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systems (allostatic load) may result in behavioral or physi-
cal pathology (2). From this perspective, posttraumatic
stress symptoms evolve over time after the traumatic
event, as might the changes in cortisol levels.

One year after the ice storm, the cortisol levels among
the victims did not differ from those of the comparison
subjects, and the relation between Impact of Event Scale
scores and cortisol levels was no longer evident. The saliva
samples were collected over several morning hours; hence,
it is possible that circadian variations in cortisol levels may
have precluded detection of group differences. Neverthe-
less, the low levels of cortisol that were initially evident
among the individuals exhibiting posttraumatic stress
symptoms normalized, with a diminution of symptoms at
lengthier poststress intervals.
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Objective: The authors’ goal was to conduct a double-blind
trial of vitamin B6 in the treatment of tardive dyskinesia in pa-
tients with schizophrenia.

Method: Fifteen inpatients with schizophrenia who met re-
search diagnostic criteria for tardive dyskinesia were randomly
assigned to treatment with either vitamin B6 or placebo for 4
weeks in a double-blind crossover paradigm. The Extrapyrami-
dal Symptom Rating Scale was used to assess patients weekly.

Results: Mean scores on the parkinsonism and dyskinetic
movement subscales of the Extrapyramidal Symptom Rating
Scale were significantly better in the third week of treatment
with vitamin B6 than during the placebo period.

Conclusions: Vitamin B6 appears to be effective in reducing
symptoms of tardive dyskinesia.

(Am J Psychiatry 2001; 158:1511–1514)

There are several reports regarding the use of vitamin B6

in the treatment of the patients suffering from neuroleptic-
induced movement disorders (1–4). With one exception (1),
the dose of vitamin B6 was relatively low (100–500 mg/day),

and the subjects experienced some benefit. The current
study is the first report to our knowledge of a double-blind
trial of vitamin B6 in the treatment of tardive dyskinesia in
patients with schizophrenia or schizoaffective disorder.
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Method

Fifteen inpatients with schizophrenia or schizoaffective disor-
der (four men and 11 women) who had been receiving a stable
psychotropic regimen for at least 1 month and who fulfilled diag-
nostic criteria for tardive dyskinesia were included in this study.
The patients’ age range was 28–71 years. All were free of any con-
current medical or neurological disorders as well as evidence of
substance or alcohol abuse. None had received vitamin treat-
ment. Written informed consent and institutional review board

ethics committee approval were obtained. All patients received
the regular balanced hospital diet.

All patients received traditional or atypical neuroleptics; 11 re-
ceived oral preparations, and four received injectable long-acting
neuroleptics (mean dose=490 mg/day chlorpromazine equiva-
lents). Twelve patients received combination therapy.

The study design was double-blind, with crossover and pla-
cebo control. Vitamin B6 or placebo were added to the patients’
ongoing treatment for 4 weeks each and then crossed over after a
1-week washout period to allow for return to normal levels of vi-
tamin B6 (5).

Doses of all psychotropic medication were kept unchanged
throughout the study. The dose of vitamin B6 was increased by
100 mg/week from 100 mg/day to 400 mg/day in twice-daily di-
vided doses.

We used the parkinsonism, dystonia, and dyskinetic movement
subscales of the Extrapyramidal Symptom Rating Scale (6) to assess
tardive dyskinesia. Assessments were taken at baseline and re-
peated every week by the same investigator at the same time of day
in order to rule out any influence of diurnal fluctuation of the tar-
dive dyskinesia symptoms (7). The interrater reliability (kappa) in
Extrapyramidal Symptom Rating Scale scores from baseline to
week 4 was good (intraclass correlation coefficient=0.92). A 20% re-
duction in Extrapyramidal Symptom Rating Scale scores from
baseline to week 4 was taken to represent no response, 21%–40% as
minimal improvement, 41%–60% as moderate improvement, and
more than 61% as marked improvement.

Plasma levels of vitamin B6 were assessed at baseline and every
other week by radioenzymatic assay of plasma pyridoxal-5′-phos-
phate (normal range=20–120 nmol/liter) (8). The raters were kept
blind to the results.

To compare effects in groups, in periods, and across all visits,
variables were analyzed by three-way repeated measures analysis
of variance (ANOVA) for a two-period crossover design. Post hoc
comparisons employed the Scheffé post hoc test.

