

Treatment With Fluoxetine, Nortriptyline, or Placebo

Depressed Nondepressed
Fluoxetine Nortriptyline Placebo Fluoxetine Nortriptyline Placebo
(N=14) (N=13) (N=13) (N=13) (N=13) (N=15)

Measure Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Hamilton Rating Scale for Anxiety

Initial 6.5 4.0 8.9 4.7 10.1 3.7 4.6 35 8.3 5.1 5.0 3.2

12 weeks? 9.8 4.8 6.0 4.2 9.9 51 4.7 3.8 4.2 3.7 5.5 2.9
Hamilton Rating Scale for Depression

Initial 20.4 4.7 225 8.5 175 6.2 6.7 3.7 5.3 3.2 6.0 3.2

12 weeksP 18.5 7.6 9.0 55 122 47 5.9 3.8 6.5 4.0 6.2 4.6
Functional Independence Measure

Initial 58.3 13.1 52.0 16.8 489 6.7 59.0 11.7 574 131 572 121

12 weeks®d 59.2 11.6 60.5 12.2 56.2 7.8 60.5 10.8 61.8 11.7 63.1 8.2
Johns Hopkins Functioning Inventory

Initial 4.6 4.3 6.6 6.1 78 26 45 4.2 3.9 3.8 4.9 4.4

12 weeksd 3.2 4.3 35 3.0 41 27 3.8 34 24 2.3 2.9 34
Mini-Mental State

Initial 26.4 6.1 22.5 6.7 238 7.7 26.3 7.4 26.8 3.1 25.9 4.5

12 weeks 25.9 7.5 255 3.6 245 6.8 26.1 75 26.5 4.0 26.8 2.4
Social Functioning Exam

Initial 0.16 0.20 0.17 0.21 0.09 0.09 0.18 0.26 0.07 0.03 0.16 0.25

12 weeks 0.15 0.15 0.15 0.16 0.10 0.08 0.10 0.17 0.07 0.06 0.16 0.25

a Significant time-by-treatment interaction among the three treatment groups of depressed patients (F=2.14, df=8, 13, p=0.04).

b Significant time-by-treatment interaction among the three treatment groups of depressed patients (F=3.65, df=8, 148, p=0.001).
¢ Significant time-by-treatment interaction among the three treatment groups of depressed patients (F=2.42, df=8, 14, p=0.02).

d Significant time effect among the three treatment groups of both depressed and nondepressed patients (ANOVA, p<0.006).

fluoxetine group did not show the same amount of re-
covery in activities of daily living as the nortriptyline
or placebo groups.

Comparison of the depressed fluoxetine, nortrip-
tyline, and placebo groups on other impairment mea-
sures demonstrated a significant time effect for results
on the Johns Hopkins Functioning Inventory (F=
11.80, df=4, 148, p=0.0001) but no time-by-treatment
interaction. There were no significant treatment or
time effects for results on the Mini-Mental State or the
Social Functioning Exam.

Nondepressed Patients

Analysis of data for the nondepressed patients
showed no significant treatment effects and no signifi-
cant time-by-treatment interactions. The initial and
12-week scores for all scales are shown in table 3.
There were significant time effects for the Functional
Independence Measure (F=6.30, df=4, 144, p=0.0001)
and the Johns Hopkins Functioning Inventory (F=
3.80, df=4, 144, p=0.006) but no significant inter-
group differences. Thus, the efficacy analysis of the
nondepressed patients failed to demonstrate a signifi-
cant effect of treatment over 12 weeks.

Potentially Confounding Variables

Because five of the nortriptyline-treated patients,
three of the fluoxetine-treated patients, and one pla-
cebo-treated patient in the depressed group were
treated in Argentina, we reanalyzed the results after re-
moving the data for these patients. Using only the lowa
patients, analysis of Hamilton depression scale scores
in either the intention-to-treat or the efficacy analysis
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showed a significant treatment-by-time interaction (F=
2.22, df=8, 176, p=0.028, for the intention-to-treat
analysis; F=2.72, df=8, 112, p=0.009, for the efficacy
analysis). Assessment of differences at each time point
demonstrated for both analyses that the nortriptyline-
treated group had significantly lower scores than the
fluoxetine-treated group at 12 weeks (Duncan statistic,
p<0.05). There were also no significant effects of re-
moving these patients on the treatment outcome for
Hamilton anxiety scale scores, Functional Indepen-
dence Measure scores, Johns Hopkins Functioning In-
ventory scores, Mini-Mental State scores, and Social
Functioning Exam scores.

Five of the fluoxetine-treated patients who com-
pleted the study and one who dropped out were given
active treatment during the second 3-month period,
but only one of the nortriptyline-treated patients re-
ceived active treatment during that period. To control
for this potentially confounding variable, we repeated
the intention-to-treat and efficacy analyses using only
first 3-month or only second 3-month data for the flu-
oxetine group. Significant treatment-by-time interac-
tions were found for both the first 3-month data and
the second 3-month data (F=3.90, df=8, 128, p=0.004,
first 3 months; F=2.57, df=8, 112, p=0.01, second 3
months). In both analyses, nortriptyline-treated pa-
tients had a significantly lower Hamilton depression
scale score than fluoxetine-treated patients at 9 weeks
and 12 weeks for the first 3 months and at 12 weeks
for the second 3 months (Duncan statistic, p<0.05).

