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he management of aggressive schizophrenic pa-
tients remains a challenge. A disturbance in norad-
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Background: This study assessed the safety
and efficacy of nadolol 120 mg/day compared
with placebo, when administered adjunctively to
neuroleptic in a group of acutely aggressive
schizophrenic patients.

Method: Thirty-four male patients enrolled in
this double-blind, placebo-controlled trial. The
subjects were evaluated with the Brief Psychiatric
Rating Scale (BPRS) and the Simpson-Angus
Neurologic Rating Scale for extrapyramidal ef-
fects. The total BPRS score as well as three fac-
tors, thought disturbance, hostility, and activation,
was analyzed.

Results: Compared with those who received
placebo, the patients taking nadolol showed sig-
nificant improvement on total BPRS score, par-
ticularly on the thought disturbance and activation
factors, after the first treatment week (p = .05).
By the end of the second treatment week, the pa-
tients taking placebo also began to show improve-
ment, and the group differences were no longer
significant. The patients treated with nadolol
showed significantly more improvement on
Simpson-Angus scores than those who received
placebo (p = .03). However, there was no signifi-
cant correlation between BPRS and Simpson-
Angus changes. In the nadolol group, patients
with and without akathisia showed no significant
difference in their BPRS scores.

Conclusion: These findings suggest that ad-
junctive nadolol may be useful in the treatment of
acutely aggressive schizophrenic patients by in-
ducing a more rapid and consistent decrease of
overall psychiatric symptoms and by reducing the
extrapyramidal effects. Our results raise the possi-
bility that the mechanism of action of nadolol on
psychiatric symptoms in schizophrenic patients
may be different from the mechanism of improve-
ment of neuroleptic-induced extrapyramidal
symptoms and akathisia. Nadolol may be a help-
ful adjunctive treatment for schizophrenic patients
in general and not just for those with a high hos-
tility level.
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T
renergic arousal mechanisms has been implicated in epi-
sodes of aggressive behaviors, and investigators have
documented that β-blockers may decrease aggressive or
explosive behavior in patients with various psychiatric di-
agnoses.1–7 More recently, two controlled, double-blind
studies have examined aggressive psychiatric patients and
have found that β-blockers may, indeed, cause a reduction
in both psychiatric symptoms and aggressive incidents.5,6

Ratey et al.6 studied a group of aggressive psychiatric pa-
tients in a double-blind trial of adjunctive nadolol, a
nonselective β-blocker with a long half-life, and placebo.
This group found that nadolol was relatively well toler-
ated and that patients taking nadolol improved more than
those taking placebo. Similarly, our group reported pre-
liminary findings in a heterogeneous group of aggressive
patients that suggested that nadolol improved psychiatric
symptoms more than did placebo.5 β-Blockers alone have
been used in psychotic symptoms and may have a specific
beneficial effect in schizophrenic patients.8–11 Thus, β-
blockers may show therapeutic action on specific schizo-
phrenic signs and symptoms as well as on explosive be-
havioral dyscontrol.

Several pharmacodynamic mechanisms have been pro-
posed for the antiaggressive and antipsychotic actions of
β-blockers. Some who have studied patients receiving
neuroleptics have suggested that the beneficial effect of
β-blockers in aggressive psychiatric patients12–15 may be
due to the improvement of akathisia.16–19 Others, however,
have found that β-blockers may decrease psychiatric
symptoms and violence through actions on the reticular
central nervous system or even through potentiation of
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neuroleptic actions.20–27 β-Blockers have been tried for the
treatment of psychotic symptoms directly without neuro-
leptics rather than adjunctively with neuroleptics.7,8,11,28,29

These studies show a decrease in psychotic symptoms and
suggest that β-blockers act through multiple pathways.
Moreover, β-blockers have been shown to improve posi-
tive and negative symptoms significantly more than pla-
cebo in a group of schizophrenic patients showing no aka-
thisia.29

Nadolol acts primarily in the periphery, posing a chal-
lenge for alternative hypotheses to explain putative action
in schizophrenia and/or aggression. Although the majority
of the aggressive patients in psychiatric hospitals have the
diagnosis of chronic schizophrenia, there are no studies
separately assessing the antiaggressive and antipsychotic
effect of such agents in schizophrenic patients. Therefore,
we examined the efficacy of nadolol used adjunctively to
neuroleptic in acutely aggressive schizophrenic patients
admitted to a Psychiatric Intensive Care Unit (PICU).

