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Abstract

Evidence that the metabolism of phospholipids and polyunsaturated fatty acids (PUFA) is abnormal in schizophrenia
provided the rationale for intervention studies using PUFA supplementation. An initial open label study indicating efficacy
for n-3 PUFA in schizophrenia led to two small double-blind pilot studies. The first study was designed to distinguish between
the possible effects of two different n-3 PUFA: eicosapentaenoic acid (EPA) and docohexaenoic acid (DHA). Forty-five
schizophrenic patients on stable antipsychotic medication who were still symptomatic were treated with either EPA, DHA
or placebo for 3 months. Improvement on EPA measured by the Positive and Negative Syndrome Scale (PANSS) was
statistically superior to both DHA and placebo using changes in percentage scores on the total PANSS. EPA was significantly
superior to DHA for positive symptoms using ANOVA for repeated measures. In the second placebo-controlled study, EPA was
used as a sole treatment, though the use of antipsychotic drugs was still permitted if this was clinically imperative. By the end of
the study, all 12 patients on placebo, but only eight out of 14 patients on EPA, were taking antipsychotic drugs. Despite this,
patients taking EPA had significantly lower scores on the PANSS rating scale by the end of the study. It is concluded that EPA
may represent a new treatment approach to schizophrenia, and this requires investigation by large-scale placebo-controlled
trials. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The search for new treatments for schizophrenia
has focused mainly on modulating neurotransmitters
and their receptors, despite the relative lack of
evidence of a primary abnormality in these systems.
Novel treatment approaches to schizophrenia are
likely to come only on the basis of new hypotheses
relating to aetiology. The phospholipid hypothesis of
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schizophrenia, recently reviewed by Horrobin (1998),
has proved to be of considerable heuristic value.
There is substantial evidence of phospholipid and
polyunsaturated fatty acid (PUFA) metabolic abnor-
malities in schizophrenia (Peet et al., 1999). Studies of
peripheral tissues, including erythrocytes and skin
fibroblasts, have shown reduced levels of phospho-
lipid subtypes (phosphatidylcholine and phosphatidyl-
ethanolamine) in schizophrenic patients (Hitzemann et
al., 1985; Keshaven et al., 1993; Mahadik et al., 1994).
Recent studies using *'P magnetic resonance spectro-
scopy have shown increased levels of phosphodiesters
and decreased levels of phosphomonoesters in
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prefrontal and temporal brain of drug-naive schizo-
phrenic patients (Pettegrew et al., 1991; Stanley et
al., 1994; Fukuzako et al., 1999). Since phosphomo-
noesters are utilized in phospholipid synthesis, and
phosphodiesters are  phospholipid  breakdown
products, these data have been taken to imply
increased phospholipid turnover in the brains of
schizophrenic patients. Increased levels of the phos-
pholipid breakdown product lysophosphatidylcholine
have also been reported in platelets from schizo-
phrenic patients (Pangerl et al., 1991).

There have been several investigations of the PUFA
content of membrane phospholipids in schizophrenia.
Although earlier studies produced inconsistent results,
more recent investigations have produced a more
consistent picture of depleted n-6 and n-3 PUFA in
red blood cells (Vaddadi et al., 1989; Glen et al.,
1994; Yao et al., 1994a; Peet et al., 1995) and brain
(Horrobin et al., 1991; Yao, 1999) of schizophrenic
patients.

An associated biochemical abnormality in schizo-
phrenia is elevated activity of phospholipase A2
(PLA2) in plasma (Gattaz et al., 1987) serum (Gattaz
et al., 1990; Noponen et al., 1993) and platelets
(Gattaz et al., 1995) from drug-free schizophrenic
patients, although there was a negative report from
Albers et al. (1993). This enzyme releases fatty
acids from phospholipids. Ross et al. (1997) pointed
out that there are several different species of phos-
pholipase A2, and they found that the calcium-
independent phospholipase A2 was elevated in
schizophrenic patients whereas calcium-stimulated
PLA2 levels were normal. They subsequently showed
that this enzyme activity is also increased in pre-
temporal cortex (Ross, 1999).