Because the fluoxetine-treated patients showed an
increase in Hamilton depression scale scores between
week 3 and week 12, we analyzed weight change and
dose of fluoxetine in these patients to determine
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whether gastrointestinal side effects or doses over 20
mg of fluoxetine might explain the increased scores. To
eliminate the effect of depression on weight, we ana-
lyzed weight change in nondepressed patients. Of the
seven nondepressed treated with fluoxetine for whom
we had data, six had lost more than 10 Ib during the 3
months of treatment (mean=14.0 Ib, SD=5.65),
whereas none of the eight nortriptyline-treated pa-
tients (mean gain=7.6 lb, SD=16.49) or the six pla-
cebo-treated patients (mean gain=5.0 Ib, SD=4.62) had
lost weight (Fisher’s exact test, p=0.002). When de-
pressed and nondepressed patients were included in
the analysis of weight change, 10 of 12 fluoxetine-
treated patients had lost 10 Ib or more (mean=15.1 Ib,
SD=8.07 Ib, or 8% of initial body weight), whereas
only two of 13 nortriptyline-treated patients and one
of 11 placebo-treated patients had lost 10 Ib or more
(Fisher’s exact test, p=0.0004). These results indicate
that during the initial 12 weeks of treatment, fluoxet-
ine induced a significant weight loss in the majority of
these elderly stroke patients. There was, however, no
significant correlation between the amount of weight
loss and change in Hamilton depression scale scores
among the depressed or nondepressed patients.

Furthermore, we examined pulse and blood pressure
before treatment and at the 12-week follow-up. The
mean pretreatment vital signs for the depressed nortrip-
tyline, fluoxetine, and placebo groups were pulse 78
bpm, blood pressure 126/74 mm Hg; 72 bpm, 110/80
mm Hg; and 79 bpm, 133/74 mm Hg, respectively. Af-
ter 12 weeks of treatment the vital signs were 87 bpm,
134/80 mm Hg; 73 bpm, 132/78 mm Hg; and 74 bpm,
133/73 mm Hg, respectively. There was a significant
change in pulse (F=4.94, df=2, 26, p=0.02), and the in-
crease in the nortriptyline group was significantly
greater than that in the placebo group (Duncan statis-
tic, p<0.05) but not significantly different than the
pulse change in the fluoxetine group. There were no
significant intergroup differences in pre- to posttreat-
ment blood pressure. Among the nondepressed pa-
tients, we found a similar mean increase of four beats
in pulse in both the nortriptyline and fluoxetine groups
and an increase of 11 beats in the placebo group (F=
4.21, df=2, 27, p=0.01). There were no changes in
blood pressure among the nondepressed patients.

We also reanalyzed our data for the first 6 weeks of
treatment when all patients were receiving a maximum
dose of 20 mg/day of fluoxetine. Repeated measures
analyses covarying for baseline scores in the intention-
to-treat analysis revealed a significant time-by-treat-
ment interaction (F=3.47, df=2, 53, p=0.04); the
nortriptyline group had a significantly greater decrease
in mean Hamilton depression scale score than either
the fluoxetine or placebo groups at 6 weeks (Duncan
statistic, p<0.05). Thus, the 40-mg dose of fluoxetine
was not responsible for the failure of the SSRI to pro-
duce the same response to treatment as nortriptyline.

We next examined results by controlling for the in-
creased number of male patients in the fluoxetine
group. All groups were balanced for comparable male-
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female ratios. Intention-to-treat and efficacy analyses
demonstrated a time-by-treatment interaction (F=2.59,
df=8, 160, p=0.01), with the nortriptyline-treated group
having significantly lower Hamilton depression scale
scores than the fluoxetine- and placebo-treated groups
at 12 weeks of treatment (Duncan statistic, p<0.05).

DISCUSSION

This study compared the efficacy of fluoxetine and
nortriptyline in both depressed and nondepressed post-
stroke patients for antidepressant effect as well as in-
fluence on recovery from physical, cognitive, and so-
cial impairment. Nortriptyline was significantly more
effective than fluoxetine in the treatment of depression
and anxiety symptoms and in improving recovery in
activities of daily living as measured by the Functional
Independence Measure. Neither medication had a sig-
nificant effect on recovery in activities of daily living as
measured by the Johns Hopkins Functioning Inven-
tory, cognitive function as measured by the Mini-Men-
tal State, or social functioning as measured by the So-
cial Functioning Exam.