METHOD

Subjects
The subjects were recruited from those newly admitted

(within 1 week) to a PICU because of aggressive behavior
or imminent violence (i.e., assaultive behavior toward
staff or other patients, destructive behavior directed to ob-
jects or self, threat to hurt self or others). Subjects were
diagnosed by a psychiatrist (either G.L. or L.C.) and had
to meet DSM-III-R criteria for chronic schizophrenia. All
patients were treated with neuroleptic medication. To be
included in the study, all patients had to be in stable medi-
cal condition according to a complete physical examina-
tion, electrocardiogram (ECG), and standard laboratory
measures. Patients with organic brain syndrome were ex-
cluded from the study. Those with asthma, insulin-
dependent diabetes mellitus, cardiac failure, or atrio-
ventricular block were also excluded from the study, as
well as those with low heart rate (less than 60) and blood
pressure (systolic blood pressure below 90 and diastolic
blood pressure lower than 60 mm Hg).

Procedure
The study was conducted in our PICU. The PICU30 is a

special unit designed to treat assaultive and suicidal pa-
tients and has a high staff-to-patient ratio and ample space
to provide buffer zones between patients. Our PICU has a
two-step level of care system. The first level involves
continuous close observation of acutely suicidal and as-
saultive patients. Once patients are stabilized, they are
transferred to the second level. The second level entails
more privileges and less restrictions. The PICU staff is
specially trained to recognize potentially violent behavior
and promptly intervene to prevent or minimize assaultive
and suicidal behavior.

The behavioral structure of the PICU permitted a
double-blind comparison with placebo within the medico-
legal constraints of a study of potentially violent patients,
but required that the study design fit into the average
4-week stay and behavioral program of the PICU.

After providing informed consent, patients received
lead-in placebo from 2 to 5 days, and then were randomly
assigned to one of two treatment groups. One group began
nadolol 80 mg/day for 1 week and then 120 mg/day for
the following 2 weeks. Another group received matching
placebo. Nadolol or placebo was added to each patient’s
current psychiatric medication. All subjects were evalu-
ated at baseline and then weekly. The patients were as-
sessed psychiatrically with the Brief Psychiatric Rating
Scale (BPRS).31 Neuroleptic motor effects such as extra-
pyramidal symptoms and akathisia were assessed using a
modified form of the Simpson-Angus Neurologic Rating
Scale.32 In addition, we included a global item (available
from the authors upon request) that rated severity of aka-
thisia on a scale of 0 to 4 (normal to severe). Since the ag-
gressive incidents were episodic and rare in the 3 weeks
that patients remained in the PICU, to evaluate drug effi-
cacy we utilized clinical scales such as the BPRS rather
than counts of aggressive outbursts. In addition, to take a
closer look at specific changes in psychiatric symptoms,
we analyzed several BPRS factors: activation factor,
which included the scores on tension, mannerisms and
posturing, and excitement items; hostility factor, com-
posed of the scores on hostility, suspiciousness, and
uncooperativeness; and the thought disturbance factor,
which included conceptual disorganization, grandiosity,
hallucinatory behavior, and unusual thought content
scores. Interrater reliability between the two raters in the
BPRS was greater than .8 by interclass correlation analy-
sis.33

Vital signs were taken daily before the study medica-
tion was given. If blood pressure was below 90/60 mm Hg
or pulse less than 60 beats per minute, the subject re-
ceived single-blind placebo tablets. If placebo was re-
quired for more than 3 days for low blood pressure, the
patient was removed from the trial.

Data Analysis
The BPRS, Simpson-Angus, and akathisia scores for

both placebo and nadolol groups were compared using
analysis of covariance (ANCOVA) for each treatment
week (Weeks 1, 2, and 3) with baseline scores as
covariates. For patients who had to be dropped from the
study for administrative reasons, we used their last visit
scores and carried them forward to the end of the trial.

As these patients were acutely psychotic and highly
hostile, some of them required adjustment of their neuro-
leptic dose. Therefore, we performed an additional
ANCOVA to compare chlorpromazine equivalent doses34

for the two groups at each assessment, using the baseline
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chlorpromazine equivalent doses as covariates. We also
computed the correlation between chlorpromazine
equivalent score at baseline and baseline scores in activa-
tion, hostility, and akathisia to see if chlorpromazine
equivalent dose could confound the effect of the adjunc-
tive medication on these dependent variables. To see if
changes in BPRS and Simpson-Angus scores were corre-
lated, a stepwise multiple regression analysis was done,
and baseline scores were entered in the first step.
Two-tailed analyses were used to interpret the results.

