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Several reports have described salutary effects such as decreased physical
aggression and improved social responsiveness being associated with the
administration of high doses of pyridoxine and magnesium (HDPM) in
open-labeled and controlled studies of patients with autism. Despite this fact,
this intervention remains controversial. A 10-week double-blind,
placebo-controlled trial was undertaken to examine both the efficacy and safety
of HDPM in autism. Twelve patients were enrolled, and 10 patients (mean
age 6 years 3 months) were able to complete the study. HDPM at an average
dose of 638.9 mg of pyridoxine and 216.3 mg of magnesium oxide was
ineffective in ameliorating autistic behaviors as assessed by the Children's
Psychiatric Rating Scale (CPRS), the Clinical Global Impression Scale, and
the NIMH Global Obsessive Compulsive Scale. Furthermore, no clinically
significant side effects were noted during HDPM administration. A trend for
a transient change on the CPRS was found that was possibly due to a placebo
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response. This study raises doubts about the clinical effectiveness of HDPM
in autistic disorder.

Attempts to identify pharmacologic agents that are able to ameliorate
symptoms of autism have included controlled trials of neuroleptics (Ander-
son et al., 1984), clomipramine (Gordon, Rapoport, Hamburger, State, &
Mannheim, 1992; Gordon, State, Nelson, Hamburger, & Rapoport, 1993),
naltrexone (Campbell et al., 1993; Ernst et al., 1993; Gonzalez et al., 1994;
Kolmen, Feldman, Handen, & Janosky, 1995; Willemsen-Swinkels,
Buitelaar, Nijhof, & Van Engeland, 1995), fenfluramine (Leventhal et al.,
1993), methylphenidate (Quintana et al., 1995), and clonidine (Frank-
hauser, Karumanchi, German, Yates, & Karumanchi, 1992; Jaselskis, Cook,
Fletcher, & Leventhal, 1992) and have described varying degrees of success
with these drugs. In contrast, nutritional interventions, a form of alternative
medicine (Eisenberg et al., 1993; Spigelblatt, Laine-Ammara, Pless, & Guy-
ver, 1994), have received relatively scant attention. A MEDLINE search
on December 1, 1995, for papers written between 1992 and the present
identified only two original papers in which the terms "placebo" and
"autism" were found in an investigation using a nutritional intervention
(Dolske, Spollen, McKay, Lancashire, & Tolbert, 1993; Tolbert, Haigler,
Waits, & Dennis, 1993).

There are several reasons to study nutritional interventions in medical
disorders. Both adults and children commonly receive this form of treat-
ment (Eisenberg et al., 1993; Spigelblatt et al., 1994). Moreover, there is
evidence that the practice of providing vitamin supplements to patients with
autistic disorder is not rare. A survey of pharmacotherapy of this syndrome
reported that 5% of patients receive nutritional supplementation "specifi-
cally advocated for the treatment of autism" (Aman, Van Bourgondien,
Wolford, & Sarphare, 1995).

Although perhaps perceived by parents of pediatric patients as safer
than pharmacologic drugs (Spigelblatt et al., 1994), ingestion of megavita-
mins may be associated with adverse effects (Schaumberg et al., 1983; Han-
ning & Zlotkin, 1985). Both the American Psychiatric Association (Pauling,
1974) and the American Academy of Pediatrics (1976) have stated that
megavitamin treatment for learning disabilities and autism is not justified.
No retractions from these position papers have been written since their
publication.

