Efficacy of the Branched-Chain Amino Acids
in the Treatment of Tardive Dyskinesia in Men

Mary Ann Richardson, Ph.D.
Margaret L. Bevans, R.N.
Laura L. Read, Ph.D.

Helen M. Chao, Ph.D.
James D. Clelland, Ph.D.
Raymond F. Suckow, Ph.D.
Timothy ). Maher, Ph.D.

Leslie Citrome, M.D., M.P.H.

Objective: The efficacy of the branched-
chain amino acids in the treatment of tar-
dive dyskinesia in men with psychiatric
disorders was tested.

Method: Public-sector psychiatric pa-
tients with long histories of antipsychotic
treatment and presumably long-standing
tardive dyskinesia were randomly as-
signed to receive branched-chain amino
acids or placebo. Treatment frequency
was three times a day, 7 days a week for 3
weeks. The efficacy measure was a fre-
quency count of videotaped tardive dys-
kinesia movements.

Results: A robust and highly significant
difference was observed between pa-
tients who received high-dose branched-
chain amino acids (222 mg/kg of body
weight t.i.d.) (N=18) and those who re-
ceived placebo (N=18) in the percent
change in tardive dyskinesia symptoms
from baseline to the end of the 3-week
trial. Significant and marked differences
were seen between the two groups at the

>30% and 260% levels of decrease in tar-
dive dyskinesia symptoms. No clinically
significant differences were seen between
the pre- and posttrial results of physical
examinations and laboratory screening
tests. Minimal gastrointestinal symptoms
occurred during the trial. The reduction
in tardive dyskinesia symptoms in the
amino acids group was not related to
changes in antipsychotic and glucose
plasma levels. A mechanism of response
related to decreased amine neurotrans-
mitter synthesis was suggested by the sig-
nificant positive correlations observed be-
tween decreases in tardive dyskinesia
symptoms and decreases in aromatic
amino acid plasma concentrations over
the course of the trial.

Conclusions: Branched-chain amino ac-
ids constitute a novel, safe treatment for
tardive dyskinesia, with a strong potential
for providing significant improvement in
the diseased physiognomy of the afflicted
person.

(Am J Psychiatry 2003; 160:1117-1124)

Endings from studies of the risk factors for tardive dys-
kinesia have been useful in setting treatment directions.
One such study identified phenylketonuria as a risk factor
for tardive dyskinesia in persons with mental retardation
(1). Phenylketonuria impairs the kinetics of the large neu-
tral amino acid phenylalanine and is characterized by high
plasma and brain levels of phenylalanine. These findings
led to the testing of phenylalanine kinetics in tardive dys-
kinesia in men with psychiatric disorders by means of a
standardized oral challenge of pure phenylalanine (100
mg/kg of body weight) (2). The results showed signifi-
cantly higher plasma levels of phenylalanine after the phe-
nylalanine challenge in men with tardive dyskinesia than
in those without tardive dyskinesia, suggesting greater
availability of phenylalanine to the brain and supporting
an association between tardive dyskinesia and impaired
phenylalanine kinetics. In another study, complete tardive
dyskinesia remission was seen 2 hours after ingestion of a
protein meal in 21 of 46 patients with tardive dyskinesia (3,
4). The proportion of branched-chain amino acids (isoleu-
cine, leucine, valine) in the protein meal was 19.6%, and
the proportion of aromatic amino acids (phenylalanine,
tyrosine, tryptophan) was 7.5%. Plasma analyses of the
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male subjects in the study (N=30) showed significantly
higher plasma indices of branched-chain amino acids and
significantly lower plasma indices of phenylalanine in pa-
tients whose tardive dyskinesia remitted. These cumula-
tive findings led to the development of a medical food
product for treatment of tardive dyskinesia (5). The food
product has the same proportions of individual branched-
chain amino acids and the same dose parameters as the
protein meal used in the previous study. Use of this prod-
uct, in a blindly rated open trial involving men with tardive
dyskinesia, was associated with a significant decrease in
tardive dyskinesia symptoms, as well as an increase in the
plasma concentration and large neutral amino acid ratio
of branched-chain amino acids and a decrease in the
plasma concentration and large neutral amino acid ratio
of the aromatic amino acid phenylalanine (6).

The branched-chain amino acids make up approxi-
mately 35% of the indispensable large neutral amino acids
of muscle and 50% of the indispensable amino acids in
food (7). Ingestion of branched-chain amino acids de-
creases the concentration of aromatic amino acids in
plasma by the stimulation of protein synthesis (primarily
in muscle) (8, 9) and insulin release (7, 10). These pro-
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cesses clear the plasma of the aromatic amino acids and
suppress the flux of aromatic amino acids from muscle
into plasma, allowing the use of branched-chain amino
acids to protect or heal muscle (8, 11).

