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Abstract 1 

 2 

Deregulated phospholipid metabolism has been proposed as an underlying biological component 3 

of neurodevelopmental disorders such as Autistic Disorder and ADHD. The purpose of this 4 

review is to provide an overview of fatty acid and phospholipid metabolism and the evidence for 5 

phospholipid dysregulation with reference to the membrane hypothesis of schizophrenia. While 6 

there is evidence that phospholipid metabolism is at least impaired in individuals with AD, it has 7 

not been established whether phospholipid metabolism is implicated in causal, mechanistic or 8 

epiphenomenological models. More research is needed to ascertain whether breastfeeding, and 9 

specifically, the administration of colostrum or an adequate substitute can play a preventative 10 

role by supplying the neonate with EFAs at a critical juncture in their development. In regard to 11 

treatment, further clinical trials of EFA supplementation are essential to, at worst, eliminate the 12 

possibility of the efficacy of EFAs in reducing AD symptomatology and at best, determine 13 

whether supplementation can serve as a cost-effective and readily available intervention.  14 

 15 

 16 

 17 

 18 
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 20 

 21 

 22 

 23 
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Introduction 1 

 2 

Autistic Disorder (AD) is a lifelong neurodevelopmental disorder that has been growing in 3 

prevalence over several decades (1). AD is now a more prevalent childhood disorder than Type 1 4 

diabetes, Down Syndrome and childhood cancer combined (2). In the UK, 1% of children aged 5 

between 5- and 9- years of age have an existing diagnosis on the autistic spectrum and for every 6 

three cases that are diagnosed, there may be a further two cases that remain undiagnosed 7 

(3).These figures represent a twelve-fold increase in AD over the last 30 years (3). In Australia, 8 

prevalence is established at 1 in 160 children (4) however, this figure is based on data from 9 

2003/4 and therefore may underestimate true prevalence. Although there is no general agreement 10 

as to the reason(s) for this continuing increase in prevalence, with the number of children 11 

diagnosed with AD growing, research into the disorder gathers even more urgency and the 12 

burden on families, health, education and welfare services ever greater.  13 

 14 

For much of its history, AD has been considered a discrete psychological disorder and largely 15 

managed with behavioural interventions. However, many studies have outlined the 16 

dimensionality of AD in regard to its comorbidity with other neurodevelopmental disorders such 17 

as ADHD, Dyslexia, Dyspraxia (5) and epilepsy (6). In addition to this, the facts that all of the 18 

aforementioned disorders affect a disproportionate number of males than females and that there 19 

is a strong familial association has led to a re-conceptionalisation of these disorders (5). A new 20 

proposition is that there may be an underlying biological component that is modified by an 21 

individual’s genetic constitution and exposure to environmental factors (7). Researchers are now 22 

theorising that one of the underlying biological components in all these neurodevelopmental 23 

disorders involves deregulated phospholipid metabolism (5, 8) (9).  24 
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 1 

Phospholipids, fatty acids and metabolism   2 

 3 

Phospholipids are major structural components of neuronal cell membranes and are comprised of 4 

a glycerol three-carbon atom backbone, with a phosphorous in the third position and fatty acids 5 

of many different types attached to the first two carbons. The synthesis and breakdown of 6 

phospholipids are involved in the growth and restructuring of synaptic connections (10). 7 

 8 

Figure 1: Phospholipid structure 9 

 10 

CH20 – Fatty Acid (Sn1) 11 

 12 

CH0 – Fatty Acid (Sn2) 13 

  14 

CH20 – Phosphorous – Choline or Ethanolamine or inositol or serine 15 

 16 

Fatty acids are comprised of an organic acid group known as carboxylic acid and a long chain 17 

(aliphatic) tail of carbon and hydrogen. The aliphatic tail of a fatty acid can lack double carbon 18 

bonds or contain up to six, and the number of double bonds determines the saturation of the fatty 19 

acid. Thus, an absence of carbon bonds allows the fatty acid to be saturated with hydrogen and 20 

creates a straight, inflexible structure (a saturated fatty acid) whilst one carbon bond creates a 21 

fatty acid which is curved (monosaturated) and multiple double bonds create flexible ‘U’ shaped 22 

structures known as Polyunsaturated Fatty Acids (PUFAs). PUFAs are incorporated into the 23 

nerve cell membranes of the brain and retina and contribute to the functional maturation of the 24 

Central Nervous System (11). 25 

 26 
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Fatty acids are required for phosopholipid metabolism and both saturated and monosaturated 1 

fatty acids can be synthesized within the body. However PUFAs are classed as Essential Fatty 2 

Acids (EFAs) because they cannot be synthesized by the body endogenously and must be 3 

provided by the diet (12). Fatty acid metabolism begins with two precursor fatty acids: LA(18:2 4 

n-6) an Omega-6 fatty acid, and ALA(18:3 n-3) an Omega-3 fatty acid. Fatty Acid metabolism 5 

involves an elongation and de-saturation process which means that at each iteration, the aliphatic 6 

tail of the PUFAs become longer and collects more carbon double bonds thus becoming more 7 

unsaturated. The PUFAs with the most highly unsaturated tails are EPA (20:5, n-3), DPA(22:5, 8 

n-3), DPA(22:5n-3) and DHA(22:6, n-3) and they are known as Highly Unsaturated Fatty Acids 9 

(HUFAs).  10 

 11 

Table 1. Elongation and desaturation pathways for Omega-6 and Omega-3 PUFAs 12 

 13 

Omega-6 Code Enzymes Omega-3 Code 

Linoleic (LA) 18:2 

(n-6) 

Delta 6-

desaturase 

Alpha-Linolenic 

(ALA) 

18:3 

(n-3) 

y-Linolenic 

(GLA) 

18:3 

(n-6) 

Elongase Octadectetraenoic 18:4 

(n-3) 

Dihomogamma-

linolenic (DGLA) 

20:3 

(n-6) 

Delta-5-

desaturase 

Eicosatetraenoic 20:4 

(n-3) 