Of the nutritional interventions that have been studied for the treatment
of autism (Gillberg, Wahlstrom, Johanssen, Tornblom, & Albertson-Wikland,
1986; Dolske et al., 1993, Tolbert et al., 1993), none has received more atten-
tion than coadministration of high doses of pyridoxine (vitamin B6) and mag-
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nesium. Despite the fact that several studies have been performed that de-
scribed salutary effects with high-dose pyridoxine/magnesium (HDPM) ther-
apy (Rimland, Callaway, & Dreyfus, 1978; Coleman et al, 1979; Lelord et
al., 1981; Martineau, Barthelemy, Gareau, & Lelord, 1985; Martineau,
Barthelemy, Lelord, 1986; Martineau, Barthelemy, Cheliakine, & Lelord,
1988; Menage, Thibault, Barthelemy, Lelord, & Bardos, 1992), treatment
with this regimen remains controversial (Rimland, 1988). First, a recent re-
port that reviewed the HDPM literature has described methodologic short-
comings within this body of work (Pfeiffer, Norton, Nelson, & Shott, 1995).
Due to these methodologic considerations, it may not be possible to draw
definitive conclusions about the efficacy of HDPM in autism. A placebo-con-
trolled study which reported that low dose pyridoxine and magnesium failed
to benefit 15 patients (Tolbert et al., 1993) questions whether HDPM is ef-
fective in the treatment of autism. Second, another concern regarding HDPM
is the issue of safety. Although no reports of significant adverse effects have
been reported to occur with HDPM in autism, neurologic toxicity has been
reported with high doses of pyridoxine (McLachlan & Brown, 1995; Schaum-
berg et al., 1983). To carefully assess both the short-term safety and efficacy
of HDPM in 12 children with autism, we performed a 10-week double-blind,
placebo-controlled, crossover study. Since HDPM is a controversial interven-
tion, this study was considered exploratory in nature.

METHOD

Study Design

Patients were evaluated for eligibility at the first study visit. At the
second visit, baseline psychometric assessments were obtained. Subjects
were evaluated every other week for a 10-week period. All diagnostic and
study visits during which assessments for the completion of clinician-rated
psychometric instruments were performed occurred in the same play area
with readily available recreational materials. A subject's parent or guardian
as well as at least one member of the research team was present throughout
each visit.

At baseline, the subjects' parent or guardian received a 2-week supply
of placebo in a single-blind fashion. At the end of study week 2, patients
were then randomized into the 8-week double-blind portion of this study.
For the first 4 weeks, patients received either HDPM or placebo. At the
end of this period, patients were then administered the other study medi-
cation (either placebo or HDPM) for the second 4 weeks.
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This study protocol was reviewed and approved by the University Hos-
pitals of Cleveland Investigational Review Board. Signed informed consent
was obtained from a parent or guardian for each of the subjects.

Subjects

Twelve patients were enrolled. Inclusion criteria included subjects being
between 3 and 17 years of age and meeting DSM-III-R criteria (American
Psychiatric Association, 1987) for autistic disorder according to an assessment
by both a board-certified child and adolescent psychiatrist and a board-cer-
tified child neurologist. Exclusion criteria included a history of either signifi-
cant current or past medical or neurologic disorders and the use of a
psychotropic agent within 3 months prior to the initiation of this study. All
patients were outpatients living at home with a parent or guardian. Subjects
were referred from the Rainbow Autism Center. This center provides a va-
riety of consultation and outpatient services to pediatric and adult patients
with pervasive developmental disorders throughout the Northeast Ohio re-
gion. Demographic information for these patients are listed in Table I.

Psychometric Assessment

All patients were evaluated with the Childhood Autism Rating Scale
(CARS; Schopler, Reichler, DeVellis, & Daly, 1980; Dilalla & Rogers,
1994) at baseline. The CARS is a commonly used clinical instrument used
to assess the degree of autistic behaviors. It is a 15-item scale with each

Table I. Patient Demographics

Patient
No.

1
2
3
4
5
6
7
8
9

10
11
12

Age
(months)

36
43
47
51
59
66
67
79

150
155
67
94

Gender

M
M
M
M
M
M
M
M
M
F
M
M

Weight
(kg)

13.8
15.0
16.0
18.0
22.5
17.5
19.0
24.5
39.9
59.0
34.0
26.0

Baseline
CARSa

score

48.5
42.0
47.0
44.0
48.5
42.5
31.0
45.5
33.0
48.0
25.0
46.5

aCARS = Childhood Autism Rating Scale.
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item scored from 1-4. A score of 30-36.5 is indicative of mild-moderate
autistic behavior, whereas a score >37 denotes severe autistic behavior.

At baseline and every other week thereafter, patients were adminis-
tered the Clinical Global Impression Scale (CGI; National Institute of
Mental Health, 1985), the 14-item subset from the Children's Psychiatric
Rating Scale (CPRS) used for assessment in autism (Campbell & Palij,
1985; Overall & Campbell, 1988), and the NIMH Global Obsessive Com-
pulsive Scale (OCS; Insel et al., 1983).