Overall, the evidence suggests that schizophrenia is
associated with abnormal phospholipid metabolism,
including an increased rate of breakdown possibly
due to excess PLA2 activity.

Fatty acids in the diet, both essential and non-
essential, have significant effects upon neuronal
membrane phospholipid composition (Marteinsdottir
et al.,, 1998; Abedin et al., 1999). Therefore, it
would be expected that any dietary changes could
mitigate or aggravate an underlying abnormality of
phospholipid metabolism. There is evidence of a
correlation between dietary fat consumption and
schizophrenic symptomology.

Christensen and Christensen (1998) reported that
the ratio of saturated fatty acids (SFA) to PUFA in
the national diet correlated with outcome figures for
schizophrenia published by the World Health Organi-
zation. Those countries that obtained relatively more
of their dietary fat from land animals and birds
(mostly SFA) and relatively less of their fat from
vegetable, fish and seafood sources (mostly PUFA)
had a worse outcome of schizophrenia. This
accounted for 97% of the variance in outcome
between countries. Similar relationships have been
shown within groups of schizophrenic patients. Yao
et al. (1994b) showed that the SFA-to-PUFA ratio in
red blood cell membranes showed a significant posi-
tive relationship with severity of positive schizo-
phrenic symptoms. Mellor et al. (1996) reported that
a greater intake of n-3 PUFA and particularly eico-
sapentaenoic acid (EPA) in the normal daily diet was
associated with less severe positive schizophrenic
symptoms.

These associations between dietary fat and schizo-
phrenic symptoms do not prove cause and effect, but
taken together with the biochemical evidence, they
provided us with a strong rationale for intervention
studies using PUFA. Previous studies using n-6
PUFA in the treatment of schizophrenia gave mixed
results (Vaddadi et al., 1986, 1989; Wolkin et al.,
1986). In one previous study using n-3 PUFA, linseed
oil (50% alpha-linolenic acid) was given to five
schizophrenic patients, with apparent benefit (Rudin,
1981). We chose to investigate n-3 PUFA because that
was the strongest dietary correlation found by our
group (Mellor et al., 1996).

In an initial supplementation study, 20 schizo-
phrenic patients who were still symptomatic despite
best efforts to treat them with antipsychotic drugs,
were given 10 g per day of concentrated fish oil
(MaxEPA) in addition to their existing antipsychotic
medication, which remained unchanged during the
6 week study period. Patients showed a significant
improvement in scores on the Positive and Negative
Syndrome Scale (PANSS; Kay et al., 1987) and on the
Abnormal Involuntary Movement Scale (Kane et al.,
1992). There is no known pharmacokinetic interaction
between PUFA and antipsychotic drugs, so this
appeared to be a true pharmacological effect. Multiple
regression analysis showed that improvement in
schizophrenic symptoms was importantly related to
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Table 1

Scores on the total and positive subscale of the PANSS before and after treatment for patients taking EPA, DHA or placebo

Total PANSS score (mean = S.D.)

Positive PANSS score® (mean = S.D.)

Pre Post® Percentage change Pre Post Percentage change®
EPA (n=15) 69.9 (12.9) 55.5(12.2) 20.1 (13.6) 18.9 (5.4) 14.6 (5.9) 23.8 (15.0)
DHA (n=16) 73.4 (17.9) 65.3 (19.0) 9.5 (20.4) 17.8 (5.4) 16.7 (5.3) 33(27.2)
Placebo (N = 14) 76.2 (20.6) 65.9 (14.9) 10.7 (18.2) 18.7 (5.7) 15.8 (5.1) 13.7 (22.1)

* EPA vs. DHA ANOVA for repeated measures: F =5.24; P =0.03.

® EPA vs. placebo: t = 2.1; P =0.05.
¢ ANOVA: F=3.3; P=0.045.

the increased level of n-3 PUFA measured in red
blood cell membranes. Ten grams of MaxEPA per
day contains 1.7 g of EPA and 1.1 g of docosahexae-
noic acid (DHA). Whilst these are both n-3 PUFA,
they have differing metabolic functions. Thus, DHA
is primarily a membrane structural component,
whereas EPA takes part in eicosanoid synthesis. The
two fatty acids can have differing physiological
effects (Bates et al., 1993; De Caterina et al., 1994,
Willumsen et al., 1996; Gilbert et al., 1999). There-
fore, we considered it important to differentiate
between the possible effects of EPA and DHA in
schizophrenia. A pilot double-blind trial was therefore
conducted to compare and EPA enriched oil with a
DHA enriched oil and a corn oil placebo.