Arachidonic (AA) 

aka (ARA) 

20:4 

(n-6) 

Elongase Eicosapentaenoic 

(EPA) 

20:5 

(n-3) 

Adrenic 22:4 

(n-6) 

Elongase Docosapentaenoic 

(DPA) 

22:5 

(n-3) 

Docosapentaenoic 

(DPA) 

22:5 

(n-6) 

Elongase, 

delta-6-

desaturase, 

beta-

oxidation 

Docosahexaenoic 

(DHA) 

22:6 

(n-3) 

 14 

 15 
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The brain phospholipids are exceptionally rich in HUFAs (12); (10) and in contrast to other 1 

bodily tissue, a unique feature of neurons is the smaller amounts of the precursors LA (18:2, n-6) 2 

and ALA (18:3, n-3) and the higher amounts of their metabolites: AA(20:4, n-6) and DHA(22:6, 3 

n-3) (10);(13), (14) The two major PUFAs in all vertebrates are AA (20:4, n-6) and DHA 4 

(11)and account for 20% of the dry brain weight (12) (15). Also present in phospholipids are 5 

DGLA(20:3, n-6), Adrenic Acid(22:5, n-6), EPA(20:5, n-3) and DPA(22:5, n-3) but they are not 6 

as prolific as AA(20:4, n-6) and DHA (10); (13). DHA is known to be involved in cell signaling 7 

and cell proliferation (16)) and has an important structural role in the brain (17) whilst AA is 8 

crucial for brain growth. EPA(20:5, n-3) has no structural role, but it is considered vital for the 9 

regulation of brain function (17). 10 

 11 

Phospholipases are enzymes that break down phospholipids and particular interest is taken in the 12 

phospholipases A2 (PLA2) enzymes which are upstream regulators of many inflammatory 13 

processes. PLA2 recognizes the Sn2 bond in phospholipids and catalytically hydrolyzes the bond 14 

releasing AA(20:4, n-6), EPA(20:5, n-3) and DHA(22:6, n-3) (18).AA is then modified in active 15 

compounds called eicosanoids (prostoglandins, leukotrienes and thromboxanes) which are local 16 

hormones that participate in a number of physiological as well as pathophysiological conditions 17 

such as the activation of immune cells, platelet aggregation and parturition initiation (19). EPA 18 

and DHA are metabolized to resolvins and protectins that have important roles in the resolution 19 

of inflammation (18). 20 

 21 

Phospholipids are a unique intersection of the environment and genes as the final structure of 22 

each phospholipid molecule depends on an interaction between genetic and environmental 23 

factors (20). That is, the enzymes involved in the synthesis and breakdown of phospholipids are 24 
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under genetic control, but the key EFAs of neuronal phospholipids must come from the diet. As 1 

the EFAs cannot be synthesized de novo, if EFAs are unavailable they will be replaced by non-2 

essential fatty acids, such as saturated fats, thus changing the phospholipid structure (10). For 3 

example, during dietary deprivation of ALA(18:3 n-3), DHA(22:6, n-3) is replaced by 4 

DPA(22:5, n-6) in the retina and brain of animals (21). As this fatty acid is the most like DHA 5 

this seems to suggest the existence of a compensatory mechanism (21). 6 

 7 

A disruption of membrane phospholipid metabolism was originally proposed by (22) as the 8 

possible etiological basis of schizophrenia and is known as the membrane hypothesis of 9 

schizophrenia. The concept proposes that brain phospholipid metabolism is altered because of an 10 

increased rate of loss of DGLA(20:3, n-6), EPA(20:5, n-3), AA(20:4, n-6) and DHA(22:6, n-3) 11 

from the Sn2 position of phospholipids. This loss leads to changes in the functioning of the 12 

membrane-associated proteins and of the cell signaling systems. One explanation for this is 13 

thought to be overactivity of one or more of the PLA2 group of enzymes which remove these 14 

EFAs from the Sn2 position.  15 

 16 

The evidence put forward for the membrane hypothesis of schizophrenia is as follows: 17 

 18 

1. Increased circulating levels of PLA2 enzymes in the bloodstream (23) (24, 25). 19 

2. Reduced levels of AA(20:4, n-6) and DHA(22:6, n-3) in red cell membrane 20 

phospholipids (26, 27) (28, 29), perhaps due to oxidative stress (30). 21 

3. MRI indicates an increased rate of phospholipid breakdown in the brain of unmedicated 22 

schizophrenics (31) (32). 23 
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4. A diagnosis of schizophrenia is associated with a reduced flushing response to oral or 1 

topical niacin indicating that the amount of available AA(20:4, n-6) is reduced (33) 2 

5. Reduced ERG response to light stimulus (34-36) indicating reduced DHA(22:6, n-3) 3 

availability (10, 35) 4 

6. Two different genetic abnormalities found on chromosome 1 in the vicinity of the gene 5 

for PLA2 (37). 6 

7. Clozapine raises the red cell phospholipid AA and DHA levels in schizophrenic patients 7 

(38) and may account for some of the therapeutic effects (10) 8 

8. Resistance to arthritis and other inflammatory diseases, resistance to pain and 9 

improvement in psychosis which frequently occurs in response to fever (22, 39, 40). 10 

 11 

With evidence mounting that irregular phospholipid metabolism was, at least, concomitant with 12 

schizophrenia, research commenced into other neurodevelopmental disorders with the finding 13 

that fatty acid deficiencies are also over-represented in Attention Deficit Hyperactivity Disorder 14 

(ADHD), Depression, Pervasive Developmental Disorder, Developmental Coordination Disorder 15 

and Epilepsy (41) (42); (12, 43). 16 

 17 

Further, dysregulated lipid metabolism is now accepted as a pathogenic factor in many 18 

neurological disorders such as bipolar disorder and neurodegenerative diseases such as 19 