The branched-chain amino acids share a competitive
blood-brain-barrier transport system with the aromatic
amino acids. Thus the entry of branched-chain amino ac-
ids into the brain is enhanced by increasing their plasma
concentration and/or by decreasing their competition for
uptake, both of which occur after the ingestion of
branched-chain amino acids (7, 12).

Since the aromatic amino acids are precursors of the
amine neurotransmitters, ingestion of branched-chain
amino acids can decrease the central synthesis of the neu-
rotransmitters dopamine, noradrenaline, and serotonin.
This treatment mechanism has been used successfully in
disorders such as hepatic encephalopathy, in which a de-
crease in the central synthesis of these neurotransmitters
is required for a therapeutic effect (13).

To our knowledge, the present study is the first placebo-
controlled trial of branched-chain amino acids for the
treatment of tardive dyskinesia. In addition to examining
the efficacy of branched-chain amino acids, the study ad-
dresses possible mechanisms of action and confounding
factors affecting treatment response through analysis of
plasma levels of antipsychotics, glucose, branched-chain
amino acids, and aromatic amino acids.

Method

Subjects

All male residents at a New York State psychiatric center and
two community residential facilities were screened for study in-
clusion. After complete description of the study, written informed
consent was obtained in accordance with the institutional review
board guidelines and regulations of the Nathan S. Kline Institute
and the patient’s treatment facility.

The patients’ lifetime DSM-IV diagnoses were determined on
the basis of diagnostic interviews and clinical data from current
and prior admissions. Medical reasons for exclusion from the
study (FDA IND 40,382) included diabetes, hypoglycemia, clini-
cally significant abnormal thyroid values, pancreatitis, amyloido-
sis, pernicious anemia, and history of malabsorption syndrome,
acute or chronic renal disease, gout or family history compatible
with gouty arthritis, a disorder of large neutral amino acid metab-
olism (other than phenylketonuria), and a proliferative disease
such as multiple myeloma. Hepatitis was also an exclusion crite-
rion; patients were excluded if they had a positive screen for hep-
atitis C antibody, hepatitis B antigen, hepatitis B antibody, or hep-
atitis A antibody and also had a serum glutamic oxaloacetic
transaminase, serum glutamic pyruvic transaminase, or gamma
glutamyl transpeptidase value of 180 U/liter or higher or if they
had a positive screen for any hepatitis antibody and had been ex-
periencing unexplained flu-like symptoms for a period of 2
weeks. Had women been included in the study, pregnancy would
have been an exclusion criterion and pregnancy tests would have
been required.

Patients who were unable to sustain a stable antipsychotic
dose for 2 weeks before the baseline study measurements were
excluded from participation. Patients who began the trial with
stable doses of medication but who had changes in antipsychotic,
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antiparkinson, antidepressant, or anticonvulsant drug doses dur-
ing the trial were dropped from the study. Patients who had a
record of a stable medication regimen but who showed highly
variable antipsychotic plasma levels during the trial (suggestive of
covert noncompliance) were not included in study analyses.

Health and Safety Monitoring

Pre- and posttrial physical examinations were conducted by
the medical specialist in the patient’s unit. The psychiatrist in the
patient’s unit authorized the inclusion of the patient in the proto-
col. The study physician cleared subjects for entry into the study
after reviewing the results of the physical examination, CBC,
SMA-20, and urinalysis screens. The results of posttrial physical
examinations and laboratory tests were evaluated by the medical
specialist in the patient’s unit and by the facility medical director.
Before patients were administered the branched-chain amino ac-
ids formulation, their vital signs, general health, and psychiatric
status were evaluated and their gastrointestinal condition was as-
sessed by means of a symptom checklist. Patients’ fasting (morn-
ing) weight was measured at baseline, on the first day of treat-
ment, and after 1, 2, and 3 weeks of treatment.

Dose and Dose Assignment

The branched-chain amino acids formulation (with a ratio of
valine to isoleucine to leucine of 3:3:4) (5, 6) and the placebo for-
mulation, both of which were manufactured by Scientific Hospi-
tal Supplies International Ltd. (Liverpool, U.K.) and supplied by
Scientific Hospital Supplies, North America (Rockville, Md.), were
in powder form and, for each dose, were dissolved in 148 ml of
water (5 0z) to create a pineapple-flavored drink. The amino acid
and placebo drinks had the same color and consistency. Doses
were administered three times daily (after breakfast, 1 hour be-
fore lunch, and 1 hour before dinner) by the study nurses for the
duration of the 3-week trial.