2. Double-blind placebo controlled trial comparing
EPA and DHA

2.1. Subjects and methods

Subjects of the study were outpatients in Sheffield,
UK with a DSM IV (American Psychiatric Associa-
tion, 1994) diagnosis of schizophrenia. All were
receiving a stable dosage of antipsychotic medication,
and no change in dosage was anticipated during the
study. They were required to be still symptomatic,
with a PANSS score of at least 40, despite medical
treatment that was considered appropriate by the
responsible consultant psychiatrist. No patient suffered
from significant physical illness or other psychiatric
disorders including mood disorders or learning
disability. Patients were taking a variety of antipsy-
chotic drugs in both oral and depot preparations, and

some were also taking anti-cholinergic medication to
treat side-effects. All patients gave informed consent
to the study, which had been approved by the appro-
priate Ethics Committee.

Patients continued on their normal medication,
which the responsible consultant psychiatrist was
asked to keep stable during the 3 months of treatment.
Patients were randomly allocated to treatment with
either an EPA enriched oil containing 2 g of EPA
(Kirunal, Laxdale Limited, Stirling, UK), a DHA
enriched oil, or a corn oil placebo. The dose of EPA
was set at 2 g daily because the concentrated fish oil
used in the open-label pilot study contained 1.7 g of
EPA; the same dose of DHA was used. The oils,
which were indistinguishable by colour, texture and
taste, were provided in bottles, consecutively
numbered, based on a randomization code that was
not available to the investigators. Patients were rated
on the PANSS scale at the beginning and end of treat-
ment. In addition, blood was taken for the measure-
ment of red blood cell (RBC) PUFA levels using the
method described by Manku et al. (1983).

2.2. Results

Fifty-five patients were randomized to treatment.
Of these, 10 discontinued treatment and therefore
had only the baseline rating completed. Of these,
three never started the treatment, one stopped because
he felt better, one felt ill and forgetful, three
complained of gastro-intestinal symptoms (nausea,
irritable bowel, indigestion), and two were lost to
follow-up. Of the 45 patients entered into the analysis,
15 were given EPA (10m, 5f, age 44.2 £ 11.3), 16
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% improvement >25%
D improvement <25%

Q unchanged or worse

Number of Patients

EPA DHA

Fig. 1. Numbers of patients showing greater or less than 25%
improvement, or showing clinical worsening, during treatment
with EPA, DHA or placebo.

Table 2

were given DHA (12m, 4f, age 42.0 = 10.6), and 14
were given placebo (8m, 6f, age 43.8 £ 10.8).

The raw scores before and after treatment are
shown in Table 1. No significant differences between
the treatment groups existed prior to treatment, though
the total PANSS score in the EPA group tended to be
lower than those in the other two groups. After treat-
ment, the total PANSS score in the EPA group was
significantly lower than that in the placebo group.
Using ANOVA for repeated measures (thus taking
baseline differences into account), there was a signi-
ficant treatment effect favouring EPA over DHA on
the positive PANSS score. Considering percentage
improvement, there was an advantage to EPA, parti-
cularly on the positive symptoms score. Within this,
the difference between EPA and DHA was significant
(t=12.58; P <0.05). There was no significant treat-
ment effect on negative symptoms (mean improve-
ment 9.7% for EPA, 9.4% for DHA and 8.0% for
placebo). Data were further analysed using an
improvement cut-off of 25%, which has been a criter-
ion in previous studies of antipsychotic treatment.
Patients were categorized as showing more than
25% improvement, less than 25% improvement, or
being unchanged or worse on the total PANSS
score. This is shown in Fig. 1. There is a significant
group effect (Kruskal-Wallis one-way ANOVA, Chi-
square = 7.6, P =0.02). Pairwise comparison using
Chi-square tests showed a significant difference
between EPA and DHA (Chi-square =6.57, P =
0.04) and between EPA and placebo (Chi-
square = 6.75, P = 0.04).