Alzheimer’s, Parkinson’s, Niemann-Pick and Huntington diseases (18)Altered lipid metabolism 20 

is also believed to be a key event which contributes to Central Nervous System (CNS) injuries 21 

such as stroke (18). 22 

 23 
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Research into phosoplipids in AD is in its infancy and began with the observation that many 1 

children with AD have visible signs of fatty acid deficiencies such as excessive thirst, frequent 2 

urination, keratosis pilaris on the upper arms or upper thighs, dandruff, and atopic tendencies 3 

(43).  4 

 5 

The evidence for a phospholipid pathogeneic component in autism spectrum disorder. 6 

 7 

1. Increased circulating levels of PLA2 enzymes in the bloodstream 8 

 9 

Bell, MacKinlay, Dick, MacDonald, Boyle and Glen (43) identified significantly increased red 10 

blood cell type IV PLA2 activity in patients with regressive autism, classical autism and 11 

Aspergers syndrome which is consistent with previous findings of elevated PLA2 in 12 

schizophrenia, depression, bipolar disorder and dyslexia (44). An unexpected finding was that 13 

the HUFA composition of the regressive autism group reduced dramatically by between 60-82% 14 

following six weeks of storage at -20 degrees C. This unexpected loss of red blood cell PUFAs 15 

was also found in a study of schizophrenic patients (45). At -20 degrees C, the decay rates of 16 

schizophrenic patients’ red blood cell PUFAs were nearly twice that of non-patient control 17 

participants. Both studies theorized that elevated levels of PLA2 activity may account for the 18 

increased degradation (43, 45) although Bell et al also considered a possibility of increased lipid 19 

peroxidation in the affected sample . 20 

 21 

 22 

2. Reduced levels of AA and DHA in red cell membrane phospholipids  23 

 24 
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A study comparing plasma fatty acid levels of children with AD and children with mental 1 

retardation and no autism diagnosis found that DHA(22:6, n-3) levels were reduced by 23% in 2 

autistic children (12). AA(20:4, n-6) levels were also lower (but not significantly) and the total 3 

PUFA levels were reduced by about 20% in the total plasma of children with autism (12). A 4 

significant increase in the Omega 6/Omega 3 ratio values in children with AD was found. There 5 

was also a tendency to reduced levels of EPA(20:5, n-3) but not significantly. It was noted that 6 

the children with mental retardation may not serve as a true control given that they also may have 7 

fatty acid deficiencies so the differences between groups may have been reduced (12). In another 8 

study, significantly lower levels of AA were found in patients with regressive autism compared 9 

to controls (43). 10 

 11 

A case study of an 8-year-old male found reduced levels of DHA and EPA, despite a normal 12 

blood level of their precursor, ALA(18:3 n-3). Omega-6 fatty acids were at normal levels (46). 13 

 14 

Bu et al (47) were not able to replicate the findings of Bell et al (43) although a few alterations of 15 

red blood cell membrane fatty acids were found in regressive autistic children. Bu et al did not 16 

find an increased ARA(20:4, n-6)/EPA(20:5, n-3) ratio in children with classic or regressive 17 

autism. Whilst EPA levels in both classic and regressive autistic groups had wider variations 18 

compared to the children with developmental disabilities and the neurotypical control group, the 19 

variation was not significant. However, Bu et al also reported that two PUFAs, eicosenoic acid 20 

and erucic acid, were elevated in children with regressive autism compared to the neurotypical 21 

control group. As eicosenoic acid is a saturated fatty acid, the acid in question must be, in fact, 22 

eicosadienoic acid (20:2, n-6). Erucic acid (22:1, n-9) is a monounsaturated acid so the elevated 23 

level of erucic acid (22:1, n-9) should not be of significance in regard to the membrane 24 
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phospholipid hypothesis. A significantly higher level of eicosadienoic acid (20:2, n-6) was found 1 

in children with regressive autism when compared to the group of children with early onset 2 

autism. Bu et al did not find any evidence that Omega-3 fatty acids were decreased in children 3 

with AD.  4 

 5 

A larger study of 153 cases of autism and 97 general population controls (48) found an overall 6 

trend for those with an autism diagnosis to have lower DHA(22:6, n-3) levels, however lipid 7 

compositions varied sufficiently to overlap with the distributions in the control group. 8 

Interestingly, significantly lower levels of AA(20:4, n-6) were found, but only in the females 9 

with autism compared with the female controls. 10 

 11 

3. MRI 12 

 13 

No MRI studies investigating phospholipid metabolism have been conducted with individuals 14 

with an autism diagnosis.  15 

 16 

4. Niacin response 17 

 18 

Puri and Singh (49) found no significant difference between the mean volumetric niacin response 19 

in patients with autism and the mean volumetric niacin response in the control group. They 20 

concluded that the fatty acid abnormalities in autism are likely to differ from those that occur in 21 

schizophrenia.  22 

 23 

5. Reduced ERG response 24 
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 1 

Reduced ERG b-wave amplitude was found in 48% of individuals with AD (50)and four out of 2 

six first degree relatives (51). ERG responses were altered in a group of autistic children when 3 

compared with a normal reference range of responses and the alterations positively correlated 4 

with the clinical severity of the autism (52). 5 

 6 

6. Genetic abnormalities on the PLA2 gene 7 

 8 

One case study has reported a genetic site linked to autism on chromosome 8q22 is in the 9 

proximity of the gene for secretory soluble PLA2 (53) (54). Given the important role the he 10 