Patients were randomly assigned to receive placebo or low (56
mg/kg of body weight t.i.d), medium (167 mg/kg of body weight
t.i.d.), or high (222 mg/kg of body weight t.i.d.) doses of the
branched-chain amino acids formulation. After 24 subjects com-
pleted the 3-week trial, an interim analysis was conducted to test
for ineffective dosing. A comparison of the numbers of subjects in
each of the three dose groups with a decrease of 50% or more in
tardive dyskinesia symptoms with the number of placebo group
members having such a response indicated that both the low- and
medium-dose groups did not meet the pretrial criteria for study
continuation. Assignment to the low and medium treatment
doses was discontinued, and for the remainder of the study sub-
jects were randomly assigned to receive either placebo or the high
(222 mg/kg) dose of the branched-chain amino acids formulation.

Efficacy Measure

The first and second authors made a consensual clinical diag-
nosis of tardive dyskinesia using a mild-to-severe global score
based on a subscale of items from the Simpson Abbreviated Dys-
kinesia Scale (14). This criterion has been used by other investiga-
tors (15) and has been described in more detail elsewhere (16).
The dependent variable for the study was a frequency count of
videotaped tardive dyskinesia movements. The method for the
frequency count was developed by the authors and has been used
previously (6, 17, 18). Frequency counts have a long history of use
in tardive dyskinesia treatment trials and have shown to have ad-
equate validity, reliability, sensitivity, and specificity (19-22). The
types of movement that were videotaped for counting had been
preselected by the first and second authors after direct observa-
tion of the subjects during two 2.5-hour morning evaluation ses-
sions. Each type of movement was videotaped for 4 minutes.
Three to five types of movement were observed for each patient;
thus a minimum of 12 minutes of videotaped movements per pa-
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tient were evaluated. Movements were videotaped at baseline, af-
ter the first dose of the study formulation, and after 1, 2, and 3
weeks of treatment. Movement frequencies were counted from
the videotapes by the first author, who was blind to the patients’
treatment status and the chronological order of the videotapes.

The use of a single rater can be seen as either a limitation or a
benefit. The study may have been limited because the final rat-
ings relied on the skill of one person, but it may have benefited
from the continuity of having the same rater assess the subjects at
every evaluation. The limitation of having a single rater was mol-
lified by the following factors: 1) the first author had a long history
of clinical and research experience in the differential diagnosis
and rating of tardive dyskinesia, 2) the first and second authors
had made a consensual diagnosis of tardive dyskinesia for pa-
tients’ entry into the study and had by consensus preselected the
movements to be rated on the basis of two 2.5-hour observation
periods, 3) the reliability of the first and second authors in rating
tardive dyskinesia by evaluating videotapes of patients’ move-
ments had been satisfactory established in a prior study (inter-
class correlation coefficient=0.89, 95% confidence interval=0.81-
0.94 for 48 cases) (6), and 4) the reliability and validity of the first
author’s differential diagnosis of tardive dyskinesia had been es-
tablished in comparison with that of another tardive dyskinesia
expert in prior studies (agreement=92.3%, kappa=0.84, z score=
4.27, p<0.0001, N=26) (23, 24).

Control Plasma Variables

Glucose and antipsychotic drug plasma levels were deter-
mined to provide data on the safety of the study formulation and
for analysis of their possible effects as confounding factors. Blood
levels of large neutral amino acids were measured to monitor tol-
erance of the study formulation and to address treatment mecha-
nisms. Blood samples were collected on the day of the first treat-
ment and after 1, 2, and 3 weeks of treatment. Blood samples for
the large neutral amino acid and glucose levels were collected
both while the patient was fasting and at 2 hours after treatment.
The antipsychotic levels were determined only from blood sam-
ples taken while the patient was fasting. Large neutral amino acid
levels in plasma were measured as previously described (6). Anti-
psychotic plasma levels were assayed by using standard chro-
matographic methods (for risperidone, 9-hydroxy-risperidone,
olanzapine, clozapine, norclozapine, haloperidol, reduced halo-
peridol, thioridazine, and mesoridazine) and radioimmunoassay
methods (for fluphenazine). Glucose plasma concentrations were
measured by using an automated BM/Hitachi 747-100 analyzer
(Roche Diagnostics, Indianapolis).