The CGI is a seven-item scale rated from 1-7. The CPRS consists of 14
items that are scored from 0-6. The OCS consists of a single item that is
scored from 1-15 which can be used to assess degrees of compulsive behav-
iors in children (DeVeaugh-Geiss et al., 1992). For these three instruments,
higher scores are indicative of a greater degree of psychopathology.

Parent assessment of patient behavior included the 48-item Conners
Parent Rating Scale (PRS; Goyette, Conners, & Ulrich, 1978). Teacher as-
sessment used the 28-item Conners Teacher Rating Scale (TRS; Goyette
et al., 1978). Ratings for subjects were obtained at baseline and on an every
other week schedule. Since some of the items on these scales assess do-
mains of emotions and behavior which may not be applicable to patients
with autism, only the hyperactivity factor of the TRS (7-items) and the
impulsivity-hyperactivity factor of the PRS (4-items) were utilized for data
analyses. Items on each the TRS and the PRS are scored from 0-3 with
higher scores reflecting a greater degree of symptomatology.

These rating measures were used so that a variety of behaviors occur-
ring within different doses could be assessed.

Medications

HDPM was given in doses of 30 mg/kg per day of pyridoxine (maxi-
mum daily dose = 1 gram) and 10 mg/kg per day of magnesium oxide
(maximum daily dose = 350 mg). Daily doses were to be given b.i.d. at 8
a.m. and at noon.

Doses for this investigation were chosen so as to be similar to those
used in other studies that have described salutary effects with HDPM treat-
ment (Lelord et al., 1981; Martineau et al., 1986, 1988; Menage et al.,
1992). Since most reports indicate that pyridoxine toxicity has occurred at
doses exceeding 1 gram per day (McLachlan & Brown, 1995; Schaumberg
et al., 1983), the maximum daily dose of pyridoxine did not exceed this
amount to minimize any potential risk.

A 4-week trail of HDPM was felt to be adequate to assess the effects
of this intervention, since controlled studies which have examined HDPM
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in patients with autism have described clinical effects when HDPM was
given for a similar period (Coleman et al., 1979; Martineau et al., 1985).

Placebo was supplied in capsules identical in appearance to HDPM
capsules. Efforts were made to match the taste and appearance of the pla-
cebo with that of the HDPM. Compliance with study medications was as-
sessed for patients at each visit.

Safety Precautions

Side effects specific for pyridoxine toxicity (Schaumberg et al., 1983;
McLachlan & Brown, 1995) were assessed at each visit while on protocol.
All other reported side effects were also recorded.

Data Analyses

Descriptive statistics were used when applicable. T tests were per-
formed to examine whether baseline and placebo lead-in scores for the
aforestated outcome measures differed between those who received HDPM
during Weeks 2-6 from those who received HDPM during Weeks 7-10.
An analysis for crossover design was performed for each the CGI, the
CPRS, the OCS, the PRS, and the TRS in order to examine for carryover
effects. Differences between the scores across study periods were assessed
using a one-way analysis of variance (ANOVA).

RESULTS

Ten of the 12 patients completed the study. Two patients (11 and 12,
see Table I) were withdrawn from the protocol during the placebo lead-in
phase of the study became of refusal to take study medicine. The 10 pa-
tients who completed the trial had a mean age of 75.3 months (SD = 42.6),
an average CARS score of 43.0 (SD = 6.3), and a mean weight of 24.4 kg
(SD = 14.2). The average does of HDPM administered for the study in-
cluded a mean dose of 638.9 mg of pyridoxine and a mean dose of 216.3
mg of magnesium oxide. Nine of these 10 subjects were male.