RBC levels of PUFA were available for 12 patients
in each group. The results are shown in Table 2. As
expected, the largest rises in EPA and DHA levels

RBC membrane levels of EPA, DHA and AA before and after treatment with EPA, DHA or placebo®

Treatment group RBC PUFA levels

EPA DHA AA

Pre Post Pre Post Pre Post
EPA 0.8 (0.3) 34 (1.6)** 4.6 (1.0) 5.9 (1.6)* 11.5 (4.8) 10.8 (3.3)
DHA 0.7 (0.2) 2.2 (1.4)* 3.8 (1.1) 8.3 (2.0)** 11.6 (3.8) 11.9 (1.9)
Placebo 0.6 (0.2) 0.8 (0.3) 3.7 (1.1) 4.3 (1.7) 10.4 (4.8) 12.9 (5.2)
EPA vs. DHA n.s. P =0.009 n.s. P =0.004 n.s. n.s.

1 # P <0.05; ** P <0.001; pre- vs. post-treatment.
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Table 3

Days on antipsychotic drugs and PANSS rating scale scores (total and positive symptoms) for patients taking EPA or placebo

Days on antipsychotic drug PANSS total PANSS positive
Pre Post Pre Post
EPA (n=14) 35.1(34.7) 70.4 (10.1) 44.6 (8.7) 23.1 (8.7) 12.5 (2.8)
Placebo (n=12) 65.3 (18.9) 79.3 (18.6) 57.1 (15.5) 24.7 (8.2) 17.7 (8.6)
Student’s #-test P <0.02 n.s. P <0.02 n.s. P <0.05

were in the EPA and DHA treatment groups, respec-
tively. There were also small rises of EPA in the DHA
treated group, and vice versa.

Within the EPA group, significant correlations
(Pearson) were found between the change in positive
PANSS ratings and baseline PUFA levels. Patients
with the most improvement in the PANSS scores
were those with the highest initial levels of EPA
(r=0.71, P=0.02) and AA (r=0.58, P=0.04).
Since the PUFA levels were intercorrelated, these
relationships were further investigated using forward
stepwise multiple regression analysis. Only baseline
EPA emerged as a significant predictor of improve-
ment in clinical scores (t = 2.84, P =0.02, adjusted
R? 0.44). No such correlations were found within the
DHA- and placebo-treated groups, or for the sample
as a whole.

3. Placebo-controlled trial of EPA as a sole
treatment for schizophrenia

3.1. Subjects and methods

Subjects for the study were 30 DSM IV (American
Psychiatric Association, 1994) diagnosed schizo-
phrenic patients on no medication who presented as
new or relapsed cases to the psychiatric clinic in
Baroda, India. The study, which was part of an
ongoing research collaboration, was approved by the
local Ethical Committee, which included senior
academics and clinicians, and all patients gave
informed consent. Prior to starting the double-blind
study, a small open-label study had shown marked
beneficial effects of EPA in Indian patients on modest
doses of antipsychotic medication (Shah et al., 1998).
Patients were allocated at random to be treated double
blind with capsules containing either 2 g/day of EPA

in the form of EPA-enriched oil (Kirunal) or an iden-
tical appearing matching corn oil placebo for
3 months. These were provided in pre-randomized
numbered containers. The aim was to use the trial
medication as a sole treatment when possible, but
for ethical reasons, the introduction of conventional
anti-psychotic medication was permitted when this
was considered clinically imperative. Outcome
measures included the need for, and duration of,
conventional treatment and the PANSS, which was
completed at the beginning and end of the study.