Before discussing these findings, the limitations im-
posed by the methods used in this study should be ac-
knowledged. The patients who participated in the
study reflect the population of lowa, which has a high
proportion of high school- or college-educated per-
sons and mainly consists of Caucasians. We do not
know if the 130 patients who refused participation
may have had different treatment outcomes, but we
have no reason to suspect that they did. Our previous
treatment study was done with lower socioeconomic
class, predominantly African American, inner-city pa-
tients (1). However, the results from this study may
not be generalized to all stroke populations. Second,
our inability to detect significant improvements in im-
pairments after antidepressant treatment may have
been limited by the instruments we used to determine
change in severity of impairment. Thus, the Mini-
Mental State may be an insensitive measure of subtle
changes in cognitive function, and the scales used to
measure activities of daily living scales (the Johns
Hopkins Functioning Inventory and the Functional
Independence Measure) may not be sufficiently sensi-
tive to measure more subtle changes in these func-
tions. A more detailed neuropsychological battery or a
more fine-grained assessment of functional capacity
might have demonstrated significant improvements in
patients who were successfully treated for depression.
Third, the severity of depression found among post-
stroke patients is not generally as severe as depression
among patients with primary depression (i.e., those
with no known neuropathology). The treatment
groups’ initial scores on the 28-item Hamilton depres-
sion scale—with means ranging from 17.5 to 22.5—
suggest relatively mild to moderate depression, and
only half of the depressed subjects had major depres-
sive disorder. Treatment response to fluoxetine may
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have been more marked in a more severely depressed
patient group. Ackerman et al. (23), however, found
that elderly depressed patients treated with fluoxetine
were more likely to respond if they had a mild to mod-
erate depression, and Roose et al. (8) found lower re-
sponse rates for fluoxetine than for nortriptyline in se-
vere melancholic depression. The fact that fluoxetine
doses were increased by 10 mg/day every 3 weeks
probably prevented a steady state from being
achieved. Finally, there could have been problems
with compliance in the fluoxetine-treated patients.
Medication containers were checked, however, and
patients assured the interviewers of their compliance.

Despite these limitations, the study findings have
some important implications. This study and previous
studies (1, 10), using very different populations of
stroke patients, have confirmed the finding that pa-
tients with poststroke depression respond well to
nortriptyline if they are able to take the medication. In
addition, this study is the first we are aware of to have
compared a tricyclic antidepressant with an SSRI anti-
depressant for poststroke depression, and it included
the largest group of patients ever given antidepressants
in a double-blind treatment study after stroke. Al-
though there is a substantial literature demonstrating
that primary depression (i.e., no known neuropathol-
ogy) in elderly patients responds to fluoxetine treat-
ment, the literature on the efficacy of fluoxetine in eld-
erly patients with physical illness is less clear. Evans et
al. (24) found that depressed elderly patients with
physical illness responded better to fluoxetine than
placebo, and Roose et al. (8) reported similar findings
with paroxetine. Brymer and Winograd (7), however,
as indicated in the introduction, found that fluoxetine
may cause weight loss, nausea, and anorexia in de-
pressed, medically ill geriatric patients, and Goldstein
et al. (25) found that among 671 medically stable geri-
atric patients treated for major depression, weight loss
of 5% or greater occurred more frequently in patients
treated with fluoxetine (20 mg/day) than with placebo,
particularly if their baseline body mass index was high.
The fact that nine of 23 fluoxetine patients in the
present study dropped out, whereas only three of 16
nortriptyline patients dropped out, suggests that some
significant side effects, such as weight loss with nausea
or diarrhea, perhaps at the 30 or 40 mg/day doses, may
have been the reason for the high dropout rate and/or
lack of improvement in mood scores. Schneider et al.
(26) found that 286 depressed women over age 60 who
did not receive estrogen replacement therapy had no
better response to fluoxetine than placebo.

A surprising finding from this study was that neither
depressed or nondepressed patients treated with nor-
triptyline or fluoxetine showed significantly greater
improvement in their stroke-associated impairments
than patients treated with placebo. This finding is in
contrast to those of Reding et al. (2) and Gonzalez-
Torrecillas et al. (27), who found significant improve-
ments in activities of daily living or Mini-Mental State
score with either trazodone, fluoxetine, or nortrip-
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tyline treatment. The Gonzalez-Torrecillas study was
unblinded, and patients were treated an average of 4
weeks following the stroke. In the Reding study, signif-
icantly greater improvement in the Barthel activities of
daily living score was found only among patients
treated with trazodone who had a positive dexametha-
sone suppression test. The median time since stroke in
the present study was about 6 weeks, suggesting that
some delay in the onset of treatment may have ad-
versely affected the likelihood of improvement in im-
pairment as a result of antidepressants, and we did not
perform a dexamethasone suppression test. It is also
possible that 12 weeks was not enough time to demon-
strate the effect of antidepressant treatment on recov-
ery from impairment. Previous findings of improved
recovery associated with antidepressant or amphet-
amine treatment (2, 28) suggest that some treatments
or some subgroups of patients may benefit from phar-
macologic treatment during their recovery from
stroke. Future research is needed to pursue this impor-
tant issue of augmenting recovery from stroke.
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