Results

All patients received the maximal dose of 400 mg/day of
vitamin B6 without adverse effects. At both baselines,

TABLE 1. Scores on the Dyskinetic Movement and Parkinsonism Subscales of the Extrapyramidal Symptom Rating Scale and
Plasma Pyridoxal 5′-Phosphate Levels of 15 Patients Before and During Crossover Treatment With Vitamin B6 and Placebo

Measure and Condition

Study Period 1

Baseline 1
Visit 1 (100 

mg/day)
Visit 2 (200 

mg/day)
Visit 3 (300 

mg/day)
Visit 4 (400 

mg/day) Baseline 2
Visit 6 (100 

mg/day)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Dyskinetic movement subscale

Vitamin in period 1; placebo 
in period 2 (N=8) 7.1 5.2 5.0 4.1 3.6 2.7 2.1a 2.0 2.3a 2.7 7.7b 4.3 8.4b 4.3

Placebo in period 1; vitamin 
in period 2 (N=7) 7.6 4.5 7.4 4.1 8.5 4.4 8.0 4.1 8.0 3.8 8.1 4.9 7.1 4.2

Parkinsonism subscale
Vitamin in period 1; placebo 

in period 2 (N=8) 21.0 10.5 16.25 8.7 12.0 8.3 8.0a 6.3 7.4a 4.0 17.6 6.8 23.7b 9.9
Placebo in period 1; vitamin 

in period 2 (N=7) 22.1 10.7 17.6 9.2 18.4 8.1 16.1 5.5 19.0 7.5 24.7 8.0 23.1 8.4
Plasma pyridoxal 5′-phosphate 

(nmol/liter)
Vitamin in period 1; placebo 

in period 2 (N=8) 49.3 17.1 307.4a 87.9 458.0a 131.7 303.3a 63.1 689.6a 75.0 56.4b 48.6 115.0b 150.5
Placebo in period 1; vitamin 

in period 2 (N=7) 40.6d 26.9 54.6d 17.6 54.4d 28.7 42.8d 18.3 52.6d 14.7 43.7d 5.7 459.0c 102.5
a Significantly different from baseline 1 by Scheffé post hoc test (p<0.001).
b Significantly different from vitamin administration at visit 4 by Scheffé post hoc test (p<0.001).
c Significantly different from placebo administration at baseline 2 by Scheffé post hoc test (p<0.001).
d Significantly different from placebo administration at visit 6 by Scheffé post hoc test (p<0.001).

TABLE 2. Results of Three-Way Repeated Measures Analysis
of Variance (ANOVA) for a Two-Period Crossover Design As-
sessing Vitamin B6 Compared With Placebo in the Treat-
ment of Tardive Dyskinesia

ANOVA

Measure and Variable F df p
Extrapyramidal Symptom Rating Scale 

subscale
Dyskinetic movement

Treatment 0.42 1, 13 <0.53
Period 0.58 1, 13 <0.46
Visit 6.20 5, 52 <0.001
Treatment by period 5.46 1, 13 <0.03
Treatment by visit 0.26 4, 52 <0.90
Period by visit 0.25 4, 52 <0.90
Treatment by period by visit 8.00 4, 52 <0.001

Parkinsonism
Treatment 0.10 1, 13 <0.75
Period 2.28 1, 13 <0.15
Visit 10.43 4. 25 <0.001
Treatment by period 4.98 1, 13 <0.04
Treatment by visit 1.05 4, 52 <0.39
Period by visit 1.37 4, 52 <0.26
Treatment by period by visit 7.54 4, 52 <0.001

Plasma pyridoxal 5′-phosphate (nmol/liter)
Treatment 2.94 1, 13 <0.11
Period 0.04 1, 13 <0.84
Visit 54.72 4, 52 <0.001
Treatment by period 228.90 1, 13 <0.001
Treatment by visit 15.50 4, 52 <0.001
Period by visit 16.80 4, 52 <0.001
Treatment by period by visit 51.70 4, 52 <0.001
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there were no significant differences between groups re-
ceiving placebo or the vitamin in dyskinetic movement
subscale scores, parkinsonism subscale scores, or pyri-
doxal-5′-phosphate levels (Table 1 and Table 2).

Three-way repeated measures ANOVA for the two-pe-
riod crossover design revealed significant differences be-
tween vitamin B6 and placebo groups in scores on the dys-
kinetic movement subscale in period 1 and period 2.

The improvements in dyskinetic movement subscale
scores after 3 and 4 weeks of treatment with vitamin B6 in
period 1 were 69.2% (SD=14.4%) and 68.6% (SD=23.0%). In
period 2 the improvements were 38.2% (SD=46.1%) and
32.8% (SD=57.0%), respectively. (The percentage of im-
provement was calculated on the basis of individual scores
rather than means for the entire group.)

In period 1, treatment with vitamin B6 caused a signifi-
cant improvement in parkinsonism subscale scores, first
observed in the third week of the treatment (dose of vita-
min B6 was 300 mg/day) and continuing till the end of this
phase of treatment. In period 2, vitamin B6 also caused a
significant improvement in parkinsonism scores with vita-
min B6 doses of 300 mg/day. The improvements on the
parkinsonism subscale after 3 and 4 weeks of treatment
with vitamin B6 in period 1 were 51.6% (SD=43.8%) and
57.1% (SD=30.1%) and in period 2 were 52.0% (SD=20.8%)
and 51.6% (SD=22.8%), respectively.

After the washout period following vitamin treatment,
the dyskinetic movement and parkinsonism subscale
scores on the Extrapyramidal Symptom Rating Scale re-
turned to baseline levels.