Statistical Analyses

The primary efficacy variable was the percent change in tardive
dyskinesia movements from baseline to either the last usable ob-
servation or the end of week 3. Percent change has been used as
an efficacy variable by other investigators (25, 26). The percent
change for each patient was calculated by determining the mean
of the percent changes in the frequency counts for the move-
ments observed for that patient. This method gives each discrete
movement equal weight by removing the distortion caused in to-
tal movement counts by the higher frequencies of extremity
movements (versus oral/facial movements) and thus maximizes
clinical validity. In the placebo group, one patient who completed
3 weeks of treatment and had usable data for the entire period
had a 220% increase in tardive dyskinesia movements (z score=
3.5). This increase was recoded as a 55% increase (one unit above
the next highest value in the placebo group) to preserve the devi-
ancy of the data for this patient without allowing it to perturb the
correlation analyses.

As a secondary efficacy measure, total movement counts at the
last usable observation or at the end of week 3 were analyzed by
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using baseline measures as a covariate. For these analyses, as-
sumptions of normality were satisfied by recoding the baseline
and last usable observation of one outlier in the branched-chain
amino acids group to one unit above the next highest value in the
group (baseline value of 1,502 recoded to 589 and week-1 value of
959 recoded to 454).

Analysis of variance (ANOVA) was used to analyze the percent
change in tardive dyskinesia movements, and analysis of covari-
ance was used to analyze total movement counts with baseline
counts as a covariate. The analyses were conducted 1) on an in-
tent-to-treat basis with data from the last usable observation for
all subjects who received at least 1 week of treatment and 2) with
data from subjects in the final high-dose branched-chain amino
acids group and the placebo group who remained in treatment
for the entire 3-week trial (subjects in the efficacy analysis).

The demographic and baseline clinical characteristics of the
patients in the amino acids and placebo groups were compared
by using ANOVA and Fisher’s exact test. Repeated-measures
ANOVA was used to test the effect of time and group-by-time dif-
ferences for the continuous variables of percent change in tardive
dyskinesia movements, weight, and plasma levels of branched-
chain amino acids and antipsychotic medications. For analyses of
plasma antipsychotic levels, an average percent change in levels
for each drug received was calculated for each subject. Group dif-
ferences in glucose plasma levels were analyzed by using ANOVA.
The relationships between continuous variables within the high-
dose branched-chain amino acids group were tested by using
Spearman (rs) correlations.

Among all subjects randomly assigned to the low-, medium-,
or high-dose branched-chain amino acids or placebo groups and
who received at least one dose (N=68), the proportions of subjects
with or without gastrointestinal side effects were compared by us-
ing a two-by-four Fisher’s exact test. Among the subjects in the ef-
ficacy analysis (N=36), the proportions with or without gas-
trointestinal side effects were compared by using a two-by-two
Fisher’s exact test.

All subjects randomly assigned to the low-, medium-, or high-
dose branched-chain amino acids groups who completed 3
weeks of treatment and who had usable data were included in
analyses of possible mechanisms underlying tardive dyskinesia
symptom change. These analyses were conducted by using Pear-
son (r) or Spearman (rs) correlations, as appropriate.

All statistical tests were two-tailed, with statistical significance
set at 0.05, and were performed by using SAS (27).

Results

Subject Characteristics

Sixty-eight patients (Table 1) were randomly assigned to
treatment groups and received at least one treatment dose
(of low-, medium-, or high-dose branched-chain amino
acids or placebo). The subjects who did not complete 3
weeks of treatment (N=14) included eight with medication
changes, five who left the hospital before study comple-
tion, and one whose unit physician requested that he be
dropped from the study in week 1. Dropped from analyses
at study completion (N=6) were three patients whose data
were subject to experimental error (videotaping or dose
calculation errors) and three patients with highly variable
antipsychotic plasma levels. No patients left the protocol
because of dissatisfaction with the branched-chain amino
acids treatment or their participation in the trial. Table 2
reports information on the disposition of all subjects ran-
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TABLE 1. Characteristics of Subjects in a Randomized, Double-Blind, Placebo-Controlled Trial of Branched-Chain Amino

Acids for the Treatment of Tardive Dyskinesia

Characteristic

All Subjects (N=68)?

Subjects in Efficacy Analysis?