PLA2 enzyme has in hydrolyzing the sn-2 fatty acids in phospholipids it is theorized that this 11 

enzyme may have an important role in the etiology of autism (55). 12 

 13 

7. Clozapine 14 

 15 

A single case study of long-term treatment of autism in an adult male, showed that over a five-16 

year treatment period with Clozapine, there was a marked improvement in levels of 17 

aggressiveness and social interaction (56). No data exists in regard to the effect of Clozapine on 18 

red cell phospholipid PUFA levels in AD, but the possibility exists that some of the improvement 19 

in symptomatology may be due to changes in PUFA levels after administration of Clozapine as 20 

per the effect in those with schizophrenia reported in Horrobin (10) 21 

 22 

8. Pain and fever response 23 

 24 
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A study of pain reactivity in children with autistic disorder, whilst based on parent report, found 1 

abnormally low levels of pain reactivity when compared with non-autistic children when 2 

matched for age, sex and socio-economic level (57). 3 

 4 

Curren et al (58)conducted a study in response to the anecdotal evidence of AD symptom 5 

improvement during fever. When a child’s temperature was over or equal to 38.0 degrees C, 6 

fewer abberent behaviours were found on the domains of irritability, hyperactivity, stereotypy 7 

and inappropriate speech.  8 

 9 

Currently, more investigation is required in order to fully understand any possible eitiological 10 

role of phospholipids in AD. Nevertheless, there appears enough evidence to suggest that fatty 11 

acid disruptions or deficiencies are at least a predictable biological presence in AD and, as such, 12 

warrant urgent and detailed investigation. Horrobin (10)proposed that increasing the availability 13 

of EFAs in the diet would improve symptoms in schizophrenia, however those of the male sex 14 

and having an excess of oxidants would reduce the rate of synthesis and incorporation into 15 

phospholipids.  16 

 17 

 18 

Does an increased availability of EFAs attenuate AD symptomatology? 19 

 20 

Johnson and Hollander (59) supplemented an 11-year-old boy with a history of autism was with 21 

fish oils containing EPA which was increased over a period of four weeks to 540mg per day. 22 

Both his parents and clinician reported a complete resolution of anxiety and agitation after a 23 
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week on that dosage and improvements continued for eight months of follow-up. A significant 1 

improvement was noted in the patient’s quality of life.  2 

 3 

Amminger et al., (60) gave 1.5g per day of Omega-3 EFAs (.84g EPA, .7 DHA) to seven autistic 4 

males (5-17 years) over six weeks. A blinded placebo condition (n = 6) received coconut oil. 5 

Children in the Omega-3 condition were found to improve on measures of hyperactivity and 6 

stereoptypy, each with a large effect size. A non-significant trend towards improvement on 7 

hyperactivity was also found. This result is particularly impressive given the short period of 8 

supplementation and the very low power of the analyses due to the small sample size. It remains 9 

somewhat curious, however, that the researchers chose to use a lipid (coconut oil) as a placebo as 10 

it would be reasonable to speculate that such a material would be unlikely to have a purely 11 

neutral effect on the subjects’ fatty acid metabolism.  12 

 13 

Meguid et al (15) analysed the plasma PUFA levels of 30 autistic children and found that LA, 14 

DHA, LNA and AA levels were all significantly lower in the autistic children compared with the 15 

control group (n = 30). However the mean ratio of AA/DHA was significantly higher in autistic 16 

children compared with the control group. Over a three-month period the clinical group was 17 

supplemented with Omega-3 and Omega-6 fatty acids (60 mg DHA, 12mg GLA, 13mg EPA and 18 

5 mg AA) and Vitamin E. Sixty-six percent showed clinical and biochemical improvement. From 19 

blood analyses, the supplemented group showed elevated levels of DHA and LA.  20 

 21 

Politi et al (61) studied the effects of Omega-3 (0.93 g EPA and DHA) supplementation in an 22 

open label study of 19 young adults (18-40 years old) with severe autism (CARS >40) over a 23 

period of six weeks. During this period, the researchers also administered 5 mg of Vitamin E to 24 
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minimize lipid peroxidation. Behaviour was rated using the Rossago Behavioural Checklist and 1 

the inter-rater reliability of caregivers was established at or above 90% at baseline. Both problem 2 

frequency and average severity scores were obtained at pre-treatment, during- treatment and 3 

post-treatment phases. The clinical group, all residents at a Community Centre for individuals 4 

with autism, showed no improvements in the weekly average frequency of problematic events. 5 

And, according to the researchers, the fact that the severity of symptoms worsened between the 6 

pre-treatment period and the treatment period indicates that their results “fail to convincingly 7 

demonstrate a beneficial effect of Omega-3 FA supplementation in a group of young adults with 8 

severe autism” (p. 684). However, an examination of the average severity scores shows that in 9 

the post-treatment phase, all participants are consistently scoring under their baseline. Given that 10 

FA supplementation may take up to three months to substantially influence FA deficiencies (17), 11 

it may not be appropriate to look for behavioural change immediately upon the institution of a 12 

supplementation regime.  13 

 14 

Is the rate of EFA synthesis sex dependent in AD? 15 

 16 

In Dyslexia, Dyspraxia and Attentional Disorders without hyperactivity, twice as many males as 17 

females are diagnosed (62). For the more disruptive forms of ADHD and AD the ratio is closer to 18 

5:1 (62). It is estimated that females, in comparison to males, metabolise fatty acids at a rate of  19 

4:1 (63) seemingly due to the fact that testosterone can inhibit fatty acid synthesis (64). 20 

Oestrogen appears to attenuate fatty acid metabolism issues and the relative lack of oestrogen in 21 

males make them more vulnerable than females to deficiences in HUFAs (62). Being male is a 22 

well-established risk factor for AD (65). 23 

 24 
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Wiest et al (48) theorized that the lower AA(20:4, n-6) concentrations in the autistic females may 1 

be due to the differences in how autism arises in males and females or due to dietary factors. It 2 

would be pertinent to explore the role of oestrogen in AA metabolism to shed further light on this 3 

finding.  4 

 5 

 Oxidative stress and AD 6 

 7 

Lipid peroxidation is increased in the plasma of children with autism when compared with their 8 

neurotypical siblings (55). Oxidative stress markers such as reduced levels of glutathione, 9 

decreased catalase, abnormal iron and copper levels and increased nitric oxide, have all been 10 

found in individuals with an AD diagnosis (55). A review of oxidative stress in psychiatric 11 

disorders found evidence for increased oxidative stress in disorders including autism, mental 12 

retardation, Rett’s disorder, ADHD and schizophrenia (66). Oxidative stress is associated with 13 

increased lipid peroxidation as PUFAs are particularly vulnerable to peroxidation by oxyradicals 14 