Baseline plasma pyridoxal-5′-phosphate levels were in
the normal range in 11 patients (20–120 nmol/liter). In
one patient, a higher pyridoxal-5′-phosphate level (163.5

nmol/liter) was found, and in four patients pyridoxal-5′-
phosphate levels were below normal (5.0–16.2 nmol/li-
ter). In both experiment periods, levels of vitamin B6 were
significantly higher after the first week of treatment and
continued till the end of the phase. However, we could not
find a direct relationship between therapeutic response
and pyridoxal-5′-phosphate level or changes in tardive
dyskinesia.

Discussion

The results of this small study suggest that vitamin B6 is
effective in treating tardive dyskinesia at doses from 300
mg/day. Vitamin B6 was effective during the treatment
period only.

There have been several uncontrolled controversial re-
ports about treatment of tardive dyskinesia with vitamin
B6 (1–4, 9). Our results are consistent with previous reports
suggesting the beneficial effect of pyridoxine on move-
ment disorders (1–4).

We were not able to establish a correlation between py-
ridoxal-5′-phosphate levels and changes in two subscales
of the Extrapyramidal Symptom Rating Scale. We assume,
therefore, that serum pyridoxal-5′-phosphate is not di-
rectly associated with tardive dyskinesia and that serum
levels of vitamin B6 do not correlate directly with pyridox-
ine-dependent activity of biogenic amines.

The mechanisms by which pyridoxine attenuates the
symptoms of tardive dyskinesia are not completely under-
stood. Pyridoxyl-5-PO4, derived from dietary pyridoxine,
serves as a cofactor in the enzymatic decarboxylation of
dopa to dopamine (10) and other metabolic transforma-
tions, including γ-aminobutyric acid, serotonin, and
melatonin (11, 12).

One possible explanation for the effects observed in this
study is that they are due to the antioxidant and free radi-
cal scavenger activities of vitamin B6 (2, 13). Free radicals
have been implicated in a variety of neuropsychiatric con-
ditions, many of which are marked by the gradual devel-
opment of psychopathologic symptoms and movement
disorders. There is evidence that radical-induced damage
may be important in tardive dyskinesia and, possibly, in
schizophrenia as well (14). Because vitamin B6 takes part
in almost all the possible mechanisms proposed to under-
lie tardive dyskinesia, it appears to make sense that it
could alleviate symptoms of tardive dyskinesia.

To our knowledge, this is the first double-blind study ex-
amining the treatment of tardive dyskinesia with vitamin
B6. The potential usefulness of vitamin B6 in treating tar-
dive dyskinesia could be of clinical importance because it
has no side effects in small doses (15). Furthermore, to
date there is no other effective treatment for this trouble-
some and sometimes incapacitating condition.

Our study group was rather small, and further studies
should involve larger numbers of patients and a long-term
study design. In retrospect, we feel that it would have been

Study Period 2

Visit 7 (200 
mg/day)

Visit 8 (300 
mg/day)

Visit 9 (400 
mg/day)

Mean SD Mean SD Mean SD

8.1b 4.0 8.0b 4.5 8.3b 4.2

6.0 3.0 3.9c 2.2 4.0c 3.0

21.5b 4.0 21.4b 8.2 22.6b 10.2

14.6 6.1 11.1c 4.7 11.6c 5.9

77.3b 97.0 88.5b 175.1 108.8b 173.0

340.6c 61.0 478.8c 42.6 453.5c 113.0
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possible to limit the study to a single period, without the
crossover phase, since the results from period 1 were sta-
tistically significant. Moreover, it is necessary to examine
the effect of concomitant use of vitamin B6 and risperi-
done or olanzapine in patients with tardive dyskinesia.
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Anxiolytic Activity of Atrial Natriuretic Peptide
in Patients With Panic Disorder
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Objective: Preclinical evidence exists for the anxiolytic activity
of atrial natriuretic peptide, which is released during lactate-in-
duced panic attacks. Atrial natriuretic peptide receptor modula-
tion may have antipanic activity in patients with panic disorder.

Method: The effects of 150 µg of atrial natriuretic peptide and
placebo on panic attacks induced by cholecystokinin tetrapep-
tide (CCK-4) (25 µg) were studied in 10 panic disorder patients.

The panicogenic activity of CCK-4 was measured with the Acute
Panic Inventory.

Results: Panic attacks occurred in seven patients in the pla-
cebo condition and in two patients in the atrial natriuretic pep-
tide condition. CCK-4 administration was accompanied by a sig-
nificant increase in Acute Panic Inventory scores. Pretreatment
with atrial natriuretic peptide resulted in significantly lower
Acute Panic Inventory scores than pretreatment with placebo.

Conclusions: The results support the antipanic activity of
atrial natriuretic peptide. Nonpeptidergic atrial natriuretic
peptide receptor ligands may be ultimately used to treat anx-
iety disorders.

(Am J Psychiatry 2001; 158:1514–1516)

Atrial natriuretic peptide is not only synthesized by
atrial myocytes (1) and released into the circulatory sys-
tem but is also found in the neurons of different brain re-

gions in which specific atrial natriuretic peptide binding
sites have been found (2). Atrial natriuretic peptide is re-
leased in patients with panic disorder when panic attacks