3.2. Results

There were no significant group differences in
age, gender or duration of illness (EPA 11m/4f, age
33.4 = 8.5 years; duration 5.7 * 3.9 years; placebo
Tm/8f, age 36.7 = 8.1 years, duration 7.1 = 4.1 years).
Nine patients were drug-naive on entering the study,
and the remainder had received no antipsychotic
drugs for at least 2 weeks. Four patients had no final
PANSS rating completed (three on placebo, one on
EPA); of these, three patients were lost to follow-up,
and one died of accidental burns unrelated to the
illness. In the placebo group, every patient required
conventional antipsychotic medication by the end of
the trial period. In contrast, six patients on EPA were
not taking antipsychotic medication at the end of the
study (Fisher’s Exact test P < 0.02 vs. placebo). Of
these six, four had gone through the entire treatment
period without any antipsychotic medication, one had
received antipsychotic drugs for the first week only,
and one had received a single dose of depot antipsy-
chotic medication (flupenthixol deconoate 25 mg) at
the start of the trial (regarded statistically as 14 days’
treatment). The antipsychotic drugs used were usually
typical, mainly haloperidol, but three patients in the
placebo group were given clozapine. On average,
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EPA treated patients spent little more than a month on
conventional treatment in contrast to more than
2 months for the placebo group (Table 3). Despite
this substantial difference in the level of antipsychotic
treatment, patients on EPA had significantly lower
PANSS scores by the end of the study relative to the
placebo treated group; this applied particularly to the
positive symptom sub-scale (Table 3). There was no
obvious difference in outcomes between patients who
had been medicated previously and those who were
drug-naive, but numbers were too small for statistical
comparison. A responder analysis was also carried
out, using 50% improvement in rating scale scores
as the criterion. On the positive PANSS rating, only
two out of 12 patients on placebo showed more than
50% improvement, compared with eight out of 14
patients on EPA (Fisher’s Exact test, two-tail,
P =0.05). No side-effects attributable to EPA were
observed during the study, though these were assessed
only by spontaneous patient report.

4. Discussion

It is in the nature of pilot studies to be indicative
rather than definitive. They are intended to provide
pointers to the design of more definitive studies.
Indeed, it is unlikely that a placebo controlled trial
of, say, chlorpromazine or olanzapine would produce
statistically significant results in this patient popula-
tion and with such small numbers. We were therefore
surprised to find the level of statistical significance
that emerged from these two studies.

The first pilot study was designed to investigate the
possible differential effects of EPA and DHA as an
adjunct to antipsychotic medication. The effect of
EPA on positive symptoms was statistically superior
to DHA, whether analysed either by ANOVA for
repeated measures or by percentage improvement.
On these measures, the difference between EPA and
placebo did not reach statistical significance, but the
numerical trend was in the expected direction. The
final scores on the total PANSS were significantly
lower in the EPA-treated patients than in those given
placebo, but this is confounded by a non-significant
difference between the two treatments at baseline. In
a subsequent analysis, using a cut-off point of 25%
improvement, EPA showed statistical superiority to

both DHA and placebo on the total PANSS score.
Following the initial abstracted report of our first
pilot study (Peet et al., 1997), Puri and Richardson
(1998) reported a single case treated with EPA as a
sole agent, with apparently dramatic benefit. Our
second pilot study was an attempt to investigate the
possible efficacy of EPA as a sole treatment for
schizophrenia under double-blind, placebo-controlled
conditions. Ethical considerations prohibited us from
doing the ‘pure’ study comparing EPA and placebo
with no provision for the use of antipsychotic medica-
tion. The need to use antipsychotic drugs was based
on clinical judgement rather than predetermined
criteria, but the double-blind nature of the trial renders
this a valid outcome measure. Significant differences
emerged between EPA and placebo for both the need
to use antipsychotic medication and the end-point
score on the PANSS. Positive symptoms again
showed the most improvement, with a higher propor-
tion of patients showing more than 50% improvement
on EPA.