(66).  15 

 16 

Fatty acid intake and neurodevelopment 17 

 18 

Individuals with schizophrenia are significantly less likely to have been breastfed than controls 19 

(67, 68). The protective effect of breastfeeding may be due to breast milk being a rich source of 20 

DGLA, AA, EPA and DHA which may attenuate any adverse consequences of impaired fatty 21 

acid synthesis (10). As infants, especially pre-term neonates, are not able to convert dietary LA 22 

and ALA precursors at an adequate rate to the EFAs important in brain development (69, 70), it 23 

is crucial that preformed DHA and EPA are supplied by diet.  24 
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 1 

Prenatally, an increase in Omega-3 rich seafood in the maternal diet during pregnancy has been 2 

found to be correlated with optimum outcomes for prosocial behaviour, fine motor, 3 

communication and social development scores in children aged from 6 months to 3.5 years of 4 

age (71). A study of postnatal EFA supplementation found that premature infant girls 5 

supplemented with a high level of DHA(22:6, n-3) performed better at 18 months of age on the 6 

Mental Development Index of the Bayley Scales of Infant Development than their non-7 

supplemented peers (72). 8 

 9 

The importance of EFAs to neurodevelopment is highlighted by the findings of Salem, Litman, 10 

Kim and Gawrisch (2001) who demonstrated that when an adult mammal consumes a diet low in 11 

DHA(22:6, n-3) and its Omega-3 precursors, the DHA levels in the nervous system is much less 12 

altered than are other DHA levels in other organs. The implication being that once neural 13 

development has occurred, DHA is “tenaciously retained” (16) p.945. In contrast, animal studies 14 

have shown that when Omega-3 fat sources are inadequate during early neural development, then 15 

levels of brain and retinal DHA decline (16). This points to the potential for a critical window 16 

when EFA status needs to be consolidated to ensure adequate levels in the infant.  17 

 18 

Is a lack of breastfeeding a risk factor for AD? 19 

 20 

Schultz et al. (73) surveyed 861 parents of children with AD and 123 parents of children without 21 

AD, and found that the children with AD were significantly less likely to have been breastfed. 22 

The absence of breastfeeding significantly increased the odds of a later AD diagnosis (OR 2.48, 23 

95% CI 1.42, 4.35). The apparent link between AD and breastfeeding was first cogently 24 
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addressed by Tanoue and Oda (74), who found that a significant number of infants subsequently 1 

diagnosed with an AD had been weaned within one week of the commencement of breastfeeding 2 

with the duration of breastfeeding proposed as a protective factor. Similarly, the odds of being 3 

diagnosed with AD also reduced with the duration of breastfeeding in the Schultz et al study, but 4 

not significantly. One major limitation of both of these studies is that colostrum intake was not 5 

accounted for as colostrum contains twice the PUFAs as transitional and mature milk (75). At 6 

this stage, only in animal research is the importance of early fatty acid consumption in the form 7 

of colostrum acknowledged and accepted. A study of neonatal calves found that delaying their 8 

colostral intake by just 24 hours impaired their fatty acid, carotene, retinol and alpha-tocopherol 9 

status (76) at least for the first week of life. 10 

 11 

 12 

Conclusion 13 

 14 

A review of the literature suggests that there is compelling evidence that phospholipid 15 

metabolism is at least impaired in individuals with AD. However, at this stage, it has not been 16 

established whether phospholipid metabolism is implicated in causal, mechanistic or 17 

epiphenomenological models. More research is needed to ascertain whether breastfeeding, and 18 

specifically, the administration of colostrum or an adequate substitute can play a preventative 19 

role by supplying the neonate with EFAs at a critical juncture in their development.  20 

 21 

In regard to treatment, further clinical trials of EFA supplementation are essential to, at worst, 22 

eliminate the possibility of the efficacy of EFAs in reducing AD symptomatology and at best, 23 

determine whether supplementation can serve as a cost-effective and readily available 24 
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intervention. If so, it is critical to determine which EFAs are most effective and in what ratios.  1 

 2 

New non-invasive tests such as the measurement of volatiles in breath (77) need to be rigorously 3 

applied to investigate the possibility of establishing a reliable biological diagnostic determinant 4 

of AD. 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 



AD and phospholipids: A Review 

 

21

21

Acknowledgements 1 

 2 

The authors acknowledge the Friends of SABRI. 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 



AD and phospholipids: A Review 

 

22

22

References 1 

1. Blaxill M. What's going on? The question of time trends in autism. Public Health Reports 2004;119:536. 2 

2. California Department of Developmental Services. Autistic Spectrum Disorders: Changes in the California 3 

Caseload An Update: June 1987 Through June 2007. Department of Developmental Services, California 4 

Health and Human Services Agency, 2007. 5 

3. Baron-Cohen S, Scott F, Allison C, et al. Prevalence of autism-spectrum conditions: UK school-based 6 

population study. The British Journal of Psychiatry 2009;194:500. 7 

4. Williams K, MacDermott S, Ridley G, Glasson E, Wray J. The prevalence of autism in Australia. Can it be 8 

established from existing data? Journal of Paediatrics & Child Health 2008;44:504. 9 

5. Richardson A, Ross M. Fatty acid metabolism in neurodevelopmental disorder: a new perspective on 10 

associations between attention-deficit/hyperactivity disorder, dyslexia, dyspraxia and the autistic spectrum. 11 

Prostaglandins, Leukotrienes & Essential Fatty Acids 2000;63:1-9. 12 

6. Clarke D, Roberts W, Daraksan M, et al. The prevalence of autistic spectrum disorder in children surveyed 13 

in a tertiary care epilepsy clinic. Epilepsia 2005;46:1970-1977. 14 

7. Richardson A, Montgomery P. The Oxford-Durham Study: A Randomized, Controlled Trial of Dietary 15 

Supplementation With Fatty Acids in Children With Developmental Coordination Disorder. Pediatrics 16 