High-Dose Branched-

Chain Amino Acids (N=18) Placebo (N=18)

Mean SD
Age (years) 44.6 9.9
Age at first antipsychotic treatment (years) 23.0 8.4
Duration of antipsychotic treatment (years) 21.6 8.9
Time since current admission (days) 291.9 586.0
Weight at baseline (Ib) 184.7 31.4

N %

Psychiatric diagnosis

Schizophrenia 51 75.0
Schizoaffective disorder 12 17.7
Bipolar disorder 3 4.4
Substance-induced psychosis 1 1.5
Psychosis not otherwise specified 1 1.5
Received only atypical antipsychotic treatment® 39 57.4

Mean SD Mean SD p¢
481 9.4 43.5 10.9 0.18
25.6 8.4 19.4 8.5 0.04
225 7.5 24.2 10.8 0.59

181.0 255.2 270.2 899.3 0.69

193.9 33.2 175.6 29.7 0.09
N % N % pd

0.76
12 66.7 i 61.1
3 16.7 5 27.8
1 5.6 2 111
1 5.6 0 0
1 5.6 0 0
9 50.0 11 61.1 0.74

aSubjects who received at least one dose of low-dose (56 mg/kg of body weight), medium-dose (167 mg/kg), or high-dose (222 mg/kg)

branched-chain amino acids or placebo.

b Subjects who received either high-dose (222 mg/kg t.i.d.) branched-chain amino acids or placebo, completed the 3-week trial, and had us-

able data.
¢ Type Ill sum of squares ANOVA.
d Fisher exact test.

€ The remaining subjects received only typical antipsychotics, both typical and atypical antipsychotics, or no antipsychotics.

TABLE 2. Disposition of Subjects in a Randomized, Double-
Blind, Placebo-Controlled Trial of Branched-Chain Amino
Acids for the Treatment of Tardive Dyskinesia

Subjects
Who
Received
High-Dose
Branched- Subjects
Chain Who
Amino  Received
Disposition Acids? Placebo
Random assignment to study group 25 27
Noncompletion before 1 week of treatment
and reason for noncompletion 2 9
Medication change 2 5
Highly variable neuroleptic plasma levels 0 2
Videotape recording error 0 1
Experimental dosing error 0 1
Noncompletion after 1 week or more of
treatment and reason for noncompletion 5 0
Residential placement
Before interim analysis 1b 0
After interim analysis 2¢ 0
Experimental dosing error after week 2
(before interim analysis) 1d 0
Left hospital without consent (after
interim analysis) 1¢ 0
Completion of 3-week trial 18 18

aSubjects received 222 mg/kg of body weight of branched-chain
amino acids three times a day.

b At the last usable observation (week 1), the percent change from
baseline in tardive dyskinesia movements was —15.7%.

¢ At the last usable observation, the percent change from baseline
in tardive dyskinesia movements was 93.2% (at week 2) for one pa-
tient and -35.4% (at week 1) for the other patient.

d At the last usable observation (week 2), the percent change from
baseline in tardive dyskinesia movements was —22.9%.

€ At the last usable observation (week 1), the percent change from
baseline in tardive dyskinesia movements was —34.7%.
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domly assigned to receive high-dose branched-chain
amino acids or placebo.

A comparison of the 48 subjects who remained in the
study with those who either did not complete the study or
whose data were not used (N=20) showed no significant
group differences in age, age at first antipsychotic treat-
ment, years of taking antipsychotic medications, days
since the current admission, psychiatric diagnosis, or
baseline weight (data not shown).

Intent-to-Treat Analysis

The intent-to-treat analysis was conducted by using
data from the last usable observation for the 41 patients
who were randomly assigned to receive high-dose
branched-chain amino acids or placebo and who received
at least 1 week of treatment. For the primary efficacy vari-
able, percent change in tardive dyskinesia movements, a
significant difference was found between the amino acids
group (N=23) (mean=-29.3%, SD=40.7%) and the placebo
group (N=18) (mean=3.4%, SD=31.0%) (F=7.98, df=1, 40,
p=0.007). The secondary efficacy measure, total tardive
dyskinesia movement count from the last usable observa-
tion (adjusted for baseline count), was also significantly
different between the amino acids group and the placebo
group (F=11.92, df=1, 40, p<0.002). The mean total tardive
dyskinesia movement count decreased from 295.0 (SD=
151.8) to 190.1 (SD=121.9) in the amino acids group (N=
23) and from 303.7 (SD=148.2) to 283.0 (SD=120.4) in the
placebo group (N=18).
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FIGURE 1. Percent Change in Tardive Dyskinesia Movements for 36 Subjects in a 3-Week Randomized, Double-Blind,
Placebo-Controlled Trial of High-Dose Branched-Chain Amino Acids for the Treatment of Tardive Dyskinesia?

60

40

N
o

C

Percent Change in Tardive
Dyskinesia Movementsb
Y
=}

Subjects Receiving Placebo
(N=18)

Subjects Receiving High-Dose
Branched-Chain Amino Acids
(N=18)

a Subjects received 222 mg/kg of body weight of branched-chain amino acids or placebo three times a day.
b Frequency counts of videotaped tardive dyskinesia movements were made by means of previously used methods (6, 17, 18); negative values

indicate improvement.