Since it has been suggested that the beneficial effect of
β-blockers is due to a reduction of akathisia, in the nado-
lol group we compared the response between subjects
with and without symptoms of akathisia at baseline. Pa-
tients who scored less than 2 (normal) on the global aka-
thisia item were included in the group without akathisia
(nadolol, N = 11; placebo, N = 14), and those with scores
of 2 or more (mild to severe) were included in the akathi-
sia group (nadolol, N = 4; placebo, N = 3). The following
results are mean ± SD.

RESULTS

Thirty-four male schizophrenic patients enrolled in the
study. Two patients, one from each treatment group, were
dropped because of low blood pressure that persisted for
more than 3 days. There were no significant age differ-
ences between the groups (nadolol mean ± SD age =
40.2 ± 9.0 years; placebo mean age = 38.6 ± 6.9 years). In
addition, we found no difference in blood pressure or
heart rate. The baseline chlorpromazine equivalence level
was not significantly different in the two groups (nadolol
mean chlorpromazine equivalent = 1267 ± 1335 mg; pla-
cebo mean = 1182 ± 688 mg). Although some patients
needed adjustment of their neuroleptic medication, the
differences between the nadolol and placebo groups in
chlorpromazine equivalent doses were not statistically
significant at any time (Week 1: F = 0.02, p = .90; Week
2: F = 0.07, p = .80; Week 3: F = 0.06, p = .80). Correla-
tional analysis indicates that the relationship of chlor-
promazine equivalence level to activation, hostility, and
akathisia was not significant at any time.

At baseline, the groups did not differ in BPRS scores
(nadolol mean score = 62.07 ± 12.83; placebo mean
score = 60.88 ± 8.77) (Figure 1). After 1 week of treat-
ment, however, BPRS scores for the nadolol-treated
group were significantly lower than for the
placebo-treated group (F = 4.05, df = 1,29; p = .05).
BPRS scores continued to decrease in the nadolol group.
Since the placebo group also began to show improvement,
the group differences were no longer statistically signifi-
cant by the second week (F = 0.11, df = 1,29; p = .70) or
at the end of the third week (F = 1.99, df = 1,29; p = .17).
Similarly, results of the BPRS factors indicate that after
the first week, the nadolol group improved more than the

placebo group on the activation factor (F = 4.52,
df = 1,31; p = .04) and thought disturbance factor
(F = 4.54, df = 1,31; p = .04), but not in the hostility fac-
tor (F = 2.19, df = 1,31; p = .15). These differences were
not significant by the second week.

The group treated with active drug had lower Simpson-
Angus scores than the placebo group (see Figure 1). After
the first week of treatment, the differences between the
two groups were not statistically significant (F = 1.27,
df = 1,29; p = .27). At Week 2, however, the nadolol
group showed a trend toward reduction in Simpson-An-
gus scores compared with the placebo group (F = 3.91,
df = 1,29; p = .06), and at Week 3, the patients taking na-
dolol had significantly lower scores on the Simpson-An-
gus (F = 5.57, df = 1,29; p = .03). The two groups did not
differ significantly in the global akathisia item during any
of the weekly assessments.

The BPRS scores did not differ significantly in patients
with (N = 4) and without (N = 11) akathisia after treat-
ment with nadolol (F = 0.97, p = .35). A stepwise multiple
regression was used to examine whether improvement on
the BPRS was associated with improvement on the
Simpson-Angus. We found no significant relationship be-
tween changes in Simpson-Angus and BPRS scores for
the group treated with nadolol during any of the weekly
assessments while controlling for baseline scores (Week
1: F to add = 0.02, p = .88; Week 2: F to add = 0.73,
p = .41; Week 3: F to add = .09, p = .76).

DISCUSSION

The results from this study are consistent with earlier
reports that β-blockers, including nadolol, are safe and ef-
fective as adjunctive treatment to neuroleptic in aggres-
sive schizophrenic patients. In contrast to some data indi-
cating that large amounts of β-blockers are needed to ob-
tain a therapeutic effect in such populations, our findings
suggest that relatively low doses may also be effective.
These lower doses are less frequently associated with risk

Figure 1. Weekly BPRS and Simpson-Angus Neurologic
Rating Scale Scores for Each Group*

*Abbreviation: BPRS = Brief Psychiatric Rating Scale. The lower
scores show greater improvement.

x

x
x

x

x
x

x

65

60

55

50

45

40

35

x

Nadolol N = 15 Placebo N = 17

3.5

3

2.5

2

1.5

1

0.5

0

BPRS Simpson-Angus

S
co

re

Baseline Week 1 Week 2 Week 3

457



© Copyright 1996 Physicians Postgraduate Press, Inc.

One personal copy may be printed

J Clin Psychiatry 57:10, October 1996

Adjunctive Nadolol in Aggressive Schizophrenics

459

of side effects or interactions with other medications.
With doses of 80 to 120 mg/day of nadolol, excessive hy-
potensive action was not a problem.