2005;115:1360-1366. 17 

8. Horrobin D, Bennett C. Phospholipid metabolism and the pathophysiology of psychiatric and neurological 18 

disorders. Phospholipid Spectrum Disorders in Psychiatry and Neurology 2003:3–47. 19 

9. Brown C. Fatty acids, Breastfeeding and Autism Spectrum Disorder. E-Journal of Applied Psychology 20 

2009;5. 21 

10. Horrobin D. The membrane phospholipid hypothesis as a biochemical basis for the neurodevelopmental 22 

concept of schizophrenia. Schizophrenia research 1998;30:193-208. 23 

11. Alessandri J, Guesnet P, Vancassel S, et al. Polyunsaturated fatty acids in the central nervous system: 24 

evolution of concepts and nutritional implications throughout life. Reproduction Nutrition Development 25 

2004;44:509-538. 26 

12. Vancassel S, Durand G, Barthélémy C, et al. Plasma fatty acid levels in autistic children. Prostaglandins, 27 

Leukotrienes & Essential Fatty Acids 2001;65:1-7. 28 



AD and phospholipids: A Review 

 

23

23

13. Bourre J. Fatty Acids, Cognition, Behavior, Brain Development, and Mood Diseases. In: Chow C, ed. Fatty 1 

Acids in Foods and their Health Implications. Hoboken: CRC, 2007:935-954. 2 

14. Conklin S, Reddy R, Muldoon M, Yao J. Fatty Acids and Psychiatric Disorders. In: Chow C, ed. Fatty 3 

Acids in Foods and their Health Implications. Hoboken: CRC, 2007:1229-1256. 4 

15. Meguid N, Atta H, Gouda A, Khalil R. Role of polyunsaturated fatty acids in the management of Egyptian 5 

children with autism. Clinical Biochemistry 2008. 6 

16. Salem N, Litman B, Kim H, Gawrisch K. Mechanisms of action of docosahexaenoic acid in the nervous 7 

system. Lipids 2001;36:945-959. 8 

17. Richardson A. Fatty acids in dyslexia, dyspraxia, ADHD and the autistic spectrum. Nutrition 2001;3:18-24. 9 

18. Adibhatla R, Hatcher J. Phospholipase A 2, reactive oxygen species, and lipid peroxidation in CNS 10 

pathologies. BMB Rep 2008;41:560–567. 11 

19. Lauritzen L, Hansen H, Jrrgensen M, Michaelsen K. The essentiality of long chain n-3 fatty acids in 12 

relation to development and function of the brain and retina. Progress in Lipid Research 2001;40:1-94. 13 

20. Bennett C, Horrobin D. Gene targets related to phospholipid and fatty acid metabolism in schizophrenia 14 

and other psychiatric disorders: an update. Prostaglandins, Leukotrienes & Essential Fatty Acids 15 

2000;63:47-59. 16 

21. Simopoulos A. Omega-3 fatty acids in health and disease and in growth and development. American 17 

Journal of Clinical Nutrition 1991;54:438-463. 18 

22. Horrobin DF, Glen AIM, Vaddadi K. The membrane hypothesis of schizophrenia. Schizophrenia research 19 

1994;13:195-207. 20 

23. Gattaz W, Hübner C, Nevalainen T, Thuren T, Kinnunen P. Increased serum phospholipase A2 activity in 21 

schizophrenia: a replication study. Biological Psychiatry 1990;28:495. 22 

24. Gattaz W, Brunner J. Phospholipase A2 and the hypofrontality hypothesis of schizophrenia. Prostaglandins, 23 

Leukotrienes & Essential Fatty Acids 1996;55:109-113. 24 

25. Ross B. Brain and blood phospholipases in schizophrenia. Prostaglandins Leukotrienes Essent. Fatty Acids 25 

1997;57:211. 26 

26. Peet M, Laugharne J, Horrobin D, Reynolds G. Arachidonic acid: a common link in the biology of 27 

schizophrenia? Archives of general psychiatry 1994;51:665-666. 28 



AD and phospholipids: A Review 

 

24

24

27. Peet M, Laugharne J, Mellor J, Ramchand C. Essential fatty acid deficiency in erythrocyte membranes from 1 

chronic schizophrenic patients, and the clinical effects of dietary supplementation. Prostaglandins, 2 

Leukotrienes & Essential Fatty Acids 1996;55:71-75. 3 

28. Glen A, Glen E, Horrobin D, et al. A red cell membrane abnormality in a subgroup of schizophrenic 4 

patients: evidence for two diseases. Schizophrenia research 1994;12:53-62. 5 

29. Mahadik S, Mukherjee S, Horrobin D, Jenkins K, Correnti E, Scheffer R. Plasma membrane phospholipid 6 

fatty acid composition of cultured skin fibroblasts from schizophrenic patients: comparison with bipolar 7 

patients and normal subjects. Psychiatry research 1996;63:133-142. 8 

30. Ramchand C, Davies J, Tresman R, Griffiths I, Peet M. Reduced susceptibility to oxidative damage of 9 

erythrocyte membranes from medicated schizophrenic patients. Prostaglandins, Leukotrienes & Essential 10 

Fatty Acids 1996;55:27-31. 11 

31. Pettegrew JW, Keshavan MS, Panchalingam K, et al. Alterations in Brain High-Energy Phosphate and 12 

Membrane Phospholipid Metabolism in First-Episode, Drug-Naive Schizophrenics: A Pilot Study of the 13 

Dorsal Prefrontal Cortex by In Vivo Phosphorus 31 Nuclear Magnetic Resonance Spectroscopy. Arch Gen 14 

Psychiatry 1991;48:563-568. 15 

32. Williamson PC, Brauer M, Leonard S, Thompson T, Drost D. 
31

P magnetic resonance spectroscopy studies 16 

in schizophrenia. Prostaglandins Leukotrienes Essent. Fatty Acids 1996;55:115-118. 17 