It should be noted that 16.7% of the PRS questionnaires and 25% of
the TRS questionnaires were not completed, 60% of the uncompleted TRS
questionnaires (15% of the total) were not completed either for baseline
or for placebo lead-in assessment. This was due to the fact that this study
was initiated at the start of the academic year and obtaining data from
teachers during this period was not always possible.
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HDPM Efficacy. No statistically significant differences (p < .05) were
found either at baseline or at the end of the placebo lead-in period between
those subjects who were administered HDPM for Weeks 2-6 when compared
to those who were given HDPM for Weeks 7-10 on the 5 measures listed in
Table II. Statistical analyses revealed no crossover effects for these same 5
instruments. Results from the ANOVA which examined the effects of HDPM
and placebo on behavior are presented in Table II. No statistically significant
effects of HDPM were evident on any of the five measures. No parent chose
to administer HDPM to their child after the study blind was broken due to
lack of proven efficacy. Failure for HDPM to provide salutary effects for all
10 patients was further confirmed by the fact that no patients had a decline
in their CGI score by more than 1 point at any time while receiving HDPM.
In addition, no patients had a significant behavioral exacerbation while re-
ceiving HDPM (CGI increase greater than 1). The largest change found on
any clinical measure was a decrease in score on the CPRS which occurred
during the first 2 weeks of the protocol (the single-blind placebo lead-in por-
tion of the study). Due to this decline in CPRS scores during the first part
of the study, a post hoc analysis was performed to examine whether a tem-
poral effect was present during the protocol. Results of another series of
ANOVAs which assessed the effect of time on the five psychometric meas-
ures are reported in Table III. Although no statistically significant results are
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Table II. ANOVA Test Examining the Effect of High-Dose Pyridoxine/Magnesium
(HDPM) on Autistic Behavior

Placebo

Baseline

Scale

CPRS
CGI
OCS
TRS
PRS

M

32.6
5.6
5.7
7.7
5.7

SD

68
1.0
2.8
0.6
2.1

Lead-in

M

25.9
5.3
6.7
9.0
6.3

SD

79
1 7
4.4
5.4
2.3

Week 2

M

27.8
5.4
7.5
7.7
4.2

SD

74
10
3.7
4.6
1.9

Week 4

M

31.2
5.6
8.7
8.8
5.3

SD

78
10
3.6
6.0
3.3

HDPM

Week 2

M

30.5
5.6
7.2
8.3
4.5

SD

71
08
4.5
7.1
3.3

Week 4

M

M
57
6.4
9.4
5.0

SD

71
0.9
3.2
5.0
2.4

F

1.33
0.24
0.76
0.12
0.68

P

.27
94
.58
.99
.64

Table HI. ANOVA Test Examining the Effect of Time on Autistic Behavior

Baseline

Scale

CPRS
CGI
OCS
Conners

teacher
Conners

Parent

M

32.6
56
5.7
77

5.7

SD

6.8
1 0
2.8
06

2.1

Week 2

M

25.9
53
6.7
90

6.3

SD

7.9
1 7
4.4
54

2.3

Week 4

M

26.2
5.3
6.0
6.8

4.6

SO

5.5
08
3.9
56

2.1

Week 6

M

30.9
5,7
7.5
8.6

5.0

SD

7.1
1 1
3.9
5.6

3.2

Week 8

M

5.7
57
8.7
9.3

4.1

SD

7.7
09
3.9
59

3.1

Week 10

M

32.7
56
7.6
94

5.4

SD

7.7
08
3.3
5.5

2.5

F

1.98
0.37
0.91
0.29

0.70

P

.10
87
.48
92

.63
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Fig. 1. Changes in Childhood Psychiatric Rating
Scale (CPRS) scores over time in 10 children
with autistic disorder.

present, there was a trend for a temporal effect on the CPRS (Figure 1).
Since the largest change from baseline on the CGI and the CPRS occurred
during the 2-week placebo lead-in portion of this study, the magnitude of
this effect was further explored using power analyses. These analyses were
performed to determine the sample size that would be necessary to have
an 80% probability of a statistically significant effect (p < .05) when a
paired t test was done comparing-baseline and end of placebo lead-in scores
based on the data collected herein. With these assumptions, a sample of
only 13 patients would have met these conditions for the CPRS, whereas
a cohort of 32 patients would been needed to fulfill these conditions based
on the CGI data.

HDPM Safety. HDPM was well-tolerated. All side effects associated
with HDPM or placebo administration were mild. No subject was dis-
continued from the study by their parent/guardian, and no subject was
withdrawn from the study due to an adverse event. The most frequent
side effects noted at least once during HDPM administration were loose
stools (n = 5) and symptoms of an upper respiratory infection (n = 5).
Loose stools were most likely due to the cathartic effect of the magne-
sium oxide. While receiving HDPM, one patient developed both emesis
and fatigue. The most frequent side effects noted during the placebo
phases of the study were those of an upper respiratory infection (n =
6). One patient developed a headache, one had an increase in bedwet-
ting/soiling, and one had a decrease in appetite at one point in time while
receiving placebo.