The superiority of EPA over DHA was unexpected.
Our initial hypothesis focused on abnormalities of
cell-membrane composition. DHA is a major consti-
tuent of neuronal membrane phospholipids. Changes
in membrane phospholipid fatty acid composiiton will
alter the configuration and function of neurotrans-
mitter receptors, including those for dopamine (Loh
and Law, 1980; Delion et al.,, 1996; Litman and
Mitchell, 1996). However, EPA is present in only
very small quantities in neuronal membranes (Horrobin
et al., 1991). It is therefore unlikely that any effect of
EPA would be mediated through direct incorporation
into neuronal membrane phospholipid. Also, we
found that patients with the lowest RBC membrane
EPA levels showed the least response to treatment
with EPA. This would not be predicted if EPA treat-
ment was simply correcting a membrane deficiency.
Previous studies have shown that there is a bimodal
distribution of PUFA levels in RBC membranes of
schizophrenic patients, with one group having
extremely low PUFA levels and another group having
only a moderate reduction of PUFA relative to healthy
controls (Glen et al., 1994; Peet et al., 1995). It may be
that the group with particularly low levels, which
responded less well to EPA treatment, have a more
serious metabolic abnormality that cannot be
corrected simply by the administration of EPA.
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EPA has other important biological functions. It is
the precursor of a number of eicosanoids and other
metabolic products that have important functions as
second messengers and neuromodulators (Sumida et
al., 1993). It also has other biological effects such as
inhibition of PLA2 (Finnen and Lovell, 1991) inhibi-
tion of cyclo-oxygenase (Obata et al., 1999), increase
of intracellular calcium levels (Okuda et al., 1994),
reversal of cancer cachexia (Tisdale, 1993), and
effects on gene expression (Willumsen et al., 1996;
Yokota et al., 1998). Some of these effects can be
linked hypothetically to a therapeutic benefit of EPA
in schizophrenia. Thus, if the reported increase of
PLA2 activity in schizophrenia is of aetiological
importance (Ross et al., 1997), inhibition of this
enzyme might be therapeutically beneficial. A number
of current antipsychotic drugs are known to inhibit
PLA2 (Gattaz et al., 1987; Trzeciak et al., 1995).
Exploration of the possible mode of action of EPA
has followed behind the original clinical observation
of efficacy in our first pilot study. If the therapeutic
effect of EPA is confirmed, further biochemical inves-
tigation will be necessary to unravel the mode of
action.

The positive outcome of these pilot treatment
studies, together with direct evidence of abnormal
PUFA and phospholipid metabolism in schizophrenia
(Peet et al., 1999), gives strong support to the phos-
pholipid hypothesis of schizophrenia (Horrobin,
1998). Several physiological abnormalities in schizo-
phrenia also provide indirect evidence of abnormal
PUFA metabolism. It is now well established that
schizophrenic patients show a markedly reduced
skin flush reaction to niacin compared to healthy
controls. This can be investigated by a simple skin
patch test (Ward et al., 1998) and is abnormal in
both medicated and unmedicated schizophrenic
patients (Shah et al., 1999). Integrity of the niacin
skin flush depends on conversion of AA to phospho-
lipase D2 via the cyclo-oxygenase enzyme system
(Morrow et al., 1992). Rheumatoid arthritis, which
is rare in schizophrenic patients (Eaton et al., 1992),
is partly mediated through the same biochemical path-
way. In a different paradigm, the electro-retinogram
has been shown to be abnormal in schizophrenic
patients, in a manner that is consistent with depletion
of retinal DHA (Warner et al., 1999).

If the efficacy of EPA is established by larger

studies, then this could represent a new class of treat-
ment for schizophrenia. EPA in these doses is free of
harmful side-effects and indeed is beneficial to cardio-
vascular health because of antithrombotic, triglyceride-
lowering and antiarrhythmic effects (Connor and
Connor, 1997; Howe et al., 1999). It therefore has a
very high patient acceptability, in contrast to most of
the currently available treatments for which poor
compliance due to unpleasant side-effects is a
common problem (Collaborative Working Group on
Clinical Trial Evaluation, 1998). In addition, there is
increasing interest in the possibility of early interven-
tion, at the stage when only prodromal symptoms are
present (Yung and McGorry, 1997). Prediction of
schizophrenia on the basis of prodromal symptoms
produces many false positives (Yung et al., 1998),
and the use of normal antipsychotic medication as a
preventative would expose large numbers of patients
to antipsychotic side-effects without any benefits. It
has been suggested that the new atypical antipsycho-
tics would be advantageous for pre-psychotic inter-
vention because of their reduced level of side-effects
(Waddington et al., 1997), and risperidone has been
tried for this purpose (Tsuang et al., 1999). A treat-
ment such as EPA would have a clear advantage in
this regard.
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