33. Ward P, Sutherland J, Glen E, Glen A. Niacin skin flush in schizophrenia: a preliminary report. 18 

Schizophrenia research 1998;29:269-274. 19 

34. Peet M. Maximum electroretinogram response to light is reduced in schizophrenic patients. Winter 20 

Schizophrenia Workshop. Davos, 1998. 21 

35. Peet M. Eicosapentaenoic acid in the treatment of schizophrenia and depression: rationale and preliminary 22 

double-blind clinical trial results. Prostaglandins, Leukotrienes & Essential Fatty Acids 2003;69:477-485. 23 

36. Warner R, Laugharne J, Peet M, Brown L, Rogers N. Retinal function as a marker for cell membrane 24 

omega–3 fatty acid depletion in schizophrenia: a pilot study. Biological Psychiatry 1999;45:1138-1142. 25 

37. Hudson CJ, Kennedy JL, Gotowiec A, et al. Genetic variant near cytosolic phospholipase A2 associated 26 

with schizophrenia. Schizophrenia research 1996;21:111-116. 27 

38. Glen A, Cooper S, Rybakowski J, Vaddadi K, Brayshaw N, Horrobin D. Membrane fatty acids, niacin 28 

flushing and clinical parameters. Prostaglandins, Leukotrienes & Essential Fatty Acids 1996;55:9-15. 29 



AD and phospholipids: A Review 

 

25

25

39. Horrobin D. Schizophrenia as a prostaglandin deficiency disease. Lancet 1977;1:936. 1 

40. Horrobin D, Ally A, Karmali R, Karmazyn M, Manku M, Morgan R. Prostaglandins and schizophrenia: 2 

further discussion of the evidence. Psychological medicine 1978;8:43. 3 

41. Freeman M, Hibbeln J, Wisner K, et al. Omega-3 Fatty Acids: Evidence Basis for Treatment and Future 4 

Research in Psychiatry. Journal of Clinical Psychiatry 2006;67:1954. 5 

42. Richardson A. Clinical trials of fatty acid treatment in ADHD, dyslexia, dyspraxia and the autistic 6 

spectrum. Prostaglandins, Leukotrienes & Essential Fatty Acids 2004;70:383-390. 7 

43. Bell J, MacKinlay E, Dick J, MacDonald D, Boyle R, Glen A. Essential fatty acids and phospholipase A2 8 

in autistic spectrum disorders. Prostaglandins, Leukotrienes & Essential Fatty Acids 2004;71:201-204. 9 

44. Glen ACA, MacDonald DJ, Boyle RM. Cytosolic phospholipase A2 (IVPLA2) in red cells in schizophrenia 10 

and other psychiatric disorders. In: Peet M, Glen AIM, Horrobin DF, eds. Phospholipid Spectrum Disorders 11 

in Psychiatry and Neurology. Carnforth: Marius Press, 2003:183-192. 12 

45. Fox H, Ross B, Tocher D, Horrobin D, Glen I, St. Clair D. Degradation of specific polyunsaturated fatty 13 

acids in red blood cells stored at 20 C proceeds faster in patients with schizophrenia when compared with 14 

healthy controls. Prostaglandins, Leukotrienes & Essential Fatty Acids 2003;69:291-297. 15 

46. Clark-Taylor T, Clark-Taylor BE. Is autism a disorder of fatty acid metabolism? Possible dysfunction of 16 

mitochondrial [beta]-oxidation by long chain acyl-CoA dehydrogenase. Medical Hypotheses 2004;62:970-17 

975. 18 

47. Bu B, Ashwood P, Harvey D, King I, Water J, Jin L. Fatty acid compositions of red blood cell 19 

phospholipids in children with autism. Prostaglandins, Leukotrienes & Essential Fatty Acids 2006;74:215-20 

221. 21 

48. Wiest M, German J, Harvey D, Watkins S, Hertz-Picciotto I. Plasma fatty acid profiles in autism: A case-22 

control study. Prostaglandins, Leukotrienes and Essential Fatty Acids (PLEFA) 2009;80:221-227. 23 

49. Puri BK, Singh I. Normal phospholipid-related signal transduction in autism. Progress in Neuro-24 

Psychopharmacology & Biological Psychiatry, 2002:1405. 25 

50. Ritvo E, Creel D, Realmuto G, et al. Electroretinograms in autism: a pilot study of b-wave amplitudes. Am 26 

J Psychiatry 1988;145:229-232. 27 

51. Realmuto G, Purple R, Knobloch W, Ritvo E. Electroretinograms (ERGs) in four autistic probands and six 28 

first-degree relatives. Canadian Journal of Psychiatry 1989;34:435-439. 29 



AD and phospholipids: A Review 

 

26

26

52. Cheliout-Heraut F, Lemaitre A, Lemorvan N, Khemliche H, Bour F, Elmassioui F. Electroretinogram in 1 

children: Normal values. Application in autistic syndrome. Neuropsychiatrie de l'enfance et de 2 

l'adolescence 2008;56:530-539. 3 

53. Bolton P, Powell J, Rutter M, et al. Autism, mental retardation, multiple exostoses and short stature in a 4 

female with 46, X, t (X; 8)(p22. 13; q22. 1). Psychiatr Genet 1995;5:51-55. 5 

54. Korvatska E, Van de Water J, Anders TF, Gershwin ME. Genetic and Immunologic Considerations in 6 

Autism. Neurobiology of Disease 2002;9:107-125. 7 

55. Chauhan A, Chauhan V. Oxidative stress in autism. Pathophysiology 2006;13:171-181. 8 

56. Gobbi G, Pulvirenti L. Long-term treatment with clozapine in an adult with autistic disorder accompanied 9 

by aggressive behaviour. Journal of Psychiatry and Neuroscience 2001;26:340. 10 

57. Militerni R, Bravaccio C, Falco C, Puglisi-Allegra S, Pascucci T, Fico C. Pain reactivity in children with 11 

autistic disorder. The Journal of Headache and Pain 2000;1:53-56. 12 

58. Curran LK, Newschaffer CJ, Lee L-C, Crawford SO, Johnston MV, Zimmerman AW. Behaviors 13 

Associated With Fever in Children With Autism Spectrum Disorders. Pediatrics 2007;120:e1386-1392. 14 