¢ One patient with outlying data had a 220% increase in tardive dyskinesia movement count.

Efficacy Analysis

A highly significant difference was observed between
the high-dose branched-chain amino acids group (N=18)
and the placebo group (N=18) in the final efficacy analysis
of the primary efficacy variable of percent change in tar-
dive dyskinesia movements from baseline to week 3 (F=
13.38, df=1, 35, p=0.0009). The amino acids group had a
mean decrease of 36.5% (SD=34.4%) and the placebo
group a mean 3.4% increase (SD=31.0%) in tardive dyski-
nesia movement count from baseline to week 3. A robust
significant difference was seen between the amino acids
group and the placebo group in the number of responders
with a reduction of 30% or more in tardive dyskinesia
movements (p<0.005, Fisher’s exact test, N=36) and in the
number of responders with a reduction of 60% or more
(p<0.02, Fisher’s exact test, N=36). As Figure 1 shows, one-
third of the subjects in the amino acids group had a reduc-
tion of 60% or more in tardive dyskinesia movements.

The mean baseline total tardive dyskinesia movement
count for the high-dose branched-chain amino acids
group was 295.1 (SD=138.1), compared to 303.7 (SD=148.2)
for the placebo group (F=0.03, df=1, 35, p=0.86). At week 3,
the mean total tardive dyskinesia movement count had de-
creased to 175.9 (SD=113.4) for the amino acids group,
compared to 283.0 (SD=120.4) for the placebo group. The
difference, with adjustment for baseline counts, was highly
significant (F=13.66, df=1, 35, p=0.0008).

Possible Confounds to Efficacy

Among the 36 patients who completed 3 weeks of treat-
ment with usable data, there were no significant differ-
ences between those who received high-dose branched-
chain amino acids (N=18) and those who received placebo
(N=18) in baseline demographic characteristics, diag-
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noses, and type of antipsychotic treatment, with the ex-
ception that the amino acids group was younger than the
placebo group at the time of first antipsychotic treatment
(Table 1).

The changes in antipsychotic plasma levels (from the
first treatment morning to week 1, week 2, and week 3)
were not different between the amino acids (N=18) and
placebo (N=18) groups (F=2.33, df=1, 27, p=0.14), across
time (F=0.90, df=2, 54, p=0.41), or by group-by-time inter-
action (F=0.54, df=2, 54, p=0.59). Further, in the amino
acids group, the percent change in tardive dyskinesia
movements was not predicted by the percent change in
antipsychotic plasma level from the first treatment morn-
ing to week 3 (r;=—0.09, N=17, p=0.74).

There was no difference between the amino acids and
placebo groups in the efficacy analysis in change in glu-
cose plasma level from the fasting measure on the first
treatment morning to the postdose measure at week 3 (F=
2.60, df=1, 23, p=0.12). Further, within the amino acids
group, the percent change in tardive dyskinesia move-
ments was not predicted by change in overall glucose
plasma levels (r;=0.30, N=13, p=0.32).

Time Course

Time in treatment was not significantly related to tar-
dive dyskinesia symptom response (percent change from
baseline to weeks 1, 2, and 3) in the high-dose branched-
chain amino acids and placebo groups in the efficacy
analysis (time-by-group interaction: F=2.38, df=2, 64, p=
0.10). In addition, in the amino acids group, improvement
in tardive dyskinesia symptoms at week 1 was significantly
correlated with improvement at week 2 (rs=0.71, N=18, p=
0.001) and week 3 (rs=0.74, N=18, p=0.0004).
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In the high-dose branched-chain amino acids group in
the efficacy analysis (N=18), plasma levels of branched-
chain amino acids were substantially increased 2 hours af-
ter treatment administration (week 1: mean=201.0%, SD=
52.7%; week 2: mean=199.2%, SD=41.4%; week 3: mean=
200.6%, SD=45.9). Although group status (branched-chain
amino acids or placebo) had a significant effect on the
weekly changes in plasma level of branched-chain amino
acids (F=321.17, df=1, 26, p<0.0001), there was no effect of
time in trial (F=0.10, df=2, 52, p=0.91) and no time-by-dose
interaction (F=0.01, df=2, 52, p=0.99), suggesting that tol-
erance in response to treatment with branched-chain
amino acids had not developed over the 3-week trial.