It appears that the effects of nadolol were synergistic
with the behavioral program, accelerating the improve-
ment curve without changing its nature. Compared with
patients treated with placebo, those treated with nadolol
had a faster improvement of their psychiatric symptoms.
The BPRS scores for patients treated with nadolol de-
creased significantly more than for those treated with pla-
cebo during the first week and continued to decrease
throughout the study. During the second and third weeks,
those patients taking placebo also showed some improve-
ment in BPRS scores. Although patients taking nadolol
continued to improve, the group differences were no
longer significant. Like previous reports, our findings
suggest that, compared with placebo, nadolol was more
effective in the treatment of neuroleptic-induced extrapy-
ramidal symptoms (EPS). Although in an earlier study5 of
a heterogeneous sample of aggressive psychiatric patients
treated with nadolol we reported that Simpson-Angus and
BPRS changes were directly correlated, in the present re-
port, with only schizophrenic patients, these changes did
not correlate significantly. In fact, the pattern of changes
on the Simpson-Angus was different from that on the
BPRS; the group receiving active adjunctive treatment
showed increasing divergence from the placebo group
over time. On the basis of these findings, we may question
whether the mechanism of action of nadolol on psychiat-
ric symptoms is different from the mechanism of im-
provement of neuroleptic-induced EPS. Support for this
hypothesis is provided by the finding that the reduction in
BPRS score was partly due to a decrease in the thought
disturbance factor, which included scores from concep-
tual disorganization, grandiosity, hallucinatory behavior,
and unusual thought content items.

The antipsychotic and antiaggressive mechanism of
action may be related to the effects of β-blockers on vari-
ous neurotransmitters in the brain. Animal studies have
suggested that the designation β-blockers is a misnomer
and that, in fact, these agents interact with dopaminergic,
serotonergic, and noradrenergic receptors.35–39 It has been
suggested that propranolol may selectively block the do-
pamine receptors in the limbic system and therefore may
have an antipsychotic effect.35,36 One study observed a de-
crease in norepinephrine levels in schizophrenic patients
successfully treated with a β-blocker.37 In addition, a
number of studies found that nonselective β-blockers
have a significant 5-HT receptor blockade activity38,39 that
could be responsible for both the antipsychotic and
antiaggressive effects. Nadolol minimally penetrates the
blood-brain barrier,40 and so the question remains how a
peripherally acting agent can affect the central nervous
system processes involved in psychosis. It has been writ-
ten that schizophrenics may be in a state of “hyper-

arousal.”41–43 A peripherally acting drug may work
through feedback and feedforward loops between periph-
eral, somatic, and autonomic sites and brain areas to influ-
ence central processes such as cognition and emotion.
Such links between bodily processes and the brain have
been written about by both earlier and more recent writers
interested in mind-body relationships.44,45 Nadolol has
been found to reduce levels of aggression in heteroge-
neous groups of psychiatric patients.5,6

Our findings should be viewed with caution, since β-
blockers have been shown to increase plasma neuroleptic
levels.46 A further increase of neuroleptic level, however,
is unlikely to have produced the symptom improvement
seen in our group, since our patients initially had received
adequate or even high doses of neuroleptics (doses of
more than 1000 mg of chlorpromazine equivalent units).
Also, if blood levels were significantly altered by phar-
macokinetic action, one might expect increased neurolep-
tic adverse experiences. In fact, we found a significant
difference between treatment groups by the third week.

The results from this study suggest that nadolol may be
a helpful and well-tolerated adjunctive treatment for both
aggressive schizophrenic patients and schizophrenic pa-
tients without significant levels of hostility. It is interest-
ing that thought disturbance improved while the hostility
factor of the BPRS did not. This finding suggests that the
peripherally acting β-blocker, perhaps by reducing pe-
ripheral arousal, somehow had a stronger effect on cogni-
tive mechanisms than on agitation. Since the hostility fac-
tor showed no significant improvement while the thought
disturbance factor improved more in patients taking nado-
lol than placebo, one could wonder if nadolol may be a
helpful adjunctive treatment for schizophrenic patients in
general and not just for those with a high hostility level. It
is important to note that patients were still quite psychotic
at the end of treatment. Treatment was targeted on patient
aggressiveness, and aggressiveness and psychosis can be
orthogonal to each other; a psychotic patient may or may
not be aggressive and vice versa. Additional studies are
necessary to assess the effect of β-blockers to confirm our
findings.

Drug names: nadolol (Corgard), propranolol (Inderal and others).
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