59. Johnson SM, Hollander E. Evidence that eicosapentaenoic acid is effective in treating autism. Journal of 15 

Clinical Psychiatry 2003;64:848-849. 16 

60. Amminger G, Berger G, Schäfer M, Klier C, Friedrich M, Feucht M. Omega-3 Fatty Acids 17 

Supplementation in Children with Autism: A Double-blind Randomized, Placebo-controlled Pilot Study. 18 

Biological Psychiatry 2007;61:551-553. 19 

61. Politi P, Cena H, Comelli M, et al. Behavioral Effects of Omega-3 Fatty Acid Supplementation in Young 20 

Adults with Severe Autism: An Open Label Study. Archives of Medical Research, 2008:682-685. 21 

62. Richardson A. Omega-3 fatty acids in ADHD and related neurodevelopmental disorders. International 22 

Review of Psychiatry 2006;18:155-172. 23 

63. Burdge G. [alpha]-Linolenic acid metabolism in men and women: nutritional and biological implications. 24 

Current Opinion in Clinical Nutrition and Metabolic Care 2004;7:137. 25 

64. Marra C, de Alaniz M. Influence of testosterone administration on the biosynthesis of unsaturated fatty 26 

acids in male and female rats. Lipids 1989;24:1014-1019. 27 

65. Kolevzon A, Gross R, Reichenberg A. Prenatal and Perinatal Risk Factors for Autism: A Review and 28 

Integration of Findings. Archives of Pediatrics and Adolescent Medicine 2007;161:326. 29 



AD and phospholipids: A Review 

 

27

27

66. Tsaluchidu S, Cocchi M, Tonello L, Puri B. Fatty acids and oxidative stress in psychiatric disorders. BMC 1 

psychiatry 2008;8:S5. 2 

67. McCreadie R. The Nithsdale Schizophrenia Surveys. 16. Breast-feeding and schizophrenia: preliminary 3 

results and hypotheses. The British Journal of Psychiatry 1997;170:334-337. 4 

68. Hartog M, Oosthuizen P, Emsley R. Longer duration of breastfeeding associated with reduced risk of 5 

developing schizophrenia. SAJP-PINELANDS- 2007;13:60. 6 

69. Koletzko B, Aggett P, Bindels J, et al. Growth, development and differentiation: a functional food science 7 

approach. British Journal of Nutrition 2007;80:5-45. 8 

70. Gibson R, Makrides M, Sinclair A. Dietary fat and neural development. Lipids 1996;31:51-51. 9 

71. Hibbeln J, Davis J, Steer C, et al. Maternal seafood consumption in pregnancy and neurodevelopmental 10 

outcomes in childhood (ALSPAC study): an observational cohort study. The Lancet 2007;369:578-585. 11 

72. Makrides M, Gibson RA, McPhee AJ, et al. Neurodevelopmental Outcomes of Preterm Infants Fed High-12 

Dose Docosahexaenoic Acid A Randomized Controlled Trial. Jama-Journal of the American Medical 13 

Association 2009;301:175-182. 14 

73. Schultz S, Klonoff-Cohen H, Wingard D, et al. Breastfeeding, infant formula supplementation, and Autistic 15 

Disorder: the results of a parent survey. International Breastfeeding Journal 2006;1:16. 16 

74. Tanoue Y, Oda S. Weaning time of children with infantile autism. Journal of Autism and Developmental 17 

Disorders 1989;19:425-434. 18 

75. Fidler N, Koletzko B. The fatty acid composition of human colostrum. European Journal of Nutrition 19 

2000;39:31-37. 20 

76. Blum J, Hadorn U, Sallmann H, Schuep W. Delaying Colostrum Intake by One Day Impairs Plasma Lipid, 21 

Essential Fatty Acid, Carotene, Retinol and a-Tocopherol Status in Neonatal Calves. Journal of Nutrition 22 

1997;127:2024-2029. 23 

77. Ward P. Potential diagnostic aids for abnormal fatty acid metabolism in a range of neurodevelopmental 24 

disorders. Prostaglandins, Leukotrienes & Essential Fatty Acids 2000;63:65-68. 25 

 26 

 27 

 28 

 29 



AD and phospholipids: A Review 

 

28

28

Tables 1 

Table 1. Elongation and desaturation pathways for Omega-6 and Omega-3 PUFAs 2 

 3 

Omega-6 Code Enzymes Omega-3 Code 

Linoleic (LA) 18:2 

(n-6) 

Delta 6-

desaturase 

Alpha-Linolenic 

(ALA) 

18:3 

(n-3) 

y-Linolenic 

(GLA) 

18:3 

(n-6) 

Elongase Octadectetraenoic 18:4 

(n-3) 

Dihomogamma-

linolenic (DGLA) 

20:3 

(n-6) 

Delta-5-

desaturase 

Eicosatetraenoic 20:4 

(n-3) 

Arachidonic (AA) 

aka (ARA) 

20:4 

(n-6) 

Elongase Eicosapentaenoic 

(EPA) 

20:5 

(n-3) 

Adrenic 22:4 

(n-6) 

Elongase Docosapentaenoic 

(DPA) 

22:5 

(n-3) 

Docosapentaenoic 

(DPA) 

22:5 

(n-6) 

Elongase, 

delta-6-

desaturase, 

beta-

oxidation 

Docosahexaenoic 

(DHA) 

22:6 

(n-3) 

 4 
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 8 
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 10 
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 12 

 13 

 14 

 15 
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Figures 1 

Figure 1: Phospholipid structure 2 

 3 

CH20 – Fatty Acid (Sn1) 4 

 5 

CH0 – Fatty Acid (Sn2) 6 

  7 

CH20 – Phosphorous – Choline or Ethanolamine or inositol or serine 8 

 9 