Health and Safety

Laboratory tests and side effects. No clinically signifi-
cant changes were found in a review of the results of the
physical examination, CBC, SMA-20, and urinalysis screens
conducted before and after the trial for the 68 patients who
received at least one dose of branched-chain amino acids
or placebo. Gastrointestinal side effects were monitored by
the administration of a gastrointestinal symptom checklist
three times daily. Single episodes of mild gastrointestinal
side effects occurred variably across the trial in eight of 68
subjects and were not followed by further complaints. The
proportion of subjects reporting symptoms did not differ
significantly between the four groups of subjects who re-
ceived at least one dose of branched-chain amino acids or
placebo (p=0.38, Fisher’s exact test, N=68) or between the
two groups in the efficacy analysis (p=0.23, two-by-two
Fisher’s exact test, N=36).

Weight. Both the subjects receiving high-dose branched-
chain amino acids and those receiving placebo in the effi-
cacy analysis (N=36) gained weight during the trial (F=
9.84, df=2, 68, p=0.001), but there was no significant differ-
ence between the two groups in the rate (F=2.44, df=2, 68,
p=0.10) or amount (F=2.18, df=1, 34, p=0.15) of weight
gained. In the amino acids group, there was no relation-
ship between the amount of branched-chain amino acids
ingested and the percent change in weight from baseline
to the end of the 3-week trial (r;=0.08, N=18, p=0.74).

Mechanism of Action

For patients given branched-chain amino acids treat-
ment (low, medium, or high dose) who completed 3 weeks
of the trial with usable data (N=27), there was a strong and
highly significant positive correlation between the amount
of branched-chain amino acids ingested and the percent
increase in plasma level of branched-chain amino acids
across the trial (r=0.70, N=27, p<0.0001). Aromatic amino
acids plasmalevels in these subjects decreased over the trial
(change in total aromatic amino acids plasma level: mean=
-35.0%, SD=15.4%; change in phenylalanine plasma level:
mean=-39.5%, SD=18.0%; change in tyrosine plasma level:
mean=-34.8%, SD=16.9%; change in tryptophan plasma
level: mean=-29.4%, SD=16.2%). The change in branched-
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chain amino acids plasma level was significantly and nega-
tively correlated with the changes in phenylalanine (r=—
0.49, N=27, p=0.01) and tryptophan (r=-0.41, N=27, p=0.03)
plasma levels. The change in branched-chain amino acid
plasma level was negatively related to the change in total ar-
omatic amino acids plasma level, although the correlation
only approached significance (r=—0.36, N=27, p=0.07), and
was not related to change in tyrosine plasma level (r=—0.16,
N=27, p=0.44). The decrease in tardive dyskinesia move-
ments over the trial was significantly and positively corre-
lated with the decrease in total aromatic amino acids (rg=
0.39, N=27, p=0.04), phenylalanine (r;=0.39, N=27, p=0.05),
and tryptophan (rs=0.42, N=27, p=0.03) plasma levels; the
decrease in symptoms was positively related to the de-
crease in tyrosine plasma level, but the correlation only ap-
proached significance (rs=0.35, N=27, p=0.07).

Discussion

This randomized, double-blind, placebo-controlled
trial demonstrates the clinical efficacy and tolerability of
branched-chain amino acids for the treatment of tardive
dyskinesia in a group of men with various psychiatric di-
agnoses, long histories of antipsychotic treatment, and
most likely long-standing tardive dyskinesia.

The magnitude of the clinical response on a subject-by-
subject basis (Figure 1) in the high-dose branched-chain
amino acids group in the efficacy analysis (N=18) demon-
strates the strong clinical efficacy of the amino acids
treatment in a majority of patients. These findings also re-
flect the heterogeneity of tardive dyskinesia and serve as a
reminder that no one treatment is appropriate for all
patients (28, 29).

Symptom reductions occurred as soon as 1 week after
treatment with branched-chain amino acids, and time in
the trial was not significantly related to tardive dyskinesia
symptom response. Treatment with branched-chain
amino acids markedly increased plasma concentrations
of branched-chain amino acids across the trial, without
the appearance of tolerance. The demonstrated lack of
time or tolerance effects suggests that tardive dyskinesia
symptom response could extend beyond the 3 weeks of
the trial. Longer-term studies would be clinically useful.