DISCUSSION

This study is the first to describe an inability of HDPM to provide a
therapeutic response for children with autistic disorder and adds to a body
of evidence that has questioned the efficacy of this intervention (Pfeiffer
et al., 1995; Tolbert et al., 1993). In addition, this study raises the issue of
whether a "placebo" or "study" effect may be present in patients with autis-
tic disorder.

Although the study sample was small, this number of subjects does
not preclude the possibility of a salutary effect being detectable. For ex-
ample, double-blind, placebo-controlled studies using a similar number of
patients with autistic disorder have described clinical benefit from clomi-
pramine (Gordon et al., 1992), clonidine (Fankhauser et al., 1992), and
methylphenidate (Quintana et al., 1995). However, due to the small number
of subjects enrolled and subsequently studied, this work cannot definitively
assert that HDPM has no role in the treatment of autistic disorder. For
example, some reports have described that approximately 35-50% of pa-
tients with autistic disorder treated with HDPM receive benefit from this
intervention (Lelord et al., 1981; Rimland, 1988). Assuming the lowest pre-
viously reported success rate of approximately 35% is accurate, and the
two subjects who refused HDPM administration are excluded, there is a
1.3% (0.6510) probability that 0/10 subjects would not respond to HDPM.

This work attends to important methodologic issues that have not been
addressed by some other studies that have examined HDPM in patients
with autistic disorder. Although this study's major methodologic shortcom-
ing is its relatively small sample, it contains more subjects than several stud-
ies that have described therapeutic efficacy in patients with autistic disorder
(Coleman et al., 1979; Martineau et al., 1986; Menage et al, 1992).

Some previous studies of HDPM have employed ratings from parents
and teachers as a means to assess clinical efficacy (Coleman et al., 1979;
Rimland et al., 1978). Others examined behavior effects with clinician rat-
ings (Martineau et al., 1985, 1988). Our study incorporated teacher, parent,
and clinician data for all subjects. This is an important consideration in
order to ensure that clinical effects that may be observed by one informant
are truly present.

Although none of the patients in this study derived clinical response
from HDPM, it should be noted that it is also possible that individual pa-
tients with autistic disorder may respond to treatment with HDPM. For
example, although pyridoxine is not a first line of therapy for patients with
seizure disorder, there are rare patients with seizures who do respond to
pyridoxine treatment (Jakobs, Jaeken, & Gibson, 1993).
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This study describes a trend for a temporally related effect on one of
the outcome measures, the CPRS. Although it is possible that this was sim-
ply due to random variation or an environmental effect caused by the in-
itiation of the academic year (though behavior usually worsens in the first
few weeks of school), it is also possible that environmental factors associ-
ated with being enrolled in an intervention study or a "placebo effect" led
to change in observable behavior. Such environmental factors include par-
ents' expectancy or intervention at the start of the trial may have affected
the subjects' behavior (Wolraich, Wilson, & White, 1995). It is interesting
to note that 5 of the 10 subjects who completed this study had a 30% or
higher reduction in CPRS scores during the single-blind, placebo lead-in
portion of this study. This number is similar to the response rate to HDPM
that has been reported by others (Lelord et al., 1981; Rimland, 1988).

Other than efficacy, safety is another important issue when considering
a therapeutic intervention with any patient. While we found treatment with
HDPM for 4 weeks to be safe in this small cohort, high doses of pyridoxine
alone for several months may be associated with adverse neurologic effects
(McLachlan & Brown, 1995; Schaumberg et al., 1983). The long-term safety
of HDPM in a large cohort of subjects with autistic disorder has not been
fully evaluated. Moreover, just as treatment with HDPM may be associated
with risks, it is important to recognize that there may also be a risk with
eschewing more "conventional" interventions while a trial with HDPM is
pursued.

In summary, we found HDPM to be ineffective in the treatment of
10 patients with autistic disorder. Larger controlled studies which attend
to important methodologic considerations (Pfeiffer et al., 1995; Schulz,
Chalmers, Hayes, & Altman, 1995) are necessary to truly define what role
HDPM may have in the treatment of individuals with autistic disorder.
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