Careful monitoring of health and safety variables in-
dicated that possible side effects were limited, with no
clinically significant changes from pretrial to posttrial in
laboratory screens. The branched-chain amino acids and
placebo groups in the efficacy analysis (N=36) did not dif-
fer in the amount or pattern of weight gain, and no associ-
ation was found between weight change and the amount
of branched-chain amino acids (grams) ingested in the
high-dose branched-chain amino acids group (N=18).
However, patients’ weight should be carefully monitored
when a branched-chain amino acids formulation such as
the one used in this study is administered.
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There was a lack of significant change in antipsychotic
plasma level over the trial and no association between
change in antipsychotic plasma level and either treatment
group status (in the high-dose branched-chain amino acids
and placebo groups in the efficacy analysis) or decrease in
tardive dyskinesia symptoms. These findings demonstrate
1) that antipsychotic availability was not related to the dem-
onstrated efficacy in treating tardive dyskinesia symptoms
and 2) that treatment with branched-chain amino acids
does not pose a safety issue in patients who require contin-
ued treatment with typical or atypical antipsychotics.
Change in glucose plasma level was also not related to trial
efficacy, and treatment with branched-chain amino acids
did not challenge glycemic status in patients taking chronic
antipsychotic treatment who did not have diabetes or hy-
poglycemia. It is unfortunate, given that diabetes has been
shown to be arisk factor for tardive dyskinesia (30), that this
disorder needs to be considered a contraindication for use
of the current branched-chain amino acids formulation.

Whether branched-chain amino acids constitute an ef-
fective treatment for tardive dyskinesia in women has yet
to be tested. We did not find an association between al-
tered phenylalanine kinetics and tardive dyskinesia in a
group of young women (N=103, mean age=38.7 years), as
we had found for young men (N=209, mean age=33.0) (3).
However, findings from a diverse literature suggest that
this result may be age specific. These studies have shown
that 1) tardive dyskinesia prevalence and severity in-
crease with increasing age in women but not in men (31—
33), 2) basal phenylalanine levels increase with increasing
age in women but not in men (34), 3) sex differences in
basal phenylalanine levels present in adolescence are not
present in childhood (35), and 4) sex differences exist in
gastric emptying (a critical process in phenylalanine ki-
netics), with premenopausal women having a slower rate
than men and postmenopausal women having a rate sim-
ilar to that of men (36). In addition, in a pilot study we
found substantial tardive dyskinesia symptom reduction
with high-dose branched-chain amino acids treatment in
two 10-year-old girls and in one woman over age 60. These
cumulative data suggest that the branched-chain amino
acids may be an effective treatment for tardive dyskinesia
in postmenopausal women and prepubertal girls and that
controlled trials are warranted.

Studies using a branched-chain amino acids formula-
tion similar to the one used in this study but at a dose that
was 10% lower than the high dose we used demonstrated
postingestion decrease in CSF phenylalanine and tyrosine
(37, 38). In addition, in vivo magnetic resonance spectros-
copy studies have shown that the ingestion of branched-
chain amino acids prevents the increase in phenylalanine
level in the brain that usually results from administration
of phenylalanine (39, 40). These studies demonstrated
that modulation of the plasma pool of large neutral amino
acids by exogenous branched-chain amino acids or phe-
nylalanine is reflected in the brain.
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In prior studies we have shown that higher levels of phe-
nylalanine in plasma and the brain are associated with tar-
dive dyskinesia (1), that exogenous phenylalanine signifi-
cantly elevates plasma phenylalanine in men with tardive
dyskinesia (2, 3), and that exogenous branched-chain
amino acids significantly decrease tardive dyskinesia
symptoms and plasma aromatic amino acids in men (6).

In the present study we showed that the amount of ex-
ogenous branched-chain amino acids ingested has a ro-
bust and significant positive correlation with the postdose
increase in plasma levels of branched-chain amino acids
and significant negative correlations with the postdose
decreases in plasma levels of phenylalanine and tryp-
tophan (7-10). Exogenous branched-chain amino acids
produce this effect by stimulating, primarily in muscle, 1)
protein synthesis, which requires aromatic amino acids
and thus depletes aromatic amino acids in plasma and
suppresses aromatic amino acids flux from muscle back
into plasma, preventing repletion (8, 9), and 2) insulin re-
lease, which clears aromatic amino acids from plasma and
also stimulates protein synthesis (7, 10). Because of these
changes in the periphery, exogenous branched-chain
amino acids have a competitive advantage for brain trans-
port over the aromatic amino acids, which are the nutrient
precursors of the amine neurotransmitters dopamine,
noradrenaline, and serotonin.

Novel to the present study, and a key to a possible mech-
anism of improvement in tardive dyskinesia symptoms,
was the finding of a significant positive correlation be-
tween decrease in tardive dyskinesia symptoms and de-
crease in the total aromatic amino acids level. This finding
suggests that decreased monoamine neurotransmitter
synthesis affected by the decreased brain transport of the
aromatic amino acids (7, 12) could relieve the effects of
possibly long-lasting monoamine neurotransmitter su-
persensitivity by reducing the collective excesses of the
catecholamines and indolamines, which may be the phys-
iological engine of the hyperkinetic movements of tardive
dyskinesia.
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